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ABSTRACT 

Type I and II osteoporosis will become an increasingly common problem in years to 

come, since the population structure is changing with the graying of America. This study 

identifies anthropometric and reproductive variables known to affect bone mineral in a mixed 

cross-sectional and longitudinal retrospective study. Data were collected from 3120 women 

and 1222 men throughout Arizona by single photon absortiometry of the distal third of the 

radius by Lunar software for bone width, bone mineral content and bone mineral density and 

anthropometric, reproductive, nutritional and fracture histories. With age-stratified and age-

adjusted statistical analyses, important relationships are found to exist between these variables. 

In females, the anthropometric variables - age, height and weight ~ are highly 

correlated with distal third radial width, bone mineral content and density. In males, weight 

is correlated with distal third radial width; age and weight with bone mineral content; and 

age, height and weight with bone mineral density. Reproductive variables ~ age, age at 

menarche and menopause and total reproductive span ~ are predictors for women who 

undergo surgical oophorectomy and hysterectomy, but not those who undergo natural 

menopause or either surgery. Variables related to pregnancy ~ age, height, weight, 

pregnancy duration and span — are predictors of distal third radial width. Only age, height 

and weight are predictors of bone mineral content. Age, height, weight, age at last pregnancy 

and one derived ratio are predictors of bone mineral density. When variables related to 

breastfeeding are incorporated, pregnancy duration and derived ratios are identified for 

predictors of distal third radial width. Only one ratio is related to bone mineral content, 

whereas pregnancy number, pregnancy and breastfeeding duration and derived ratios are 

usefiil predictors of bone mineral density. 
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These findings suggest that pregnancy and breastfeeding leave lasting effects on bone 

mineral. While techniques exist to measure bone mineral in various locations, the distal third 

of the radius is more trabecular than some sites (e.g., the femoral head and vertebral centra). 

With such changes documented in the radius, more extreme effects are expected at more 

trabecular locations. Thus, a life's reproductive history is etched in bone. 
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INTRODUCTION 

Introduction 

From a demographic perspective, the elderly comprise the largest growing age group 

in the United States and across other parts of the world today (Piziak 1994:336-341, Mundy 

1996:32, Schneider and Guralnik 1990:2335-2340, Benjamin 1989:185-235). As this group 

continues to expand, attention must be given to conditions that affect the quality of life before, 

during and after retirement. While quality can be judged in numerous ways, certainly overall 

health plays a vital role in determining whether one can fulfill expectations, desires, hopes 

and dreams during the golden years. Health-related conditions among the elderly can 

substantially impact emotional and physical well-being, thereby greatly limiting even normal 

daily activities (Johnell 1996:299-304). For these reasons, health status is of major concern. 

Consequently, as this age group continues to increase, so too does the need for 

research into the conditions and diseases associated with aging, morbidity and mortality. 

Numerous investigations have been conducted and great advances have occurred over the last 

several decades to limit mortality in the United States due to infectious disease before, during 

and after the epidemiological transition' (Weiss 1972:342, Yaukey 1985:117-118, Molnar 

1992:312-313, Livi-Bacci 1992:23, Holden 1996:46-48). Since then, a variety of health-

related conditions, including cardiovascular disease (Goldman and Cook 1984:825-836, 

Greenland 1996:219-225) and cancers (Schottenfeld and Houde 1966:613-630) have increased. 

With the increased awareness of health, mortality occiu's due to age-related deterioration of 

cells, organs and organ systems (Vellas et al. 1992:1125S-1230S, Mazzuoli et al. 1989:22-29, 
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Comfort 1968:224-234) and combinations thereof (Doll 1995:1301S-1305S, Waldron 

1983:321-333, McGinnis and Foege 1993:2207-2212, Diczfalusy 1996:1-7). Much less 

research was conducted on age-related diseases that generally affect morbidity (Vellas et al. 

1992:1125S-1230S, Diczfalusy 1996:1-7, Schneider and Guralnik 1990:2335-2340). 

One area currently under intense investigation is osteoporosis, a reduction in bone 

mineral density (BMD) that, if severe enough, can usually lead to osteoporotic fracture (Kanis 

and WHO Study Group 1994:368-381). Morbidity and mortality due to osteoporosis, 

however, can be reduced (Piziak 1994:336-341, Norris 1992:S11-S16, Black 1996:2-8) vith 

identification of risk factors and preventative measures. 

Definition of Osteoporosis 

Osteoporosis was originally defined as "porous bone" by Lobstein in the 1700's. The 

term continued through the centuries, although the exact definition changed through time from 

one of porous bone to, more currently, Albright's definition dating back to the 1940's 

(Albright 1941:2465-2474, Nordin 1987:57-58, Schapira and Schapira 1992:164-167). 

Indeed, Albright's seminal article published in 1947 focuses on the decrease in bone 

mass due to reduction in bone formation by osteoblasts coupled with normal bone resorption 

by osteoclasts thereby lifting calcium from bone, entering the plasma and being eliminated 

firom the urinary system (Albright 1947:861-882, Albright 1989:85-86). Today, the definition 

centers around decreases in BMD, which can lead to increased probability of fracture 

(Schapira and Schapira 1992:164-167). 

Osteoporosis is generally defined as the depletion of bone mass that can be measured 

by decreases in BMD to fracture threshold levels (Matkovic 1992A: 151-160, Riis 1996:9-15). 
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Currently, there are three components to this definition: the process of bone cycling shows a 

coupling of calcium deposition and bone resorption to maintain serum calcium homeostasis; 

the overall ratio between the organic matrix and inorganic mineral remains the same; and 

BMD continues to decline to levels where fracture occurs under minimal forces (Hahn 

1993:1935, Gordan 1981:552-553, Nordin 1987:57-58). 

Osteoporosis has been more specifically defined as the weakening of the skeletal 

system through decreases in BMD by 2.5 standard deviations below the mean value of the 

young adult reference range (Kanis and WHO Study Group 1994:368-381)^. Bone integrity 

cannot be maintained when the subject is exposed to normal forces (gravitational weight, 

walking, bending, lifting, running and other stressors) and consequently will lead to fracture. 

With the decrease of bone mass to volume, fractures occur more easily throughout the body 

(Nordin 1987:57-58). 

There are two general classes of osteoporosis: primary osteoporosis, which may be 

idiopathic, postmenopausal (Type I) and senile (Type II) (Riggs and Melton 1983:899-901, 

Hahn 1993:1937, Piziak 1994:336-341); and secondary osteoporosis, which could be caused 

by endocrinological disturbances, medications and other factors (Johnell 1996:299-304). 

Primary osteoporosis involves age-related changes in physiological processes 

(including reproductive processes), such as reduced calcium absorption, decreases in vitamin 

D synthesis and conversion, increase in parathyroid hormone levels, decrease in calcitonin 

levels, down-regulation of vitamin D receptors, etc. (Hahn 1993:1938, Mazzouli et al. 

1989:22-29). These changes may be coupled with behavioral modifications that may include 

limited exercise and sunlight and reduced calcium intake, thereby affecting these processes 

(Piziak 1994:336-341). 
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In contrast, secondary osteoporosis may involve endocrinological disturbances 

(hyperprolactinemia, hyperparathyroidism, diabetes mellitus and more), use of medications 

known to alter bone physiology (cortisone, ethanol, barbiturates, thiazide diuretics, others) 

and other miscellaneous categories that involve disease processes or changes in normal 

stressors, such as changes in gravitational force due to space-flight (Cummings et al. 

1985:178-208, Felson et al. 1995:485-492, Piziak 1994:336-341, Mazzuoli et al. 1989:22-29, 

Frost 1987:7-9). 

Of the three general classes for primary osteoporosis, only Type I and Type II will be 

further defined. Type I is generally termed postmenopausal osteoporosis, since it is related to 

dramatic decreases in BMD caused by great reductions in estrogen during and after 

menopause. Indeed, this interrelationship was noted by Albright himself (Gordan 1981:552, 

Mazzuoli et al. 1989:22-29). According to Gordan, 

Albright postulated that estrogens lay down reserves of calcium in the trabeculae 
where they can be mobilized for pregnancy and lactation for the needs of the fetus and 
newborn, that loss of estrogen causes loss of bone, and that the women whose 
skeletons long outlive their ovaries often reach the point of having too little bone, 
which he named postmenopausal osteoporosis (1981:552). 

Concomitantly, bone loss due to Type II osteoporosis with advancing age is also occurring 

(Riggs and Melton 1983:899-901). Thus, the effects of both Type I and Type II take place 

after menopause in the female; Type I is marked by inimediate decreases in BMD for the first 

several years immediately following menopause and Type 11 is characterized by slower loss of 

BMD over several decades. 

In contrast, since males do not usually produce estrogens in the same quantities as 

females (Brook and Marshall 1996:159), males will not experience Type I osteoporosis under 

normal circumstances (Asteria 1997:120-121), yet males will undergo Type II osteoporosis 
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with advancing age, changes in diet that limit calcium intake and decreases in activity levels 

that reduce mechanical loads on bone (Piziak 1994:336-341). 

The primary focus of this dissertation is to examine the role of various physiological 

stressors in relation to primary osteoporosis, specifically the effects of reproductive variables 

of bone mineral indices. 

Factors Affecting Osteoporosis 

Numerous factors are related to developing osteoporosis, including individual, familial 

and ethnic genetic predisposition, hormonal fluctuations due to sexual differences and 

reproductive history and general health status due to diet and environmental stressors 

including activity levels (Johnell 1996:299-304). Thus, this disease is of multifactorial 

etiology, with numerous variables that must be accounted for when assessing this condition. 

Numerous studies suggest that the first factor, genetic predisposition for osteoporosis, 

may be related to the role of genes in controlling various chemical, cellular, tissue, organ and 

systemic levels of interaction that will ultimately affect BMD. 

Familial and twin studies have demonstrated a relationship ~ as yet unclarified -

between genetic influences and comparable rates of bone deposition, bone cycling, attainment 

of peak bone mass and rates of bone loss when comparing parent and offspring (Anderson and 

Metz 1993:378-383, Seeman et al. 1989:554-558, Matkovic 1992A:151-160, Matkovic 

1992B:54-59), monozygotic and dizygotic twins (Kelly 1996:20-27, Pocock et al. 1987:706-

710, Hustmyer et al. 1994:2130-2134, Hahn 1993:1937, Slemenda et al. 1991:561-567). 

A more recent line of research involves assessing individual, familial and ethnic 

differences in the osteocalcin genes and, more importantly, the Vitamin D receptor genes 
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(Kelly 1996:20-27). Specific haplotypes are thought to control serum calcium homeostasis, 

bone cycling and BMD (Jorgensen et al. 1996:28-31). Morrison et al. (1994:284-287) found 

a high genetic correlation between twins in Australia and Spector et al. (1995:1357-1360) 

noted similar results in twins in Great Britain; however, other researchers, such as Hustmeyer 

et al. (1994), Gamero et al. (1995:1283-1288) and Looney et al. (1995:2158-2162) did not. 

Perhaps, populational differences in receptor types are due to namral selection for individuals 

that tightly regulate serum calcium homeostasis when calcium availability in the diet is 

limited. Moreover, populational differences in vitamin D production, when not immediately 

available through diet or supplementation, is influenced by skin coloration. The relationship 

between vitamin D haplotypes, normal calcium intake and skin coloration has not been 

directly addressed (Jorgensen et al. 1996:30-31, Frisancho 1991:85-100)^ 

While studies are now focusing on allele polymorphisms controlling vitamin D uptake 

in the alimentary canal (Morrison et al. 1989: 1158-1161) and subsequent synergistic effects 

between vitamin D and parathormone (Kelly 1996:20-27, White et al. 1994:307-314), other 

types of studies have addressed individual or familial differences in proteins (Kelly 1996:20-

27). Certainly, mutations in DNA that control for production of proteins, such as precursors 

to collagen and elastin, involved in the organic matrix of bone may affect the overall structure 

of protein, alter the tensile and compressive strength of bone and cause decreases in BMD 

(Spotila et al. 1991:5423-5427, Spotila et al. 1994:923-932). 

Furthermore, few studies have assessed differences in the niunber, composition and 

fimction of cell-receptors, including estrogen receptors (Kelly 1996:24), that fimction in up-

regulation and down-regulation of receptors in cell membranes, the role of local paracrine and 

autocrine hormones as mediators and the interactions of various tissues (Farrow 1994:1242) 
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and ultimately the control by hormones ~ parathormone, calcitonin and vitamin D - that 

regulate the feedback mechanism for serum calcium homeostasis (see Chapter 2 for further 

discussions of this topic). 

Moreover, comparisons between various ethnicities in the United States and 

populations throughout the world suggest that populational differences in bone mineral indices 

do exist, presumably due to numerous genetic and environmental factors (Hahn 1993:1937). 

By far the most commonly smdied group is the American caucasoid population. 

Comparisons between ethnicities also suggest that black females have greater bone 

mineral densities than hispanic, asian and white females for all age groups'* (Hahn 

1993:1938, Patel at al. 1993:847-853, Anderson and Pollitzer 1994:129-149). This difference 

begins to manifest itself in utero (Choi and Trotter 1970:307-312) and remains differentially 

apparent throughout life (Anderson and Pollitzer 1994:129-149), although the difference is not 

noted In bone ash weights (Trotter and Hixon 1974:1-18). The mass of bone is related by 

75%-85% to the overall strength (Riis 1996:11). 

Thus, when considering the role of individual, familial and populational genetic 

determinants and environmental factors for determining BMD, two critical variables need be 

considered. The first, fiill attainment of peak bone mineral (Eichner et al. 1992:177-184), is 

affected by populational haplotype firequencies related to VDR genes. The second is the 

release of hormones, such as estrogen, progesterone and androgens, associated with 

reproductive endocrinology discussed below. Calcium intake during this phase of the life span 

is marked by skeletal growth and development and subsequent rate of loss in later life is 

perhaps due to various genetic factors and environmental influences outlined below (Matkovic 

1992A: 151-160, Matkovic 19923:54-59). 
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As stated, another major factor that affects osteoporosis is sex-specific reproductive 

endocrinological functions (Lindsay 1992:1993-1996). The effects of anabolic steroids, 

specifically testosterone, dehydroepiandrosterone (DHEA) and DHEA sulfate (DHEAS), that 

increase beginning at puberty are known to increase BMD in males, while estrogens to a 

greater extent, coupled with progesterone (Lindsay 1996:16-18) and, independently, 

androgens to a lesser extent differentially affect BMD in females (Anderson and Pollitzer 

1994:132-133; Buchanan et al. 1988:673-680). With elevations of these hormones, and 

calcium from diet, comes peak BMD during adolescence (Bonjour et al. 1991:555-563, 

Matkovic et al. 1990:878-888, Sentipal et al. 1991:425-428) and early adulthood (Johnston et 

al. 1992:82-87, Anderson and Metz 1993:378-383, Matkovic and Heaney 1992:992-996). 

If, for any reason these BMD levels are not reached during this period of life, then 

one loses the hormonal safeguard for BMD during adulthood and senescence (Ballard and 

Purdie 1996:503-507). With decreases in permissive hypophysial hormones that control the 

release of anabolic steroids in males (Finkelstein et al. 1987:354-361), decreases of androgens 

from the interstitial cells in the testis with age (Spence 1989:228-229; Albright and 

Reifenstein 1948:162) coupled with decreased activity levels, comes Type n osteoporosis. 

The resulting decline in BMD is due to lower levels in 1,25 dihydroxycalciferol that lead to 

inadequate calcium absorption across the lumen of the intestine (Francis et al. 1986:261-268). 

The exact relationship between androgens and circulating vitamin D has not been elucidated, 

but perhaps there are synergistic effects at intermediate organs and effector organs. 

With loss of ovarian function (either natural or surgical) leading to declines in 

estrogens in females coupled with other variables, comes Type I osteoporosis, creating a sharp 

decrease in BMD. Hormonal fluctuations in females due to differences in reproductive history 
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are thought to play a role in BMD through adulthood and into menopause. During adulthood, 

subjects with low measurements are classified as osteopenia. Since estrogen, progesterone 

and other hormonal levels increase so dramatically during pregnancy and lactation, 

physiological alterations are thought to buffer against extreme bone loss during reproductive 

events and these effects are carried into menopause (see Chapters 3 and 4 for discussion). 

Finally, senescence is an inherent phenomena of an increased life span. Age-

associated changes in reproductive fiinction, including the physiological degeneration of the 

reproductive system leading to menopause, will lead to a condition in which women will 

spend approximately a third of their life without the benefits of estrogen production 

(Christiansen 1996:1). This situation can be alleviated by estrogen or estrogen-like 

pharmaceuticals for replacement therapy. 

Anthropometric factors also may affect BMD. Measures of body form - weight, 

body mass index (BMI), body fat and lean body mass ~ impact bone mineral indices. 

Overall, body weight positively impacts BMD (Felson et al. 1993:567-573; Liel et al. 

1988:1247-1250, Reid et al. 1992:779-782), BMI positively affects BMD (Luckey et al. 

1989:762-770, Pruzansky et al. 1989:192, Farmer 1989:9-16) and body fat mass negatively 

effects BMD (Tsunerari et al. 1993:397-402, Lau et al. 1993:66-70). 

Various dietary factors are also associated with developing osteoporosis. This is a 

broad category that encompasses requirements for the four macromolecules (e.g., proteins, 

fats, carbohydrates and nucleic acids), minerals and trace elements. Not only is it necessary 

to consider the role of carbohydrates, proteins, lipids and nucleic acids in diet (n.a. 1991:187-

188), but also mineral requirements, including dietary intakes of calcium and phosphorus 

(Walker 1972:518-530) and trace elements that may act synergistically with these compounds 
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in biochemical pathways (Lipman 1995:50-56, Martin 1985:10-19). Moreover, in order to 

have adequate absorption of calcium from the intestine, it is necessary to have exposure to 

sunlight or a dietary source of ergocalciferol (Frisancho 1991:85-100). 

Positive dietary factors include the intake of food and beverages high in calcium, such 

as salmon with bone, collard greens and milk. Negative factors may decrease calcium 

absorption and subsequent calcium deposition on bone, such as alcohol, caffeine and cigarette 

smoking (Anderson and Pollitzer 1994:136-138). 

Lifestvle factors that include activities, such as including work, scheduled exercise and 

sports-related activities, are also necessary to maintain BMD and limit osteoporosis in 

adulthood (Anderson and Pollitzer 1994:137-138; Johnston et al. 1992:82-87, Tylavsky et al. 

1992:232-240, Johnson et al. 1997:836-843, Doyle et al. 1970:391-393, Piziak 1994:336-

341). 

Morbidity and Mortality due to Complications of Osteoporosis 

Osteoporosis is said to be a "silent" disease, since there is no evidence of bone loss 

until fracture (Riis 1996:9-15). Fracture is defined as a break in the bone that subsequently 

rips the periosteum from the bone and leads to fracmre hematoma (Turek 1984:54-58, 

Bevelander and Ramaley 1979:80-81). There are many types of fractures (open, compound, 

comminuted, greenstick, impacted, etc.), with many possible locations where these occur 

(ribs, vertebrae, femoral neck, vertebrae and other locations). Also, there are many possible 

complications from these fractures (Jorgensen et al. 1996:28-31, Cummings et al. 1985, 

Bernstein et al. 1997:706-707, Martin and Marsh 1997:491-506) where associated morbidity 

is dependent upon the combination of these factors in relation to general health status. 
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The general location of fracture within the body is dependent upon the type of bone 

matrix involved. Generally, there are two types of bone: cortical bone, that is arranged in 

dense, highly structured osteons, and trabecular or spongy bone that has a lattice-like 

arrangement (Bevelander and Ramaley 1979:59-67, Jee 1988:218). As cortical bone is the 

more dense of the two types, it is found in areas that require protection (e.g., cranial vault for 

protection of brain) and in areas that support weight and allow for attachment of large muscles 

(including the diaphyses for all long bones). In contrast, spongy bone is found in areas such 

as the metaphyses and epiphyses that require continual remodelling (Bevelander and Ramaley 

1979:77) ~ through bone cycling for serum calcium homeostasis as well as remodelling for 

shifts in trabecular arrangements for weight-bearing ~ due to external and internal 

environmental stressors (Turek 1984:54-58, Jee 1988:239-245). 

In any given area of bone, such as the distal third of the radius, a cenain composition 

of cortical bone exists in relation to trabecular bone. This ratio, consequently, determines 

overall bone strength for the particular location. Moreover, each type of bone ~ cortical or 

spongy — experiences different rates of bone cycling and consequently different rates of loss 

(Riis 1996:12, Kanis 1992:S1). Thus, firacture at any given location is dependent upon the 

stressor, in this case force, placed on bone at that site, which is partly determined by the ratio 

of cortical to spongy bone as well as the overall density of bone at the time^. 

Incidence of fracture is dependent upon ethnicity, sex and age of the subject. 

American whites will experience fracture more often than American blacks, due to the lower 

levels of HMD at any given age (Anderson and Pollitzer 1994:138, Farmer et al. 1984:1374-

1380, Goldsmith et al. 1973:1276-1293, Cohn et al. 1977:171-178). Certainly, females will 

experience fracture earlier than males, due to a variety of factors such as decreases in 
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estrogen affecting postmenopausal BMD, changes in activity levels and diet that leads to Type 

I osteoporosis. Males will experience fractures later in life due to decreases in anabolic 

steroids that affect BMD, coupled with similar changes in activity levels and diet that leads to 

Type II osteoporosis. Comparatively, females will begin to experience Type I related 

fractures early in senescence, while both sexes will undergo Type II fractures at 

approximately the same age later in senescence, given the same conditions. Finally, the 

location of these fractures is indirectly related to changcs with sex, age and activity that lead 

to fracture (Riggs and Melton 1983:899-901, Piziak 1994:336-341). 

Moreover, the overall difference in fracture incidence is exacerbated by the difference 

in overall life span. Since women will, on average, outlive men (Waldron 1983:321-333), it 

is not surprising to note that fractures occur more frequently in women (Riis 1996:10, Kanis 

and WHO Study Group 1994:368-381)'. 

Motility levels also play a role in the relative risk of morbidity. Subjects who remain 

active place increased stress loads on bone and bone mass does not decrease at the same rate. 

Yet subjects who are bed-ridden due to fracture or chronic disease have increased bone 

mineral loss over a short period of time (Anderson and Pollitzer 1994:142). Consequently, 

osteoporotic fracmre can result from inactivity due to other disease states. 

Given these sets of information, it is not surprising that the relative economic cost of 

morbidity due to an osteoporotic fracture is dependent upon type of fracture experienced, 

location of that fracture and any complications from the incident. Generally, fractures can 

occur throughout the body due to decreased BMD, although a few sites carry higher risks. 

Osteoporotic fractures can occur anywhere in the body, although certain locations are 

more frequently associated with reductions in BMD due to Type I and Type n osteoporosis. 
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The Merck Manual (Berkow and Fletcher 1992:1357) states Type I osteoporosis occurs in 

females between the ages of 51-75. This condition is related to the loss of trabecular bone 

and is most commonly associated with vertebral crush fractures and distal radial (Colle's) 

fracture. Type II occurs in both sexes after the age of 70. This type is related to the loss of 

both trabecular and cortical bone and is associated with fractures involving the femoral head, 

proximal humerus and proximal tibia. Riggs and Melton (1983:899-901) cite contrasting 

values for these conditions. They state that Type I occurs in a small group of women who 

are between the ages of 51-65, while Type n occurs in many women and men after the age of 

75 years. For the women between these ages of 65-75, a mixture of these two types is 

occurring. Moreover, Piziak (1994:336-341) states that Type I osteoporosis will occur within 

3-5 years following namral or induced menopause, while Type II osteoporosis take longer to 

manifest. Clearly, some discrepancies exist for differential diagnosis. 

It is interesting to note that little mention is given to other generally common sites 

including the vertebrae, ribs, wrist, femoral neck and ankle. Each location carries an 

associated economic cost, period of morbidity and probability of mortality. In terms of 

general locations, fractures of the wrist and ankle require outpatient or private clinic visits, 

can be more easily reduced, subjects are more mobile, morbidity is reduced and, therefore, 

economic costs are lower in comparison to subjects who experience fractures of the hip (Kanis 

and Pitt 1992:S7-S15. Levy 1989:81). 

Vertebral fractures may not lead to diagnosis since they may, in some cases, be 

asymptomatic. If diagnosed, they may be defined by diverse criteria that include radiography, 

anthropometry or deformity (Kanis and McCloskey 1992:S1-S10). The standards for 
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diagnosis will determine ttie associated costs of morbidity and mortality (Kanis and Pitt 

1992:S7-S15, Levy 1989:76-82). 

By contrast, fractures of the hip are easily diagnosed. The fractures, however, 

require hospital admission, are not easily reduced, the subject is not as mobile, and indeed 15-

33% may require long term care in a nursing home facility and associated costs rise with long 

term care (Levy 1989:76-82). Moreover, extended bed rest is associated with even further 

decreases in BMD than may lead to subsequent fracture (Anderson and Pollitzer 1994:142). 

Not only does duration of morbidity increase, but mortality rates also rise. It is 

estimated that 5-20% of subjects who suffer fractures of the hip will die within a year (Kanis 

and WHO Study Group 1994:368-381, Chrischilles et al. 1991:2026-2032, Chong et al. 

1997:110-114, Piziak 1994:336-341). Indeed, models developed for estimating future 

osteoporotic fracture cite estimates of 50% in White women over the age of 50 years will 

experience osteoporotic fracture, and of these fractures 18% will involve the hip, carrying 

high estimates of morbidity and mortality (Chrischilles et al. 1991:2026-2032). Finally, hip 

fractures will increase in incidence as the population ages (Melton et al. 1987:57-64), 

although the rise in fractures is multifactorial (Kanis and Pitt 1992:S7-S15). 

Thus, the associated costs of osteoporotic fracture include economic costs, quality of 

life, disability and socioeconomic factors. Medical costs are estimated to be between five and 

six billion dollars per year. Other costs, including loss of work days, quality of life, effect on 

family, are harder to measure (Norris 1992:S11-S16, Kanis and Pitt I992:S7-S15, Phillips et 

al. 1988:271-279). These costs will rise as the population ages and medical expenses increase 

(Melton et al. 1987:57-64, Schneider and Guralnik 1990:2335-2340, Mundy 1996:32-38). 
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The key to cost reduction - for all types of costs ~ is prevention of osteoporosis (Piziak 

1994:336-341, Levy 1989:76-82, Phillips et al. 1988:271-279, Black 1996:2-8). 

Research Models for Osteoporosis 

Osteoporosis was once defined by associated fracture; now it is defined by decreases 

in BMD that will lead to fracture without adequate prevention. As the definition of 

osteoporosis shifted, the research methodologies also shifted. Currently there are several 

methods to assess the influence of osteoporosis on the individual, family, population and 

world. The first method involves conducting in vitro and in vivo research on animals and 

humans to mimic effects of osteoporosis at cellular, tissue, organ and organ system levels. 

The findings from such research may elucidate the pathophysiological mechanisms that lead to 

decreases in BMD. The second method involves assessing human subjects that currently have 

osteoporosis, through measures of bone mineral, anthropometry, questionnaires and other 

means, to derive risk factors that may effect BMD, osteoporosis and subsequent risk in later 

life. This dissertation will incorporate data derived from this later approach to understand the 

relationship between BMD and reproductive history. 
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CHAPTER 2 

PROPOSED RESEARCH 

Introduction 

In the previous chapter, an overview of osteoporosis was presented to understand the 

relationship of the material addressed in this study to larger theoretical and societal issues 

surrounding this condition. Consequently, osteoporosis was defined, factors associated with 

this condition were introduced, associated morbidity and mortality were discussed and 

research models were reviewed. 

This study will address a very small facet of the overall problem — BMD and 

reproductive history -- to be illuminated, yet this component has not been completely 

addressed by either prospective and retrospective studies for these variables. Therefore, the 

purpose of this dissertation is to identify relationships between various reproductive life 

history features in humans ~ such as age at menarche and menopause, total reproductive 

span, parity duration/timing and breast feeding duration - upon postmenopausal BMD. 

Research Rationale 

There are numerous rationales for examining the effects of reproductive events upon 

bone. As bone is a dynamic tissue, subject to the constraints placed upon it by the individual, 

variables associated with life history may have a significant effect upon overall BMD during 

various stages of the life span. Of critical importance are those life stages associated with 

fecundity and fertility. Since it is during the reproductive period that overall evolutionary 

fitness is determined, the ability to become pregnant, produce offspring and maintain neonatal 

nutritional support is essential to reproductive success. 
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While other prospective and retrospective studies have been conducted on the effects 

of reproductive variables on BMD, prospective studies have been limited to short-term effects 

of reproductive events, usually before menopause has occurred, and retrospective studies have 

used limited sample sizes, with no links to subsequent osteoporotic fracture. Moreover, 

reproductive life history features — including age at menarche, age at parity, birth spacing, 

lactational duration and age at menopause ~ have been dealt with in a rather limited fashion 

by many researchers since so few address the relationship between these variables and BMD. 

The Tucson Bone Mineral Density study provides an excellent opportunity to assess 

the effects of various reproductive variables upon indices of postmenopausal bone mineral. 

Galloway's (1988) dissertation addressed the net effect of menarche, parity, timing between 

pregnancies and lactation upon postmenopausal BMD in 438 female subjects from this same 

database. In her work, she provided the foundation for the associated endocrinological 

changes related to serum calcium homeostasis during the reproductive and postmenopausal 

period and attempted to identify periods of the reproductive span in which BMD would be 

adversely affected by pregnancy and lactation. Some of her results suggest that the period at 

which an individual becomes pregnant and subsequently breastfeeds may have an effect upon 

postmenopausal BMD. Yet, these results were not conclusive due to her limited sample size. 

While Galloway studied the relationship between reproductive history and BMC in 

postmenopausal women, few other scientists have attempted such a holistic approach. 

Newer studies mcorporate a variety of reductionistic approaches to address the 

relationship between reproductive life history features and postmenopausal BMD. Some 

researchers address BMD and relationsfiips to early pregnancy loss (Hamed et al. 1992:946-

949), parity (Fehily et al. 1992:579-586) and pregnancy and lactation (Kritz-Silverstein et al. 
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1992:1052-1059, Feldblum et al. 1992:527-531, Lissner et al. 1991:319-325, Beming et al. 

1993:129-139, Koetting and Wardlaw 1988:1479-1481). 

Of special interest are relatively new studies on the long-term effects of lactation upon 

bone. Concerning these possible correlations between pregnancy, lactation and peri- and 

postmenopausal BMD, Feldblurr et al. (1992:527-531), Beming et al. (1993:129-139) and 

Lissner et al. (1991:319-325) found that lactation positively impacted BMD. Maxwell and 

Huxley (1995), Kritz-Silverstein et al. (1992:1052-1059), Feldblum et al. (1992:527-531), 

found no causal relationship between BMD in mothers who breastfeed and later bone mineral 

loss, while others (Galloway 1988, Lissner, et al. 1991:319-325, Beming et al. 1993:129-139) 

generally indicate that age during lactation and/or the duration of breastfeeding per child can 

significantly alter BMD during and following lactation and leave long-lasting effects upon 

BMD into menopause. 

There are numerous potential reasons for such disparity between pregnancy and 

lactation on postmenopausal BMD. These include variation in research methodology, site of 

measurement, sample size, ethnicity, age at parity/lactation and general individual variation. 

In regard to research design. Galloway (1988) found that age at parity and subsequent 

lactation could detrimentally affect postmenopausal BMD in a very limited sample size. By 

contrast. Maxwell and Huxley (1995) found that without subdividing the age at which parity 

and lactation occurred, the same population yielded no evidence of detrimental bone loss due 

to lactation while holding parity constant. Their findings suggests that the increased data base 

could be used to determine if age at which reproductive life history features occur, such as 

parity, birth spacing and lactational duration, does ultimately affect postmenopausal BMD. 
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Physiological Basis for Rationale 

One would assume that individual reproductive feauires would have an effect on bone 

and bone structure throughout the course of the life history. The rationale for this assumption 

is based upon the need for continued serum calcium homeostasis. 

Since it is during the reproductive period that large serum calcium drains take place 

due to pregnancy and lactation, serum calcium homeostasis is essential. Inorganic calcium 

from bone is used in order to maintain these levels: Consequently BMD presumably reflects 

these drains. Thus, inadequate calcium homeostasis may impact reproductive potential, either 

through a lack of calcium in the diet or insufficient BMD. While these relationships may not 

be entirely causal, these mechanisms remain plausible factors in reproductive success. 

Serum calcium levels are closely monitored and tightly controlled through an 

intertwined (double) negative feedback system. The detrimental effects of hypercalcemia, 

defined as serum calcium levels above 10.5 mg/dL are manifested in neurological and 

psychiatric, gastrointestinal, cardiovascular and renal difficulties, and even death, if these 

levels become extremely high (Berkow and Fletcher 1992:1003-1015,1357-1359, Mundy 

1990:55, Harrison and Harrison 1979:100-106). High serum calcium levels are monitored by 

the parafollicular cells of the thyroid. They act both as receptor and control center in a typical 

homeostatic feedback loop. They produce and secrete calcitonin peptide hormone, that by 

acting through a second-messenger system, limits the activity of osteoclasts, increases the 

activity of osteoblasts and limits resorption of calcium from the kidney tubules. The net 

effect of these mechanisms is to decrease serum calcium level by mostly depositing calcium 

into bone. This would effectively reduce serum calcium levels (Mundy 1990:17-38, Deftos 

1987:79, Marx et al. 1972:1000, Heersche et al. 1974:241-247). 
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Hypocalcemia, defined as serum calcium levels below 8.8 mg/dL, may result if serum 

calcium levels drop (Berkow and Fletcher 1992:1003-1015,1357-1359). Neurological 

changes, including both the central and peripheral nervous system, cataracts, cardiovascular 

and either limited or widespread tetany, can ultimately affect cardiac muscle contraction and 

other bodily functions (Mundy 1990:197, Harrison and Harrison 1979:48-49). Decreases in 

calcium are monitored by the chief cells of the parathyroid, located on the posterior surface of 

the thyroid gland. These cells monitor and respond to low serum calcium levels in a negative 

feedback loop by producing parathyroid peptide hormone. Acting synergistically with 1,25 or 

24,25 dihydroxycalciferol, this hormone causes increases in osteoclastic activity, calcium 

resorption from the kidney tubules and calcium absorption from the intestinal lumen. The 

effect would be to increase serum calcium levels to homeostatic levels (Mundy 1990:4,13,17-

20,22, Zull et al. 1987:31-40, Hosking 1994:138-141, Oertel and Ogorzalek 1990:1570). 

Since any stress may disrupt homeostasis, fine-mning such a complicated biochemical 

intertwining negative feedback loop may be problematic. While transitory fluctuations may 

have little effect upon osseous tissue, more long term stressors, such as calciimi drains due to 

pregnancy and especially lactation, may stress maternal calcium homeostasis (Jelliffe and 

Jelliffe 1978:62) and leave a substantial mark upon bone during these periods. Indeed, in 

prospective studies conducted on pregnant and breastfeeding women, short-term losses in 

BMD have occurred (Atkinson and West 1970:555-560, Lamke et al. 1977:217-219, Chan et 

al. 1987:319-323, Hayslip et al. 1989:588-592, Kent et al. 1990:361-369, Drinkwater and 

Chesmut 1991:153-160, Sowers et al. 1993:3130-3135, Kent 1993:S44-47). 

These findings are not surprising given the nutritional need for calcium to be taken 

from the plasma and passed in breast milk to the baby. Since maternal serum calciimi levels 



must be maintained within a narrow range for maternal tissues to operate properly, the 

locations for calcium absorption include the kidney, alimentary canal and resorption from the 

inorganic matrix of bone. Studies generally Hnd that the longer the duration of breastfeeding, 

the more trabecular and cortical bone is lost and cannot be replaced. One study documents 

the irreversible process of bone resorption after breastfeeding in excess of a year. So far, 

however, the relationship between the reproductive span in relation to pregnancy and 

breastfeeding has not been completely addressed. 

In general, there are many considerations when dealing with BMD during and after 

the reproductive period. Of extreme importance is the ossification, continual building and 

eventual epiphyseal fiision of the long bones during this early phases of the life span. It takes 

some time for the bones to maximally accumulate calcium. BMD peaks in women between 

25-34 years of age (Davis et al. 1994:249-252). If females experience pregnancy and 

breastfeeding in the formative years before this peak, then the calcium drains of pregnancy 

and lactation may have long-lasting results upon both trabecular and cortical bone, 

culminating in substantially decreased BMD during and after the reproductive period. The net 

effect on the maternal skeleton is shown to lead to decreased bone mass throughout life. 

Individuals "with decreased bone mass, referred to as osteopenia, have increased risk 

of osteoporotic fracture (Fallon and Schwamm 1990:1971). This condition is exacerbated 

postmenopausally by lack of estrogen therapy and proper nutritional care, specifically by 

incorporating estrogen, vitamin D and calcium into their diet. On the basis of this argument, 

reproductive events, such as pregnancy and lactation, may have a more limited effect once 

peak BMD is reached. Indeed, Galloway (1988) found that women who become pregnant and 
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breastfeed in the later phases of reproductive life cycle may have beneficial results, through 

increased efficiency in calcium cycling. 

Other issues, such as total reproductive period, as measured from menarche to 

menopause, parity and birth spacing may provide important clues into the long-term effects of 

calcium cycling on BMD. This study would provide relevant information for understanding 

how variation in reproductive life history can be used in the context of relative risk 

assessment of osteoporosis in postmenopausal women. For example, how long should the 

duration of breastfeeding occur, if the mother decides to breastfeed, without affecting long-

term BMD? Does giving birth at a certain age predispose a female to osteopenia during 

reproductive span and later result in osteoporosis? Next, this study would be useful in terms 

of relative influence of reproductive features upon population growth, as determined through 

binh timing and spacing upon subsequent reproductive success. Finally, possible relationships 

between reproductive success and subsequent senescence in human populations is an important 

topic from an evolutionary standpoint. 

Research Design 

Few of the previously mentioned studies use a large sample of individuals in which 

data is collected regarding longitudinal bone mineral densities, reproductive history and 

nutritional surveys. The Sun City/Tucson Bone Mineral Density Study directed by Dr. 

William Stini (Stini et al. 1992, 1994) has yielded this kind of information on approximately 

3120 women and 1222 hundred men as of the Fall of 1997. This study can provide a wealth 

of information on relationships between reproductive life history features and changes in 

postmenopausal BMD that is unparalleled in the anthropological and medical literature. 
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Moreover, the sample size in tJiis study is sufficiently large to make inferences on 

relationships between these variables. 

Hypotheses 

A series of four hypotheses are developed to address potential relationships between 

postmenopausal BMD and reproductive variables in this study. 

Hvpothesis I: 

The height of a person mil determine, to some extent, the associated measures of bone 
mineral, while the weight of a person will have a greater relationship to these 
measures. Associated transformations, such as BMI, will also exhibit a correlation, 
since it is a function of both height and weight. 

Hvpothesis 11: 

When evaluating reproductive histories from these women, age at menarche and 
menopause will determine overall reproductive span. Women who experience longer 
natural reproductive spans will have higher bone mineral indices than women with 
shorter spans, regardless of the age at menarche and menopause. Longer durations of 
estrogen production throughout life will protect against postmenopausal bone loss. 

Hvpothesis HI: 

Pregnancy will have an effect on postmenopausal measures of bone mineral. Women 
who become pregnant very early in life, such as in the early teenage years, or later in 
life, such as after 30 years, will have lower measures of postmenopausal bone 
mineral. Women who became pregnant after reaching peak BMD will have greater 
postmenopausal BMD with more limited skeletal impact. Thus, women within the same 
age group who became pregnant at a very early age or a late age will have lower 
values that women who became pregnant while at peak BMD levels. 
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Hypothesis IV: 

When assessing bone mineral in relation to all reproductive variables, breastfeeding 
will increase postmenopausal BMD. Young women, who become pregnant and lactate 
shortly after menarche, have not yet developed peak BMD to sustain adequate calcium 
levels during and after reproductive events. These women will have lower overall 
BMD throughout their reproductive life, exacerbated by multiparity and breastfeeding 
and consequently have decreased postmenopausal bone mineral densities. Women who 
become pregnant and breastfeed for the first time much later in their reproductive life 
history will experience greater postmenopausal bone mineral densities, since the bone 
cycling during pregnancy and lactation will leave a lasting effect on bone after 
menopause. 

Implications 

What issues will be addressed by this study? The first issue is societal significance. 

If risk factors associated with specific reproductive events can be identified, then potential 

medical costs to society can be limited. The Sun City/Tucson Bone Mineral Density Study 

has collected both longitudinal and cross-sectional data fi'om an incredibly large population 

base throughout population centers in Arizona. As the elderly are becoming an increasingly 

large segment of the Arizonan and American population, the need to identify and understand 

how various facets of an elderly woman's previous reproductive history can influence current 

BMD is essential. Relative risk categories can be assessed from a battery of tests, such as 

bone scans, nutritional and reproductive questionnaires, and the individual can be followed by 

qualified clinicians, who would attempt to limit the effects of osteoporosis. The ultimate 

contribution of the proposal would be to identify risk factors that would aid in limiting 

societal costs associated with morbidity and mortality due to osteoporosis. 

The goal of this thesis is to assess how these reproductive features, age at menarche, 

parity, birth spacing, duration of breastfeeding, and age at menopause, impact homeostatic 
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mechanisms to control serum calcium levels and consequently postmenopausal bone loss. 

Moreover, it is imperative to evaluate if variations in homeostatic mechanisms could impact 

populational dynamics. For example, is there a significant difference in overall parity if a 

young female becomes pregnant before reaching normal peak BMD? And, if so, would this 

affect reproductive success? 

The third issue is theoretical significance. This study will attempt to make inferences 

about the relative effect of selective processes upon individual reproductive life histories and 

the relationship between these processes to senescence. To what extent does the dimorphism 

in skin color between males and females relate to differential vitamin D production and 

related calcium absorption from the alimentary canal to supplement pregnancy? How does 

selection for certain genes, such as those possibly controlling for vitamin D production, relate 

to senescence? Is there possible antagonistic pleiotropy occurring for certain genes that allow 

for increased bone cycling that lead to detrimental effects postmenopausally? What is the 

relative impact of calcium homeostasis upon bone given different reproductive scenarios? 

Does the female skeleton, as Albright suggests, outlive the reproductive system? Does the 

maternal skeleton suffer adverse affects of this survival process? 

The Hnal issue is evolutionary significance. Darwinian fitness is measured by 

reproductive success - the ability to become pregnant, produce offspring and maintain 

neonatal nutritional support so that the child can someday reproduce ~ all factors essential to 

counter natural selection in populations. As most human populations are no longer subject to 

the same selective processes, but rather have biocultural buffers against environmental change, 

infectious disease and predators, the overall life-span has substantially increased. One 

segment of the life-span that is difficult to explain from an evolutionary standpoint is 
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menopause, the cessation of menses. Since human females are essentially the only species 

that undergoes menopause in their namral setting, the impact of reproductive success upon the 

overall life-span of the female is of considerable interest. How do various reproductive life 

history features relate to reproductive success when one deals with issues of calcium 

homeostasis, endocrinological changes associated with pregnancy and lactation, and 

subsequent effect upon BMD after menopause? How does the age at which a women becomes 

pregnant and subsequently breastfeeds relate to overall postmenopausal BMD? The impact of 

senescence upon various physiological systems, such as the reproductive system of the female, 

is also important from an evolutionary standpoint. Over the course of the female's 

reproductive life-span, genetic mutations can accumulate in oocytes, viral and bacterial 

contamination of the endometrium and myometriimi can lead to fetal loss, diet and disease 

may affect ability to interact with and absorb nutrients from the environment and so on. 

Senescence, then, is a necessary part of the life span of a species that is no longer subject to 

the same evolutionary constraints as other organisms, a relaxation of evolutionary process due 

to biocultural buffers. 

Projected Relevance 

In this dissertation, I will first attempt to provide a literature review of current 

research areas that document the role of bone in serum calciimi homeostasis. Key areas 

include the overall structure of bone as it relates to its many functions - support and 

protection, attachment of muscles and tendons, hematopoiesis and storage of common and 

trace minerals — and the role of bone as a mineral reserve for calcium, which plays a vital 

role in various physiological processes throughout the body. Such processes include muscle 
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contraction, neural function, blood clotting, polymerization of proteins, etc that must be 

stored as a reserve in bone. Calcium is first stored through the process of ossification in utero 

and later deposited through the organic matrix in relation to serum calciimi concentrations. 

Indeed, serum calcium concentrations are so essential to normal physiological 

processes that homeostatic devices exist that tightly regulate these values within certain limits 

through the aid of the endocrine, digestive, urinary and skeletal systems. Through the action 

of two circulating hormones - parathormone and calcitonin ~ coupled with Vitamin D and a 

variety of local autocrine and paracrine hormones on osteoblasts and osteoclasts, serum 

calcium levels are maintained at physiological set-point by bone cycling. 

Next, a review of reproductive endocrinology will provide a glimpse into 

endocrinological transitions through the life span, including the effects of hormones involved 

in fetal growth and development, birth, infancy, childhood, puberty, adulthood marked by 

pregnancy and lactation and ultimately menopause. These hormonal transitions will be linked 

to changes in serum calcium homeostasis during critical life stages. As females are subject to 

different hormonal constraints than males, the differential effect of these hormones will be 

used to partly account for differences in bone mineral among the different sexes, ages, parity 

and breastfeeding groups that will be delineated in this study. 

Finally, a comprehensive comparison of other prospective and retrospective studies 

that address reproductive history, including age at menarche, menopause, total reproductive 

span, age at pregnancy, number of pregnancies, duration of pregnancy, duration of 

breastfeeding, etc., will be provided to assess the relative effect of these variables on bone 

mineral in relation to osteoporosis. 
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The expected significance of this work will be to test possible relationships, as 

described in the hypotheses above, between the variety of variables available in this dataset. 

As this study represents one of the largest of its kind, composed of both longitudinal and 

cross-sectional data collected over the last sixteen years from over 5500 subjects located 

throughout Arizona, numerous findings are expected that are not only hypothesized but are 

also peripheral to the issues and arguments at hand. 

Given the variety of data — bone mineral measurements, anthropometry and data from 

general health and reproductive history questionnaires - numerous interrelated findings are 

possible. Raw, recorded data are transformed into a variety of bone mineral, reproductive 

history variables that will be used to assess the relationship between bone mineral and 

reproductive history in this series. 

Descriptive statistics will be generated that encompasses all aspects of these variables, 

followed by statistical analysis of interrelationships between these variables. Once analysis is 

completed, the significance of these findings will be tied to many issues. The first is 

determining risk of osteoporosis to reduce the relative cost of morbidity and mortality to 

society. The second is identifying behaviors, including reproductive behaviors, that will 

positively impact bone mineral for women who may be at risk for this condition. The third is 

relating how these behaviors may be tied to selective processes for a series of genetic, 

physiological and biocultural behaviors that aid the survival of the species, while limiting 

survival of the individual postmenopausally. The final issue is evolutionary significance of 

reproductive history features and their relationship to senescence. It can be argued that 

senescence is a necessary part of the life span of women who are no longer under the same 

evolutionary constraints as other organisms. 



Thus, this proposal will attempt to address many varied issues by providing a detailed 

background, statistical analyses and theoretical arguments that may provide new insight into 

the relationship between reproductive life history features and postmenopausal osteoporosis. 
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Introduction 

Bone, as an organ system, is composed of both organic and inorganic matrix, that 

contains a variety of cell types, proteins, calcium crystals and water. The structure of the 

matrix depends on location within the body and well as the region of the bone. The manner 

of this arrangement aids in the overall functions of bone ~ such as protection, weight bearing, 

attachment for muscles, hemopoiesis - as well as ability of bone to be cycled to and from 

blood for other physiological needs. 

Indeed, bone is a reservoir for calcium salts and trace minerals that are needed in 

biochemical pathways elsewhere. Calcium plays a crucial role in many physiological 

processes including such important activities as muscle contraction (cardiac, skeletal and 

smooth), neural function, blood clotting and others. Since the level of calcium is essential for 

normal physiological functions, the body has a variety of mechanisms to tightly control serum 

calcium through a double-negative feedback loop. 

These feedback loops are regulated by two endocrine glands - the parafollicular cells 

of the thyroid and the chief cells of the parathyroid - that are sensitive to serum calcium 

concentrations. If the concentration rises, calcitonin will activate a variety of effector tissues 

to reduce serum calcium, while if concentrations fall, parathormone will activate other 

effector organs to increase serum calcium concentrations. Through these mechanisms, serum 

calcium levels will be maintained at the individual's homeostatic set-point. 

By understanding the mechanisms of hormonal action, either as circulating hormones 

in the cases of calcitonin and parathormone or as local hormones in the cases of paracrine and 
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autocrine hormones, the regulation of serum calcium homeostasis will be discussed and 

permissive, synergistic and antagonistic effects will be examined. The net effect of these 

hormones on bone cycling will provide a measurable framework using bone mineral, 

specifically distal third radial width, necessary for understanding serum calcium homeostasis. 

Structure and Function of Bone 

Bone is composed of hard, inorganic matrix that provides stability during mechanical 

forces by two primary crystals, hydroxyapatite [Ca,o(P04)6(OH)2] and calcium carbonate 

(CaC03), and by numerous other elements and compounds, such as calcium phosphate, 

strontium, barium, lead, zinc, cadmium, aluminimi, chlorine, fluoride, magnesium and 

selenium (Blumenthal 1990:308). These minerals form a crystalline strucuire around a 

collagen framework (Zarek 1970:65-68). 

Bone derives its strength and flexibility from the combination of organic matrix, 

primarily composed of collagen and elastin proteins secreted into the extracellular fluid by 

chondroblasts, osteoblasts located in the osteogenic layer of the periosteum and its mineral 

component. Thus, both its inorganic and organic components are essential to support the 

dynamic activities related to locomotion. 

There are many vital functions of bone including support and protection for 

underlying organs, e.g., the central nervous system (CNS)^, attachment of muscles and 

tendons, hematopoiesis and fat storage within its medullary cavities^ and storage of common 

and trace minerals. The last vital function — the role of bone for mineral reserves — is 

addressed in relation to serum calcium homeostasis (Turner 1991:203-217). 
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Bone mineral serves as a reservoir for certain trace minerals, some of which, 

selenium and zinc, are generally present in limited quantities. Such minerals are essential to 

specific enzymatic pathways (Lipman 1995:50, Martin 1985:10-19), and their sequestration 

within bone acts to limit the activity of these pathways when they are not needed (Priest and 

Van de Vyver 1990:preface). 

By contrast, the more common minerals, calcium and phosphorus, are stored in the 

form of hydroxyapatite and calcium carbonate crystals. The formation of these crystals 

around bone's organic framework is thought to be mediated, at least in part, by osteoblasts. 

When the need arises, calcium ions are withdrawn from bone to satisfy physiological demands 

of many kinds. Calcium resorption from bone is stimulated when serum levels fall below the 

normal homeostatic set point, which is between 8.8-10.3 mg/dL, at which time mechanisms 

for resorption are stimulated (Aurbach et al. 1992:1399). 

The Role of Calcium 

The importance of serum calcium levels cannot be overestimated, since calcium has so 

many vital roles in the body. One of the first roles, ossification, is most active early in the 

life cycle. The process begins in utero with the appearance of primary ossification centers. 

While intramembranous ossiflcation is specific to some bones of the skull and the diaphysis of 

the clavicle, endochondral ossification takes place in the remaining bones of the body (Mall 

1906:437,452, Sadler 1985:133-147, Moore 1988:334-348, O'Rahilly and Muller 1996:329-

360). Either form of ossification requires calcium obtained from the mother either across the 

placenta (Schauberger and Pitkin 1979:74-76, Minsker et ai. 1993:217-223) or through breast 

milk (Jelliffe and Jelliffe 1978:55, Vaughan et al. 1979:2301-2306, Hall 1979:304,311). 
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Ossification is followed by continual interstitial and appositional growth of bone until puberty 

when epiphyses fiise under the influence of reproductive hormones (Gilbert 1991:211-214; see 

Chapter 4 for continued discussion). 

Another function of calcium is the regulation of muscle contraction. Skeletal, cardiac 

and smooth muscle are all dependent upon the presence of calcium in the sarcoplasm, which 

is contained within the terminal cistern until the arrival of an action potential to stimulate 

contraction (Ruegg 1992:1-2,281). Attachment of calcium to the TnC component of the 

troponin protein, located on the troponin-tropomyosin complex, causes reconfiguration of the 

troponin molecule and movement of tropomyosin that exposes the binding site for f-actin at 

the myosin filament. The end result is exposure of the myosin for the f-actin molecule. 

When this site is exposed, the heads of myosin molecules are attracted to actin and bind to it. 

Bound myosin has the capacity to hydrolyze ATP, which provides the energy to swivel its 

heads, thereby moving the F-actin chain closer to the M-line (Levine et al. 1990:171-209, 

Ruegg 1988:83-113, Ruegg 1992:1-2,165,185; Murray and Weber 1974:58-71). 

Thus, intracellular calcimn directly plays an indispensable role in the contraction of all 

three types of muscle, while extracellular calcium also plays a role in cardiac muscle. The 

more calcium entering the sarcoplasm through voltage-regulated calcium gates, the more 

troponin attachment occurs and the stronger the force of contraction. Even minor fluctuations 

in interstitial calcium levels can directly influence cardiac muscle fimction, while more major 

fluctuations are necessary to affect skeletal and smooth muscle function (Ruegg 1988:184-185, 

Ruegg 1992:165,185,281). 

Synaptic fimction is also dependent upon calcium homeostasis. Voltage-regulated 

calciiun gates, located in the preterminal axonal ramifications, allow calcium to pass mto the 
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axon terminals and bind to synaptic vesicles. Then, these vesicles move toward the 

presynaptic membrane and "dock" or fiise with that membrane allowing release of 

neurotransmitters into the synaptic cleft by exocytosis. A decrease in calcium, which can 

occur for many reasons including inability to utilize bone calcium stores, directly interferes 

with the propagation of electrochemical messages to the postsynaptic neuron (Welch and 

Dewey 1987:104). Consequently, hypocalcemic individuals are subject to neurological 

disorders, including ones as profound as dementia and depression (Berkow and Fletcher 

1992:1003-1015,1357-1359). 

Calcium is also an essential component of the blood clotting process. It acts on 

coagulation factor IV, as well as in the conversion of several other factors during all three 

stages of the blood clotting cascade (Ashby et al. 1990:7-8,10-11, Ware and Coller 

1995:1188). Without calcium, blood clotting could be severely compromised, such that 

hemorrhage could become uncontrolled and potentially lethal (Williams 1995:1276-1281). 

Calcium also acts as a co-factor in polymerization of the protein perforin, by which 

killer T-cells lyse pathogenic cell membranes (Young and Cohn 1988:38-44). It also plays a 

role in complement fixation, gluconeogenesis, activation and formation of prostaglandins from 

phospholipase (Bergmarm and Schoutens 1995:485-488) and as an internal effector in the 

second messenger system (Berridge 1985:142-152; Rasmussen 1989:66-73). 

Thus, it can be seen that a wide range of biochemical activities, such as bone 

ossification, muscle contraction, neural function, blood-clotting, T-cell function, 

gluconeogenesis, formation of paracrine hormones and intracellular communication, require 

maintenance of calcium homeostasis in body fluids. 
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Sources of Calcium 

Serum calcium is gained from both extrinsic and intrinsic sources. While only 15 

mg/kg/day are consumed on average, only 6 mg/kg/d are absorbed and 3 mg/kg/day are 

secreted with digestive juices across the lumen of the intestine and 12 mg/kg/day are excreted 

as feces. These values suggest that 40% of the ingested daily dietary calcium is absorbed, 

while 60% is excreted through the alimentary canal. Of the 6 mg/kg/day that enters the 

internal compartment into blood plasma, approximately 3 mg/kg/day is lost through secretion 

in digestive juices to the alimentary canal. This accounts for 50% of the calcium absorbed 

from various compartmental sources, such as bone, kidney and serum plasma. 

Both bone, acting as a reservoir for this mineral, is constantly cycling 8 mg/kg/day on 

its extensive surface area and kidneys, acting to filter out nitrogenous wastes, maintain acid-

base balance and generalized homeostasis, filter out and reabsorb nearly 150 mg/kg/day, 

while only 3 mg/kg/day is lost to urine. This represents a loss of only 2% in the process of 

filtration. Thus, these values (Table 3.1) demonstrate a highly conservative system to maintain 

serum calcium homeostasis, accomplished through three primary systems - digestive, urinary 

and skeletal — in an ever changing and potentially limited environment. 

Table 3.1 Calcium fluxes from the external and internal compartments. 

Alimentary Canal Bone Kidneys 
Intake 15 mg/kg/day Exchange 8 mg/kg/day Filtered 153 mg/kg/day 
Absorption 6 mg/kg/day Reabsorbed 150 mg/kg/day 
Secretion 3 mg/kg/day Excreted 3 mg/kg/day 
Output 12 mg/kg/day 
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Serum Calcium Homeostasis 

Homeostasis, first addressed in ancient Indian literature (Rao 1973:50-53) and later 

defined by Cannon (1939) and others, is generally defined as maintaining the internal 

environment of the body within tolerable physiological linuts. This process requires that all 

features of the internal environment be regulated. For instance, fluctuations in blood 

pressure, body temperature, hydration states and so forth can all disturb homeostasis if normal 

levels cannot be maintained (Davis and Wood 1984:vii, Williams 1968:18). Control over 

these fluctuations, therefore, is mandatory within the body and is accomplished by feedback 

loops (Darlington and Dallman 1995:34). 

There are five components in any homeostatic feedback loop. These are: 1) a 

stimulus or stress that causes a departure from the normal state; 2) a receptor that detects the 

departure; 3) a control center that constantly monitors the state of the system; 4) an effector 

capable of modifying the internal environment to correct the stated imbalance; and 5) the 

response that actually effects the corrections (similar to Darlington and Dallman's (1995:34) 

definition). An idealized example of such a feedback loop is seen in Table 3.2. Identification 

of individual components of the loop requires a detailed understanding of the relationships 

characterizing organ systems. 
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Table 3.2 Idealized Components of a Feedback Loop 

Components of the Feedback 
Loop 

Definitions 

Stressor or Stimulus Internal or external stimulus that causes a departure 
from homeostasis 

Receptor Organ, cell or pan thereof that detects the stressor 

Control Center Organ, ceil or part thereof that monitors, integrates and 
responds to the stressor 

Effector Organ, cell or part thereof that will respond to the 
signals of the control center 

Response Change in the internal environment that brings the body 
back into homeostatic levels 

Feedback loops can be either positive or negative, both of which have the five 

components mentioned above. The positive loop, which amplifies the original stimulus until 

the stressor is removed, is least common. Positive loops are activated during childbirth, the 

let-down reflex in lactation and blood clotting. The more common negative feedback loops 

function to correct imbalances induced by an external stimulus' (Brook and Marshall 

1996:11-12, Darlington and Dallman 1995:34, Williams 1968:2-3). Regulation of blood 

pressure, body temperature, and serum calcium levels are all accomplished through negative 

feedback loops, and in fact, serum calcium is regulated through an intertwined, double 

negative feedback system, as demonstrated in Table 3.3. 

Both parafollicular cells (C-cells) of the thyroid gland and chief cells of the 

parathyroid gland monitor plasma calcium levels (Berkow and Fletcher 1992:1003-1015,1357-

1359). Part of the mechanism of this feedback system, perhaps evolutionarily based, involves 

the storage of calcium as hydroxyapatite and calcium carbonate in bone. Since this mineral is 

essential to the basic functions of life, the ability to store calcium may have had strong 

selective significance (Priest and Van de Vyver 1990:preface). 
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Bone, therefore, can act as a reservoir to be drawn upon through specialized cellular 

processes. If serum calcium levels rise, calcitonin causes calcium to be stored in bone by 

osteoblasts. If it falls, parahormone causes calcium to be drawn from bone by osteoclasts. 

Thus, the regulation of calcium content in bone is secondary to intracellular and interstitial 

levels of this mineral, which must be held within very narrow limits (Norman 1979:275,303). 

The importance of serum calcium levels is demonstrated by diseases associated with 

hypocalcemic and hypercalcemic states. As previously stated, if serum calcium levels drop 

below 8.8 mg/dL'", hypocalcemia leads to neurological changes, such as dementia and 

depression, and below 7.0 mg/dL", limited or widespread tetany, which can ultimately 

affect cardiac muscle contraction and other cellular functions, muscle cramps or mild 

paresthesia. If this condition extends for a long duration, then cataracts may result (Mundy 

1990:196-214, Harrison and Harrison 1979:47-99, Berkow and Fletcher 1992:1005-1006). 

If serum calcium levels rise above 10.2-10.3 mg/dL, the detrimental effects of 

hypercalcemia may manifest in neurological and psychiatric disorders including drowsiness 

and lethargy, gastrointestinal problems, such as anorexia, constipation, and vomiting, 

cardiovascular difficulties that include increasing force of cardiac contraction (free calcium is 

considered a positive inotropic agent) and reduced renal function through impaired filtration. 

Above 18 mg/dL, renal failure, coma and subsequent death may result (Berkow and Fletcher 

1992:1009-1011, Mundy 1990:55-60, Harrison and Harrison 1979:100-140). It is therefore 

homeostatically essential for these levels to be monitored. This negative feedback loop is 

primarily controlled by two hormones (calcitonin and parahormone; Nordin 1990:3-10), 

which will be discussed later in this chapter. 



Table 3.3 Double Negative Feedback Loop for Serum Calcium Homeostasis 

Components of Feedback 
Loop 

Calcitonin Hormone Parathyroid Hormone 

Stressor Increase in Serum Calcium Levels Decrease in Serum Calcium 
Levels 

Receptor Parafollicular Cells of Thyroid 
Gland 

Chief Cells of Parathyroid Gland 

Control Center DNA of Parafollicular Cells DNA of Chief Cells 

Effector Osteoblasts, Osteoclasts, Kidneys Osteoclasts, Kidney, Alimentary 
Canal 

Response Decrease in Serum Calcium 
Levels 

Increase in Serum Calcium 
Levels 

Mechanisms of Hormonal Action 

Circulating hormones are chemical messengers released by cells, tissues or organs that 

empty into the cardiovascular system and circulate throughout the body. Local hormones by 

contrast, may be released and affect cells in the immediate microenvironment. When such a 

hormone acts on a neighboring cell, it is said to be paracrine in function. Furthermore, if a 

hormone is released and acts on the cell or organ itself, then it is autocrine in function. 

Calcitonin and parathyroid hormone are both circulating hormones, while some of the other 

hormones, such as interleukin, are paracrine and autocrine (Martin 1985:115-118)'^. 

Moreover, many different types of interactions can occur between hormones. 

Hormones may function synergistically, where one hormone operates with another to perform 

the same task; antagonistically, where one hormone fimctions in opposition to another; and 

permissively, where one hormone is regulated by the release and subsequent action of another 

(Martin 1985:144-146). Thus, hormonal activity within the body is a complex, intertwined 

web of biochemical interactions, many details of which are not well understood, but which 



63 

clearly involve an interplay between the neuroendocrine and immune systems, and likely 

others as well (Baxter et al. 1995:12-13, Martin 1985:114-115). 

Hormones function by affecting specific target tissues. While lipid soluble hormones 

[e.g., steroids and thyroid hormones, such as triiodothyronine (Tj) and thyroxine (TJ] enter 

the target tissue by diffusing through the bilipid membrane, other hormones bind to receptors 

on the cell surface (Brook and Marshall 1996:25, Martin 1985:139-143). 

Receptors can change locations, as demonstrated by the fluid mosaic model of cellular 

membranes (Bretscher and Raff 1975:43-49, Bretscher 1985:100-108, Singer and Nicolson 

1972:728, Jacobson et al. 1995:1441-1442), and can increase or decrease in number, 

depending on the concentration of circulating hormones. An increase in receptor number due 

to a decrease in concentration of circulating hormone is referred to as up-regulation; it 

increases the sensitivity of the cell to the hormone. By contrast, a decrease in receptor 

number due to an increase in hormonal concentration is termed down-regulation. The number 

of receptors determine the sensitivity of the cell (Granner 1995:24). Through this mechanism 

of regulating receptor populations, cells can respond at normal, homeostatic set points without 

dramatic alterations in function'^ (Granner 1995:24, Martin 1985:146-148). Moreover, one 

hormone can cause changes in receptor number for another hormone (Martin 1985:6). 

Once the hormone binds to the appropriate receptor, a cascade of biochemical 

reactions occur that activate a second-messenger system in the cell. Alterations in adenylate 

cyclase and cyclic adenosine monophosphate (C-AMP) are indicators that this system has been 

activated (Granner 1995:28-32, Martin 1985:118-139). See later discussions of paracrine and 

autocrine hormones affecting osteoblastic and osteoclastic activity. 
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Calcitonin Hormone 

Calcitonin hormone is produced by parafollicular cells (C-cells) of the thyroid gland. 

These cells are aggregated between the follicular cells that border on the colloid follicles. 

While these two types of cells lie next to each other, they are not functionally related (see 

Figure 3.2). The follicular cells produce two similar hormones, T3 and T4, to maintain basal 

metabolic rates. The parafollicular cells produce a single hormone, calcitonin, that functions 

to reduce serum calcium levels through numerous effectors (Franssila 1990:1544, Mundy 

1990:17-38, Deftos 1987:79). 

Calcitonin is a 32 amino acid polypeptide synthesized and released from parafollicular 

cells in response to three stimuli: an increase in gastrin from G-cells in the stomach; an 

increase in cholecystokinin (CCK) from enteroendocrine cells in the small intestine; and an 

increase in serum calcium levels. In the case of the first two stressors, gastrin and CCK are 

released in response food entering the stomach to stimulate chemical breakdown and decrease 

motility in the stomach and duodenum, respectively, which is followed by the absorption of 

nutrients, including calcium, across the lumen of ±e intestine. Thus, these two hormones, 

signal the release of calcitonin for the subsequent increase in serum calcium that follows a 

calcium-rich meal (Hosking 1994:147, Deftos 1987:80-82). 

Parafollicular cells monitor and respond to increases in serum calciimi levels by 

polypeptide production and subsequent secretion of calcitonin (Franssila 1990:1544-1569). 

Once calcitonin is released, it acts through a second-messenger system by increasing C-AMP 

to biochemically limit the activity of osteoclastic cells (Lemer et al. 1989:377-387, Chambers 

et al. 1985:237, Nicholson et al. 1987:1902-1908, Rao et al. 1981:1972-1978), enhance the 

activity of osteoblastic cells, and limit the effects of parathyroid hormone on resorption of 
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calcium from the ascending limb of the loop of Henle, the distal convoluted tubules and the 

collecting tubules (Marx, et al. 1972:1000, Heersche 1974:241-247). 

Consequently, these three effector modes, in turn, decrease serum calcium levels 

primarily by depositing calcium into bone and secondarily by excretion of excess mineral 

through the urinary system (Mundy 1990:17-38, Deftos 1987:79). This would effectively 

reduce serum calcium levels to homeostatic levels (see previous Table 3.3). 

Parathvroid Hormone 

There are two parathyroid glands located on the posterior aspect of each lobe of the 

thyroid gland. Much like the thyroid gland there are two cell types present in this tissue, 

chief cells and oxyphil cells (Figure 3.2). While the function of oxyphil cells is unknown, the 

chief cells monitor and respond to low serum levels by producing parathyroid polypeptide 

hormone (Mundy 1990:30). This hormone is coded by a gene located on the short arm of 

chromosome number eleven (Kronenberg 1987:2). 

Parathyroid hormone begins as preproparathyroid hormone 115 amino acids long. 

This molecule is cleaved to proparathyroid hormone that is 90 amino acids long. Once the 

translation is finished, it undergoes further modification in the endoplasmic reticulum and 

Golgi apparatus of the chief cells. The active form of parahormone is 84 amino acids long 

(Martin 1985:82), but only 34 amino acids are necessary for biological activity through a 

secondary messenger response in target tissues (White 1994:1-2, Mundy 1990:29). 

The only well known stimulus for release is a decrease in serum calcium; however. 

Vitamin D, prostaglandins and magnesium may also influence release (Mundy 1990:30). 

Once released, parathyroid hormone targets three effectors: osteoclasts located primarily in 
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the endosteum, cells in the distal convoluted tubules of the kidney and simple columnar cells 

of the mucosal layer of the alimentary canal (Aurbach et al. 1992:1402, Kronenberg 1987:1, 

Nordin 1990:3-10). Each of these effectors fimctions by increasing serum calcium levels in a 

negative feedback loop. 

The first effector that parathyroid hormone targets is the osteoclast, which is derived 

from hemocytoblasts in red bone marrow. These cells presumably differentiate into 

monocytes and then, when fully differentiated, merge to form a single, large multinucleate 

cell (Lewinson and Kogan 1995:293). One mechanism that is not very well understood is the 

activation of osteoclasts in bone. Osteoclasts are thought to have nimierous receptors on their 

surface, including receptors for Interleukin-1, which acts as a cytokinin indicating its 

leukocyte heritage (Mundy 1990:22) and prostaglandins (Chambers et al. 1985:237-238). 

Parathormone stimulates the fully differentiated osteoclast to become fully functional, 

while active Vitamin D, Interleukin-1, Lymphotoxin, Tumor Necrosis Factor and 

Transforming Growth Factor - alpha cause the earlier mononuclear osteoclast to become 

multinuclear (Mundy 1990:22). These findings suggest that autocrine and paracrine hormones 

are essential for differentiation into the multinuclear form and that parathyroid hormone 

activates the fully functional form to initiate the process of bone resorption. 

While the osteoclast is more commonly found on the endosteal surface of bone, some 

are present in the osteogenic layer of the periosteum and around the haversian systems. (The 

relationship between these cells have also been described as the bone remodelling unit, as 

described by Frost (1983:286-292, 1985:198-225, 1987:1-9, 1990a:403-413, I990b:414-422). 

These specialized macrophages function by creating a sealed microenvironment 

through the creation of a ruffled border and subsequent secretion of proteolytic enzymes that 
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break down collagen proteins, while protons dissolve the hydroxyapatite crystals. Free 

calcium is carried to the other side of the cell (Mostov and Werb 1997:219-220; Salo et al. 

1997:270-273) released into the interstitial fluid and can enter the blood plasma (Hall and 

Chambers 1996:1-9, Katunuma 1997:179-192, Suda et al. 1997:869-879). 

As noted, parathormone targets the distal convoluted tubules for the resorption of 

calcium ions and excretion of phosphate ions (Zull et al. 1987:31-40, Mundy 1990:420, 

Hosking 1994:138-141, Oertel and Ogorzalek 1990:1570). Normally, the net filtration 

pressure within the glomerulus drives numerous calcium ions (10 g/day) through Bowman's 

capsule. Many of the ions (6.37 g/day) will be resorbed by active transport in the proximal 

convoluted tubule, some (1.96-2.45 g/day) in the ascending limb of the loop of Henle, and the 

remainder (0.9 g/day) in the distal convoluted tubule under the influence of parathyroid 

hormone and vitamin D. Very few calcium ions (0.3 g/day) pass into the urine. Excretion of 

these ions increases or decreases according to extracellular levels, so that the kidneys can 

clear between 0.1-0.6 g/day to maintain homeostatic levels (Mundy 1990:4,17-20). 

These clearance values depend upon normal function of the nephron. Filtration, 

secretion and reabsorption all affect the ability of the kidney to clear excess materials. 

Calcium excretion is limited to 0.6 g/day, quantities above this level cannot be processed 

through the kidney and excess calcium must be deposited on bone (Mundy 1990:13), secreted 

into the lumen of the intestine and secreted as sweat through eccrine glands located in the 

integument (Norman 1979:278-279). Thus, calcium is lost up to a point through the kidney 

and the remainder disposed of through either the alimentary canal, the integxmient or relegated 

to bone (Norman 1979:278-279,304 Mundy 1990:4). 
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The second renal effect of parathormone is the hydroxylation of 25-hydroxychoIesterol 

(25(OH)D) into 1,25-hydroxycholesterol (l,25(OH)2D) (Eraser and Kodicek 1973:163-166, 

Hosking 1994:138). A cholesterol-based molecule, 7-dehydrocholesterol, is located in the 

stratum spinosum and stratum germinativum of the epidermis. When certain wavelengths of 

sunlight penetrate these deepest layers, the molecule is converted to cholecalciferol and 

carried to the liver for hydroxylation at the twenty-fifth carbon position. This molecule, 

25(OH)D, then is carried to the mitochondria of the proximal convoluted tubules of the 

kidney (Audran and Kumar 1985:851) where, under the influence of parahormone, 

hydroxylation occurs under hypocalcemic states at either the first position to produce 

1 ,25(0H)2D or under normal states at the twenty-fourth position to produce 24,25-(OH)2D 

(Norman 1979:285-296, Scragg 1995:223-224, Frisancho 1991:91). 

These two metabolites, l,25(OH)2D and 24,25-(OH)2D, have different functions 

within the body. The first metabolite, l,25(OH)2D, is far more active by stimulating the 

production of calcium binding protein (calmodulin) in the intestinal mucosa and activating 

osteoclastic activity in bone thereby increasing serum calcium levels quickly, while acting 

synergistically with parathormone. Indeed, hyperplasia and hypertrophy of the parathyroid 

may be associated with the lack of both metabolites, l,25(OH)2D and 24,25-(OH)2D. While 

24,25-(OH)2D does not stimulate the same levels of production of calmodulin or activation of 

osteoclasts, when this second metabolite is coupled with the first, serum calcium levels are 

maintained by presence of l,25(OH)2D and the parathyroid regress to normal size with the 

interaction of both l,25(OH)2D and 24,25-(OH)2D (Omdahl et al. 1972:63-64, Henry et al. 

1977:1918-1926, Norman 1979:285-286). Norman (1979:274-302) presents a feedback 

mechanism in which the renal conversion of 25(OH)D to l,25(OH)2D under the influence of 
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PTH leads to increases in serum calcium by targeting the intestinal mucosa. This increased 

serum calcium inhibits further conversion of 25(OH)D in the kidneys and further production 

and release of PTH. With hydroxylation, 24,25-(OH)2D acts to negatively inhibit the 

immediate release of PTH. This is followed by a minor surge of PTH, then leading to 

chronically decreased levels of this hormone. 

Nevertheless, while the exact course of interaction among parathyroid hormone and 

1,25 or 24,25 (0H)2 D3 is not fully understood, the synergistic (or perhaps permissive; see 

Forte 1987:45) interactions of both metabolites and parathormone cause increased osteoclastic 

activity, increased production of calcium binding proteins for calcium conservation, increased 

resorption through tight junctions in the proximal and distal convoluted tubules of the kidneys 

(Norman 1979:289-293, Hosking 1994:140-141) and increased absorption of calcium with the 

aid of calmodulin from the lumen of the intestine (Oertel and Ogorzaiek 1990:1570, Frisancho 

1991:91, Nemere and Szego 1981a: 1450-1462, Chen 1987:179-188). This chemical 

conversion also occurs synergistically under the influence of calcitonin, human growth 

hormone, estrogens and prolactin (Hosking 1994:138-140). 

Vitamin D, as a lipid-based molecule, targets the simple coliminar cells of the 

intestinal mucosa by directly entering cells through endocytosis. This hormone binds to the 

nuclear DNA, promotes transcription of mRNA that will be processed and transcribed to 

produce a calcium-binding protein (calmodulin) that promotes calcium absorption from the 

alimentary canal (Frisancho 1991:91; Nemere and Norman 1987:223-231). Calcium binding 

proteins function in both active transport and facilitated diffusion against a concentration 

gradient (Norman et al. 1980:24-25, Mundy 1990:17-18). Lysosomes also play a role in the 
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movement of calcium across the mucosa (Nemere and Norman 1987:228, Nemere and Szego 

1981 A: 1460, Nemere and Szego 1981b:2184). 

Vitamin D also has a direct effect on the simple columnar cells for calcium 

absorption. The vitamin opens calcium channels that allows calcium ions to flow quicidy 

down a concentration gradient from the lumen of the intestine through the cell and into the 

capillaries in the submucosal layer of the alimentary canal. This response only occurs when a 

rapid immediate increase in serum calcium levels is necessary. This mechanism occurs much 

more rapidly than vitamin D binding to the nuclear DNA and undergoing the transcription and 

translation of calmodulin (Stini 1995:455-465; Norman 1990:290-300). 

It is estimated that without the influence of vitamin D, approximately 25% of calcium 

is absorbed from the alimentary canal. With vitamin D, values increase to 75%. These 

findings suggests a 50% increase of calcium absorption under the influence of vitamin D 

hormone (Mundy 1990:5-6). 

All three mechanisms ~ increased osteoclastic activity, reabsorption from the 

convoluted tubules and absorption from the alimentary canal ~ increase serum calcium levels 

to optimal levels within interstitial fluids (Norman 1979:275). Thus, while the body will limit 

severe stress, it is generally true that both parathyroid hormone and vitamin D function to 

increase serum calcium levels. Once this increase has occurred, both serum calcium and 

active vitamin D function to inhibit further parathormone production (Kronenberg 1987:3). 

Hormonal Interactions 

Calcitonin and parathormone are antagonists in the maintenance of serum calcium 

levels, while certain other hormones fimction synergistically with one or the other of these 
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hormones in the cellular microenvironment. For example, active vitamin D functions, to 

some extent, permissively with parathyroid hormone (Forte 1987:45). Indeed the target 

tissues are the same for both hormones (Chen 1987:179). This relationship has been 

documented in mammals deficient for vitamin D, who loose responsiveness to parathyroid 

hormone. The loss of responsiveness may be due to down-regulation of parathyroid receptors 

on target tissues and decreases in the secondary messenger system responsible for associated 

decreases in C-AMP and adenylate cyclase, which alter bone cell lineages (Forte 1987:45). 

In general, parathyroid hormone is known to stimulate osteoclastic activity and limit 

osteoblastic activity. Yet these activities appear to be dosage-dependent. With lower, 

intermittent doses of parathyroid hormone, stimulation of osteoblasts is noted and bone is 

formed. With higher, continuous doses, osteoclasts are activated and bone is resorbed 

(Uzawa et al. 1995:477-484). This suggests the existence of alternative mechanisms to 

stimulate osteoclasts. The first involves cyclic changes in parathyroid secretion associated 

with normal alternating patterns of formation and resorption. Such cyclic changes may be 

linked to circadian rhythm patterns (Parfitt 1989:87-88, Staub et al. 1989:77-86, Mundy 

1990:7, Chen et al. 1991:1-7), although the nature of the interrelationships between melatonin 

and parathyroid hormone are poorly understood. There is also the possibility that a co-

stimulator, such as insulin-like growth factors, transforming growth factor - 6 and vitamin D, 

acts as an autocrine or paracrine hormone and stimulates osteoblasts and/or osteoclasts in a 

dosage-dependent manner (Staub et al. 1989:77-86). 

These minor fluctuations in local hormones may be related to the changes in 

melatonin levels, as registered by the retina and pineal glands during day and night cycles, 

and more importantly, the complex interrelationships that occur in serum calcium homeostasis 
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between the circulating hormones, local hormones and osteo-lining bone cells. Finally, a 

mechanism not considered is the up-regulation and down-regulation of the bone cells. 

Receptor regulation at the target tissue is documented (e.g. in the bone cells and kidneys) and 

may provide a mechanism by which more long-term adjustments in bone cell populations are 

made (Forte 1987:43-45). 

Similarly, calcitonin is known to stimulate osteoblastic activity while at the same time 

lowering osteoclastic activity by inducing their dedifferentiation, decreasing their motility and 

reducing their resorptive function (Lemer et al. 1989:377-387, Chambers et al. 1985:237, 

Nicholson et al. 1987:1902-1908, Rao et al. 1981:1976). This effect upon osteoclasts is 

thought to be mediated by osteoblasts after increases in C-AMP levels that induce release of 

prostaglandins, such as prostaglandin-2, inhibits nearby osteoclasts in a paracrine fashion for 

short durations of time (Nicholson et al. 1987:1902-1908). Higher concentrations of 

prostaglandins may actually stimulate osteoclastic activity by acting as a co-stimulator to 

parathyroid hormone and vitamin D (Chambers et al. 1985:237-238). While prostaglandin 

receptors are noted on the surface of osteoclastic cells, it should be mentioned that the exact 

nature of the prostaglandin receptor on bone cells is unknown (Bergmann and Schoutens 

1995:485-488). Other hormones are known to affect function, such as humeral growth 

factors (Hosking 1994:145). 

A number of other independent hormones affect osteoblastic and osteoclastic activity, 

apparently unrelated to the normal feedback mechanisms between parathyroid hormone and 

calcitonin. These hormones may be classified by the effect upon the cells in question. A 

number of paracrine hormones, including cytokines, fiinction to cause differentiation of the 

precursor stem cells. For example, hematopoietic colony stimulating factor (CSF) is essential 
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for hemocytoblast survival, differentiation into terminal derivatives and continued stimulation 

of terminal derivatives. These factors include interleulcin-3, CSF - granulocyte, macrophage, 

CSF - mononuclear phagocyte lineage, and CSF - granulocyte (Mundy 1990:52). Other 

hormones, such as leukemia inhibitory factor and interleukin-6, act synergistically once 

differentiation of monocytes and macrophages has begun (Mundy 1990:39-52). 

Cytokines, such as interleukin-1 alpha and interleukin-1 6, timior necrosis factor 

(TNF), lymphotoxin, transforming growth factor and differentiation inducing factor function 

to activate bone resorption. The last two mentioned, tumor necrosis factor and lymphotoxin, 

have the same biological activity on target tissues and both act permissively to cause the 

release of IL-1 (Mundy 1990:39-52). 

Other cytokines, like gamma interferon, act antagonistically to TNF and lymphotoxin 

by limiting osteoclastic differentiation, yet not all cytokines act on osteoclasts. Transforming 

growth factor - 6 fiinctions to act as a chemotactic agent for osteoblasts (although this may be 

dependent upon dosage) and increase mitotic rate of osteoblasts and increase mineralization of 

bone, although it is interesting to note that this hormone also causes prostaglandin production 

that increases osteoclastic activity (Mundy 1990:39-52). Needless to say, the exact 

permissive, synergistic and antagonistic relationships between all of the local hormones 

remains to be elucidated. 

Finally, other more generalized hormones may affect osteoblastic and osteoclastic 

activity. These hormones include estrogen, androgens, glucocorticoids, thyroid hormones 

such as T3 and T4 and insulin (Norman 1979:293-299). Estrogen is known to stimulate 

osteoblasts (and osteo-blast like cells) in vitro and limit the effects of osteoclasts (Eriksen et 

al. 1988:84-86, Komm et al. 1988:81-84) through regulating the production of cytokines and 
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growth factors (Pacifici 1996:1043-1051). Androgens, acting with human growth hormone 

and insulin (including insulin-like growth factors), will increase mitotic rates within somatic 

cells, thereby affecting growth. These hormones are though to stimulate osteoblastic activity, 

laying down bone mass generally (Mundy 1990:50-52). While glucocorticoids, such as 

prednisone, are known to inhibit bone formation by increasing Vitamin D3 metabolism and 

altering efficiency of calcium absorption across the intestine, bone resorption is also limited 

(Avioli et al. 1968:1341-1346, Norman 1979:299). Finally increased levels of T3 and T4 

stimulate bone resorption (Norman 1979:297). 

Thus, the interactions between parathyroid hormone and calcitonin as outlined earlier 

through the double-negative feedback loop are mediated by numerous local and circulating 

hormones. The exact function of these less known local hormones as well as the types of 

interactions possible between them remains unclear. It is clear, however, that serum calcium 

levels are maintained through bone cycling. There are a number of possible mechanisms by 

which osteoblastic and osteoclastic activities are coupled in normal physiological states. 

Deposition and lifting of calcium minerals are controlled by osteoblasts directly monitoring 

the activity of osteoclasts. 

Modelling and Remodelling of Bone 

Since bone is subject to mechanical strains by its role in protection, weight-bearing 

and locomotion and its other varied functions, including senmi calcium homeostasis, bone 

undergoes adaptation changing its structural framework (Frost 1983:286-292, Frost 1985:198-

225, Frost 1987:1-9, Frost 1990a:405, Frost 1990b:414-422, Turner 1991:203-204). These 
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functions are maintained through bone modelling, in which osteoblasts and osteoclasts are 

coupled to build and break down bone as necessary. 

Frost proposes bone modelling occurs through three tissue-level mechanisms; growth, 

modelling and remodelling (Frost 1987:1). Basic multicellular units (BMU), composed of 

both osteoblasts and osteoclasts and associated structures, will function in four regions -- the 

periosteal, haversian, cortical-endosteal and trabecular bone surfaces — for growth and 

development (Frost 1987:2). 

Normal set point for bone modelling is between 1500-3(X)0 microstrains (0.0001% of 

strain) (Frost 1987:4, Frost 1990a:405). Once these strains are encountered, between 0.15%-

0.30% at the cellular levels, they are sufficient to cause modelling in the immediate 

environment. This is accomplished by activating osteoblastic and osteoclastic cells ~ thereby 

increasing cortical bone mass and reducing strain — when bone is overloaded (Frost 1987:4, 

Frost 1990b:414, Turner 1991:204). 

Bone remodelling is fiindamentally different than bone modelling, since remodelling is 

a process used in bone replacement and repair. The associated peak bone strains are smaller 

(0.01%-0.03%) for remodelling to occur. The process, however, declines as strains increase 

(Frost 1987:5, Frost 1985:204). Both osteoblasts and osteoclasts are involved with this 

process, which is primarily located on the periosteal and endosteal surfaces (Turner 1991:212-

213). Bone remodelling functions when bone is under used (Frost 1990b:414-422). 

There is some suggestion that the homeostatic control of the mechanostat for the bone 

remodelling unit deteriorates with age. Once there is loss of trabecular bone due to a 

decrease in mechanical usage (Jaworski and Uhthoff 1986:431-439) or damage to this bone 

due to microtraiuna (Frost 1985:209), regeneration with subsequent mechanical loads is not 
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entirely possible (Jaworski and Uhthoff 1986:431-439). If trabecular bone does not remodel 

or remodel at the same rate as cortical bone, and trabecular bone is lost four times as quickly 

as cortical bone, then this type of bone is subject to increased loss of bone mass with age. 

Cycling of Bone 

While many mechanisms are involved in serum calcium homeostasis, the primary ones 

relevant to this discussion are the deposition and resorption of calcium from the inorganic 

matrix surrounding collagen and elastin to maintain serum calciimi levels. Generally, 

deposition of bone occurs by osteoblastic cells located in the osteogenic layer of the 

periosteum. These cells quickly are surrounded by first brushite crystals (Parfitt 1989:87-88) 

and then by hydroxyapatite crystals. The osteoblasts, in their newly acquired lacunae, begin to 

differentiate into osteocytes. The corresponding growth of the cortex of long bones occurs by 

apposition increasing the width of the diaphyses. This growth is coupled with osteoclastic 

resorption (Hosking 1994:143). Coupling is noted between the neighboring osteoblasts and 

osteoclasts in the osteogenic layer of the periosteum and in other locations. Since these cells 

are located in close proximity to each other, this process is thought to be under the influence 

of paracrine and autocrine hormones released in the specific microenvironment (see argimients 

above), such as in trabecular bone (Mundy 1990:24). 

Since a primary location of osteoclastic activity is in the area of the medullary cavity 

directly adjacent to the endosteal surface, the medullary cavity of long bones expands with age 

(Stini 1998 - personal communication). This widening reflects increased demands placed 

upon the bone cells to control homeostasis during critical life stages. The coupling process is 

essential for maintenance of calcium stores and bone mineral composition. Since these two 
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cell types, osteoblasts and osteoclasts, essentially line the bone, they separate the interstitial 

fluid, and indirectly blood plasma, from calcium deposited as brushite, calcium carbonate and 

hydroxyapatite crystals. This effectively controls and limits calcium in the body to 

homeostatic set point, away from areas of enzymatic action. Thus, through the hormones 

mentioned above, these cells control deposition and resorption of calcium. 

This coupling occurs through all phases of the life span (Mundy 1990:24). When 

these processes are uncoupled, due to various factors, such as parathyroid tumors, the balance 

of bone turnover is disrupted. For example, when parathyroid hormone is continuously 

circulating in high concentrations, hypercalcemia results and bone density decreases (Uzawa et 

al. 1995:477-484). The long-term effect of such an event is deviation from normal 

homeostatic set-point to such an extent that serum Ca^"^ levels may vary dramatically from an 

individual's normal level (Mundy 1990:4,9), although attempts are made by the body to 

compensate by down-regulation of parathyroid receptors at target tissues and consequently by 

decreases in the activation of such secondary messengers, as C-AMP (Forte 1987:44). Thus, 

coupling of osteoblastic and osteoclastic activity is the key to understanding how serum 

calcium levels correlate to bone mineral content (BMC). 

Svnthesis of the Role of Bone in Serum Calcium Homeostasis 

This chapter relates the structure and ftinction of bone to serum calcium homeostasis. 

Bone is composed of two types of matrix, an inorganic crystalline matrix, in which various 

minerals can be stored and an organic matrix that provides strength and flexibility for various 

mechanical forces. These two components provide numerous fimctions for the individual 

including protection of the central nervous system, attachment for the muscular system, site of 
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hemopoiesis and storage of common and rare trace minerals. Of primary importance is the 

storage of calcium in the inorganic matrix to maintain serum calcium levels. 

Calcium has many functions in the body that are essential to survival, such as 

ossification, bone growth and development, muscular contraction, neural electrochemical 

propagation, hemostasis and biochemical cofactors for cellular processes. It is essential that 

serum calcium levels be maintained within optimal conditions, referred to a homeostasis. 

Serum calcium levels are homeostatically controlled by an intertwined, double-

negative feedback loop at 8.8-10.3 mg/dL. This loop is controlled by two primary hormones, 

calcitonin and parathyroid hormone, that function antagonistically to each other. Calcitonin is 

released in response to an increase in serum calcium, targets the osteoblast and osteoclast and 

limits the effects of parathyroid hormone on the kidney, all of which lead to a decrease in 

senmi calcium levels. If calcitonin does not successftilly lower these levels, the resulting 

pathology, hypercalcemia, may eventually culminate in death. 

Parathyroid hormone increases serum calcium levels by targeting the osteoclast, the 

kidney and the alimentary canal. Parathyroid hormone is released under low serum calcium 

levels and operates synergistically with vitamin D to stimulate resorption by osteoclasts, 

resorb calcium from the tubules of the kidneys, and absorb calcium from the small intestine. 

The net effect is to increase serum calcium to normal homeostatic levels. Failure of 

parathyroid hormone operating synergistically with vitamin D to maintain serum calcium 

levels result in neurological changes, tetany, and in very severe cases, death. 

It is essential, then, to maintain serum calcium levels. Indeed storage of calcium in 

bone is secondary to ionized calcium for normal metabolic functions, such as cardiac muscle 

contraction. Bone is first and foremost a reservoir for calciimi and other minerals utilized in 
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biochemical pathways. Changes in bone composition and bone density, when viewed from 

this perspective, reflect the need to maintain homeostasis for a wide range of bodily functions. 

Bone cycling is accomplished through the processes of bone modelling and 

remodelling. Through BMU's, the four surfaces of bone ~ the periosteal, haversian, cortical-

endosteal and trabecular bone surfaces ~ will be shaped. If strains are smaller than 0.01 %-

0.03%, then remodelling will occur: if strains are greater than 0.15%-0.30%, then bone 

modelling will occur. These processes, however, deteriorate with age as BMU's decline. 

The mechanisms by which cycling of bone occurs in the osteogenic layer of the 

periosteum and in the haversian system is one system that is affected by calcitonin and 

parathyroid hormone. Other paracrine and autocrine hormones, such as interleukin, function 

in this microenvironment to control cycling of calcium by bone cells in close proximity. 

Through deposition, storage, and resorption of calcium from bone, bone acts as a reservoir 

for calcium at times when it is not readily available from the environment. 

While calcium is always necessary for the metabolic processes discussed here, it is 

especially important during certain critical stages of the life span, when calcium demands are 

especially high. For example, the processes of growth and development, from the embryonic 

stages of development to the attainment of puberty, require calcium for ossification and 

continued interstitial and appositional bone growth. During the reproductive period, 

pregnancy leads to large transplacental calciimi drains and lactation directs substantial amounts 

of calcium to the neonate. It is important to realize that these calcium losses occur in addition 

to normal requirements for calcium for normal metabolic functions discussed earlier. The 

impact of these events during critical life stages on BMC and the hormonal mechanisms 

necessary to deal with serum calcium homeostasis will be discussed in the next chapter. 
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CHAPTER 4 

SERUM CALCIUM HOMEOSTASIS. REPRODUCTIVE ENDOCRINOLOGY 

AND CRITICAL LIFE STAGES 

Introduction 

Calcium plays many roles within the body; its presence is essential during critical 

stages of the human life cycle. Nowhere are these needs more important than during 

intramembranous and endochondral ossification in utero and continued interstitial and 

appositional skeletal growth during infancy, childhood, adolescence and attainment of peak 

bone mineral in adulthood. The skeleton, acting as a reservoir for calcium, will continue to 

maintain normal set-point values for serum calcium throughout life. 

Considerable variation, however, exists in physiological mechanisms for serum 

calcium homeostasis within and between human males and females. As females serve as the 

host for embryonic development and fetal growth, the effects of the fetus on maternal serum 

calcium levels are significant. Additionally, after the fetus is bom, the effects of lactation, 

(whether limited or extended in duration) must be considered, since substantial amounts of 

calcium pass through human breast milk. Thus, not only must the female lay down bone early 

in childhood and adolescence for fiiture reproductive events, but also maintain mechanisms to 

recover losses in BMD as quickly as possible after these events. 

Thus, the focus of this chapter is to examine the role of calcium during each of the 

life stages — embryonic and fetal growth, birth, infancy and childhood, puberty, adolescence, 

adulthood, pregnancy, lactation and menopause in later years. Embryonic and fetal growth 

are buffered by the maternal neuroendocrine systems. Birth marks the endocrinological 

autonomy of the neonate from the mother. The child must maintain homeostasis, albeit with 
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maternal cultural buffers, while still maintaining individual and sexual endocrinological 

mechanisms during growth and development. 

Endocrinological alterations during each life stage are presented in order to understand 

the relationship between the transition and possible disruption of homeostasis. Adjustments 

are made by many hormones that vary within individual and sex-specific limits for the life 

stage in question. While these hormones may act permissively, synergistically and 

antagonistically within the body, these events will be considered in relation to the effects on 

the female throughout her life, the cumulative effects of reproductive differences in pregnancy 

and lactation and the endocrinological mechanisms in relation to BMD. 

Embryonic and Fetal Growth and Development 

This section focuses on the relationship of the formation of the trilaminar embryo, 

formation and differentiation of mesenchyme to subsequent ossification, types and patterns of 

ossification found in the fetus, transfer of maternal calcium to aid in this process and 

mechanisms by which serum calcium is maintained during and after this transfer. 

By the eighth day after fertilization, the implanted blastula has differentiated into the 

embryoblast and trophoblast. The trophoblast, for its part, has already formed two layers, the 

cytotrophoblast and the syncytiotrophoblast. Trophoblastic lacunae form within the syncytium 

and fill with maternal blood from maternal sinusoids. Once established, a single layer of 

cytotrophoblastic cells fuse with a single layer of syncytiotrophoblastic cells(Khong and 

Pearce 1987: 25-28, Sadler 1990:39-44). 

With the attenuation of the cytotrophoblast as the pregnancy advances (Panigel 

1972:23-25), there remains only a thin layer for substances — blood gases, metabolic wastes. 
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glucose, amino acids, chylomicrons, nucleic acids, vitamins, trace minerals ~ to pass through 

(Ahokas and Anderson 1987:207-220). 

Once the sinusoids are established, the embryo begins to withdrawal calcium from 

maternal circulation, for essential physiological processes, like intracellular and extracellular 

signalling (Young and Cohen 1988:38-44), Bergmann and Schoutens 1995:485), blood 

clotting (Ashby et al. 1990:7-11, Ware and Coller 1995:1188), nerve impulse propagation 

(Welch and Dewey 1987:104), muscular contraction (Ruegg 1988:83-113, Ruegg 1992:1-

2,281, Levine et al. 1990:171-209, Murray and Weber 1974:58-71) and ossification (Haram 

et al. 1993:510, Misra and Anderson 1990:1220-1221, Hytten and Leitch 1964:333). 

With continued development, the trilaminer embryo neurulates in the first month of 

life. The embryoblast differentiates into the three primary germ layers ~ ectoderm, 

mesoderm and endoderm ~ that will produce the organs and organ systems. The mesoderm, 

in particular, forms a variety of mesenchymal cells that give rise to bone, muscle, connective 

tissue and formed elements of the blood. Groups of mesenchymal cells produce somites (i.e., 

blocks of dermamyotome and sclerotome in the torso) and mesoderm underlying the 

apicoectodermal ridge of the appendages (Gilbert 1991:600, Zwilling 1955:423-441). The 

mesectoderm, derived from neural crest, forms small clumps or whorls of cells called 

somitomeres in the head region (Gilbert 1991:203). Mesenchymal components accumulate in 

areas of future bone and participate in intramembranous and endochondral ossification. 

Intramembranous ossification occurs when mesenchymal cells cluster in nodules and 

differentiate into a variety of cells, including osteoblasts. These cells secrete collagen into the 

extracellular matrix, upon which calcium salts are deposited and osseus growth occurs through 

trabecular formation. This type of ossification is limited to the frontal, parietal, sphenoidal 
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and occipital bones in the neurocranium, the maxilla and mandible of the viscerocranium and 

the epiphyses of the clavicle (Sadler 1985:133-147, Moore 1988:334-349). This process is 

remarkably different than endochondral ossification. 

Endochondral ossification begins first with chondrification of the mesenchymal 

matrix. Mesenchyme accumulates in the shape of the fiiture bone and differentiates into 

chondroblasts. Once these cells fully differentiate into chondrocytes, the cells in the center of 

the diaphysis begin to hypertrophy and lyse. At this same time, the whole model becomes 

wrapped by perichondria! tissue. A bony collar under the perichondrium marks the formation 

of the periosteum. Shortly afterward, a nutrient foramen carries in osteoprogenitor cells that 

differentiate into osteoblasts within the diaphysis. The newly arrived cells become surrounded 

by collagen and elastin and are trapped by calcium salts — calcium carbonate, brushite and 

hydroxyapatite crystals ~ in the extracellular matrix surrounding the lysed chondrocytes. 

Once ossification of the diaphysis occurs, it continues to grow in length and diameter through 

interstitial and appositional growth (Sadler 1985:133-147, Moore 1988:334-349, Gilbert 

1991:211-214). 

While the mechanisms of these two ossification processes are different, the overall 

timing of ossification varies with the bone in question. The first bone to ossify, the diaphysis 

of the clavicle, follows the intramembranous pattern. Although its ossification has been 

reported as early as day 30 in utero, more conservative estimations are day 39 (Mall 

(1906:437,452). The clavicle is quickly followed by viscerocranial elements, such as the 

mandible and maxilla at days 39-40, respectively. This pattern highlights the importance of 

viscerocranial development for food intake postpartum. 
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After intramembranous ossification of the viscerocranium, some bones of the 

neurocranium follow the same process. These include the frontal, parietal, temporal and 

membranous occipital and bones derived from Meckel's cartilage, such as the ear ossicles 

(Gilbert 1991:185). These neurocranial bones begin to ossify at day 56 (Mall 1906:437). 

Again, this early pattern demonstrates the essential role of the neurocranium in protecting and 

cushioning the central nervous system from trauma. During this same time period, 

endochondral ossification of long bones occurs in a craniocaudal gradient'^ 

Of the long bones, the humerus and femur ossify as early as day 42; the radius and 

tibia follow a few days later at day 44, the ulna at day 49, the fibula at day 55. The 

remaining components of the axial and appendicular skeleton quickly follow with ossification 

of the scapulae, ilia and ribs by days 55-56. Thus, the diaphyses are formed by nearly two 

month in utero (Mall 1906:437). 

For ossification to occur, inordinate drains of calcium upon the mother must transfer 

from the maternal serum, through the placenta and into the fetal compartment in an eighteen-

day period. Once within the fetus, calcium is homeostatically controlled by acquisition to die 

skeletal, urinary and digestive systems. As the later two do not play a significant role in 

serum calcium homeostasis for the fetus in utero, bone is the primary target for deposition of 

calcium during increases in serum calcium levels. 

With the transfer of calcium from the maternal to the fetal compartment, a host-

parasite relationship" exists. When a woman becomes pregnant, the body has to supply 

large amounts of calcium, gained through normal homeostatic mechanisms. Anempts are 

made by the mother to maintain serum calcium levels at her physiological set-point regardless 

of the demands of the fetus. 
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During early pregnancy, maternal senun calcium levels generally fall and fetal levels 

rise. Later, maternal levels fall so low that the mother becomes hypocalcemic to the fetus 

(Schauberger and Pitkin 1979:74-76, Minsker et al. 1993:217-223). This transfer occurs by 

active transport of calcium across the placental wall (Schauberger and Pitkin 1979:74-76). 

Fetal calcium homeostasis becomes increasingly important in the second and third 

trimester (Fisher 1986:605). Concomitantly, maternal serum parathyroid levels increase 

during pregnancy to maintain calcium levels. Coupled increases in calcitonin have not been 

documented, although higher levels of the hormone are found. Drake et al. (1979:746-749) 

measured serum parathyroid levels over the course of pregnancy and found them to peak at 21 

weeks of gestation coinciding with fetal ossification. He noted, however, that associated 

calcitonin levels did not significantly rise. 

These findings are particularly interesting since their sample consisted of women 

between the ages of 17-28, some of whom have not reached peak BMD. If associated 

coupling of parathyroid hormone and calcitonin hormone did not occur, then maternal bone 

density would be compromised. However, during pregnancy, various types of estrogen and 

progesterone are produced by both the maternal and fetal compartment reaching maximal 

levels m later pregnancy (Parker 1993:19, Speroff et al. 1994:258). These steroid hormones 

provide some protection against extensive bone mineral loss from the maternal compartment 

(Speroff et al. 1994:251-289, Pacifici 1992:295-299). 

Knowledge of this increased demand for calcium during pregnancy has led to a 

change in the recommended daily requirements from 800 mg to 1200 mg a day, an average 

increase of 400 mg a day for nearly 280 days, or 112 gm of calcium throughout the course of 

the pregnancy. While most of the calciimi, approximately 250 mg a day, enters fetal 



circulation (Haram et al. 1993:510, Misra and Anderson 1990:1220-1221), only part of this 

requirement is directly deposited onto the fetal skeleton. 

Approximately 5.3% (1.5 gm) is deposited during initial ossification prior to twenty 

weeks of development, 30.4% (8.5 gm) is deposited for continued interstitial and appositional 

growth between the twentieth and thirtieth week and the remaining 64.3% (18 gm) laid down 

during the final ten weeks in utero (Hytten and Leitch 1964:313, Luke et al.y 1993:158,160). 

Thus, at birth the neonate contains nearly 28-30 gm of calcium (Hytten and Leitch 1964:333). 

Based on the values above, the fetus contains 25 % of the excess maternal calcium needed 

during fetal growth and development. 

It is now well known that many pregnant women fail to consume 1200 mg of calcium 

per day in the diet. Fortunately, however, physiological mechanisms exist by which an 

interaction of several hormones, calcitonin, parathormone (PTH) and vitamin D, mitigate in 

normal serum calcium homeostasis (see previous discussions in Chapter 3). These hormones 

interact with vitamin D. 

Vitamin D can be gained from two sources: exposure of skin to sunlight, causing 

conversion of cholesterol to vitamin D3; and the dietary intake of vitamin D2 in plants. Daily 

recommended values for this vitamin double, from 200 lU to 400 lU, during pregnancy (Luke 

et al. 1993:131). While vitamin D increases calcium absorption across the lumen of the 

intestine by as much as 50%, sufficient quantities of calcium must be present for both the 

maternal and fetal systems (Mundy 1990:5-6). 

Since any stress may disrupt homeostasis, fine-tuning such a complicated biochemical 

feedback loop may be problematic. While transitory fluctuations may have limited effect 

upon osseous tissue, more long-term stressors may have dramatic effects. The body adjusts to 
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serum calcium homeostasis by increasing calcium absorption from the lumen of the intestine, 

coupled with decreasing excretion from the kidneys'^ (Haram et al. 1993:509; Pitkin 

1985:99-109). If sufficient calcium is not available, the maternal skeleton may enter a state of 

osteopenia and even osteoporosis, while at the same time the fetal skeleton will also exhibit 

osteopenia (Luke et al. 1993:134). 

Parturition 

Parturition marks the transition from the uteroplacental environment to the 

extrauterine environment. In order for this occur, many endocrinological alterations and 

physiological adjustments are necessary to facilitate the birthing process by both the mother 

and fetus. The process is primarily initiated by increases in DHEAS, which is converted to 

estradiol, fiirther promoting production of oxytocin, prostaglandins and relaxin. These later 

hormones affect myometrial contraction during the childbirth process itself (Nathanielsz 

1996:562-569, Douglas et al. 1995:381-394, Mitchell and Chibbar 1995:365-380, Steer 

1990:333-349, Thorbum 1991:277-194, Mitchell et al. 1995:623-632, Martin 1985:708-713). 

Other hormones, including progesterone and catecholamines are also elevated and indirectly 

play a role (Steer 1990:333-349, Thorbum 1991:277-194, Mitchell et al. 1995:623-632, 

Martin 1985:708-713). 

The process itself is characterized by a positive feedback loop'®; one in which the 

stressor or stimulus is amplified until removed. There are five components to the process. 

The stimulus is the distention of the intemal os. The receptors, identified as stretch receptors 

located within the uterine wall, give rise to afferent neural impulses that eventually reach the 

hypothalamus, the control center. The neurosecretory cells located in the supraoptic and 
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paraventricular nuclei respond by increasing production of oxytocin, a peptide-based hormone. 

Oxytocin is delivered down the hypophyseo-hypothalamic tract to the neurohypophysis by 

anterograde transport and then released at the axonal synaptic bouton into the hypophyseal 

veins. From here, oxytocin is carried through the cardiovascular system to the myometrium 

causing increases in contractions". This response increases until the stressors, the fetus and 

placenta, are expelled from the uterus (Kruse 1986;473-479; for indirect discussions see 

Chard 1989:146; see Table 4.1). 

Table 4.1 Components of the Feedback Loop for Childbirth 

Components of a Feedback Loop Childbirth 

Stressor or Stimulus Stretch of Myometrium 

Receptor Stretch Receptors 

Control Center Hypothalamus 

Effector Myometrium 

Response Increased Contractions 

Another effect of oxytocin is continued contraction of the myometrium, thereby 

shrinking the uterus back to normal size after birth and causing vasoconstriction of the tunica 

media of torn vessels after removal of the placenta from the uterus (Jelliffe and Jelliffe 

1978:20, Kruse 1986:473-479). 

Once the fetus has passed through the birth canal and the placenta has disassociated 

from the uterus, the conceptus, although still a functional entity, is separate from the maternal 

internal compartment. The transition from uteroplacental environment to the extrauterine 

environment is difficult at best. The neonate has many external stressors on it, such as onset 

of respiration and closure of fetal shunts. Many homeostatic adjustments are made, for 
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instance maintaining rates of respiration, acid-base balance, body temperature and serum 

calcium homeostasis (Fisher 1986:603-611, Lowe and Reiss 1996:339-349). 

While serum calcium levels in the newborn drop with closure of the umbilical cord, a 

transition occurs in which a surge of hormones ~ parathyroid hormone, vitamin D and 

calcitonin ~ function to maintain serum calcium homeostasis (Hillman and Haddad 1982:248-

257). From this time on, alterations in serum calcium homeostasis in the newborn are dealt 

with through three primary organ systems: the skeletal system; the urinary system and the 

alimentary system (Schauberger and Pitkin 1979:74-76). 

These processes may be considered difficult, since in many respects, the infant is bom 

"as a fetus" (Gould 1977:70-75). There are a number of rationales that parturition should 

coincide with a stage of relative immaturity; the primary one is that the shon gestational 

period allows for the head to pass more easily through the pelvic inlet. Even though both the 

mother and the fetus have mechanisms to allow for passage, such as fetal fontanelles, 

maternal relaxin secretion and joint laxity of the pubic symphysis and sacroiliac joints (Weiss 

1995:293-300, Goldsmith et al. 1995:171-186), fetal head circimiference is a limiting factor 

during unaided childbirth (Gould 1977:70-75). 

Therefore, childbirth brings the fetal period to a close long before the fetus is at a 

comparable level of maturity to other organisms (Montagu 1961:56-57). The infant is bom 

without ability to move in the environment, to seek shelter or even to acquire food. The 

mother must guide the infant to the breast when feeding and physically support the growth 

and development of the infant postpartum (Tay et al. 1992:35-42, Jelliffe and Jelliffe 

1978:1,4, Montagu 1961:57). 
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After birth, the infant must acquire all the macromolecules and trace elements, such as 

calcium, phosphate and magnesium, necessary to sustain growth and development postpartum. 

Breast milk, or other forms of nutrition high in calcium, can serve to supplement this 

immediate deficiency until the newborn's endocrinological system attains full functional status. 

Lactation 

This section focuses on the relationship between the extrauterine environment and 

subsequent need for nutritional support for the neonate to maintain energy states and serum 

calcium homeostasis through breast milk and food supplementation. The process of lactation 

is regulated by a number of synergistic hormones that function for the production and release 

of breast milk. Variations in breast milk follow species-specific evolutionary adaptive 

strategies. This section will emphasize the functional significance of the human strategy. 

With commencement of lactation, a number of hormones function synergistically to 

maintain volume and composition of breast milk. Lactation usually begins at birth when 

estrogen and progesterone levels fall dramatically with placental removal (Tay et al. 1992:36). 

Elevations in prolactin, along with ACTH, TSH and GH (Meites et al. 1969:171), stimulates 

mammary acinar ceils to produce and secrete breast milk (Jelliffe and Jelliffe 1978:12). 

Prolactin secretion from the adenohypophysis depends upon many factors; such as frequency, 

duration and non-scheduled suckling (Jelliffe and Jelliffe 1978:64; Meites et al. 1969:177), 

circadian rhythm (Jelliffe and Jelliffe 1978:14) and other factors. 

Immediately after birth, the newborn infant is placed to the breast and suckling begins 

the let-down reflex. By suckling, the infant is stimulating mechanoreceptors of afferent fibers 

of thoracic nerves. This sensory information is conveyed to the paraventricular and 
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supraoptic nuclei of the hypothalamus stimulating neurons therein to synthesize oxytocin 

which is then conveyed by axonal transport and released from the neurohypophysis in the 

blood stream. Oxytocin then targets two effectors; mammary myoepithelial cells and 

myometrium. The contraction of myoepithelial cells leads to immediate ejection of milk from 

the acinar cells (Bargmann and Welsch 1969:50). This response lasts only for a minute or 

two (Tay et al. 1992:38). 

Stimulation by suckling also occurs to other exteroreceptors, such as 

mechanoreceptors around the areola and nipple (Grosvenor et al. 1969:183-186) and visual, 

auditory and olfactory receptors. This information is carried by the respective cranial nerves 

and thoracic nerves to various association areas of the brain (Cowie 1969:165, Tay et al. 

1992:38), the hypothalamus (Cowie 1969:165) and the amygdala (Tindal and Knaggs 1966:ii, 

Tindal et al. 1967:279-287, Tindal 1969:255). 

From this description, components of the milk let-down reflex due to the effects of 

oxytocin can be identified through a positive feedback loop (see Table 4.2), in which the 

stimulus or stress is amplified until it is removed. The hormone functions synergistically with 

prolactin to produce and eject milk. 
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Table 4.2 Components of the Feedback Loop for Milk Let-Down Reflex. 

Components of the 
Feedback Loop 

Milk Let-down 

Stress or stimulus Suckling of the nipples 

Receptor Sensory afferent of Thoracic nerves 

Control Center Paraventricular and Supraoptic Nucleus 
of the Hypothalamus 

Effector Myoepithelial Cells in the breast 

Response Contraction of the myoepithelial cells 

During these suciding events, the same neural impulses described above also inhibit 

the release of GnRH from the tuberal nucleus that stimulates the lunar ovarian cycle (Tay et 

al. 1992:40). With its inhibition, production and release of follicle stimulating hormone (FSH) 

and luteinizing hormone (LH) do not occur (Meites et al. 1969:178). These hormones, as 

noted earlier, stimulate initial development of the oocyte and ovulation as well as release of 

estrogen and progesterone by follicular cells. 

Thus, the lack of ovulation coupled with amenorrhoea are directly related to duration 

and intensity of suckling events in infants fed only from the breast during day and night (Tay 

et al. 1992:39). Lack of ovulation alters fertility and provides a mechanism for birth spacing. 

Birth spacing, in turn, provides an evolutionary mechanism to delay the physiological 

stressors of immediate subsequent reproductive events (Rasmussen 1992:106). While using 

the effects of increased prolactin for birth control is not recommended, increased prolactin 

levels lead to amenorrhoea (Jelliffe and Jelliffe 1978). 

Moreover, lactation plays a critical role in the sustenance of the neonate and infant. 

Human breast milk has a characteristic content of macromolecular components, vitamins and 

trace elements designed to foster adequate species-specific growth and developmental patterns 
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postpartum (Jelliffe and Jelliffe 1978:26-58). One of these elements is calcium, which varies 

within a tolerable range between individuals and populations. If calcium content of human 

breast milk is limited due to nutritional intake, the maternal skeleton provides an adequate 

source if values fall far below those recommended. 

Immediately after birth, the mother begins to secrete human breast milk. The 

composition of this milk is characteristic of the human species; low in casein compared to 

whey (protein components of milk) and at the same time high in fat and immunoglobulins 

(Jelliffe and Jelliffe 1978:26-58, Stini 1998 - personal communication). This pattern differs 

from other animals, such as the horse, cow and goat, and reflects variations related to rates of 

growth and development in the newborn human (see Table 4.3). 

The differences in species-specific breast milk composition suggests an immunological 

component to milk production. Colostrum is secreted primarily during the first few days of 

breastfeeding, and in lower levels thereafter, providing protection from pathogens through the 

passage of iirununoglobulins, such as IgA (Jelliffe and Jelliffe 1978:30). 

These antibodies are tailor-made to pathogens that the mother or infant may be 

exposed to in their environment. By nuzzling and kissing the infant, the mother once exposed 

to pathogens mounts a specific immime response and develops antibodies through the humeral 

arm of the immune system. These antibodies can be passed through breast milk to provide 

passive immunity to the infant (Jelliffe and Jelliffe 1978:84-85). 
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Table 4.3 Species Differences in Breast Milk Composition (Jelliffe and Jelliffe 1978:27). 

Species Total 
Solids 

Fat Casein 
Protein 

Non
specific 
Protein 

Whey 
Protein 

Lactose Ash 

Homo sapiens (Man) 12.4 3.8 0.4 0.6 7.0 0.2 

Equus asinus (Donkey) 8.5 0.6 0.7 0.7 6.1 0.4 

Equus caballus (Horse) 11.2 1.9 1.3 1.2 6.2 0.5 

Llama glama (Llama) 16.2 2.4 6.2 1.1 6.0 

Camelus dromedarius (Camel) 13.6 4.5 2.7 0.9 5.0 0.7 

Rangifer tarandus (Reindeer) 33.1 16.9 11.5 2.8 

Alces alces (Moose) 21.5 10.0 8.4 3.0 1.5 

Bos taurus (Cow) 12.7 3.7 2.8 0.6 4.8 0.7 

Bos grunniens (Yak) 17.3 6.5 5.8 4.6 0.9 

Bubalus bubalis (Buffalo) 17.2 7.4 3.6 5.5 0.8 

Capra hircus (Goat) 13.2 4.5 2.5 0.4 4.1 0.8 

(Ms aries (Sheep) 19.3 7.4 4.6 0.9 4.8 1.0 

Additionally, two proteins are found in breast milk: lactoferrin (transferrin) and 

lysozyme. Lactoferrin, a functional protein that binds iron to it, will function synergistically 

with immunoglobulins as a bacteriostatic agent. Lysozyme is a functional enzyme that 

contains an active site to cleave the polysaccharide coat of bacteria (Jelliffe and Jelliffe 

1978:89). Access to these proteins, immunoglobulins and larger enzymes, through 

breastfeeding may limit infant mortality (Cron et al. 1940:88-93). 

Moreover, low protein intake also correlates with increased patterns of feeding, 

leading to continuous contact between mother and infant, thereby solidifying their bond 

(Jelliffe and Jelliffe 1978:5). The lower casein content suggests that anabolic processes 

related to the growth in body systems (e.g., the muscular system) are not as important as 
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controlling maturation and development of the nervous system through myelination and glial 

cell proliferation (Belavady 1978:566; Jelliffe and Jelliffe 1978:31,33), as well as establishing 

an energy reserve after birth (accomplished mostly by C,6.o heavy weight fats; Glass et al. 

1967:420). 

Indeed, the newborn infant is estimated to have a species-specific fat content ranging 

between 12-16%, relating to the high levels of fat in human breast milk. Fat content in breast 

milk varies greatly, ranging from approximately 38% in the sea lion, 14-20% in the spiny 

ant-eater to 1-4% in the cow and horse (Widdowson 1968:1-49, Ahokas and Anderson 

1987:214, Jelliffe and Jelliffe 1978:6,31,40). 

As discussed above, human breast milk composition follows a species-specific pattern. 

This pattern allows for neonatal growth and development to occur at specific rates for specific 

organ systems, such as the advancement, myelination and completion of a majority of the 

nervous system by six months after birth^. 

By comparing average levels of fat to lactose to protein across both well-nourished 

and poorly nourished populations, a general ratio can be developed of 3F:6L:1P. This ratio 

shows deviation within and between these statistical populations. In those individuals from 

well-nourished communities, such as in America, Britain and Egypt, the ratio is 4:6:1, with 

the exception of the Brazilian well-nourished community whose ratio is 3:5:1. While in 

poorly nourished women, the ratio ranges from 3:4:1 in New Hebrides to 3:7:1 in India 

(Table 4.4; Figure 4.1; Jelliffe and Jelliffe 1978:70-71). By placing protein as the standard 

since it varies little (Jelliffe and Jelliffe 1978:69), fat levels lower in relation to maternal fat 

stores (Brown and Dewey 1992:85, Rasmussen 1992:104), poor maternal nutrition (Jelliffe 
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and Jelliffe 1978:69) and seasonality (Brown and Dewey 1992:84), while lactose greatly 

varies^' (Jelliffe and Jelliffe 1978:69). 

Table 4.4 Comparison of Contents in Human Breast Milk between Well-Nourished and Poorly-
Nourished Samples, taken from Jelliffe and Jelliffe 1978:70-71 

Fat, g/100ml Lactose, g/100ml Protein, g/lOOml Ratio 

America (W) 4.5 6.8 1.1 4:6:1 

Britain (W) 4.78 6.95 1.16 4:6:1 

Egypt (W) 4.43 6.65 1.09 4:6:1 

Brazil (W) 3.9 6.8 1.3 3:5:1 

India (P) 3.42 7.51 1.06 3:7:1 

Bantu, 
S. Africa (P) 

3.90 7.10 1.35 3:5:1 

Brazil (P) 4.2 6.5 1.3 3:5:1 

Nigeria (P) 4.05 7.67 1.22 3:6:1 

Pakistan (P) 2.73 6.20 0.85 3:7:1 

New Hebrides (P) 3.8 5.0 1.4 3:4:1 

AverageiStandard 
Deviation 

3.97+0.59 (10) 6.72+0.75 (10) 1.18+0.17 (10) 3:6:1 

Breast milk volumes range between 600-750 ml/day over a course of six months in 

well nourished mothers. Values tend to drop to 500 ml/day in the second six months and 

further decline to 400 ml/day in the second year. These values, however, are highly variable 

in sample populations. Considerable variation exists between breast milk volume, such that 

volume may be nearly half that from well nourished mothers in some populations (see Table 

4.5, Figure 4.2; Jellife and Jelliffe 1978:63-67)^. Other factors are known to influence 

production: breast suckled, suckling vigor, nourishment status of the mother, time of the week 

and time of the day. 



Figure 4.1: Fat, Lactose, Protein and Calcium Content in 
Well-Nourished versus Poorly-Nourished Populations, 

taken from Jelliffe and Jelliffe 1978:70-71 
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Table 4.5 Data from selected populations for breast milk production over duration of breastfeeding 
events (taken from Jelliffe and Jelliffe 1978:66-67; data cannot be strictly compared due to differences 
in collection techniques and assessments). 

Country 1-6 months, 
ml/day 

6-12 months, 
ml/day 

12-24 
months, 
ml/day 

24 months 
and over, 
ml/day 

India 600 500 350 -

New Guinnea, 
Chimbu 

525 525 343 242.5 

Biak Island 427 410 232.5 243 

Sri Lanka 475 495 506 -

Mexico 650 450 350 -

Aside from obvious differences in the amount and composition of breast milk between 

humans (and other animals), a wide variety of other substances are also found in breast milk 

that may not be available in a limited soft-diet. These substances include macromoiecules 

(e.g., functional proteins, such as lactoferrin and thromboplastin, amino acids, sugars such as 

lactose and glucose, a number of fats, including triglycerides and nucleic acids), vitamins, 

iron, calcium, phosphate and a wide variety of other trace elements^ (Ahokas and Anderson 

1987:207-220, Jelliffe and Jelliffe 1978:51,70-71). Of these general trace elements, 

approximately 261 mg/1 of calcium is passed through human breast milk (see Table 4.6; 

WHO/IAEA 1989)^^ 



Figure 4.2: Select Populational Variations in Breast Milk Volumes 
in ml/day, taken from Jelliffe and Jelliffe 1978:66 
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Table 4.6 Trace Elements in Human Breast Milk Collected at Three Months Postpartum as calculated 
from the WHO/IAEA Collaborative Study (1989). 

Trace Element Average of the 
"Air Median 
Scores 

Average of the 
"All" Standard 
Deviation 
Values 

Maximum 
Range Across 
All Subgroups 

Sample 
Size 

Antimony in /jgr/1 4.05 3.60 0.90-12.70 339 

Arsenic in ngr/l 3.67 7.48 0.12-26.17 85 

Cadmium in ngr/l 0.87 1.46 0.00-6.07 118 

Calcium in mg/1 261.33 29.45 194.00-346.00 505 

Chlorine in mg/1 398.77 83.70 290.00-961.00 340 

Chromium in /igr/1 3.90 5.08 0.77-16.00 122 

Cobalt in ^gr/1 0.51 0.47 0.12-1.43 339 

Copper in ngr/l 242.11 41.07 180.00-349.00 506 

Fluorine in ftgr/l 31.57 42.66 5.70-142.90 205 

Iodine in /tgr/I 52.33 18.53 9.00-90.00 109 

Iron in /xgr/1 529.56 354.61 100.00-1390.00 512 

Lead in jigr/l 10.71 7.85 2.00-25.00 430 

Magnesium in mg/1 31.81 4.67 23.00-38.90 504 

Manganese in ^gr/1 13.66 12.91 3.23-51.26 405 

Mercury in /tgr/1 2.14 0.74 1.29-25.53 339 

Molybdenum in ngr/l 3.82 6.22 0.00-25.53 76 

Nickel in /igr/l 11.92 3.87 4.90-21.50 310 

Phosphorus in mg/1 142.33 11.95 115.00-317.00 316 

Potassium in mg/1 458.22 75.61 326.00-565.00 516 

Selenium in ngr/l 20.48 7.44 12.60-35.90 339 

Sodium in mg/1 119.44 41.07 71.00-220.00 515 

Tin in /igr/1 1.80 0.76 1.00-2.39 12 

Vanadium in /xgr/l 0.31 0.22 0.09-0.75 93 

Zinc in mgA 1.62 0.70 0.70-4.93 512 
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This value for calcium, 261 mg/1, represents an average of the median scores obtained 

after three months of breastfeeding from three statistical subpopulations. The first 

subpopulation is classified as "Urban Elite" -- well-to-do mothers with a university education 

or urban mothers, while the second is "Urban Poor" ~ poor urban mothers or mothers with 

only primary education. The last subpopulation is "Rural" ~ mothers living in a rural 

environment. While calcium values ranged from 194-346 mg/1, clearly the urban elite had a 

higher mean value, 280 mg/1, than urban poor and rural, 258 mg/1 and 264 mg/1, 

respectively. This finding is interesting, since the standard deviation of the first 

subpopulation is also much greater than the last two. 

Rationalization for these findings is made by considering the variability in food types 

that urban elite have access to, while at the same time knowing that dietary preferences do not 

necessarily reflect nutritional value. Moreover, urban poor may not have the wealth or 

education to buy the right combinations of foods to meet standard requirements for lactation. 

Finally, rural women may be more limited in diet, with access only to trade crops and goods 

and presumably a dependence on a more limited, monotonous diet. This could explain why 

this rural group has the least variability in standard deviation values (WHO/IAEA 

Collaborative Study 1989; see Table 4.7 and Figure 4.3). 

Nonetheless, calcium content of human breast milk must also be considered by 

duration of lactation. As the infant ages, calcium content decreases from 257 ppm in the first 

month to 175 ppm in the seventh month. This represents a decrease of 32% in calcium 

content over the course of six months (Vaughan et al. 1979:2303; see Table 4.8 and Figure 

4.4). Depending on the culture, the mother will start the infant on a soft-food diet that 

contains calcium. 
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Table 4.7 Median Calcium Content in "Original" Human Breast Milk in mg/1 Collected at Three 
Months Postpartum with Associated Sample Size (WHO/IAEA Collaborative Study 1989). 

Region Urban Elite Urban Poor Rural All 

Guatemala 346 (22) 263 (22) 303 (37) 303 (81) 

Hungary 287 (21) 281 (29) 277 (21) 285 (71) 

Hungary - CC 334 (19) 286 (31) 285 (22) 288 (72) 

Nigeria 226 (5) 194 (1) 236 (9) 226 (15) 

Phillipines 268 (16) 283 (28) 265 (21) 270 (65) 

Phillipines - CC 221 (19) 238 (29) 221 (27) 221 (75) 

Sweden Missing Missing Missing 235 (29) 

Sweden - CC Missing Missing Missing 250 (28) 

Zaire 284 (37) Missing 261 (32) 274 (69) 

Average+.SD 280.86+48.08 257.5+35.95 264.0+28.21 261.33+29.45 

Table 4.8 Trace Mineral Content in Human Breast Milk at Various Durations of Lactation (Vaughan et 
al. 1979:2303). 

Months Calcium Content in 
/igr/ml + SEM 

Standard 
Error of the 
Mean in 
/igr/ml 

Dietary Intake 
of Calcium in 
mg/day 

Serum 
Calcium 
Levels in 
mg/100ml 

Sample 
Size 

1-3 257 29 Missing Missing 28 

4-6 236 25 1402 9.9 39 

7-9 175 28 879 10.0 23 

10-12 170 25 1680 9.4 13 

13-18 180 30 967 9.6 28 

19-31 150 38 954 9.3 30 



Figure 4.3: Median Calcium Content in Human Breast Milk in mg/L 
by Social Class (Environment) Calculated from 

WHO/IAEA Collaborative Study (1989). 
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Figure 4.4: Trace Mineral Calcium Content in Human Breast Milk 
at Various Durations of Lactation. 
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Confirmation of these findings was made by Laskey et al. (1990:507-512), who found 

comparable decreases in calcium levels in human breast milk occurred in two divergent 

populations, a sample of 72 British women from Cambridge and 144 rural women from 

Gambia. Both samples started with very different breast milk calcium levels, yet ended with 

nearly the same levels. While British women had calcium levels measuring as high as 311 

mg/1, this finding is not surprising given differences in nutritional intake, metabolic 

requirements and access to supplementation. In contrast, breast milk from Gambian women, 

245 mg/I, closely parallels values of breast milk from Nigerian women, 236 mg/1 (see 

previous Table 4.5; WHO/IAEA Collaborative Study 1989). The differences remain apparent 

with the decrease in calcium in breast milk throughout lactation. Between the fifteenth and 

eighteenth month, these values coincide with each other (Laskey et al. 1990:507-512). 

These findings suggest a physiologically adaptive approach to environmental 

constraints. Breast milk production requires substantial energy expenditures from the mother 

in terms of the cost of synthesis and the energy available from the milk. A large amount of 

the energy comes from fat deposition during pregnancy. Milk output is estimated to be as 

high as 850 mg/day, with the energy derived calculated as 2.7-3.1 kJ/ml (Forsum et al. 

1992:59). Moreover, differences in nutritional intakes during pregnancy affect breast milk 

production postpartum and subsequent nutritional values of breast milk. 

Decreases in trace mineral content also match associated demands. In the study 

discussed in the previous section (Laskey et al. 1990:507-512), British women had calcium 

levels measuring as high as 311 mg/1, while Gambian women had values closer to 245 mg/1. 

Yet, when these values are compared to infant calcium intakes in milligram per kilogram (kg) 

per day, the reduction is no longer significant. 
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When calcium intakes are viewed in terms of body size, adaptive growth and 

development patterns emerge based on maternal environmental conditions (Jelliffe and Jelliffe 

1978:59, Forsimi et al. 1992:61) that provide an adaptive strategy that allows populations to 

be maintained at carrying capacity of the environment (Waterlow 1986:512). Thus, the 

effects of nutrition upon lactation must be considered from an environmental perspective 

(Jelliffe and Jelliffe 1978:59). 

Moreover, it can be said that variability in calcium drains, as demonstrated indirectly 

in human breast milk composition, occur within and between individuals, populations and at 

the species levels (Jelliffe and Jelliffe 1978:55, Vaughan et al. 1979:2301, Hall 1979:304,311; 

see Table 4.4-4.6). 

Thus, calcium remains constant in breast milk, net calcium losses occur when calcium 

intake is not balanced. Normal calcium intake varies greatly, depending on calcium 

availability in food from a specific geographical location. The value is usually 200-1500 

gm/day, although absorption of calcium is dependent upon need, vitamin D conversions and 

other factors (Norman 1979:305). More specifically, once the calcium crosses the lumen of 

the intestine, it passes into the plasma and is controlled by a variety of hormones (mentioned 

previously in Chapter 3). As serum calcium is lost at an average rate of 260 mg/day through 

breast milk in select populations under study, the effects of lactation upon maternal senmi 

calciimi homeostasis must be considered. 

If these intakes of 200-1500 gm/day unsupplemented values are correct and output 

values are calculated at approximately 260 mg/day, then extreme serum and skeletal calcium 

losses can occur in women who do not receive enough calciimi to supplement that lost 

through breast milk. The impact on the maternal skeleton can be even more devastating if 
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previous reproductive events, such as multiple pregnancies, extended durations of lactation 

and limited calcium sources, maximally stress maternal calcium homeostasis (see later 

discussions; Jelliffe and Jelliffe 1978:62). 

Infancy and Childhood after Weaning 

During the early stage of the life cycle, at least prior to the age of six, die infant 

requires continued nutritional support from the parents. Presumably parents choose the 

amount and composition of food appropriate for consumption, since the quality and quantity 

of food can impact growth and development. However, some parents may provide children 

with food that may not lead to normal, species-specific growth and development. For 

example, feeding an infant or child cow's milk may be problematic, since a number of 

syndromes are associated with this type of milk. These include; infantile obesity due to 

increased calorie consumption; iron-deficiency anemia due to competition for iron by 

microbes in the intestinal lumen; hypematraemia due to increased sodium constitution of 

cow's milk; neonatal hypocalcaemia and enamel hypoplasia associated with the formation of 

insoluble calcium palmitate in the lumen of the intestines; alterations in amino acid 

metabolism; and acrodermatitis enteropathica related to insufficient zinc supplementation in 

the diet (Jelliffe and Jelliffe 1978:242-253). 

Parents need to consider supplementation for all of the essential amino acids, 

triglycerides, arachidonic acid, sugars, nucleic acids and trace elements that are necessary for 

adequate growth to occur during infancy, childhood and adolescence. When all of the 

essential monomers are placed together during one feeding, the feeding has the correct 
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amounts of complementarity, all essential amino acids necessary for protein synthesis to 

continue unabated (Stini 1998 - personal communication). 

One could also argue that other monomers, such as fatty acids and triglycerides, trace 

elements and other substances are necessary for proper growth to take place. For example, 

absence of one of the necessary amino acids can halt protein synthesis and absence of a 

coenzyme or vitamin can halt biochemical pathways (Ploysangam et al. 1997:192-198, 

Burman 1979:615-623). 

Thus, a limiting factor may exist that alters normal metabolism to such an extent that 

it is known as Liebig's Law of the Minimum. While more traditional diets usually provide 

the correct combinations of monomers that do not lead to limitations (Stini 1998 - personal 

communication), shifts due to industrialization in developing countries and health related 

trends in developed countries can lead to severe restrictions that may affect nutritional states 

(Katz 1987:41-63). Examples include protein and/or calorie malnutrition, such as 

kwashiorkor and marasmus (Jelliffe and Jelliffe 1978:272-275, Burman 1979:615-623). 

One of the critical elements that is essential is calcium. With the cessation of 

breastfeeding, calcium is no longer directly available through breast milk and must be gained 

through diet. In order to absorb calcium from the alimentary canal, however, adequate 

amounts of vitamin Dj must be available from the diet or by conversion from sunlight. 

When all nutritional supplies are met, normal growth and development of organs and 

organ systems ensues. During this stage of the life cycle, both hyperplasia and hypertrophy 

are occurring. Three systems that require further consideration are the nervous system, 

immune system and musculoskeletal system. After six months postpartum, neurons are no 

longer increasing in number, since their antecedents, germinal cells in the neuroepithelium, 
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are no longer undergoing mitosis. The neuroglial cells, by contrast, continue to undergo both 

hyperplasia and hypertrophy, primarily to provide mechanical and metabolic support, 

parcellate synaptic connections, myelinate axons, etc (Angevine 1973:95-113). 

The second system, the immune system, continues to differentially grow such that 

lymphoid tissues, including the thymus and spleen, are large in comparison to the rest of the 

body. Finally, the musculoskeletal system requires further exploration, since these systems 

continue to grow for at least 10-15 years (MacGillivray and Voorhess 1981:1305-1340). 

Two key events mark growth of the musculoskeletal system ~ the primary growth 

spurt between the ages of 6-8 and the secondary spurt prior to puberty ~ both under the 

influence of many circulating hormones, including TSH, T3, thyroxine, insulin, HGH and 

others (Styne 1986:456-475, MacGillivray and Voorhess 1981:1305-1340). 

These hormones work synergistically to promote growth and development of body 

tissues. In particular, insulin and HGH target anabolic processes within nimierous tissues 

throughout the body, including skeletal muscle and bone. While skeletal muscle is not 

capable of extensive hyperplasia after birth (Sinclair 1985:56), hypertrophic increases in 

muscle length and thickness seem to occur by addition of sarcomeres from satellite cells and 

hypertrophy primarily due to protein synthesis. 

While the muscular system is growing, the skeletal system follows suit through 

interstitial growth. As mentioned above, bone growth continues postpartum through 

interstitial and appositional processes. Once the primary center of ossification has formed 

before birth, the bone continues to grow in length. This is accomplished at the metaphysis, 

by calcium deposition within the zone of hypertrophic cartilage elongating the zone of 

calcified cartilage. While at this same time, formation of the epiphyses occurs by continued 
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endochondral ossification. This is first accomplished by the invasion of a blood vessel, which 

carries osteoprogenitor cells, into the cartilaginous ends of the long bones. These cells will 

then produce proteins, such as collagen and elastin, on which calcium salts will deposit. The 

epiphyses will then continue to grow in a trabecular formation. The epiphyseal synchondrosis 

allows bone to grow interstitially before and during puberty. Bone cycling is also occurring 

that primarily affects appositional growth. At the same time, appositional growth increases 

bone diameter, while maintaining conical bone. 

Generally, growth of systems is under the control of many hormones, including the 

hypothalamic releasing and inhibiting hormones, hypophyseal hormones (growth hormone, 

ACTH, others), glucocorticoids, androgens and estrogens (Kogut 1973:789-806). 

A growth spurt may occur in some children between the ages of 5-8 years (Sinclair 

1985:28-31, Rudlin 1989:46-50). This event is marked by an increase in DHEAS, which is 

thought to precede events during puberty (Brook 1981:281-285), although the increase in 

DHEAS is independent of the events of puberty (Styne 1986:456-475). 

The adolescent growth spurt, beginning a short time prior to menstruation in females, 

is associated with the release of numerous hormones that affect target tissues (Laycock and 

Wise 1996:323), primarily growth hormone (Stanhope et al. 1988:30-37). Periodic bursts of 

steroid hormones, such as estrogen, will also be secreted (Stanhope et al. 1988:32-33, 

Pescovitz 1990:119-125, Marshall and Tanner 1968:283-300). Estrogens and other hormones 

will function to halt hyperplasia of the chondrocytes, thereby closing the epiphyseal plate". 

This closure occurs in a sequenced, timed pattern. Different epiphyses close at different times 

(Bass 1987:1-327, Krogman and Iscan 1986:50-102). 
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The adolescent growth spurt is accompanied by a series of physiological, 

morphological and behavioral changes that occur (Laycock and Wise 1996:323), perhaps 

partly coupled with maturation of the brain related to learning (Sinclair 1985:28-31). 

Puberty and Adolescence 

While menarche marks reproductive capacity at puberty (Pescovitz 1990:119-125, 

Brook 1981:281-285), development of secondary sexual characteristics occurs prior to the 

initiation of menarche. Changes include development of the external and internal genitalia, 

fat deposition on the breasts, hips and bunocks, hair development in the axilla and mons pubis 

and alterations in metabolic pathways and electrolyte balances (Laycock and Wise 1996:172, 

Brook 1981:281-285). There are two clear markers, breast development and pubic hair 

development. Breast development is noted at an average age of 8.87 years in black girls and 

9.96 years in white girls, while pubic hair development starts on average at 8.78 years in 

black girls and 10.51 in white girls (Herman-Giddens et al. 1997:505-512). 

These secondary sexual characteristics typify the underlying endocrinological changes 

that are occurring in the prepubescent female. In the United States during modem times, the 

onset of menstruation occurs at 12.16 years in black girls and 12.88 years in white girls 

(Herman-Giddens et al. 1997:505-512). 

Many events and interactions are involved in puberty, although the hypothalamus 

regulates the release of hormones from the anterior pituitary that in turn stimulates the ovaries 

to begin the ovarian cycle (Brook 1981:281-285). Ovarian hormones, in turn, stimulate the 

growth and development of the uterus, a process called the uterine cycle. The events 

normally occur on a 28 day cycle, although tremendous variation exists in length. 
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Specifically, the process begins by increases in Gonadotrophin Releasing Hormone 

(GnRH) from the hypothalamus, which mediates the release of Follicle Stimulating Hormone 

(FSH) and Luteinizing Hormone (LH) from the anterior pituitary. These two hypophyseal 

hormones function synergistically to bring about the ovarian cycle, and then the menstrual 

cycle. FSH stimulates development of primordial follicles into primary follicles, secondary 

follicles and one tertiary graafian follicle. The follicular cells secrete estrogens that mediate 

the uterine cycle (Laycock and Wise 1996:163-180, Erickson and Schreiber 1995:852). 

Meanwhile, a surge in LH immediately prior to ovulation, causes release of the 

secondary oocyte (Erickson and Schreiber 1995:860, Rebar et al. 1995:868-880). The 

hemorrhagic follicle transforms into the corpus luteum, secreting several hormones ~ 

progesterone, estrogen, relaxin and inhibin ~ that maintain the uterine cycle until implantation 

has occurred (Laycock and Wise 1996:163-180). 

The estrogens and progesterone secreted by follicular cells and later the corpus luteum 

differentially target the endometrial lining in preparation for implantation. Estrogen secretion 

in the uterine cycle causes formation of the stratum flmctionalis from the straumi basalis, 

growth of spiral arteries and glands. With the surge of LH at ovulation, estrogen levels 

plummet, then increase again with rising progesterone levels. Regardless of the fluctuations, 

both hormones are to promote growth of the endometrial glands, spiral aneries and interstitial 

fluids within the endometrium (Laycock and Wise 1996:163-180, Rebar et al. 1995:871-873). 

Finally, transformation of corpus luteum to corpus albicans marks an immediate 

decrease in progesterone and estrogen. High levels of both limit the release of GnRH from 

the hypothalamus. Once progesterone and estrogen levels decrease in unison, GnRH begins 

the reproductive cycle anew (Laycock and Wise 1996:163-180, Rebar et al. 1995:870-871). 
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Decreases in metabolic rates are generally associated with deposition of adipose tissue. 

The reproductive fimction of this tissue to is serve as a nutrient store during pregnancy and 

lactation when food resources may be limited. From an evolutionary perspective, adequate 

energy stores from fat and other sources must be present for menarche to commence and the 

fetus to be successfully carried to term (Frisch 1985:611-633, Frisch 1984:161-188; Stini 

1998 - personal communication). 

Estrogen and progesterone released from the graafian follicle and corpus luteum 

prepare the acinar cells of the breast for milk production (Blackwell 1995:968-971). The 

initial control of lactation is by prolactin-releasing hormone (PRH) and prolactin-inhibiting 

hormone (PIH). With a decrease in estrogen and progesterone, PRH will be released and 

mediate the release of prolactin, and conversely while high levels of estrogen and 

progesterone initiates release of PIH (dopamine), which inhibits adenohypophyseal prolactin 

production (Laycock and Wise 1996:177-180). 

Several other hormones function synergistically with prolactin to prepare the alveolar 

cells for milk production, such as adrenocorticotrophic hormone (ACTH) and its products, 

such as cortisone (Cowie 1969:157), T3 (Cowie 1969:158) and human growth hormone 

(HGH) (Cowie 1969:161). Placental hormones also influence hypothalamic control of breast 

milk production. These include human placental lactogen (HPL), which is very similar to 

HGH (Forsyth 1969:197). 

The events marking puberty are quickly followed by adolescence, which is a time of 

biochemical, metabolic, endocrinological and psychological changes that extend into adulthood 

(Brook 1981:281-285). These events begin shortly before menarche and continue, at least in 
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females, until menopause. Part of these changes include final development of the skeleton, 

leading to peak BMD in early adulthood. 

In general, there are many considerations when dealing with bone prior to and during 

the reproductive period. Of extreme importance is the ossification and epiphyseal fusion of 

the long bones. Continued osseous growth and development are essential during puberty 

(Rudlin 1989:46-50, Pescovitz 1990:119-125). At this time, some of the metaphyses are 

beginning to close, while others remain open longer. If a female undergoes early menarche, 

then interstitial growth slows, the epiphyseal growth plate fuses under the influence of 

estrogens and other hormones (Stevens-Simon et al. 1986:702-705, Luke et al. 1993:152). 

One location of the body where these differences are apparent is in os coxae, which differs in 

morphology between females who undergo early and late menarche (Bayley 1943:47-90). 

Sex-specific differences in the overall growth of the os coxae begins with the surge of 

estrogens, androgens and other hormones in early puberty and reaches completion in late 

adolescence and early adulthood (Brook 1981:281-285, Aynsley-Green et al. 1976:992-999, 

Tanner et al. 1976:10{X)-1(K)8, Tanner and Whitehouse 1976:170-179). One such area of 

growth is in the bi-iliac diameter, that continues to grow until epiphyseal closure at the 

approximate age of 17 years (Birkby 1997 - Personal Communication). When maturation 

dates are compared to bi-iliac diameter, adolescent girls who underwent early maturation had 

wider diameters and maintained this trend for nearly five years, while girls with average and 

late maturation rates reached the same diameter after five-years (Bayley 1943:55,59-60). 

If adolescents become pregnant, then considerations need to be made for the overall 

size of the pelvis, such as the size of the pelvic inlet and midplane diameter. Vaginal 

childbirth can be complicated by this incomplete growth in the various diameters of the pelves 
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of some adolescents; including increased incidence of reductions of the pelvic inlet by 85% 

and midplane diameter smaller than 85%, coupled with fetal cranial size (Laron et al. 

1979:393-399). This may result in the increased use of forceps and cesarian sections for 

delivery (Duenhoelter 1975:49-52, Graham 1981:49-67, Luke et al. 1993:152). Additionally, 

the size of the pelvic inlet can be influenced by pathological alterations due to decreases in 

BMD during childhood and adolescence (Burman 1979:615-623, Frisanco 1991:85-100). 

Pregnancy and lactation during adolescence can differentially affect overall structure 

of bone in adulthood. Increased demands for calcium to be deposited on the skeleton occur at 

the same time as the adolescent growth spurt. If demands are met by nutritional intake, then 

BMD will reach maximal potential (Matkovic 1992A: 151-160, Matkovic and Ilich 1993:171-

180). These cumulative effects will peak in women between 25-34 years of age (Davis et al. 

1994:249-252). If, for some reason, peak BMD is not reached, then women will have 

decreased bone mass (Ballard and Purdie 1996:503-507). This condition is osteopenia, where 

these subjects have increased risk of fracture (Fallon and Schwamm 1990:1971)^. 

In terms of serum calcium homeostasis, pregnancy during adolescence would also 

negatively impact the maternal skeleton if adequate sources of calcium are not available from 

the diet or if calcium supplementation is not available or taken as advised. This would not 

only alter ±e interstitial growth within bone, such as the os coxae, but also alter BMD to 

such an extent that osteopenia, and in more extreme circumstances, osteoporosis, may result 

(Matkovic et al. 1979:540-549, Sandler et al. 1985:270-274, Luke et al. 1993:152). 

If females experience pregnancy and breastfeed in the formative years before this 

peak, then the calciimi drains of pregnancy and lactation may have long-lasting results upon 

both trabecular and cortical bone, culminating in substantially decreased BMD during and 
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after the reproductive period (Anderson and Metz 1993:378-383, Sowers et al. 1993:3130-

3135, Atkinson and West 1970:555-560, Lamke et al. 1977:217-219, Drinkwater and Chesnut 

1991:153-160, Chan et al. 1982:767-770, Chan et al. 1987:319-323, Hayslip et al. 1989:588-

592). The net effect on the maternal skeleton is shown to lead to decreased bone mass 

throughout life (Chan et al. 1987:319-323, Hayslip et al. 1989:588-592). 

On the basis of this argument, reproductive events, such as pregnancy and lactation, 

may have a more limited effect once peak BMD is reached in adulthood (Atkinson and West 

1970:555-560). Indeed, Galloway (1988) found that women who become pregnant and 

breastfeed in the later phases of reproductive life cycle may have increased efficiency in 

calcium cycling resulting in higher postmenopausal BMD. 

Adulthood 

In this section, the role of the maternal skeleton in subsequent reproductive events -

pregnancy and breastfeeding ~ will be considered in light of attainment of peak bone mass as 

well as endocrinological alterations during these periods. 

Inordinate amounts of calcium are necessary for appositional deposition on the 

skeleton in adolescence and adulthood, peaking between the ages of 25-30 years (Riggs and 

Melton 1986:1676-1686). Part of these requirements are for pregnancy, which is 

accompanied by alterations in maternal metabolic pathways to accommodate the growth and 

development of the fetus. The placenta, fimctioning as interface between mother and fetus, 

produces a number of hormones to maintain implantation, adjust nutrients, ions and trace 

elements between the two compartments. 
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Calcium increases during pregnancy are necessary for soft and hard tissue functions, 

such as fetal skeletal ossification. It is recommended that maternal daily calcium requirements 

increase from 800 mg to 1200 mg. This represents an average increase of 400 mg a day for 

nearly 280 days, an increase of 112 grs of calcium over a nine-solar-month period. While 

most of the calcium, approximately 250 mg a day, enters fetal circulation (Haram et al. 

1993:510, Misra and Anderson 1990:1220-1221), while only part of this value, approximately 

30 grams", is deposited directly onto the fetal skeleton. 

At least three mechanisms exist by which the maternal compartment can alter serum 

calcium levels to provide calcium to the fetus: activation of calcium stores from bone, 

increased calcium resorption from filtrate and increased calcium absorption across the lining 

of the small intestine. Maternal serum calcium homeostasis is regulated by three primary 

hormones ~ PTH, calcitonin and vitamin D — and other hormones (prolactin, HGH, TSH and 

placental hormones) may function synergistically with these three (see Chapter 3). 

The alterations in maternal calcium absorption are thought due to numerous 

endocrinological adjustments. The calciimi reservoir is tightly regulated by calcitonin and 

parathormone at physiological set-point, which can change slightly as a consequence of 

pregnancy and lactation. 

The first, calcitonin which is responsible for decreasing serum calcium levels, is 

present in high levels during certain stages of the reproductive life span. These include 

stages when calcium is essential for growth and development, gestation and lactation (Garel 

1987:67; Deftos 1987:83). During pregnancy, calcitonin levels are higher than normal in the 

mother (Deftos 1987:83) and is produced as early as thirteen weeks in the fetus (Garel 

1987:68). Correspondingly, fetal calcium homeostasis, controlled by both maternal and 
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fetal/placental hormones, maintains fetal serum levels at physiological set-point for the fetus, 

while depositing inordinate amounts of calcium onto the fetal skeleton. 

Availability of calcium is aided by vitamin D conversion in the liver and kidney, 

which subsequently increases calcium absorption in the small intestine. Although 1,2S 

Vitamin D3 is not elevated during pregnancy (King et al. 1992:132), it is possible that this 

hormone fiinctions synergistically with PTH, prolactin, estrogen, growth hormone and 

placental lactogen. Certainly, both prolactin and 25 (OH) D3 levels rise in mammalian models 

and there are increased levels of 1,25 (OH)i D, in mammary glands and in milk (see Osbom 

and Norman 1977:523, Edelsteinet al. 1976:245-247, Weisman et al. 1976:388-395), 

suggests that vitamin D passed to the infant for absorption of maternal calcium across the 

lumen of the intestine and into the blood plasma of the infant. 

While increases in maternal serum calcium may occur under the influence of PTH, 

elevations are not noted in pregnancy (King et al. 1992:134), mechanisms exist to maintain 

calcium levels. Since maternal serum calcium levels must be maintained within a narrow 

range for maternal tissues to operate properly, bone is an immediate and primary target for 

resorption. Overall bone cycling is increased through osteoblastic and osteoclastic activity to 

maintain serum calcium levels (Kent et al. 1990:361-369). 

Similar adjustments are noted during lactation. In prospective studies done on 

lactating women, short-term episodes of breastfeeding does not substantially impact the 

maternal skeleton. In studies done of women who breastfeed for more extended episodes, 

however, the maternal skeleton can become osteopenic and osteoporotic during and 

immediately after the lactational period. For example, some of the BMD studies found that 

the longer the duration of breastfeeding, the more trabecular and cortical bone is lost and 
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cannot be replaced (Lissner et al. 1991:319-325). One study documents the irreversible 

process of bone resorption in women who breastfeed longer than one year. Yet, when these 

women are checked later, severe calcium deficits are no longer recorded. These prospective 

studies suggest the endocrinological environment is altered to enhance mechanisms of calcium 

deposition postpartum and after lactation (Sowers et al. 1993:3130-3135). 

It is during lactation, while maintaining the nutritional status of the infant, that 

calcium drains could have a much more seriously detrimental effect upon the maternal 

skeleton. As estrogen and progesterone levels fall (Sowers et al. 1993:3130-3135, Speroff et 

al. 1994:251-289) and prolactin levels rise (coupled with IGF-1 and Cortisol), calcium will be 

diverted firom maternal osseous structures, resorbed in the renal tubules and absorbed from 

the lumen of the alimentary canal to maintain maternal serum calcium (Kent et al. 1990:361-

369, Blackwell and Younger 1993:171). This calcium, on the order of 250 mg per day, will 

be routed from maternal plasma into the lactiferous alveolar cells and subsequently passed by 

myoepithelial cells to the offspring (Sowers et al. 1993:3130-3135). 

Since calcium is passing from the mother to the fetus through breast milk, it is not 

surprising that hormonal adjustments are made during and after this process. Levels of 

calcitonin increase approximately one hour after suckling (Garel 1987:69-71), presumably due 

to the release of gastrin and cholecystokinin from the enteroendocrine cells of the alimentary 

canal (Deftos 1987:80, Tortora and Grabowski 1993:790). Once released, calcium absorbed 

across the lumen of the intestine will be deposited onto bone before major fluctuations in 

serum calcium levels occur (Garel 1987:67). 

For the mother, normal calcium intake is 200-1500 gm/day. Consequently absorption 

depends on how much calcium is needed by the body (Norman 1979:305)^. Moreover, oral 
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administration of 1,25 (OH)2D3 stimulates calcium absorption in 6-8 hours. The absorption 

process is accomplished with the aid of calmodulin by the simple columnar intestinal cells in 

the small intestine. While at the same time renal conservation of calcium may occur through 

reabsorption, calcium clearance actually increases during pregnancy, presumably due to 

increased blood pressure across the glomerulus and stable or decreased levels of PTH 

affecting the ascending limb of the loop of Henle (King et al. 1992:134). 

Menopause 

Menopause, defined as the cessation of menstruation, occurs due to the aging of 

multiple pacemakers, including hypothalamic-pituitary changes that lead to decline in ovarian 

function, as well as declines in the functional number of follicles within the ovary with 

advancing age (Wise et al. 1996:67-73). The first pacemaker, the hypothalamus, secretes 

gonadotrophin releasing hormone (GnRH) that acts to control the release of trophic hormones, 

luteinizing hormone (LH) and follicle-stimulating hormone (FSH), from the anterior pituitary. 

Concomitantly, the decreases in LH and FSH coincide with declines in stimulation of the 

follicles, coupled with the differentiation of follicles in the ovary. The decline of functional 

follicles also acts as a biological clock that fimctions synergistically with the hypothalamus 

and the pineal gland (Wise et al. 1996:67-73). 

The menopausal transition may last from 2-8 years in duration (Greendale and Sowers 

1997:261-277). The average age of menopause is 51 years, although secular trends do exist 

(Flint 1997:65-72). There are a number of factors that affect age at menopause, including 

family history of early menopause, smoking that decreases age at menopause by destroying 

primordial oocytes, the effects of nutrition (with increasing estrogenic effects of adipose and 
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alcohol), the effects of hypoxia at high altitude that decreases estrogen and progesterone 

production and the effects of parity (Flint 1997:65-72, Thacker 1997:205-221). 

A variety of symptoms may be associated with this condition; hot flushes, sweating, 

fatigue, irritability, insomnia, nervousness, dizziness, tachycardia and others (Burger 

1996:347-359, Blackwell and Blackwell 1997:7-9, Pearlstein et al. 1997:279-294, Barile 

1997:36-39, Thacker 1997:205-221). 

This process is associated with aging of the reproductive system (Lamberts et al. 

1997:419-424), specifically the decline in primordial follicles and increase in follicular atresia 

as well as decreasing production of FSH and estrogen (Burger 1996:347-359; Wise et al. 

1996:67-70) . Of the two types of estrogen, estradiol production decreases with loss of the 

ovarian cycle while estrone levels remain stable (Schiff and Walsh 1995:915-924, Thacker 

1997:205-221). Due to the decreases in the hormones associated with the ovarian and 

menstrual cycle, cessation occurs gradually over a period of a year. 

Both estrogen and progesterone levels decrease dramatically during the 

postmenopausal period, coupled with loss of bone mass during this same period (Blackwell 

and Blackwell 1997:7-9). These hormones directly affect bone physiology through estrogen 

receptors located on osteoblasts. Subsequently estrogen causes an increase in mRNA and 

endoplasmic reticulum (Schiff and Walsh 1995:915-924, Ericksen et al. 1988:84, Gray et al. 

1987:6267-6271) and indirectly with the influence of other hormones (Schiff and Walsh 

1995:915-924; see discussions of bone physiology in Chapter 3). 

To prevent against the psychological and physiological effects of menopause, estrogen 

replacement therapy can be instituted. With combinations of both estrogen and progesterone, 

the symptoms listed above either decrease in severity or disappear (Schiff and Walsh 
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1995:915-924), including the effects of postmenopausal bone loss (Prelevic and Jacobs 

1997:311-340, Thacker 1997:205-221). 

Two factors play a critical role in bone mass, genetic influences and attainment of 

peak mass (see Chapter 1), since this mass serves as the reservoir for the skeleton during 

phases of the life span (Matkovic et al. 1979:540-549). Attainment is necessary since values 

decrease after menopause at the rate of 2% per year over the course of 5-10 years (Gallagher 

et al. 1987:491-496). This decline is first due to Type I osteoporosis, then Type II 

osteoporosis with advancing age. Osteoporosis subsequently leads to fracture with advancing 

age (Prelevic and Jacobs 1997:311-340). 

These discussions are relevant since alterations in reproductive endocrinology, either 

short or long term, may be responsible for differences seen in postmenopausal bone mineral 

densities between nulliparous and multiparous women, with further distinction between those 

who have and have not breastfed. Moreover, since males do not experience these events, 

differences between male and female patterns may be distinguished. 

Svnthesis of Serum Calciimi Homeostasis. Reproductive Endocrinoloev and Critical Life 
Stages 

The primary focus of this chapter is the physiological mechanisms that underlie the 

maintenance of BMD in relation to serum calcium homeostasis when considering the effects of 

endocrinological transitions throughout the lifespan. 

The first stage to be considered is the embryonic and fetal period, in which the 

mother acts as a biological buffer for the fetus against changes in the external and internal 

environment. During the earliest parts of this phase, the mother homeostatically adjusts the 
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Internal environment for maintenance of pregnancy, while the endocrinological systems of the 

fetus come on line. One critical area of concern is the maternal and fetal adjustments for 

calcium, since both members need this element for a variety of bodily functions. More 

specifically, the fetus requires an inordinate amount of calcium for intramembranous and 

endochondral ossification in utero. 

Parturition marks the separation of the fetus from the mother. The process of birth is 

carried out by a positive feedback loop, functioning to amplify the contractions until the 

birthing process is over. Once delivered, the fetus must rely on its own homeostatic 

adjustments for calcium homeostasis. If the mother decides to breastfeed the newborn, then 

the mother homeostatically adjusts for the inordinate drains of calcium that occurs in breast 

milk. The let-down reflex is initiated with stimuli to the nipple, while milk-ejection occurs by 

the contraction of myoepithelial cells. 

The breast milk has a species-specific composition that plays a crucial role in the 

timing of postnatal development. The increased fat composition compared to the protein 

suggests increased emphasis on the development of the nervous system, while the antibodies 

that are passed through breast milk provide an immunological buffer for the newborn. 

Certainly, the presence of the four macromolecules, the variety of minerals, including 

calcium, trace elements and other factors in milk provide a species-specific diet tailored to the 

environment from which the nutrients are drawn. 

Breastfeeding usually declines in frequency into infancy and childhood. During this 

period of the life span, the nutritional intake needs to meet the demands of the developing 

organ systems, especially the musculoskeletal systems. The primary growth spurt, or 

andrenarchy, will occur between the ages of 5-8 years, while the secondary growth spurt, or 
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adolescent growth spurt, occurs prior to menarche. Since the skeletal system is growing at 

increased rates, calcium intake and subsequent deposition is essential. 

Puberty and adolescence is marked by dramatic endocrinological transitions, both in 

females and males, that signals the ability to conceive offspring. Some of these hormones, 

specifically estrogen and progesterone, differentially affect osteoblasts to lay down enough 

calcium to reach peak BMD in adulthood. 

Pregnancy and lactation during adolescence may affect the attainment of peak BMD, 

rather than during adulthood when peak BMD may have been reached. During pregnancy, 

however, the mother and fetus will maintain physiological set-point to maintain calcium 

levels, while during lactation the newborn must maintain its own homeostatic adjustments. 

Since both of these events can draw from maternal calcium reservoirs, especially when dietary 

calcium is limited, the effects of pregnancy and lactation must be considered in relation to 

postmenopausal BMD. Moreover, with the decreases in estrogen to a greater extent and 

progesterone to a lesser extent, postmenopausal BMD is a major concern. Decreases 

associated with both types of osteoporosis severely influencing the postmenopausal skeleton. 

For these reasons, the effects of reproductive history - age at menarche, age at first 

pregnancy, duration of pregnancy, duration of breastfeeding, total duration of pregnancy and 

breastfeeding and age at menopause - will be examined in a series of prospective and 

retrospective studies on BMD in women. These findings will be compared to the hypotheses 

addressed in the Tucson Bone Mineral Density Study. 
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CHAPTERS 

PROSPECTIVE AND RETROSPECTIVE STUDIES. REPRODUCTIVE 

VARIABLES AND BONE MINERAL DENSITY 

Introduction 

Over the last tliree decades, both prospective and retrospective studies have been 

conducted on the influence of reproductive variables upon BMD. The prospective studies use 

a variety of bone mineral assessments in a number of locations throughout the body during 

specific phases of the reproductive span in women, in either a cross-sectional or longitudinal 

format; the retrospective studies assess the long term effects upon BMD years after the 

reproductive events in these same formats. 

By comparing the data derived from these two different techniques, it is possible to 

establish common relationships between reproductive variables and BMD. The prospective 

studies cannot assess the effects of cumulative reproductive events over the course of the 

woman's life history, but certainly retrospective smdies can. 

As previously discussed, two critical factors - genetic potential and attainment of 

peak bone mineral - play a large role in the amount of bone mineral stored in the skeleton in 

adulthood. Since availability and mobilization of calcium is essential for reproductive events 

during life, these stores provide a reservoir that can be drawn from when necessary. While a 

number of reproductive factors may be considered, such as age at menarche, pregnancy 

number and duration, breastfeeding duration, age at menopause and total reproductive span, 

the reproductive events addressed in these studies generally center around the effects of 

pregnancy and subsequent lactation during adolescence and adulthood. Generally, the 
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prospective studies address either the effects of pregnancy or duration of lactation on BMD, 

although some studies combine them together. 

In this chapter, research studies dealing with combinations of reproductive variables 

will be dealt with separately. The effects of reproductive history, such as age at menarche, 

reproductive span and age at menopause, will be dealt with first, then the effects of 

miscarriage and full-term pregnancies on BMD determined firom a number of locations 

throughout the body will be presented. Finally, the effects of duration of lactation, calculated 

per child, or by total duration in relation to bone mineral will be assessed from the literature. 

Comparison of Prospective and Retrospective Methodologies 

The two general types of studies ~ prospective and retrospective - evaluate biological 

and, more specifically, anthropological phenomena (Bracken 1989:383-388). A prospective 

study attempts to address the immediate relationship between a variable or set of variables and 

a subsequent effect upon a biological system (Rothman and Greenland 1998:67-91). As most 

anthropological studies on humans are conducted in vivo rather than in vitro, the prospective 

methodology allows for control of peripherally-related variables to the hypotheses in question. 

Since the study is occurring at the time of the event, recollection of self-recalled data from 

questionnaires is more reliable than in retrospective studies. As these studies are rather 

limited in duration, however, more long-term effects cannot be assessed (Dreyer 1992:646-

647; Polivka and Nickel 1992:250-253). 

In comparison, retrospective studies encompass a longer phase of the life span by 

formulating hypotheses about relationships that may have existed over a longer period of time 

(McEwan 1979:525-528). This type of information can be extremely useful in determining the 
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long-term cumulative effects of reproductive events (i.e., multiple risk factors) over the 

course of a woman's life (Szklo 1987:142-149). 

When combining the results of these two different methodologies for review, many 

interesting questions can be answered. Not only can short-term alterations be measured, but 

more long-term effects of these same events can be monitored (Vandenbroucke 1989:515-

517). For instance, a few prospective studies deal with the short-term effects of extended 

lactation, while retrospective studies assess the long-term consequences of lactation. Thus, 

the relative effect of combining the results of both prospective and retrospective studies is to 

create a much stronger argument about the overall effect of the variable in question. 

Both prospective or retrospective studies may use a cross-sectional or longitudinal 

format. Since each format has its beneflts and drawbacks, they can be used to evaluate 

different types of questions (Vandenbroucke 1989:515-517). In a cross-sectional study, a 

sample, consisting of a number of subjects, is drawn from a population and tested for the 

variables in question (Daniel 1983:3; Rothman and Greenland 1998:67-91). If these subjects 

are measured but once, this type of grouping will provide information about an average value 

for the variable in question (Jenicek 1995:122-123). 

If these subjects are followed over a period of time, the format is said to be 

longitudinal. It can provide information about rates of change in a specific subjects, as well 

as change in all subjects, as an average of the population. Moreover, if the values obtained 

from such a study seem abnormal, questions can be raised during the course of the analysis, 

thereby allowing one to modify hypotheses as the study progresses (Jenicek 1995:122-123). 

Additionally, one must also recognize that prospective and retrospective studies can be 

either cross-sectional, longimdinal or mixed. Therefore, evaluation of the exact methodology 
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is essential to understand and interpret tiie data. With these limitations in mind, it is now 

necessary to evaluate the two types of studies conducted on the relationship between 

reproductive events and BMD. Either type of study will serve to provide pertinent 

information between these two variables. 

Prospective Studies 

Effects of Pregnancy 

One of the first studies conducted on the effects of pregnancy and lactation was by 

Frisancho et al. (1971), who examined the effects of both variables on cortical thickness in 

the midshaft of the second metacarpal, accomplished by using hand-wrist radiographs from 

1419 women from white, hispanic and black ancestries in the Americas. When cortical area 

was compared in the 836 subjects from the six Central American populations, cortical area 

increased with these variables. Values for non-pregnant women averaged 40.1^6.5 mm-, 

while those for pregnant women in the third trimester averaged 40.8+.6.4 mm^. This average 

reflected values derived from a total of six populations; average values in four of these 

samples increased between first and third trimester, while the values in the other two samples 

decreased. These findings, however, cannot be compared to those derived from white and 

black women in Michigan, since the data are not grouped in the same manner. 

Lamke et al. (1977:217-219) assessed the effects of pregnancy on BMD. Altogether, 

23 subjects completed this phase of the experiment. BMD from two sites on the radius - 1 

cm proximal and 8 cm proximal to the radiocarpal joint — was measured using x-ray 

spectrophotometry (XRS). These measurements were conducted between three and six 

months during pregnancy and one week after delivery. The findings indicated that BMD at 1 
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cm proximal to the radiocarpal joint decreased {A.27o±l.Q%, p_<0.05) during pregnancy, 

while the site 8 cm proximal did not (+2.0%+.5.5%, p<0.05). 

Drinkwater and Chesnut (1991) conducted a similar study on six active women, with 

25 controls for comparison. Prior to pregnancy and one month postpartum, five sites were 

measured ~ including the lumbar vertebrae (L1-L4), femoral neck, femoral shaft, tibia and 

lateral fibula ~ by Dual Photon Absorptiometry (DPA), while two sites on the radius - distal 

and ultradistal ~ were measured by Single Photon Absorptiometry (SPA). Their findings 

suggested significant decreases in BMD at the femoral neck (2.4%^0.5%, p^O.05) and 

distal radius (2.2%+.0.7%, p^0.05), while increases are noted in the tibia (3.4%+.1.2%, 

p^0.05). Five of the six subjects also had decreases in the lumbar vertebrae (3.6%+.1.9%), 

although the mean value was not significant. 

Two years later, Kent et al. (1993:S44-S47) smdied the effects of pregnancy on 37 

subjects and 27 controls by using SPA at three sites on the radius. BMD measurements were 

taken at 14 and 36 weeks of pregnancy. No significant changes were noted at any of the sites 

during pregnancy, although their data were not published. 

An ultrasonographic longitudinal and cross-sectional study was conducted by 

Gambacciani et al. (1995:890-893) on patterns of bone density during pregnancy. Of the 95 

women who underwent examination, ten were followed longitudinally and 85 cross-sectionally 

prior to the birth of the first child. Measurements were conducted on the calcaneus by 

ultrasonography. The longitudinal data suggested that during the third trimester, decreases of 

14.0+.0.7 m/sec in the speed of sound (SOS) (p<0.05). decreases of 8+.1 db/Mhz in 

broadband ultrasound attenuation (BUA) values (p^0.05) and decreases in stiffness by 

10.8%+.6% (p<0.01) occurred in the calcaneus. An analysis of the cross-sectional data by 
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linear regression demonstrated a negative correlation between SOS (r=0.4), BUA (r=0.5) 

and stiffness (r=0.5) in relation to week of pregnancy (p=0.001). 

Paparella et ai. (1995:268-278) also conducted a cross-sectional ultrasonographic study 

that examined the effects of pregnancy on BMD in the calcaneus of the non-dominant foot. 

Altogether, 230 women were examined during each trimester: 45 subjects in the first; 56 in 

the second; and 129 in the third trimester. Three measures of bone were used: SOS, BUA 

and stiffness. The results indicate that values for the speed of sound were dramatically 

reduced in the third trimester, from an average of 1551.78^32.33 m/s to 1549.43+.29.59 m/s 

in the second and 1537.61±30.55 m/s in the third, reflecting a decrease of 14.17+.1.78 m/s 

from the first to the third trimester. The difference between these groups is significant 

(p=0.007). Next, significant decreases were also found in BUA in Db/MHZ (p=0.002). 

Values during the first trimester, were on average 115.22+.10.62 Db/Mhz, compared to 

113.724ill.39 Db/Mhz in the second and 110.86+.9.34 Db/Mhz in the third. This is a 

difference of 4.36+.7.28 Db/Mhz. Additionally, t-score values for stiffness also show similar 

findings to trimester classification. These values were -0.80+.1.18 in the first trimester, -

0.95^1.11 in the second and -1.42^1.25 in the third. The T-score difference of 0.62+.0.07 

between the three trimester groups is significant (p=0.003). These fmdings suggest that 

reductions in the highly trabecular bone of the calcaneus occur over the course of pregnancy 

due to fetal calciimi drains. 

Cross et al. (1995B:514-523) conducted a study of the effects of serum calcium 

homeostasis and bone metabolism upon pregnancy, lactation and weaning in ten white women 

between the ages of 22-37 years. Only nine completed all aspects of the study, including 

breastfeeding for a minimum duration of two months. BMD in gr/cm^ was measured at the 
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distal third of the radius and ultradistal radius on the dominant arm by SPA at baseline, the 

end of each trimester, three months into lactation and after weaning. Prior to pregnancy, the 

values were 0.74+.0.01 gr/cm^ at the distal third of the radius. When BMD values were 

compared to those prior to pregnancy, they increased (2.1%±0.0%) in the first trimester, 

(0.2%+.0.0%) in the second trimester and (1.9%+.0.0%) in the third. Only during the 

second trimester did the BMD value at the distal radius drop to levels prior to pregnancy. 

Similar trends were noted at the ultradistal location. Prior to pregnancy, a BMD of 

0.518ii0.01 gr/cm^ was noted at the ultradistal radius. For example, an (I.4%+.0.0%) 

increase was noted in the first trimester of pregnancy, a (0.0%) increase in the second 

trimester and an (0.9%) increase in the third trimester. Again, values never dropped lower 

than those recorded prior to pregnancy for either of the locations. In this study, the changes 

in BMD were not significant, given the small sample size and lack of sensitivity of the 

method. The authors generally concluded that there was an increase in calcium absorption and 

urinary excretion during early pregnancy, while bone turnover occurs in late pregnancy. 

Sowers et al. (1995A:285-289) conducted a longitudinal prospective study to assess 

the effects of long-term lactation upon BMD during subsequent pregnancy in 45 white women 

between the ages of 20-40 years. Altogether, 25 of these women breastfed their infant for at 

least six months, then subsequently became pregnant within 18 months. The other 20 women 

acted as controls; they breastfed for at least six months but did not become pregnant. BMD 

was measured by means of Dual Energy X-ray Absorptiometry (DEXA) at the femoral neck 

at baseline, two weeks, two months, four months, six months, 12 months and 18 months and 

at the lumbar spine (L2-4) at two weeks, six months, 12 months and 18 months after 

parturition. Final BMD was conducted three weeks after parturition of the second child. The 
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results indicated no statistically significant differences in BMD for either of these locations. 

Generally, BMD at the lumbar spine changed from l.lSjfO.l gr/cm^ to 1.17+.0.1 gr/cm^ and 

BMD at the femoral neck changed from 0.95ii0.1 gr/cm^ to 0.96+.0.1 gr/cm^ with extended 

lactation and subsequent birth in the controls, reflecting gains (1.4%) in the lumbar spine and 

(3.5%) the femoral neck. Moreover, there was also a change from 1.14+.0.1 gr/cm^ to 1.18 

gr/cm^ in the lumbar spine and 0.90±0.1 to 0.91±0.1 gr/cm^ in the femoral neck, a gain 

(3.5%) at the lumbar spine and (1.1 %) the femoral neck. These authors concluded by stating 

that extended lactation prior to subsequent pregnancy did not interfere with normal recovery 

of bone at the femoral neck or lumbar spine. 

Yamaga et al. (1996:439-443) assessed changes in BMD by means of ultrasound in 

the calcaneus and from biochemical markers of bone turnover during pregnancy in 18 women. 

BMD measurements were conducted at baseline of 5-9 weeks, 28-31 weeks and 36-39 weeks 

of pregnancy. BMD at the calcaneus was significantly lower than baseline values between 28-

31 and 36-39 weeks, although exact values were not given. Since the calcaneus is highly 

trabecular in composition, it may reflect the type of loss that occurs in the Iimibar vertebrae. 

The biochemical markers of bone formation (osteocalcin and alkaline phosphatase) and bone 

resorption (tartrate-resistant acid phosphatase, urine pyridinoline, deoxypyridinoline and 

hydroxyproline) increased as the pregnancy progressed. These results suggested that 

increased bone turnover, with calcium loss to the fetus, occur in the later stages of pregnancy. 

These data are compared in Table 5.1, which lists the study, measurement technology, 

measurement site, sample size and results. 
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Table 5.1 Comparison of prospective studies on effects of pregnancy on bone mineral measurements. 

Study Measurement 
Technology 

Measurement Site Sample Size Results 

Frisancho et 
al. 1971 

Radiographs Metacarpal 836 gain in cortical bone 

Lamke et al. 
1977 

XRS Radius 23 gain in cortical bone, 
loss in trabecular 

DrinJcwater, 
Chesnut 1991 

DPA,SPA Vertebrae, Femur, Tibia, 
Fibula, Radius 

31 loss in femoral neck and 
radial shaft, gain in tibia 

Kent et al. 
1993 

SPA Radius 64 no change 

Gambacciani 
et al. 1995 

Ultrasound Calcaneus 95 decrease in third 
trimester 

Paparella et al. 
1995 

Ultrasound Calcaneus 230 loss of ffabecular bone 
with each trimester 

Cross et al. 

1995B 

SPA Radius 10 no change 

Sowers et al. 

1995A 

DEXA Femur, Vertebrae 45 increase in femoral neck 

and lumbar spine 

Yamaga et al. 
1996 

Ultrasound Calcaneus 18 loss of trabecular bone 
in later pregnancy 

Effects of Lactation 

The effects of lactation on BMD show mixed results. One of the first studies was 

conducted by Atkinson and West (1970:555-560) on ten subjects. Two measurements of bone 

index in gr/cm were taken at four months of pregnancy and six months after delivery by 

means of PA on the femoral shaft. These subjects had a decrease {2.27o±2.1%, range 1.0-

4.4%) in bone index over the course of 100 days. Only one subject had an increase in bone 

index values (1.0%). These authors also noted that younger mothers lactated for shorter 

times, yet showed greater losses in BMD. 
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A year later, Frisancho et al. (1971), studied the effects of pregnancy and lactation on 

cortical thickness in the midshafit of the second metacarpal by using hand-wrist radiographs 

from a subsample of 1419 non-pregnant and lactating white, hispanic and black women in the 

Americas. When cortical area was compared in the six Central American populations, values 

on average for non-pregnant controls were 40.1+.6.5 mm^, compared to lactating subjects 

with 39.0ii6.4 mm^. In five of the six samples, cortical area decreased, but in one it 

increased. Consequently, cortical thickness seems to be lower in lactating women than in 

non-pregnant women used as controls. 

Using X-ray spectrometry (XRS) at 1 cm and 8 cm proximal to the radiocarpal joint 

at one week after delivery, three months and six months of lactation, Lamke et al. (1977:217-

219) studied the effects of lactation duration on BMC in 18 subjects compared to nine 

controls. The researchers found seven of the women who nursed less than three months lost 

BMC (-2.6%±_3.2%, p>0.05), then later regained it (+9.1%Ji5.0%, p^0.05), while the 

eleven women who breastfed for longer than six months had a positive change in BMC for the 

first three months (+1.7%+.3.7%, p>0.05) and an even greater improvement at six months 

(+4.0±3.0, p^O.05). 

Chan et al. (1982:767-770) studied the effects of lactation in adolescent mothers. 

Altogether, 23 adolescents, 11 adults and 11 adolescent control subjects were included in this 

study, although only 12 adolescents and 11 adults nursed their infants, while 11 adolescents 

bottle-fed. BMC in gr/cm was determined from all subjects at the distal third of the radius by 

means of a Norland-Cameron photon absorptiometer (PA) at two and 16 weeks. While no 

difference was noted at two weeks postpartum, a significant decrease in BMC at the distal 

third of the radius manifested itself in the adolescents who breastfed for 16 weeks 
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(16.2%+:3.4%, p^0.02, as calculated from the published means). Therefore, lactating 

adolescents had a significant decrease in BMC compared to adolescent controls and adults. 

In a critique of the work of Chan et al. Greer and Gam (1982) calculated a 10% loss 

of BMC over four months in the adolescents, rather than 16.2% calculated from the published 

mean values of Chan's group. Furthermore, Greer and Gam state that these values are 

excessively high, even for adolescents who require an increased calcium intake during this life 

stage and who experienced calcium losses for other reasons, including increased protein intake 

and emotional stress. Moreover, Curmingham and Mazess (1983) requested the BMC values 

for each subject after calculating (15%) decrease in BMC from the study of Chan and group. 

Apparently, two of 12 adolescents experienced losses of 36% and 43%, while the other ten 

subjects experienced losses of 7 %. Since the extreme losses noted in the first two subjects 

seemed unreasonable, Cunningham and Mazess stated that there was either experimental error 

in Chan's study or the values reflected pathology in the first two women. In either case, they 

question the results of the study. 

In a second study published five years later, Chan et al. (1987:319-323) assessed the 

effects of lactation on BMC in 21 lactating adolescents, 12 lactating adults and IS adolescent 

control subjects using a similar methodology as the previous study. Measurements were taken 

at two and 16 weeks by means of PA at the distal third of the radius. The authors state that 

only the control adolescent group had a decrease of 10.1% in BMC (p^O.05), although 

comparison of published mean data suggests a 3.0%+.3.5% decrease in the experimental 

adolescent group and an 5.1%+.3.3% increase in the adult control group. In this study, these 

authors also evaluated the effects of BMC and calcium intake on circulating parathormone and 

calcitonin levels. Subjects in the adolescent experimental group and the adult group with 
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enough calcium provided by dietary intake had normal parathormone and calcitonin levels, 

while the adolescent control group, who lacked enough calcium from dietary intake, had 

higher levels of both circulating hormones after 16 weeks. 

Hayslip et al. (1989:588-592) assessed the effects of lactation on BMC in 19 women. 

Measurements were performed at two days and six months postpartum by means of SPA at 

the midshaft and distal radius and DPA at the lumber spine (L2-4). Of these 19 women, 12 

breastfed for six months and seven either less than three months or bottle-fed. When BMC is 

compared between these groups, radial midshaft and distal values were not significantly 

different, while lumbar spine differences were significantly different between women who 

breastfed 1.14^0.03 g/cm^ compared to values at two days postpartum 1.22^0.03 g/cmS 

(8.0%i0.00% p^O.OOl). These values suggest that trabecular bone is lost at a higher rate 

than cortical bone due to extended lactation. 

In Drinkwater and Chesnut's (1991) study, all six subjects breastfed their infants for 

six months. Prior to pregnancy, one month postpartum and six months after lactation for 

these six subjects and 25 controls, DPA was used at a number of sites ~ including the lumbar 

vertebrae (L1-L4), femoral neck, femoral shaft, tibia, fibula — and SPA was used at two 

radial sites. Decreases of 1% in the vertebrae, 6% (p^0.05) in the femoral neck (second 

value of 3.0% also stated) and 5% in the femoral shaft (p not given) are noted. Two locations 

showed increases, 4% in the tibia and 1% in the fibula. (The authors state that all declines in 

BMD returned to normal levels, with the exception of the femoral neck.) Significant bone 

loss due to lactation continued to occur in these locations. 

Kent et al. (1993:S44-S47) studied the effects of lactation on BMD using SPA at three 

distal and ultradistal locations on the radius. Of the 83 subjects, 37 breastfed, 19 bottle-fed 



137 

and 27 served as controls. The subjects who breastfed were measured at six weeks and 24 

weeks postpartum, those who botde-fed at two and 24 weeks. The controls were measured at 

the beginning of the study and a year later. The findings suggested that there was a (3%) loss 

of BMD of trabecular bone at the ultradistal site, but not at more cortical sites (exact values 

not given). Moreover, loss was not recovered after six months postpartum. 

Changes in BMD due to lactation were also measured longitudinally by Sowers et al. 

(1993:3130-3135). Altogether, 98 women had measurements taken following parturition by 

means of DEXA at the following locations: proximal femur at a baseline date of two weeks, 

then at two months, four months, six months, and 12 months; and at the lumbar spine at 

baseline of two weeks, six months and 12 months. These women were grouped into three 

categories according to the duration of breastfeeding; 0-1 months; 2-5 months; and 6-12 

months. Any losses were recorded between baseline and six months and baseline and twelve 

months postpartum. Significant decreases in BMD (-5.1%, p<0.001) were noted in the 

lumbar spine and (-4.8%, p^O.OOl) in the femoral neck of women who breastfed for greater 

than six months postpartum. After twelve months, values for the lumbar spine changed 

(-5.1%+.0.4% to 0.84^0.8%, p=0.07) suggesting recuperation of BMD at this site. The 

femoral neck, however, did not show the same return to baseline (-4.8+.0.5% to -2.7+.0.5%, 

p=0.001) over the period of 12 months. Some interesting trends emerged when the women 

who breastfed for longer than six months were grouped into two categories; those who 

breastfed for six to nine months recovered BMD; and those who continued after nine months 

had greater losses (3.5%, p=0.06) at the femoral neck and less (2.0%, p=0.03) at the 

lumbar spine. These findings suggest that extended breastfeedmg leads to decreases in 

trabecular bone that cannot be recuperated even after 12 months postpartum. 
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Naylor and Newman (1993:2300) reviewed Sowers et al. (1993) work in a short letter 

to the editor. They wrote that Sowers et al. (1993) found BMD increasing in the vertebrae 

and femoral neck, but not returning to baseline in subjects who breastfed greater than nine 

months. Since some of the subjects in the group were still breastfeeding and BMD had not 

recuperated even some time after weaning occurred, Naylor et al. (1993) felt that it is not 

surprising to see BMD values that are lower than the original baseline values. 

In a later critique (n.a. 1994:26-28) of the same work by Sowers et al. (1993), the 

anonymous author restates their methodology and results by focusing on the role of 

breastfeeding duration and the relationship between extreme reductions in BMD. Generally, 

that author restates the finding that women who breastfeed for less than nine months can 

recover lost BMD in these two sites — femoral neck and lumbar spine -- while women who 

breastfeed longer have decreases in BMD that are not recoverable after a year. From this 

work and not the work of Naylor et al. the author states that women should not be 

discouraged from breastfeeding for durations less than nine months per child. One should 

also consider, however, whether peak BMD has been reached in the women. 

Sowers et al. (1995B:2210-2216), in a later published study using these same data, 

measured biochemical markers of bone mmover, including osteocalcin, alkaline phosphatase 

and N-telopeptide in serum plasma. Measurements were conducted at two weeks baseline, 

two months, four months, six months, 12 months and 18 months after childbirth on 112 

women who completed the study. These women were between 20-40 years of age, had a 

maximum of one child and participated for six months in the study, by either breastfeeding or 

bottle-feeding. Spearman's correlation coefficients were used to assess the relationship 

between these biochemical markers with BMD in the femoral neck and lumbar spine. The 
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two markers of bone formation -- osteocalcin and bone-specific alkaline phosphatase (BALK) -

- show differences over the course of 18 months, even when these data are separated by 

duration of lactation-'. Generally, these findings indicate the changes in markers of bone 

turnover - osteocalcin, BALK and N-telopeptides - can be associated with the declines in 

BMD of 4.8% at the femoral neck and 5.1% at the lumbar spine published in a previous 

study (Sowers et al. 1993:3130-3135). 

Caird et al. (1994:739-745) assessed the relationship between oral contraceptives, 

breastfeeding and BMD in a longitudinal prospective study. Thirty-one women between the 

ages of 28-41 years were divided into three groups: eleven who breastfed and used barrier 

methods for birth control; nine who breastfed and used progesterone-only pills; and ten who 

anificially-fed and used barrier methods. BMD in gr/cm* was measured by means of DEXA 

at the lumbar spine (exact location not given) on three separate occasions: within a month of 

delivery; at six months postpartum-, and at 12 months postpartum. Although these authors did 

not state if the women stopped breastfeeding after six months, their results indicate so. They 

found that women who breastfed and used the barrier methods lost BMD (5.2%+.0.2%) 

within the first six months, yet recuperated most of this (all but 0.40%+.0-50%) after 12 

months postpartum. The women who breastfed and used progesterone-only pills lost 

1.4%Ji0.10% after six months, then added an average of 2.9%+.0.0% more BMD than the 

initial value. Finally, bottle-feeder gained BMD (2.2%+.0.0%) six months after completion 

of pregnancy and 4.3%+.0.2% twelve months after pregnancy. While these controls gained 

the most BMD after pregnancy, the advantages of breastfeeding to the mother and child seem 

to outweigh the limited, short-term losses of BMD during lactation. 
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Cross et al. (1995A: 1312-1320) examined the relationship between high calcium 

intake, lactation and BMD in a prospective study conducted on 22 white women between the 

ages of 22-37 years; 15 completed all aspects of the study. Twelve women received 1000 mg 

of calcium supplementation, ten women did not. All women breastfed exclusively for the first 

six week postpartum and some continued this practice up to six months. BMD in gr/cm^ was 

measured on the whole body, lumbar spine (L2-4) and the midshaft, distal third and ultradistal 

dominant forearm by means of DEXA at baseline, less than two weeks postpartum, three 

months postpartum and three months after weaning. Their results suggested that there was no 

difference between women who had placebo and calcium supplementation during lactation, 

8.3^1.6 versus 6.8+.1.8 months, respectively or after weaning, 2.1+.0.5 versus 3.2+.0.5 

months, respectively. Interestingly, Cross et al. (1995A) did not list specific results by 

placebo and supplemented groups, but rather in three periods ~ baseline, during lactation and 

after weaning — by combined groupings corrected for body weight. Thier table 1 suggested a 

gain in BMD ranging between 0.6%-6.5% during lactation for all sites, except the lumbar 

vertebrae, which declined (1.7%). After three months of weaning, there was a loss of BMD 

at all sites that ranged between 0.5% and 3.7%. Yet, in the same article. Figure 1 showed 

percent change in BMD at baseline was subdivided into placebo and supplemented groups. 

The following results were noted: significant losses (p<0.05) at the distal third of the radius 

in both placebo and supplemented groups; significant gains (p^0.05) at the ultradistal radius 

in the supplemented group but with losses in the placebo group; significant losses (p^O.05) in 

both placebo and supplemented groups in the lumbar vertebrae; and no significant change in 

BMD in the whole body. It should be fiirther mentioned that the values presented in Figure 1 

never returned to baseline for any of the sites — the lumbar vertebrae, the distal third of the 
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radius, the uitradistal radius or the whole body - although the difference in percent was 

dependent on the placebo or calcium supplemented grouping. 

Presumably using a subsample from the same subjects mentioned above, Cross et al. 

(1995B:514-523) wrote a separate article that compared the effects of serum calcium 

homeostasis and bone metabolism upon pregnancy, lactation and weaning in ten white women 

between the ages of 22-37 years. Altogether, nine women completed all aspects of the study, 

including breastfeeding for a minimum duration of two months. BMD in gr/cm^ was 

measured at the distal third of the radius and uitradistal radius on the dominant arm by SPA at 

baseline, at the end of each trimester, three months into lactation and after weaning. Prior to 

pregnancy, the average value was 0.740ii0.01 gr/cm^ at the distal third of the radius. When 

BMD values are compared after three months of lactation to those prior to pregnancy, average 

values increased by 1.8%+.0.0% during lactation and 1.9%+.0.0% after weaning. The value 

prior to pregnancy at the uitradistal location is 0.5184i0.01 gr/cm*. When this value was 

compared to values during lactation and after weaning, similar trends were noted. For 

example, a lA%±0.07o increase during lactation was noted, as well as a Q.l%±0.07o 

increase after weaning. Again, values never dropped lower than those recorded prior to 

pregnancy for this location. Moreover, the increase in bone turnover coupled with the decline 

in BMD occurs during late pregnancy and lactation. 

During this same year. Prentice et al. (1995:58-67) published a study on the calcium 

supplementation for lactating Gambian women. These women commonly ingested 400 mg of 

calcium per day through lactation. Altogether, 60 women between the ages of 16-41 had 

BMC in gr/cm and distal third radial width in cm measured on the distal third of the radius 

and uitradistal radius by SPA at baseline (ten days), 13 weeks, 52 weeks and 78 weeks 
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postpartum, although breastfeeding continued past this time for the first two years. Calcium 

supplementation, approximately 1000 mg per day, was given for the first twelve months. The 

results indicated that there was little difference between die supplemented group and placebo 

group in terms of weeks of lactation. For example, the supplemented group had an increase 

of 0.27+.0.30 mmol/d in calcium, while the placebo group had declined (0.07+.0.32 mmol/d) 

in calcium. When assessing the relationship of calcium supplementation to measures of bone 

mineral, the increase in the supplemented group was washed out by declines in the placebo 

group. For instance, BMC in the distal third of the radius was (1.0%+.0.0%) higher and 

BMC in the ultradistal location was 0.6%+.11% higher after 52 weeks for both supplemented 

and control groups. In summary, supplementation did not affect breast milk calcium 

concentration or maternal BMC. 

Kalkwarf and Specker (1995:26-32) conducted a smdy to assess the loss of bone 

mineral during lactation and subsequent recovery after six months of weaning. Altogether, 65 

lactating women, who breastfed their infants fiilly for six months and 48 controls were placed 

in the lactating cohort, while 40 lactating and 43 nonlactating women were placed in the 

weaning cohort. All subjects who participated in the study were between the ages of 21-36 

years. BMC of the whole body and BMD of the lumbar spine (L2-L4), the distal third of the 

radius and ultradistal radius were measured in the lactational cohort by means of DEXA at 

baseline of 2 weeks, 14 weeks and 26 weeks postpartum, while the weaning cohort was 

measured at 24, 26 and 48 weeks (because they were not enrolled prior to 16-24 weeks). 

Their results suggested that lactation affected BMC and BMD after weaning, even when 

adjusted for calcium supplementation, age, parity, physical activity and initial bone mass. 

Total body BMC decreased more dramatically in women who were lactating between two and 
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14 weeks (-1.5%+.0.2%, p^O.05) compared to nonlactating women (-0.7%4i0.3%) and 

women who were lactating two and 24 weeks (-2.8%±,0.3, p^O.5) compared to nonlactating 

women (-1.7%+.0.3%). These values represented a differential loss (1.1%+.0.0%) of BMC 

in women who were lactating up to 24 weeks. Moreover, similar decreases were noted in 

BMD. Between two and 14 weeks, there was a loss (4.7%+.0.1%) of BMD at the lumbar 

spine between women who lactated and those who did not. Between two and 24 weeks, there 

was a loss of (5.4%+.0.1%) BMD. Less dramatic losses were noted in both locations on the 

radius. A difference (0.2% 4^0.1%) was noted between two and 14 weeks and a difference 

(0.1%+.0.0%) at two and 24 weeks between lactators and non-lactators at the distal third of 

the radius. Similarly, no difference was noted at the ultradistal location between two and 14 

weeks and between two and 24 weeks postpartum. Thus, dramatic losses were noted in BMD 

in the lumber vertebrae and less dramatic losses in BMC in the whole body. The radial 

measurements showed little calcium loss due to lactation. 

In a second article by Kalkwarf et al. (1996:526-531), the relationship between 

calcium absorption due to supplementation and lactation was assessed. Altogether, 96 white 

women were divided into two cohorts: 24 women breastfed for six months and 24 women 

who bottle-fed served as controls; 24 women began weaning their infants over two months, 

while 24 women who bottle-fed were controls. Dietary calcium intake was calculated from 

food records. Serum calcium, phosphorus, parathormone and vitamin D metabolites were 

collected, measured and recorded at 4.6 months postpartum in the breastfeeding cohon and at 

9.6 months in the weaning cohort, 2.6 months after weaning subsided. While serum calcium 

levels were not significantly different between the two cohorts, serum phosphorus levels were 

0.10.+0.03 mmol/L higher in the lactating cohon compared to the non-Iactating controls. 
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Values for serum parathormone were lowest in the lactating cohort (23 4^11 ng/L) compared 

to the non-lactating controls (29+.13 ng/L), while values were very similar in the lactating 

women in the weaning cohort (29+.13 ng/L) compared to non-lactating controls in the 

weaning cohort (30+.11 ng/L). For vitamin D, the lactating group had the lowest levels 

(72+.19 pmol/L^) compared to controls in this same group (79+.29 pmol/L^), while the 

weaning cohort had higher levels (89+.19 pmol/L^) compared to the controls (75+.22 

pmol/L^). The results indicate that both calcium and phosphorus levels were higher in the 

lactating cohort than in the weaning cohort for all subjects and that calcium values were the 

same, if not higher, in the supplemented group compared to the placebo group. Hence, there 

was no increase in calcium absorption efficiency during lactation, regardless of level of 

calcium intake. Although protocol and methodology were not given, these lactating women 

lost (3.9%+.0.4%) BMD in the lumbar vertebrae (Kalkwarf and Specker 1995:26-32). 

Moreover, since parathormone acts to retain serum calcium levels through osteoclastic activity 

in bone, absorption in the gut and resorption in the kidney, it was not surprising to see low 

values in lactating mothers. In addition, the transfer of vitamin D through breast milk from 

the mother to infant probably leads to reduction of both parathormone and vitamin D. 

In a review of Kalkwarf et al. (1996:526-531), Prentice (1997:558-559) stated that she 

supports the contention that supplementation with 1(X)0 mg of calcium in women who already 

receive 720 mg of calcium does not affect the overall pattern of cycling in serum calcium 

homeostasis. Calcium control seems independent of the normal hormonal mechanisms that 

include parathormone, vitamin D and increased calcium absorption from the lumen of the 

intestine. In summary, Prentice states that the relationship between lactation and BMD does 

not depend upon calcium supplementation, as no excess will be absorbed. Consequently, the 
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calcium lost from bone, marked by the reduction of 1-2% for whole body BMD and 3-5% for 

the lumbar spine and femoral neck BMD, will pass through breast milk. 

Affmito et al. (1996:2314-2318) conducted a longitudinal prospective study that 

assessed change in BMD and calcium metabolism in breastfeeding women. A total of 36 

women between the ages of 24-31 years were divided into two groups; those that breastfed for 

six months; and those that bottle-fed, while lactation was inhibited through the use of 

bromocriptine. BMD was conducted on the nondominant distal radius and lumbar vertebrae 

(L2-4) by DPA at baseline of three days, three months, six months and 12 months. 

Biochemical markers, such as serum PTH, calcium, alkaline phosphatase, osteocalcin and 

others, were also assessed during these same times. Their results indicated a decrease of 2% 

(p^0.05) after three months and 5% (p^O.Ol) after six months of lactation at the distal third 

of the radius. Correspondingly, there was a decrease of 6.0% (p^O.Ol) after three months 

and 7.5% (p<0.01) after six months of lactation in the lumbar spine. Six months after 

weaning, there was a recovery of 3% at the lumbar spine and 2.5% at the distal radius. 

During lactation, PTH levels were also significantly reduced (p^O.Ol), yet they return to 

baseline six months after weaning. Additionally, other biochemical markers, such as serum 

calcium levels, increased during lactation, yet returned to baseline values after weaning. In 

summary, BMD had not fully recovered after six months of weaning in either location. 

Yamaga et al. (1996:439-443) assessed changes in BMD due to lactation through 

sonography in the calcaneus and from biochemical markers, which mark bone turnover in 

vivo. Altogether, 18 women between the ages of 21-34 years were divided into two groups: 

seven who breastfed their infants through the first six months; and eleven who breastfed for 

less than three months or bottle-fed. BMD measurements were conducted at baseline of 5-9 
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weeks, 28-31 weeks of pregnancy, 36-39 weeks of pregnancy and one month, three months 

and six months postpartum. BMD at the calcaneus was significantly lower than baseline 

values during pregnancy and subsequent lactation. These values were graphically represented; 

they showed that women who breastfed had lower values than those who bottle-fed, although 

the results were not significant and exact values were not given. The authors stated that since 

duration of lactation plays a role in bone loss, it was not surprising that limited lactational 

periods of less than six months did not substantially affect BMD. Only two biochemical 

markers of bone formation studied, intact osteocalcin and alkaline phosphatase; both increased 

throughout lactation. Markers of bone resorption ~ tartrate-resistant acid phosphatase, urine 

pyridinoline, deoxypyridinoline and hydroxyproline ~ were also elevated in women who 

breastfed compared to women who bottle-fed. In summary, if lactation were limited to less 

than three months, no significant loss was noted. If lactation continued for up to six months, 

then bone turn-over coupled with loss of bone mass was recorded. 

During this same time, Lopez et al. (1996:153-159) measured bone turnover and 

BMD during and after breastfeeding for extended periods of time. In this study, 56 women 

between the ages of 21 and 35 years were divided into two cohorts: 30 nursing mothers, the 

only source of food for at least six months; and 26 control subjects, who bottle-fed. These 

subjects were compared at one month postpartum baseline, six months postpartum and six 

months after weaning. At these times, BMD of the lumbar spine (L2-4) and right femoral 

neck was taken by means of DEXA, serum hormone (PTH, FSH, PRO, E2) and mineral 

levels (calcium, phosphorus, alkaline phosphatases, osteocalcin and others) by means of 

venipuncture two hours after nursing and urine tests (urinary hydroxyproline and creatine) 

after fasting. Of the 30 original nursing subjects, only 25 completed the requirements for 



147 

breastfeeding for at least six months and 20 completed weaning. Although the average age of 

the cohorts varied by 3.4 years, other characteristics were generally similar. Generally, when 

BMD was compared between the nursing and control cohorts, the nursing cohorts have 

(6.3%+.0.9%) less BMD at the lumbar spine and {2.6%±0.2%) at the right femoral neck one 

month postpartum, less (7.2%+.1.5%) at the lumbar spine and (5.7%+.2.4, p^O.0%) the 

right femoral neck at six months postpartum and less (1.2%+.0.9%) at the lumbar spine and 

(1.6%±0.2%) the right femoral neck six months after weaning. Yet, when one assessed 

changes in BMD within each cohort during this same time span, nursing women dropped 

(0.4%ii0.1%) at the lumbar spine over the course of five months, then gained (7.0%jt0-9%) 

at this same site after weaning. The right femoral neck, however, averaged a losses 

(2.9%±0.4%) between baseline and six months, only to regain (7.9%+.1.0%) at this same 

site after weaning. The cohort group who bottle-fed gained (0.5%+.0.7%) at the lumbar 

spine ft-om baseline to six months postpartum, then lost (1.4%+.0.0%) after weaning. While 

BMD in the right femoral neck shows constant gains (0.2%+.1.8%) between baseline and six 

months and gained (3.8%+.1.6%) after weaning. It is important to remember, however, that 

calcium supplementation significantly varied between the cohorts. The women who breastfed 

received 1479+.590 mg of calcium per day, while the women who bottle-fed received 

536+.231 mg. Thus, while the nursing mothers were receiving more than double the calcium 

supplementation than the controls, BMD continued to drop during breastfeeding, only to be 

regained after weaning. Moreover, the changes in BMD were associated with significant 

increases in markers of bone turnover, including alkaline phosphatase and osteocalcin for at 

least the first six months of breastfeeding (p.<.0.05) and urinary hydroxyproline/creatinine 

during the whole study (p^O.05). Finally, serum estradiol (Ej) were significantly higher at 
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one month postpartum and after weaning (p^O.05), FSH levels were significantly lower one 

month postpartum (p^O.05), serum prolactin and parathormone levels are significantly 

different during the whole study span (p^O.05). These results generally indicate that 

breastfeeding during the first six months was associated with decreases in BMD. Moreover, 

the decrease in BMD was associated with an increase in bone turn-over, as measured by 

serum parathormone levels and markers of bone turnover, including alkaline phosphatases, 

osteocalcin and urinary hydroxyproline/creatinine ratio. BMD values returned to normal six 

months after weaning, independent of the effects of estrogen and prolactin. 

Recently, Kalkwarf et al. (1997:523-528) assessed the effects of calcium 

supplementation on BMD during lactation and after weaning in two components of this study. 

The first enrolled 196 women for a maximum of 18 days postpartum. In the second study, 

187 women were enrolled for a maximum of 6.4 months. These women were grouped into 

either 95 breastfeeders who weaned their infant two months after birth or 92 bottle-feeders. 

Bone mass was measured by means of DEXA for the whole body and BMD for the lumbar 

vertebrae (L2-4), distal third of the radius and ultradistal radius at baseline at three months 

and six months postpartum. In the first component of the study conducted on the lactating 

group who received either calcium supplementation or placebo, values were 2.4-3.4% lower 

for the whole body. BMD values were (4.2-4.9%) lower for the lumbar vertebrae, (0.5%) 

higher for the supplemented group, yet (0.5%) lower in the nonsupplemented group at the 

distal third of the radius and (0.1 %-0.3%) lower at the ultradistal radius. This reflects a 

greater loss of bone at the lumbar spine, compared to the distal third and ultradistal radius. 

Moreover, women who resumed menses had lost BMD (2.0%+.0.7%), compared to women 

who have not (5.0%+.0.4%). In the second component of the study conducted on the weaning 
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group, BMD values increased after nine months and became even greater after 12 months, 

especially with calcium supplementation. BMD values were higher in the group receiving 

calcium supplementation, with increases noted (0.4%), whereas values were lower in the 

group receiving placebo, with (0.2%) losses in whole body mass. Values at the lumbar 

vertebrae were higher in the weaning component (1.6-2.5%). The only location that did not 

completely recover after pregnancy is the distal third of the radius, with losses noted (0.1-

0.2%), although increases (0.3%) are noted in the ultradistal radius. Generally, the controls 

had higher bone mineral, regardless of the location as compared to the lactating groups. 

Krebs et al. (1997:1738-1746) conducted a study that assessed BMD changes and 

biochemical markers of bone turnover during lactation. Fully, 34 women between the ages of 

26-38 divided into two groups: 26 women who breastfed; and eight women who bottle-fed. 

BMD measurements were conducted by SPA at the midthird of the radius and by DPA, then 

later by DEXA at the lumbar vertebrae (L2-4) at baseline (two weeks), three months, five 

months and seven months postpartum and at six months after weaning. The hormonal results 

indicate a decrease in PTH and estradiol concentrations in lactating women, while prolactin 

concentrations were many times higher. The measures of bone mmover suggested an increase 

in osteocalcin levels and an increase in urinary excretion of pyridinoline. Urinary excretion 

of inorganic minerals, such as calcium, magnesium and phosphorus, also increased in 

lactating women. Measures of bone mineral suggest that midradial density did not change 

significantly over the course of the analysis, while density of the lumbar vertebrae (L2-4) 

declined (0.049+.0.72 gr/cm^ for the first three months of lactation. The measurement 

conducted after weaning suggested that this value returned to baseline. In summary, the 

authors thought these changes due to increases in prolactin, coupled with decreases in 



150 

estradiol, that mobilizes bone during lactation. BMD was recovered when prolactin levels 

decreased and estrogen levels increased after weaning. 

In a study conducted by Laskey and Prentice (1997:1518-1519), bone loss was 

measured in 12 women who averaged 33 years of age. BMD was measured by means of 

DEXA over the whole body, lumbar spine (Ll-4) and femoral neck at baseline of two weeks, 

three months and six months postpartum and two weeks after subsequent birth. Another 

series of measurements were made at 12 months postpartum and three months after weaning. 

For the lumbar spine, lactation was associated with decreases (3.37%) after three months and 

(3.14%) six months of lactation, although BMD was regained (0.92%) after subsequent 

pregnancy. For the femoral neck, there was a decrease (0.54%) after three months and further 

loss (2.77%) after six months of lactation. These values never fully recuperated, with values 

lower (0.53%) than baseline. Finally, BMD values for the whole body were lower than 

baseline (0.75%) after three months of lactation and lower (1.16%) after six months. These 

losses fully recuperated (0.09%) after subsequent pregnancy. The study suggests that any loss 

of BMD during lactation can be made up after weaning or another pregnancy. Overall, the 

authors felt while decreases occur in BMD during lactation, these values are reversed after the 

next pregnancy. On the basis of one interpregnancy period, they concluded that close birth-

spacing and long lactational periods would not have lasting effects on bone. These studies are 

compared in Table 5.2, which lists the study, measurement technology and site, associated 

sample size and results. 
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Table 5.2 Comparison of prospective studies on effects of lactation on bone mineral measurements. 

Study Measurement 
Technology 

Measurement 
Site 

Sample Size Results 

Atkinson and 
West 1970 

PA Femur 10 decrease in femoral shaft 

Frisancho et 
al. 1971 

Radiography Metacarpal 836 decrease in cortical thickness 

Lamke et al. 
1977 

XRS radius 27 decrease in less than three 

months, gain in greater than three 
montlis 

Chan et al. 
1982 

PA radius 45 decrease after 16 weeks 

Chan et al. 
1987 

PA radius 48 decrease after 16 weeks 

Hayslip et al. 
1989 

SPA, DPA radius, 
vertebrae 

19 decrease in trabecular bone after 

six months, compared to cortical 
bone 

Drinkwater 
and Chesnut 
1991 

SPA, DPA vertebrae, 
femur, tibia, 
fibula, radius 

31 decrease after six months in 
femoral neck and shaft, but 
returned to normal 

Kent et al. 
(1993) 

SPA radius 83 loss at ultradistal site, but not 
more cortical sites 

Sowers et al. 

1993 
DEXA femur, 

vertebrae 

98 decrease in femoral neck after 12 
months, not recovered 

Sowers et al. 

1995B 
DEXA femur, 

vertebrae 
112 loss in femoral neck and lumbar 

spine 

Caird et al. 

1994 
DEXA vertebrae 31 loss in vertebrae within six 

months, nearly complete return in 
BMD at 12 months 

Cross et al. 

1995 

DEXA whole body, 
vertebrae, 
radius, ulna 

22 loss of 0.5-3.7% at all sites after 
three months, not fully recovered 

Cross et al. 

1995 

SPA radius, ulna 10 increase during lactation and after 
weaning 

Prentice et al. 
1995 

SPA radius 60 no change in BMC due to 
supplementation 

Kalkwarf and 
Specker 1995 

DEXA whole body, 
vertebrae, 
radius 

196 loss in whole body, lumbar spine 
and radius with extended lactation 
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Kalkwarf et al. 
1996 

DEXA whole body, 
vertebrae, 
radius 

96 loss in lumbar vertebrae after six 
months 

Affinito et al. 
1996 

DPA venebrae, 
radius 

36 BMD is not recovered with 
extended lactation 

Yamaga et al. 
1996 

Sonography calcaneus 18 increase turnover of calcaneus 
after six months of lactation 

Lopez et al. 

1996 

DEXA vertebrae, 

femur 

56 loss of BMD during weaning, 
gain after weaning 

Kalkwarf et al. 
1997 

DEXA whole body, 
vertebrae, 
radius 

196 greater loss of bone in whole 
body, radius, lumbar spine with 
lactation 

Krebs et al. 
1997 

DPA, SPA, 

DEXA 

vertebrae, 
radius 

34 little change in radial bone, more 
in vertebrae 

Laskey and 
Prentice 1997 

DEXA vertebrae, 
femur 

12 loss in vertebrae and femur 
during lactation, recuperation 
only in vertebrae 
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Retrospective Studies 

Effects of Reproductive Variables 

Only a few retrospective studies attempt to link more general reproductive variables to 

BMC and BMD. Galloway (1988) assessed the relationship between a number of 

reproductive variables and BMC/BMD by measuring the distal third of the radius by SPA. 

Altogether, 438 women were included in the retrospective, mixed cross-sectional and 

longitudinal study that incorporated female subjects who volunteered throughout the state of 

Arizona. The results of this study were fruitful; she noted many fmdmgs. First, age at 

menarche is associated with BMD. Women who experienced menarche at a younger age have 

higher BMD, while women who underwent this transition in the later teen-age years have 

lower BMD. This is thought due to the secular trends associated with onset on menarche as 

well as the absolute age of subjects in the study. Second, there was a loss of BMD with 

advancing age, when these age groups were divided into ten-year age increments. While 

percent loss was slow at first, 0.41% between 50-59 years of age, values decreased 

dramatically, to 2.77% between 80-89 years of age. Third, age at menopause is associated 

with a decrease in BMC/BMD, although years since menopause is a better indicator of bone 

loss resulting from endocrinological alterations. There is a decrease in bone with an increase 

in number of years since menopause, although the values are not significant. Greater 

interbirth intervals are associated with higher values for bone mineral. Next, estrogen 

supplementation is positively associated with increased BMD, compared to those women who 

did not use supplementation. 

Lissner et al. (1991:319-325) assessed the time since menopause in months upon 

postmenopausal BMC in a sample of 126 women from Sweden. BMC in gr/cm was 
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measured by means of DPA at the third lumbar vertebrae (L3). Lissner et al. found a 

decrease among the three groupings. The first group, who went through menopause within 

the last 23 months, had an average of 3.71 gr/cm BMC, compared to the second group, who 

went through menopause between 23-111 months with 3.49 gr/cm BMC. The third group 

who experienced menopause more than 111 months prior, had the lowest values of 3.26 

gr/cm BMC. These values suggest that the variable, years since menopause, is associated 

with decreases in vertebral BMC. 

In 1991, Dequeker et al. (1991:49-53) conducted a study that examined risk factors 

for osteoporotic fracture, including gynecological factors such as menarche, parity, lactation 

and use of oral contraceptives. Bone mineral was measured at three locations, the second 

metacarpal by radiogrammetry, the distal third and ultradistal radius by SPA and the lumbar 

spine (L2-4) by DPA. Reproductive history was completed on 84 Caucasian women between 

the ages of 22-77 years. Their findings generally suggested that women who experienced 

menarche under the age of 12 years had higher BMD values (1.0%Hil.3%-6.6%+.4.5%) at 

all locations than women who underwent this process after the age of 15 years. Moreover, 

oral contraceptives positively affect BMD, although in this study the use of contraceptives was 

associated with an increase of 1.4%±2.4% greater BMD at the second metacarpals. Lower 

values were noted at the other locations. These values included: \.9%±0.6% decrease at the 

ultradistal radius; 2.1%+.1.1% decrease at the distal third of the radius; and 1.4%+.1.5% 

decrease at the lumbar spine. Finally, longer durations of contraceptive usage were not 

associated with increases in BMD among these subjects in this study. 

Only one measurement technique, DPA at the lumbar spine (L3) in gm/cm^, was used 

by Dequeker et al. (1991:49-53) to calculated bone mineral. They found that bone mineral 
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decreased with increased time since menopause. Values are noted across three groupings: 1-

23 months with values of 3.71+.0.11 gr/cm^; 24-111 months with lower values of 3.49+.0.11 

gr/cm^; and greater than 111 months with the lowest values of 3.26+.0.10 gr/cm^. 

Melton et al. (1993:76-83) evaluated the effects of age at menarche, age at menopause 

and reproductive span upon BMC in gr/cm and BMD in gr/cm^ in a cross-sectional study 

conducted on 304 women ranging in age between their mid-twenties and mid-nineties. 

Altogether six sites were measured two technologies: one at the lumbar spine and at three 

sites on the proximal femur by DPA to calculate BMD in gr/cm^; and the midshaft and distal 

radius by SPA to calculate as BMC in gr/cm. They found that age at menarche was 

negatively associated with BMD in the cervical neck of the femur (1.7%, p^O.Ol). 

Reproductive span was associated with increased BMD in the radius (0.1%), lumbar spine 

(0.1%) and femoral shaft (0.4%), although this period was negatively associated with bone 

mineral in the two sites of the proximal femur (0.02%-0.10%). 

In this same year, Fox et al. (1993:901-908) conducted a study that correlated 

reproductive events - age at menarche, years menstruating, cycle length and other variables — 

with bone mass in 2230 postmenopausal women, 65 years of age or older. BMD 

measurements were done on the distal and proximal right radius by SPA. Reproductive 

history data were collected by means of mailed questioimaires. This group found that 

increased age at menarche is negatively associated with postmenopausal BMD at the distal 

radius (p=0.02) and at the proximal radius (p=0.29). Years menstruating, or reproductive 

span, has a high correlation to BMD at the distal radius (p=0.0004) and proximal radius 

(p=0.(X)01). Age at first live birth is also associated with differences in the distal radius 

(p=0.06) and the proximal radius (p=0.02). Subjects under the age of 20 years averaged 
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0.361 gr/cm^ compared to 0.375 gr/cm^ for the distal radius and 0.632 gr/cm^ compared to 

0.653 gr/cm^ at the proximal radius in older mothers. The (2.1%) difference between these 

age groups at the proximal radius is significant (p=0.002). Therefore, onset of pregnancy 

before reaching peak BMD can influence postmenopausal BMD. When the other variables, 

including menstrual cycles lengths, flow and irregularity patterns are compared, the only 

significant relationship was between the number of days spent menstruating and distal radial 

BMD (p=0.05). In their analysis, the relationship to all other variables was not significant. 

In 1994, Hu et al. (1994:288-297) studied the effects of reproductive history on BMD 

in 843 Chinese women who ranged between 35-75 years of age, although 775 completed all 

aspects of the study. The effects of reproductive features, such as age at menarche and age at 

menopause, were assessed through measuring BMD by means of SPA at the uhradistal radius 

and distal third of the radius of the nondominant forearm. They found that prior to 

menopause, age at menarche was not associated with BMD. After menopause, age at 

menarche is significantly associated with distal third radial BMD (p^0.05), age at menopause 

and years since menopause are not. These later findings, however, are questionable, since the 

authors even note that estrogen declines with every year after menopause and this loss has a 

profound effect upon postmenopausal BMD. 
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Table 5.3 Comparison of retrospective studies on effects of reproductive variables on bone mineral 
measurements. 

Study Measurement 
Technology 

Measurement 
Site 

Sample Size Results 

Galloway 1988 SPA radius 438 decrease with 
increase age at 
menarche, 
increase age, 
increase years 
since 
menopause, lack 
of estrogen 

Dequeker et al. 
1991 

radiogrammetry, 
SPA, DPA 

metacarpal, 
radius, venebrae 

84 decrease with 
increase age at 
menarche 

Lissner et ai. 
1991 

DPA vertebrae 126 decrease with 
time since 
menopause 

Melton et al. 
1993 

DPA,SPA venebrae, femur, 
radius 

304 decrease with 
age at menarche, 
increase with 
reproductive 
span 

Fox et al. 1993 SPA radius 2230 increase with 
age at menarche, 
menstrual 
length, 
reproductive 
span 

Hu et al. 1994 SPA radius 775 age at menarche 
associated with 
BMD 

Effects of Pregnancy 

Few studies document the effects of pregnancy upon BMD after the reproductive 

period has ended. Nilsson (1969:27-28) conducted a study that evaluated the relationship 

between parity and bone mass in 102 Swedish women between the ages of 45 and 71 years. 

BMC was measured by means of gamma rays through the epicondyies of the femur. 
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anteroposterior (AP) radiographs of the hand for the cortical thickness of the second 

metacarpal (calculated by dividing by overall length) and an AP radiogram of the proximal 

radius for cortical thickness (divided by the total width). Average femoral BMC was 

calculated to be 140+^38 mg/cm, with ranges of less than 90 mg/cm to greater than 180 

mg/cm. Lower values are associated with a single birth, average values with two births and 

high values with again a single birth, such that BMC peaked with increased parity. Values 

for the metacarpal average 0.54+.0.09 mg/cm, with ranges of less than 40 mg/cm and higher 

than 64 mg/cm. Generally, the greater the number of births, the higher the BMC in the shaft 

of the second metacarpal. Finally, values for the proximal radius average 0.42+.0.07 gr/cm, 

and range between less than 90 to greater than 180 mg/cm. A distinct relationship exists 

between an increase in parity and an increase in bone mineral, such that subjects with a single 

birth range between 0.30-0.34 mg/cm, while those with a second birth are between 0.34-0.49 

and those with a third greater than 0.50 mg/cm. Nilson concluded that parity is associated 

with an increase in bone mineral during the postmenopausal span, rather than a decrease 

leading to an osteoporotic condition. 

In a combined prospective/retrospective cross-sectional study conducted by Goldsmith 

and Johnston (1975:657-668), the effects of pregnancy on bone mineral were examined in 

2135 white, black and oriental women that ranged in age from 15-79 years. Bone mineral 

was measured once by means of SPA at the distal left radius. The results of this study 

suggested that parity affected bone mineral differentially in whites compared to blacks. For 

example, when percent change was compared between nulliparous and parous women grouped 

by nine-year age increments, white women showed increases in bone mineral that ranged 

between 1.0% and 9.9%, with the exception of the 40-49 year old, who showed a decrease 
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(1.3%). These findings were substantially different than for black women, who showed 

decreases of 2.2% between 20-29 years, 2.2% between 40-49 years and 29.8% between 60-69 

years and increases of 5.2% between 30-39 years and 9.3% between 50-59 years. These 

values were reflected by overall average changes of 1.1 % in white women across all age 

groups, compared to -0.8% in black women across the same age groups. 

Galloway (1988) conducted a retrospective cross-sectional/longitudinal study on 438 

female subjects, who volunteered in the Tucson Bone Mineral Density Study carried out under 

the direction of Dr. William Stini. In this study, she addressed the relationship between 

BMC/BMD and pregnancy by measuring the distal third of the radius by SPA. Although she 

found that BMC/BMD and pregnancy were related, she was not able to fmd statistical 

significance. Subjects with no children experienced an average BMD of 0.53 gr/cm*, while 

these values increase to 0.59 gr/cm^ with the birth of the fifth child, declining thereafter with 

birth of successive children. Subjects who experienced pregnancy in their adolescence and 

early adulthood had higher postmenopausal BMD than subjects gave birth later in life. 

Stevenson et ai. (1989:924-928) conducted a cross-sectional prospective/retrospective 

study on 284 pre- and postmenopausal women between the ages of 21-68 years. BMD was 

measured by means of DPA in the vertebrae (L2-4) and three locations in the femoral neck at 

six weeks and 21 months. In premenopausal and postmenopausal women, there were no 

effects of pregnancy on BMD in any of these locations (Pearson's correlation ranges between 

r=-0.19 to 0.11), although differences ranged from 0.2%-1.6% in the vertebrae and femur. 

In 1991, Dequeker et al. (1991:49-53) conducted a study that determined relative risk 

factors for osteoporotic fracture, including menarche, parity, lactation and use of oral 

contraceptives. Bone mineral was measured at the second metacarpal by radiogrammetry, the 
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distal third and ultradistal radius by SPA and the lumbar spine (L2-4) by DPA. Reproductive 

history was completed on 84 Caucasian women between the ages of 22-77 years. Their 

findings suggest that women who had children had higher BMD values (0.8%+.1.9%-

3.2%+.1.1 %) than those who never had any children. Moreover, when BMD was compared 

in women who experienced one or two children to women who had four or more, BMD 

values in the axial skeleton were higher in women who experienced fewer children. Within 

the appendicular skeleton, values are higher in cortical bones (the second metacarpal with an 

8.0%+.1.0% difference and the distal third of the radius with a 1.8%+.1.1% difference), 

while the more trabecular ultradistal radius had higher BMD values (3.3%+.3.1% difference). 

In 1991, Laitinen et al. (1991:224-231) also published a combined cross-sectional 

prospective and retrospective study, in which he assessed BMD in 351 Finnish women 

between the ages of 20-76 years. Measurements were conducted by means of DEXA on the 

lumbar spine (L2-4) and the proximal femur, including the femoral neck, the trochanter and 

Ward's^ triangle, while reproductive history data were collected through questionnaires. 

Generally, he found that BMD at the lumbar spine reached an average peak at the age of 30 

years, then continued to decrease after 30 years. Measures of the femur demonstrated similar 

trends, with femoral neck. Ward's triangle and the trochanter values decreasing from the age 

of 20 years. In premenopausal women, weight is positively associated with BMD in the 

femoral neck (r=0.372, p.^0.001), Ward's triangle (r=0.249, p.<0.01), trochanter 

(r=0.397, p^O.OOl) and lumbar spine (r=0.257, p^O.OOl). Pregnancy was positively 

associated with an increase in BMD at the trochanter (r=0.199, p^O.05) and lumbar spine 

(r=0.201, p<0.05). Labor was also associated with an increase in BMD at the trochanter 

(r=0.197, p^O.05) and the lumbar vertebrae (r=0.161, p.^0.05). Contraceptive use at the 
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femoral neck (r=0.189, p^0.05) and Ward's triangle (r=0.191, p=0.05), although nearly 

all of these trends were not noted in postmenopausal women. Odier variables, such as height 

and years since menopause, showed no signiHcant relationship between BMD and these areas. 

These results suggested a positive effect of weight, pregnancy, labor, contraceptive use and 

alcohol use prior to menopause. The authors did not control for effects of breastfeeding 

either before or after menopause. 

Hamed et al. (1992:946-949) conducted a cross-sectional study to examine the 

relationship between early pregnancy loss and BMD in 392 women aged 50-54 years. These 

women experienced a maximum of eight full term pregnancies, with up to six documented 

miscarriages in which the pregnancies lasted over ten weeks. BMD in gr/cm^ was assessed by 

DEXA at the lumbar spine (L2-L4) and femoral neck. The results suggested that women who 

never became pregnant had nearly the same BMD at both the lumbar spine (1.12 gr/cm^) and 

femoral neck (0.90 gr/cm^), compared to women who had miscarried for the same sites, 

values for the lumbar spine (1.19 gr/cm^) and femoral neck (0.88 gr/cm^). Moreover, when 

women who never pregnant were compared to women who had carried to term, no 

statistically significant differences were found with ranges in the lumbar spine (1.12 with no 

pregnancies, 1.22 gr/cm^ with one pregnancy) or in the femoral neck (0.93 gm/cmj with no 

pregnancies and 0.95 gr/cm^ with one pregnancy). 

At this same time, Kritz-Silverstein et al. (1992:1052-1059) conducted a retrospective 

study on BMD in 741 postmenopausal women aged 60-89 years. BMD was measured at four 

locations: the midshaft of the radius; the ultradistal radius by SPA; the lumbar spine (L1-L4) 

by DEXA; and proximal femur by DEXA. The results suggested that BMD did not vary at 

any of the four locations by number of pregnancies, after controlling for age, obesity. 
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estrogen usage, etc. They state that any possible association between reproductive variables 

can be explained by confounding variables. 

In 1993, Melton et al. (1993:76-83) considered the effects of miscarriages, stillbirths, 

pregnancy and age at first delivery upon BMC in gr/cm and BMD in gr/cm^ in 304 women 

who ranged in age between their mid-twenties and mid-nineties. BMD in gr/cm^ was assessed 

at the lumbar spine and at three sites on the proximal femur by DPA, while BMC in gr/cm 

was determined at the midshaft and distal radius by SPA. This group found that women who 

experienced miscarriage had higher bone mineral (0.10%-3.1%) in five locations, but there 

was a (0.40%) decrease in the femoral shaft. Women who experienced stillbirths had 

decreases (I.8%-I1.3%) across all six locations (up to 11.3% gr/cm, p^O.05 in the distal 

radius). Pregnancy was associated with an increase in bone mineral (0.40%-1.2%) in the 

vertebrae and femur, but with decreases (0.02%-0.2%) in the radius. Older age at first 

delivery was associated with decreases (0.04%-0.4%) in bone mineral in all locations. 

In 1993, Fox et al. (1993:901-908) conducted a study that correlated reproductive 

events, including menarche, pregnancy and lactation, with bone mass in 2230 postmenopausal 

women, 65 years of age or older. BMD measurements in gr/cm^ were conducted by means 

of SPA at the distal and proximal right radius, while reproductive history data were collected 

by means of questionnaires. Fox et al. found that pregnancy positively influenced 

postmenopausal BMD. The average number of live births is 2.5+:1.5. Women who never 

became pregnant had lower BMD values at the distal radius (0.366 gr/cm^) than women who 

given birth (0.380 gr/cm^), although similar trends were not noted for the proximal radius. 

Indeed, BMD at both sites increased with increasing number of pregnancies; the increase was 

estimated to be 1.4% (p<0.005) at the distal radius and 0.5% (p<0.14) at the proximal 
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radius. The data on abortions, either spontaneous or induced, suggest little effect on BMD at 

either the proximal or distal radius. These results suggest a positive correlation between 

pregnancy and postmenopausal BMD at the distal and proximal radius, presimiably due to an 

increase in estrogen production during the second and third trimester of pregnancy. 

Hu et al. (1994:288-297) evaluated the influence of reproduction on BMD in 843 

Chinese women. Of the 775 women who completed the study, all were between the ages of 

35-75 years. The effects of pregnancy timing on BMD were measured through SPA at the 

ultradistal and distal third of the radius of the nondominant forearm. These authors found that 

no significant differences existed for these locations prior to or after menopause. 

Parra-Cabrera et al. (1996:89-94) published on the effects of parity and other 

reproductive variables as predictors of BMD in 378 Hispanic women between the ages of 26-

83 years. Of these subjects, 318 completed all aspects of the study. BMD was measured by 

means of DEXA at the lumbar spine (LI-4) and the femoral region and reproductive history 

by means of questionnaire. The results of their analysis suggests that the number of 

pregnancies is associated with BMD at the lumbar spine (p=0.009), but not the femoral 

region (p=0.183). When surgical menopause is accounted for, the effects of the number of 

pregnancies is significant at the lumbar spine (p=0.007) but not the femoral region 

(p=0.064). These significant values are reduced when considering the effects of parity with 

natural menopause at the lumbar spine (p=0.690) and the femoral region (p=0.540). Thus, 

the type of menopause (natural or induced) plays a role in overall BMD as well as extended 

estrogen usage for the lumbar spine (p=0.001) and the femoral region (p=0.012), however 

the years since menopause and the effects of estrogen production were not taken into account 

after hysterectomy without oophorectomy in this study. 
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Bererhi et al. (1996:818-821) assessed the relationship between numerous pregnancies 

and bone mass through a combined prospective and retrospective study aimed at 159 women 

between 20-70 years of age. After elimination of subjects for osteophytic growths, 

spondylosis, compression fracmres and calcification of the abdominal aorta on AP and lateral 

radiographs, BMC and HMD measurements were conducted on the lumbar spine (L2-4) by 

DPA. The authors found that age (p=0.0001), height (p=0.0018) and body weight 

(p=0.00001) were positively correlated with HMD, while pregnancy number (p=0.407) was 

not a major determinant of HMD. The results seem problematic, however, since these 

women had an average of 5.1 children and breastfed for extended periods of time. 

Consequently, the effects of parity cannot be distinguished from the effects of breastfeeding in 

this study, since the later was not controlled for. 
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Table 5.4 Comparison of retrospective studies on effects of pregnancy on bone mineral measurements. 

Study Measurement 
Technology 

Measurement Site Sample Size Results 

Nilsson et al. 1969 Gamma rays, x-
rays 

radius, femur, 
metacarpal 

102 parity assoc. with 
increase BMD 

Goldsmith and 
Johnston 1975 

SPA radius 2135 increase BMD in 
whites, decrease 
in blacks 

Galloway 1988 SPA radius 438 increase BMD 
with pregnancy, 
decrease with 
increased age at 
pregnancy 

Stevenson et al. 

1989 

DPA vertebrae, femur 284 no change 

Dequeker et al. 
1991 

radiogrammetry, 
SPA, DPA 

metacarpal, radius, 
vertebrae 

84 increase BMD 
with pregnancy 

Laitinen et al. 
1991 

DEXA vertebrae, femur 351 increase BMD 
with pregnancy, 
labor 

Hamed et al. 1992 DEXA vertebrae, femur 392 no change 

Kritz-Silverstein et 

al. 1992 

SPA, DEXA vertebrae, femur, 

radius 

741 no change 

Melton et al. 1993 DPA, SPA vertebrae, femur, 
radius 

304 increase BMD 
with pregnancy, 
decrease with age 

Fox et al. 1993 SPA radius 2230 increase BMD 
with pregnancy 

Hu et al. 1994 SPA radius 775 no difference 
before or after 
menopause 

Parra-Cabrera et 

al. 1996 

DEXA vertebrae, femur 318 pregnancy assoc. 

with changes in 

lumbar spine 

Bererhi et al. 1996 DPA venebrae 159 age, height, body 
weight, not parity 
assoc. with BMD 
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Effects of Lactation 

Goldsmith and Johnston (1975:657-668) conducted a combined prospective and 

retrospective cross-sectional study to assess the effects of lactation on bone mineral in 2135 

white, black and oriental women between 15-79 years of age. Bone mineral was measured 

only once by means of SPA at the distal left radius. The effects of lactation on BMD were 

compared between women in nine-year age increments for those who had never lactated and 

those who had. Generally, white women between 20-59 years of age had decreased values 

(0.7%-3.3%) of bone mineral at the distal third of the radius. Yet, increased values (1.8%) 

were noted in women between the ages of 60-79 years due to lactation. When similar 

comparisons are made in black women, decreases (2.0%-14.3%) were noted between the ages 

of 20-69, with the exception of increases (6.2%) in women between 50-59 years. Thus, when 

these data are grouped over all ages, white women experienced very slight losses (0.04%), 

while black women show larger decreases (1.8%). Pan of the decline is due to extended 

duration of lactation in black women 60-69 years, who breastfed on average 21.1 months. 

Galloway's (1988) dissertation addressed the effects of lactation on the 

postmenopausal skeleton by measuring BMC and BMD at the distal third of the radius by 

SPA. The values for women who breastfeed are compared to those who have not; no 

significant associations are noted between the two groups, except during adolescence. During 

this time, breastfeeding is associated with decreases in BMD, although exact values are not 

given. Moreover, women who breastfeed for greater than six months have greater losses in 

BMD than those who breastfeed for shorter periods of time. 

In a cross-sectional prospective and retrospective snidy conducted by Stevenson et al. 

(1989:924-928) on 284 pre- and postmenopausal women between the ages of 21-68 years, the 
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effects of lactation on BMD was assessed. HMD was measured by means of DPA in the 

vertebrae (L2-4) and the femoral neck. Ward's triangle and the trochanteric region at six 

weeks and 21 months. While the authors state that the effects of breastfeeding disappear 

when pregnancy is taken into account, differences are noted in vertebral BMD of 1.18 gr/cm^ 

in women who had breastfed, compared to 1.11 gr/cm^ in women who had not, reflecting a 

7% differences (p^O.25) in the lumber BMD. Other s i tes  on the femur show a 2%A% 

differences between the groups. 

In 1991, Dequeker et al. (1991:49-53) conducted a study that assessed risk for 

osteoporotic fracture in relation to menarche, parity, lactation and use of oral contraceptives. 

Bone mineral was measured at three locations, the second metacarpal by radiogrammetry, the 

distal third and ultradistal radius by SPA and the lumbar spine (L2-4) by DPA. Reproductive 

history was completed on 84 Caucasian women between the ages of 22-77 years. Their 

findings generally suggested women who claimed to have breastfed had higher values for all 

locations (0.2%+.1.7%-4.3%iil.9%). Women who breastfed for less than six months had 

higher values, from 0.4%+.0.1% at the second metacarpal to 8.8%+.0.5% at the ultradistal 

radius. Overall, this study presented a number of variables that affect BMD. After 

presentation, however, the authors did not establish how these values were related to relative 

risk of fracture in these subjects. Moreover, these authors did not state that they controlled 

for or adjusted for BMD loss after menopause in some of these subjects. Since BMD loss 

occurs after menopause, this variable needed to be accounted for in this type of study. 

Lissner et al. (1991:319-325) assessed the effects of total duration of lactation to BMC 

in gm/cm^, as measured at the lumbar spine (L3) by means of DPA in 126 pre- and 

postmenopausal Swedish women. They found that BMC decreased with increased total 
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duration of lactation. Values were higher for women who breastfed 0-4 months and 5-11 

months, than women who breastfed for a duration greater than 12 months (p^O.002). When 

these data are separated between premenopausal and postmenopausal women, significant 

changes are still apparent. In premenopausal women, values were from 3.95±.0.15 gr/cm^ 

for women who lactated between 0-4 months, while values were 3.79±0.13 gr/cm^ between 

5-11 months, and 3.72+.0.14 gr/cm^ over 12 months. Similar declines are noted in 

postmenopausal women, with values of 3.65+.0.10 gr/cm^ for women who breastfed between 

0-4 months, 3.50+.0.11 gr/cm^ for 5-11 months and 3.21ii0.13 gr/cm^ over 12 months. 

Thus, in both groups, women with extended lactation duration had reduced BMD. 

A year later, Kritz-Silverstein et al. (1992:1052-1059) assessed the effects of 

breastfeeding in a retrospective, cross-sectional study in 741 postmenopausal women aged 60-

89 years. BMD was measured at the midshaft of the radius and ultradistal radius by SPA and 

at the lumbar spine (L1-L4) and proximal femur by means of DEXA. These researchers 

found that women who breastfed had higher BMD in all locations than women who had not. 

Once other variables, including age and BMI, were factored into the analysis, all significant 

relationships between lactation and BMD were reduced, except for the radius (p<.0.10). 

When other variables, age, obesity, years since menopause, estrogen usage, etc, were 

controlled for, all significant relationships between breastfeeding and postmenopausal BMD 

were diminished at the other locations. 

In a review of Kritz-Silverstein et al. (1992:1052-1059), Zhang et al. (1993) state that 

the results of the former study were very similar to their own as to design, measurements and 

analysis. The two studies show nearly the same results: that pregnancy and lactation do not 

affect BMD after weaning. These results, however, cannot be applied to all women, since it 
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was based on 741 white women, who presumably had adequate calcium intake during 

pregnancy and lactation. Consequently, complete recuperation of BMD may not occur in 

those deprived of supplementation during pregnancy and lactation. 

Feldblum et al. (1992:527-531) assessed the effects of lactation on BMD in 352 

perimenopausal women aged 40-54 years. Measurements at the lumber vertebrae (L2-L4) 

were taken by means of DPA and at the midshaft and distal radius by SPA. The results of 

this study suggested that the women who breastfed had higher lumbar BMD and somewhat 

higher radial BMD than women who had not (p not given). Indeed, when Feldblum et al. 

divided lactational history and BMD by parity, effects of breastfeeding show variable trends 

in each of the three locations. For example, in perimenopausal women who experienced only 

one pregnancy, adjusted values (including factors such as BMI, current physical activity and 

menopausal status) at the spine are 1112+.29 mg/cm^ for women who did not breastfeed, 

1145+.28 mg/cm^ for women who breastfed between 1-11 months and 1167+.46 mg/cm^ for 

women who breastfed over 12 months. This is a maximal difference in adjusted means of 

+55 mg/cm^ between women who never breastfed and women who did for greater than 12 

months. This increase does not occur at all sites, however, since the distal radius shows a 

loss of 12 mg/cm^ in this same group. Thus, these results suggest an increase in BMD, 

which is not directly correlated with an increase in duration of breastfeeding. 

A year later. Melton et al. (1993:76-83) conducted a cross-sectional study on 304 

premenopausal and postmenopausal women, who ranged in age from their mid-twenties to 

mid-nineties. These participants were selected to consider the effects of breastfeeding on 

BMD in gr/cm^, which was assessed at the lumbar spine, the trochanter, the cervical femur, 

and the femoral shaft by DPA, while BMC in gr/cm was determined at the midshaft and distal 
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radius by SPA. This group found that lactation did not affect or positively affected BMD 

(0.01-3.10%, calculated from data) in all six locations when age was taken into account. Still, 

a 3.10% difference in the femoral shaft was dramatic. When total duration of breastfeeding 

in months was considered in relation to bone mineral, significant differences were noted in the 

cervical femur (0.20%, p^O.05). For subjects who breastfed greater than eight months, both 

the cervical femur (6.6%, pj<0.01) and the femoral shaft (9.0%, p^O.05) have significant 

increases. Mean duration of breastfeeding was also associated with changes in BMD and BMC 

that range between 0.2%-0.5% in five locations (p values are not significant), but not in the 

lumbar spine (-0.20%). These values generally reflected a positive correlation between 

breastfeeding variables and bone mass at all sites, after the data were adjusted for age. 

Fox et al. (1993:901-908) conducted a study that correlated reproductive events, 

including lactation, with BMD in 2230 women, 65 years of age or older. The measurements 

were carried out by SPA at the distal and proximal radius on the right forearm. Reproductive 

history data were collected by means of questionnaires. They found that of the 60% of the 

women who breastfed had higher BMD values than women who never had. The values for 

the distal radius in those who breastfed were 0.372 gr/cm^, compared to 0.368 gr/cm- and 

values for the proximal radius in those who breastfed were 0.651 gr/cm^, compared to 0.642 

gr/cm^. This difference, however, was not statistically significant. No relationship was 

discerned between length of breastfeeding and postmenopausal BMD. 

A year later, Hu et al. (1994:288-297) measured the influence of reproductive 

variables, including total lactation in months and average lactation in months per child on 

BMD on 775 Chinese women between the ages of 35-75 years, who completed all aspects of 

the study. The effects of these variables on BMD were measured by SPA at the ultradistal 
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and distal third of the radius on the nondominant forearm. They found that differences in 

BMC were significant at both the distal third of the radius and the ultradistal radius 

(p= <0.0001), although BMD was significant only at the midshaft of the radius (p^O.OOl) 

before menopause. Yet, differences in BMC and BMD for average lactation in months per 

child at the distal radius remain significant (p^O.Ol and p^O.05, respectively). 

In 1996, Sinigaglia et al. (1996:439-443) carried out a study that looked at the effects 

of lactation on postmenopausal BMD at the lumbar spine in 540 postmenopausal Italian 

women. Three groups were distinguished: 155 women who breastfed for longer than 12 

months (median 18 months); 168 women who breastfed between two and four months (median 

three months); and 217 women who were parous and nonlactating. Measurements were 

conducted on the lumbar vertebrae (L2-4) by XA. The data suggested that for BMD there 

was little overall difference between lumbar density in women who lactated longer than 12 

months (0.84%+.0.13%), women who lactated between two and four months 

(0.85%+.0.14%) and women who have never lactated (0.85%+.0.13%). When these values 

were grouped by number of live pregnancies, however, some interesting trends emerge. 

There was an inverse relationship between number of offspring and BMD at this location. 

Women who gave birth to only one child and lactated for an average of twelve months had an 

average value of 0.76%+.0.12%, while women who gave birth to two children and lactated 

for this same duration had higher values (0.84%ii0.13%). Finally, women who gave birth to 

three children and lactated for twelve months had the highest BMD (0.85%+.0.12%). Similar 

trends, although not as dramatic, were noted in women who breastfed between two and four 

months. Women who gave birth to only one child had the lowest levels (0.83%+.0.14%), 

women who had two births had higher values (0.86%+.0.13%) and those with three births 
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had intermediate values (0.85%+.0.11%). Women who did not breastfeed had the highest 

levels after the first live birth (0.87%+.0.13%), low levels with second live birth 

(0.83%+.0.12%) and intermediate levels after the third live birth (0.84%ii0.13%). This 

reflects an average increase of 9.2% between women who have had one live birth and three 

births in women who breastfed for 12 months, a 2.0% increase for women who breastfed 

between two and four months and a 2.3% decrease in women who never breastfed. According 

to the authors, none of these findings are statistically significantly. These authors report that 

BMD loss due to lactation during the reproductive span can be regained by menopause. 



173 

Table 5.5 Comparison of retrospective studies on effects of breastfeeding on bone mineral 
measurements. 

Study Measurement 
Technology 

Measurement Site Sample Size Results 

Goldsmith and 
Johnston 1975 

SPA radius 2135 loss of BMD in 
whites, greater 
loss in blacks 

Galloway 1988 SPA radius 438 decrease BMD in 
adolescence, 
longer than six 
months 

Stevenson et al. 
1989 

DPA vertebrae, femur 284 increase BMD 

Lissner et al. 
1991 

DPA vertebrae 126 loss after five 
mondis, greater 
loss after 12 
months 

Dequeker et al. 
1991 

radiogranimeU7, 
SPA. DPA 

metacarpal, 
vertebrae, radius 

84 increase BMD 
with increase 
breastfeeding 

Kritz-Silverstein et 
al. 1992 

SPA, DEXA vertebrae, radius 741 increase BMD 

Feldblum et al. 

1992 

DPA, SPA vertebrae, radius 352 increase BMD 

Melton et al. 1993 DPA, SPA vertebrae, femur, 

radius 
304 increase in femur, 

radius but not 
vertebrae 

Fox et al. 1993 SPA radius 2230 increase with 
breastfeeding at 
both sites on the 
radius 

Hu et al. 1994 SPA radius 775 differences in the 
radius due to 
breastfeeding 

Sinigaglia et al. 

1996 

XA vertebrae 540 increase BMD 

with pregnancy, 
decrease with 
lactation 
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Synthesis of Studies 

Many studies, both prospective and retrospective in nature, have been conducted to 

assess the changes in bone mineral due to reproductive variables, including age at menarche, 

reproductive span, age at menopause, pregnancy number, pregnancy duration and 

breastfeeding duration. Prospective studies attempt to document a number of variables that 

may influence bone mineral during the study span; retrospective studies attempt to document 

combinations of events that may play a role in shaping bone mineral. 

Prospective Studies 

A review of the prospective studies conducted during pregnancy suggest that various 

researchers have used a variety of research methodologies, including various sample sizes, 

osseous locations (radius, metacarpal, venebrae, femur, tibia, calcaneus) and scanning 

techniques (radiographs, XRS, SPA, DPA, ultrasound, DEXA). A comparison of these 

studies will facilitate assessment the amount of change in bone mineral due to alterations in 

serum calcium homeostasis during pregnancy. 

The prospective studies started as early as 1971 (119-121), when Frisancho et al. 

compared bone mineral of the second metacarpal in North and South American populations. 

By means of radiography on the second metacarpal in 836 subjects of mixed ethnicities, 

cortical bone values were documented to increase by 0.7+.0.1 mm as a consequence of 

pregnancy, although associated p values were not statistically significant. 

Six years later, Lamke et al. (1977:217-219) measured radii by XRS on 23 subjects. 

They demonstrated that a 2.0% gain in cortical bone occurred with a loss of 4.2% in 

trabecular bone. Consequently, the change in cortical bone is independent of the change in 
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trabecular bone during pregnancy. Bone loss was restored in a year and a half postpartum. 

SPA also provided a measure of bone mineral for a number of snidies, including 

Drinkwater and Chesnut (1991:153-160), Kent et al. (1993:544-547) and Cross et al. 

(1995A: 1312-1320). While Drinkwater and Chesnut incorporated a number of osseous sites, 

including but not limited to the radius, Kent et al. and Cross et al. focused exclusively on 

changes in the radius. Both sets of researchers noted an increase in distal third radial BMD 

values throughout the pregnancy, culminating in an increase of 1.9% in the third trimester 

(Cross et al. 1995) and 0% over the course of pregnancy (Kent et al. 1993). Changes in the 

distal radius (from one tenth to one fifth of the distal radius) range between reported gains of 

1.9% in the third trimester (Cross et al. 1995) and losses of 0% (Kent et al. 1993) to 2.2% 

(Drinkwater and Chesnut 1991). There are several possible reasons why these three studies 

vary greatly in reported results. First, the sample sizes vary greatly between the smdies. 

Second, the measurement sites vary slightly at the distal and ultradistal locations, altering 

relative percentages of cortical to cancellous bone. Third, timing for collecting measurements 

vary between studies. Finally, only findings were published in one study (Kent et al. 1993). 

Only one of the prospective studies (Drinkwater and Chesnut 1991) collected bone mineral 

measurements on the vertebrae, femur, tibia and fibula through DP A. Femoral neck BMD 

decreased by 2.4% yet tibial shaft BMD increased by 3.4% when measured prior to 

pregnancy and one month postpartum. 

Sowers et al. (1995A:285-289) were the only group to use DEXA to assess BMD loss 

in the lumbar vertebrae (L2-4) and femoral neck after extended lactation, with a short 

interbirth interval. They demonstrated in a sample of 25 subjects that a gain of 1.1% in 

femoral neck and 3.5% in lumbar spine occurred throughout extended lactation and 
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subsequent pregnancy, although the values just mentioned were not statistically significant. 

The final group of studies involved the use of ultrasound. Gambacciani et al. 

(1995:890-893), Paparella et al. (1995:268-278) and Yamaga et al. (1996:752-756) used this 

measurement technique to assess loss of trabecular bone in the calcaneus. All three groups 

documented changes in three measures ~ SOS, BUA and stiffness ~ with each trimester. 

Although exact values were not given by Yamaga's group, the other two smdies of 

Gambacciani et al. and Paparella et al. described decreases ranging between 14.0 m/sec and 

14.17 m/s in SOS, 4.36 db/MHz and 8 db/MHz in BUA values and 10.8% for stiffness. 

Thus, their values were generally similar, documenting the loss of trabecular bone during 

pregnancy from a weight-bearing location. 

Prospective studies have also been conducted during lactation to assess the change in 

BMD as a consequence of calcium loss through breast milk. Similarly, researchers have used 

various methodologies, including different sample sizes with different breastfeeding durations 

and different scanning techniques (radiographs, XRS, SPA, DPA, ultrasound, DEXA) at 

different sites (radius, metacarpal, vertebrae, femur, tibia, calcaneus). 

By means of radiography, Frisancho et al. (1971:119-121) studied changes in bone 

mineral on the second metacarpal in 836 women. This group was able to demonstrate a 

decrease of l.lH-0.1 mm in the cortical thickness of this bone due to lactation. As the 

midshaft of the second metacarpal is primarily cortical bone, this loss suggests greater losses 

in trabecular bone in other locations. 

Using XRS, Lamke et al. (1977:217-219) assessed changes in BMC at the ultradistal 

and distal radius of 27 women, who were breastfeeding for two different durations. Changes 

in BMC in women who breastfed for less than three months were not as significant as women 
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who breastfed for greater than six months. In this study, all subjects recuperated BMC after 

cessation. For example, women who breastfed for greater than three months eventually 

gained 9.1%+.5.0% and women who breastfed for greater than six months gained 

4.0%+.3.0%. The authors note that it was surprising to see greater losses of bone in women 

who breastfed for shorter durations, dian in women who breastfed for longer periods. These 

findings could, in part, be due to the small sample size of 11 subjects. 

Three groups of researchers, Atkinson and West (1970:555-560), Chan et al. 

(1982:767-770) and Chan et al. (1987:319-323), used PA to estimate changes in bone mineral 

due to lactation. The first group, Atkinson and West, used PA to calculate BMC from the 

femoral shaft in ten women. Decreases of 2.2% over the course of 100 days were noted. 

These findings, however, are questionable, since the measurements were taken at four months 

of pregnancy and six months postpartum, reflecting bone loss due to both pregnancy and 

subsequent breastfeeding. Since an intermediate measurement was not taken on the mother 

immediately following birth of the child, differentiation between the effects of pregnancy and 

the effects of lactation is not possible. The other two studies used PA at the distal third of the 

radius. They are nearly identical in methodology, although the results are not. In the first 

study, Chan and group found that BMC decreased 16.2% over the course of four months in 

adolescent mothers. After critique of these findings by other researchers, they later published 

findings suggesting losses of 10.1% in adolescent mothers who did not use calcium 

supplementation and 3.0% decrease in those who did. If these values are accurate, this 

represents loss of 3%-10% of the cortical bone in the distal third of the radius over the course 

of four months, depending on amount of calcium supplementation. 
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Altogether six studies, including Hayslip et al. (1989:588-592), Drinkwater and 

Chesnut (1991:153-160), Kent et al. (1993:544-547), Cross et al. (1995A: 1312-1320), 

Prentice et al. (1995:58-67) and Krebs et al. (1997:1738-1746), assessed changes in BMD in 

various parts of the radius by means of SPA due to lactation. Different sites along the radius 

undergo loss of bone at different rates. The midshaft, composed primarily of cortical bone, 

shows no documented loss in BMD after six months of lactation (Hayslip et al.). The distal 

third has been shown to increase between 1.8% in BMD after three months of lactation (Cross 

et al.) and 1.0% in BMC after 13 months of lactation (Prentice et al.). The distal fifth has 

losses of 0.8% in BMD after six months of lactation (Drinkwater and Chesnut). The 

ultradistal radius (classified with the distal tenth of radius) has documented losses of l%-3% 

BMD after six months of lactation (Hayslip et al. and Kent et al. respectively) to gains of 

0.4% BMD after six months of lactation (Drinkwater and Chestnut); gains of 0.6% in BMC 

after 13 months; and gains of 1.1% in BMD after three months (Cross et al.). These results 

suggest that cortical bone is less likely to turn over than trabecular bone, as evidenced by the 

changing values from the midshaft of the radius to the ultradistal radius. The turnover, 

however, varies by location on the radius, duration of breastfeeding event and recuperation 

after weaning. 

Three of these same studies and a fourth study by Affinito et al. (1996:2314-2318) 

incorporated DPA at other locations in the body, including the vertebrae, femur, tibia and 

fibula. Three of these studies incorporated measurements of L2-L4 and only one study 

assessed changes between L1-L4. Overall, this area experienced losses of 5.0-6.0% after 

three months of lactation (Kreb's et al. 1997:1738-1746 and Affinito et al. 1996, respectively) 

and losses of 6.0-8.0% after six months of breastfeeding (Hayslip et al. 1989:588-592, 
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Affinito et al. 1996), although another study reported decreases of 1.0% from pre-pregnancy 

values (Drinkwater and Chesnut 1991:153-160). Moreover, a study that included 

measurements of the femoral neck and the femoral shaft had decreases of 6.0% in the neck 

and 5.0% in the shaft (Drinkwater and Chesnut 1991), yet increases of 4.0% in the tibia and 

1.0% in the fibula (Drinkwater and Chesnut 1991). 

Many more studies have been published that assess changes in bone due to lactation in 

the whole body, vertebrae, femur, radius and ulna by means of DEXA. Several researchers. 

Cross et al. (1995A; 1312-1320), Kalkwarf and Specker (1995:26-32), Laskey and Prentice 

(1997:1518-1519), Kalkwarf et al. (1997:523-528), assessed changes in BMC in the whole 

body. While Cross's group noted gains of 0.1 % in BMC after three months of lactation, 

Laskey and Prentice found decreases of 0.75% in this same time period and Kalkwarf and 

Specker noted losses of 1.5% after three and a half months of lactation. Continued losses of 

2.8% BMC are found after six months (Kalkwarf and Specker 1995, Kalkwarf et al. 1996). 

These effects, however, are reversible. Less dramatic losses of 0.5% BMC are noted in 

women after six months of lactation followed by six months of weaning (Cross et al. 1995). 

Through a study by Kalkwarf et al. (1997:523-528), calcium supplementation is 

shown to protect against loss of BMC throughout the body. Women in the control group lost 

3.4%, while women in the supplemented group lost only 2.4%. After weaning, women in the 

control group gained 0.2%, while women in the supplemented group lost 0.2%. Thus, 

calcium supplementation protects against absolute calcium loss from bone during lactation, yet 

the effects of supplementation do not provide a safeguard after cessation of lactation. Finally, 

when subjects gave birth to the first child and breastfed, decreases of 1.16% were noted after 
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six months. With the subsequently birth of the second child, increases of 0.09% were noted 

after subsequent pregnancy and delivery (Laskey and Prentice 1997:1518-1519). 

Changes in BMD for the next location, the lumbar vertebrae, were assessed by 

numerous researchers. Changes in bone are noted early after lactation begins, presumably 

since this area is primarily trabecular bone. Lopez et al. (1996:153-159) found decreases of 

0.4% BMD in women who breastfed for one to six months. More dramatic declines of 4.9% 

are noted while lactating for half a month to three months. In women examined only after 

three months of lactation, decreases of 3.37% to 5.4% were apparent (Cross et al. 

1995A;1312-1320, Laskey and Prentice 1997:1518-1519). Decreases of 3.9% are measured 

after three-and-a-half months and at six months (Kalkwarf and Specker 1995:26-32, Kalkwarf 

et al. 1996:526-531). Even after six months of lactation, subjects who did not take calcium 

supplementation lost 4.9% of BMD in the lumbar vertebrae compared to a loss of 4.2% in 

women who took supplementation. After weaning, the women in the control group gained 

4.4% and in the supplemented group 5.9% (Kalkwarf et al. 1997:523-528). 

Researchers also noted increases in BMD after weaning, where subjects regained 

losses to only 3.7% less than original values (Cross et al. 1995A: 1312-1320). Others 

regained BMD after weaning as compared to prelactation values (Krebs et al. 1997:1738-

1746). One group found increases of 6.6% after six months of breastfeeding, followed by 

subsequent weaning (Lopez et al. 1996:153-159). 

A study was conducted to assess the effects of birth control methods, lactation and 

BMD in the lumbar vertebrae. Decreases of 5.2% were noted after six months of lactation in 

using subjects who used barrier methods for birth control; decreases of 1.4% were obtained in 

women who breastfed for this same duration, yet used progesterone-only birth control pills as 
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their primary mode of birth control; increase of 2.2% were measured in women who bottle-

fed (Caird et al. 1994:739-745). After six months of breastfeeding and six months of 

weaning, decrease of 0.4% were found in women who used a barrier method for birth 

control; increases of 2.9% in women who used progesterone-only birth control pills and 

increases of 4.3% in women who bottle-fed only (Caird et al. 1994). Thus, progesterone 

seems to provide some benefit against loss of BMD. 

In nearly all of these cases, BMD is recuperated. For example, increases of 1.6% are 

noted after twelve months in women who breastfed for a maximum of one month, increases of 

2.4% in women who lactated two to five months, yet decreases of 0.8% in women who 

lactated six months (p=0.004) and decreases of 5.1% with twelve months (Sowers et al. 

1993:3130-3135, Sowers 19953:2210-2216). 

Changes in BMD are also noted in the femoral neck. In women who lactated for a 

maximum of one month, decreases of 1.3% are noted after a twelve month period (Sowers et 

al. 1993:3130-3135; Sowers et al. 1995B:2210-2216). Other researchers have found more 

limited bone loss in this area, with decreases of 0.54% after three months of lactation (Laskey 

and Prentice 1997:1518-1519). While one study noted an increase of 0.8% after two to five 

months of lactation (Sowers et al. 1993; Sowers et al. 1995B:2210-2216), others noted 

continued decreases of 2.7% to 2.9% after six months of lactation (Laskey and Prentice 1997, 

Lopez et al. 1996:153-159). For women who lactated longer than six months, decreases of 

4.8% in BMD (p=0.003) are noted (Sowers et al. 1993; Sowers et al. 1995B:2210-2216). 

Even after pregnancy, lactation and subsequent pregnancy, decreases of 0.53 % are found 

(Laskey and Prentice 1997). Women who chose to breastfeed for longer than twelve months 

have average decreases of 4.8% (p^O.OOl) (Sowers et al. 1995B). While the femoral neck 
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loses BMD with lactation, increases are also possible. There was a S % increase after six 

months of lactation followed by six months of weaning (Lopez et al. 1996). 

Changes in BMD were also assessed in the radius. The midshaft of the radius, 

primarily cortical bone, has gained 1.9% BMD after three months of lactation, yet lost 1.9% 

after six months of lactation (Cross et al. 1995A: 1312-1320). More smdies have been 

conducted on the distal third of the radius, more trabecular in composition and more sensitive 

to physiological stressors. These values range from gains of 2.2% BMD after three months 

of lactation to losses of 0.4% after three-and-a-half months of lactation (Cross et al. Kalkwarf 

and Specker 1995:26-32). Moreover, losses of 0.6% to 2.2% are noted after six months of 

breastfeeding. One study assessed the effects of calcium supplementation and lactation on 

BMD at this location. Losses of 0.1 % in control group and losses of 0.3% in supplemented 

group are noted after six months of lactation and these values continued to increase 0.4% in 

control group and 0.8% in the supplemented group after one year (Kalkwarf et al. 1997: 523-

528). At the ultradistal location on the radius, gains of 1.5% after three months (Cross et al. 

1995A: 1312-1320) and 0.7% after three-and-a-half months (Kalkwarf and Specker 1995:26-

32) are found due to lactation. These values, however, vary with duration of breastfeeding. 

Decrease of 1.3% BMD after six months (Cross et al. 1995A: 1312-1320), while gains of 

0.9% have been recorded in other smdies (Kalkwarf and Specker 1995:26-32). The effects of 

calcium supplementation and lactation have also been assessed. After six months of lactation, 

gains of 0.5% have been noted in the supplemented group and losses of 0.5% in control 

group. After weaning al twelve months, no change (0%) is seen in the supplemented group 

although continued loss of 0.5% is seen in controls (Kalkwarf et al. 1997: 523-528). 
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Various sites along the ulna have also been measured by means of DEXA. The ulna, 

like the radius, is composed of both cortical and trabecular bone. Its midshaft, primarily 

cortical bone, increases by 2.7% after three months of lactation, yet decreases by 2.8% after 

six months of lactation followed by weaning (Cross et al. 1995A: 1312-1320). Its distal third, 

composed of more cortical bone than even more distal locations, increases by 2.9% after three 

months of lactation, yet decreases by 3.6% after six months of lactation (Cross et al. 

1995A: 1312-1320). Finally, after three months of lactation, die ultradistal location increases 

by 1.3%; after six months of continuous lactation, decreases by 2.7% (Cross et al. 

1995A: 1312-1320). 

Only one group of researchers, Yamaga et al. (1996), conducted a sonographic study 

that correlated changes in bone mineral through SOS and BUA to lactational events. While 

the resulting data are published in graphical form in the publication, exact values are not 

given and overall change is not listed. For these reasons, it is difficult to assess overall 

change due to the effects of lactation. 

Retrospective Studies 

Far fewer retrospective studies have been conducted, with these focusing on the 

effects of reproductive variables, pregnancy and subsequent lactation on BMD immediately 

before and after menopause. The first general category, the effects of reproductive variables, 

links variables such as age at menarche, age at menopause, cycle length, reproductive span 

and other variables to BMD. Researchers in the first series of studies (Melton et al. 1993, 

Fox et al. 1993 and Hu et al. 1994) have measured changes in BMD by means of SPA and 

DPA at a number of locations within the body, including the vertebrae, femur and radius. 
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The first variable, age at menarche, is associated with decreases of 1.7% BMD 

(p<0.01) in the cervical neck of the femur (Melton et al. 1993:76-83), unquantiHed decreases 

at both the distal radius (p=0.02) and the proximal radius (p=0.29), while increased age at 

menarche is associated with a 1.1% increase in the distal radius and 0.6% increase in the 

proximal radius (Galloway 1988; Fox et al. 1993:901-908). Another investigators group 

noted decreases in BMD at the distal radius (p^O.05), although estrogen is not accounted for 

in their study (Hu et al. 1994:288-297). Next, age at menopause is negatively associated with 

decreases of 9.5% BMD at lumbar spine, decreases of 0.9% at distal radius (p=0.02) and 

decreases of 0.3% at proximal radius (p=0.29) with each year after menopause (Galloway 

1988; Melton et al. 1993:76-83). Moreover, Lissner et al. (1991:319-325) found a decrease 

from 3.71 gr/cm^ to 3.49 gr/cm^ between two to nine posttnenopausal years and from 3.71 

gr/cm^ to 3.26 gr/cm^ after nine postmenopausal years. 

Reproductive span, defined as the period from menarche to menopause, also is related 

to BMD. Increases of 0.1% BMD in the midradius, distal radius and femoral shaft; as well 

as increases of 0.4% in the lumbar spine and decreases of 0.02%-0.10% in the femoral neck 

are associated with this variable (Melton et al. 1993:76-83). Indeed, there is an increase of 

0.2% BMD at distal radius with each year spent in the reproductive span (Fox et al. 

1993:901-908). Age at first birth is also correlated to BMD (Galloway 1988, Fox et al. 

1993:901-908), with women who gave first birth under the 20 years having decreases of 1.4% 

at the distal radius and 2.1% at the proximal radius (p=0.06; Fox et al. 1993:901-908). 

Finally, the length of the menstrual cycle is positively associated with an increase of 

0.7% with distal radial BMD (p=0.05) with each additional day after 4-8 days of menstrual 

bleeding (Fox et al. 1993:901-908). 
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The effects of pregnancy on the postmenopausal skeleton have been assessed by a 

variety of media designed to measure bone mineral. The first set of techniques, gamma rays 

and radiograms, was used by Nilsson and group (1969:27-28), who concluded that pregnancy 

positively affected the skeleton, with no evidence of pregnancy creating postmenopausal 

osteoporosis or subsequent fracture. 

Goldsmith and Johnston (1975), Galloway (1988), Kritz-Silverstein et al. (1992), 

Melton et al. (1993), Fox et al. (1993) and Hu et al. (1994), have all assessed the effects of 

pregnancy on bone mineral by means of SPA. For pregnancy. Goldsmith and Johnston 

(1975:657-668) noted an increase of 1.0-9.9%, with an overall average of 1.1% in white 

women. These values are compared to erratic changes, with decreases of 29.8% to increases 

of 9.3%, with an average loss of 0.8% BMD in black women. Melton et al. (1993:76-83) 

found that pregnancy is associated with decreases of 0.02% in the midradius and 0.2% in the 

distal radius and Fox et al. (1993:901-908) noted that pregnancy positively influenced distal 

radial BMD. Women who have never given birth had values 1.4% lower than women who 

had. Moreover, with each successive birth, women experience a 1.4% increase at the distal 

radius and 0.5% increase at the proximal radius (Fox et al. 1993:901-908). Yet, when 

confounding variables (age, obesity, estrogen usage, etc) are controlled for in other studies, 

prior correlations between pregnancy number and BMD (p=0.001 at the distal radius, 

p=0.0(X) at the midradius) are no longer significant (Kritz-Silverstein 1992:1052-1059). 

Some researchers (including Galloway 1988, Hu et al. 1994:288-297), never found a 

significant correlation between number of pregnancies and BMD at the distal radius or 

midradius in either pre- or postmenopausal women. 
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Moreover, in those cases where the pregnancy ended either due to miscarriage or 

abortion, women with miscarriage had higher bone mineral 0.10-3.1% in the midradius and 

distal radius (Melton et al. 1993:76-83) and women with abortion have no significant 

differences (Fox et al. 1993:901-908). When carried to term and delivered as stillbirth, 

decreases of 11.3% in the distal radius and 7.5% in the mid-radius were noted (Melton et al. 

1993:76-83). No differences were noted for pregnancy timing (Hu et al. 1994:288-297). 

Stevenson et al. (1989:924-928), Melton et al. (1993:76-83), Bererhi et al. (1996:818-

821) have all examined bone loss by DPA. The first group found no significant changes in 

BMD due to pregnancy, although they reported differences of 0.4% in the femoral neck, 

0.2% in Ward's triangle, 1.6% in the trochanteric region and 0.2% in the vertebrae. Melton 

et al. noted a positive association between pregnancy and bone mineral in the vertebrae and 

femur, from 0.40% to 1.2%, yet a loss in the radius of 0.02% to 0.2%. Finally, Bererhi et 

al. found no association between pregnancy and BMD in the vertebrae. 

DEXA has been used to examine the change in BMD due to pregnancy. The first 

study, Laitinen et al. (1991:224-231) noted that pregnancy was positively associated with 

increases in BMD at the trochanter and limibar spine in premenopausal women. Although 

BMD values are given and the correlation coefficients are not great, the associated levels of 

probability are significant. Hamed et al. (1992:946-949) measured the same general locations 

and found 1.0% increase in the lumbar spine and 2.0% increase in the femoral neck as a 

consequence of pregnancy. Kritz-Silverstein et al. (1992:1052-1059) found no change in 

BMD after controlling for other factors - age, obesity, estrogen usage, etc. — in these sites. 

Finally, Parra-Cabrera et al. (1996:89-94) examined these same sites in a different group of 

women and found a significant relationship between pregnancy and changes in BMD at the 
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lumbar spine, even after controlling for type of menopause (surgical or natural) and estrogen 

usage, but not for years since menopause. 

The final variable to consider in the retrospective studies is the effect of breastfeeding 

on BMD in postmenopausal women. Many different techniques have been used -

radiogrammetry, XA, SPA, DPA and DEXA - to examine the relationship; all studies 

provide pertinent information that may shed light on the effects on bone. Dequeker et al. 

(1991:49-53) was the only group of researchers who used radiogrammetry to assess these 

changes in BMD. They found that women who breastfed for less than six months had 0.4% 

higher BMD values at the second metacarpal, 8.8% higher at the distal radius, 1.4% at the 

distal third of the radius and 2.8% at the lumbar vertebrae. 

Only one group of researchers, Sinigaglia et al. (1996:439-443) used XRA to measure 

changes in BMD due to lactation. Although they state that there are no significant 

correlations between lactation and BMD, when pregnancy and lactation are compared to 

BMD, women who had shorter durations of breastfeeding per pregnancy had higher BMD as 

the number of pregnancies increased. For example, for first pregnancy, BMD is 10.4% 

higher between those who never breastfed and those who breastfed over 12 months. With the 

second child, BMD is 2.7% higher in women who breastfed between 2-4 months compared to 

women who did not. After the birth of the third child, BMD is 1.1% higher in women who 

breastfed for durations greater than 12 months, compared to women who never breastfed. 

Several groups used SPA in various parts of the radius to assess changes in BMD due 

to lactation. In the proximal radius. Fox et al. (1993:901-908) noted a 0.9% increase in 

women who breastfed compared to women who had not. In the midradius, Hu et al. 

(1994:288-297) found no significant relationship between changes in BMD and total months 
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of lactation or average months of lactation per child, although exact values are not given. Yet, 

Melton et al. (1993:76-83) indicated that there was a 0.1% increase in women who breastfed 

and a 1.8% increase in women who breastfed for greater than 8 months. Finally, there was a 

2.1% decrease in women who have breastfed for greater than 12 months after the first 

pregnancy; a 2.2% increase after second pregnancy with these same requirements; a 1.5% 

increase after third pregnancy; and a 2.4% increase after fourth pregnancy, all compared to 

women who have not (Feldblum 1992: 527-531). 

In the distal third radius. Galloway (1988) found no significant association between 

breastfeeding, BMC and BMD, although she noted trends towards decreasing HMD, 

especially in women who breastfeed for greater than six months. Hu et al. (1994:288-297) 

found no relationship between distal radius and BMC by total months of lactation as well as 

average months per child, although absolute values were not given. Dequeker et al. (1991:49-

53) found decreases of 1.4%, Fox et al. (1993:901-908) noted a 0.4% decrease and Melton et 

al. (1993:76-83) found a 0.7% increase in women who breastfed. When examined by 

ancestry. Goldsmith and Johnston (1975:657-668) found that BMD in white women decreases 

at an average of 0.04% and in black women decreases at an average of 1.8%. These 

differential values may be partly due to differences in initial BMD between the groups. Kritz-

Silverstein (1992:1052-1059) also found decreases of 2.0% at this location; however, after 

adjustment for a variety of variables, there were only decreases of l%-2%. In women who 

breastfed for greater than eight months, a 0.8% increase was noted (Melton et al. 1993:76-

83). In women who breastfed for greater than 12 months, there was a 2.1 % decrease in 

women who had only one child; a 2.5% increase in women who had two children; a 1.5% 
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decrease in women who had three children; and a 3.5% increase in women with four children 

(Feldblum 1992:527-531). 

In the ultradistal radius, Dequeker et al. (1991:49-53) noted a decrease of 8.8% 

among women who breastfed for less than or greater than six months. Moreover, Kritz-

Silverstein (1992: 1052-1059) found crude differences of 1.0% and adjusted differences of 0% 

for the ultradistal radius, when other variables are controlled for. 

Researchers also took measurements at the vertebrae and femora by means of DP A. 

In the lumbar spine, increases of 0.1%, 1.7%, and 7.0% were reported in women who 

breastfed, compared to those that had not (Melton et al. 1993:76-83, Dequeker et al. 1991:49-

53, Stevenson et al. 1989:924-928, respectively), although durations over six months were 

associated with both decreases of 2.8% (Dequeker et al. 1991:49-53) and over eight months 

increases of 4.0% (Melton et al. 1993:76-83). 

While Lissner et al. (1991:319-325) does not list specific values, this group found that 

women who breastfed up to four months have the highest values for BMD, 5-11 months have 

intermediate values and women who averaged over 12 months, have low values after adjusted 

for confounding variables. When BMD is assessed by both parity and lactation, negligible 

differences are noted. Gains of 2.4%-5.7% are noted in women who have not breastfed; 

while gains of 2.2%-8.6% are found in women who breastfed from one to eleven months; and 

gains of 3.3%-9.0% are found in women who continued this practice over twelve months. 

Losses of 0.1 % were experienced in women who had four or more pregnancies and breastfed 

for over twelve months (Feldblum 1992:527-531). 

When breastfeeding patterns are compared to BMD in the femur, various sites on the 

femur show different losses. There is a 2.0% decrease at the femoral neck, a 4.0% decrease 
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at Ward's triangle and a 3.0% decrease at the trochanteric region (Stevenson et al. 1989:924-

928). Melton found a 0.1 %-0.2% increase in the proximal femur and femoral shaft; and a 

4.5%-6.6% in the proximal femur and 9.0% in the femoral shaft in women who breastfed 

greater than 8 months. 

The only group of researchers who assessed changes in BMD by means of DEXA is 

Kritz-Silverstein et al. (1992:1052-1059). They measured two locations - the lumbar 

vertebrae and the proximal femur - and found no difference in overall BMD due to lactation, 

once associated variables were accounted for. There is a 3.0% increase in women who 

breastfed, although this difference is reduced to 2.0% when adjusted for age and 1.0% when 

adjusted for age and BMI. 
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CHAPTER 6 

MATERIALS AND METHODS 

Introduction 

The Arizona Bone Density Study is supervised by Dr. William Stini, Professor of 

Anthropology, at The University of Arizona and in collaboration with the Arizona Cancer 

Center. Dr. Stini, the principal investigator, has collected a wide variety of cross-sectional 

and longitudinal data about general health, nutrition, reproductive history, fracture history and 

bone mineral data from over 5500 individuals in Arizona since 1982. These subjects form the 

statistical population used in this dissertation to assess the cumulative impact of reproductive 

variables on postmenopausal bone mineral in women. 

Tvpe of Data Collected 

The Arizona Bone Density Study data were collected over the last sixteen years as a 

combined cross-sectional and longitudinal study. The data include anthropometry, self-

reported nutritional, reproductive and bone mineral assessments by means of single-photon 

absorptiometry (SPA). Both cross-sectional and longitudinal data will be used in this 

dissenation. This will be accomplished by coupling the general health and reproductive 

questionnaires from the first scanning visit to measures of bone mineral. 

As stated, both types of data were used in this analysis since both provide pertinent 

information. For example, cross-sectional data can be used to analyze alterations in BMC 

year by year due to diet, exercise and other related variables, while longitudinal data provide 

accurate assessment of the rate of postmenopausal bone loss as well as insight into the effects 

of long-term prior reproductive events that may influence it. Adjustments, however, will be 
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made to account for the effects of diet, exercise, estrogen-usage and other related variables 

that may influence rate of bone loss. 

The Arizona Bone Mineral Density study is both cross-sectional and longitudinal in 

nature. In general, data derived from such a study can be measured by means of either a 

prospective or retrospective methodology: this study is retrospective in nature. Prospective 

studies assess change in a variable related to an immediate physiological or environmental 

change, such as immediate weight gain after cessation of smoking. Prospective studies on 

osteoporosis measure changes in BMC and BMD related to each reproductive event in 

question, such as pregnancy, lactation and weaning, at or immediately after the event. These 

studies do not assess long-term effects of these individual events as they cumulatively impact 

the skeleton. By contrast, when one compares groups of subjects in a cross-sectional 

retrospective study, analysis may allow one to assess the effects of each variable, such as the 

overall effects of each pregnancy as well as cumulative effects of all of the variables upon 

postmenopausal BMC and BMD. 

Both prospective and retrospective smdies are subject to errors due to inaccurate 

reporting of the events by the participants as a result of faulty recollection, elapsed time, 

individual bias and social stigmata. For example, questions on reproductive history may span 

decades. Exact age at each reproductive event, such as menarche, age at first pregnancy and 

duration of lactation, may not accurately be recalled due to faulty recollection over the years, 

coupled possibly with neurological changes associated with aging. Moreover, some subjects 

may not list reproductive events that occurred early in their reproductive years, such as 

disclosing teenage pregnancy or abortion. Although such events could be listed as 
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Materials 

The Arizona Bone Density Study statistical population is composed of smaller 

subgroups located throughout Arizona, such as in Phoenix, Casa Grande, Eloy, Florence and 

Tucson. Nearly all subjects from these different scanning sites were used in this analysis; a 

few exceptions had to be made due to incomplete data sets. Participants were selected based 

upon their interest to participate voluntarily in a longitudinal study, their ability to give 

written informed consent (see Appendix II) prior to completion of questionnaires and bone 

mineral scans as well as their good general health status (e.g., they must be non-

institutionalized and ambulatory at the time of the first scanning). 

Scanning Locations 

The Tucson component of the Arizona Bone Density Study is composed of numerous 

subgroups (the Fountains, Oasis, Sun City, Tucson House and Western Winds), which are 

determined by scanning location. Although this population has been described elsewhere 

(Stini et al. 1994:45; Galloway 1990:468), each of the statistical subgroups from these 

locations is discussed. 
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Sun City Population 

Sun City, located in the western suburbs of Phoenix, Arizona, is a relatively affluent 

retirement community that attracts retired individuals from professional and managerial 

occupations from around the United States and Canada. 

These individuals buy houses within this community, reside with their spouses and 

subsist on combined forms of retirement, including social security, pensions and personal 

savings. Participants were initially recruited through the Volunteer Association and Auxiliary 

Group at the Boswell Hospital, Sun City, Arizona. This subgroup is notable for a high level 

of involvement in athletics, social events and community activities. 

Tucson Population 

The Tucson subjects are composed of a number of subgroups drawn from retirement 

residences including The Fountains, Craycroft Towers, Martin Luther King House, Tucson 

House, Westward Winds and Senior Centers, such as Oasis and Armory Park, and health club 

organizations, including Metro Fimess. 

Many of these subjects are native or long-term residents of Arizona. Many live 

alone, without spousal partners, in subsidized housing and have few extracurricular activities. 

Some subsist mostly on social security benefits with little economic assistance from other 

sources. 

Casa Grande 

The Casa Grande participants were recruited through the Pinal County Health 

department. This group consists mostly of senior citizens, who reside in Arizona during the 
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more temperate winter months, while some of the senior citizens have a rather limited 

income. The Casa Grande group remains ambulatory and independent. 

Independent 

Some subjects are drawn from The University of Arizona campus itself. These 

subjects are a heterogenous group of students and faculty. While most had not reached 

menopause and are not included in this study, those participants that met all of the criteria 

discussed earlier are included. All subjects were scaiuied within the facilities at the 

Department of Anthropology, Physical Anthropology Laboratory. 

Methods 

In this investigation, both cross-sectional and longitudinal BMD measurements are 

incorporated by means of anthropometry, bone densitometry and self-reported general health, 

nutrition and reproductive history questionnaires. 

Anthropometry 

Anthropometric measurements, including height, weight and location on distal third of 

the radius for identification of scanning site, were taken by Dr. William A. Stini on each 

subject. Standing stretch height was measured while standing erect with heels placed together 

and without shoes. Measurements were recorded to the nearest millimeter (mm) using a 

Gneupel/GPM freestanding anthropometer. Once standard stretch height was measured, 

weight was taken to the nearest kg using a metric portable "Health Meter" scale. 
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Identification of scanning site was located by identifying topographical features of the 

proximal and distal ulna. Measurements were taken with Gneupel/GPN sliding calipers from 

the most proximal aspect of the olecranon process to the most distal aspect of the styloid 

process. On the basis of this length, one third of the distal radius is taken at this site, 

measured on the subject and identified with a water-soluble pen. This value was compared to 

previous scan information for gross errors in measurement. 

Bone Mineral Measurements 

Bone mineral measurements were taken at the distal third of the left radius with a 

portable Lunar Radiation SPl single-photon absorptiometer (SPA) between 1982 and 1987. It 

was replaced by a portable Lunar Radiation SP2 single-photon rectilinear scaimer from 1987 

to present. All SPl scans were transformed by a correction factor for comparability to data 

derived from SP2 scans in this longitudinal analysis (Galloway 1990:468-469). 

The standard site chosen for scanning is the distal third of the left radius, which is 

held stationary by a gel-type tissue equivalent while the scanning occurs. The actual scanning 

event takes just a few moments. During each scan, four passes are made by the single-photon 

scanner. The mean for all four passes is calculated and this value is recorded in the Lunar 

Software of the attached COMPAC computer. 

These values are confirmed for each and every scan as part of the study protocol. 

Study personnel visually assess the separation of bone from soft tissue, and, if necessary, 

readjust the baseline based on hard-tissue location. In most instances, the Lunar Software 

correctly identify correct placement for this separation; however, in some instances, 

particularly those involving extreme loss of cortical bone, the separation must be visually 
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readjusted. Baseline is manipulated by using the interosseus crest of the radius. This 

readjustment can be made using both the older SPl model and the newer SP2 software. 

While there is one important difference between the SPl (1982-1987) and SP2 models, the 

SPl scans four times across the same site; the SP2 scans four times, with each scan being 

three mm proximal to the proceeding one. The scans were conducted in one mm/sec while 

the arm of the subject was encased in the gel tissue equivalent mentioned above. 

The advantage of the SP-2 rectilinear scan, which samples segments of the radial 

diaphysis over nine mm of its length is that the variation in BMC, width and density 

encountered is averaged. While such averaging results in a greater coefficient of variation in 

values observed in scanning, comparison of averaged values over time when serial 

measurements are taken is subject to less intersession deviation arising from minor errors in 

placement of the scan path or angle of movement of the scaiming beam over the radial shaft. 

The bone densitometer measures the amount of bone mineral by passing a photon 

stream from an encapsulated '"Iodine source, through soft tissue and bone to the oscintillation 

counter detector, which analyzes and counts the photons. The final intensity (If), determined 

after passing through bone, is subtracted from the initial intensity (Ij) and multiplied by a 

calibration constant (K) to determine BMC, in accordance with the following formula: 

BMC (gr/cm) = (log li - log If)(K). 

The calibration constant, or coefficient of calibration, represents a standard constant for 

absorption of photons by bone ash (see Cameron and Sorenson 1963, Galloway 1988:122). 

This coefficient represents the slope of a graph from the linear relationship with BMC on die 
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y-axis and the change in photon intensity, (Irlj), on the x-axis. The points y2-y, represent two 

separate data points for BMC and X2-x, represent two data points for photon intensity. Values 

for slope can be calculated by the following formula: 

Y=niX where m=y2-yi/x2-x,. 

Three standard measurements are obtained fi:om the scanning event: 1) BMC 

measured in grs/cm; 2) distal third radial width measured in cm; and 3) BMD calculated by 

dividing BMC by BW, as measured in gr/cm^ Therefore, the density reported by this 

method is referred to as "real density". Percent cortical area and percent medullary area can 

be calculated on the basis of BMC, radial width and bone density and standards used to 

develop the software algorithms (see Stini et al, 1992). Additionally, normative comparisons 

can be made with sex-matched for peak bone density values, designated "young normal" and 

with sex-matched and age-matched average values calculated through linear regression within 

the SP2 Lunar Software itself. These calculations can be used to provide each subject with a 

comparison of his or her values with those for peak bone density after age-matched averages. 

The amount of radiation received from this exposure is minimal. Estimates range 

between two and five mrem for the distal radius and thineen mrem to the skin (Galloway 

1988:122). These values are in comparison to the estimated total dose equivalent from natural 

background radiation in the United States and Canada, which is 3.0 mSv/year or 300 

mrem/year to skin and 0.05 mSvy/year or 5.0 mrem/year to bone surface (Shleien et al. 

1998:1-3). Thus, this exposure represents less than the amount of radiation that one is 

naturally exposed to throughout the year. 
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Questionnaires 

All female subjects in the study had experienced either induced menopause through 

hysterectomy or natural menopause. All subjects were ambulatory at time of the first scan. 

Study personnel were present to assist with self-reported questionnaires to guarantee 

consistency in reported data. 

Of the battery of questionnaires given to the subjects, such as those on general history 

and on reproductive and nutritional histories, only two are used in this dissertation. The first 

is the reproductive history questionnaire, in which the information recorded on all general 

history and reproductive history was entered by hand into FoxPro for Windows (Version 2.6, 

Microsoft Corporation, 1985-1994). All entries were confirmed at a later date to ensure 

accuracy in data entry. 

General Questionnaire 

All subjects were asked to fill out a general questionnaire every time a scan occurred 

(Appendix HI). This form included dietary intake and calcium supplementation, personal 

medical history and prescription drug usage, life-style changes, physical and emotional health 

changes, exercise schedule and fracture age, location and mechanism. All data were entered 

by the alphanumeric location and subject code given to each subject. 

Reproductive Historv Questionnaire 

Female participants were asked to fill out a reproductive history questionnaire 

(Appendix IV) during their initial scanning visit. Study personnel were present to assist the 

subject when necessary and look over the completed questionnaire. Questionnaires were 
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stored in a secure location to ensure confidentiality of personal and medical history of the 

subjects included in this study. 

These questionnaires were used as the only source of information to obtain data about 

personal reproductive history: in no cases were the subjects notified by phone or mail to 

complete survey information. While encoding data from the reproductive history self-reported 

questionnaire, at times certain assumptions were made during data entry. Furthermore, as to 

the accuracy of data entry, not all fields were filled in by all subjects. Listed below are the 

standard protocol used to account for incomplete data. 

Estroeen Usase 
1. Are you currently taking any type of estrogen (including birth control pills)? Yes 
(for years) No . Have you taken any kind of estrogen in the past (including birth 
control pills) ? Yes at age (for years) No 

The participant was asked about previous and current estrogen usage and duration. In a few 

instances, some subjects failed to include this information; however, data could be obtained 

from question #6 on the general form that asks about usage of prescription medication. In 

other instances, some subjects included the same information in both questions. When this 

occurred, the participant's answer was recorded as currently taking estrogen for the total 

duration indicated. If the subject recorded two or more past episodes of taking estrogen, then 

the earliest age was recorded and the total duration of usage noted. 

Ase at Menarche and Menopause 

2. How old were you when menstrual periods started? years 
How old were you when menstrual periods stopped? years 
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For these questions, ages were recorded as indicated or averaged if a range was given. A few 

subjects, however, did not record age at menarche or menopause, which was entered as 0.001 

in the database. Some subjects stated that they had not yet gone through menopause. For 

those subjects who did not record age at menopause but did record age at hysterectomy 

(surgical menopause), the corresponding age was entered for cessation of menstruation. For 

those individuals who underwent natural menopause, followed by hysterectomy, 

corresponding ages were entered as stated. 

Reproductive Surserv 

3. Did you have a hysterectomy? Yes {at age ) No 
Did you have an oophorectomy (ovaries removed) ? 
Yes (both/only one) at age No 

In the third question dealing with hysterectomy, no differentiation was made between a 

complete or partial surgical procedure. In the case of oophorectomy, for those individuals 

who had a unilateral oophorectomy prior to complete oophorectomy, the age at complete 

oophorectomy was recorded. The rationale for such coding is that the body was still able to 

synthesize and secrete estrogen and other hormones with one ovary and thus compensate for 

alterations in hormone levels through regulative processes, such as up-regulation and down-

regulation, at the cellular level (see Chapter 3 for previous discussions). 

Pregnancy and Lactation 

5. For each pregnancy (including miscarriages), please record: 
Your age at childbirth (in years) 
Length of pregnancy (months) 
Length of breastfeeding (months) 
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In the fourth question, age at childbirth in years, length of pregnancy in months and length of 

breastfeeding in months were recorded as stated. If no colimins were filled in, then zero 

pregnancies were recorded. In those instances where duration of lactation was written in units 

other than those indicated, the duration was calculated and recorded in partial months (e.g., 

ten days breastfeeding is equal to 0.334 months). Few difficulties were encountered in coding 

age at childbirth. 

Difficulty was encountered during coding if the subject did not state the length of the 

pregnancy, in which case it was entered as nine months. Moreover, if the subject stated that 

the pregnancy resulted in miscarriage, where miscarriage was written in either of the columns 

(age at childbirth or length of pregnancy) and the length of pregnancy was not stated, a total 

of two months was encoded. It is assumed that the participant must have been far enough 

into the pregnancy to have missed a menstrual period (approximately six weeks) and 

recognized the expulsed material as abortus at approximately two months. In instances where 

the subject did not fill in data for length of breastfeeding, it was assumed to be zero, and 

where the subject gave a time range, the average duration was coded as such. 

In a few instances, reproductive history questionnaires were filled in more than once 

by the subject. When these supernumerary questionnaires were encountered, the 

alphanumeric code and participants name were counter-checked, and if correct, the second set 

of data averaged with the values previously reported. 

Accuracv of Self-Recalled Data 

Since these data were self-recalled from questionnaires, the accuracy may be limited 

depending on the nature of the variable. Various studies have addressed recall of 
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sociodemographic information, as compared to archived data over 50 years (Bemey and Blane 

1997:1519-1525), occupational histories for epidemiological purposes (Baumgarten et al. 

1983:583-591), years of occupation and job title with a particular company (Stewart et al. 

1987:795-800) and range of jobs and subsequent job responsibilities (Bourbonnais et al. 

1988:29-32). These studies generally had high correspondence rates of 80% or more. 

Self-recalled questionnaires have also been administered for general health status, 

including diet in the distant past controlled by administering two surveys nine years apan 

(Takatsuka et al. 1996:9-13), diet controlled by sibling comparison after 20 years (Wolk et al. 

1997:234-241), recollection of diet influenced by current consumption patterns and changes in 

these patterns (Friedenreich et al. 1992:177-196), smoking lapses after cessation, which varied 

in accuracy (Shifftnan et al. 1997:292-300) and alcohol consumption, which varied in 

reliability (Harris et al. 1994:309-314). 

Moreover, many studies have also been conducted on reproductive factors including 

menarche and menopause. Self-recalled age at menarche has had 75%-98% concordance 

(Goodman et al. 1984:235:242; Livson and McNeill 1962:218-221; Damon et al. 1969:161-

175; Damon and Bajema 1974:381-384; Bean et al. 1979:181-185; Pillemer et al. 1987:187-

199) without significant difference between the ages (Bean et al. 1979:181-185, Madrigal 

1991:105-110). Indeed, age at menarche has had correlations as high as r=0.75 when data 

were compared 17 years later (Livson and McNeill 1962:218-221). 

Self-reported age at menopause shows more variability. One study documents 

accurate reporting of natural menopause within one year of actual onset with 44%-71% 

concordance and of surgical menopause within one year with 59%-79% concordance (Hahn et 

al. 1997:771-775; den Tonkelaar 1997:117-123, respectively). In another study, an accuracy 
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rate of 89% is calculated from recalled data for estrogen usage and 70% calculated for 

duration of estrogen usage after five years (Jannausch and Sowers 1992:161-169). 

Studies have also been conducted on self-reported estrogen usage. In one study, there 

was 95% agreement between the base-line questionnaire and subsequent history of estrogen 

usage three months later. In this same study, another questioimaire was administered three 

years later revealing a 85% concordance (Greendale et al. 1997:763-770). In a second study, 

estrogen duration and dosage were highly corcordent, with 85% and 88%, respectively 

(Persson et al. 1987:222-228). For estrogens prescribed over a twelve-year period, 78% of 

the women recalled the name of the drug, only 26% the name and the dose of the drug (West 

etal. 1995:1103-1112). 

Computer Applications 

Many computer applications were used for the entry and subsequent analysis of the 

data. All of the data were initially entered into Fox Pro for Windows (Version 2.6, Microsoft 

Corporation 1985-1994). These data were then merged with the larger Arizona Bone Density 

Study Database encoded in Microsoft Access (Version 2.0, Copyright 1989-1994, Microsoft 

Corporation). Transformation of the raw data was made in Microsoft Excel and then entered 

into Systat (Version 5.01 Copyright 1990, Systat, Inc.) statistical program. 

Descriptive statistical analysis was conducted by means of Systat program on an IBM 

Thinkpad 355C series personal laptop computer, while ANOVA and linear regression were 

later computed with SPSS for Windows on an IBM compatible desktop computer. Basic 

descriptive statistics were generated, which includes breakdown by age, sex, scanning location 

and reproductive variables. As a matter of course, measures of central tendency and 
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variability were recorded. These values will first represent the total number of subjects who 

recorded the event in question (e.g., pregnancy, breastfeeding, etc) and second will state the 

number of subjects who recorded all of the necessary information to be included in that 

section of the analysis. This procedure may eliminate subjects who have filled out one 

category, such as pregnancy, but not another, such as age that the event occurred. For these 

reasons, only subjects who fill out all of the necessary information will be included in Chapter 

7, which lists results for the descriptive statistical section by total series and subseries. 

Additionally in Chapter 8, a number of other statistical tests - Pearson's correlation 

coefficients, t-tests, multiple linear regression and ANOVA - will be conducted to assess the 

strength of association between these variables in order to evaluate the relationship of 

reproductive variables to postmenopausal bone loss. 

Synthesis 

The purpose of this chapter is to describe the materials and methods necessary for the 

analysis of the data collected under the auspices of the Arizona Bone Mineral Study. The 

cross-sectional and longitudinal data incorporate information on general health, nutrition, 

reproductive history and BMD on nearly all the participants. The subjects come from a 

niunber of scanning sites representing a number of geographic locations throughout the state. 

Three measures were obtained through anthropometry; standing stretch height, weight 

and distal third radial width. Values for bone mineral were obtained through SPA and 

calculated through Lunar software. Several questionnaires were administered. The first 

general questionnaire covered health and nutrition, diet, personal medical history and life-style 

changes. The reproductive questionnaire asked about age at menarche, menopause, estrogen 
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usage, number of pregnancies, age at first and last pregnancy, duration of each pregnancy, 

subsequent duration of breastfeeding, surgical oophorectomy and hysterectomy. A number of 

transformations were made by computer software to create variables pertinent to the 

dissertation. These variables include measures of reproductive events, which will provide the 

foundation for the descriptive analysis in Chapter 7. 
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RESULTS; DESCRIPTIVE STATISTICS BY TOTAL SERIES AND SUBSERIES 

Introduction 

While the number of studies involving the effects of life history and reproductive 

behavior on postmenopausal HMD is rather limited, the Tucson Bone Mineral Study provides 

a wealth of untapped data. While over 5500 subjects are currently a part of this study, data 

collection ended in the fall of 1997 with approximately 3120 female and 1222 male human 

subjects from Phoenix, Casa Grande and Tucson. Many of these subjects have been followed 

longitudinally, while others have been replaced for various reasons (moving away from the 

area or death during the study) by new participants during various phases of the study. This 

technique forms a mixed longitudinal and cross-sectional series that presents pertinent data on 

change in bone indices over time and reproductive variables in the individuals in the series. 

The purpose of this chapter is to list measures of central tendency and variability for 

each of the variables by the subseries. The aim is to present different types of variables -

anthropometry, number and duration of reproductive events and occurrence and measures of 

bone mineral -- that will be created and/or used in the body of this dissertation. Some types 

of data are directly coded off the questionnaires or loaded from the Lunar software. Others 

are created, either as categorical or numerical data, specifically for assessing relationships 

between the data in this study and for comparison to other works. 

Also, the goal is to provide a basic descriptive analysis of the quantitative data from 

the categories of this study and to assess the average values within each of the measures of 

bone mineral and reproductive variables, as well as to illustrate the ranges of variation around 

each of the variables in question. The descriptive analysis of the indices of bone mineral 



highlights the range of variation for distal third radial width, BMC and BMD. The measures 

of central tendency for reproductive variables show the degree of variability in onset of 

menarche, reproductive span, number and duration of pregnancies, number and duration of 

breastfeeding events and onset of menopause. 

The descriptive results gleaned from this initial analysis of the data are particularly 

important for laying the foundation and providing a framework for analysis of complex 

interrelationships that will be tested and described in the next chapter. Perhaps more 

importantly, this analysis will allow comparison with studies conducted by other researchers, 

such that inherent differences between the data sets can be assessed and accounted for in the 

final analysis and consequent discussion of this work. For these reasons, a thorough review of 

the dataset is presented. 

Analvsis of Anthropometric and Bone Mineral Variables 

A series of descriptive statistics are presented for anthropometric variables for both 

females and males in this series. These data include age, weight, height, BMI and measures 

of bone mineral, all recorded at last scan. As described, some bone mineral variables (distal 

third radial width, BMC and BMD) are directly recorded by the Lunar software during the 

measurement process. Each of these variables provides pertinent information on the overall 

structure and strength of the bone. A general description will been given; measures of central 

tendency and variation for these variables are currently assessed. 
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Age at Last Scan in Females 

While some individuals may have moved away from the scanning centers and others 

may have died over the past several years, age represents age of the person during the last 

scanning event. This is calculated by subtracting the year of birth from the year of the last 

scan, as recorded on the initial segment of the survey and entered into the Tucson Bone 

Mineral Density database. This variable will provide basic descriptive information about the 

overall age structure of this series. 

A total of 3520 female subjects are included, 400 more than recorded in the 

reproductive history section of this analysis. These subjects are grouped by ten-year age 

intervals, with the mean, standard deviation and median calculated for each group. 

Generally, the subjects range from 21-100 years of age (ten subjects under the age of 

21 were excluded due to limited sample sizes), with the majority between 51-90 years. While 

the mean age and standard deviation for this combined group are 69.54+.13.15 years, the 

median is 72.00 years. 

When the merging is completed between the databases that contain the bone mineral 

indices and the reproductive variables, data are available from 2590 (73.79%) subjects. 

These subjects have the same age range of 21-100 years. The mean and standard deviation 

vary slightly from those values listed above; these are 69.99±13.46. The median is also 

72.00 years of age (see Table 7.1). 
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Table 7.1 Measures of central tendency for age in years at last scan by ten-year intervals in females in 
the merged series. 

Age Sample Size MeanH-SD Median 

21-30 54 25.39+2.73 25.00 

31-40 68 35.24+2.83 35.00 

41-50 ill 46.41+2.59 47.00 

51-60 213 55.65 +2.94 56.00 

61-70 650 66.35+2.63 67.00 

71-80 989 75.25+2.87 75.00 

81-90 460 84.32 +2.64 84.00 

91-100 45 92.98±2.23 92.00 

Total 2590 69.99+13.46 72.00 

Height in Females 

This variable measures the height in cm for the subject at last scan for later 

comparison to bone mineral indices and nutritional data. The baseline values for height 

should be generally set between the ages of 21-30 years, when interstitial growth at the 

metaphyses ceases. Moreover, it must be recognized that these subjects represent a cross-

sectional population; the height achieved between the ages of 21-30 for subjects in this age 

bracket will not be the same as in subjects that fall within the age bracket between 91-100 

years, since niomerous improvements have generally occurred in nutrition and health care that 

have led to secular changes. Thus, the description given below represents a comparison of 

the data from ntmierous age groups, all subject to different nutritional and environmental 

stressors during childhood and adolescence. Moreover, other variables can influence height 

once maximum adult height has been achieved, such as degenerative changes in the vertebrae 

and the breakdown in the longitudinal arch of the foot. 
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A total of 3408 subjects completed this section of the study. Generally, individuals 

between the ages of 21-30 have the greatest average height of 165.32^5.89 cm, while other 

age groups having lower values with each decade of advancing age. 

The values for 2508 subjects, who also completed the reproductive questionnaires, are 

nearly the same as those listed above. Subjects with the highest values for average height at 

165.22ii5.73 cm range between 21-30 years, after this age group, average height decreases 

with every decade, in the same manner as described in the original series (Table 7.2). 

Table 7.2 Measures of central tendency for height in cm at last scan by ten-year intervals in females in 
the subseries. 

Age Sample Size Mean+.SD Median 

21-30 45 165.22+5.73 164.90 

31-40 56 162.09+7.35 162.15 

41-50 105 162.98±7.79 163.00 

51-60 200 162.55±6.39 162.00 

61-70 631 160.37+6.53 160.30 

71-80 972 158.30+6.06 158.15 

81-90 455 155.48+5.97 155.80 

91-100 44 152.67±7.51 151.45 

Overall 2508 158.99±6.81 158.80 

Weight in Females 

Weight in kg is obtained at last scaiming episode on all subjects in the database. Of 

the 3406 female subjects, values for average weight generally range between 51.17-78.83 kg, 

peaking to 71.28 kg at age 51-60 years and declining with advanced age. 
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Of the 2511 female subjects who have recorded reproductive history, the values for 

weight are comparable. Differences between the two datasets are no greater than 1.52 kg, 

with weight ranging between 32.00-145.00 kg (Table 7.3). 

Table 7.3 Measures of central tendency for weight in kg at last scan by ten-year intervals'm females in 
the merged series. 

Age Sample Size MeanH-SD Median 

21-30 45 62.53 + 11.90 60.00 

31-40 56 70.84+18.57 66.00 

41-50 105 69.68 + 16.59 67.00 

51-60 203 70.67 + 15.90 66.00 

61-70 631 66.95+13.44 65.00 

71-80 972 63.74+12.29 62.00 

81-90 455 59.75+10.99 58.00 

91-100 44 53.34+9.83 51.50 

Overall 2511 64.58+13.49 63.00 

Bodv Mass Index in Females 

BMI is body weight in kg divided by the square of height in m. Of the 3357 female 

subjects who have panicipated in this study, the mean and standard deviation for BMI are 

25.65+,4.99 kg/m^, while the median is 24.88 kg/m^. This difference between mean and 

median scores of 0.77 kg/m^ suggests that some variability may be present, while the overall 

range of 12.80-55.80 demonstrates wide variability in BMI. 

Of those same 3357 female subjects, a total of 2482 (73.94%) merged with the 

reproductive database. The values for body mass are comparable to those listed in the 

complete series. Indeed, the mean and standard deviation are nearly identical, with 
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25.54+.4.95 kg/m^ in this subseries and 25.65+.4.99 kg/m^ in the whole series. The ranges 

are also comparable, with 12.80-53.26 kg/m^ in this subseries and 12.80-55.80 kg/m^ in the 

whole series (see Table 7.4). 

Table 7.4 Measxires of central tendency for BMI in kg/m^ at last scan by ten-year age intervals in 
females in the merged series. 

Age Sample Size Mean+.SD Median 

21-30 45 22.87+:4.11 21.88 

31-40 56 26.89+6.87 25.80 

41-50 105 26.24+6.03 24.80 

51-60 200 26.85+5.99 25.53 

61-70 622 26.00 +4.99 25.23 

71-80 958 25.45+4.67 24.70 

81-90 452 24.73+4.29 24.34 

91-100 44 22.81±3.17 22.80 

Overall 2482 25.54 +4.95 24.77 

Distal Third Radial Width in Females 

Distal third radial width is measured in cm by SPA. This is a measure of the overall 

diameter of bone, from the interosseus crest of the medial edge to the lateral edge of this 

bone. Since appositional growth continues throughout life, changes in the overall width 

signifies effects on serum calcium homeostasis, as well as other metabolic pathways that 

require calciimi. Consequently, this variable is directly affected by bone cycling — coupled 

deposition and reabsorption — throughout the life of the subject. 

The average value for all female subjects in this series is 1.28^0.13 cm. While the 

minimum is as low as 0.85 cm and the maximtmi as high as 2.66 cm, the trend is an increase 

in distal third radial width with advancing age. 
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When these 3510 subjects are merged, a total of 2590 (73.79%) combine with the 

other databases for analysis. The mean of this subseries is very similar to the whole series, 

1.29+.0.13 cm. The range for this subseries, 0.89-2.66 cm, excludes some of the variability 

of the larger series, 0.85-2.66 cm (see Table 7.5). 

Table 7.3 Measures of central tendency for distal third radial width in cm at last scan by ten-year age 
intervals in females in the merged series. 

Age Sample Size Mean±SD Median 

21-30 34 1.29+0.22 1.28 

31-40 68 1.27+0.13 1.26 

41-50 111 1.27+0.12 1.27 

51-60 213 1.28+0.13 1.28 

61-70 630 1.29+0.12 1.28 

71-80 989 1.29+0.13 1.29 

81-90 460 1.30+0.13 1.29 

91-100 43 1.27+0.12 1.28 

Overall 2390 1.29±0.13 1.28 

Bone Mineral Content in Females 

This variable is a direct measure of the amount of bone mineral present in the distal 

third of the radius and provides the essential first step in assessing the overall strength of that 

area. As this area is primarily cortical bone, the measurement is often used as an indication 

of cortical bone throughout the body, which can be a useful predictor of whole-body BMC. 

BMC in gr per cm is directly computed by the SPA software. Peak BMC is generally 

reached between the ages of 21-50 in this subseries; after 51 years of age, BMC decreases 

with advancing age. 
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Generally, a total of 3510 females are used for this section of the analysis. These 

subjects range in age between 21-100 years and BMC values between 0.20-1.62 gm/cm, 

suggesting a great deal of variability for this index. The average age in these subjects is 

69.39 years (see previous description for age), with the corresponding BMC at 0.69 gm/cm. 

This value is 0.16 gm/cm lower than the average peak value calculated from younger females 

aged 31-40 in this subseries. 

Of these 3510 female subjects, 2590 (73.79%) merged with the reproductive history 

database. BMC in these females averaged 0.69±0.15 gm/cm, the same as the whole female 

series in this study. Some of the variability is lost afiter the merging; the range in the whole 

series is 0.20-1.62 gm/cm, the subsample 0.24-1.42 gm/cm (see Table 7.6). 

Table 7.6 Measures of central tendency for BMC in gr/cm at last scan by ten-year age intervals in 
females in the merged series. 

Age Sample Size Mean^SD Median 

21-30 54 0.84±0.10 0.86 

31-40 68 0.84±0.I1 0.83 

41-50 111 0.85±0.10 0.84 

51-60 213 0.80+0.11 0.79 

61-70 650 0.72+0.13 0.72 

71-80 989 0.66+0.13 0.65 

81-90 460 0.60+0.12 0.59 

91-100 45 0.51±0.11 0.51 

Overall 2590 0.69±0.15 0.69 

Bone Mineral Density in Females 

BMD in gr/cm^ is calculated by dividing BMC by BW. Altogether, 3510 female 

subjects have recorded values that range from 0.17-0.95 gm/cm^ in subjects age 21-1(X), 
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however the average is 0.54+.0.11 gm/cm^ in women. Like BMC, peak values of 0.66-0.67 

gm/cm^ are reached between 21-50 years, decreasing with advancing years. 

Of the 3510 female subjects who merged with the other databases, 2590 (73.79%) had 

complete BMD values. The values for BMD remain exactly the same before and after 

merging the original series (see Table 7.7). 

Table 7.7 Measures of central tendency for BMD in gr/cm^ at last scan by ten-year age intervals in 
females in the merged series. 

Age Sample Size Mean+,SD Median 

21-30 54 0.66+0.07 0.66 

31-40 68 0.66+0.06 0.66 

41-50 111 0.67+0.05 0.66 

51-60 213 0.63±0.07 0.63 

61-70 650 0.56+0.09 0.57 

71-80 989 0.51+0.09 0.51 

81-90 460 0.46+0.09 0.46 

91-100 45 0.40+0.09 0.39 

Overall 2590 0.54+0.11 0.54 

Age at Last Scan in Males 

While a total of 1222 males are incorporated in this study, only 893 (73.08%) have 

recorded the necessary demographic information and have bone mineral indices for the 

analysis. Although these subjects range between 21-95 years of age at the time of the last 

bone scan, the majority (44.57%) fall between 71-80 years of age. The overall grouping is 

responsible for the mean and the median, 72.92 and 74.00 years, respectively. 

When the bone mineral history database are merged, only 625 (69.99%) subjects are 

represented. While these subjects have the same age range of 21-95 years, the mean and 
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standard deviation are nearly comparable to the values listed above, at 73.62+.10.78. The 

median is 1.00 years older than the mean. The difference of nearly a year (0.70 for the mean 

and 1.00 for the median) between the overall sample and the subsample is explained by the 

loss of so many subjects in the merge (see Table 7.8). 

Table 7.8 Measures of central tendency for age in years at last scan by ten-year intervals in males in 
the merged series. 

Age Sample Size Mean+.SD Median 

21-30 7 25.43+2.57 26.00 

31-40 6 36.33+3.01 36.50 

41-50 7 47.14+2.97 48.00 

51-60 29 55.55+3.26 55.00 

61-70 143 66.45 +2.68 67.00 

71-80 270 75.44+2.88 75.00 

81-90 154 84.27 +2.48 84.00 

91-100 9 92.33 + 1.41 92.00 

Overall 625 73.62jhl0.78 75.00 

Height in Males 

Height is recorded in cm during the last scanning visit. Of the 1222 male subjects 

who participated in this study, 873 (71.44%) were measured and recorded. While the range 

is 144.00-196.00 cm, the average is 172.40 cm and the median 172.20 cm. Upon analysis of 

this variable, height reaches a maximum average of 179.55+.4.67 between 21-60, then 

declines a cm or two with every decade (for discussion of secular trends see previous section 

on height in females). 
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Of these 873 subjects, 613 (70.22%) merged with the larger database. The average 

height for this subseries is 172.21+.7.03 cm, while all subjects range between 151.90-196.00 

cm (see Table 7.9). There is only a 0.19 cm difference between the mean values. 

Table 7.9 Measures of central tendency for height in cm at last scan by ten-year intervals in males in 
the subseries. 

Age Sample Size Mean+,SD Median 

21-30 6 177.38+2.83 177.80 

31-40 4 174.20+1.47 174.50 

41-50 6 175.97+11.58 176.45 

51-60 28 174.87+6.77 173.85 

61-70 140 174.00+6.83 173.85 

71-80 266 171.92+7.20 171.55 

81-90 154 170.45+6.34 170.60 

91-100 9 167.57+6.12 165.50 

Overall 613 172.21+7.03 172.00 

Weight in Males 

Weight in kg is recorded by all subjects during each scanning visit. Of the 1222 

subjects who participated at least once in this study, 872 (71.36%) recorded weight at the last 

scan. These values average 77.94 kg, but range between 48.00-186.00 kgs. Altogether 

44.95% of these subjects are between the ages of 71-80 and weigh an average of 78.73 kg. 

This large grouping is responsible for the mean of 77.94 kg and the median of 76.00 kg. 

Only 613 (70.30%) of the male subjects merged in the dataset. These individuals 

vary slightly from the larger dataset; the average weight difference between the two is 0.02 

kg. While larger sample sizes are not noted until after 60, weight peaks in the decades prior 

to this age with an average of 84-85 kg, then drops with each decade (see Table 7.10). 
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Table 7.10 Measures of central tendency for weight in kg at last scan by ten-year intervals in males in 
the merged series. 

Age Sample Size Mean+SD Median 

21-30 6 86.00+17.69 86.00 

31-40 4 76.25 + 10.75 77.00 

41-50 6 84.83+23.39 87.00 

51-60 28 85.25+21.64 85.00 

61-70 139 80.83 + 14.54 80.83 

71-80 267 78.98 + 13.86 77.00 

81-90 154 72.23+9.38 71.00 

91-100 9 69.33+6.86 66.00 

Overall 613 77.96+14.05 76.00 

Body Mass Index in Males 

BMI is a measure of weight in kg divided by the square of height in m. In this 

section, 869 (71.11%) of the 1222 males from the original database are used. While the 

range is dramatic - 16.48 to 61.15 kg/m^ - the average value is 26.18 kg/m^ and the median 

25.88 kg/m^. BMI is highest in subjects 51-60 years, declining thereafter with every decade. 

Of those same 869 male subjects, a total of 611 (70.31%) merged with the database. 

The average values listed between the two databases are nearly identical, with 26.18 kg/m^ 

and 26.22 kg/m^, respectively between the two. BMI is again highest between ages 51-60 at 

27.71 kg/m^, then declines thereafter (see Table 7.11). 
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Table 7.II Measures of central tendency for BMI in kg/m^ at last scan by ten-year age intervals in 
males in the merged series. 

Age Sample Size MeanHhSD Median 

21-30 6 27.32+5.51 26.53 

31-40 4 25.11+3.38 25.08 

41-50 6 26.90 +4.42 26.38 

51-60 28 27.71+6.32 27.93 

61-70 139 26.62+4.01 26.07 

71-80 265 26.66+4.21 26.28 

81-90 154 24.87+2.99 24.68 

91-100 9 24.68+1.93 24.34 

Overall 611 26.22+4.07 25.88 

Distal Third Radial Width in Males 

The average value and standard deviation for distal third radial width for all 893 

(73.08%) subjects in this section of the analysis is 1.55+.0.15 cm, although this value is 

rather limited compared to the overall range of 0.45-2.05 cm. Generally, values increase to an 

age of 51-60, then remain steady throughout life. 

When the 893 subjects are linked, a total of 625 (69.99%) merge. The mean of this 

subseries is identical to the larger series. The range for this group is rather limited and 

excludes some of the variability present before the merging (see Table 7.12). 
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Table 7.12 Measures of central tendency for distal third radial width in cm at last scan by ten-year age 
intervals in males in the merged series. 

Age Sample Size Mean^SD Median 

21-30 7 1.46+0.21 1.52 

31-40 6 1.47+0.15 1.51 

41-50 7 1.51+0.16 1.48 

51-60 29 1.57+0.17 1.57 

61-70 143 1.54+0.14 1.55 

71-80 270 1.55+0.15 1.55 

81-90 154 1.57+0.13 1.56 

91-100 9 1.51+0.11 1.51 

Overall 625 1.55+0.14 1.55 

Bone Mineral Content in Males 

BMC is determined by grouping individuals in ten-year age increments. Of the 

original 1222 subjects, only 893 (73.08%) are entered into the original database. The 

majority of these subjects (90.48%) are between 61-90; the concomitant average values reflect 

this clustering effect. The mean and standard deviation are recorded as 1.10+.0.18 gm/cm, 

yet the complete range of 0.11-1.60 gm/cm, which suggests variability in these values. 

Of these same 893 subjects, only 625 (69.99%) merged into the database. Values in 

this subseries are on average 0.01 gm/cm lower than that listed above. There are so few 

subjects in each of the age cells between 21-50 that comparison against these groups is 

difficult. A peak in BMC, however, is noted between 51-60 years of age with values of 1.19 

gm/cm. This value is higher that the overall average of 1.09 gm/cm, which is probably due 

to a large cluster of subjects (43.20%) between the ages of 71-80 years (see Table 7.13). 
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Table 7.13 Measures of central tendency for BMC in gr/cm at last scan by ten-year age intervals in 
males in the merged series. 

Age Sample Size Mean+.SD Median 

21-30 7 1.15±0.15 1.18 

31-40 6 1.13+0.18 1.08 

41-50 7 1.10+0.21 1.01 

51-60 29 1.19±0.18 1.23 

61-70 143 1.13+0.17 1.13 

71-80 270 1.10+0.16 1.10 

81-90 154 1.03+0.18 1.02 

91-100 9 0.91+0.21 0.85 

Overall 625 1.09+0.18 1.09 

Bone Mineral Density in Males 

BMD in gms/cm^ is determined by the lunar software in the original series. Of the 

1222 men who participated, a total of 893 (73.08%) have these data available. A total of 808 

(91.60%) subjects range between the age of 61-90 years; this grouping accounts for the 

average value of 0.71 gms/cm^. 

In this subgrouping, 625 (69.99%) subjects are merged with the larger database. The 

average value for EMI is 0.71 gms/cm^, while the median of 0.72 gms/cm^ is nearly the same 

as the subseries. This average is due to the large grouping of subjects between the ages of 

71-80 years old, with an average value of 0.71 gms/cm^. The overall range of 0.37-0.97 

gms/cm^ is greater than three standard deviations for this analysis (see Table 7.14). 



223 

Table 7.14 Measures of central tendency for BMD in gr/cm* at last scan by ten-year age intervals in 
males in the merged series. 

Age Sample Size Mean+.SD Median 

21-30 7 0.79+0.03 0.79 

31-40 6 0.77±0.08 0.78 

41-50 7 0.72+0.08 0.72 

51-60 29 0.76+0.09 0.78 

61-70 143 0.73+0.09 0.74 

71-80 270 0.71+0.08 0.71 

81-90 154 0.66+0.11 0.67 

91-100 9 0.60+0.12 0.57 

Overall 625 0.70+0.10 0.71 

Anthropometric Features and Bone Mineral Variables for Both Sexes 

Measures of bone mineral are presented in this section of the analysis. This 

presentation is not intended to be a direct comparison between the sexes, but rather a 

discussion of the descriptive statistics prior to analysis for bivariate relationships using 

Pearson's Correlation coefficients and linear regression analysis in Chapter 8. As 

anthropometric measurements are known to vary between the sexes, the data for age at last 

scan, height, weight and BMI for both females and males will be presented in tabular form in 

Appendix VI. The presentation in this chapter is limited to age-stratified descriptive statistics 

for distal third radial width, BMC and BMD for both females and males. 

Distal Third Radial Width at Last Scan for Both Sexes 

There are discernible trends in distal third radial width, such that females have 

increasing widths with age. These values are: 1.28 between 51-60; 1.29 between 61-70; 1.29 
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between 71-80; 1.30 between 81-90; and then 1.28 between 91-100 years of age. Distal third 

radial width in males varies much more greatly, with no discernible trend (see Table 7.15). 

Table 7.15: A comparison between sample size and measures of central tendency for distal third radial 
width in cm at last scan by ten-year age intervals in females and males in the merged series. 

Sample Size Mean+.SD Median 

Female Male Female Male Female Male 

21-30 54 7 1.29+0.22 1.46+0.21 1.28 1.52 

31-40 68 6 1.27+0.13 1.47+0.15 1.26 1.51 

41-50 111 7 1.27+0.12 1.51+0.16 1.27 1.48 

51-60 213 29 1.28+0.13 1.57+0.17 1.28 1.57 

61-70 650 143 1.29±0.12 1.54+0.14 1.28 1.55 

71-80 989 270 1.29+0.13 1.55+0.15 1.29 1.55 

81-90 460 154 1.30+0.13 1.57+0.13 1.29 1.56 

91-100 45 9 1.27±0.12 1.51+0.11 1.28 1.51 

Overall 2590 625 1.29+0.13 1.55+0.14 1.28 1.55 

Bone Mineral Content at Last Scan for Both Sexes 

BMC in females decreases dramatically after the age of 50 years; these values average 

0.80 gm/cm between 51-60 and decrease to 0.51 gms/cm by 100 years of age. In males, 

however, these values are 1.18 gm/cm at an initial age of 50 years and decrease to 0.85 

gms/cm by 100 years of age. These values suggest that males maintain higher BMC values 

throughout life than females on average 50 years younger (see Table 7.16). 
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Table 7.16: A comparison between sample size and measures of central tendency for BMC in gr/cm at 
last scan by ten-year age intervals va females and males in the merged series. 

Sample Size Mean+.SD Median 

Female Male Female Male Female Male 

21-30 54 7 0.84+0.10 1.15+0.15 0.86 1.18 

31-40 68 6 0.84±0.ll 1.13±0.18 0.83 1.08 

41-50 111 7 0.85+0.10 1.10+0.21 0.84 1.01 

51-60 213 29 0.80+0.11 1.19+.0.18 0.79 1.23 

61-70 650 143 0.72+0.13 1.13±0.17 0.72 1.13 

71-80 989 270 0.66+0.13 1.10±0.16 0.65 1.10 

81-90 460 154 0.60+0.12 1.03+0.18 0.59 1.02 

91-100 45 9 0.51+0.11 0.91+0.21 0.51 0.85 

Overall 2590 625 0.69+0.15 1.09+0.18 0.69 1.09 

Bone Mineral Density at Last Scan for Both Sexes 

BMD measured in gms/cm^ generally decreases from 0.63 to 0.40 gms/cm^ from 51-

100 years of age in females. In contrast, this same variable decreases from 0.76 to 0.57 

gms/cm^ in males in this same age group (Table 7.17). 
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Table 7.17: A comparison between sample size and measures of central tendency for BMD in gr/cm^ at 
last scan by ten-year age intervals m females and males in the merged series. 

Sample Size Mean+.SD Median 

Female Male Female Male Female Male 

21-30 54 7 0.66±0.07 0.79+0.03 0.66 0.79 

31-40 68 6 0.66+0.06 0.77+.0.08 0.66 0.78 

41-50 111 7 0.67+0.05 0.72+0.08 0.66 0.72 

51-60 213 29 0.63±0.07 0.76+0.09 0.63 0.78 

61-70 650 143 0.56±0.09 0.73+0.09 0.57 0.74 

71-80 989 270 0.51±0.09 0.71+0.08 0.51 0.71 

81-90 460 154 0.46+0.09 0.66+0.11 0.46 0.67 

91-100 45 9 0.40±0.09 0.60+.0.12 0.39 0.57 

Overall 2590 625 0.54+0.11 0.70+0.10 0.54 0.71 

Analysis of Reproductive Variables 

Measures of central tendency are presented for the reproductive variables utilized in 

the female subseries. These variables are intended to assess values for reproductive history -

age at onset of menarche, age at first pregnancy, niunber and duration of pregnancy, age at 

last pregnancy, initiation and duration of breastfeeding and subsequent menopause ~ and sets 

of transformations derived from this history. It is thought that the data gleaned from this 

section of the analysis will be useful to understand the impact of these reproductive variables 

upon measures of bone mineral. 

Moreover, the descriptive statistics for each variable is presented independently of 

other variables. For example, descriptive statistics for menarche are presented independently 

of those for age at menopause. Consequently, the females in this subseries will form the 

larger subset of subjects included in the bivariate and multivariate analyses in the next chapter 

(not all subjects will be used due to selection criteria for each analysis). 
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Age at Menarche 

This variable is directly recorded from the reproductive questionnaire. Age at 

menarche, defined as the initiation of menses, is influenced by genetic influences, health and 

nutritional status. Menarche marks the beginning of reproductive capacity with the biological 

ability to reproduce viable offspring, thereby initiating the beginning of reproductive history. 

An initial assessment of the 3120 females included in this series suggests that 2239 of 

these subjects recorded age at menarche ranging between 7.(X)-52.00 years. All data were 

initially entered as recorded on the reproductive questionnaire in the database; no initial 

assessments of inaccurate recording were made. It is during this phase of the analysis that 

questions of accuracy arise. The values recorded above are thought due to misunderstanding 

the nature of the questions, error of self-recalled data and mistakes during data coding. For 

these reasons, age at menarche is adjusted for these discrepancies. 

Moreover, after evaluating the datasheets, it is possible that individuals may have 

recorded a range in age at menopause instead of age at menarche, since during data entry 

each form was entered as stated on the questionnaire. It is also possible that some individuals 

may have been amenorrheic due to various reasons (e.g., low body fat values, high prolactin 

levels) during their youth, then resxmie menstruation much later in life. For these reasons, 

removal of the outliers in this dataset is necessary. 

As the average and standard deviation are initially recorded as 13.16+.3.28 years, the 

mean plus three standard deviations (3.32-23.00 years) are used to isolate outliers in the initial 

analysis and reassess this subseries. The rationale for such a procedure is that the mean and 

three standard deviations statistically encompass 99.74% of the overall subseries used in this 

section. As the mean less three standard deviations, or 3.32 years of age, is too young to 
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start menstruation, subjects younger tlian 6.00 years of age are excluded. This process will 

include subjects who have experienced menstruation seven years of age or later. 

After placing the upper limit at 23.00 years for the final analysis of age at menarche, 

altogether 2222 (99.24%) of the 2239 female subjects are included, while the other 17 

(0.76%) subjects are lost since values fall outside this limits. Based on these qualifiers, the 

overall error for data recording outside of the normal parameters (as outlined) is estimated to 

be 17 recorded values on 2239 completed forms, accounting for an incidence of 0.76% (see 

discussions of the accuracy of self-recalled data in Chapters S-6). 

In these 2222 women, the average age at menarche is 12.91+.1.57 years. After 

limiting the database with the exclusion process outlined above, the earliest age recorded is 

still 7.00 years; although if correct, ancestral differences (Herman-Giddens et al. 1997:505-

512) or perhaps endocrinological aberrations, such as congenital adrenal hyperplasia, are 

thought to have played a role in subjects who experience menarche so early. The latest age 

is 21.00 years. While this value reflects a range of 14.00 years for initiation of menarche, 

the mean and median scores vary liale; the mean is 12.91 years and the median 13.00 years. 

Age at Menopause 

Menopause, defined as the cessation of menses, is a process that occurs over several 

years. While a number of related symptoms including hot flushes, chills, insomnia, weight 

gain and irritability may occur in the perimenopausal period, the onset of these symptoms 

does not necessarily accompany the cessation of menses. Nearly all female subjects in this 

study recorded a single date for menopause. This date is, presumably, the last date that 

menstrual flow was experienced. Many subjects experienced natural menopause while others 
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had onset of menopause early in their twenties due to bilateral oophorectomy and/or 

hysterectomy. These subjects are included in the initial analysis, but independently assessed 

once these variables are considered. 

Of the 3120 subjects in the complete dataset, 1969 (63.11%) recorded age at 

menopause while 1151 (36.89%) did not and were excluded. The minimum age recorded is 

20.00 years old and the maximum is 83.00 years old, thereby creating a range of 63.00 years. 

The mean and standard deviation in this grouping are 46.63+.7.28 years, not substantially 

different than the median of 48.00 years. 

Again, given the nature of the self-recalled reproductive data, some errors in data-

entry are thought to have occurred, especially for those subjects who reported that they 

experienced menopause at a much later age, such as in their eighth decade of life. For this 

reason, any value three standard deviations above the mean (above 68.47 years) will be 

excluded in the final assessment. Consequently, this will include 1966 subjects who range in 

age between 20.00-68.00 years of age. The revised average and standard deviation, 

46.59+.?. 19 years and the median of 48.00 years is nearly the same as the values above. 

When these data are divided into two groupings ~ those who experienced natural 

menopause and those who experienced early menopause through hysterectomy — the values 

for the mean and standard deviation are substantially different. These data include subjects 

who underwent unilateral or bilateral oophorectomy coupled with or separate ffom 

hysterectomy. For listing of these values, refer to Table 7.18, which compares the sample 

size and descriptive statistics of female subjects who underwent these procedures and recorded 

the appropriate information to be included in this section of the study. 
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Age at Hysterectomy 

Subjects were asked to record if they underwent hysterectomy. Complete removal of 

the uterus and ovaries will lead to cessation of menstruation and onset of surgical menopause. 

If subjects underwent hysterectomy, they were asked to record the age for this event. 

Hysterectomy, without oophorectomy, will be evaluated separately from hysterectomy with 

corresponding bilateral oophorectomy, since subjects classified as the former will still be 

subjected to hormonal fluctuations during the ovarian cycle and subjects classified as the latter 

will no longer undergo these cyclical changes. 

The data collected for the first category, hysterectomy, suggests that 1951 women 

(99.24%) answered whether or not they underwent hysterectomy. Altogether, 1037 subjects 

(53.15%) recorded that they did not experience hysterectomy and underwent menopause at 

49.30+.5.37 years of age. The difference between the overall grouping and this subgrouping 

is an average mean difference of 2.71 years. Consequently, there are some subjects who 

underwent hysterectomy in the original grouping that pulled the average lower than when this 

variable is accounted for (discussed above). 

In contrast, 914 subjects (46.85%) who underwent hysterectomy, the minimum age of 

surgical menopause was 21.00 years and the maximum 65.00 years. The mean and standard 

deviation, recorded as 43.53+.7.78 years, is not significantly different that the median value 

of 45.(X) years (see Table 7.18). 

Age at Oophorectomy 

Unilateral oophorectomy is defined as the removal of one ovary from the subject. If 

only one is removed, production of hormones (estrogen, progesterone, inhibin and relaxin) 
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maintain the reproductive cycle so the reproductive span can continue. The age when an 

ovary is removed is recorded. Differences between subjects who never underwent 

oophorectomy and those who underwent unilateral oophorectomy will be assessed. 

Bilateral oophorectomy refers to the removal of both ovaries. Other sites, including 

the zona reticularis of the adrenal cortex and adipose tissue, will continue to produce small 

amounts of estrogen, although it will not be enough to sustain reproductive ability. If the 

subject underwent bilateral oophorectomy, then the associated age was recorded for the 

purposes of this analysis. 

Some of these subjects indicated that they underwent either unilateral or bilateral 

oophorectomy. The two types of surgeries would yield different physiological consequences: 

1) unilateral oophorectomy, in which an ovary is left behind to produce and secrete a variety 

of hormones, including estrogens, progesterone, inhibin and relaxin; 2) bilateral 

oophorectomy, in which both ovaries are removed, leading to dramatic decreases in estrogen 

that the body cannot adjust for by up-regiilation at the cellular level. 

Altogether, 141 subjects coded unilateral oophorectomy at an average age of 

43.79+.?.91 years. The number of subjects who recorded bilateral oophorectomy is nearly 

the same with 198 subjects at an average age of 43.84Hi8.33 years (see Table 7.18). 

Comparison of Hvsterectomv and/or Ooohorectomv 

Next, both hysterectomy and oophorectomy are considered as combined variables. 

For those subjects who did not experience hysterectomy but did undergo oophorectomy, 39 

underwent unilateral removal at an average age of 48.63+.5.23 years, while three underwent 

bilateral removal at an average age of 40.00+.17.32 years. Since these subjects can no longer 



232 

produce the estrogens and progesterones necessary for the uterine cycle, these subjects are 

placed into the category of induced menopause. The youngest was 20.00 years and the two 

oldest were 50.00 years each. 

Subjects who reported both hysterectomy and oophorectomy are again grouped by 

unilateral or bilateral surgical removal. Fully, 102 subjects reported both hysterectomy and 

unilateral oophorectomy; the associated average age is 41.95+.8.00 years, while 194 subjects 

recorded hysterectomy and bilateral oophorectomy at 43.93+.8.20 years (see Table 7.18). 

Table 7.18 Sample size and measures of central tendency, for age at menopause in years for subjects who 

underwent both natural and induced menopause. 

Procedure Sample Size Mean±SD Median Range 

Menopause 1966 46.59+7.19 48.00 20.00-68.00 

Hysterectomy None 1037 49.30+5.37 50.00 20.00-68.00 Hysterectomy 

Surgical 914 43.53+7.78 45.00 21.00-65.00 

Oophorectomy Unilateral 141 43.79+7.91 45.00 25.00-60.00 Oophorectomy 

Bilateral 198 43.84 +8.33 45.00 20.00-60.00 

Hysterectomy/ 

Oophorectomy 

None/Unilateral 39 48.63+5.23 50.00 36.00-58.00 Hysterectomy/ 

Oophorectomy None/Bilateral 3 40.00+17.32 50.00 20.00-50.00 

Hysterectomy/ 

Oophorectomy 

Surgical/Unilateral 102 41.95+8.00 41.00 25.00-60.00 

Hysterectomy/ 

Oophorectomy 

Surgical/Bilateral 194 43.93+8.20 45.00 21.00-60.00 

Estrogen Usage 

This variable measures the duration that female subjects used estrogen, which could 

be in the form of birth control pills, hormonal supplementation after oophorectomy and 

hysterectomy or for other medically-related reasons. Estrogen usage is known to have 
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beneficial effects upon the postmenopausal skeleton by attaching to estrogen receptors on 

osteoblasts. For this reason, estrogen is prescribed by physicians to prevent bone loss, 

thereby attempting to limit the dehabilitating effects of osteoporosis. Subjects who fall into 

this category will be grouped for the appropriate analyses and separated for others, depending 

upon the variable in question and the rationale for classification. 

Estrogen usage includes past and present usage among women in this study. If a 

woman took this drug in the past, then age and length of usage were requested, while if a 

woman is currently taking this drug, then length of current usage is requested. 

For present estrogen usage, altogether 2295 (73.56%) of the 3120 subjects completed 

the questionnaire. Of these subjects, 619 (19.84% of the original series), recorded all of the 

necessary information on duration to be included in this section of the analysis. These 

subjects averaged 12.57+:11.29 years of estrogen therapy, while the median age was recorded 

at 2.57 years less than the average. The minimum duration is 0.125 years and the maximum 

56.00 years. Finally, 1534 (49.17%) subjects from the original subseries stated that they are 

not currently taking estrogen supplementation. 

Similar fmdings are noted for past estrogen usage. Altogether 1682 subjects filled in 

the necessary information to be included. Of these subjects, 908 or 53.98% of this subseries 

recorded that they used estrogen. While the three minimal ages recorded were 3.00, 4.00 and 

7.00 years, these data are thought to be errors in either responding to the question, recording 

the answer to the question or entry of the data. Therefore, these three subjects were excluded 

and 905 subjects were used in this section of the analysis that ranged in age between 15.00 

and 83.00 years. The average age was 41.594il3.58 years of age, while the median was 

nearly the same at 43.00 years. Of these 905 subjects, 843 recorded an average length of 
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8.84+.9.37 years, far different than the median duration of 5.00 years. These values partly 

reflect the total duration of 0.11 to 55.00 years of usage. 

Finally, both present and past estrogen usage are considered together. Data from 

these subjects are grouped into four categories: 1) both present and past estrogen usage; 2) 

present estrogen usage without past usage; 3) no present usage but past usage; and 4) no 

present or past usage. Altogether 248 women are currently using estrogen and have taken this 

hormone in the past. The average duration of usage is 11.53+.11.26 years. These values 

range, however, from 0.13 to 48.00 years in duration. 

In comparison, 132 subjects presently use estrogen but have not taken this drug in the 

past. These subjects recorded that they have used estrogen for an average length of 

7.99+.9.81 years, 3.99 years greater than the median value. The minimal duration is 0.17 

years and the maximal duration 56.00 years. 

Some subjects have also recorded that they are not currently taking estrogen but have 

taken it in the past. Altogether, 515 subjects recorded that they used estrogen in the past for 

a duration of 6.43+.6.97 years, 2.43 years longer than the median value. There is great 

divergence in the range, with the range between 0.11 and 46.00 years. Of these subjects, 487 

stated the associated age at which estrogen was first used. They averaged 40.23+.13.74 years 

old, very similar to the median age of 41.00 years. The minimal age recorded was 16.00 and 

the maximal age was 83.00 years, after following the selection criteria outlined above. 

Finally, 875 subjects or 28.04% of the original series recorded that they are not 

currently taking estrogen nor have taken it in the past. 

When comparing overall frequencies for estrogen usage, one could question why 

49.17% of the women currently enrolled in this study are not using estrogen supplementation 
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to limit the effects of osteoporosis. Furthermore, 28.04% of these same women claim not to 

have taken estrogen supplementation in the past (see Table 7.19). 

Table 7.19 Sample size and percentage of females who are currently using estrogen or have used 
estrogen in the past. 

Estrogen Usage Subject Number, n=3120. 
Percent of Original Sample 

Past Yes 905 (29.01%) Past 

No 774 (24.81%) 

Present Yes 619 (19.84%) Present 

No 1534 (49.17%) 

Past/Present Past/Present 248 (7.95%) Past/Present 

Past/No Present 515 (16.51%) 

Past/Present 

No Past/Present 132 (4.23%) 

Past/Present 

No PastyNo Present 875 (28.04%) 

Total Reproductive Span 

This time span is calculated by subtracting age at menarche from age at menopause, 

thereby giving the total span of reproductive potential. This variable will be used to 

determine if an average reproductive span exists that is not influenced by age at menarche or 

age at menopause. Do women who experience menarche earlier undergo menopause earlier 

as well? For example, if a young women experiences menarche at 10 years, will she on 

average undergo menopause some 30 years later? Second, by relating reproductive span to 

measures of bone mineral and fracture history, it may be possible to differentiate between 

different patterns of bone loss and subsequent fracmre. Do young girls who experience 

menarche at 10 years and menopause at 40 years have different values of bone loss than 

women who experience menarche at 15 years and menopause at 45 years? Finally, this 
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variable will be useful when comparing these values and developing ratios to other variables 

that will be introduced later, such as total pregnancy span and total breastfeeding span. Total 

reproductive span takes into consideration previous qualifiers for each of these variables, 

onset of menarche after the age of 6.00 years and age of menopause prior to 68.48 years. 

Altogether 1919 (61.51%) of the 3120 subjects recorded ages associated with boUi 

events. No exclusions are made for either bilateral oophorectomy or for hysterectomy. The 

minimum span is determined to be 1.00 year, while the maximum 57.00 years. This 56.00 

year range demonstrates the extensive variability in reproductive potential. On average, 

however, the reproductive span is 33.55+.7.53 years and the median 35.00 years. 

Age at First Pregnancy and Number of Pregnancies 

This is recorded directly into the database from the self-recalled reproductive surveys 

given during the initial scanning visit. This variable documents the number of pregnancy 

events experienced by each subject. Since the category of pregnancy will include abortions, 

miscarriages, premature and term pregnancies, the total number of pregnancies does not take 

into account the length of each pregnancy event. This variable will be used to assess the 

impact of pregnancy on measures of bone mineral — distal third radial width, BMC and BMD 

- before, during and after peak BMD which is achieved, on average, before 30 years of age. 

It is thought that pregnancy experienced before achieving peak BMD will detrimentally impact 

BMD and exacerbate more loss during and after the reproductive period. 

Of the 3120 subjects who participated in this study, 1844 (59.10%) reported a 

minimum of one to a maximum of fourteen pregnancies. These women experienced 

2.86+.1.56 pregnancies, very similar to the median of 3.00 pregnancies (see Table 7.20). 
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Nearly all of these subjects experienced one to four pregnancies, which represents 

52.44% of the original series or 88.73% of the subseries. After the fourth pregnancy, 

dramatic decreases in incidence are noted with each pregnancy. As this variable generally 

documents the number of pregnancies that the subject records, in some cases a woman may 

document a pregnancy but not provide the age-related information needed to complete the next 

section of this study. For age at each pregnancy and subsequent comparisons between 

pregnancies, refer Appendix V. 

Table 7.20 Sample size and percentage of females who became pregnant, listed by total number of 
pregnancies. 

Original Subseries, n=3120 
Percent of Series 

One Pregnancy 308 (9.87%) 

Two Pregnancies 583 (18.69%) 

Three Pregnancies 449 (14.39%) 

Four Pregnancies 296 (9.49%) 

Five Pregnancies 103 (3.30%) 

Six Pregnancies 45 (1.44%) 

Seven Pregnancies 31 (0.99%) 

Eight Pregnancies 15 (0.48%) 

Nine Pregnancies 8 (0.26%) 

Ten Pregnancies 3 (0.10%) 

Eleven Pregnancies 1 (0.03%) 

Twelve Pregnancies 1 (0.03%) 

Thirteen Pregnancies 0 (0.00%) 

Fourteen Pregnancies 1 (0.03%) 

TOTAL 1844 (59.10%) 



238 

Age at Last Pregnancy 

This variable is recorded directly from the reproductive questionnaire. Again, when 

this variable is combined with age at first pregnancy, it will be used to assess the impact of 

pregnancy before, during and after peak bone mineral values are achieved. Moreover, any 

possible relationships between age at last pregnancy, age at menopause and postmenopausal 

bone loss will be studied. For instance, do women who give birth in the later stages of 

reproductive life experience a lower rate of postmenopausal bone loss? Do the elevated levels 

of estrogen and progesterone associated with pregnancy protect the maternal skeleton when 

they occur shortly before menopause? 

Altogether 1821 (58.37%) of the 3120 women recorded age at last pregnancy. These 

subjects ranged in age between 13.00 and 54.00 years of age, representing a range of 41.00 

years. The mean and standard deviation are calculated as 30.374:5.76 (24.61-36.13) years. 

The median value of 30.00 years is nearly identical to the mean. For the descriptive statistics 

on age at last pregnancy grouped by five year increments, see Appendix V. 

Total Pregnancy Span 

This variable applies to women who have become pregnant at least twice during their 

reproductive history. This span is determined by subtracting the age at last pregnancy from 

the age at first pregnancy to mark the total span of pregnancy. For example, if a women first 

becomes pregnant at 13 and last becomes pregnant at 37, the total span of pregnancy exposure 

is 24 years. This variable will be assessed in relation to other variables, age at menarche, 

menopause, pregnancy number, reproductive span, that are used within the database. 
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Moreover, this variable will be used to assess the overall period of life that one spent 

pregnant in relationship to reproductive span and life-span. 

Of the 3120 females, total pregnancy span can be calculated from 1515 (48.56%) 

subjects. While the minimum span is 0.50 years and the maximum is 25.00 years, the 

average span between pregnancies was 7.00+.4.55 years. 

Total Duration of Preenancv 

Total duration of pregnancy is calculated by adding the months of each pregnancy 

together. This value is not the total number of live births, but rather the cumulative total 

number of months that the mother was pregnant. Since the pregnancy can be recognized by 

the mother herself, data-entry for duration typically begins at two months (presumably relating 

to instances where a women miscarries and recognizes the material as an abortus) and ends 

near ten gestational months (for fetuses who were delivered post-term). During pregnancy the 

mother experiences altered endocrinological metabolism; the effects of this change need to be 

accounted for, regardless of the length or outcome of the pregnancy. 

Altogether, 1828 (58.59%) of the 3120 subjects recorded a minimum of 1.00 month 

and a maximum of 90.00 months of pregnancy. The average time spent pregnant is 

23.514:12.45 months, although the median is 18.50 months. 

Ratio of Preenancv Duration to Reproductive Span 

This ratio is developed by first converting pregnancy span from months to years then 

dividing this value as the numerator by the reproductive span as a denominator in years 
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((pregnancy duration in months/12 months)/reproductive span in years). The resulting value 

is used to assess the component of a woman's reproductive life span spent pregnant. 

A total of 1574 subjects recorded all of the necessary information to be included in 

this section of the analysis. These subjects average 6.30%+.4.20% of their reproductive lives 

pregnant; most of these women range between 2.10%-10.50%. Significant variation is noted 

in the proportion of pregnancy span to reproductive span. The smallest component is 0.20% 

and the largest 52.10%. 

Total Duration of Breastfeeding 

The total duration of all breastfeeding events are added together to calculate total 

duration during reproductive history. Whether the subjects breastfed only once the first day 

of delivery or continued to breastfeed for a period of several years, the values are added 

together to estimate total duration and identify possible interrelationships between this variable 

and measures of bone mineral. 

Altogether 1015 women recorded breastfeeding for at least a day after birth of the 

child. The mean and standard deviation are calculated as 10.214^11.72 months. The median 

of 6.00 months is significantly different than the mean of 10.21 months suggesting quite a bit 

of variation. Moreover, the range of 0.07-132.00 months demonstrates this diversity. 

Ratio of Breastfeeding Duration to Reproductive Span 

This ratio is calculated by dividing the value for breastfeeding duration m months by 

twelve months to convert to years, then dividing this value by reproductive span in years. 

The resulting value is multiplied by 1(X) to give the overall percentage that a women has spent 
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breastfeeding during her reproductive life. Consequently, this value compares the segment of 

breastfeeding to total reproductive potential. 

Of the 869 (27.85%) subjects who breastfed and recorded all of the necessary 

information to be included in this section of the analysis, the average portion of the 

reproductive span is 2.70%+.4.20% and the median, 1.60%. These values do not 

demonstrate the diversity in this behavior; the range is 0.1%-77.80%. 

Total Duration of Pregnancv and Breastfeeding 

This variable represents the total duration of both pregnancy and breastfeeding, which 

is calculated by adding the previous variables ~ total duration of pregnancy and total duration 

of breastfeeding ~ together for this analysis. Both of these events are times in which maternal 

serum calcium levels will be altered by hormonal changes in various metabolic pathways. 

This combined grouping will provide a relative index of the amount of time that the subject 

had altered hormonal and metabolic states. 

Altogether, 1831 (58.69%) subjects reported all of the necessary sections on 

pregnancy and subsequent breastfeeding events. The average value is 29.13^18.34 months, 

yet the median score is 27.00 months. The range, between 1.00 and 180.00 months, suggests 

that the minimal value of 1.00 represents a pregnancy for the duration of one month, while 

the maximal value of 180.00 represents six pregnancies (five full-term and one miscarriage 

and/or abortion) and five breastfeeding events for 24-27 months each. 
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Ratio of Pregnancy and Breastfeeding Duration to Reproductive Span 

This ratio is developed by converting the combined pregnancy and breastfeeding 

duration in months to years, then dividing this resulting value as a numerator by the 

reproductive span as a denominator in years. The ending value is multiplied by 100 to give a 

percentage ((total duration of pregnancy and breastfeeding in months/12 months)/total 

reproductive span in years)x 100=ratio). This value represents the ratio of a women's 

reproductive life that she was both pregnant and breastfeeding. 

Altogether 1576 (50.51%) women completed this section of the survey. The average 

percentage was 7.80%+.5-70%, not substantially different than the median value of 6.30%. 

These values, however, do not demonstrate the diversity present in this variable; the minimal 

score is 0.20% and the maximal value is 81.60%. 

Synthesis of Descriptive Statistics 

This chapter provides an outline of descriptive statistics for 4344 subjects involved in 

the Tucson Bone Mineral Study. Two general categories were addressed; indices of bone 

mineral, including distal third radial width, BMC and BMD and reproductive histories. This 

information will lay the foundation and framework for subsequent statistical analysis in the 

next chapter. 

General anthropometry and measures of bone mineral were conducted in the first 

section. These women averaged 69.54 years of age, 165.32 cm in height, 65.00 kg in weight 

and 25.65 kg/m^ in BMI. In contrast, men averaged 72.92 years of age, 172.40 cm in 

height, 77.94 kg in weight and 26.18 kg/m^ in BMI. For measiures of bone mineral, distal 
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third radial width is calculated as 1.28 cm, BMC is 0.69 gr/cm and BMD is 0.54 gr/cm^. 

Distal third radial width is 1.55 cm, BMC is 1.10 gr/cm and BMD is 0.71 gr/cm^. 

An analysis of reproductive variables suggests that mean age at menarche averages 

12.91 years across all age groups, while mean age at natural menopause is 49.30 years. 

When surgically altered, mean age at hysterectomy is 43.53 years and at oophorectomy is 

43.79 years. Altogether, 19.84% of the women are currently taking estrogen supplementation 

over the last 12.57 years, 53.98% have taken estrogen in the past for an average duration of 

8.84 years. For breast cancer, 5.08% of women recorded either previous or current breast 

cancer; the diagnosis made at an average age of 58.64 years. Total reproductive span, defined 

from menarche to menopause, averages 33.55 years. 

Number of pregnancies range from one to fourteen, while the average is 2.86 

pregnancies. Average ages at pregnancy are 24.55 years for first pregnancy and 30.37 years 

for last pregnancy. The overall pregnancy span is 7.00 years. The duration of all 

pregnancies combined is 23.51 months. The ratio between pregnancy duration and 

reproductive span is 6.30%. 

Nearly 55.04% of the women who became pregnant decided to breastfeed her child. 

The average duration is 10.21 months, although extensive variability exists in this behavior. 

When breastfeeding span is compared to reproductive span, the average span is 2.70 years. 

Moreover, when total duration of pregnancy and breastfeeding are added together, the average 

value is 29.13 months. When pregnancy and breastfeeding span are compared to reproductive 

span, the overall average was 7.80% and the range was 0.20% to 81.60%. 
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These descriptive data will provide the foundation for the next chapter, which will 

attempt to interrelate these variables and demonstrate the complex factors that tie categories -

measures of bone mineral and reproductive history -- together. 
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CHAPTERS 

RESULTS; ANALYSIS OF STATISTICAL RELATIONSHffS AND HYPOTHESIS 

TESTING BY TOTAL SERIES AND SUBSERIES 

Introduction 

As previously mentioned, data have been collected from more than 5500 subjects 

involved in various subgroups of the Tucson Bone Mineral Density study over the last 

eighteen years. Of these subjects, data from 3140 women and 1222 men have been used to 

assess the descriptive statistical frequencies presented in the previous chapter and statistical 

interrelationships between a number of variables in this chapter. 

The primary purpose of this chapter is to test the hypotheses initially presented in 

Chapter 2. This will be accomplished by relating measures of bone mineral - distal third 

radial width, BMC and BMD - to the appropriate variables to either suppon or refute these 

hypotheses. Data pertinent to these hypotheses will be related to anthropometric data (height, 

weight and BMI) and reproductive variables (age at menarche, age at menopause, years since 

menopause, the number of pregnancies, the cumulative duration of breastfeeding events and 

percentage of pregnancies and breastfeeding events in relation to total reproductive span). 

Hypothesis Testing Through Analvsis of Bone Mineral Variables 

Statistical relationships will first be evaluated using Pearson's correlation coefficients, 

in which r measures die linear relationship between two variables in question; r^ measures the 

amount of variability or the proportion of variability shared by both variables. These r values 

will be followed by the associated probability of these variables being related by chance 
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events (Daniel 1983:295-323), which can sometimes occur when there are one or two outliers 

that are not representative of the sample (Levin and Fox 1988:322-323). Possible differences 

between females and males will be assessed by using Independent Groups t-Tests, which 

measures the difference between the means. The differences will be measured through t 

values, each with correspondmg p values (Jaccard and Becker 1990:20,228-243,336). 

An analysis of the bone mineral variables will attempt to elucidate the changes in 

distal third of the radius, BMC and BMD as a function of anthropomorphic features measured 

at the last scan, height, weight and BMI. These relationships will be assessed in females. 

Each of the variables related to reproductive history will be divided into one of three 

categories - below one standard deviation of the mean, within one standard deviation of the 

mean and one standard deviation and above the mean — and analysis of variance (ANOVA) 

and Tukey's honest significant difference (HSD) statistical tests conducted. The ANOVA test 

is used since die grouping variable has three or more categories without increasing Type I 

error. The resulting F ratio is developed by calculating the variation between groups in the 

numerator and the variation within groups in the denominator. Tukey's HSD is used after the 

F ratio is developed to understand the nature of the relationship between the variables and to 

compare the significance between paired means across three categories. All differences 

between means are examined and probabilities are calculated (Daniel 1983: 224-230, Levin 

and Fox 1988: 239-267, Jaccard and Becker 1990:286-290,461). 

Moreover, a multiple regression will be conducted on each of the hypotheses to 

elucidate the relationship of two or more dependent variables to the independent variable; and 

fiirthermore, to gain an understanding of the strength of the relationship (Daniel 1983:335-

336, Levin and Fox 1988:384-388, Jaccard and Becker 1990:466-467). 
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Finally, due to the limiters placed on each type of analysis, the subjects used in each 

of the statistical analysis are derived from the series, but do not represent the total series as a 

whole. In Chapter 7, 2239 of the 3120 women recorded age at menarche and 2222 remained 

in this section after exclusion of subjects that fell outside three standard deviations of the 

mean; in Chapter 8, data derived from 752 subjects are used for the correlation matrixes. 

The difference in the sample sizes is due to different selection criteria for age (i.e., age at 

menarche included all age groups and correlation matrix includes women between 46-100) and 

for complete data sets (e.g., selection criteria for age at menarche within a specific range 

while for the correlation, all variables must have data falling within specific ranges). This 

process excludes subjects from the series that may have data entered for one variable but not 

another. Consequently, these selection criteria ensure that the same subjects are used within a 

particular grouping for a hypothesis. 

Hypothesis I 

The height of a person will determine, to some extent, the associated measures of bone 
mineral, while the weight of a person will have a greater relationship to these 
measures. Associated tran^ormations, such as BMI, will also exhibit a correlation, 
since it is a function of both height and weight. 

Anthropometric Features and Bone Mineral Variables in Females 

In female subjects stratified into five-year age cells, there is a statistically significant 

relationship between height (measured in m) and distal third radial width (measured in cm). 

Interestingly, this relationship varies from age cell to age cell with r values ranging between 

r=0.154 (p=0.019) and r=0.491 (p=0.000) within the ages of 46-50 and 86-90 years of 
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age, generally. When these data are age-stratified, nearly all cells have significant 

relationships. The overall values suggest that 2.4%-24.1% of the overall variance in distal 

third radial width can be explained by height. 

The next variable, BMC, is highly correlated to overall height. While a general 

decrease is apparent when these data are age-stratified, nearly all cells demonstrate a 

significant relationship between stature and BMC. The associated r values range from 

r=0.566 (p=0.0(X)) to r=0.253 (p=0.002). While there are minor fluctuations over the 

course of 55 years, the overall r^ values decrease from 0.32 to 0.064, where 32.0% to 6.4% 

of the variance in BMC is explained by final stature. 

The last test measures the relationship between stature and BMD. While the r values 

for this last relationship varies from age cell to age cell, the values generally fluctuate from 

1=0.112 (p=0.020) to r=0.327 (p=0.000). This suggests that 1.3%-10.7% of the variance 

in BMD can be explained by stature. All of these relationships are listed in Table 8.1, which 

states the age in years at last scan, with the associated sample size of each age cell and the 

associated r values with probabilities. 
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Table 8.1. Associated Pearson's r values and probability values for the relationship between stature 
measured in m and bone mineral variables for female subjects. Values for probability are listed as 
p^O.05*, p^O.Ol** and p^O.OOl***. 

Age 

46-50 

51-55 

56-60 

61-65 

66-70 

71-75 

76-80 

81-85 

86-90 

91-95 

96-100 

Sample Size, 
n=2367 

65 

88 

112 

233 

398 

531 

441 

304 

151 

40 

Radial Width 

0.332'** 

0.491*** 

0.282** 

0.154* 

0.285*** 

0.285*** 

0.320*** 

0.242*** 

0.275*** 

-0.007 

-0.832 

BMC 

0.440*** 

0.566*** 

0.445*** 

0.308*** 

0.313*** 

0.297*** 

0.257*** 

0.274*** 

0.253** 

0.217 

0.727 

BMD 

0.253* 

0.267* 

0.327*** 

0.253*** 

0.170*** 

0.166*** 

0.112* 

0.159** 

0.119® 

0.262® 

0.781 

® Using a larger sample from which this subsample is derived, the r value for 
ages of 86-90 years is r=0.177 (p^0.05, n=196) and the r value for subjects 
r=0.259 (p^0.05, n=69). 

subjects between the 
between 91-95 years is 

The next set of variables examines the relationship between weight in kg to distal 

third radial width, BMC and BMD (Table 8.2). Over half of the age cells show significant 

relationships between these variables. Although the values fluctuate from cell to cell, the r 

values range between r=0.116 (p=0.043) to r=0.252 (p=0.002). Weight in kg explains 

1.3%-6.4% of the variance in distal third radial width. 

Generally, more significant relationships exist between weight and BMC. Again, the r 

values fluctuate between these variables, increasing and decreasing by age cell, from r=0.236 

(p=0.027) to r=0.506 (p=0.001) over the course of 40 years. For nearly all age cells, the 

correlation is highly significant (p=0.000). 
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The final r values measure the relationship between weight and BMD. These values 

are significant for the age cells that range between 56-60 to 91-95 years. Although these 

values change slightly, they range from r=0.230 (p=0.001) to r=0.493 (p=0.001), 

remaining significant over the course of 40 years. The associated r^ values predict that 5.3%-

24.3% of the variance in BMD can be explained by weight. 

Overall, the three measures of bone mineral ~ distal third radial width, BMC and 

BMD ~ are significantly, albeit in some cases not strongly, correlated with overall weight. 

These findings are not surprising since overall stress, induced by weight, exercise, estrogen 

conversion from adipose or other factors, can cause deposition of calcium on the skeleton. 

This is also demonstrated by the lack of stress, as in the case of decreased gravity on 

astronauts in space flight. 

Table 8.2. Associated Pearson's r values and probability values for the relationship between weight and 
bone mineral variables for female subjects. Values for probability are listed as p^O.05*, p^O.Ol""" 
and p^O.OOl***. 

Age Sample Size, 
n=2370 

Radial 
Width 

BMC BMD 

46-50 65 0.221 0.240 0.073 

51-55 88 0.159 0.236* 0.144 

56-60 115 0.151 0.317*** 0.275** 

61-65 233 0.178»* 0.298*** 0.230*** 

66-70 398 0.161*** 0.397*** 0.336*** 

71-75 531 0.222*** 0.390*** 0.315*** 

76-80 441 0.236*** 0.368*** o
 

00
 •
 

81-85 304 0.116* 0.326*** 0.277*** 

86-90 151 0.252** 0.400*** 0.272*** 

91-95 40 0.201 0.506*** 0.493*** 

96-100 4 -0.667 0.912 0.931 
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The last anthropometric variable to be examined is between BMI and measures of 

bone mineral (Table 8.3). As mentioned above, this variable is a function of both weight and 

stature (kg/m^). No trends are apparent when the r values for BMI in relation to distal third 

radial width are age-stratified in females, although there are significant relationships between 

BMI and distal third radial width between the age of 71-75 (r=0.114, p=0.009), 76-80 

(r=0.110, p=0.021) and between 86-90 (r=0.161, p=0.049). 

When BMI is compared to BMC, significant trends are noted between 61-95 years of 

age. Although the associated r values oscillate from cell to cell, they generally increase firom 

r=0.170 (p=O.OIO) to r=0.427 (p=0.006) between 61-65 to 91-95 years of age. (The 

associated r value for the 96-100 age cell is not used due to the limited sample size, n=4). 

The relationship between the variables, BMI and BMD, are assessed with this same 

test. A positive, significant correlation exists between BMI and BMD for subjects grouped 

into age cells between 66-95 years. These values do fluctuate from r=0.224 (p=0.000) to 

r=0.382 (p=0.015). This suggests that 5.0%-14.6% of the variability in BMD is related to 

BMI. (Again, the associated r value of r=0.953 (p=0.047) for the 96-100 age cell is not 

used due to the sample size, n=4). 
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Table 8.3. Associated Pearson's r values and probability values for the relationship between BMI and 
bone mineral variables for female subjects. Values for probability are listed as p^O.05*, p^O.Ol** 
and p^O.OOl***. 

Age Sample Size, 
n = 2341 

Radial 
Width 

BMC BMD 

46-50 65 0.109 0.077 -0.034 

51-55 88 0.004 0.050 0.050 

56-60 112 0.055 0.134 0.125@ 

61-65 226 0.113 0.170**@ 0.125@ 

66-70 396 0.043 0.284*** 0.283*** 

71-75 521 0.114** 0.298*** 0.278*** 

76-80 437 0.110* 0.281*** 0.255*** 

81-85 302 0.012 0.223*** 0.224*** 

86-90 150 0.161* 0.350*** 0.265** 

91-95 40 0.232 0.427** 0.382* 

96-100 4 -0.464 0.966* 0.953* 

@ R values are higher when using a larger sample from which this subsample is derived. For instance. 
in subjects who are 61-65 years of age, the r value for the relationship between BMI and BMC is 
r=0.234 (p^O.Ol). In subjects between 56-60 years, the r value is r=0.176 (p^O.Ol, n=245) and 
between 61-65 years, the r value is r=0.219 (p^O.Ol, n=362). These differences reflect the qualifiers 
under which the regression analysis was run. 

Anthropometric Features and Bone Mineral Variables in Males 

The first hypothesis is also tested in males to determine if any relationship exists 

between stature, weight and BMI to distal third radial width, BMC and BMD (Table 8.4). 

The first relationship tested is with Pearson correlation coefficients between height and distal 

third radial width. Height is statistically related to over half of the age cells. The r values 

range from r=0.I92 (p=0.045) to r=0.470 (p=0.001) fluctuating from age cell to age cell 

with no clearly discernible pattern. Moreover, this finding appears to be significant in most of 
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the age cells with larger sample sizes (e.g., n=44 to n= 140). While the correlation 

coefficient is considered unreliable in the 46-50 year age cell (n=4), the r values are reliable 

for subjects between 66-90 years of age. The findings would be strengthened by increasing 

sample size in the male counterpart of this study. 

BMC is also statistically related to body height. While the first age cell is not 

discussed due to limited sample size, nearly all of the other age cells are examined. The r 

values range from r=0.206 (p=0.021) to r=0.697 (p=0.006); the ages range from 51-90 

years of age. Overall, between 4.2% to 48.6% of the variance in BMC can be explained by 

height in males. These findings may become more significant with increase in sample size. 

Interestingly, height is statistically related to BMD in only a few of the cells. With 

the elimination of the 46-50 cell, only two cells remain significant. The first is the 56-60 

year cell (r=0.678, p=0.000). The second is the 71-75 year cell (r=0.218, p=0.010). 
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Table 8.4. Associated Pearson's r values and probability values for the relationship between height and 
bone mineral variables for male subjects. Values for probability are listed as p^O.05*, p^O.Ol""* and 
p^0.001»»». 

Age 

46-50 

51-55 

56-60 

61-65 

66-70 

71-75 

76-80 

81-85 

86-90 

91-95 

96-100 

Sample Size, 
n=599 

14 

14 

46 

94 

140 

126 

110 

44 

Radial Width 

0.968* 

0.515 

0.186 

0.192* 

0.320** 

0.301*** 

0.256** 

0.192* 

0.470*** 

0.382 

BMC 

0.993** 

0.580* 

0.697** 

0.350* 

0.281** 

0.354*** 

0.206* 

0.232* 

0.333* 

0.360 

BMD 

0.986* 

0.353 

0.678** 

0.260@ 

0.145® 

0.218" 

0.041 

0.149 

0.143 

0.227 

@ When the statistical analysis for regression is run with fewer qualifiers, the associated r value for the 
relationship between height and BMD for subjects between the ages of 61-65 years is r=0.273 
(p=0.01, n=102) and for subjects between 66-70 years, the associated r value is r=0.194 (p=0.05, 
n=162). 

The next set of correlations presented in Table 8.5 examines the relationship between 

weight and distal third radial width, BMC and BMD. Only two of the ten age cells have 

weak, yet significant r values. The first relationship exists between weight and distal third 

radial width in subjects 66-70 years of age, with an associated r value of r=0.362 (p=0.000). 

The second relationship is noted in subjects between 71-75 years of age, with an r value of 

r=0.296 (p=0.000). Overall, no trends are apparent for these variables. 

The next relationship to be examined is between weight and BMC. Altogether, six 

age cells, from 61-90 years of age, exhibit significant relationships between these variables. 
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The associated r values vary between r=0.232 (p=0.009) and r=0.457 (p=0.0(X)), 

suggesting that 4.8%-20.9% of the variance in BMC can be explained by weight. 

The last statistical relationship to be discussed is between weight and BMD. 

Altogether, six of the ten age cells exhibit a significant relationship between these variables. 

Although there are fluctuations in the correlation coefficients, a decrease is noted from 51-55 

years with an r=0.564 (p=0.036) to 81-85 years with an r=0.263 (p=0.005). 

In males, overall weight positively impacts both BMC and BMD, the most likely 

reason being that weight is a stressor to the skeletal system, and that system responds 

accordingly. 

Table 8.5. Associated Pearson's r values and probability values for the relationship between weight and 
bone mineral variables for male subjects. Values for probability are listed as p;<0.05*, p^O.Ol** and 
p^O.OOl***. 

Age Sample Size, 
n=599 

Radial 
Width 

BMC BMD 

46-50 4 0.839 0.892 0.925 

51-55 14 0.208 0.517 0.564* 

56-60 14 0.077 0.440 0.446 

61-65 46 0.173 0.426** 0.362* 

66-70 93 0.362*** 0.457*** 0.328** 

71-75 140 0.296*** 0.422*** 0.312*** 

76-80 127 0.072 0.232* 0.234** 

81-85 110 0.122 0.294** 0.263** 

86-90 44 0.200 0.311* 0.228 

91-95 9 -0.102 -0.174 -0.194 

96-100 0 
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The last set of correlation coefficients examines the relationship between BMI and 

distal third radial width, BMC and BMD in order to assess the degree to which BMI affects 

these variables (Table 8.6). Only two age cells exhibit significant relationships between BMI 

and distal third radial width; subjects who are between 66-70 years of age with an r=0.283 

(p=0.006), and subjects 71-75 years of age with an r=0.187 (p=0.027). Overall, there are 

no trends apparent between these variables. 

Next, the relationship between BMI and BMC is examined. Only four age cells show 

significant results. The first three cells are between 61-65 years (r=0.303, p =0.041), 66-70 

years (r=0.437, p=0.000) and 71-75 years (r=0.298, p=0.000). The last cell is between 81-

85 years (r=0.187, p=0.050). Perhaps increased sample size for each of the age cells would 

yield a stronger relationship between each of the variables. 

Finally, the last relationship to be examined is between BMI and BMD. Again, 

significant results are noted. Five of the ten age cells have r values that vary from r=0.532 

(p=0.050) to r=0.209 (p=0.028). While r values for subjects between 56-65 are not 

significant, an increase in sample size may aid in significance. 
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Table 8.6. Associated Pearson's r values and probability values for the relationship between BMI and 
anthropometric and bone niineral variables for male subjects. Values for probability are listed as 
p^0.05», p^O.Ol** and p^O.OOl***. 

Age Sample Size, 
n=599 

Radial 
Width 

BMC BMD 

46-50 4 0.648 0.728 0.801 

51-55 14 0.050 0.389 0.532* 

56-60 14 0.003 0.235 0.263 

61-65 46 0.096 0.303* 0.279 

66-70 93 0.283** 0.437*** 0.350*** 

71-75 140 0.187* 0.298*** 0.239** 

76-80 125 -0.092 0.129 0.244** 

81-85 110 0.011 0.187* 0.209* 

86-90 44 -0.146 0.071 0.128 

91-95 9 -0.492 -0.546 -0.447 

96-100 0 

Analysis of Multiple Regression for Hypothesis I 

A multiple regression is conducted to assess the relationship between height, weight 

and measures of bone mineral, including distal third radial width, BMC and BMD. A 

subsequent age-stratified comparison of mean yalues for distal tiiird radial width, BMD and 

BMD is available in Appendix X, which lists the unstandardized coefficient, the standard 

error, the standardized coefficient, the t score and the level of probability. 

For 2427 females between 46-100 years of age significant correlations exist between 

age, height and weight in relation to distal third radial width. The associated unstandardized 

coefficients and standard errors for age is B=0.001, SE=0.000, T=4.069, p=0.000, for 

height B=-0.0004, SE= 0.000, t=-3.224, p=0.001 and for weight B=0.001, SE=0.000, 

t=6.862, p=0.000. Associated T yalues are all significant at p^O.OOl. This model suggests 
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that there is a significant relationship between the predictors - age, height and weight - and 

distal third radial width (F=I9.119, p=0.000), although the r^ value only explains 2.2% of 

the relationship between these variables and distal third radial width. The standardized 

coefficients suggest that weight is more strongly predictive of distal third radial width than 

height and age at last scan. 

A model is also developed with these same variables and BMC in these same women. 

Again, significant relationships are noted, with the unstandardized coefficients for age B=-

0.006, SE=0.000, t=-25.953, p=0.000, for height B=-O.OOI, SE=0.000, t=-7.684, 

p=0.000 and for weight B=0.003, SE=0.000, t= 15.370, p=0.000. When these variables 

are combined, the resulting F is F=379.I32, p=0.000 with an adjusted r of 0.319. 

Finally, when a model is attempted using these same variables in relation to BMD, 

significant correlations exist between these variables. The unstandardized coefficient for age 

B=-0.005, SE=0.000, t=-30.881, p=0.000. for height B=-0.0006, SE=0.000, t=-6.601, 

p=0.000 and for weight B=0.002, SE=0.000, t= 12.635, p=0.000. The analysis of 

variance for all variables in this model is F=446.795, p=0.000 with an adjusted r^=0.355. 

Based on the standardized coefflcients, these models suggest that first, weight has 

more of a correlation than height, and height more than age to distal third radial width; age 

has more of an effect than weight, and weight more than height to postmenopausal BMC and 

BMD values. Because BMI is constructed from height and weight measures, BMI would be 

expected to be highly associated with all dependent variables. Associations to 

anthropomorphic measures can be determined using height and weight separately, as done 

herein, or by substituting the single BMI measure. However, height, weight and BMI should 
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never be covariate simultaneously in regression models, as BMI is highly correlated to both 

height and weight as expected. 

For 610 males between the ages of 46-100 years of age, only weight is significantly 

correlated with distal third radial width; weight has a unstandardized coefficient of 3=0.001, 

SE=0.000, t=3.409, p=0.001. No other significant associations are noted; the other 

variables (age and height) do not have significant t values. The analysis of variance suggests 

that significant differences exist for distal third radial width based on the predictors, with a 

resulting F value of F=9.697, p=0.000. Overall, this model accounts for 4.1% of the 

variability in the distal third radial width. 

When the coefficients for age, height and weight are used to assess the relationship to 

BMC, two are significant (p^O.OOl). The unstandardized coefficient for age is B=-0.004, 

SE=0.001, t=-5.660, p=0.000 and for weight B=0.004, SE=0.000, t=7.682, p=0.000. 

The analysis of variance suggests that all of these variables are useful as predictors of BMC 

(F=41.846, p=0.000), and together account for 16.8% of the variability in BMC 

(r2=0.168). 

The last measures of bone mineral, BMD, is significantly related to age and weight, 

but not height, in this multiple regression model. The unstandardized coefficients for final 

age are B=-0.003, SE=0.000, t=-7.489, p=0.000, for height B=-0.001, SE=0.000, t=-

3.196, p=0.001 and for weight B=0.001, SE=0.000, t=6.601, p=0.000. The overall F 

value from the ANOVA is F=42.790, p=0.000. Overall, these three variables account for 

17.1% of BMD (r^=0.171). 
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Overall these findings suggest that only weight is statistically related to distal third 

radial width. Weight more so than age, and age more so than height is related to BMC and 

weight more so than age is related to BMD. 

Hvpothesis Testing Through Analvsis of Reproductive Variables 

Statistical relationships are now presented for the reproductive variables used in the 

female subseries - including age at menarche, age at menopause, total reproductive span, 

years since menopause, number of pregnancies, duration of pregnancies and duration of 

breastfeeding ~ in relation to measures of bone mineral, such as distal third radial width, 

BMC and BMD. Such an analysis is useful to define the nature of the relationships, whether 

positive or negative, and the strength of the relationships. 

The data from these women provide sets of unique and varied reproductive histories 

that allow an analysis of statistical correlations to be measured. This will be accomplished 

through presenting and testing a series of hypotheses related to these variables. This is 

accomplished by conducting Pearson's correlation coefficients in correlation matrices. 

As described previously in this chapter, there are different limiters placed on each 

type of analysis, such that the subjects used for one section are derived from the series, but 

do not represent the total series as a whole. The difference in the sample sizes is due to 

different selection criteria, including age sets and complete data sets. The luniters exclude 

subjects that have missing data for one of the categories. Consequently, these selection 

criteria ensure that the same subjects are used within a particular grouping for a hypothesis. 
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Hypothesis II 

When evaluating reproductive histories from these women, age at menarche and 
menopause will determine overall reproductive span. Women who experience longer 
natural reproductive spans will have higher bone mineral indices than women with 
shorter spans, regardless of the age at menarche and menopause. Longer durations of 
estrogen production throughout life will protect against postmenopausal bone loss. 

Menarche. Menopause and Total Reproductive Span 

A statistical examination of the relationship between the menarche, menopause and 

total reproductive span will aid in the evaluation of the factors that influence measures of bone 

mineral. These data are presented in Table 8.7 to attempt to support hypothesis #2 listed 

above. In the first section of this analysis, Pearson's correlation coefficients are used to assess 

the relationship between age at menarche and distal third radial width, BMC and BMD. 

When these data are age-stratified into five-year age cells, no correlation is noted 

between self-recalled age at menarche and age at menopause for nearly all the age cells. Only 

one cell exhibits a negative, significant correlation; the r value for subjects between the ages 

of 91-95 years is r=-0.649 (p=0.031). One possible reason why this cell may exhibit this 

relationship is the sample size of 11 individuals, who are not representative of the overall 

females subseries at this age. 

No significant relationships are noted between age at menarche and distal third radial 

width, BMC and BMD for any of the age cells presented. These values suggest that age at 

menarche does not affect postmenopausal measures of bone mineral when the age of the 

women is taken into account. 
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Table 8.7. Associated Pearson's r values and probability values for the relationship between menarche 
and reproductive variables for female subjects. Values for probability are listed as p^O.05*, 
p^O.Ol** and p^O.OOl***. 

Age Sample Size Menopause Radial 
Width 

BMC BMD 

46-50 9 -0.061 0.238 0.196 -0.180 

51-55 33 -0.142 0.091 0.181 0.176 

56-60 47 0.058 -0.015 -0.169 -0.174 

61-65 92 0.106 -0.079 -0.034 0.006 

66-70 141 -0.017 -0.064 -0.138 -0.109 

71-75 166 -0.078 0.023 -0.070 -0.092 

76-80 126 0.034 0.012 -0.053 -0.067 

81-85 77 0.036 0.000 0.061 0.057 

86-90 49 -0.022 -0.124 -0.011 0.052 

91-95 11 -0.649* 0.204 0.119 0.026 

96-100 1 

The next set of relationships is between age at menopause and distal third radial 

width, BMC and BMD. All subjects who underwent menopause, regardless of the 

circumstances (i.e., natural or surgical) are included in this analysis; distinctions are made 

between these groupings (natural menopause or surgical oophorectomy and/or hysterectomy 

later in this chapter). As indicated in Table 8.8, when age at menopause is compared to distal 

third radial width, BMC and BMD, no statistically significant correlations exist. This 

suggests that age at menopause does not influence measures of postmenopausal bone mineral. 
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Table 8.8. Associated Pearson's r values and probability values for the relationship between menopause 
and reproductive variables for female subjects. Values for probability are listed as p^O.05*, 
p^O.OI** and p^O.OOI***. 

Age Sample Size Radial 
Width 

BMC BMD 

46-50 9 0.404 0.428 -0.016 

51-55 33 -0.154 -0.268 -0.213 

56-60 47 0.071 0.196 0.177 

61-65 92 -0.202 -0.058 0.062 

66-70 141 0.005 0.042 0.040 

71-75 166 -0.028 0.051 0.066 

76-80 126 -0.078 -0.105 -0.075 

81-85 77 0.111 0.150 0.094 

86-90 49 0.049 0.124 0.113 

91-95 11 -0.028 -0.299 -0.278 

96-100 1 

The last set of relationships is tested between total reproductive span and distal third 

radial width, BMC and BMD (Table 8.9). When the subjects are age-stratified Into five-year 

age cells, there are no significant relationships between total reproductive span and any of the 

measures of bone mineral. This suggests that total reproductive span plays little to no role in 

postmenopausal BMD in this group of subjects. 
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Table 8.9. Associated Pearson's r values and probability values for the relationship between total 
reproductive span and reproductive variables for female subjects. Values for probability are listed as 
p^O.05*, p^O.Ol** and p^O.OOl***. 

Age Sample Size Radial 
Width 

BMC BMD 

46-50 9 0.253 0.293 0.063 

51-55 33 -0.186 -0.330 -0.276 

56-60 47 0.073 0.234 0.217 

61-65 92 -0.181 -0.053 0.055 

66-70 141 0.021 0.076 0.067 

71-75 166 -0.034 0.082 0.106 

76-80 126 -0.071 -0.057 -0.024 

81-85 77 0.089 0.097 0.055 

86-90 49 0.074 0.119 0.095 

91-95 11 -0.066 -0.281 -0.244 

96-100 1 

Comparison of Means for Age at Menarche 

In this section of analyses, age at menarche is divided into three categories for further 

comparison to measures of bone mineral. Subjects are grouped into ten-year age-stratified 

cells to maintain adequate sample size, and then age at menarche is divided by subjects who 

experience menarche prior to the age of II.34 years (less than one standard deviation from 

the mean age), subjects with onset of menarche between the ages of 11.34-14.48 years (within 

one standard deviation) and subjects who started menarche greater than the age of 14.48 years 

(more than one standard deviation above the mean). When this division is made, no 

statistically significant relationships are noted between age at menarche and distal third radial 

width through Pearson's correlation coefficients. 
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Next, the mean values are given for distal third radial width in relation to the three 

categories for age at menarche: subjects who experienced menarche prior to 11.34 years; 

subjects who went through menarche between 11.33-14.49 years; and subjects who 

experienced menarche at an age greater than 14.48 years. No significant differences exist 

between the means. 

These same groupings are also used to examine the relationship between age at 

menarche and BMC in these subjects. Again, no correlations are noted between these 

variables for any of the age cells. 

The values for the mean and standard deviation are presented for BMC for female 

subjects divided into three groups for age at menarche. Mean BMC values are 2.15% higher 

in women who underwent menarche prior to 11.34 years than women who underwent this 

process between 11.33-14.49 years. Moreover, mean values for women who underwent 

menarche after the age of 14.48 years are 5.3% higher than women who experienced 

menarche within the mean in the earlier age cells. 

There is a decline in the difference between the groups as a function of age. For 

instance, when the means are compared in the first two groups, women between the ages of 

46-55 years have a difference of 2.15%, while women between the ages of 86-95 years have a 

difference of 1.05%. When this same analysis is conducted on the groupings for women who 

underwent menarche between 11.33-14.49 years and women who underwent menopause after 

14.48 years, the difference in the rate of loss is much greater. For instance, women between 

who experienced menopause after 14.48 years between the ages of 46-55 years have a loss of 

5.3% compared to women who experienced menarche between 11.33-14.49 years. 
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Finally, when comparing the mean loss as a ftinction of age, women who experienced 

menarche prior to 11.34 years lost 31.06% BMC, women who experienced menarche between 

11.33-14.49 years lost 30.30% and women who underwent menarche after 14.48 years lost 

35.86% BMC from 46 to 95 years of age. 

When age at menarche is compared to BMD, no significant correlations are noted 

except 42 subjects who are currently between the age of 66-75 years and experienced 

menarche after the age of 14.48 years. The Pearson's correlation coefficient is r=-0,316 

(p=0.041). The only other age cell with an adequate sample size is composed of subjects 

currently between 76-85 years of age, who experienced menarche after 14.48 years. These 

subjects, however, have a very low r value, r=0.023 (p=0.889). 

The means and standard deviations are presented for BMD for women who are 

grouped into three categories for age at menarche. When the difference in BMD is assessed 

between women who underwent menarche prior to 11.34 years and women who experienced 

menarche between 11.33-14.49 years, the mean values indicate that women who underwent an 

earlier age at menarche have higher BMD values compared to the group who experienced 

menarche between 11.33-14.49 years. While this difference is 3.55% in subjects between the 

age of 46-55 years, this difference decreases to 1.38% in subjects 86-95 years of age. 

When the BMD values for women who experienced menarche after 14.48 years of age 

are compared to women who experienced menarche between 11.33-14.49 years, all but one 

age cell (76-85 years) has mean values that are higher than for the average group. These 

values range from 4.60% in subjects between 46-55 years of age to 4.36% in women 86-95 

years of age. The difference in the rate of mean BMD loss does not decline as dramatically. 
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Finally, when the mean rate of loss is assessed within each category, women who 

experienced menarche prior to 11.34 years have the highest mean rate of postmenopausal 

bone loss at 35.92%, women who experienced menarche between 11.33-14.49 years have a 

loss of 32.72% and women who experienced menarche after 14.48 years have a loss at 

32.89% over the course of 50 years. 

Next, ANOVA and Tukey's HSD tests are performed for the variables listed. No 

significant differences are found for any of the age cells for differences between the means for 

distal third radial width, BMC and BMD in relation to age at menarche (see Figure 8.1 and 

Appendices VII-IX). 
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Figure 8.1. Measures of bone mineral grouped by age at menarche. Values for probability 
are listed as p^O.05*, p^O.Ol** and p^O.OOl***. 
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Comparison of Means for Aee at Menopause 

The next relationship examined is between age at menopause and distal third radial 

width, BMC and BMD by means of Pearson's correlation coefficients. While no apparent 

trends are noted, two age cells have significant correlations. Significant r values, r=-0.220 

(p=0.048), exist between these variables for subjects between 66-75 years of age and 

exper ienced menopause  af ter  the  age  of  53.78 years .  The second s ignif icant  r  value ,  r=-

0.589 (p=0.034), exists between these variables for subjects between the ages of 86-95 years 

and who experienced menopause before 39.40 years of age. 

The means and standard deviations are presented for distal third radial width in 

subjects that are grouped into three categories for age at menopause: women who experienced 

menopause prior to 39.40 years, women who experienced menopause between 39.40-53.78 

years; and women who underwent this process after the age of 53.78 years. Women between 

the ages of 46-85 who underwent menopause prior to 39.40 years have the highest values for 

distal third radial width compared to women who experienced menopause between 39.40-

53.78 years. In women who experienced menopause between 39.40-53.78 years, the mean 

value for distal third radial width increases by 6.52% over the course of 50 years. These 

mean values are very similar to values presented for women who experienced menopause after 

53.78 years, although the difference between the means is not significant. 

The next relationship examined is between age at menopause and BMC in these same 

subjects. When these r values are age-stratified, there are no significant relationships between 

age at menopause and BMC. 

Next, the means and standard deviations for BMC are presented for women who 

experienced menopause prior to 39.40 years, between 39.40-53.78 years and after 53.78 
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years. Women who underwent menopause prior to 39.40 years have the highest values for 

BMC compared to the two others groupings. When the mean values are compared between 

groupings, there is a 5.87% greater BMC value for women between the ages of 46-55 who 

underwent menopause prior to 39.40 years compared to women who went through this 

process between 39.40-53.78 years. This difference drops to 4.02% in women between 86-95 

years of age. 

No trend is apparent when mean BMC values for women who experienced menopause 

after the age of 53.78 years are examined. Some age cells have increased values, while other 

age cells have decreased values. Only one age cell shows significant differences, women 

between 56-65 years have significant differences between these three means (F=4.434, 

p^0.05). Since other cells do not have significance, these results may be due to sampling 

error alone. 

Finally, when the rate of loss within a particular category is examined, women who 

experienced menopause lost the greatest amount of bone with a mean loss of 35.18%, women 

who experienced menopause between the ages of 39.40-53.78 year had a mean loss of 28.5% 

and women who underwent menopause after the age of 53.78 years had a mean loss of 

22.77% over the course of 50 years. These results are no surprising, since women the rate of 

bone loss is dependent upon the length of time that a women has been postmenopausal. 

No significant relationships are noted when assessing the relationship between age at 

menopause and BMD. 

The means and standard deviations are listed for BMD in women who are grouped by 

age at menopause. In this cross-sectional study, women who experienced menopause before 

the age of 39.40 years on average begin their postmenopausal years with the highest mean 
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values for BMD. These values begin at 0.663 gr/cm^ in subjects between 46-55 years of age 

and decline to 0.426 gr/cm^ in women 86-95 years of age. This represents a loss of 35.75% 

of BMD over the course of 50 years. 

Women who experienced menopause between 39.40-53.78 years (within a standard 

deviation of the mean) have low to lowest BMD values, depending on the age cell in question. 

These values are 0.645 gr/cm^ in women between 46-55 years and are 0.436 gr/cm^ in 

women 86-95 years of age. This represents a loss of 32.40% of mean BMD. 

Finally, women who experienced menopause after 53.78 years have fluctuating mean 

values that cannot be described as high or low compared to the others. These values 

generally decrease from 0.625 gr/cm* to 0.468 gr/cm% which represents a decrease of 

25.12% in mean BMD over the course of 50 years. Again, the reason why these values may 

be so high is that age at menopause is much greater and closer to the age at which the last 

measurement was taken. 

Next, ANOVA and Tukey's HSD tests are performed to examine the difference 

between the means. Only one age cell, women between the ages of 56-65 years, exhibit 

significant differences between the means for BMC and BMD for women who experienced 

menopause prior to 39.40 years and women who experienced menopause between 39.40 and 

53.78 years. The corresponding F ratio is F=4.434, p=0.13 for BMC and F=3.661, 

p=0.028 for BMD between these two categories (see Figure 8.2 and Appendices VII-IX). 
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Figure 8.2. Measures of bone mineral grouped by age at menopause. Values for probability 
are listed as p^0.05», p^O.Ol** and p^O.OOI***. 
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Comparison of Means for Total Reproductive Span 

In the next part of the analysis, total reproductive span for women who underwent 

natural menopause is compared to distal third radial width, BMC and BMD. This variable 

has a mean value of 33.55+.7.53 years and a median value of 35.0 years. Total reproductive 

span is separated into three categories: including subjects who have a total reproductive span 

of less than 26.02 years (less than one standard deviation below the mean), subjects with a 

total reproductive span of 26.03-41.07 years (within one standard deviation of the mean) and 

subjects who have a total reproductive span greater than 41.08 years (who are one standard 

deviation above the mean and beyond). Pearson's correlation coefficients are used to assess 

the relatedness between this variable and measures of bone mineral. No significant 

correlations are noted between total reproductive span and distal third radial width for any of 

the age cells listed. 

In the next section of the analysis, women who have a short reproductive span (less 

than 26.03 years) have the greatest values for distal third radial widths with one exception. 

Distal third radial width is 4.06% greater in women with a short reproductive span compared 

to women with an average reproductive span. These values remain higher over the course of 

50 years, with a difference between these same of categories of 1.91% in women 86-95 years 

of age. The percent increase across age cells is not calculated since values fluctuate greatly. 

Women with intermediate reproductive spans, on average, have the lowest values for 

distal third radial widths compared to women with longer or shorter reproductive spans. 

While these values generally increase, from 1.233 cm to 1.310 cm, only one age cell, women 

between the ages of 86-95 years, has a high value when comparing categories. The percent 

increase is 6.24% between subjects 46-95 years of age. 
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Women who have a reproductive span lasting longer than 41.07 years have fluctuating 

distal third radial width values that may be highest or lowest depending on the age cell in 

question. The increase in width from subjects 46-55 to subjects 86-95 is 4.79%. 

With these same criteria, no significant relationships are noted when total reproductive 

span is compared to BMC. Next, BMC values for the mean and standard deviation are 

examined for total reproductive span in women with natural menopause. Generally, women 

who had a short total reproductive span of less than 26.03 years in younger age cells have the 

highest values, 0.848 gr/cm, for BMC compared to women in older age cells. These same 

women, however, end with the lowest BMC values (0.560 gr/cm). The rate of decrease in 

scores is 33.96% between the ages of 46-95 years. 

Women with an intermediate total reproductive span have intermediate or low values 

for BMC in all age cells. These mean values are 0.796 gr/cm between the ages of 46-55 

years, thereafter declining to 0.572 gr/cm between 86-95 years. This represents a decrease of 

28.14% over the course of 50 years. 

The last group, women who have a reproductive span longer than 41.07 years have 

either the highest mean values or intermediate mean values for BMC across all age cells. 

These mean values begin at 0.736 gr/cm at 46-55 years of age, then decline to 0.583 gr/cm 

between 86-95 years of age. This represents a decrease of 20.79% in mean BMC values 

between 46-95 years of age. This last grouping lost the least BMC over this time span, 

presumably due to their late menopause. 

When the relationship between total reproductive span and BMD is assessed, no 

significant relationships are noted. The negative association between total reproductive span 

in subjects aged 46-85 with a span shorter than 26.03 years and subjects 56-75 with a span 
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greater than 41.07 years and BMD is presumably due to several factors: earlier age at first 

pregnancy and later age at last pregnancy, increased calcium drains through pregnancy and/or 

breastfeeding coupled with greater bone cycling without recuperation time and other factors. 

Certainly, this group of subjects deserves more investigation in the future. 

In the next section of the analysis, the means and standard deviations are presented in 

for BMD for women in three categories related to total reproductive span. Generally, women 

who underwent natural menopause and have a reproductive span shorter than 26.03 years 

have the highest mean value, 0.662 gr/cm^ and end with the intermediate mean value of 0.435 

gr/cm^ for BMD. This reflects a loss of 34.29% of BMD between the ages of 46-95 years. 

Women who experienced natural menopause between 26.03-41.07 years have mean 

values that are intermediate or lowest between the ages of 46-85 years. These mean values 

begin at 0.647 gr/cm^ between 46-55 years of age and end with 0.474 gr/cm^ between 76.85 

years of age. The last age cell in this category has the highest mean value of 0.441 gr/cm^ 

between 86-95 years of age. Overall, there is a 31.84% loss in mean BMD over the course 

of 50 years. Finally, women who experienced natural menopause and have a reproductive 

span greater than 41.07 years have fluctuating mean values for BMD. 

Next, ANOVA and Tukey's HSD tests are presented to evaluate the differences 

between the means for each of the categories. Significant differences are noted with an F 

value of 3.801, p=0.026 between the means for BMC when subjects between the ages of 46-

55 years are divided into categories by total reproductive span. Since there was one category 

with less than two subjects, posthoc tests were not performed by SPSS. 

Significant differences are also noted between the means for BMC and BMD in 

women between the ages of 56-65 years. The resulting F value for BMC is F=5.778, 
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p=0.004 with the differences noted between the lowest and average total reproductive span 

groups and average and highest reproductive span groups, but not the lowest and highest total 

reproductive span groups (Figure 8.3 and Appendices VII-IX). 
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Figure 8.3. Measures of bone mineral grouped by total reproductive span. Values for 
probability are listed as p:<0.05*, p^O.Ol** and p^O.OOI***. 
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Comparison of Means for Total Reproductive Span in Women With Hysterectomy 

The next part of this analysis examines the relationship between total reproductive 

span in women who have underwent hysterectomy but not oophorectomy in relation to distal 

third radial width, BMC and BMD by means of Pearson's correlation coefficients. R values 

are presented between this variable and distal third radial width. Due to the limited sample of 

women with total reproductive spans less than 26.03 years and virtually no data for women 

with spans greater than 41.07 years, comparison between these categories is not possible. 

The means and standard deviations are presented for mean distal third radial widths of 

women in this grouping. Women between 46-55 years and who have a short reproductive 

span have the largest distal third radial widths, with an average of 1.294 cm, than women in 

the other groupings. These values remain the highest between 56-65 years, then decrease to 

values that are intermediate between 66-85 years. This represents an overall mean decrease of 

2.09% of the distal third of the radius over 40 years. The last age cell is not included due to 

the limited sample size. 

Women with a reproductive span between 26.03-41.07 years have distal third radial 

width values that are intermediate or highest in age cells. These mean values start at 1.220 

cm in women 46-55 years of age and end with 1.299 cm in women 86-95 years of age. This 

reflects an increase of 6.48% in distal third radial width when comparing mean values across 

age cells over 50 years. 

Since only a few women have a reproductive span greater than 41.07 years, the data 

cannot be used due to limited sample sizes. 

The relationship between total reproductive span and BMC is assessed in this same 

group of women. For women who experienced a total reproductive span less than 26.03 
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years, only one age cell (women between the ages of 56-65 years) has an r-value of r=0.605 

(p=0.013). These findings may be due to the limited sample size of 16 in this cell. Since no 

other trends are apparent in women with a reproductive span of less than 26.03 years, this 

seems a likely explanation. 

Next, the values for the mean and standard deviation are presented. Females who 

underwent surgical hysterectomy and have a reproductive span of less than 26.03 years begin 

with the highest mean value of 0.874 gr/cm, drop to intermediate values and end with the 

lowest mean value of 0.578 gr/cm for BMC. This represents a decrease of 33.87% in BMC 

between the ages of 46-85 years. 

Women with a reproductive span that ranges between 26.03-41.07 years have 

fluctuating mean values with no overall trend. These values begin at 0.833 gr/cm between 

46-55 years of age and end with 0.547 gr/cm between 86-95 years of age. Overall, the mean 

decrease in BMC is 34.33%. These subjects lost the greatest amount of BMC over 50 years. 

Mean values for women with a reproductive span greater than 41.07 years is not compared 

due to inadequate sample sizes. 

The next section of the analysis examines the relationship between total reproductive 

span and BMD in this same group of women, who had hysterectomy but not oophorectomy. 

Again, a strong relationship exists between women between the ages of 56-65 years with a 

total reproductive span of less than 26.03 years. The r values of r=0.610 (p=0.012) between 

these variables for these 16 subjects is perhaps due to the limited sample size. It is also 

possible, however, that sampling error may also account for this finding. This is the same 

age cell listed previously and may accoimt for this finding as well. 
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Next, for women who underwent hysterectomy but not oophorectomy, the means and 

standard deviations for total reproductive span are presented. Women with a reproductive 

span shorter than 26.03 years have the lowest mean values or intermediate mean values for 

BMD. These values start at 0.675 gr/cm^ and end at 0.439 gr/cm^, representing a mean 

decrease of 34.96% over the course of 50 years. 

Women between 46-55 years of age with a reproductive span between 26.03-41.07 

years begin with the highest mean values of 0.686 gm/cm^ for BMD. The mean values are 

intermediate between 76-85 years of age, then are lowest between 86-95 years of age. The 

mean decrease of 38.05% BMD is substantial. So few subjects have a reproductive span 

greater than 41.07 years, so the data are not described. 

Next, ANOVA and Tukey's HSD tests are performed for the means for distal third 

radial width, BMC and BMD in relation total reproductive span in women who underwent 

hysterectomy. No significant differences were found between the means for these variables in 

women between the ages of 46-105 (Figure 8.4, Appendices VII-IX). 



284 

Figure 8.4. Measures of bone mineral grouped by total reproductive span in women with 
hysterectomy. Values for probability are listed as p^O.05*. p^O.Ol** and p^O.OOl 
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Comparison of Means for Total Reproductive Span in Women with Oophorectomy 

Very few data exist to examine the relationship between total reproductive span in 

women who have not had hysterectomy but have had oophorectomy and distal third radial 

width. Nearly all age cells have inadequate sample sizes. 

In this next section, the values for the mean and standard deviation for distal third 

radial width are presented for women who underwent oophorectomy are separated into three 

categories by specific age groups for total reproductive span. So few women underwent this 

process that no comparisons are made. 

There are no data to assess the relationship between total reproductive span and BMC 

for these same subjects. Only two age cells have r values, and these are not significant. The 

values for the means and standard deviations for BMC are listed for in three groups of women 

who underwent oophorectomy in relation to total reproductive span. Since the sample sizes 

are limited between age cells, no comparisons are made. The correlations between total 

reproductive span and BMC cannot be assessed due to the inadequate sample sizes. 

The means and standard deviations for BMD are listed in groups of women who 

underwent oophorectomy are divided into categories by total reproductive span. So few 

women fell into this category that sample size is limited and comparisons are not made. 

In the next section of the analysis, ANOVA and Tukey's HSD are performed. No 

significant differences were found between the means for distal third radial width, BMC and 

BMD for any of the age cells between 46-105 years. Some cells did not have significant 

sample sizes to run Tukey's HSD tests between three categories (Figure 8.5, Appendices VII-

IX). 



Figure 8.5. Measures of bone mineral grouped by total reproductive span in women with 
oophorectomy. Values for probability are listed as p^O.05*, p^O.Ol** and p^O.OOI*** 
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Comparison of Means for Total Reproductive Span in Women With Oophorectomy and 
Hysterectomy 

Next, the relationship between total reproductive span and distal third radial width is 

assessed for women who have underwent both hysterectomy and oophorectomy. A significant 

r value, r=-0.405 (p=0.012), is noted for women between the ages of 76-85 years and who 

experienced a total reproductive span of less than 26.03 years. This relationship is not noted 

in women of other ages who have short reproductive spans. No significant relationships are 

noted for women with a reproductive span between 26.03-41.07 years or greater. 

Next, when the mean values are examined for distal third radial width in women who 

underwent oophorectomy and hysterectomy and experienced a total reproductive span of less 

than 26.03 years, a number of relationships are noted. For instance, women in this category 

Stan with the highest mean value, 1.292 cm. Values for distal third radial width fluctuate and 

end with the same low values as women with an average reproductive span. No overall 

trends are apparent from age cell to age cell. 

When distal third radial width values for women who have a reproductive span 

between 26.03-41.07 years are examined, the values again fluctuate greatly from age cell to 

age cell. Finally, there are so few data available in the last category, women with a total 

reproductive span greater than 41.07 years, that these data are not examined. 

When the relationship between total reproductive span and BMC is examined, no 

significant relationships exist for any of the age cells, except for women between the ages of 

66-75 years with total reproductive spans of less than 26.03 years. The associated Pearson's 

correlation has an r value of r=-0.317 (p=0.016), suggesting an significant relationship for 

this group of women. Possible reasons that these women may have significant r values and 
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not women in the later age categories include chance alone, or perhaps, differential 

survivability in these age groups. 

Next, when the means and standard deviations are compared for women who have a 

total reproductive span of less than 26.03 years and who underwent both hysterectomy and 

oophorectomy, a trend can be seen. Women with short reproductive spans with these 

qualifiers have intermediate and high mean values, 0.802 gr/cm between 46-55 years of age 

and 0.807 gr/cm between 56-65 years of age, then have values that are much lower, 0.531 

gr/cm, for subjects 86-95 years of age. This reflects a decline of 33.79% in mean values 

from 46-95 years of age. Subjects 96-105 years is not included due to limited sample size. 

Next, subjects with a total reproductive span of 26.03-41.07 years have high to 

intermediate values for mean BMC for each of the age cells. Subjects between the ages of 

46-55 years have mean values of 0.842 gr/cm, while subjects between 86-95 years have mean 

values of 0.619 gr/cm. This reflects a decrease of 26.48% in the mean for BMC. Again, the 

last age cell is not included due to limited sample size. 

The last grouping, subjects with a total reproductive span greater than 41.07 years are 

not included in this analysis due to limited sample sizes in each of the age cells. 

Three cells showing significant relationships are noted between total reproductive span 

and HMD. In women between the ages of 66-75 years who experienced a total reproductive 

span of less than 26.03 years, the r value is r=-0.279 (p=0.036) suggesting a correlation 

between these variables in these women. 

There are two significant r values for women with total reproductive spans between 

26.03-41.07 years. The first r value, r=0.343 (p=0.020), is between these same variables 

for women between the ages of 56-65 years. The second r value, r=0.632 (p=0.028), is 
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with women between total reproductive spans between 26.03-41.07 years between the ages of 

86-95 years. In the case of the second relationship, the associated sample size is significantly 

small, with only 12 subjects in this age cell. 

The means and standard deviations for BMD are listed for women who underwent 

both hysterectomy and oophorectomy and who are grouped by duration of total reproductive 

span are examined. Generally, women who had a reproductive span of less than 26.03 years 

have lower mean BMD values than women with an intermediate length for total reproductive 

span. In the case of women between 46-55 years, the mean value is 0.621 gr/cm^ compared 

to women with a reproductive span between 26.03-41.07 years with the mean value of 0.653 

gr/cm^. This reflects a mean difference of 4.90% between these groupings. Moreover, this 

difference increases in later age cells. For instance, the percent difference in subjects between 

86-95 years of age is 14.52%. 

When these same data are examined in women with a total reproductive span of less 

than 26.03 years, the overall decrease in mean values as a function of age is 33.55%. While 

the decrease is 26.19% in women with a reproductive span between 26.03-41.07 years. 

Next, ANOVA and Tukey's HSD difference of means tests are presented for total 

reproductive span in women who underwent both oophorectomy and hysterectomy. Only two 

age groups show significant differences between the means. As previously mentioned, women 

between 76-85 years have significant differences between the lowest and the highest categories 

for total reproductive span when separated by means for BMC with an F value of 3.093, 

p=0.049. Women between 86-95 years of age have significant differences between the means 

with an F value of F=4.659, p=0.040 for BMC and F=5.027, p=0.033 for BMD, although 
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there was not a significant sample size to run the analysis for Tukey's HSD (Figure 8.6, 

Appendices VTI-IX). 
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Figure 8.6. Measures of bone mineral grouped by total reproductive span in women with 
hysterectomy and oophorectomy. Values for probability are listed as p^O.05*, p^O.Ol** 
and p<0.001***. 
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Analysis of Multiple Regression for Hypothesis II 

A multiple regression is conducted to assess the relationship between age at menarche, 

age at menopause and total reproductive span to distal third radial width, BMC and HMD. 

An age-stratified model is developed. The four models - run with natural menopause, 

oophorectomy, hysterectomy and both oophorectomy and hysterectomy - are found in 

Appendix X. 

Altogether, 1582 females who have completed the survey and recorded age at 

menarche and age at menopause are included in this analysis. In an analysis with all subjects 

in the four groups listed above, the only variable that has a significant relationship is age at 

last scan and distal third radial width (B=0.0007, SE=0.000, t=2.204, p=0.028). Age at 

menarche, age at menopause and total reproductive span do not factor into this analysis. 

Overall, the model does not have a significant F value and the adjusted r^ is 0.001. In the 

next  analys is ,  only  age  a t  las t  scan is  s ignif icant ly  re la ted  to  BMC (age a t  las t  scan,  B=-

0.007, SE=0.000, t=-22.615, p=0.000). This model has an F value of F= 135.337, 

p=0.000 and has an adjusted r^ of 0.254. Finally, only age at last scan is significantly 

related to BMI ( for age at last scan, B=-0.005, SE=0.000, t=-26.074, p=0.000). The 

model has an F value of F= 178.522, p=0.000 with an r^=0.310. Overall, these models 

suggest that only age at last scan is significantly related to distal third radial width, BMC and 

BMI when these data are age adjusted, and diat age at menarche, age at menopause and total 

reproductive span do not significantly affect these variables. 

When the 757 subjects who underwent namral menopause are included, only age at 

last scan shows a significant relationship to distal third radial width (age at last scan, 

B=0.001, SE=0.000, t=2.044, p=0.041). The other variables — age at menarche, age at 
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menopause and total reproductive span — do not significantly affect distal third radial width in 

this grouping (F= 1.672, p=0.155). The model only accounts for 4.0% of the variance 

(r^=0.04). In the next analysis, only age at last scan is significantly related to BMC (for age, 

B=-0.006, SE=0.(X)0, t=-14.682, p = 0.000). The F value for the model is F=56.030, 

p=0.000 with an adjusted r^ of 0.226. For BMI, only final age at last scan shows a 

significant relationship (B=-0.005, SE=0.000, t=-17.106, p=0.000). The associated F 

value is F=76.212, p=0.000 with an adjusted r^ of 0.285. An overview of each of the 

models suggests that age at last scan is the only significant determinant of distal third radial 

width, BMC and BMD in these models. 

In the 234 women who underwent hysterectomy but not oophorectomy, no significant 

relationships exist for these variables (age at last scan, age at menarche, age at menopause and 

total reproductive span) and distal third radial width. Only age at last scan has a significant 

relationship with BMC (for age, B=-0.008, SE=0.001, t=-10.367, p=0.000). Overall this 

model accounts for 35.9% of the variance (adjusted r^=0.359) and the associated F value is 

F=33.557, p=0.000. Moreover, age at last scan is also significantly related to BMI (for age, 

B=-0.006, SE=0.000, t=-12.158, p=0.000). The ANOVA lists an F value of F=44.116, 

p=0.000 and the model summary states an adjusted r^ value of 0.425. Overall, no significant 

correlations exist between these variables and distal third radial width. Only age at last scan 

is significantly correlated with BMC and BMD, with r^ of 0.359 and 0.435, respectively. 

For the 41 females who underwent oophorectomy but not hysterectomy, no predictors 

for a model exists for distal third radial width (F= 1.550, p=0.209). Only age at last scan is 

a useful predictor of BMC (for age, B=0.011, SE=0.002, T=-4.792, p=0.000). The F 

value for ANOVA is F=6.036, p=O.OOI) with an adjusted r^ of 0.335. For BMI, only age 
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is a useful predictor (for age, B=-0.008, SE=0.002, t=-4.943, p=0.000). This model has a 

F value of F=7.258, p=0.000 with an adjusted r^ of 0.385. In general, while age at last 

scan is not a useful predictor of distal third radial width, it is useful for BMC and HMD. No 

other variables have significant relationships. 

In the final part of this linear regression, only the 418 women who experienced both a 

hysterectomy and oophorectomy are included. None of the variables have significant 

relationships to distal third radial width (F=0.I26, p=0.973). Unlike the groupings listed in 

the previous paragraphs, the 418 women who went through complete surgical menopause do 

have significant relationships between age at last scan, age at menarche, age at menopause and 

total reproductive span and BMC. For these variables, the associated t value and probability 

are significant. These are as follows: for age at last scan, B=-0.007, SE=0.001, t=-10.839, 

p=0.000; for age at menarche, B=0.067, SE=0.032, t=2.134, p=0.033; for age at 

menopause, B=-0.067, SE=0.031, t=-2.148, p=0.032; and for total reproductive span, 

B=0.0691, SE=0.031, t = 2.215, p=0.027. Overall, the associated F value is F=33.I54, 

p=0.000 with an adjusted r^ of 0.236. 

Values for the relationship between these variables and BMI are more significant. 

These are as follows: for age, B=-0.055, SE=0.000, t=-12.007, p=0.000; for age at 

menarche, B=0.055, SE=0.022, t=2.535, p=0.012; for age at menopause, B=-0.055, 

SE=0.022, t=-2.564, p=0.011; and for total reproductive span, B=0.057, SE=0.022, 

t=2.642, p=0.000. Overall, the ANOVA has an F value of 41.266, p=0.000 with an 

adjusted r^ of 0.279. Lastly, while there are no predictors for distal third radial width, all 

variables can be used as predictors of BMC and BMD. Female reproductive variables - age 
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at menarche, age at menopause and total reproductive span ~ are significantly correlated with 

BMC and BMD to develop an age-adjusted linear regression model. 

Hypothesis III 

Pregnancy will have an effect on postmenopausal measures of bone mineral. Women who 
become pregnant very early in life, such as in the early teenage years, or later in life, such as 
after 30 years, will have lower measures of postmenopausal bone mineral. Women who 
became pregrumt after reaching peak BMD will have greater postmenopausal BMD with more 
limited skeletal impact. Thus, women within the same final age group who became pregnant at 
a very early age or a late age will have lower values that women who became pregnant while 
at peak BMD levels. 

Pregnancy Number. Duration and Span 

The statistical relationship between pregnancy number, pregnancy duration and 

pregnancy span will be assessed with Pearson's correlation coefficients. There is a significant 

correlation between pregnancy number and age at first pregnancy. For women between the 

ages of 51-55, 61-70 and 81-90 years, who exhibit a significant negative relationship, the R 

values range from r=-0.345 (p^O.05) between 51-55 years and r=-.249 (p^0.05) between 

86-90 years. 

Strong, significant relationships also exist between pregnancy number and age at last 

pregnancy. All age cells but one have significant correlations that range between r=0.297 

and r=0.559, with nearly all probabilities at p^O.OOl level. Subjects between 46-50 and 51-

55 have much weaker correlations, with r values of r=0.297 (p=0.026) and r=0.104 

(p=0.393), respectively. 

When pregnancy number is compared to distal third radial width, no significant 

relationships are noted across any of the age cells. Thus, the effects of bone cycling during 

pregnancy do not seem to influence postmenopausal distal third radial width. When 
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pregnancy number is compared to BMC, two age cells have significant relationships. The 

relationships are found in women between the ages of 76-80 and 81-85 years; the respective 

associated r values are r=0.193 (p=0.003) and r=0.172 (p=0.046). This accounts for 3%-

4% of the variance. Perhaps, since these subjects were bom between 1910-1920, dietary 

supplements necessary to reach peak BMC may not have been available. 

Pearson's correlation coefficients associated with the last relationship, pregnancy 

number and BMD, are generally not significant with the exception of the age cells between 

76-80 years and 81-85 years. Both cells exhibit positive, significant relationships with r 

values of r=0.155 and r=0.183, respectively. Since these women are also the same age as 

those mentioned previously, it is possible that peak BMC and BMD were not reached prior to 

reproduction in these women and pregnancy left its mark on the postmenopausal skeleton 

(Table 8.10). 



300 

Table 8.10. Associated Pearson's r values and probability values for the relationship between pregnancy number 
and bone mineral variables for female subjects. Values for probability are listed as p^O.05*, p^O.OI**, 
p^0.001»»*. 

Age n Age 1st Age Last Radial 
Width 

BMC BMD 

46-50 56 -0.200 0.297* 0.012 0.037 0.064 

51-55 70 -0.345»* 0.104 0.108 0.057 -0.029 

56-60 82 -0.203 0.509«»» -0.166 -0.123 -0.000 

61-65 177 -0.279*»» 0.374*** 0.054 0.057 0.036 

66-70 242 -0.250«»» 0.376»*» 0.045 0.022 0.004 

71-75 315 -0.087 0.513*«» 0.071 0.032 -0.012 

76-80 231 -0.113 0.510»»* 0.083 0.193»* 0.155» 

81-85 135 -0.257»» 0.359»*» 0.008 0.172» 0.183» 

86-90 96 -0.249* 0.417»»» -0.106 0.136 0.186 

91-95 18 0.140 0.559» 0.014 0.119 0.138 

96-100 3 

The next set of relationships to be presented in Table 8.11 is between pregnancy 

duration and pregnancy span and distal third radial width, BMC and BMD. The associated r 

values and probabilities are very low, with no significant probabilities. This suggests that 

pregnancy duration, with cumulative time spent pregnant, does not affect distal third radial 

width in postmenopausal women. 

Few significant relationships exist between the next set of variables, pregnancy 

duration and BMC. When pregnancy duration is compared to BMC in women between the 

ages of 76-80 and 81-85 years, there are weak, yet significant r values noted as r=0.166 

(p=0.012) and r=0.147 (p=0.000). Interestingly, these women were bom in the 1910s-

1920s, suggesting that they underwent similar stressors during the reproductive phase of their 

lifespans. 
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Finally, there is no significant relationship between pregnancy duration and BMD for 

any of the age cells assessed in this study. While pregnancy duration is associated with BMC 

in the two age cells mentioned above, with the transformation to BMD the significance is lost. 

Table 8.11. Associated Pearson's r values and probability values for the relationship between pregnancy duration 
and bone mineral variables for female subjects. Values for probability are listed as p^O.05*, p^O.Ol**, 
p^0.001*»*. 

Age Number Radial 
Width 

BMC BMD 

46-50 56 0.040 0.009 -0.014 

51-55 70 0.035 0.113 0.098 

56-60 82 -0.192 -0.155 -0.013 

61-65 177 0.116 0.066 0.007 

66-70 242 0.035 0.023 0.015 

71-75 315 0.100 0.052 -0.004 

76-80 231 0.091 0.166* 0.122 

81-85 135 -0.009 0.147* 0.164 

86-90 96 -0.061 0.116 0.141 

91-95 18 0.210 0.222 0.148 

96-100 3 

Next, pregnancy span is compared to distal third radial width, BMC and BMD (see 

Table 8.12). When the relationship between pregnancy span and distal third radial width is 

assessed, only one significant relationship is noted. Women between the ages of 56-60 years 

have a weak, negative r value of r=-0.261 (p=0.018). Other age cells show positive or 

negative trends, with no significance. 

Only two age cells have a significant relationship between the next set of variables, 

pregnancy span and BMC, for two age cells. The first, women between the ages of 56-60 

years have an r value of r=-0.226 (p=0.041) and the second, women between 81-85 years 
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with an associated r value of r=0.192 (p=0.026). It is unclear why there are both positive 

and negative trends across these age cells, with only two cells having an appropriate level of 

signiHcance, albeit minimal. 

The last relationship to be examined is between pregnancy span and BMD. There are 

only two age cells, women between the ages of 81-85 and those from 91-95 years, that have 

significant correlations with r values of r=0.210 (p=0.015) and r=0.514 (p=0.029). Again, 

these age cells show both positive and negative trends, so the results are difficult to interpret. 

Table 8.12. Associated Pearson's r values and probability values for the relationship between pregnancy span and 
bone mineral variables for female subjects. Values for probability are listed as p_<0.05*, p^O.Ol**, 

p^O.OOl*'*. 

Age Sample Radial 
Width 

BMC BMD 

46-50 56 0.087 0.024 -0.077 

51-55 70 0.048 -0.081 -0.141 

56-60 82 -0.261* •0.226* -0.045 

61-65 177 0.114 0.104 0.048 

66-70 242 0.024 -0.001 -0.009 

71-75 315 -0.049 -0.069 -0.048 

76-80 231 -0.010 0.093 0.103 

81-85 135 -0.001 0.192» 0.210* 

86-90 96 0.011 0.007 0.004 

91-95 18 -0.337 0.395 0.514* 

96-100 3 

The Pearson's correlation coefficients presented in Table 8.13 for the relationships 

between age at first pregnancy and distal third radial width, BMC and BMD is evaluated next. 

No significant relationship exists between age at first pregnancy and distal third radial 
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width for all but one of the age cells. These cells show both positive and negative trends, 

with no clearly discernible pattern. Only one cell, women between the ages of 56-60 years 

have a positive, significant r value of r=0.270 (p=0.014). It is unclear why these women 

would have a significant correlation, without any correlation noted in the other age cells. 

No significant relationship exists between age at first pregnancy and BMC for all age 

cells. Again, some of these age cells show positive trends and others show negative trends. 

The final relationship to be assessed is between age at first pregnancy and BMD. 

Only one age cell has a significant, negative relationship between age at first pregnancy and 

BMD. Since the sample size is only composed of 18 subjects and the r value of r=-0.529 

(p=0.024) is very different than that listed for other age cells, perhaps due to sampling error 

associated with the limited sample size. 

Table 8.13. Associated Pearson's r values and probability values for the relationship between age at first 
pregnancy and bone mineral variables for female subjects. Values for probability are listed as p^O.05*, 
p^0.01»», p^O.OOP'"'. 

Age Sample Radial 
Width 

BMC BMD 

46-50 56 -0.258 -0.172 0.046 

51-55 70 0.017 0.105 0.105 

56-60 82 0.270* 0.137 -0.076 

61-65 177 -0.134 -0.116 -0.043 

66-70 242 -0.043 0.032 0.050 

71-75 315 -0.052 0.057 0.098 

76-80 231 0.056 0.112 0.086 

81-85 135 -0.049 0.052 0.074 

86-90 96 -0.154 0.049 0.120 

91-95 18 0.450 -0.348 -0.529* 

96-100 3 
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The last section of this analysis assesses the relationship between age at last pregnancy 

and distal third radial width, BMC and BMD (Table 8.14). Only one age cell, women 

between the ages of 46-50 years, has a significant, negative relationship between these 

variables. The r value of r=-0.312 (p=0.019) may suggest that younger age at last 

pregnancy is associated with distal third radial width, or perhaps the findings are due to 

sampling error. The other age cells, however, show both positive and negative trends 

throughout the age cells, with no clearly discernible patterns. 

The next relationship to be examined is between age at last pregnancy and 

postmenopausal BMC. Only two age cells, women between the ages of 76-80 and 81-85 

years exhibit significant, positive relationships between these variables. The r values of 

r=0.162 (p=0.014) and r=0.235 (p=0.006) suggest that women bom between 1910s and 

1920s had different reproductive stressors compared to women in the other age cells. 

Last, only two age cells, women between 81-85 years and 86-90 years, have 

significant r values between these variables. These values are r=0.227 (p=0.008) and 

r=0.241 (p=0.018), respectively. 



305 

Table 8.14. Associated Pearson's r values and probability values for the relationship between age at last 
pregnancy and bone mineral variables for female subjects. Values for probability are listed as p^O.05*, 
pjCO.Ol**, p^0.001**». 

Age Sample Radial 
Width 

BMC BMD 

46-50 56 -0.312* -0.239 0.026 

51-55 70 -0.050 -0.056 -0.039 

56-60 82 0.024 0.003 -0.021 

61-65 177 -0.060 -0.042 -0.003 

66-70 242 -0.067 -0.025 0.008 

71-75 315 0.002 0.010 0.006 

76-80 231 0.085 0.162* 0.123 

81-85 135 0.022 0.235»» 0.221** 

86-90 96 -0.190 0.161 0.241»* 

91-95 18 0.363 -0.258 -0.395 

96-100 3 no data 

Comparison of Means for Age at First Pregnancy Groupings 

In this section of the analysis, each of the reproductive variables related to pregnancy 

is further divided into segments of the reproductive span in which this event occurred. This is 

accomplished by taking the mean and standard deviation values (24.5S+.4.73), calculating one 

standard deviation below the mean (younger than 19.82 years), one standard deviation within 

the mean (between 19.82-29.28 years) and one standard deviation above the mean (older than 

29.28 years) and presenting these values in the tables below. 

The first variable to be examined is age at first pregnancy. When the relationship 

between age at first pregnancy and distal third radial width is assessed, no significant 

correlations are noted. 
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Women in the age cell of 46-55 years who experienced first pregnancy prior to 19.82 

years, had an average value of 1.280 cm compared to women who experienced pregnancy 

between 19.82 and 29.28 years with an average value of 1.252 cm, a difference of 2.2% 

between these two groups. While the means vary from cell to cell, the differences are not 

significant. 

When the relationship between age at first pregnancy and BMC is assessed, only one 

age cell has significant relationships for women who experienced age at first pregnancy after 

29.28 years. This correlation could be due to chance, or due to an outlier in this age ceil. 

When the mean values and standard deviations for these groupings are presented, no 

clear differences are noted between women who experienced first pregnancy in these 

categories and BMC. 

The Pearson's correlation coefficients between age at first pregnancy and BMD are 

presented. Again, women subdivided into these categories do not have significant correlations 

between these variables. 

Next, the means and standard deviations are presented. No differences exist for 

women who underwent age at first pregnancy prior to 19.82 years in comparison to after 

19.82 years. 

Next, ANOVA and Tukey's HSD are performed for the comparison of means for 

distal third radial width, BMC and BMD in relation to age at first pregnancy. No differences 

exist for age at first pregnancy and distal third radial width, BMC and BMD values (Figure 

8.7 and Appendices VII-IX). 
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Figure 8.7. Measures of bone mineral grouped by age at first pregnancy. Values for 
probability are listed as p^0.05*. p^O.Ol** and p^O.OOi""*. 
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Comparisons of Means for Age at Last Pregnancy Groupings 

For this section of the analysis, the associated Pearson's correlation coefficients are 

calculated to determine the relationship between age at last pregnancy and distal third radial 

width. A few, significant relationships exist between these variables in women who 

experienced last pregnancy prior to the age of 24.61 years. The r values range from r=-

0.314, p^O.05 to r=-0.682, p^O.OOl in women 56-65 and 86-95 years of age, respectively. 

When the mean and standard deviations are calculated for distal third radial width in 

relation to age at last pregnancy, the difference between the means for women who 

experienced last pregnancy before the age of 24.61 years is higher than other groupings, 

although the differences are not significant. 

Age at last pregnancy is not correlated with BMC in women in any of these 

groupings. Only four age cells show significant positive relationships between age at last 

pregnancy and BMC in these women. These four are women who experienced last pregnancy 

prior to 24.61 years and who were between 56-65 years have significant r values (r=-0.329, 

p^0.05); and women between 24.61-36.12 years of age at last pregnancy and who were 

between 76-85 and 86-95 years of age have significant r values with r=0.146, p^0.05 and 

r=0.241, p^0.05 respectively. Finally, women with age at last pregnancy greater than 

36.12 years have significant r values of r=0.236, p^0.05. 

The means and standard deviations are listed for each of the three age-stratified 

groupings. When the mean values are compared between these groupings, only one 

significant difference exists. When one particular age cell is assessed across all of these 

groupings, the difference is apparent. Women who experienced last pregnancy prior to 24.61 

years have higher mean BMC values prior to 75 years of age; after this, the mean values for 



310 

BMC remain below the other groupings. Women currently between the ages of 76-85 years 

have a difference of 0.062 gr/cm between the groupings (F=3.564, p^0.05.) 

When the relationship between age at last pregnancy and BMD is assessed through 

Pearson's correlation coefficients, no significant relationships exist except one. Women 

between the ages of 66-75 years who experienced last pregnancy after the age of 36.12 years 

have a significant correlation between these variables, with a corresponding r value of 

r=0.227, p^O.005. (This finding can be due to chance sampling). 

The mean and standard deviations for each of the age cells by age at last pregnancy 

groupings are presented. Women who experienced age at last pregnancy prior to 24.61 years 

have intermediate mean BMD values until the age of 75 years, then the mean values for this 

grouping are significantly lower than the other two categories. Women between the ages of 

76-85 years and 86-95 years have significantly lowers mean BMD values, with associated F 

values of F=3.280, p^0.05 and F=3.246, p^0.05. 

Next, ANOVA and Tukey's HSD test values are presented for an analysis of the 

comparison of means. While there are no differences between the means for distal third 

radial width, there are a few significant differences between the means for BMC and BMD. 

The first difference, for BMC, suggests that BMC mean values in women 76-85 years of age 

with an age of last pregnancy lower than 24.61 years is lower than women in other groupings 

(F=3.564, P^0.05). Next, BMD values are significantly lower in women aged 76-85 and 

86-95 years compared to women in other groupings (F=3.280, P^0.05 and F=3.246, 

P^0.05). These differences could be due to the effects of age at last pregnancy upon bone 

and the differences a true test of this measure, or due to chance alone. Given the sample 
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sizes in each of the categories, this finding requires further exploration (Figure 8.8 and 

Appendices VII-IX). 
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Figure 8.8. Measures of bone mineral grouped by age at last pregnancy. Values for 
probability are listed as p^0.05*, p^O.Ol** and p^O.OOl*** 
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Comparison of Means for Pregnancy Span Groupings 

Next, a comparison of means is conducted for pregnancy span. Tiiis span is divided 

into three categories: one standard deviation below the mean (less than 2.45 years), one 

standard deviation within the mean (between 2.45-11.56 years) and one standard deviation 

above the mean (above 11.56 years). When the relationship between pregnancy span and 

distal third radial width is examined, no significant correlations are found for any of the three 

groupings. 

When the mean values for distal third radial width are divided into three separate 

groupings for pregnancy span, only one trend is noted. Women who experienced a 

reproductive span of less than 2.45 years tend to have lower distal third radial widths after 66 

years of age, but these values are not significant. 

Pearson's correlation coefficients for the relationship between pregnancy span and 

BMC show no significant relationships are noted in any of these groupings. 

The means and standard deviations are listed for BMC for each of the three groupings 

for pregnancy span: less than 2.45 years, between 2.45-11.56 years and greater than 11.56 

years. Women over 66 years of age with pregnancy spans of less than 2.45 years have lower 

BMC values than women in these other groupings. In women between 76-85 years, the 

difference between the means increases to 0.022 gr/cm (3.5%) and 0.051 gr/cm (7.7%), 

respectively to the groupings. Although the correlations presented in the previous paragraph 

are not significant, the difference between BMC is substantial. 

Only one significant relationship is noted between pregnancy span and BMD. Women 

between the ages of 56-65 years with a pregnancy span greater than 11.56 months have a 
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significant correlation between pregnancy span and BMD (r=0.313, p^O.05). This finding 

is thought due to chance sampling. 

Discernible trends are found when the mean values are compared between these 

groupings. For instance, women with a pregnancy span of less than 2.45 years have high 

BMD values between 46-65 years, then these values become the lowest between 76-95 years. 

Indeed, women between the ages of 76-85 years have significant differences between the 

means (F=5.978, p^O.Ol). 

Next, ANOVA and Tukey's HSD tests are presented for distal third radial width, 

BMC and BMD for women 46-105 years of age to evaluate the differences between the means 

presented above for pregnancy span. The differences between the means for distal third radial 

width are not significant. 

When the difference between means for BMC is evaluated, only one age cell -

women between 76-85 years of age - has significant differences between the means. These 

women have significantly lower BMC values, with an F value of F=4.455, p<0.005. 

Finally, when the difference in means for BMD are assessed, women between 76-85 

years of age have significant differences. The F value for the difference between means in 

these women is F=5.978, p^O.Ol. 

There are significant differences between the means for both BMC and BMD in 

women 76-85 years of age. Further examination of these data suggests tliat the significant 

differences are between the lowest and highest categories for pregnancy span. Since the 

highest category has but 54 subjects, it is possible these results could be due to chance (Figure 

8.9 and Appendices VII-IX). 
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Figure 8.9. Measures of bone mineral grouped by pregnancy span. Values for probability are 
listed as p^O.05*, p^O.Ol"* and p<0.001*** 

Mean distal third radial width values in cm 
grouped by pregnancy span 

C CO 

miii Mllllin 
46-55 66-75 86-95 

Age at last scan in years 

IB <2.45 
!• 2.45-11.56 
i •>11.56 

Mean BMC in gr/cm 
grouped by pregnancy span 

0.9< 
0.8-!' 

E o.7r 
0.6^ 

a Q-sr 
c 

0.4 ' 
o 

0.4 ' 
s 0.3 ' 
ffi 0.2-' 

0.1 ' 
oil 

E3<2.45 
• 2.45-11.561 
• >11.56 

46-55 66-75 86-95 

Age at last scan in years 



Mean BMD in gr/cm-
grouped by pregnancy span 

0.6 

E 
w D) 

_C 

a 
s 
ffi 

0.5 

0.4 

0.3 

0.2 

0.1 

0 

i r 
I • 
I w. 

I I 
I I 

46-55 66-75 86-95 

Age at last scan In years 

B<2.45 
• 2.45-11.56 
• >11.56 

317 



318 

Comparison of Means for Pregnancy Duration Groupings 

The next relationship is between total duration of pregnancy and distal third radial 

width. Total duration of pregnancy is defined as less than 11.06 months (one standard 

deviation below the mean), between 11.06-35.95 months (one standard within the mean) and 

more than 35.95 months (one standard above the mean). No significant relationships exist 

between these variables. 

When the values for the mean and standard deviation are examined by each age cell, 

one trend is apparent. Women who experienced a pregnancy duration less than 11.06 months 

and were between 66-95 years of age had smaller distal third radial widths than those who did 

not across all age cells. As greater distal third radial width may be indicative of the overall 

process of bone cycling, these values could mean that women with pregnancy durations of less 

than 11.06 months have the least bone cycling. 

Next, the relationship between pregnancy duration and BMC is examined. No, 

significant Pearson's correlation coefficients exist between these variables. 

When the means and standard deviations are presented, two trends become apparent. 

First, mean values for BMC in women after 66 years of age with a pregnancy duration of less 

than 11.06 months remain lower than the other two groupings. Second, women with a 

pregnancy duration of greater than 35.95 months have mean BMC values that remain higher 

than those of women with pregnancy spans in the first two groupings. Moreover, only one 

age cell exhibits significant differences between the means. Women between 86-95 years of 

age have an F value of F=4.155, p^0.05. 



319 

No significant correlations are noted for the relationship between pregnancy duration 

and BMD is examined by means of Pearson's correlation coefficients. No significant 

correlations are noted in these women. 

Next, the means and standard deviations for these data are presented. Women 

between 46-65 years of age with short pregnancy durations have higher BMD values, then 

after 66 years of age, these BMD values become the lowest across all age groups. Only one 

cell is significant, women 76-85 years of age have significant differences across these three 

categories with a resulting F value of F=3.983, p^O.05. 

Next, the values for ANOVA and Tukey's HSD tests are presented to evaluate the 

significance of the differences between distal third radial width, BMC and BMD when 

pregnancy duration is grouped into three categories - less than 11.06 months, between 11.06 

and 35.95 months and above 35.95 months groups. 

For distal third radial width, no significant differences exist between the means. 

Significant differences exist in only one age cell for BMC — women between 76-85 years of 

age with an F value F=4.155, p<0.05. In the last comparison, one significant difference is 

found between the means of these groups for BMD. The F value is F=3.983, p^0.05 in 

women 76-85 years of age (Figure 8.10 and Appendices VII-IX). 
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Figure 8.10. Measures of bone mineral grouped by pregnancy duration. Values for probability 
are listed as p^O.05*, p^O.Ol** and p<0.001***. 
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Comparison of Means for the Ratio of Pregnancy Duration to Reproductive Span Groupings 

In this next section, Pearson's correlation coefficients are presented to examine the 

relationship between the ratio of pregnancy duration to reproductive span and distal third 

radial width. Only one relationship exists between this ratio and distal third radial width for 

women with a pregnancy duration of less than 0.021 or 2.1% for women between the ages of 

86-95 years of age. While the r value is r=0.267, p^O.Ol. This relationship is only in one 

age cell. 

No trends are apparent when the values for the mean and standard deviation are 

developed. When Pearson's correlation coefficients and associated probabilities are presented, 

no significant relationships are found for this ratio and BMC. 

While the means and standard deviations are presented, no trends are apparent and 

only one age cell has significant results. When the mean differences are compared for women 

between 76-85 years of age who are grouped by the ratio of pregnancy duration to 

reproductive span, significant differences are noted between the lowest and highest means for 

this ratio (F=3.785, p^O.05). 

Next, the relationship between the ratio of pregnancy duration to reproductive span is 

compared to BMD values for these women. No age cells show significant relationships. 

In the final section of this analysis, the means and standard deviations are compared. 

Clear differences exist between these three groupings. For instance, women between the ages 

of 66-75 years with a ratio of less an 0.021 have a mean BMC value of 0.533 gr/cm^, while 

women with a ratio above 0.105 have a mean value of 0.558 gr/cm^. This is a difference of 

0.025 gr/cm^ or a percentile difference of 4.5%. Women between 76-85 years have a value 

of 0.473 gr/cm^ in the lowest grouping compared to women in the highest grouping with 
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values of 0.528 gr/cm^. The difference between the means is significant (F=5.030, p^O.Ol). 

When ANOVA and Tukey's HSD tests are used to evaluate the differences between 

the means for significance, only two age cells have significant differences. Mean BMC values 

are significantly different exist between groupings for the ratio of pregnancy duration and 

reproductive span. The associated F value is F=3.785, p^O.05 in women 76-85 years of 

age. In the last evaluation, the difference between the means for BMD is presented in 

relation to this same ratio. Only one age groups exhibits significant differences, women 76-

85 years have an associated F=5.030, p^O.OI (Figure 8.11 and Appendices VU-IX). 
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Figure 8.11. Measures of bone mineral grouped by the ratio of pregnancy duration to 
reproductive span. Values for probability are listed as p^O.05*, p^O.Ol** and pj<0.00l 
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Analysis of Multiple Regression for Hypothesis III 

A multiple regression is conducted to assess the relationship between age at first 

pregnancy, age at last pregnancy, pregnancy span, pregnancy number, pregnancy duration and 

the ratio of pregnancy duration to reproductive span in relation to distal third radial width, 

BMC and BMD. An age-stratifled model is developed that incorporates all of these variables, 

as well as the previous variables. 

Altogether, 2599 females who completed the reproductive history survey and recorded 

the necessary information are included in this analysis. After including variables known to 

affect bone mineral (age at last scan, height and weight), reproductive variables are also 

incorporated into this model. As previously described, the model included age, height and 

weight. The values are as follows: age at last scan has a B=0.001, SE=0.000, t=3.656, 

p=0.000; height has a B=-0.001, SE=0.000, t=-4.037, p=0.000; weight has a B=0.001, 

SE=0.000, t=6.823, p=0.000. Only two reproductive variables are identified as having a 

significant relationship between pregnancy duration and distal third radial width. The 

unstandardized coefficient is B =0.002, SB=0.001, t=2.572, p=0.010. The second variable, 

pregnancy span, also has a significant relationship to distal third radial width in this model, 

the unstandardized coefficient is B=-0.001, SE=0.001, T=-1.967, p=0.049. Altogether, 

this model accounts for 2.2% of the variance (adjusted r^=0.022) with an F value of 

F=7.532, p=0.000. 

Next, a linear regression is developed for the relationship of these variables to BMC. 

Only three variables — age at last scan, height and weight - have significant p values. The 

coefficients are as follows: age has a B=-0.005, SE=0.000, t=-29.798, p=0.000; height has 

a B=-0.001, SE=0.000, t=-8.943, p=0.000; and weight has a B=0.(X)3, SE=0.000, 
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t= 16.584, p=0.000. These four variables account for 34.3% of the variance in this model 

(adjusted r^=0.343) with a resulting ANOVA F value of F= 151.615, p=0.000. No 

reproductive variables were identified by this model. 

The last relationship to be considered is between reproductive variables and BMD 

values. Age, height and weight have significant values in this model. The coefficients for 

these variables are: B=-0.004, SE=0.000, t=-35.072, p=0.000 for age; B=-0.001, 

SE=0.000, t=-7.592, p=0.000 for height; and B=0.002, SE=0.000, t= 13.772, p=0.000 

for weight. Two reproductive variables are also identified as having significant relationships, 

age at last pregnancy and the ratio of pregnancy duration to reproductive span. Age at last 

pregnancy has an unstandardized coefficient of B=0.001, SE=0.000, t=2.132, p=0.033 and 

the ratio has a coefficient of B=0.159, SE=0.070, t=2.263, p=0.024. Altogether, this 

model accounts for 38.3% of the variance (r^=0.382) with an F value of F= 180.150, 

p=0.000 (Appendix X). 

Hypothesis IV 

When assessing bone mineral in relation to all reproductive variables, breastfeeding 
will increase postmenopausal BMD. Young women, who become pregrumt and lactate 
shortly after menarche, have not yet developed peak BMD to sustain adequate calcium 
levels during and after reproductive events. These women will have lower overall 
BMD throughout their reproductive life, exacerbated by multiparity arui breastfeeding 
and consequently have decreased postmenopausal bone mineral densities. Women who 
become pregnant and breastfeed for the first time much later in their reproductive life 
history will experience greater postmenopausal bone mineral densities, since the bone 
cycling during pregrmncy arui lactation will leave a lasting ^ect on bone after 
menopause. 
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Breastfeeding Duration. Pregnancy and Breastfeeding Duration and Derived Ratios for all 
Women 

In this section of the analysis, the relationship between breastfeeding, other 

reproductive variables related to breastfeeding and measures of bone mineral will be 

examined. Women in this grouping are not separated by breastfeeding history; all women are 

included regardless of breastfeeding history. The first variable, breastfeeding duration, 

measures the total duration in months for all breastfeeding events recorded throughout the 

woman's reproductive span. The second variable, the ratio of breastfeeding duration to 

reproductive span, measures the total duration of breastfeeding as a component of the 

reproductive span. The next variable, total duration of pregnancy and breastfeeding, is the 

cumulative duration of all pregnancies and breastfeeding events in months. The last variable, 

the ratio of pregnancy and breastfeeding duration as a component of the reproductive span 

attempts to document the overall segment of a woman's reproductive span spent in either of 

these states (see Chapter 7 for full description). The relationship between all four variables 

will be compared to measures of bone mineral, including distal third radial width, BMC and 

BMD by means of Pearson's correlation coefficients, comparison of means, ANOVA and 

Tukey's HSD. 

In the first analysis, the relationship between breastfeeding duration in months and 

other variables is examined through Pearson's correlation coefficients presented in Table 8.15. 

When the relationships between breastfeeding duration and distal third radial width, BMC and 

BMD are examined, no significant relationships exist. Breastfeeding duration is not 

statistically related to any of the measures of bone mineral. 
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Table 8.13. Associated Pearson's r values and probability values for the relationship between breastfeeding 
duration and measures of bone mineral for all female subjects. Associated sample sizes are listed under n. Values 

for probability are listed as p^O.05*, p^O.Ol** and pO.OOl***. 

Age n Radial 
Width 

BMC BMD 

46-50 26 -0.149 -0.096 0.060 

51-55 64 -0.122 0.077 0.216 

56-60 92 -0.093 •0.079 -0.019 

61-65 184 0.066 0.054 0.021 

66-70 285 -0.049 0.037 0.073 

71-75 367 0.051 0.020 -0.014 

76-80 276 0.041 0.132 0.121 

81-85 174 -0.004 0.100 0.110 

86-90 111 0.037 -0.062 -0.082 

91-95 24 -0.258 -0.199 -0.118 

96-100 2 

When this same variable Is compared to distal third radial width, BMC and BMD, no 

significant correlations are noted. No relationship exists when comparing the ratio of 

breastfeeding to reproductive span and measures of bone mineral (see Table 8.16). 
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Table 8.16. Associated Pearson's r values and probability values for die relationship between the ratio of 
breastfeeding to reproductive span and measures of bone mineral for all female subjects. Associated sample sizes 
are listed under n. Values for probability are listed as p^O.05*, p^O.Ol** and p^O.OOl***. 

Age n Radial 
Width 

BMC BMD 

46-50 26 •0.137 -0.103 0.032 

51-55 64 -0.108 0.038 0.153 

56-60 92 -0.103 -0.086 -0.019 

61-65 184 0.072 0.044 0.006 

66-70 285 -0.049 0.065 0.103 

71-75 367 0.049 0.000 -0.036 

76-80 276 0.037 0.115 0.106 

81-85 174 -0.010 0.076 0.086 

86-90 111 0.008 -0.093 -0.099 

91-95 24 -0.314 -0.245 -0.136 

96-100 2 

In Table 8.17, Pearson's correlation coefficients are presented for the relationship 

between the total duration of pregnancy and breastfeeding is compared to distal third radial 

width, BMC and BMD, only four correlations are noted. The first correlation is noted 

between this variable and distal third radial width (r=0.160, p^O.05) in women 61-65 years 

of age. The second and third are noted in women between the ages of 76-80 years between 

this variable and BMC (r=0.189, p<0.01) and BMD (r=0.163, p^O.Ol). The fourth 

correlation is found in women between the ages of 81-85 years between this variable and 

BMD (r=0.171, p^0.05). Since these significant correlations are scattered across age cells, 

no clearly discernible trends are apparent and these findings could be due to chance alone. 
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Table 8.17. Associated Pearson's r values and probability values for the total duration of pregnancy and 
breastfeeding and measures of bone mineral for all female subjects. Associated sample sizes are listed under n. 
Values for probability are listed as p^O.05*, p^O.Ol** and p^O.OOl***. 

Age n Radial 
Width 

BMC BMD 

46-50 26 -0.170 -0.099 0.086 

51-55 64 -0.097 0.049 0.157 

56-60 92 -0.154 -0.092 0.022 

61-65 184 0.160* 0.067 -0.014 

66-70 285 0.033 0.088 0.083 

71-75 367 0.070 0.087 0.052 

76-80 276 0.073 0.189»* 0.163»» 

81-85 174 -0.040 0.134 0.171» 

86-90 111 -0.028 -0.013 0.006 

91-95 24 -0.079 -0.168 -0.140 

96-100 2 

In the final section of this analysis, the ratio of pregnancy and breastfeeding to 

reproductive span is compared to distal third radial width, BMC and BMD. Only four 

significant relationships are noted (see Table 8.18). The first relationship is between this ratio 

and distal third radial width. The associated r value is r=0.189, pj<0.01 in women between 

61-65 years of age. The second relationship is between this ratio and BMC (r=0.140, 

p<0.05) in women between the ages of 76-80 years. The third and fourth relationships are 

between women 76-80 years and 81-85 years with associated r values of r=0.123, p^O.05 

and r=0.171, p^O.005, respectively (Table 8.18). 
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Table 8.18. Associated Pearson's r values and probability values for the ratio of pregnancy and breastfeeding to 
reproductive span and measures of bone mineral for all female subjects. Associated sample sizes are listed under 
n. Values for probability are listed as p<0.05*. p^O.Ol** and p^O.OOI***. 

Age n Radial 
Width 

BMC BMD 

46-50 26 -0.167 -0.130 0.030 

51-55 64 -0.077 0.024 0.106 

56-60 92 -0.154 •0.081 0.038 

61-65 184 O.I89*» 0.097 0.002 

66-70 285 0.031 0.116 0.113 

71-75 367 0.053 0.076 0.050 

76-80 276 0.054 0.140» 0.123* 

81-85 174 -0.085 0.109 0.171* 

86-90 111 -0.042 -0.063 -0.041 

91-95 24 -0.147 -0.156 -0.102 

96-100 2 no data 

Breastfeeding Duration. Pregnancy and Breastfeeding Duration and Derived Ratios for 
Women who Breastfed 

In this part of the chapter, the variables related to breastfeeding are compared to distal 

third radial width, BMC and BMD only in women who recorded that they breastfed on the 

reproductive questionnaire. 

When breastfeeding duration is evaluated for a relationship to measures of bone 

mineral, including distal third radial width, BMC and BMD in Table 8.19, only one 

significant relationship is noted. Women between the ages of 66-70 years have a significant 

relationship between breastfeeding duration and distal third radial width (r=-0.212, p^O.05). 
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Table 8.19. Associated Pearson's r values and probability values for the relationship between breastfeeding 
duration and measures of bone mineral for female subjects who breastfed. Associated sample sizes are listed under 
n. Values for probability are listed as p;<0.05», p^O.Ol** and p^O.OOl***. 

Age n Radial 
Width 

BMC BMD 

46-50 13 -0.220 -0.021 0.219 

51-55 30 -0.220 -0.098 0.092 

56-60 36 -0.028 0.052 0.067 

61-65 80 0.142 0.147 0.091 

66-70 112 -0.212* -0.007 0.124 

71-75 160 0.023 -0.046 -0.082 

76-80 126 0.007 0.050 0.047 

81-85 80 O.OIl 0.102 0.105 

86-90 56 0.249 0.028 -0.105 

91-95 11 -0.053 0.232 0.241 

96-100 

Pearson's correlation coefficients are developed between the ratio of breastfeeding to 

reproductive span, which is a measure of the component of a woman's reproductive history 

spent breastfeeding, without regard to frequency or duration of each event. 

When the values for r are assessed between this ratio of breastfeeding duration to 

reproductive span and distal third radial width, BMC and BMD, only one significant 

relationship is noted. Women between the ages of 66-70 years have a r=-0.209, p^O.05, 

suggesting a negative relationship between this ratio and distal third radial width. No other 

relationships are found in Table 8.20 below. 
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Table 8.20. Associated Pearson's r values and probability values for the relationship between the ratio of 
breastfeeding to reproductive span and measures of bone mineral for female subjects who breastfed. Associated 
sample sizes are listed under n. Values for probability are listed as p^O.05*, p^O.Ol*^ and p^O.OOl***. 

Age n Radial 
Width 

BMC BMD 

46-50 13 -0.200 -0.038 0.176 

51-55 30 -0.179 -0.100 0.049 

56-60 36 -0.048 0.044 0.073 

61-65 80 0.151 0.126 0.062 

66-70 112 -0.209* 0.050 0.180 

71-75 160 0.020 -0.083 -0.123 

76-80 126 0.002 0.023 0.024 

81-85 80 0.002 0.060 0.062 

86-90 56 0.175 -0.038 -0.133 

91-95 11 -0.208 0.093 0.164 

96-100 1 

When the duration of pregnancy and breastfeeding is compared to distal third radial 

width, BMC and BMD in Table 8.21 below, only one relationship is noted. Women between 

the ages of 61-65 years have a significant, positive relationship between this ratio and BMC, 

with an associated r value of r=0.245, p<0.05. No other significant relationships are noted. 
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Table 8.21. Associated Pearson's r values and probability values for the total duration of pregnancy and 
breastfeeding, other breastfeeding variables and measures of bone mineral for female subjects who breastfed. 

Associated sample sizes are listed under n. Values for probability are listed as p^O.OS*, p^O.Ol** and 
p^0.001»*». 

Age n Radial 
Width 

BMC BMD 

46-50 13 -0.206 0.030 0.257 

51-55 30 -0.144 -0.069 0.055 

56-60 36 -0.167 0.041 0.164 

61-65 80 0.216 0.245» 0.164 

66-70 112 -0.122 -0.002 0.074 

71-75 160 0.062 -0.014 -0.070 

76-80 126 0.077 0.138 0.104 

81-85 80 0.086 0.186 0.153 

86-90 56 0.098 0.002 -0.043 

91-95 11 -0.006 0.314 0.314 

96-100 1 

The last set of relationships in this section is between the ratio of pregnancy and 

breastfeeding to reproductive span and measures of bone mineral. Only two significant 

correlations are noted in this section. Women between the ages of 61-65 years have a 

significant relationship between this ratio and distal third radial width (r=0.237, p^O.05) and 

between BMC (r=0.224, p^O.05; Table 8.22 below). 
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Table 8.22. Associated Pearson's r values and probability values for the ratio of pregnancy and breastfeeding to 
reproductive span and measures of bone mineral for female subjects who breastfed. Associated sample sizes are 
listed under n. Values for probability are listed as p^O.05*, pjCO.OI** and p^O.OOl***. 

Age n Radial 
Width 

BMC BMD 

46-50 13 -0.156 0.003 0.161 

51-55 30 -0.125 -0.077 0.024 

56-60 36 -0.165 0.051 0.178 

61-65 80 0.237* 0.224* 0.126 

66-70 112 -0.118 0.088 0.165 

71-75 160 0.024 -0.086 -0.130 

76-80 126 0.057 0.067 0.043 

81-85 80 0.040 0.096 0.079 

86-90 56 0.058 -0.088 -0.116 

91-95 11 •0.221 0.142 0.226 

96-100 1 no data 

Comparison of Means for Duration of Breastfeeding 

Duration of breastfeeding is the total cumulative duration that a woman spent 

breastfeeding regardless of frequency and duration of each breastfeeding episode; the values 

for the mean and standard deviation are 10.21^11.72 months, with one standard deviation 

ranging between 0.0 and 21.93 months. Breastfeeding duration is now grouped into three 

categories: women who breastfed for less than 3.0 months, including those who never 

breastfed; women who breastfed between 3.0-21.93 months; and values over 21.93 months. 

When Pearson's correlation coef^cients are presented to assess the relationship 

between breastfeeding duration and distal third radial width, no relationships exist across any 

ceils for this category. When the means and standard deviations for distal third radial width 

are compared, a trend emerges. Women who breastfed for short periods of time have higher 
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distal third radial widths before the age of 65, then have lower distal third radial width values 

after 76 years of age. Only one age cell has significant differences between the means; the F 

value for women between 66-75 years of age is F=4.005, p^O.05. 

In the next section, the relationship between breastfeeding duration and BMC in gr/cm 

is assessed by means of Pearson's correlation coefficients. Generally, only two correlations 

are noted in women between 56-65 and 66-75 years. Those who have breastfed less than 

three months, have significant correlations to BMC (r=0.122 to 0.079, p^0.05, 

respectively). Only one other correlation exists, women between 66-75 years with a 

breastfeeding duration over 21.93 months has a significant r value (r=-0.351, p^0.05). 

When the means and standard deviations are evaluated, mean BMC values are higher in 

women between 46-65 years of age, then drop to the lowest values after the age of 66 years. 

These differences, however, are not significant. 

In the last section of this analysis, duration of breastfeeding is compared to BMD in 

gr/cm- for all four groupings. Only one significant, positive correlation exists between these 

variables in women in the first grouping, subjects with a breastfeeding duration of 0.0-2.99 

months. Subjects between the ages of 76-85 years have an r value of r=0.086, p^0.05. 

One significant correlation is noted, women between 66-75 years of age with a breastfeeding 

duration greater than 21.93 months (r=-0.347, p^0.05). When the mean and standard 

deviations are compared, no trends are noted between these groupings. 

Next, when ANOVA and Tukey's HSD tests are conducted, only one significant 

difference exists between the means for the three categories. This difference occur between 

the ages of 66-75 years for distal third radial width (F=4.005, p^0.05; Figure 8.12 and 

Appendices VU-IX). 
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Figure 8.12. Measures of bone mineral grouped by breastfeeding duration. Values for 
probability are listed as p^O.05*, p^O.Ol** and p^O.OOl***. 
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Comparison of Means for Breastfeeding Duration to Reproductive Span 

The next relationship to be explored is between the ratio of breastfeeding to 

reproductive span and distal third radial width, BMC and BMD, through Pearson's correlation 

coefficients. The average and standard deviation for this variable are 2.70%+.4.20%, with 

one standard deviation ranging between 0.0%-6.90%. The ratio is divided into three groups: 

0.0010-0.0079 (0.1 %-0.79%), 0.0080-0.0690 (0.80%-6.9%) and greater than 0.0690. When 

correlations are developed, no significant relationships exist between this ratio and distal 

radial width. 

No trends are noted when the values of the mean and standard deviation are evaluated 

for the three groupings across all of the age cells. When these ratios are compared to BMC, 

only three significant relationships exist. All relationships are found in the three categories of 

breastfeeding duration to reproductive span in women between 66-75 years. The first is in 

women with a ratio of less than 0.0080 (r=0.115, p.^0.05), the second in women with a 

ratio of 0.0080-0.0690 (r=0.157, p^0.05) and the third in women with a ratio of greater 

than 0.0690 (r=-0.543, p^O.Ol). The third ratio suggests a strong negative relationship in 

women with a long ratio, which a measure of the correlations between breastfeeding during a 

woman's reproductive period and postmenopausal BMC. 

When the means and standard deviations are compared across these groupings, again 

no identifiable trends are found and the difference between the means not significant. 

When assessing the relationship between this ratio and BMD, the r values in the same 

three age cells show significance. A significant correlation exists for women with a ratio of 0 

to 0.0079 and BMD with an r value of r=0.192, p<0.001. The second is noted in women 

with a ratio between 0.0080-0.0690 with an r value of r=0.176, p<.0.05. The third is in 
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women with a ratio greater than 0.690 (6.9%) with an associated r-value of r=-0.602, 

p^O.Ol. The sample size in this last age cell is very small with only 23 subjects, and 

therefore subject to scrutiny. 

The means and standard deviations are presented for each of the correlations. No 

general trends are observed for these values. Women between 46-85 who have never become 

pregnant have either intermediate or lowest means for BMD compared to the other groupings. 

While ANOVA and Tukey's HSD tests are evaluated to find significant differences 

between the means for distal third radial width, BMC and BMD for these three groupings, no 

significant differences were found (Figure 8.13 and Appendices VII-IX). 



342 

Figure 8.13. Measures of bone mineral grouped by breastfeeding duration to reproductive 
span. Values for probability are listed as p^O.05*, p^O.Ol** and p^O.OOl***. 
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Comparison of Means for Total Duration of Pregnancy and Breastfeeding 

This variable is a measure of the total time spent pregnant and breastfeeding in 

months. The mean and standard deviation for this variable is 29.13+.18.34 months (10.79-

47.47). Since 47.47 months represents a substantial maternal investment (in terms of 

pregnancy and breastfeeding duration, i.e. three nine-month pregnancies and twenty months of 

breastfeeding or four nine-month pregnancies and eleven months of breastfeeding, et cetera), 

this variable is recalibrated. The mean and standard deviation for pregnancy duration is 

23.51+.12.45 months and for breastfeeding duration is 10.21+.11.72 months. For the total 

duration, the mean values for these two separate variables are added together, 23.51 months 

and 10.21 months, to create the upper end of the standard deviation for this variable at 39.72 

months. This variable is next grouped into three categories: women with a total duration 

between 0.001-10.78 months, women with a duration between 10.79-39.72 months and a 

duration greater than 39.72 months. 

Next, Pearson's correlation coefficients are presented in order to assess the strength of 

the relationship between the total duration of pregnancy and breastfeeding and distal third 

radial width in these postmenopausal women. Only one significant relationship is found when 

grouped by a pregnancy and breastfeeding duration of less than 10.78 months (r=0.377, 

P:<0.001). 

When the values of the means and standard deviations are compared overall, only one 

trend is observed. After the age of 56 years, women with a limited history of pregnancy and 

breastfeeding tend to have distal third radial width values that are the lowest across the three 

categories compared to the other groupings. Women one standard deviation within and above 
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the mean tend to have higher values, suggesting an increased bone cycling at this site. These 

differences, however, are not significant at the p^O.05 level. 

In the next section, the relationship between total duration of pregnancy and 

breastfeeding and BMC is assessed by means of Pearson's correlation coefficients. Overall, 

no significant correlations exist between these variables. 

When the means and standard deviations are compared, it is found that women with 

no prior history of pregnancy and breastfeeding will drop to the lowest values for BMC, after 

the age of 66 years. These values remain the lowest through the rest of the age cells. Only 

one age cell shows significant differences between the means, women between 76-85 years of 

age (F=5.135, p<0.01). 

The relationship between total duration of pregnancy and breastfeeding is next 

compared to BMD in these women. Generally, no significant correlations exist when these 

data are grouped by this variable in relation to age. 

When women with limited history of pregnancy and breastfeeding are compared 

against those with a history, only one significant finding emerges. Women between 76-85 

years of age have significant differences between the means. Women with the shortest 

duration of pregnancy and breastfeeding have the lowest mean BMD values (0.475 gr/cm^) 

and women with the longest durations have the highest mean BMD values (0.517 gr/cm^). 

These differences are significant (F=6.416, p<0.01). 

When ANOVA and Tukey's HSD tests are evaluated, only one age cell (women 

between 76-85 years of age) has significant differences between means for BMC and BMD. 

The F value for the differences for BMC is F=5.135, p:<0.01 and for BMD is F=6.416, 

p<0.01 (Figure 8.14 and Appendices VD-DQ. 
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Figure 8.14. Measures of bone mineral grouped by the total duration of breastfeeding and 
pregnancy. Values for probability are listed as p^O.05*, p^O.Ol** and p^O.OOl***. 
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Comparison of Means for the Ratio of Pregnancy and Breastfeeding to Reproductive Span 

The last variable to be considered is the ratio of pregnancy and breastfeeding to 

overall reproductive span. The cumulative duration of both events are added together and the 

resulting total is divided into total reproductive span. This gives a ratio for the amount of 

time a woman spent pregnant and/or breastfeeding in relation to her potential span for 

reproduction. The mean and standard deviation for this variable is 7.80%+.5.70% with a 

range of 0.021-0.135 (2.1%-13.5%). This variable is now separated into three groups: 

women with a ratio of less than one standard deviation (0.001-0.020), women within one 

standard deviation (0.021-0.135) and women one standard deviation above the mean (greater 

than 0.135). 

Pearson's correlation coefficients are developed to assess the relationships between 

this ratio and distal third radial width. Generally, there are only two significant relationships. 

Women with a ratio of 0-0.020 have an r value of r=0.305, p^O.Ol and women with a ratio 

between 0.021-0.135 have an r value of r=0.126, p^O.Ol. 

When the means and standard deviations are compared for each age cell, no trends are 

found. Moreover, the differences between the means for distal third radial width are not 

significant. 

In the second set of Pearson's correlation coefficients, the ratio of pregnancy and 

breastfeeding to reproductive span is correlated with BMC values in these subjects. Only two 

significant correlations exist, both in women with a ratio between 2.1%-13.5% of their 

reproductive spans. The first significant r value of r=0.119, p<0.05 is noted in women 66-

75 years of age, while the second value of r=0.176, p^O.Ol in women 76-85 years of age. 
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These values suggest that 1.4% to 3.1 % of the variability in BMC can be accounted for by 

this ratio. This is a very low r^ value although the relationship is interesting. 

Next, the mean value for BMC is compared in each age cell, no overall trends are 

noted and no significant differences between the means exists. 

When the relationship between this ratio and BMD is assessed, only two significant 

relationships are noted. The first relationship denoted by an r value of r=0.162, pj<0.05 is 

found in women with a ratio between 2.1%-13.5% between the ages of 56-65 years; the 

second r value of r=0.166, p^O.Ol is found in women with this same ratio between the ages 

of 76-85 years of age. Since these significant relationships are isolated, it is difficult to find 

clear trends. 

The mean values for each of the groupings are presented. When these mean data are 

examined by groupings, the difference in the overall loss of BMD is also interesting. Women 

with a ratio between 0-2.0% have an overall loss of 33.5%, women with a ratio of 2.1-13.5% 

have a loss of 31.6% and women with a ratio greater than 13.5% have a loss of 38.3%. 

Next, when ANOVA and Tukey's HSD tests are performed for the differences 

between means for distal third radial width, BMC and BMD, only one age group, women 

between 56-65 years of age, exhibits significant differences between means for 

BMD. The associated F value for BMC is F=4.098, p=0.018 with differences noted between 

the midrange and highest categories (Figure 8.15 and Appendices Vn-DC). 
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Figure 8.15. Measures of bone mineral grouped by the ratio of pregnancy and breastfeeding 
as a component of reproductive span. Values for probability are listed as p<0.05*. 
p^O.Ol** and p:< 0.001***. 
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Analysis of Multiple Regression for Hypothesis IV 

A multiple regression is conducted to assess the relationship between breastfeeding 

variables, including breastfeeding duration, the total duration of pregnancy and breastfeeding, 

the ratio of breastfeeding duration to reproductive span and the ratio of pregnancy and 

breastfeeding duration to reproductive span to distal third radial width, BMC and BMD. In 

this age-stratified model, previous variables that are known to affect bone mass will also be 

included, such as anthropometric variables, age at last scan, height and weight and pregnancy 

variables. 

Altogether, 1625 females who completed all sections of the reproductive history 

survey and recorded this information are included in this analysis. After including the 

variables previously listed known to affect bone mineral, the reproductive variables are also 

incorporated into this model. The first model developed to predict distal third radial width 

incorporated only anthropometric and breastfeeding variables, but none of the breastfeeding 

variables were selected. The second model incorporated anthropometric, pregnancy and 

breastfeeding variables. When all variables were combined, pregnancy duration (3 =0.002, 

SE=0.001, t=2.364, p=0.018), the ratio of pregnancy duration to reproductive span (B=-

2.788, SE = 1.198, t=-2.327, p=0.020), the ratio of breastfeeding span to reproductive span 

(B=-2.611, SE= 1.327, t = -1.967, p=0.049) and the ratio of both pregnancy and 

breastfeeding to reproductive span (B=2.547, SE= 1.237, t=2.058, p=0.040) are 

incorporated to predict distal third radial width in this model. These variables explain only 

2.8% of the variance between these variables (adjusted r^=0.028) and ANOVA has an F 

value of F=4.897, p=0.000. 
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Next, a model is developed to predict BMC from only anthropometric and 

breastfeeding variables. Aside of age, height and weight as predictors, only the ratio of 

breastfeeding to reproductive span is significant (B =-1.047, SE=0.471, t=-2.222. p=0.026). 

Altogether this model accounts for 33.0% of the variance (r^=0.330) with an F value of 

F= 115.388, p=0.000. When pregnancy variables are added to the next model with 

anthropometric, reproductive and breastfeeding events, only anthropometric variable become 

significant. 

Finally, similar linear regression models are developed for BMD using anthropometric 

and breastfeeding variables. Aside from age, height and weight, the ratio of breastfeeding to 

reproductive span (B=-0.795, SE=0.342, t=-2.327, p=0.020) and the ratio of pregnancy 

and breastfeeding to reproductive span (B=0.243, SE=0.111, t=2.186, p=0.029) are 

significant. Overall this model accounts for 35.5% of the variance (adjusted r-=0.355) with 

an F value of F= 128.957, p=0.000. Finally, all variables are entered into the next model. 

Aside from age, height and weight, pregnancy number (B=0.008, SE=0.003, t=2.436, 

p=0.015), pregnancy duration (B=-0.002, SE=0.001, t=-2.975, p=0.003) and 

breastfeeding duration (B=0.001, SE=0.001, t=2.058, p=0.040) are significant. These 

variables account for 35.9% of the variance (adjusted r^=0.359) with an associated F value of 

F=76.750, p=0.000; Appendix X). 
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CHAPTER 9 

DISCUSSION; INTERPRETATION IN STATISTICAL RESULTS 

Introduction 

In this chapter, findings from the research hypotheses presented in Chapters 7 and 8 

will be combined for analysis, then further compared to the prospective and retrospective 

studies that address similar research questions. These hypotheses address three general areas 

of inquiry - anthropometric variables (height, weight, BMI), effects of reproduction (age at 

menarche and menopause, reproductive span), the effects of pregnancy (age at first 

pregnancy, age at last pregnancy, pregnancy duration and pregnancy span) and the effects of 

breastfeeding (breastfeeding duration and breastfeeding span, combined pregnancy and 

breastfeeding duration and span). These data provide distinctive and diverse reproductive 

histories that allow an analysis of the descriptive statistics and the correlations between 

reproductive and bone mineral variables. This will be accomplished through presenting and 

testing a series of hypotheses related to these variables. 

Hvpothesis I 

The height of a person will determine, to some extent, the associated measures of bone 
mineral, while the weight of a person will have a greater relationship to these 
measures. Associated transformations, such as BMI, will also exhibit a correlation, 
since it is a function of both height and weight. 

Anthropometric Variables in Females 

Height in Females 

The first variable to be considered for the female subjects is height in cm. The mean 

height for all women in this database is 159.09 cm. When examining height cross-sectionally. 
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women between the ages of 41-50 years have a mean value of 162.42 cm and women between 

91-100 years have a mean value of 153.07 cm. The difference of 9.35 cm reflects the mean 

value for height lost over the course of 50-59 years. The loss of height is due to the 

breakdown of the nucleus pulposus, and possibly kyphosis and lordosis that occur as a 

function of fracmres and subsequent degeneration of the centra of the vertebrae. 

Strong, significant correlations exist between height and measures of bone mineral. 

Height and distal third radial width are correlated for nearly all age cells. Although the exact 

relationship varies from cell to cell, r values suggest a moderate, yet significant relationship. 

The overall values suggest that 2.4%-24.1% of the overall variance in distal third radial width 

can be explained by height. The findings suggest that taller women tend to have increased 

bone cycling as demonstrated by increased distal third radial width in later years. 

Height is also highly correlated with BMC. While the relationship decreases between 

these variables as a function of age, the correlations are highly significant. The r^ values 

generally decrease from 32.0% between the ages of 51-55 years to 6.1% between 86-90 

years, suggesting that height plays less and less of a role in BMC with advancing age. 

Moreover, a positive, significant relationship also exists between this variable and 

BMD. While the r^ values for this last relationship varies approximately 1.2%-10.7% of the 

variance in BMD can be explained by height. 

Perhaps the relationships between height and measures of bone mineral may be 

explained by the overall initial differences between female subjects, with taller subjects having 

increased mechanical, or gravitational, loads placed on the skeleton. All skeletal elements 

would undergo some cycling, with the elements receiving direct stress undergoing the most 

cycling. As the distal third of the radius is not usually a weight bearing joint (other than in 
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circumstances of lifting and moving objects), it would be one of the last places to undergo 

increased bone cycling due to mechanical stressors. 

Weight in Females 

Weight in kg was recorded during the last scanning for 3414 female subjects. While 

mean weight in these subjects is 65.00 kg, the mean values vary from a value of 71.08 kg 

between 41-50 years to 54.41 kg between 91-100 years. The overall average decline across 

the age ceils is 16.67 kg over the course of nearly 60 years. When female subjects with 

recorded reproductive history are separated, the mean values are nearly the same as stated. 

Women between 41-50 years had a mean value of 69.56 kg, while women between 91-100 

years had a value of 53.47 kg. The overall difference is 16.09 kg, a value very similar to 

that already mentioned. 

The next set of variables examines the relationship between weight and bone mineral, 

including distal third radial width, BMC and BMD. Significant, positive relationships exist 

between weight and distal third radial width for women between the ages of 61-90 years of 

age. When r^ values are examined, weight in kg can explain 1.4%-6.4% of the variance in 

distal third radial width. While weight does not contribute a great amount, it does affect 

distal third radial width. 

More significant relationships are noted for weight and BMC. The r values generally 

increase from r=0.243 (p^O.Ol) with age from 51-55 years to r=0.493 (p^O.OOl) between 

91-95 years. This suggests that 5.9%-24.3% of the variance in BMC can be explained by 

weight. Weight is also significantly associated with BMD for women between the ages of 56-
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95 years. The associated r^ values predict that 4.9%-24.3% of the variance in BMD can be 

explained by weight. 

It is not surprising to find that both BMC and BMD are significantly correlated with 

overall weight. Any external stressor, including changes in weight (accomplished through 

either changing mass or gravity), exercise, diet or other factors can lead to alterations in bone 

cycling, consequently increasing or decreasing BMC and BMD. 

Body Mass Index in Females 

Mean values for height and weight were used to calculate BMI in kg/m*. The overall 

average BMI is 25.65 kg/m* based on 3410 subjects. Generally, women between 41-50 years 

have an average value of 26.95 kg/m% while women between 91-100 years have a mean value 

of 23.08 kg/m*. The overall difference of 3.87 kg/m* reflects a decline in BMI as a 

consequence of age. 

BMI in kg/m- does not exhibit a significant relationship between these variables, since 

the relationship itself is lessened by the mathematical relationship between the variables. It is 

important to keep in mind that Pearson's correlation coefficients show that height remains 

correlated to weight for nearly all ages. The r^ values suggest that 7.3%-25.6% of the 

variance in weight can be explained by height. 

When assessing the r values for the relationship between BMI and third radial width, 

no trends are apparent. In comparison, r values for BMI and BMC are significant for women 

between 61-100 years of age and for BMI and BMD between 66-100 years of age. These 

values do fluctuate from r=0.224 (p=0.000) to r=0.382 (p=0.015). This suggests that 

5.0%-14.6% of the variability in BMD is related to BMI. 



358 

The downward trend of the relationship between weight and BMI could reflect the 

known change in lean body mass (LBM) to total body fat (TBF). The decline in all three 

variables — height, weight and BMI ~ reflect changes associated with the aging process. 

Declines in all of the systems of the body, including the musculoskeletal, the digestive and the 

endocrine systems all affect changes in anabolic processes associated with these variables. 

Measures of Bone Mineral in Females 

Width is a measure of the actual width in cm at the distal third of the radius. The 

mean value for all female subjects in this series is 1.28 cm and the range is 0.85 cm to 2.66 

cm. The mean for the women in the reproductive subsample is 1.29+.0.13 cm and the range 

is the same as that listed above. 

BMC is the next variable to be considered. Mean values for BMC peaks prior to 50 

years of age, then decreases thereafter with advancing age. The mean value of 0.69 gm/cm is 

recorded at 69 years of age for either grouping, the complete database or only the female 

reproductive subsection. This value is 0.16 gm/cm lower than the mean calculated from 

women between 31-40 years of age. 

BMD has an average value of 0.54 gm/cm* in women with an average age of 69.39 

years for both groupings. While peak values of 0.66-0.67 gm/cm* are reached between 21-50 

years, the values decrease thereafter with advancing years. 
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Anthropometric Variables in Males 

Height in Males 

This section of the study encompasses a total of 1222 male subjects, although only 

894 have demographic and other pertinent information for the analysis. While most 

participants range between 19-95 years, many subjects between 71-80 years of age. 

Consequently, the mean and the median is 72.86 and 74.00 years, respectively. 

Height for these subjects is 172.40 cm for the mean and 172.20 cm for the median, 

although the range is 144.00-196.00 cm. Height is highest between 21-60 years of age with a 

mean value of 175.00 cm, then declines, on average, a cm or two with every decade. 

A measure of bone mineral, distal third radial width, is correlated to height between 

66-90 years of age. The associated r values range from r=0.316 (p=0.002) to r=0.470 

(p =0.001) fluctuating from age cell to age cell with no clearly discernible pattern. As the 

sample size seems sufficiently large, perhaps other factors account for these findings. 

BMC, also significantly related to height, with r values that range from r=0.195 

(p=0.029) to r=0.697 (p=0.006). The r^ values of 3.8% to 48.6% between the ages of 51-

90 years. Again, the sample size of the later age cells seems sufficiently large. Perhaps other 

variables account for these findings. 

BMD and height are also significantly related in a few age cells. Subjects between 56-

60 and 71-75 years have significant values, with r=0.678 (p=0.000) and r=0.218 

(p=0.010), respectively. 



360 

Weight in Males 

Weight is recorded 872 subjects, with the mean 77.94 kg, the median 76.00 kg and 

the range 48.00-186.00 kgs. This mean is partly determined by the large grouping of subjects 

between 71-80 years old. When only 688 subjects are merged, the mean difference is 0.93 kg 

and the median 0.50 kg. 

When weight is assessed with distal third radial width only two age cells have weak, 

significant r values of r=0.362 (p=0.000) between 66-70 years and r=0.296 (p=0.000) 

between 71-75 years. There are no overall trends apparent in the correlation matrix for these 

variables. Weight is also correlated with BMC, with r values that range between r=0.220 

(p=0.0I4) and r=0.457 (p = 0.000), suggesting 4.8%-20.9% of the variance in BMC can be 

explained by weight in male subjects 61-90 years of age. Finally, weight is correlated with 

and BMD. Overall, a decrease is found with r values of r=0.564 (p=0.036) to r=0.263 

(p=0.005) from 51-85 years of age. Possible reasons for this finding is that force (or weight) 

positively impacts both BMC and BMD, causing a stressor to the skeletal system, which 

responds accordingly. 

Bodv Mass Index in Males 

BMI is calculated for 869 male subjects. This value increases to a mean value of 

27.53 kg/m- and median of 27.65 kg/m* between 51-60, then declines. 

The relationship between BMI and distal third radial width is assessed with Pearson's 

correlation coefficients, which suggests only two age cells exhibit significant relationships 

with r=0.283, p=0.006 in subjects 66-70 years old and r=0.187, p=0.027 in 71-75 years 

old. Generally, there are no trends between these variables. 
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When the relationship between BMI and BMC is examined, four cells show significant 

results. These values range from r=0.303 (p=0.041) at 61-65 years of age to r=0.437 

(p=0.000) at 66-70 years of age, although no overall trends are apparent. Increased sample 

size for most of the cells would perhaps yield stronger relationships between these variables. 

When BMI is compared to BMD, significant results are noted for five age cells. The 

r values vary from r=0.532 (p=0.050) to r=0.209 (p=0.028). Again, it is thought that an 

increase in sample size may aid in clarifying this relationship. 

Comparison between Females and Males 

Comparisons are made between 2573 females and 707 males in the merged series. 

These comparisons are necessary for later comparison of the anthropometric factors ~ age, 

height, weight and BMI ~ that affect measures of bone mineral, including distal third radial 

width, BMC and BMD, since these variables have differential effects in each of the sexes. 

Only subjects after the age of 50 will be considered due to sample size. Some 

comparisons are not made in the lower age cells, since there are so few male participants. 

Overall, the mean is 69.73 years in females and 73.78 years in males, creating a mean 

difference of 4.05 years. These findings are also true of the median scores, which vary 

between females and males by a maximum of 0.50 years for each age cell. The age 

differences between the sexes are accounted for by age stratification into either five-year or 

ten-year segments during each of the statistical analyses presented in the previous two chapters 

of this dissertation for the anthropometric variables (Chapters 7 and 8). 
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Comparison of Height at Last Scan between Females and Males 

Height varies between the sexes. Generally, the difference in average values between 

the sexes increases in age. The difference in mean values is 11.46 cm between 51-60 

increasing to a mean difference of 14.35 cm in subjects 91-100 cm. These findings 

demonstrate a general trend for females to lose height at a higher rate compared to males with 

each decade in this cross-sectional analysis. Overall, there is a mean difference of 12.10 cm 

and a median difference of 12.60 cm between females and males. 

When these values are explored as a function of age, similar decreases are noted. 

Over the course of 45 years, means for females decrease from 162.67 cm to 152.71 cm and 

for males from 174.13 cm to 167.06 cm. This is a decrease of 9.96 cm in females and 7.07 

cm in males. Females can expect a loss 6.12% in body height between 46-95 years and males 

a loss of 5.44% during this same time frame. 

When the differences are assessed for height, the findings are significant for all age 

cells. Females at age 46-50 years have a mean height of 162.80+.6-46, in contrast males 

have a mean of 175.11+.8.35 (pooled t-test=-6.350. df=100, p=0.00). Females at age 91-95 

years have a mean of 152.56+.7.07 and males have a value of 167.57+.6.12 years (pooled t-

test=-5.884, df=47, p=0.000). The differences are significant, suggesting that height loss is 

different between the sexes. While this finding is not surprising, the value for the percent 

loss of 6.12% in females compared to 5.44% in males, suggests that males will lose a 

considerable amount of height as a result of changes in the vertebral column mentioned 

previously. 
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Comparison of Weight at Last Scan between Females and Males 

Weight also varies between these groups. There are significant differences between the 

sexes for nearly all age groups. In females, mean weight ranges from 52.950 to 72.523 kg; in 

males, the values range from 69.333 to 93.500 kg. For example, in subjects between the 

ages of 51-55 years, females have a mean weight of 72.523+.18.002 kg, while males have a 

mean weight of 93.500+.25.672 kg (pooled t-test=-3.802, df= 100, p=0.000). Generally, 

the mean difference ranges between 11.86-14.18 kg. 

This value, however, shows no discernible trend with advancing age, but presumably 

reflects a variety of genetic and behavioral differences between individual subjects. In 

contrast, median scores vary greatly from mean values. Females show a general decline in 

weight from 72.523 kg to 52.950 kg over the course of 45 years, while the mean values for 

males do not show this same decline, with values oscillating from age cell to age cell. 

Generally, the differences in weight are not surprising since weight is partly a function of the 

overall size differences between the sexes. 

The significant observation here is the age at which peak weight is attained and its 

subsequent decline. In the case of 51-55 age group in males, the large deviation suggests 

some outliers among the male subjects and should not influence the interpretation of the 

sexual differences. The age of 72.523 represents the probable female peak value while 81.548 

represents the probable peak values in males. 

Comparison of Body Mass Index at Last Scan between Females and Males 

BMI does not vary greatly between the sexes. The difference between the mean 

values for BMI is 0.69 kg/m*, although the maximum values vary by 1.22 kg/m*. The 
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difference in the median value varies by 1.17 kg/m', while the maximum value varies by 2.36 

lcg/m\ This indicates little difference between these values to examine the relationship of mass 

to height between the sexes. 

Indeed, only subjects between 71-75 years of age have significant differences between 

the sexes. Females have a mean of 25.704 kg/m- and males a mean of 27.282 kg/m- (pooled 

t-test=-3.469, df=659, p=0.001). All others groupings with adequate sample sizes have no 

significant differences. 

Comparison of Distal Third Radial Width 

This variable is the width in cm at the distal one third of the radius. In all 3150 

females, the mean value 1.28ii0.13 cm, although the range is 0.85-2.66 cm. Altogether, 

descriptive statistics are developed on 894 male subjects. The associated mean and standard 

deviation are 1.55+.0.15 (1.40-1.70) cm, and the range 0.45-2.05 cm. Trends are apparent 

when the two groups are compared. 

Width remains decreased in females compared to males, with differences that range 

between 0.241 cm and 0.327 cm between the ages of 46-95 years of age. These differences 

are significant, with females having a mean of 1.267 cm compared to males with 1.578 cm in 

the 46-50 age group (pooled t-test=-4.937, df=67, p=0.000). While these values vary a little 

between groupings, all age cells remain significant at the p^O.OOl level. In subjects aged 91-

95 years, the mean value for females is 1.272+.0.101 cm and the mean is 1.513Hi0.115 cm 

for males (pooled t-test -6.307, df=47, p=0.000). 
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Overall, there are no apparent trends for distal third radial width in females or in 

males. For females, these mean values range from 1.252 cm to 1.299 cm across all age 

groups, while for males, these range between 1.513 cm to 1.579 cm. 

Comparison of Bone Mineral Content 

BMC is directly computed by the LUNAR software in gr/cm. Altogether, 3510 

females between 21-100 years of age had BMC values between 0.20-1.62 gm/cm, suggesting 

a great deal of variability for this index. The average age in these subjects is 69.39 years, 

with the corresponding BMC at 0.69 gm/cm. When the 2565 subjects who completed all 

sections of the questionnaire are merged, mean BMC values are the same. 

Originally, 894 males were used to derive the mean and standard deviation. These 

values are 1.10+.0.18 gm/cm and the complete range is 0.11-1.60 gm/cm. Of these men, 707 

merged into the fracture database. Values in this subseries are on average 0.04 gm/cm lower 

than that listed above. 

When the mean values for BMC are examined by sex, it is found that the mean BMC 

values for females decline from 0.844 to 0.517 gr/cm between 46-95 years of age. This a 

loss of 38.7% of the BMC at this site, a substantial amount since this is one of the last 

locations in the body to lose bone. In males, the mean values decrease from 1.249 to 0.910 

gr/cm between 51-95 years of age. Correspondingly, this is a loss of 27.1 % of BMC. 

When these values are statistically analyzed using t-tests, significant differences are 

noted for all age groupings between 46-95 years. The difference between the mean values is 

0.272 gr/cm between the ages of 46-50 years (pooled t-test= -5.093, df=67, p=0.000). 

While the differences vary between each age cell, the results remain significant for all age 
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cells at p=0.000 level. The largest difference in BMC is found in the 76-80 year age 

grouping, with a value of 0.461 gr/cm (pooled t-test=-33.851, df=560, p=0.000). 

However, it should be mentioned that while the rate of loss is greater for females most of the 

time, male loss appears greater in the later years (i.e., beyond 80 years of age). 

Comparison of Bone Mineral Densitv 

Next, BMD is compared between the sexes. For 3150 female subjects, the average is 

0.54+.0.11 gm/cm^ in women. BMD values peak at a mean of 0.66-0.67 gm/cm* between 21-

50 years, decreasing thereafter with advancing years. In 894 males, 808 between the age of 

61-90 years have mean values of 0.71 gms/cm*. 

The loss of BMD is not constant between the sexes. Females start with a mean BMD 

of 0.667 gr/cm- at 46-50 years and end at 0.406 gr/cm* at 91-95 years, representing a decline 

of 39.1 % over the course of 50 years. In males, values start at 0.791 gr/cm- (in the first age 

cell with significant sample size, n=14) and generally decline to 0.601 gr/cm* over this same 

50 year period, representing a decline of 24.0% in BMD at the distal third of the radius. 

While the difference in the mean values generally increases with increasing age cells, 

values do fluctuate. These results show that significant differences (p^O.OOl) in BMD exist 

between the sexes for each five-year age groups from 51-90 years of age. 

Discussion of Linear Regression for Hypothesis I 

The multiple regression conducted on both females and males to identify relationships 

between anthropometric variables - age, height, weight - to distal third radial width, BMC 

and BMD in an age-adjusted comparison proved useful. 
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Altogether, 2427 age-adjusted females between 46-100 years of age have significant 

relationships between age, height and weight in relation to distal third radial width. As 

previously stated, the coefficients for age are B=0.001, SE=0.000, T=4.069, p=0.000, for 

height B = -0.0004, SE=0.000, t = -3.224, p = 0.001 and for weight B=0.001. SE=0.000, 

t = 6.862, p=0.000. This model indicates a significant relationship exists between the 

predictors for this model (e.g., age, height and weight) and distal third radial width with an 

adjusted r^ value of 0.022 (2.2%) and an F value of F= 19.119, p=0.000. The standardized 

coefficients are used to assess the variables that are most strongly predictive of distal third 

radial width. Weight is more predictive than height and age at last scan. 

A model is also presented for these anthropometric variables and BMC. Significant 

relationships are noted, with the following coefficients for age B=-0.006, SE=0.000, t = -

25.953, p=0.000, for height B=-0.001, SE=0.000, t = -7.684, p = 0.000 and for weight 

B=0.003, SE=0.000, t= 15.370, p=0.000. When these variables are combined, they are 

highly predictive of BMC. They have a resulting F value of F=379.132, p=0.000 with an 

adjusted r^ of 0.319. 

Finally, a model is also developed using age, height and weight in predict BMD in 

women, with significant correlations also noted between these variables. The resulting 

coefficients are for age B=-0.005, SE=0.000, t=-30.881, p=0.000, for height B=-0.0006, 

SE=0.000, t=-6.601, p=0.000 and for weight B=0.002, SE=0.000, t= 12.635, p=0.000. 

ANOVA for the variables in this model results in an F value of F=446.795, p =0.000 with 

an adjusted r*=0.355. 

Based on the standardized coefficients, these models indicate that in females weight is 

more predictive than height, and height more so than age for distal third radial width; age is 
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more predictive than weight, and weight more than height for BMC and for BMD. As 

mentioned previously because BMI is constructed from both height and weight, BMI should 

not be used in these models. BMI is expected to be highly autocorrelated with both height 

and weight, since it is derived from these measures. 

For the 610 age-adjusted males between 46-100 years of age, only weight, with 

coefficients of 5=0.001, SE=0.000, t=3.409, p=0.001, is correlated with distal third radial 

width. Unlike in females, age and height do not seem to have an effect. ANOVA 

demonstrated significant differences are presented for distal third radial width with an F value 

of F=9.697, p=0.000 and an adjusted r of r=0.04l (4.1%). 

When these same variables ~ age, height and weight — are used to determine a 

relationship to BMC, only two are significant at p^O.OOl. These are as follows: for age, 

B = -0.004, SE = 0.001, t=-5.660, p=0.000 and for weight, B=0.004, SE=0.000, t = 7.682, 

p=0.000. ANOVA indicates these variables are useful as predictors of BMC (F=41.846, 

p=0.000); combined together age and weight account for 16.8% of the variability in BMC 

(adjusted ^=0.168). 

BMD can also be predicted by age and weight in this linear regression model. The 

coefficients for final age are B=-0.003, SE=0.000, t=-7.489, p=0.000, for height B=-

0.001, SE=0.000, t=-3.196, p=0.001 and for weight B=0.001, SE=0.000, t=6.601, 

p=0.000. ANOVA states an F value of F=42.790, p=0.000 with an adjusted r^=0.171. 

Overall these findings suggest that only weight is statistically related to distal third 

radial width. Weight is more related than age, and age more than height to BMC, while 

weight is more related than age to BMD. 
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Discussion of Hypothesis I 

The first part of hypothesis I, "The height of a person will determine, to some extent, 

the associated measures of bone mineral," is supported by the data. While the r^ values are 

not high, the associated levels of probability are significant in both females and males. In 

females, there is a significant relationship between height and distal third radial width with 

p^O.OOl for nearly all of the age cells between 46-90 years of age. The relationship between 

height and BMC is also demonstrated by this same level of significance, p<0.001, between 

46-85 years of age and pj^ 0.01 between 86-90 years of age. Finally, the relationship 

between height and BMD is also significant between 46-85 years of age. 

In males, there is a positive relationship between height and distal third radial width 

for age cells between 66-90 years of age. Next, there is also a significant relationship. 

pj<0.05 and pj^O.OOl. between height and BMC for all age cells between 46-90 years of age. 

Finally, only three age cells (46-50. 56-60 and 71-75 years) demonstrate a significant 

relationship between height and BMD. 

While this relationship is significant (albeit the r^ values are weak), the explanation for 

this relationship is more difficult. In all cases, the R* values are positive suggesting that taller 

subjects have increased measures of bone mineral. Perhaps, taller subjects have increased 

loads and the effects of gravity on these loads affect bone mineral, since any force acting on 

bone will cause an associated response. 

The second part of hypothesis I, "the weight of a person will have a greater 

relationship to these measures," is generally supported by the data. While there is a 

significant relationship between weight and distal third radial width in women between the 

ages of 61-90 years of age, Lhe r values are not as high for this relationship. For the 
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relationship between weight and BMC, the r values increase as a function of age. For 

example, these values increase from r=0.236 in women 51-55 years of age to r=0.506 in 

women 91-95 years of age. Interestingly, the r values decrease from r=0.440 from 46-50 

years to r=0.247 in 86-90 years for the relationship between height and BMC. Thus, as age 

advances, height plays less of a role and weight plays more of a role in BMC in females. 

Overall, the second part of the hypothesis presented in this paragraph is supported by the data 

in this dissertation. 

The hypothesis, "the weight of a person will have a greater relationship to these 

measures," is now assessed in males. There are significant relationships between weight and 

measures of bone mineral in only a few age cells. For Instance, in males 66-75 years old, 

there is a significant relationship (p^O.OOl) between weight and distal third radial width. For 

BMC, there is a significant relationship with weight for subjects between 61-90 years of age. 

Finally, for BMD, there is a significant relationship for males between 51-85 years of age, 

with the 56-60 year age group as an exception. 

Height in males is correlated with distal third radial width primarily between 66-90 

years of age, with the r values fluctuating. Weight is correlated with distal third radial width 

in only subjects between 66-75 years of age and so few relationships exist that overall trends 

cannot be evaluated. For the relationship between height and BMC, a significant correlation 

exists between the ages of 46-90 years of age. The associated r values are initially high, 

decreasing with advancing age cells. 

The relationship between weight and BMC is noted only between the ages of 61-90 

years of age, and the values decline slightly across the age cells. Finally, for the relationship 

between height and BMD, only three age cells show significant results (46-50, 56-60 and 71-
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75 years of age). More age cells show a significant association for weight and BMD, 

primarily from 61-85 years of age. 

In these cases, few age cells show significant correlation between height and distal 

third radial width and BMC, while more age cells show significant correlations to BMD. In 

the case of males, this part of hypothesis I cannot be supported with the present data. 

In females the third part of Hypothesis I, "associated transformations, such as BMI, 

will also exhibit a correlation, since it is a function of both height and weight," is also 

supported by the data. While BMI does not show a relationship to distal third radial width 

for females in most age cells, it does show a significant, positive correlation for age cells 

between 71-80 and 86-90 years of age. As BMI increases, BMC increases as demonstrated by 

positive r values and associated levels of significance. Moreover, advancing age groups 

exhibit increasing r values from r=0.170 in subjects 61-65 years of age to r=0.427 in 

subjects 91-95 years of age. Finally, correlations also exist between BMI and BMD in 

females between the ages of 66-100 years of age. Although the r values remain low, 

associated levels of probability are between p^O.OOl and p^0.05. Thus, significant 

relationships exist between BMI and bone mineral. 

In males the third part of Hypothesis I, "associated transformations, such as BMI, will 

also exhibit a correlation, since it is a function of both height and weight," is not supported 

by the data. Only two age cells, males between 66-70 and 71-75 years of age have significant 

correlations with r=0.283, p^O.Ol and r=0.187, p_<0.05, respectively. Moreover, when 

BMI is correlated with BMC, only four age cells (61-65, 66-70, 71-75 and 81-85) show 

significant associations. When this variable is correlated with BMD, five age cells (51-55, 

66-85) show significant associations. Thus, distal third radial width is not strongly correlated 
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with BMI; this is determined by the number of age cells that show significant associations and 

by the r value itself BMC is significantly associated with BMC in subjects within certain age 

groups. Finally, BMI is also associated with BMD in subjects between 51-55 and 66-80 years 

of age. As BMI values peak early in life, the association may be between peak BMI and 

BMC and BMD. 

Finally, the age-adjusted linear regression conducted on females suggests that the 

weight is more predictive than height and age for distal third radial width. And, age is more 

predictive than weight, which is more predictive than height for BMC and BMD. 

For males, the age-adjusted linear regression suggests that only weight is correlated 

with distal third radial width, and not age and height like in females. The second model 

suggests that only age and weight are useful predictors of BMC. The final model indicates 

that age, height and weight are useful predictors of BMD. 

Thus, hypothesis I is supported for both sexes for these age groups. Both females and 

males have a significant relationship between height, weight and BMI and measures of bone 

mineral through use of Pearson's correlation coefficients and linear regression. 

Hypothesis II 

When evaluating reproductive histories from these women, age at menarche and 
menopause will determine overall reproductive span. Women who experience longer 
natural reproductive spans will have higher bone mineral indices than women with 
shorter spans, regardless of the age at menarche and menopause. Longer durations of 
estrogen production throughout life will protect against postmenopausal bone loss. 
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Reproductive Variables in Females 

The relationship between the menarche, menopause and total reproductive span will be 

evaluated in order to test hypothesis II, the influence of reproductive events on 

postmenopausal bone mineral. The data from the descriptive statistics presented in Chapter 7 

and other statistics, such as Pearson's correlation coefficients presented in Chapter 8, are 

combined to assess the relationship between self-recalled age at menarche to menopause and 

total reproductive span to distal third radial width, BMC and BMD. 

The first part of hypothesis II states, "When evaluating reproductive histories from 

these women, age at menarche and menopause will determine overall reproductive span. 

Women who experience longer natural reproductive spans will have higher bone mineral 

indices than women with shorter spans, regardless of the age at menarche and menopause. " 

Since menarche marks the beginning of reproductive history and menopause the ending, the 

relationship of these two variables is important to assess the impact of reproductive span on 

measures of postmenopausal bone mineral. For this reason, first the relationships between 

age at menarche and age at menopause and measures of bone mineral will be assessed. 

Age at Menarche 

Of the 3120 female subjects used for these analyses, only 2239 recorded age at 

menarche. Since these values ranged between 7.00-52.00 years of age, these data were 

modified to account for self-recalled data entry errors by the subjects. Age at menarche is 

adjusted by calculating three standard deviations above and below the mean (I3.16ii3.28 

years; 3.32-23.00 range). This approach allows researchers to incorporate 99.74% of the 

women who recorded this data in this analysis. After placing these limiters on this variable. 
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the values are 12.91+.1.57 years with a range of 7.00-21.00 years for these 2222 subjects. 

This is a range of 14.00 years for initiation of menarche. 

When examined with Pearson's correlation coefficients, no significant relationships 

exist between age at menarche and any of the measures of bone mineral within any of the age 

groups. These values suggest that age at menarche does not affect postmenopausal measures 

of bone mineral when the age of the women is taken into account. 

When age at menarche is segmented into three categories - early (prior to 11.34 

years), middle or intermediate (between 11.34-14.48 years) and late (greater than 14.48 years) 

~ for further comparison to measures of bone mineral, no statistically significant relationships 

are noted between age at menarche and distal third radial width. When the means are 

examined for distal third radial width in each of the three categories, no significant differences 

are noted between these groupings. 

These same groupings are used to assess relationships between age at menarche and 

BMC in these subjects. No significant Pearson's correlation coefficients are noted between 

these variables for any of the age cells. When the means and standard deviations are 

presented for women in these categories between 46-95 years of age, mean BMC values are 

2.15% higher in women who underwent menarche earlier than women who underwent this 

process in midrange. Moreover, values for women who underwent menarche later are 5.3% 

higher than women who underwent menarche earlier. When comparing the mean loss of 

BMC as a function of age, women who experienced menarche earlier lost an average of 

31.06% BMC, women who experienced menarche in midrange lost an average of 30.28% and 

women who underwent menarche later lost 35.86% of BMC over the span of 50 years. 
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Next, when Pearsons's correlation coefficients are used to assess the relationship 

between age at menarche to BMD in these three groupings, only one significant relationship is 

noted. Women between 66-75 years who experienced menarche after 14.48 years have a 

significant, negative r value (r = -0.316, p^0.05). When the means and standard deviations 

are presented for BMD in these groupings, the difference is 3.43% between the earlier and 

midrange groupings for subjects between the age of 46-55 years, with the mean difference 

decreasing to 1.38% in subjects 86-95 years of age. When the mean BMD values are 

compared in women who experienced menarche in midrange to later ages, nearly all age cells 

have means that are higher. The values range from 4.42% in women 46-55 years to 4.18% 

in women 86-95 years. When assessing the mean rate of BMD loss over the course of 50 

years, women who experienced menarche earlier have the highest rate of BMD loss at 

35.92%. women who experienced menarche in midrange have a mean rate of BMD loss of 

32.72% and women who experienced menarche later have the lowest rate of BMD at 32.89%. 

When the means for distal third radial width, BMC and BMD are examined across the 

three categories with ANOVA and Tukey's HSD statistical tests, no significant differences 

exist between the means for distal third radial width, BMC and BMD for any of the age cells. 

Thus, age at menarche does not influence measures of postmenopausal bone mineral. 

Thus, hypothesis II states, "When evaluating reproductive histories from these women, 

age at menarche and menopause will determine overall reproductive span. Women who 

experience longer natural reproductive spans will have higher bone mineral indices than 

women with shorter spans, regardless of the age at menarche and menopause." The data do 

not support acceptance of pan of hypothesis II that age at menarche is directly or indirectly 

related to measures of postmenopausal bone mineral through total reproductive span. 
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Age at Menopause 

To continue with the first part of hj^othesis II ~ "When evaluating reproductive 

histories from these women, age at menarche and menopause will determine overall 

reproductive span. Women who experience longer natural reproductive spans will have higher 

bone mineral indices than women with shorter spans, regardless of the age at menarche and 

menopause" - the relationship between age at menopause and measures of postmenopausal 

bone mineral will next be examined. 

Of the 3120 women who are included, only 1969 recorded age at menopause. Before 

correction for error, the range for age at menopause is 20.00-83.00 years with a mean and 

standard deviation of 46.63jt7.28 years. For women who recorded menopause at a very late 

age, values above three standard deviations from the mean were used to define the upper 

boundary. Age at menopause is initially defined from 20.00-68.47 years of age. Next with 

these boundaries, age at menopause is calculated to be 46.59+:7.19 years. All women are 

included in this analysis, even if they underwent natural or surgical menopause. 

When Pearson's correlation coefficients are used to assess the relationship between 

age at menopause and measures of bone mineral, no statistically significant correlations exist. 

This suggests that age at menopause does not influence measures of postmenopausal measures 

of bone mineral. 

When age at menopause is divided into three categories ~ women who underwent 

early menopause, women who underwent midrange menopause and women who underwent 

late menopause ~ only two age cells have significant correlations (66-75 years in women with 

late menopause and 86-95 years in women) with early menopause, there are no overall 

discemable trends. 
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Next, the means and standard deviations for distal third radial width are presented for 

women in these three groups. Subjects between 46-85 who underwent early menopause have 

the highest values for distal third radial width compared to women who experienced 

menopause midrange. While the means vary from age cell to cell, the means are higher than 

the other two categories. When looking at differences across age cells, women who 

experienced menopause during the midrange years have increased values by 6.52% over the 

course of 50 years, while those women below on standard deviation and above one standard 

deviation have lower levels. 

Next, there are no correlations between age at menopause and BMC when subjects are 

age-stratified. The descriptive statistics for BMC are grouped by age at menopause. Women 

who underwent early menopause have the highest values, with a 5.87% higher value between 

46-55 dropping to 4.02% between 86-95 years, for BMC compared to women in the midrange 

grouping. No trends are apparent when mean BMC values for women who experienced late 

menopause are examined. The overall mean loss varies by grouping: women who experienced 

early menopause lost 35.18% BMC; women who experienced midrange menopause lost 

28.50% BMC; and women who underwent late menopause lost 22.89% BMC over the course 

of 50 years. These results are not surprising, since the rate of bone loss is dependent upon 

the length of time that a women has been postmenopausal. 

Finally, no significant relationships exist between age at menopause and BMD. 

Although there are some differences in the means and standard deviations for BMD in women 

who are grouped in this manner. Women who experienced early menopause begin menopause 

with the highest BMD values, while women with midrange age at menopause, have low BMD 

values. Women who had late menopause have varying BMD values. Women in the earliest 
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grouping lose, on average, 35.75% of BMD between 46-95 years, while women with 

midrange values lose, on average, 32.40% of BMD. Last, women with late age at 

menopause lose, on average 25.12% of BMD. 

In the final section, a comparison of means is conducted using ANOVA and Tukey's 

HSD tests. Only women between 56-65 years have differences between the means for BMC 

and BMD; the significance is between women who early menopause and midrange menopause 

(F=4.434, p=0.13 for BMC and F = 3.661, p=0.028 for BMD, respectively). 

The first part of hypothesis II states "When evaluating reproductive histories from 

these women, age at menarche and menopause will determine overall reproductive span. 

Women who experience longer natural reproductive spans will have higher bone mineral 

indices than women with shorter spans, regardless of the age at menarche and menopause." 

The data do not support a strong, significant correlations between age at menopause and distal 

third radial width, BMC and BMD. Only women between 56-65 years of age have significant 

difference of means between early and midrange age at menopause. 

Total Reproductive Span in Women With Namral Menopause 

The second part of hypothesis 11 states, "Women who experience longer natural 

reproductive spans will have higher bone mineral indices than women with shorter spans, 

regardless of the age at menarche and menopause. Longer durations of estrogen production 

throughout life will protect against postmenopausal bone loss." The next set of analyses 

attempts to assess the correlation between total reproductive span and distal third radial width, 

BMC and BMD. 
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Total reproductive span, the period between menarche and menopause for all women, 

is calculated for 1922 subjects. On average, however, the reproductive span is 33.55+.7.53, 

although the span ranges between 1.00-57.00 years. No exclusions are made in this section 

for either bilateral oophorectomy or for hysterectomy. 

In women with natural menopause, no significant correlations exist between total 

reproductive span and any of the measures of bone mineral. This suggests that when 

examining the influence of total reproductive span on bone mineral, that span plays little to no 

role in postmenopausal bone mineral in these grouping. 

The mean for distal third radial width, BMC and BMD is next compared by 

categories of total reproductive span including: subjects who with a short reproductive span; 

subjects with a midrange reproductive span; and subjects with a long reproductive span. No 

significant correlations are noted for the relationship between total reproductive span and 

distal third radial width for any of the age cells using Pearson's correlation coefficients. 

Women with short reproductive spans generally have greater distal third radial widths than 

women with intermediate spans. 

Using these same criteria, no significant relationships are noted when total 

reproductive span is compared to BMC. Means and standard deviations are examined, and 

generally women with short total reproductive spans have the highest values compared to 

women with longer total reproductive spans. These same women, unfortunately, end with the 

lowest BMC values. The mean rate of loss is 33.96% between the ages of 46-95 years. 

Comparatively, women with an intermediate total reproductive spans have intermediate or low 

values, with a mean rate of loss of 28.14% over the course of 50 years. Women with long 
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reproductive spans have either the highest mean values or intermediate mean values. The 

mean rate of loss is 20.79% between 46-95 years of age. 

Next, no significant relationships are noted between total reproductive span and BMD. 

When the means and standard deviations are evaluated; women with short reproductive spans 

have the highest mean values immediately after menopause. Women with intermediate 

reproductive spans have intermediate or low values. Women with a long reproductive span 

have fluctuating mean values for BMD. 

Finally, a comparison of means is conducted with ANOVA and Tukey's HSD tests. 

Significant differences are noted between the means for BMC when subjects between the ages 

of 46-55 years (F = 3.801, p=0.026) and also between the means for BMC in women 56-65 

years (for BMC is F = 5.778, p=0.004), with significant differences between the lowest and 

intermediate total reproductive span and intermediate and highest reproductive span. Since 

there was one category with less than two subjects, posthoc tests were not performed. 

Perhaps one area of future inquiry is the negative association between a longer total 

reproductive span and BMD in subjects aged 56-75. This association may be due to earlier 

age at first pregnancy and later age at last pregnancy, increased calcium drains through 

pregnancy and/or breastfeeding coupled with greater bone cycling without recuperation time 

and other factors. 

The second part of hypothesis II, " Women who experience longer natural reproductive 

spans will have higher bone mineral indices than women with shorter spans, regardless of the 

age at menarche and menopause" cannot be accepted. No significant correlations exist 

between (natural) total reproductive span and distal third radial width, BMC and BMD in this 

series. There are significant differences between the means in women 46-65 years of age 
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when this variable is categorized into short, intermediate and long spans. Generally, women 

with short reproductive spans between 46-65 years of age have higher BMC and BMD levels 

than women with intermediate or long reproductive spans between these same ages. Indeed 

the opposite seems true; women with short reproductive spans have high BMC and BMD 

values in the early postmenopausal years. 

Total Reproductive Span in Women With Hysterectomy 

The second part of hypothesis II states, "Women who experience longer natural 

reproductive spans will have higher bone mineral indices than women with shorter spans, 

regardless of the age at menarche and menopause. Lx>nger durations of estrogen production 

throughout life will protect against postmenopausal bone loss." The next set of analyses 

attempts to assess the correlation by means of Pearson's correlation coefficients between total 

reproductive span in women with hysterectomy and distal third radial width, BMC and BMD. 

First, the relationship between reproductive span and distal third radial width is 

examined. Very little data exist for comparison of women with long reproductive spans and, 

consequently, comparisons are not possible through Pearson's correlation coefficients. When 

the means and standard deviations are given, women between 46-55 years of age with short 

reproductive spans have the largest distal third radial widths. The mean values remain the 

highest between 56-65 years, then decreases to intermediate values between 66-85 years. 

Women with an intermediate reproductive span have distal third radial width values that are 

intermediate or highest starting at 46-55 years of age and ending at 86-95 years of age. Since 

few women have long reproductive spans, the data cannot be used due to limited sample 

sizes. 
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The correlation between reproductive span and BMC is assessed in this same group of 

women. Only women between the ages of 56-65 years with a short reproductive span 

have significant correlations (r=0.605, p=0.013), although the sample size is rather limited. 

When the means and standard deviations are examined, it is noted that women with a shon 

reproductive span have the highest mean values early in their postmenopausal years, then the 

mean values drop to intermediate and end with lowest values for BMC. Women with an 

intermediate reproductive span have values that fluctuate, with no apparent overall trend. 

Finally, women with long total reproductive spans have inadequate sample sizes to conduct 

this analysis. 

Finally, the correlation between total reproductive span and BMD in examined. A 

significant correlation (r=0.610, p=0.012) is present in women 56-65 years with a shon total 

reproductive span, although there are only sixteen subjects in this cell. Women with short 

reproductive spans have the lowest mean values or intermediate mean values for BMD. 

Women with intermediate reproductive spans begin with the highest mean values for BMD, 

but then have intermediate values in higher age cells. So few subjects have long reproductive 

spans that the data are not described. 

When ANOVA and Tukey's HSD tests are performed for the comparison of means 

for total reproductive span to measures of bone mineral (distal third radial width, BMC and 

BMD), no differences were found for any of the measures of bone mineral between the ages 

of 46-105 years. 

Thus, the second part of hypothesis II, "Women who experience longer natural 

reproductive spans will have higher bone mineral indices than women with shorter spans, 

regardless of the age at menarche and menopause. Longer durations of estrogen production 
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throughout life will protect against postmenopausal bone loss," cannot be accepted. 

Significant correlations only exist between total reproductive span (with hysterectomy) and 

BMC and BMD in women 56-65 years of age; there are only 16 subjects in this age cell. A 

comparison of means suggests that no significant differences are noted between groupings by 

length of total reproductive span. 

Total Reproductive Scan in Women with Oophorectomy 

The second part of hypothesis II, "Women who experience longer natural reproductive 

spans will have higher bone mineral indices than women with shorter spans, regardless of the 

age at menarche and menopause. Longer durations of estrogen production throughout life 

will protect against postmenopausal bone loss," is examined in women who underwent 

oophorectomy but not hysterectomy. 

There are so few subjects that it is not possible to examine the relationship between 

total reproductive span and distal third radial width. When the values for the mean and 

standard deviation are inspected for women between these three categories, the sample size is 

so limited that comparisons are not possible. 

Again, there are no data to assess the correlation between total reproductive span and 

BMC using Pearson's correlation coefficients or a comparison of means for subjects in these 

three categories. 

Finally, the correlation between total reproductive span and BMD and the differences 

between the means cannot be assessed due to the inadequate sample sizes. 
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Due to the limited sample sizes, the comparison of the means using ANOVA and 

Tukey's HSD found no significant differences for distal third radial width, BMC and BMD 

for subjects between 46-105 years. 

Therefore hypothesis II, "Women who experience longer natural reproductive spans 

will have higher bone mineral indices than women with shorter spans, regardless of the age at 

menarche and menopause. Longer durations of estrogen production throughout life will 

protect against postmenopausal bone loss," cannot be assessed due to limited sample size 

when women who underwent only oophorectomy are grouped by total reproductive span. 

Total Reproductive Span in Women With Oophorectomv and Hysterectomy 

The second part of hypothesis II, "Women who experience longer natural reproductive 

spans will have higher bone mineral indices than women with shorter spans, regardless of the 

age at menarche and menopause. Longer durations of estrogen production throughout life 

will protect against postmenopausal bone loss," is now examined in women who underwent 

both oophorectomy and hysterectomy during their reproductive spans. 

When total reproductive span and distal third radial width is assessed for women who 

have underwent both hysterectomy and oophorectomy, a significant correlation is noted in 

women between 76-85 years with a short reproductive span (r=-0.405, p=0.012). This 

relationship, however, is not noted in women of other age groups and could be due to the 

limited sample size. When the descriptive statistics are examined for distal third radial width 

in women with a short reproductive span, a number of relationships are present. These 

women start with the highest mean distal third radial width and end with low values, similar 

to women with an intermediate reproductive spans. When values for women who an 
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intermediate reproductive span are examined, the values fluctuate greatly. Finally, so few data 

are available for women with long reproductive spans that this grouping cannot be examined. 

Next, when the correlation between total reproductive span and BMC is examined, no 

significant relationships exist for any of the age cells, except for women between the ages of 

66-75 years with short reproductive spans (r=-0.317, p=0.016). However, a major trend can 

be seen from an examination of the means and standard deviations for women with a short 

reproductive span. Women with short reproductive have intermediate to high mean values 

early in menopause, then have lower values at a later age. Subjects with an intermediate span 

high to intermediate values for mean BMC for each of the age cells. Women with a long 

reproductive span are not included due to the limited sample sizes. 

For the correlation between total reproductive span and BMD, three cells show 

significant relationships. The first is in women between 66-75 years who experienced an 

early reproductive span (r=-0.279, p=0.036). The second and third are two relationships 

between an intermediate span and BMD (r=0.343, p=0.020 in women 56-65 years and 

r=0.632, p=0.028 in women 86-95 years). When the means and standard deviations for 

BMD are categorized by duration of total reproductive span, women with a short span have 

lower mean BMD values than women with an intermediate reproductive span. 

Finally, when a comparison of means is conducted with ANOVA and Tukey's HSD 

difference of means tests, only two age groups show significant differences between the means 

for BMC and BMD. Women between 76-85 years have significant differences between the 

lowest and the highest categories for BMC (F=3.093, p=0.049). Women between 86-95 

years of age have significant differences between the means for BMC (F=4.659, p=0.040) 
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and for BMD (F=5.027, p=0.033) There was not significant sample size to nm the analysis 

for Tukey's HSD. 

Accordingly the second part of hypothesis II, "Women who experience longer natural 

reproductive spans will have higher bone mineral indices than women with shorter spans, 

regardless of the age at menarche and menopause. Longer durations of estrogen production 

throughout life will protect against postmenopausal bone loss," cannot be accepted in women 

who underwent both oophorectomy and hysterectomy during their reproductive spans. While 

a few significant correlations are noted between total reproductive span and distal third radial 

width, BMC and BMD, these findings are limited. Based on ANOVA, the significant 

differences manifest after the average age of 76 years, late in postmenopausal life. Women 

with short reproductive spans have significantly low postmenopausal BMC and BMD 

compared to women with intermediate or long total reproductive spans. 

Discussion of Linear Regression for Hvpothesis II 

An age-adjusted linear regression is undertaken to determine if there are any 

relationships between age at menarche and menopause and total reproductive span to distal 

third radial width, BMC and BMD. These models are developed for women with natural 

menopause, oophorectomy, hysterectomy and both oophorectomy and hysterectomy. 

Altogether, 1582 women were used to determine if these reproductive variables 

affected measures of bone mineral. In an analysis with all subjects in the four groups listed 

above, the only variable that has a significant relationship is age at last scan and distal third 

radial width (B=0.0007, SE=O.OOG, t=2.204, p=0.028). This model does not have a 

significant F value and the adjusted r^ is 0.001. In the second linear regression, only age at 
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last scan is significantly related to BMC (age at last scan, B=-0.007, SE=0.000, t=-22.6l5, 

p=0.000) with an F= 135.337 (p=0.000) and an adjusted r^ of 0.254. Last, age at last scan 

is also significantly related to BMD (B=-0.005, SE=0.000, t = -26.074, p=0.000 with an 

F= 178.522, p=0.000, r^=0.310.) Overall, these models suggest that only age at last scan is 

significantly related to BMC and BMD, while age at menarche, age at menopause and total 

reproductive span are not related. 

When 757 subjects who only underwent natural menopause are included in the model, 

age at last scan has a significant relationship to distal third radial width (B=0.001, 

SE=0.000, t=2.044, p=0.041), while the other variables do not (F= 1.672, p=0.155, 

r=0. 0 4 ) .  N e x t ,  a g e  a t  l a s t  s c a n  i s  s i g n i f i c a n t l y  r e l a t e d  t o  B M C  ( B = - 0 . 0 0 6 ,  S B = 0 . 0 0 0 ,  t = -

14.682, p=0.000 with an F = 56.030, p=0.000, r^=0.226). Finally, only age has a 

significant relationship to BMI (B=-0.005, SE=0.000, t=-17.106, p=0.000 with an 

F=76.212, p=0.000, r^=0.285). An overview of each of the models suggests that age at last 

scan is the only significant determinant of distal third radial width, BMC and BMD. 

Altogether, 234 women who underwent hysterectomy have significant relationships 

between age and BMC (B=-0.008, SE=0.00I, t=-10.367, p=0.000, with an F = 33.557, 

p=0.000, r^=0.359). Age is also significantly related to BMD (B=-0.006, SE=0.000, t = -

12.158, p=0.000, with an F=4.116, p=0.000, r^=0.425). 

In the next linear regression, the variables for 41 females who underwent 

oophorectomy as used as predictors for the model. Only age is a useful predictor of BMC 

(B=0.011, SE=0.002, T=-4.792, p=0.000, with an F=6.036, p=0.001, r^=0.335) and for 

BMI (B=-0.008, SE=0.002, t=-4.943, p=0.000. with an F=7.258, p=0.000, r^=0.385). 
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In the last linear regression, 418 subjects who underwent complete surgical 

menopause are included in the analysis. Interestingly, these 418 women have significant 

relationships between age at last scan, age at menarche, age at menopause and total 

reproductive span and BMC. These coefficients are: age at last scan, B=-0.007, SE=0.001, 

t=-10.839, p=0.000; age at menarche, 8 =0.067, SE=0.032, t = 2.134, p=0.033; age at 

menopause, B = -0.067, SE=0.031, t=-2.148, p=0.032; and total reproductive span, 

B=0.0691, SE=0.031, t=2.215, p=0.027. This model has a F=33.154, p=0.000 with an 

adjusted r^ of 0.236. Values for the relationship between these variables and BMD are even 

more significant. These coefficients are: for age, B=-0.055, SE=0.000, t=-12.007, 

p=0.000; for age at menarche, B=0.055, SE=0.022, t=2.535, p=0.012; for age at 

menopause, B=-0.055, SE=0.022, t=-2.564, p=0.011; and for total reproductive span, 

B=0.057, SE=0.022, t = 2.642, p=0.000. Overall, the ANOVA has an F value of 41.266, 

p=0.000 with an adjusted r^ of 0.279. 

Thus, these models demonstrate that age at menarche, age at menopause and total 

reproductive span are not related to measures of bone mineral in women who underwent 

natural menopause, hysterectomy or oophorectomy. As long as parts of the reproductive 

system remained intact, the effects of these variables on bone mineral seems diminished. In 

contrast, age at menarche, age at menopause and total reproductive span in women with 

complete surgical menopause (hysterectomy and oophorectomy) do play a role in determining 

outcome of bone mineral during the postmenopausal years. 
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Hypothesis III 

Pregnancy will have an effect on postmenopausal measures of bone mineral. Women 
who become pregnant very early in life, such as in the early teenage years, or later in 
life, such as after 30 years, will have lower measures of postmenopausal bone 
mineral. Women who became pregnant after reaching peak BMD will have greater 
postmenopausal BMD with more limited skeletal impact. Thus, women within the same 
final age group who became pregnant at a very early age or a late age will have 
lower values that women who became pregnant while at peak BMD levels. 

Age at First Pregnancy 

To address the next part of hypothesis III, "Women who become pregnant very early 

in life, such as in the early teenage years, or later in life, such as after 30 years, will have 

lower measures of postmenopausal bone mineral. Women who became pregnant after 

reaching peak BMD will have greater postmenopausal BMD with more limited skeletal impact. 

Thus, women within the same final age group who became pregnant at a very early age or a 

late age will have lower values that women who became pregnant while at peak BMD levels," 

Pearson's correlation coefficients are calculated to assess the relationship between age at first 

pregnancy in relation to distal third radial width, BMC and BMD. 

For age at first pregnancy, approximately 1824 of the women who became pregnant 

recorded this age at 24.55+.4.73, with the range between 13.00 and 48.00 years. Only two 

significant correlations exist; one between age at first pregnancy and distal third radial width 

(r=0.270, p^0.05) in women 56-60 years and to BMD (r=-0.529, p^O.05) in women 91-

95 years of age. 

Age at first pregnancy is grouped into three categories - early (before 19.82 years), 

intermediate (between 19.82 and 29.28 years) and late (after 29.28 years) and the correlations 

between first pregnancy and distal third radial width, BMC and BMD. Only one correlation is 
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noted; women who experienced first pregnancy in the middle of their life have significant 

correlations to distal third radial width (r=-0.277, p^O.05). Moreover, when the means and 

standard deviations are compared between groupings, women between 46-85 years with an 

early age at first pregnancy have higher distal third radial widths than women in the other 

groupings. 

When the correlation coefficients are determined for age at first pregnancy and BMC, 

women who experienced first pregnancy later in life and who were between 76-85 years of 

age have significant values (r=0.259, p^0.05). When the descriptive statistics are reviewed, 

women with later ages at first pregnancy start menopause with lower BMC values than 

women in the other groupings, although the difference between the means is not significant. 

Finally, no significant Pearson's correlation coefficients are present for the 

relationship between age at first pregnancy and BMD. Moreover, after examination of the 

means, no trends are present. 

When ANOVA and Tukey's HSD statistical tests are performed for the differences 

between distal third radial width, BMC and BMD in relation to age at first pregnancy between 

46-95 years of age, no significant differences are noted between these age cells. 

Age at first pregnancy is not significantly related to measures of postmenopausal bone 

mineral and the second part of hypothesis III carmot be accepted. 

Age at Last Pregnancy 

This same hypothesis is applied to the next variable, age at last pregnancy, to assess 

whether "Women who become pregnant very early in life, such as in the early teenage years, 

or later in life, such as after 30 years, will have lower measures of postmenopausal bone 
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mineral. Women who became pregnant after reaching peak BMD will have greater 

postmenopausal BMD with more limited skeletal impact. Thus, women within the same final 

age group who became pregnant at a very early age or a late age will have lower values that 

women who became pregnant while at peak BMD levels." Pearson's correlation coefficients 

are calculated to assess the relationship between age at last pregnancy in relation to distal third 

radial width, BMC and BMD. 

For age at last pregnancy, altogether 1821 women recorded age at last pregnancy at 

an average of 30.37+.5.76 years, with the range between 13.00 and 54.00 years. Only one 

significant correlation exists between age at last pregnancy and distal third radial width in 

women between 46-50 years (r=-0.312, p=0.019). A few significant correlations exist 

between age at last pregnancy and BMC and BMD. Women between 76-85 years have 

significant correlations (r=0.162, p=0.014 between 76-80 years and r=0.235, p=0.006 

between 81-85 years). For the relationship to BMD, two age cells, women between 81-85 

years and 86-90 years, also have significant correlations (r=0.227, p=0.008 and r=0.241, 

p=0.018, respectively). 

Next, Pearson's correlation coefficients are developed to determine the relationship 

between groupings for age at last pregnancy and distal third radial width. Significant 

correlations exist between an early age at last pregnancy and distal third radial width 

(r=0.314, p^0.05 between 56-65 years to r=0.682, p^O.OOI between 86-95 years of age), 

although the sample sizes are limited. Differences between the means become apparent when 

women in these groupings are compared. With the exception of women in one age cell, 

women in the youngest grouping for age at last pregnancy have larger distal third radial 

widths than women who experienced later age at last pregnancy. 
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Significant correlations are also noted between age at last pregnancy and BMC. In 

women grouped by early age at last pregnancy, one age cell is significant (r =-0.329, 

p^O.00%) between 56-65 years of age. Two cells are significant in women grouped in the 

intermediate category; women 76-85 have an r=0.146, pj<0.05 and women 86-95 years have 

an r=0.241, p<0.05. Finally, only women in the last grouping has significant correlations, 

women between 66-75 years have an r=0.236, p<0.05. Moreover, before the age of 76 

years, women with an early age at last pregnancy have the highest mean values for BMC, yet 

after this age the lowest values. 

Correlation coefficients are also used to assess the relationship between age at last 

pregnancy and BMD. Only one significant negative relationship exists; women who 

experienced last pregnancy later in life have r values of r=0.227, p^0.05 between 66-75 

years of age. When the means and standard deviations are examined, only women who 

experienced a later age at last pregnancy have highest values of BMD after the age of 76 

years. These values are significant (see ANOVA below). 

Finally, ANOVA and Tukey's HSD test statistical tests are used to evaluate the 

difference of means between these groupings. There are significant differences between the 

means for women 76-85 years for BMC values, especially in the earliest and latest grouping 

(F=3.564, pj^O.OS) and for women 76-95 years for BMD values between the earliest and 

latest groupings (F = 3.280, p^0.05 and F = 3.246, p<0.05) 

In summary, pan of hypothesis cannot be rejected. "Women who become pregnant 

very early in life, such as in the early teenage years, or later in life, such as after 30 years, 

will have lower measures of postmenopausal bone mineral." Women between 76-95 years of 

age who experience last pregnancy at a late age have increased BMC and BMD values. 
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whereas women who experience last pregnancy at an early age in this same age cell have the 

lowest mean values for BMC and BMD. In the next part of the hypothesis, "Women who 

became pregnant after reaching peak BMD will have greater postmenopausal BMD with more 

limited skeletal impact. Thus, women within the same final age group who became pregnant at 

a very early age or a late age will have lower values than women who became pregnant while 

at peak BMD levels." Apparently, a later age at last pregnancy positively affects 

postmenopausal bone mineral in groupings after the age of 75 years. 

Pregnancy Number and Duration 

The first part of hypothesis III states, "Pregnancy will have an effect on 

postmenopausal measures of bone mineral". Data presented in this section will attempt to 

elucidate the relationship between pregnancy number and duration and bone mineral to assess 

the effect of pregnancy on distal third radial width, BMC and BMD. 

Altogether, 1844 of the 3120 women became pregnant at least once. The average 

number of pregnancies was 2.86+.1.56 pregnancies, with a median of 3.00 pregnancies. Over 

88.73% of these women between one and four pregnancies. When Pearson's correlation 

coefficients are used to assess the relationships between pregnancy number and measures of 

bone mineral, no correlations between pregnancy number and distal third radial width exist 

for any of the age cells. When this variable is compared to BMC and BMD, only two age 

cells (76-80 and 81-85) have weak, yet significant relationships. The r values range between 

r=0.155, p^0.05 and r=0.193, p^O.OI. Interestingly, these subjects were bom in the 

1910s and 1920s, when diets may have been altered due to the depression and peak BMC may 
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not have been reached. If peak BMC was not reached, reproductive events, such as 

pregnancy, may have left its mark on the postmenopausal skeleton. 

Pregnancy duration is the amount of time that the woman spent pregnant. The mean 

for 1828 subjects is 23.51±12.45 months, the range 1.00-90.00 months. Correlation 

coefficients for the relationship between pregnancy duration and distal third radial width 

generally show no significant relationships to distal third radial width, suggesting that the 

cumulative time spent pregnant does not affect this measure of bone mineral. When duration 

is related to BMC, only subjects between 76-80 and 81-85 years have weak, yet significant r 

values (r=0.166, p=0.012 and r=0.I47, p=0.000, respectively). Interestingly, these women 

were also bom in the 1910s and 1920s, suggesting these women underwent similar stressors 

as others in their cohort during the reproductive phase of the lifespan. No significant 

correlations are noted between pregnancy duration and BMD for any of the age cells. 

A comparison of means for distal third radial width when grouped into three 

categories of pregnancy duration (i.e., less than 11.06 months, between 11.06-35.95 months 

and more than 35.95 months) suggests that a negative correlation exists (r=0.179, p^0.05) 

in only one age cell for women who experienced a shon pregnancy. Women with the longest 

pregnancy durations have larger distal third radial widths than those in other groupings, 

followed by women with the shortest durations between 46-65 years of age. Larger distal 

third radial widths in these age cells may indicate the process of bone cycling. Women with 

longer pregnancy durations have the greatest bone cycling, followed by women with 

intermediate pregnancy durations after the age of 66 years. 

Correlation coefficients developed for the relationship between pregnancy duration and 

BMC is examined next. No significant correlations exist in any of the groupings. Two trends 
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become apparent when the mean values for BMC are examined: women with a long 

pregnancy duration have higher values from 46-95 years of age; and women with a short 

pregnancy duration have lower BMC values than those of women with an intermediate 

pregnancy span after 66 years of age, although these differences are not significant. 

Next, correlations for pregnancy duration and BMD are examined. No correlations 

are noted in women when grouped by pregnancy duration. Women with short pregnancy 

durations have the highest BMD values at the beginning of menopause, but after age 66 drop 

to the lowest. No trend is apparent in women with an intermediate and long pregnancy spans. 

When the differences between the means are analyzed using ANOVA and Tukey's 

HSD statistical tests, significant differences are noted between means for BMC and BMD for 

subjects between 76-85 years of age, with women with longer durations having higher 

measures of bone mineral. 

Thus, one can accept the first pan of hypothesis III with limitations. When assessing 

Pearson's correlation coefficients, women between 76-85 years of age have increased BMC 

and BMD in relation to increased pregnancy number and increased BMC in relation to 

increased pregnancy duration. Pregnancy has a positive effect after the age of 75 years. 

When assessing comparison of means, pregnancy duration of greater than 35.95 months has a 

positive effect on BMC and BMD after age 76 years. 

Total Pregnancy Span 

Hypothesis III is next evaluated in relation to total pregnancy span. "Pregnancy will 

have an ^ect on postmenopausal measures of bone mineral. Women who become pregnant 

very early in life, such as in the early teenage years, or later in life, such as after 30 years. 
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will have lower measures of postmenopausal bone mineral." The period between first and last 

pregnancy is known as the total pregnancy span, and this is an indirect test of this hypothesis. 

Total pregnancy span measures the total pregnancy span for 1515 women. The 

average pregnancy span was 7.00+.4.55 years, the range 0.50 to 25.00 years. When 

correlations for this variable are developed to distal third radial width, only one relationship is 

noted in females between 56-60 (r = -0.261, p=0.018). When developed for BMC, only two 

cells have a significant r value; women between 56-60 (r=-0.226, p=0.041) and women 81-

85 (r=0.192, p=0.026) have significant values. Finally, when the correlation to BMD is 

developed, two age cells have significant r values; women between 81-85 (r=0.210, 

p=0.015) and women between 91-95 years (r=0.514, p=0.029). This suggests that 

pregnancy span may have some effect on postmenopausal bone mineral, but this effect needs 

further clarification since no overall trends are apparent from the data. 

When assessing the relationship between pregnancy span and distal third radial width, 

no significant correlations are found. When the means for distal third radial width are divided 

into three separate groupings for pregnancy span, no trends are apparent. 

When Pearson's correlation coefficients are also used to assess the relationship 

between pregnancy span groupings and BMC, no significant relationships are noted. When 

the means and standard deviations for BMC are evaluated, women with short pregnancy spans 

after the age of 66 years have the lowest mean values for BMC compared to women in other 

groupings, although only one age cell has significant differences between these means. 

No significant relationships are noted between pregnancy span and BMD. Clear 

trends are found when the mean values are compared between these groupings. Women with 
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shon pregnancy spans after the age of 66 years have the lowest BMD values compared to 

other groups. 

Finally, a comparison of means for distal third radial width, BMC and BMD is 

accomplished with ANOVA and Tukey's HSD tests. Significant differences are noted for 

women between 76-85 years of age for BMC (F=4.455, p^0.05) and BMD (F = 5.978, 

p^0.05). 

Overall, when evaluating the hypothesis, "Pregnancy will have an effect on 

postmenopausal measures of bone mineral", one has to consider that so few significant 

differences exist before the age of 76, that this variable may only affect bone mineral after 

this age. Therefore, pregnancy span as an indirect measure of age for reproductive events 

through the hypothesis, "Women who become pregnant very early in life, such as in the early 

teenage years, or later in life, such as after 30 years, will have lower measures of 

postmenopausal bone mineral" cannot be accepted. 

Ratio of Pregnancv Duration to Reproductive Span 

The last variable to be considered is a ratio of pregnancy span to reproductive span. 

"Pregnancy will have an effect on postmenopausal measures of bone mineral. Women who 

become pregnant very early in life, such as in the early teenage years, or later in life, such as 

after 30 years, will have lower measures of postmenopausal bone mineral." This variable 

measures the segment of a women's total reproductive span spent pregnant. 

For the 1574 females who recorded the data to develop this ratio, the average ratio is 

6.30%+:4.20% years pregnant, the range between 2.10%-I0.50%. It must be noted. 
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however, that significant variation is noted for this variable, from 0.20% to 52.10% of 

reproductive span pregnant. 

Pearson's correlation coefficients are used to investigate the correlation between the 

ratio of pregnancy duration to reproductive span and distal third radial width. Only one 

significant positive correlation exists between this ratio and distal third radial width for 

women 86-85 years with a short pregnancy duration (r=0.267, p<0.05). When the means 

and standard deviations are examined, no trends are noted in any of the groupings. 

Pearson's correlation coefficients and associated probabilities document no significant 

relationships between this ratio and BMC. Only one significant difference exists between 

these groupings, women between 76-85 years of age with short ratios for pregnancy to 

reproductive span have lower BMC values than women with longer ratios. 

When the relationship between the ratio is compared to BMD values, no cells show 

significant correlations. Differences between the means for these groupings suggests that 

women between 66-85 years of age with a short ratio of pregnancy to reproductive span have 

lower BMD values than women with longer ratios in this same age group, and these values 

are significant at p<0.05 level. 

Next, ANOVA and Tukey's HSD tests are used to evaluate the differences between 

the means for significance. Only one age cell has significant differences between the means 

for BMC (F=3.785, p^0.05 in women 76-85 years of age) and one for BMD (F=5,030, 

p^0.05 in women 76-85 years of age). 

Based on these findings, there is not a significant relationship between the ratio for 

pregnancy duration to reproductive span and of bone mineral. Thus, the hypothesis. 
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"Pregnancy will have an ^ect on postmenopausal measures of bone mineral," as measured by 

this ratio, cannot be accepted. 

Discussion of Linear Regression for Hypothesis III 

A age-adjusted linear regression is conducted on 2599 women to assess the effects of 

age at first pregnancy, age at last pregnancy, pregnancy span, pregnancy number, pregnancy 

duration and the ratio of pregnancy duration to reproductive span to distal third radial width, 

BMC and BMD. Some variables that were previously identified as significant (age, height and 

weight) were included to adjust for their effects. 

First, a linear regression is conducted to assess the affects of these variables on distal 

third radial width. The anthropometric variables were identified as significant. The 

coefficients are: for age at last scan, B=0.001, SE=0.000, t = 3.656, p=0.000, for height, 

B=-0.001, SE=0.000, t=-4.037, p=0.000 and for weight, B=O.OOI, SE=0.000, t = 6.823, 

p=0.000. Two reproductive variables -- pregnancy duration (B=0.002, SE=0.001, 

t = 2.572, p=0.010) and pregnancy span (B=-0.001, SE=0.001, T=-I.967, p=0.049) — 

were significant in this model. Altogether, this model accounts for 2.2% of the variance 

(adjusted r^=0.022) with an F value of F=7.532, p=0.000. 

Next, a linear regression is developed for the relationship of these variables to BMC. 

Three variables were significant: age (B=-0.005, SE=0.000, t=-29.798, p=0.000), height 

(B =-0.001, SE=0.000, t=-8.943, p=0.000) and weight (B=0.003, SE=0.000, t= 16.584, 

p=0.000) accounting for 34.3% of the variance in this model (adjusted r^=0.343) with a 

resulting ANOVA F value of F= 151.615, p=0.000. 



400 

The last relationship to be considered is between these variables and BMD. Again, 

age (B = -0.004, SE=0.000, t=-35.072, p=0.000), height (B=-0.001, SE=0.000, t=-7.592, 

p=0.000) and weight (3 = 0.002, SE=0.000, t= 13.772, p=0.000) have significant values in 

this model. Two reproductive variables also have significant relationships, age at last 

pregnancy (3=0.001, SE=0.000, t=2.132, p=0.033) and the ratio of pregnancy duration to 

reproductive span (3=0.159, SE=0.070, t=2.263, p=0.024). Altogether, this model 

accounts for 38.3% of the variance (r^=0.382) with an F value of F= 180.150, p=0.000. 

Hvpothesis IV 

When assessing bone mineral in relation to all reproductive variables, breastfeeding 
will increase postmenopausal BMD. Young women, who become pregnant and lactate 
shortly after menarche, have not yet developed peak BMD to sustain adequate calcium 
levels during and after reproductive events. These women will have lower overall 
BMD throughout their reproductive life, exacerbated by multiparity and breastfeeding 
and consequently have decreased postmenopausal bone mineral densities. Women who 
become pregnant and breastfeed for the first time much later in their reproductive life 
history will experience greater postmenopausal bone mineral densities, since the bone 
cycling during pregnancy and lactation will leave a lasting ^ect on bone after 
menopause. 

Total Duration of Breastfeeding 

The fourth hypothesis states, "When assessing bone mineral in relation to all 

reproductive variables, breastfeeding will increase postmenopausal BMD." First the 

relationship between total duration of breastfeeding and bone mineral will be examined. 

Altogether, 1015 women recorded breastfeeding. The mean and standard deviation are 

10.21^11.72 months, and the range 0.07-132.00 months. When Pearson's correlation 

coefficients are used to assess the relationship between breastfeeding duration and distal third 
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radial width. BMC and BMD, no significant relationships exist for any of the variables for 

any of the age groups. 

Next, Pearson's correlation coefficients are presented to evaluate the correlation 

between breastfeeding duration and distal third radial width. Breastfeeding duration is now 

grouped into three categories: women who breastfed between 0.0-3.0 months; women who 

breastfed between 3.0-21.93 months; and women who breastfed over 21.93 months. No 

significant relationships are noted. Next, when means and standard deviations for distal third 

radial width are compared, only a few trends emerge. Women between 46-65 years of age 

with short breastfeeding experiences have larger distal third radial widths compared to women 

who breastfeed for longer durations of time, although these differences are not significant. 

The relationship between breastfeeding duration and BMC in gr/cm is assessed. 

Generally, women who have breastfed on a limited basis have negative, significant 

correlations between the ages of 56-75 years (r=-0.122, p^0.05 to r=0.079, pj^O.OS), 

whereas one correlation is noted in women who breastfed for a duration greater than 21.93 

months (r=-0.351, p^O.05). BMC means and standard deviations are higher in women with 

limited breastfeeding durations compared to women in other groupings. When these three 

groupings are compared, however, no significant trends or differences emerge. 

Finally, when duration of breastfeeding is correlated with BMD in gr/cm*, only two 

significant correlations are present between women with limited breastfeeding durations and 

BMD (r=0.086, p^0.05 between 76-85). Only one other correlation is noted; women 

between 66-75 with extensive breastfeeding duration is noted (r=-0.347, p^0.05). When the 

mean and standard deviations are compared for BMD, women who breastfed for greater than 
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21.93 months have higher means between 46-85 years, although these values are not 

significant. 

When a comparison of means is conducted using ANOVA and Tukey's HSD tests, 

significant differences exist for women between the ages of 66-75 years for distal third radial 

width (F=4.005, p<0.05). 

Thus the fourth hypothesis, "When assessing bone mineral in relation to all 

reproductive variables, breastfeeding will increase postmenopausal BMD," cannot be 

supported based on these data. Breastfeeding does not significantly alter measures of 

postmenopausal bone mineral in this study. 

Ratio of Breastfeeding Duration to Reproductive Span 

Another measure for the hypothesis, "When assessing bone mineral in relation to all 

reproductive variables, breastfeeding will increase postmenopausal BMD," is by looking at the 

ratio of breastfeeding duration to reproductive span. This will give an overall measure of the 

time a women spent breastfeeding during her reproductive history. 

Of the 869 women who breastfed, the resulting ratio had a mean and standard 

deviation of 2.70%+.4.20%, although the range was 0.1% to 77.80% of reproductive span. 

When these data are evaluated with Pearson's correlation coefficients, no relationships are 

documented between these variables. 

The ratio is next divided into three groups: a short ratio (0.0010-0.0079 or 0.1%-

0.79%); an intermediate ratio (0.0080-0.0690 or 0.80%-6.9%); and high ratio (greater than 

0.0690 or 6.9%). When Pearson's correlation coefficients are developed, no significant 

relationships exist between this ratio and distal radial width. No overall trends are noted when 
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the values of the mean and standard deviation are evaluated for each of the three groupings 

across all of the age cells. When change in the distal third radial width is compared in a 

single grouping, no pattern is apparent. Indeed, great variation is found from age cell to age 

cell, and calculating change from the initial mean values and final values does not give an 

accurate representation of the complexity of the mean differences. 

When ratios are correlated with BMC, three significant relationships exist. These are 

women between 66-75 years with a short ratio (r=0.115, p^O.05), women with an 

intermediate ratio (r=0.157, p^O.05) and women between 66-75 with a high ratio (r=-

0.543, p^O.Ol). While the correlation suggests a strong negative relationship, the sample 

size is small and error due to chance is possible. Finally, no trends are noted when the means 

and standard deviations for these groupings are compared. 

When assessing correlations between this ratio and BMD, only three correlations are 

present. Women between 66-75 years of age have a significant correlation between an 

intermediate ratio and BMD (r=0.176, p^O.005) and women with a high ratio have a 

significant correlation with BMD (r=-0.602, p^O.Ol, although this last relationship has a 

small sample size) and women with a low ratio have a correlation with BMD (r=-0.192, 

p^O.OOl). No general trends are observed for these values when the means and standard 

deviations are presented for each of the correlations. 

When ANOVA and Tukey's HSD tests are performed for an evaluation of the means 

for distal third radial width, BMC and BMD, no significant differences are found between the 

means. 

Using Pearson's correlation coefficients and comparison of means with ANOVA and 

Tukey's HSD, sporadic results are found. Correlations are noted in cenain age cells, but a 
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comparison of means in the same age cells shows no differences. For this reason, the 

hypothesis "When assessing bone mineral in relation to all reproductive variables, 

breastfeeding will increase postmenopausal BMD," cannot be accepted. Clear, consistent 

trends are not found from age cell to age cell. 

Total Duration of Pregnancy and Breastfeeding 

The fourth hypothesis states, " Young women, who become pregnant and lactate 

shortly after menarche, have not yet developed peak BMD to sustain adequate calcium levels 

during and after reproductive events. These women will have lower overall BMD throughout 

their reproductive life, exacerbated by multiparity and breastfeeding and consequently have 

decreased postmenopausal bone mineral densities. Women who become pregnant and 

breastfeed for the first time much later in their reproductive life history will experience greater 

postmenopausal bone mineral densities, since the bone cycling during pregnancy and lactation 

will leave a lasting effect on bone after menopause." The next variable attempts to document 

the role of both pregnancy and breastfeeding to measures of bone mineral. 

Altogether, 1831 people recorded total duration of pregnancy and breastfeeding. The 

means and standard deviations are 29.13^18.34 months, the range 1.00-180.00 months. 

(The maximal value of 180.00 months represents five fiill-term pregnancies, one 

miscarriage/abortion and five breastfeeding events lasting for 24-27 months each.) When this 

total duration is related with distal third radial width, BMC and BMD, four correlations are 

noted scattered across age cells, with no clearly discernible trends. When this variable is 

compared to distal third radial width, only one correlation exists in women aged 61-65 years 
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(r=0.160, p^O.05). Next, only one correlation exists with BMC in women 76-80 years 

(r=0.189, p^O.Ol) and with BMD in women 76-80 years of age (r=0.163, p^O.Ol). 

Next, categories are created to compare groupings of total duration of pregnancy and 

breastfeeding. This is accomplished by taking the mean pregnancy duration (23.51 months) 

and the mean for breastfeeding (10.21 months) adding these values together to create the 

boundaries at 0.001-10.78 months, a duration between 10.79-39.72 months and greater than 

39.72 months. Pearson's correlation coefficients are presented to assess the strength of the 

relationship between this variable and distal third radial width; only one significant correlation 

is noted in women with a short total duration have a positive correlation with distal third 

radial width (r=0.377, p^O.OOl). When the values of the means and standard deviations are 

compared overall, women with long durations generally have the highest distal third radial 

width values for nearly all age groups compared to women in the other groupings. 

Pearson's correlation coefficients show no relationship between total duration of 

pregnancy and breastfeeding and BMC for any of the age cells. When the three groupings are 

compared, women with a longest durations have the highest BMC values. 

When, the correlation between this variable and BMD is evaluated, no overall trends 

exist. No trends are apparent when evaluating the differences between the groupings at any 

specific age. 

When a comparison of means is conducted with ANOVA and Tukey's HSD tests, 

only women 76-85 years of age has significant differences for BMC (F=5.135, p^O.Ol) and 

BMD (F=6.416, p^O.Ol). 
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Thus, the fourth hypothesis can only be supported for women only between the ages 

of 76-85 years. Since breastfeeding duration has no effect, the limited correlations and 

difference of means is presumably due to pregnancy rather than breastfeeding. 

Ratio of Pregnancy and Breastfeeding to Reproductive Span 

In the final section, the ratio of pregnancy and breastfeeding to reproductive span will 

attempt to elucidate potential relationships in part of hypothesis IV. "Young women, who 

become pregnant and lactate shortly after menarche, have not yet developed peak BMD to 

sustain adequate calcium levels during and after reproductive events. These women will have 

lower overall BMD throughout their reproductive life, exacerbated by multiparity and 

breastfeeding and consequently have decreased postmenopausal bone mineral densities. 

Women who become pregnant and breastfeed for the first time much later in their reproductive 

life history will experience greater postmenopausal bone mineral densities, since the bone 

cycling during pregnancy and lactation will leave a lasting effect on bone after menopause". 

The ratio of pregnancy and breastfeeding to overall reproductive span has a mean and 

standard deviation of 7.80%+.5.70%, with a range of 0.021-0.135 (2.1-13.5%). The variable 

is grouped into three categories: women with a ratio of 0.001-0.020; women with a ratio of 

0.021-0.135; and women with a ratio greater than 0.135. Pearson's correlation coefficients 

are presented in a matrix, with four significant correlations noted. The first correlation is 

between this ratio and distal third radial width in women 61-65 years of age (r=0.189, 

p^O.Ol), the second with BMC in women 76-80 years (r=0.140, p^0.05), the third with 

BMD in women 76-80 years (r=0.123, p^0.05) and the last with BMD in women 81-85 

years (r=0.171, p^0.05). 
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Pearson's correlation coefficients are used to identify only two significant relationship 

in women between 66-75 years of age with a ratio of 0.021-0.135 (r=0.126, p<0.01) and 

women between 86-95 years with a ratio less than 0.020 (r=0.305, p<0.05'). When the 

means and standard deviations are compared, no trends are apparent. 

When Pearson's correlation coefficients are calculated to assess the relationship 

between this ratio to BMC, two significant correlations are noted. These are both in women 

with an intermediate ratio; the first is noted in women 66-75 years of age (r=0.119, p^0.05) 

and the second in women 76-85 years of age (r=0.176, p^O.Ol). When the mean values are 

compared, no correlations are significant. 

Finally, when the correlation between this ratio and BMD is calculated, two 

significant correlations are present. The first is in women with an intermediate ratio between 

the ages of 56-65 years (r=0.162, p^0.05) and the second in women with an intermediate 

ratio between the ages of 76-85 years (r=0.166, pj<0.01). When women within the grouped 

ratios are compared to each other, no trends are noted. 

Finally, when the means for distal third radial width, BMC and BMD are compared 

using ANOVA and Tukey's HSD tests, no other relationships are noted. 

Hypotheses concerning the age at the breastfeeding event cannot be supported or 

refuted based on the data. Breastfeeding, coupled with pregnancy, affects bone mineral, under 

certain reproductive conditions. 

Discussion of Linear Regression for Hvpothesis IV 

The age-adjusted linear regression was attempted to assess the relationship between all 

of these breastfeeding variables — breastfeeding duration, the total duration of pregnancy and 
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breastfeeding, the ratio of breastfeeding duration to reproductive span and the ratio of 

pregnancy and breastfeeding duration to reproductive span -- to the three measures of bone 

mineral, distal third radial width, BMC and HMD. In this model, variables known to affect 

bone were included, such as age at last scan, height and weight and pregnancy variables. 

In the first regression, 1625 females were used to attempt to predict distal third radial 

width. Interestingly, none of the breastfeeding variables were selected. In the second run, 

anthropometric, pregnancy and breastfeeding variables were combined, and a number of 

variables were selected. These include: pregnancy duration (3 =0.002, SE=0.00l, t=2.364, 

p=0.018), the ratio of pregnancy duration to reproductive span (B=-2.788, SE= 1.198, t=-

2.327, p=0.020), the ratio of breastfeeding span to reproductive span (B=-2.611, SE = 1.327, 

t=-1.967, p=0.049) and the ratio of both pregnancy and breastfeeding to reproductive span 

(B=2.547, SE= 1.237, t=2.058, p=0.040) are incorporated to predict distal third radial 

width in this model. These variables explain only 2.8% of the variance between these 

variables (adjusted r^=0.028) and ANOVA has an F value of F=4.897, p=0.000. 

Next, a regression is also conducted to predict BMC from only anthropometric and 

breastfeeding variables. Only one, the ratio of breastfeeding to reproductive span is 

significant (B=-1.047, SE=0.471, t=-2.222, p=0.026), was selected as significant. 

Altogether this model accounts for 33.0% of the variance (adjusted r^=0.330) with an F value 

of F= 115.388, p=0.000. When pregnancy variables are added to the next run, only 

anthropometric variable become significant. 

Finally, another linear regression was developed for BMD using both anthropometric 

and breastfeeding variables. In this model, only the ratio of breastfeeding to reproductive 

span (B=-0.795, SE=0.342, t=-2.327, p=0.020) and the ratio of pregnancy and 
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breastfeeding to reproductive span (B=0.243, SE=0.111, t=2.l86, p=0.029) are significant. 

This model, however, accounts for 35.5% of the variance (adjusted r^=0.355) with an F 

value of F= 128.957, p=0.000. Finally, all variables are entered into the next model. Aside 

from age, height and weight, pregnancy number (B=0.008, SE=0.003, t = 2.436, p=0.015), 

pregnancy duration (B = -0.002, SE=0.001, t=-2.975, p=0.003) and breastfeeding duration 

(3=0.001, SE=0.001, t=2.058, p=0.040) are significant. These variables account for 

35.9% of the variance (adjusted r^=0.359) with an associated F value of F=76.750, 

p=0.G00. 

Comparisons to Other Snjdies 

The anthropometric variables - age, height and weight - are known to substantially 

affect bone mineral. Numerous researchers have documented changes in bone mineral due to 

advancing age (Wheden 1984: S146-S150, Kelsey 1987:409-444, Nelson et al. 1988:257-264, 

Stini et al. 1992:47-55, Lindsay et al. 1992:55-63, Compston et al. 1992:426-431, Bauer et 

al. 1993:657-665, Cosmi et al. 1997:287-291, Nguyen et al. 1998:1458-1467). 

Indeed, the effects of age are noted in distal third radial width, BMC and BMD in this 

study and these changes are similar to those presented by Stini et al. (1992:47-55) using a 

smaller sample of this series. For instance, Stini et al. cite values of 1.195 cm and 1.263 cm 

for women 60-64 and 65-79 years, respectively. The data presented in this dissertation is 

1.29 cm for women 61-70 years. Their values increase to 1.306 cm and 1.252 cm in women 

80-84 and 85-89 years, respectively, whereas values presented herein are 1.30 cm. Thus, 

distal third radial width is shown to increase with age due to bone cycling, while BMC and 

BMD are known to decrease with age. More importantly, the values are similar between the 
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studies, supporting the findings of Stini et al. (1992:47-55) with a smaller sample from these 

series. 

Numerous studies cite the continued loss of height with age (Trotter and Gleser 

1951:311-324, Trotter and Gleser 1952:463-514, Galloway 1988:126-136, Galloway, et al. 

1990:467-476, Hertzog et al. 1969:111-116, Himes and Mueller 1977:171-174, Borkan et al. 

1983:629-641, Chumlea et al. 1984:329-337, Cline et al. 1989:415-425, Raisz and Smith 

1989:251-267, Bauer et al. 1993:657-665). These changes are due to the breakdown in the 

centra of the vertebrae and flattening of the nucleus pulposus in the intervertebral disk 

(Friedlaender et al. 1977:541-558, Wasnich et al. 1985:745-751). Additionally, height can 

also be lost in the longitudinal arch in the foot (Stini - Personal Communication). 

Some studies find similar rates of loss in height between the sexes (Hertzog et al. 

1969:111-116, Borkan et al. 1983:629-641), while others find differential rates of loss 

between the sexes (Galloway et al. 1990:467-476). Although once these data are converted to 

percent loss of maximum height, the differences between the sexes are no longer apparent 

(Galloway 1988:126-136). As mentioned previously in this chapter, overall height loss is 

different between the sexes which is similar to Galloway et al. (1990:467-476), but 

comparison to Galloway is not possible since rate of loss was not calculated and described 

(1988:126-136). 

Such comparison between the sexes is necessary, however, since height is strongly 

correlated to all measures of bone mineral in females, but only some of these same measures 

in males. Height is positively correlated with distal third radial width, BMC and BMD in 

females in nearly all age cells; height is more highly correlated with BMC than distal third 

radial width and BMD in males (see associated Pearson's correlation coefficients and linear 
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regression models). It is not surprising, given these findings for the distal third of the radius, 

that other strong correlations are documented between height and BMD at other sites in the 

body (the proximal and distal radius, the os calcis and various locations in the femur and 

vertebrae (Lindsay et al. 1992:55-63, Zanchetta et al. 1995:393-399, Ferretti et al. 1998:683-

690). 

Researchers have noted the positive role of weight, acting as a mechanical stressor, to 

maintain bone mineral, or conversely the negative role of weight in relation to decreases in 

bone mineral (Doyle et al. 1970:391-393, Nelson et al. 1988:257-264, Pruzansky et al. 

1989:192-197, Lindsay et al. 1992:55-63, Felson et al. 1993:567-573, Compston et al. 

1993:426-431, Chen et al. 1997:144-151, Nguyen et al. 1998). In this study, weight is 

positively correlated with distal third radial width, BMC and BMD in women and with BMC 

and BMD in males. 

Others have noted similar findings, including Lindsay et al. (1992:55-63) who found 

that significant correlations exist between weight and the spine, trochanter and os calcis. 

Interestingly, these researchers did not find correlations between weight and BMD at the distal 

radius by means of DPA and DEXA, although their sample size was 76 subjects in the 

postmenopausal grouping. Since BMC and BMD are measures of bone mineral, affected by 

external stressors, (including weight, exercise, diet or other factors), weight would have an 

affect on these measures by either increasing or decreasing BMC and BMD accordingly 

(Doyle et al. 1970:391-393, Lindsay et al. 1992:55-63, Ferretti et al. 1998:683-690). 

Others, however, cite the relationship between measures of adipose and bone mineral, 

and some specifically fat mass and bone mineral in prospective studies (Ribot et al. 1988:327-

331, Shiraki et al. 1991:343-349, Reid et al. 1992:45-51, Suzuki et al. 1995:9-12, Cosmi et 
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al. 1997:287-291). Reid et al. proposes that increased adipose deposits may lead to increased 

serum estrogen levels directly affecting bone deposition (1992:45-51). Reid et al. find, 

however, that serum estrone levels and the role of adipose on skeletal loading does not 

adequately explain this relationship (1992:45-51) and others agree (Haffher and Bauer 

1992:869-874, Frost 1997:211-214). Moreover, examination of their correlations suggests 

that fat mass, weight and BMI are all nearly equal for total BMD (r=0.55, r=0.54 and 

r=0.53, p^O.OOl, respectively), with other sites showing similar correspondence in these 

values. The role of fat mass as a predictor of BMD in total BMD and regional locations is 

presented, although neither weight or BMI are incorporated into the model. 

Correlations also exist between BMI and measures of bone mineral in the body 

(Orozco and Nolla 1997:919-924, Lindsay 1992:55-63, Edelstein and Barrett-Conner 1993: 

160-169, Sowers and Galuska 1993:374-398, Cosmi et al. 1997:287-291). In this study, 

Pearson's correlation coefficients and ANOVA of categorical data suggests that height and 

weight are better predictors than BMI. There is no relationship between BMI and distal third 

radial width in women and men; however, there is a relationship to BMI and BMC and BMD 

in women and in men. Generally, the Pearson's correlation coefficients correlations were not 

as high as those for height and weight, although nearly all age-stratified cells were significant 

in females and fewer cells were significant in males. 

Others cite that BMI is not as good a predictor of bone mineral as height or weight 

(Edelstein 1993:160-169, Armamento-Villareal et al. 1992:919-924, Lindsay 1992:55-63). 

One study found no associations to height, but limited associations to weight and BMI in 

cortical rather than trabecular bone in some areas of the body (Orozco and Nolla 1997:919-

924). That study was not conducted asing SPA at the distal third of the radius, involved 
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premenopausal women rather than postmenopausal women and incorporated limited subjects, 

although stronger relationships to weight were noted in cortical bone, similar to the distal 

third of the radius. 

Lindsay et al. (1992:55-63) found strong associations with height and limited 

associations with weight and BMI, although this group used SPA, DPA and ultrasound were 

used to measure bone mineral at various locations in the body. Interestingly, the correlation 

published for the distal radius (r=-0.19, p not significant) is lower than values given in this 

study, whereas the age-stratified data in this study are significant after the age of 56 years. 

Thus, the results between these studies do not match (see below). 

Overall, height, weight and BMI are associated with distal third radial width, BMC 

and BMD in females and BMC and BMD in some age cells in males in this snidy. The 

effects of these anthropometric variables needs to be taken into account while assessing the 

relationship of reproductive variables to measures of bone mineral. By citing various studies, 

one can demonstrate that measures of bone mineral will vary depending on the sample size, 

the sampling of the population (age, sex, etc.), the nature of the study (prospective or 

retrospective, cross-sectional or longinidinal), the technique used to assess bone mineral (SPA, 

DPA, DEXA, sonography), the location of the body scanned based on percentage of cortical 

and trabecular bone (proximal radius, distal radius, lumbar spine, os calcis, etc.) as well as 

the statistical analysis utilized by the researchers (Pearson's correlation coefficients, ANOVA 

and linear regression)^'. As a consequence, comparisons between findings from various 

studies need to be made carefully. 

Next, the effects of reproduction have also been documented through retrospective 

studies published in the literature, including the effects of menarche (Melton et al. 1993, Fox 



414 

et al. 1993 and Hu et al. 1994). Some find negative relationships between bone mineral and 

menarche (Melton et al. 1993:76-83), while others note positive relationships (Galloway 1988; 

Fox et al. 1993:901-908). Investigators also assessed the relationship of bone mineral to age 

at menopause, with negative associations noted (Galloway 1988; Melton et al. 1993:76-83, 

Lissner et al. 1991:319-325). Total reproductive span, defined in this dissertation as the 

period from menarche to menopause, has also been positively correlated with BMD (Melton 

et al. 1993:76-83, Fox et al. 1993:901-908). Finally, the length of the menstrual cycle is 

positively associated with increases in bone mineral (Fox et al. 1993:901-908). In this study, 

there is no overall correlation with age at menarche, age at menopause or total reproductive 

span, except in women who underwent complete surgical menopause. 

Age at first birth is also correlated to bone mineral. Several investigators (Galloway 

1988, Fox et al. 1993:901-908, Nilsson et al. 1969:27-28, Goldsmith and Johnston 1975, 

Kritz-Silverstein et al. 1992, Melton et al. 1993, Fox et al. 1993 and Hu et al. 1994), have all 

assessed the effects of pregnancy on bone mineral by means of SPA. While some have noted 

beneficial effects of pregnancy on bone (Goldsmith and Johnston 1975:657-668, Fox et al. 

1993:901-908), others have found decreases (Melton et al. 1993:76-83), while others found 

no effects (Kritz-Silverstein 1992:1052-1059, Galloway 1988, Hu et al. 1994:288-297). Using 

other measurements techniques (other than SPA), Melton et al. (1993:76-83), Laitinen et al. 

(1991:224-231), Hamed et al. (1992:946-949) and Parra-Cabrera et al. (1996:89-94) found 

positive associations, while Stevenson et al. (1989:924-928, Bererhi et al. (1996:818-821) and 

Kritz-Silverstein et al. (1992:1052-1059) found no change. In this snidy, pregnancy duration 

and pregnancy span were positively associated with distal third radial width, while age at last 
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pregnancy and ratio of pregnancy duration to reproductive span were associated with BMD, 

after adjusting for age, height and weight in this women. 

Finally, the effect of breastfeeding have been documented on bone mineral, some 

document positive correlations between short periods of lactation and measures of bone 

mineral (Goldsmith and Johnston 1975:657-668, Stevenson et al. 1989:924-928, Dequeker et 

al. 1991:49-53, Sinigaglia et al. 1996:439-443, Fox et al. 1993:901-908, Melton et al. 

1993:76-83), others found negative associations (Feldblum 1992: 527-531, Kritz-Silverstein 

1992:1052-1059) and yet others found no associations (Hu et al. 1994:288-297, Galloway 

1988). These findings, however, are generalities since the change in bone is dependent upon 

the location of the body scanned, the nature of the study (including issues of supplementation) 

and the extent of breastfeeding, as well as myriad other factors that complicate the results. 

In this study, several variables, including pregnancy duration, the ratio of pregnancy 

duration to reproductive span, the ratio of breastfeeding to reproductive span and the ratio of 

both pregnancy and breastfeeding to reproductive span are correlated with distal third radial 

width, after adjusting for age, height and weight. Moreover, the ratio of breastfeeding span 

to reproductive span is also a useful indicator of BMC. Moreover, after age, height and 

weight adjustment, two variables ~ including the ratio of breastfeeding to reproductive span 

and the ratio of pregnancy and breastfeeding to reproductive span — is useful for predicting 

BMD. These ratios may be useful indicators of bone mineral, and since they have not been 

previously described, may be considered worthwhile approaches to the data. 
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CHAPTER 10 

CONCLUSION 

Introduction 

This focus of this dissertation is on the relationship of bone mineral to reproductive 

features, including age at menarche, age at menopause, total reproductive span, number of 

pregnancies, duration of pregnancies, duration of breastfeeding and combinations thereof. 

There are clear relationships between various measures of bone mineral ~ distal third radial 

width, BMC and BMD -- and many of the reproductive variables, elucidating the effects of 

reproductive history upon bone mineral in the skeleton. Indeed, reproductive life history is 

etched in the skeleton. Moreover, there are also clear relationships between the effects of 

these events upon bone, either guarding or creating the loss of bone mineral culminating in 

osteoporosis. Once bone mineral has dropped below two standard deviations of normal and 

reached critical fracture threshold, the possibility of fracture occurs with the application of 

minimal force. Moreover, since females lose nearly twice the BMD as males over the same 

age, it is not surprising to see higher fracture rates in females. 

The findings in the previous chapters document the continued need for research in the 

field of gerontology specifically concerned with the aging skeletal system. It is necessary to 

work with a clear definition of osteoporosis and develop fracture threshold values for the 

bones in question in relation to the type of trauma experienced, and thus the associated force. 

Moreover, it is necessary to identify factors — genetic predisposition, endocrinological 

changes, reproductive history, anthropometric factors, dietary and lifestyle habits - that affect 

overall BMD in adulthood and variables that influence the loss of BMD with age. Within this 

context, issues of significance can be addressed. 
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The first, societal significance, including the identification of risk factors, can be used 

by public health programs to limit the effects of osteoporosis and to reduce the associated 

economic costs to society. The second, the effects of reproduction on the maternal skeleton, 

identifies the benefits as well as the risks associated with choosing key reproductive strategies 

throughout the course of the lifespan. Given the positive effects of both pregnancy and 

breastfeeding upon the maternal skeleton, a woman may choose to make a conscious decision 

of how much of her overall reproductive span to devote to pregnancy and breastfeeding, along 

with many other decisions. The last issue, theoretical significance addresses the relationship 

between choosing reproductive histories strategies and consequent processes of senescence. 

Reconsidering A New Definition of Osteoporosis 

Previously in this dissenation, numerous definitions for osteoporosis have been 

presented. These include porous bone by Lobstein (Nordin 1987:57-58, Schapira and 

Schapira 1992:164-167), decreases in bone mass due to reduction in bone formation by 

normal bone cycling to maintain serum calcium homeostasis (Albright 1989:85-86), decreases 

in BMD that lead to increased probability of fracture (Schapira and Schapira 1992:164-167), 

depletion of bone mass measured by decreases in BMD to fracture threshold levels (Matkovic 

1992A: 151-160, Riis 1996:9) and finally, to decreases in BMD 2.5 standard deviations below 

the mean value of the young adult reference range (Kanis and WHO Study Group 1994:368-

381). As a consequence of this reduction, normal weight bearing cannot be maintained during 

normal activities, including walking, bending, lifting and running. Any of these normal 

activities lead to increased probability of fracture (Nordin 1987:57-58). 
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While two types — primary and secondary — exist, this dissertation has focused on 

primary osteoporosis-'^, specifically on its two subtypes: postmenopausal osteoporosis and 

senile osteoporosis (Riggs and Melton 1983:899-901, Hahn 1993:1937, Piziak 1994:336-341). 

The onset of primary osteoporosis may be related to age-related changes in physiological 

processes related to calcium metabolism involving calcium absorption, vitamin D synthesis 

and conversion, circulating parathyroid and calcitonin hormone levels, down-regulation of 

hormonal receptors, etc. (Hahn 1993:1938, Mazzouli et al. 1989:22-29). When these changes 

are combined with behavioral changes that limit exercise, sunlight and calcium intake, more 

severe effects may be noted (Piziak 1994:336-341). 

In this dissertation, only Type I and Type II primary osteoporosis was further defined. 

Type I, termed postmenopausal osteoporosis, is related to the dramatic decreases in BMD 

caused by great reductions in estrogen during and after menopause. Albright noted this 

relationship himself (Gordan 1981:552, Mazzuoli et al. 1989:22-29). Gordan (1981:552) 

stated that Albright noted estrogens causes the body to lay down calcium, which can later be 

used for reproductive processes - pregnancy and lactation ~ and with the decrease, and later 

the loss of estrogen, causes the body to lose calcium in bone. With the decline in estrogen 

that is noted as a consequence of women undergoing menopause, women may have too little 

bone, named postmenopausal osteoporosis. At this same time. Type n osteoporosis as a 

consequence of advancing age is also occurring (Riggs and Melton 1983:899-901). Thus, 

females are subject to the effects of both Type I and Type II osteoporosis after onset of 

menopause. Type I is manifested by immediate decreases in BMD after menopause, while 

Type II occurs more slowly, over a period of several decades. 
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This pattern is different than that experienced by males, who produce very little 

estrogen, and consequently males will usually not experience Type I osteoporosis (Asteria 

1997:120-121), yet males are affected by Type II osteoporosis with aging, changes in dietary 

intake of calcium and decreases in activity levels (Piziak 1994:336-341). 

This dissertation has examined the role of anthropometric variables ~ height, weight, 

BMI -in relation to bone mineral in both females and males. Secondly, the effects of 

reproduction ~ menarche, menopause, total reproductive span, pregnancy and breastfeeding ~ 

on bone mineral indices for females. 

Factors Affecting Osteoporosis 

As mentioned in the beginning of this dissertation, a variety of factors influence onset 

of osteoporosis, including genetic predisposition, hormonal fluctuations, reproductive history, 

personal health and environmental stressors including activity levels (Johnell 1996:299-304). 

This condition, however, is considered to be caused by numerous reasons all affecting the 

overall health status of the subject. 

The first factor, genetic predisposition, suggests some underlying role of genes 

controlling serum calcium metabolism from a subcellular level with chemical interactions to a 

systemic level with absorption of calcium across the lumen of the intestine to the organismic 

level with biocultural interactions that influence diet and activity. All of these various levels 

affect bone mineral indices. 

Generally, genetic predisposition has been demonstrated for bone deposition, bone 

cycling, attainment of peak bone mass and subsequent rates of loss between family members 

(Seeman 1989:554-558, Matkovic 1992A: 151-160, Matkovic 19926:54-59, Kelly 1996:20-27, 
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Pocock et al. 1987:706-710, Hustmyer et ai. 1994:2130-2134, Hanhn 1993:1937, Slemenda et 

al. 1991:561-567). First, mutations at the level of DNA act to control protein synthesis 

involved in the extracellular matrix of bone, where any change affects the overall strength of 

bone, changing bone mineral (Spotila et al. 1991:5423-5427, Spotila et al. 1994:923-932). 

Certainly, one must account for variations in hormonal receptors. Some of these 

relationships are thought due to osteocalcin genes and, more importantly, the Vitamin D 

receptor genes (Kelly 1996:20-27). Specific haplotypes are thought to control serum calcium 

homeostasis, bone cycling and BMD (Jorgensen et al. 1996:28-31). While some noted strong 

relationships between these variables (Morrison et al. 1994:284-287, Spector et al. 

1995:1357-1360), others did not (Hustmeyer et al. 1994, Gamero et al. 1995, Looney et al. 

1995)". Moreover, one must also consider allele polymorphisms controlling vitamin D 

uptake in the alimentary canal (Morrison et al. 1989: 1158-1161) and their synergistic 

relationship to vitamin D and parathormone (Kelly 1996:20-27, White et al. 1994:307-314, 

Kelly 1996:20-27). 

Furthermore, few studies have assessed differences in the number, composition and 

function of cell-receptors, including estrogen receptors (Kelly 1996:24), that function in up-

regulation and down-regulation of receptors in cell membranes, the role of local paracrine and 

autocrine hormones as mediators and the interactions of various tissues (Farrow 1994:1242) 

and ultimately the control by hormones ~ parathormone, calcitonin and vitamin D - that 

regulate the feedback mechanism for serum calcium homeostasis (see Chapter 2 for further 

discussions of this topic). Ethnic differences may have an underlying genetic basis, although 

little research has been done in this particular area for people with darker skin color; these 
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differences also have an environmental basis, specifically related to diet and exercise levels 

(Hahn 1993:1937). 

Certainly, studies that assess overall measures of bone mineral demonstrate that black 

females have greater BMD than hispanic, asian and white females for all age groups -- in 

utero and throughout life ~ even while no differences exist in bone ash weights^ (Hahn 

1993:1938, Patel et al. 1993:847-853, Anderson and Pollitzer 1994:129-149, Choi and Trotter 

1970, Anderson and Pollitzer 1994:129-149, Trotter and Hixon 1974:1-18). Bone mass is 

directly related to overall strength (Riis 1996:11). 

Two variables must be considered ~ full attainment of peak bone mineral (Eichner et 

al. 1992:177-184) and release of hormones, including estrogen, progesterone and androgens ~ 

when evaluating the role of individual, familial and populational genetic determinants and 

environmental factors that influence BMD. Peak bone mineral is reached due to the effects 

of reproductive hormones, which are associated with reproductive endocrinoloev (Matkovic 

1992A: 151-160, Matkovic 19923:54-59, Lindsay 1992:1993-1996) ~ including estrogens and 

progesterone, coupled with anabolic steroids — that stan to be released at puberty (Lindsay 

1996:16-18, Anderson and Pollitzer 1994:132-133; Buchanan et al. 1988). With elevations of 

these hormones and calcium from diet comes peak BMD during adolescence and early 

adulthood (Bonjour et al. 1991, Matkovic et al. 1990, Sentipal et al. 1991, Johnston et al. 

1992, Anderson and Metz 1993:378, Matkovic and Heaney 1992). If these levels are not 

reached during this period, then one loses the hormonal safeguard for BMD during adulthood 

and senescence. Certainly, once peak BMD is attained, hormonal control is necessary 

throughout life. 
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In females, estrogens and progesterones decline with aging of the reproductive system 

when coupled with other variables. Type I osteoporosis occurs, creating a sharp decline in 

BMD. These hormonal fluctuations are thought due in part to differences in reproductive 

history, since these hormonal levels increase during reproductive events and these 

physiological alterations buffer against bone loss during pregnancy and lactation. Certainly, 

these events are critical to BMD during adulthood and senescence. Menopause leads to a 

condition in which woman will spend one third of her life without the benefits of estrogen 

production (Christiansen 1996:1) ultimately leading to osteoporosis. This situation can be 

alleviated by estrogen or estrogen-like pharmaceutical for replacement therapy. 

In males, androgen production, which is primarily controlled by the testis (Finkelstein 

et al. 1987:354-361, Spence 1989:228-229; Albright and Reifenstein 1948:162) declines with 

age. Other hormones, such as 1,25 dihydroxycalciferol, which leads to inadequate calcium 

absorption across the lumen of the intestine (Francis et al. 1986:261-268) also declines. 

These two factors coupled with decreased activity, leads to Type II osteoporosis. 

Within this dissertation, the role of anthropometric factors on BMD was investigated. 

A variety of measures of body form, including height, weight and BMI ~ are shown to affect 

bone mineral. Overall, body weight (Felson et al. 1993; Liel et al. 1988, Reid et al. 1992) 

and BMI positively affects BMD (Luckey et al. 1989, Pruzansky et al. 1989:192). 

Conversely, body fat negatively affects BMD (Tsunerari et al. 1993, Lau et al. 1993:66-70). 

Dietary intake, another variable that affects BMD before and after menopause, 

encompasses daily requirements for amino acids, fats, carbohydrates, nucleic acids, minerals 

and trace elements (n.a. 1991:187-188, Walker 1972:518-530). All of these substances are 

necessary for metabolism, either directly entering or facilitating in biochemical pathways. 
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Certainly, some foods positively influence BMD, including food and beverages high in 

calcium, such as salmon with bone, collard greens and milk, while other foods negatively 

affect calcium absorption and deposition, such as alcohol, caffeine and cigarette smoking 

(Anderson and Pollitzer 1994:136-138). While inadequate diet is associated with developing 

osteoporosis, unfortunately this variable is outside the realm of this dissenation. 

Finally, lifestvle factors, including work-related activities, positive stress and exercise, 

are also imponant to maintain BMD in adulthood and limit osteoporosis in senescence 

(Anderson and Pollitzer 1994:137-138; Johnston et al. 1992:82-87, Tylavsky et al. 1992:232-

240, Johnson et al. 1997:836-843, Doyle et al. 1970:391-393, Piziak 1994:336-341, 

Frisancho 1991:85-100). 

Models to Evaluate Osteoporosis 

Definitions for osteoporosis have varied over the years. While it used to be defined 

by fracture, now it is designated by declines in BMD leading to firacture. The smdy of 

osteoporosis has also changed over the years, from retrospective studies on groups of women 

to new, sometimes invasive techniques conducted in both prospective and retrospective 

manners. Currently, many methodologies are employed to assess osteoporosis in the 

individual, family and population. These methods include in vitro and in vivo research on 

mammals (including humans), by inducing biochemical changes leading to osteoporosis. 

Prospective and retrospective studies may also be employed on human subjects, with 

measurements of bone mineral taken at a variety of locations on the skeleton as well as other 

anthropometric measurements taken on the person, biochemical tests, written questionnaires 

and other means. These studies have provided a number of risk factors that may effect BMD, 
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leading to osteopenia and later osteoporosis. Anthropometric data, measures of bone mineral 

through SPA and written questionnaires were used in a retrospective analysis to clarify the 

relationship between bone mineral and reproductive history. 

Fracture. Morbidity and Mortality 

If left untreated, this "silent" disease leads to fracture (Riis 1996:9). While many 

types of fracture may occur in a variety of locations with numerous techniques (Jorgensen et 

al. 1996:28-31, Cummings et al. 1996, Bernstein et al. 1997:706-707, Cotton 1997:708-709, 

Martin and Marsh 1997:491-506), morbidity, and possibly mortality, dependent upon these 

factors and general health. Fracture severity depends upon the type of matrix ~ cortical or 

spongy -in that area of bone. The ratio of cortical bone to spongy bone determines overall 

bone strength, and more importantly, undergoes different rates of cycling and loss (Riis 

1996:12, Kanis 1992:S1). Fracture, therefore, depends on the location in the skeleton, the 

ratio of cortical to spongy bone and the stressor that causes fracture. 

The overall incidence of fracture also varies. Incidence depends upon ethnicity, sex 

and age of the subject. It has been noted that American whites undergo fracture more often 

than American blacks, since they have lower levels of BMD (Anderson and Pollitzer 1994: 

138, Farmer, et al. 1984, Goldsmith et al. 1973, Cohn et al. 1977). Certainly, females 

experience fracture more frequently than males, due to a variety of factors, such as decreases 

In estrogen affecting postmenopausal BMD, changes in activity levels and diet leading to Type 

I osteoporosis. 

In comparison, males experience fractures later than females. Since males do not 

undergo Type I osteoporosis and are only subject to Type II, the difference can be accounted 
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for by age-related decreases in anabolic steroids. Finally, the location of these fractures is 

indirectly related to changes with sex, age and activity that lead to fracture (Riggs and Melton 

1983:899-901, Piziak 1994:336-341). 

Moreover, the difference in fracmre frequency is magnified by differential 

survivability after fracture and by difference between the sexes in overall life span. 

Associated incidence of morbidity and mortality is greatly influenced by BMD, location in the 

body, type of fracture experienced and treatment. Fracture occurs more frequently in women 

with lower BMD values and, correspondingly, these women have higher probability of 

morbidity and mortality than women with higher BMD values (Riis 1996:10, Kanis and WHO 

Study Group 1994:368-381, Waldron 1983:321-333). 

Another factor that affects morbidity and mortality is activity level. Activity 

places stress on bone, which keeps bone mass from decreasing at the same rate. Evidence for 

this is found in bed-ridden subjects who experience mineral loss in a short period of time 

(Anderson and Pollitzer 1994:142). Additionally, subjects who exercise less experience 

increased levels of bone mineral loss. Fracture due to osteoporosis, then, can result from 

inactivity for various reasons. 

While there are many factors that affect morbidity and mortality related to 

osteoporotic fracmre, economic cost depends on type of fracture experienced, location of that 

fracture and any complications derived from the incident. Generally, fracture occurs in a 

variety of locations in the body, although some sites have higher risks than others. 

As mentioned previously, fractures due to Type I osteoporosis occur more frequently 

in females between the ages of 51-75, while Riggs and Melton (1983:899-901) cite Type I 

occurs in women between 51-65 and Piziak (1994:336-341) states Type I occurs 3-5 years 



426 

after menopause. Type I is associated with loss of trabecular bone that leads primarily to 

vertebral crush fractures and distal radial (Colle's) fracture. 

In contrast, fractures due to Type II osteoporosis occurs in both sexes after the age of 

70, although other sources (Riggs and Melton 1983:899-901) cite this condition occurs in both 

sexes after 65-75 years of age. Finally, Piziak (1994:336-341) states Type II take longer to 

appear. Type II osteoporosis is associated with the loss of both trabecular and cortical bone 

in the femoral head, proximal humerus and proximal tibia. 

The associated costs associated with these fractures cannot be assessed. Certainly, 

fracture location plays a role is the type of care required ~ hospital, outpatient or private 

clinic ~ since some fracmres can be easily reduced, require little associated care and 

economic costs are lower in comparison to subjects who experience fractures in other 

locations , such as in the femoral triangle (Kanis and Pitt 1992:S7-S15, Levy 1989:81). 

While fractures of the hip are easily diagnosed, they require admission to the hospital, 

they are difficult to reduce, they limit patient mobility and may require extra care in a health 

care facility (Levy 1989:76-82). In cases where bed rest is suggested, further decreases in 

BMD can result in future fracture (Anderson and Pollitzer 1994:142). 

As a consequence of these factors, mortality rates associated with hip fracture are 

higher that fractures in other locations; estimates are between 5-20% of patients will die 

within a year (Kanis and WHO Study Group 1994:368-381, Chrischilles et al. 1991:2026-

2032, Chong et al. 1997:110-114, Piziak 1994:336-341). In the future, osteoporotic fracture 

estimates 50% of White women will experience a fracture, nearly 18% in the hip, which will 

carry high estimates of morbidity and monality (Chrischilles et al. 1991:2026-2032). 

Associated medical costs are thought between 5.15-6.00 billion dollars annually. The medical 
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expenses will increase as the population grays (Melton et al. 1987:57-64, Schneider and 

Guralnik 1990:2335-2340, Kanis and Pitt 1992:S7-S15). Other more personal costs - loss of 

work days, quality of life, effect on family — are harder to measure (Norris 1992:S11-S16, 

Kanis and Pitt 1992:S7-S15, Phillips et al. 1988:271-279). While economic costs can be 

assessed, the changes in the quality of life and associated disability cannot be. The key to 

cost reduction ~ for all types of costs, not just financial ~ is prevention of osteoporosis 

(Piziak 1994:336-341, Levy 1989:76-82, Phillips et al. 1988:271-279). 

From a demographic perspective, the elderly comprise the largest growing age group 

in the United States and across other parts of the world today (Piziak 1994:336-341, Mundy 

1996:32, Schneider and Guralnik 1990:2335-2340). As this group of people continues to 

expand, attention must be given to conditions that affect the quality of life before, during and 

after retirement. While quality can be judged in numerous ways, cenainly overall health 

plays a vital role in determining whether one can fulfill expectations, desires, hopes and 

dreams during the golden years. Health-related conditions among the elderly can substantially 

impact emotional and physical well-being, thereby greatly limiting even normal daily activities 

(Johnell 1996:299-304). For these reasons, health status for the elderly is of major concern. 

Conclusion 

Consequently, as more and more people join this age group, the necessity for research 

on aging, morbidity and mortality increases. While much research have been done and great 

advances have occurred in these areas to limit mortality in the United States due to infectious 

disease^^, cardiovascular disease, cancers, age-related deterioration of cells, organs and 

organ systems and combinations thereof (Goldman and Cook 1984:825-836, Greenland 



1996:219-225, Doll 1995:1301S-1305S, Waldron 1983:321-333, Schottenfeld and Houde 

1966:61-613, Vellas et al. 1992:1125S-1230S, Mazzuoli et al. 1989:22-29, McGinnis and 

Foege 1993:2207-2212, Diczfalusy 1996:1-7), less research was conducted on age-related 

diseases that generally affect morbidity (Vellas et al. 1992:1125S-1230S, Diczfalusy 1996:1-7, 

Schneider and Guralnik 1990:2335-2340). One area focused on in this dissertation, which is 

currently under intense investigation is osteoporosis that can lead to osteoporotic fracture 

(Kanis and WHO Study Group 1994:368-381). With identification of risk factors and 

preventative medicine, morbidity and mortality due to osteoporosis can be reduced (Piziak 

1994:336-341, Norris 1992:S11-S16). 
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CHAPTER 11 

IMPLICATIONS FOR MORBIDITY. MORTALITY AND THEORIES OF AGING 

Introduction 

Aging is intricately tied to human longevity, morbidity and mortality. The process 

occurs at a variety of levels, from chemical interactions, with random mutations occurring in 

the nucleic acids, to organ systems, with isolated or generalized breakdown leading to death 

of the organism. The overall process of aging is influenced by many factors, including the 

individual's genotype and environmental influences, such as disease, predation and other sorts 

of injury. It is in this context that anatomical and physiological features of various systems, 

including the skeletal system, will be examined from a medical, biocultural and evolutionary 

perspective. This process will provide a foundation to examine the relationship of these 

features to theories of aging. 

These results have important implications in many areas, including health and 

medicine, physiology and social sciences. Certainly, overall well-being and fitness are 

essential to quality of life in the golden years; advancements in health-care, nutritional 

training and medical treatment have reduced mortality due to infectious disease, and more 

recently, cardiovascular disease. In the last several years, attention has shifted to focus on 

morbidity and mortality due to cancer and to degenerative diseases associated with die aging 

process, such as osteoporosis. 

Changing Trends in Morbidity and Mortality 

Trends in morbidity and mortality are changing in response to major advances in 

health care in developed countries. These advances are partly due to the development of new 
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medications, new treatments and, in some cases, heroic procedures that extend life. In 

developed countries, life expectancy at birth has increased greatly (Mackenbach 1996:1207-

1213), nearly doubling from an average of 40 years in the early 1900's (Yaukey 1985:118; 

Livi-Bacci 1992:23; Olshansky et al. 1998:52-61) to over 80 years in current times (Livi-

Bacci 1992:23; Kirkwood 1996:1009-1016). These changes are due to several factors, 

including prevention and treatment of infectious disease, better access to nutritional support 

and better health care (Weiss 1972:342, Yaukey 1985:117-118, Molnar 1992:312-313, Livi-

Bacci 1992:23, Goldman and Cook 1984:825-836, Greenland 1996:219-225, Gavrilov et al. 

1983:176-180; Mackenbach 1996:1207-1213). 

Omran (1983), who developed "The epidemiological transition theory"'®, attributes 

decreases in infant mortality and increases in life expectancy to a demographic transition, 

wherein modernization leads to improvements in socioeconomic and heath-related conditions. 

These improvements lead to decreases in mortality from infectious disease. This transition 

occurs in three stages: 1) age of pestilence and famine, in which people living in the cities 

traded with the hinterland for resources, and through established trade routes, epidemics were 

spread from city to city; 2) age of receding epidemics, in which the introduction of 

antibiotics, sanitation and better living conditions led to decreases in the spread of infectious 

disease; 3) age of degenerative and man-made diseases, in which death is due to chronic and 

stress-related diseases (Omran 1971:509-538; Omran 1977:3-41; Omran 1983:305-316; 

Gaylin and Kates 1997:609-621). 

Prior to modernization, the United States and most other countries had high monality 

rates due to infectious disease. Increased population density associated with urbanism 

increased the risk of contagion. Against a background of poor sanitation, living conditions 
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and nutrition, the spread of infectious disease in urban populations can be rapid (Boyden 

1972:411-441, Coale 1974:15-25, Livi-Bacci 1992:23,41; McElroy and Townsend 1979:148). 

Mortality due to diseases, such as malaria, influenza, measles, bubonic plague and small pox 

(Hassan 1981:227, Coale 1974:21; Lancaster 1990:56-57,503; Livi-Bacci 1992:41, Drake 

1972:69, Behbehany 1983:455-509, Zentner 1942:5, McEvedy 1988:118-123), have had a 

dramatic effect upon the population size and structure often selecting against younger and 

older individuals (Livi-Bacci 1992:39-40). On occasion, migration routes from agricultural 

areas to cities created pathways facilitating the spread of epidemics when cities were 

established. 

The growth of cities associated with industrialization accelerated the trend towards 

greater population densities with more frequent pandemics (Zentner 1942:5, Benjamin and 

Haycocks 1970:363,365, McElroy and Townsend 1979:127,159). Under such conditions, 

individuals of all ages were susceptible to infections. Bubonic plague, small pox and 

tuberculosis were found in young and old alike, since no effective treatment", such as 

antibiotics or vaccinations, had yet been discovered. The sick were most often simply 

quarantined and allowed to die (Benjamin and Haycocks 1970:20; McEvedy 1988:123; Livi-

Bacci 1992:48). 

Finally, sanitation, better health care and antibiotics were introduced, reducing 

mortality rates dramatically (Weiss 1972:342; Mackenbach 1996:1207-1213), thereby leading 

to an epidemiological transition, in which the leading cause of death changed from infectious 

disease to degenerative changes due to senescence (Yaukey 1985:117, Molnar 1992:312-313). 

With this transition, the focus of natural selection shifted from factors affecting mortality to 
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those affecting fertility. This shift has a profound impact on population structure (Freedman 

and Berelson 1974:4, Relethford 1990:430-433). 

The Centers for Disease Control (CDC) and the World Health Organization (WHO) 

have monitored efforts to limit outbreaks and resurgence of infectious diseases worldwide. 

Although death due to infectious disease has steadily declined, there are conspicuous 

exceptions. Among these exceptions are included viral diseases, such as Ebola^® and 

Acquired Immunodeficiency Syndrome (AIDS), and such bacterial diseases as antibiotic-

resistent tuberculosis (TB), streptococcal and staphylococcal diseases^' (Pinner et al. 

1996:189-193; Gaylin and Kates 1997:609-621). 

The epidemiological transition occurred over the last 200 years in Westernized 

countries, shifting the leading causes of death from infectious disease to degenerative changes 

due to senescence (Gaylin and Kates 1997:609-621). Subsequent to the control of infectious 

disease in the Western world, the leading limitation to overall life span has been 

cardiovascular disease, the prevalence of which is related to modem diet and nutritional 

patterns (Weiss 1972:342, Yaukey 1985:117-118, Molnar 1992:312-313, Livi-Bacci 1992:23, 

Goldman and Cook 1984:825-836, Greenland 1996:219-225). A great majority of the 

cardiovascular mortalities are due to coronary artery disease, in most cases involving 

atherosclerosis. Genetic predisposition, smoking, stress and increases in fat intake have all 

been implicated in the tendency for atherosclerotic buildup in arteries and arterioles 

throughout the body, especially those supplying blood to the hean. The buildup may lead to 

a 75% narrowing of the lumen of the coronary vessels and/or calcified rigid vessels, usually 

in two or more vessels (DiMaio and DiMaio 1989:44-45). 
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Called the "Widow-Maker," atherosclerotic cardiovascular disease is present in nearly 

a third of males and is characterized by sudden death"" (DiMaio and DiMaio 1989:43-44; 

Morales et al. 1980:230-237). Most of these sudden deaths occur within an hour after rising 

in the morning, a pattern of circadian variation in onset of myocardial infarction noted in the 

Framingham Heart Study (Willich et al. 1987:801-806). True circadian rhythm patterns, 

however, are thought to be coincidental to the hyperactivity of the autonomic nervous system 

(DiMaio and DiMaio 1989:43). This pattern is very different from that of females, most of 

whom present with anginal pain prior to myocardial infarction. There are differential 

mortality patterns between the sexes due to cardiovascular disease, and more significantly, a 

greater number of premenopausal females survive with this condition than males. 

As stated earlier, with decreases in mortality rates due to infectious disease and 

cardiovascular disease, attention by researchers has begun to focus on cancers (Schottenfeld 

and Houde 1966:613-630) and age-related degeneration of physiological systems that limit the 

human life span (Vellas et al. 1992:1125S-1230S, Mazzuoli et al. 1989:22-29, Comfort 

1968:224-234). In the last few decades, increases in mortality have occurred due to cancer in 

developed nations. A number of advances are have been made to limit, if not prevent, various 

types of cancer and progress has been made, especially for cancers in children (Rennie and 

Rusting 1996:57-59). 

While cancer is a general term that applies to more than 100 forms of this disease, 

there are some fiindamental genetic controls that underlie the transition of a normal cell to a 

cancerous one. The genetic controls that no longer fimction properly include signalling 

systems that have gone awry, tumor suppressors that have stopped working, deregulation of 

the cell cycle in certain cell lines, lack of control over fail-safe systems, immortalization of 
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cell lineages and mutant, cancer-causing genetic alleles (Weinberg 1996:62-70). For instance, 

signalling systems between the cell and its environment break down by the expression of 

growth-stimulating proteins from proto-oncogenes. In other instances, timior supressors 

released from cells in the immediate environment are no longer fiinctional, since surface 

receptors may not be present or an essential link is missing in a cascading, biochemical 

reaction (Weinberg 1996:62-70). During the deregulation of the cell cycle, the cell is not 

producing proteins that regulate this cycle or effectively blocking the effects of these proteins. 

A lack of control over fail-safe systems can also occur, in which cells normally instructed to 

undergo apoptosis do not. Such triggers can include injury to chromosomal DNA due to a 

variety of circumstances, such as carcinogenic mutagens (Weinberg 1996:62-70). 

In the case of immortalization, human stem cells, such as fibroblasts, can divide 

maximally fifty or sixty times in vitro, a phenomenon known as the Hayflick number (see 

Hayflick and Moorehead 1961:585-621, Hayflick 1965:614-636, Hayflick 1973:433-445). A 

cell "counts" the number of mitotic divisions, as it were, through shortening the length of the 

telomeres on the end of chromosomes with every cellular division. Once the length of the 

telomeres reach critical threshold, the cell undergoes senescence. This process effectively 

blocks the formation of tumorous cells before tumors become large. Yet, cancerous cells may 

produce an enzyme called telomerase that lengthens the telomeric segments and effectively 

blocks cell senescence (Weinberg 1996:62-70; Kirkwood 1996:1009-1016). 

Finally, one can inherit an allele that is correlated with a cancerous condition. 

Certainly, a number of alleles have been implicated, including BRCAl and BRCA2 with 

breast cancer, pRB with retinoblastoma and mutant forms of p53 with tumor formation in 

numerous locations within the body. Given all of the possible factors that can account for the 
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transformation of a normal cell into a cancerous one, as well as all of the biochemical 

interactions and reactions that occur in relation to a variety of chemical signals, it is not 

surprising that cancer cannot be easily controlled with our current knowledge (Weinberg 

1996:62-70). 

Interferences of these cellular processes may be triggered by environmental 

influences. Certainly, two critical influences ~ tobacco smoking and diet ~ can easily be 

modified by behavior. Carcinogens, such as many of the ingredients in cigarettes, are known 

to cause cancer by affecting genes that control cell migration and proliferation and enhance 

the growth of tumorous cells (Trichopoulos et al. 1996; 80-87). 

It has been estimated that over 30% of the deaths in the United States can be 

attributed to direct exposure to cigarette smoke (Trichopoulos et al. 1996: 80-87). Smoking is 

implicated in an increase of 136.5% in lung cancer in females between 1973 and 1992 

(Rennie and Rusting 1996:57-59). By avoiding cigarette smoke and eating the proper diet ~ 

avoiding red meat and adding fruits and vegetables ~ one can limit the effect of these two 

environmental influences. Avoiding exposure to radiation, carcinogens, pollutants and 

microbial infections, including viruses known to cause cancer, can also reduce probability of 

cancer (Trichopoulos et al. 1996: 80-87; Willett et al. 1996:88-95). Moreover, by 

undergoing early detection procedures (i.e., mammography, pap smear, blood tests), cancer 

can be limited or caught early enough to treat effectively (Willett et al. 1996:88-95; Sidransky 

1996:104-109). 

If and when it becomes possible to prevent and possibly cure cancer, attention will 

focus on the degeneration of body systems that may represent the intrinsic limitations on 

human longevity. Age-related degeneration is difficult to control, since treatment must be 
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specific to the type of degeneration taking place (i.e., treatment for osteoporosis is different 

than that for other conditions, such as Alzheimer's). The basic processes of aging were less 

frequently seen 100 years ago, when generally life expectancies were, on average, half the 

length that they are now. 

The Processes of Human Aging 

From a theoretical perspective, aging can be examined from a variety of levels. At 

the chemical level changes occur in the local chemical environment within and about cells. At 

the cellular level, there is senescence of subcellular and cellular structures, and apoptosis of 

cells within given organ systems. Changes can also occur at the tissue level, with the 

breakdown of tissues that support any given organ within a system. Organs may undsrgo a 

variety of changes that lead to pathological states. Finally, organ systems may suffer a 

variety of degenerative changes that lead to the death of the organism. Breakdown within any 

of these levels of organization will lead to changes that affect the overall function of the 

organism. The most unfortunate features of aging, morbidity and mortality are determined by 

the weakest link in the system (Olshansky et al. 1998:52-61). 

Generally, aging within the chemical level of organization occurs due to exposure to 

chemicals that may alter the environment, including toxins, smoke from cigarettes and other 

substances and excessive alcohol, and other factors that may alter environment, such as stress 

and diet (Olshansky et al. 1998:52-61; Jazwinski 1996:54-59). When free radicals are formed 

(Jazwinski 1996:54-59), there are decreased defenses against oxidation and decreased 

efficiency of repair in damaged molecules (Sohal and Weindruch 1996:59-63). 



437 

Changes within the environment have very little meaning when examined separately 

from the cells that live in that environment. When examined from the cellular perspective, the 

processes of aging can be viewed with regard to the separation of somatic and germ cell 

lineages that occurs very early in development. Weismann noted the importance of the 

distinction between somatic and germ lines in the early history of multicellular organisms. Is 

mortality so inherently coupled to intrinsic and extrinsic disposable somatic mechanisms that 

the germ line must maintain separation? The concept of the disposable soma is useful in 

issues surrounding processes of cell duplication and repair mechanisms in response to free 

radical formation (Hayflick and Moorehead 1961:585-621; Hayflick 1965:614-636; Hayflick 

1973:433-445). It has been noted that organisms that have longer life spans have better repair 

mechanisms for somatic cell lineages than organisms with shorter life spans (Holliday 

1996:100-107)'". The soma is isolated from the nurtured, protective, suspended meiotic 

environment of the germ cells. That the soma is a vehicle for the germ line is a pervasive 

hypothesis associated with the reproduction and aging in multicellular biological systems. 

This system is presumably a developmental evolutionary product that has allowed for adaptive 

strategies, such as the preservation of variation through recombination and independent 

assortment in germ cell lineages, to be propagated in future generations. Senescence is an 

attribute of the disposable soma. 

Theories of cellular aging are applied to the somatic cell lineages. Although some 

somatic cells are postmitotic, other somatic cells, such as fibroblasts, are intrinsically limited 

by the number of mitotic divisions, although the maximal number is usually never reached 

before death occurs in the organism. The process of aging is partly controlled by the genotype 

of the organism, with a number of genes that control increases or decreases in longevity 
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(Jazwinski 1996:54-59; Olshansky et al. 1998:52-61). This finding is demonstrated by the 

ability of fibroblastic cells to undergo mitosis maximally fifty tunes, referred to as the 

Hayflick number (Hayfiick and Moorehead 1961:585-621; Olshansky et al. 1998:52-61). 

Within mammals, the H-2 locus with six other genetic regions influences longevity (Jazwinski 

1996:54-59). A number of processes have occurred in gene expression that include multiple 

levels of control leading to the inability to duplicate. These changes include alterations in 

gene expression and cellular aging that limit the process of division by blocking the G, phase 

of cell replication (Smith and Pereira-Smith 1996:63-67). This may be an adaptive mechanism 

to prevent tumor formation and growth (Smith and Pereira-Smith 1996:63-67). 

The processes of cellular aging can also be due to intrinsic and extrinsic biological 

clocks, antagonistic pleiotropy, accumulation of mutations, cross-linkage of proteins and 

DNA, formation of intracellular free radicals, buildup of byproducts of cellular metabolism, 

accumulation of errors in protein synthesis and generalized wear and tear (Spence 1989:14-

41). Telomeres act as the intrinsic biological clock in the cellular aging process (Weinberg 

1996:62-70), while the preoptic nucleus in the hypothalamus and the pineal gland have been 

implicated as the extrinsic biological clocks. Antagonistic pleiotropy is conceptually based on 

the expression of genetic sequences that are beneficial to the organism early in the life span, 

yet harmful later in life (see below; Kirkwood 1996:1009-1016). Mutations may also occur in 

the genetic sequences that lead to malfijnction and eventually death, especially if the mutations 

occur in regulatory genes, although one may argue that the cell has mechanisms to repair 

damaged DNA. Cellular aging may also occur due to the cross-linkage of proteins, which 

form hydrogen bonds during denaturation. Collagen protein and numerous enzymes are 

affected by this process (Spence 1989:14-41). 
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Formation of intracellular free radicals alters nucleic acids and biological membranes, 

thereby affecting overall function of the cell. Aging also occurs at the subcellular and cellular 

level through oxidative stress; this process appears to increase exponentially as a consequence 

of age. Intracellular molecular damage caused by oxygen free radicals can disrupt cell 

function or cause cell death (Jazwinski 1996:54-59, Sohal and Weindruch 1996:59-63). This 

damage can arise from three processes ~ increased production of free radicals, decreased 

defenses against oxidation and decreased efficiency of repair in damaged molecules. Once 

damage within the cell has occurred, overall function of the cell will decrease. The 

production of oxygen radicals in organs and organ systems, such as the heart, brain and liver, 

is directly linked to the metabolic rate of the organism; the rate of oxygen radical production 

is genetically determined (Sohal and Weindruch 1996:59-63). 

The byproducts of cellular metabolism lead to the formation of such substances as 

lipofuscin (pigmented waste products) that are thought to interfere with normal cellular 

function. This buildup, however, is partly correlated with the decreased function of lysosomes 

within cells. Another theory of cellular aging is that the accumulation of errors in protein 

synthesis leads to the formation of faulty proteins, and in course, enzymes, that cannot 

function properly within the cell. One would think, however, that these products would be 

broken down and recycled. Generalized wear and tear can occur at the cellular level and, 

depending on the amount of energy available to the organism, determine overall life span 

(Spence 1989:14-41). 

During cellular aging, each of these processes may act singly or together to alter the 

cellular environment. Certainly, when considering interactions between these processes, it is 

clear that a number of changes occur with aging, including decreased fluidity of membranes, 
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increased errors in protein syntliesis, decreased ability to divide, increased lipofuscin buildup, 

increased free radical formation and decreased ability of lysosomal breakdown. Many of the 

cellular changes associated with aging are tied to the rate and number of cellular divisions, 

which needs to be coupled with the rate and number of intracellular organelle divisions. 

Thus, there are external and internal factors affecting this overall process separate from 

genetic controls for longevity, senescence and apoptosis (Spence 1989:14-41). 

While senescence occurs at the tissue level when groups of cells with the same overall 

anatomical and physiological properties are affected, breakdown of organ systems, in which 

all organ systems can be affected, occurs more frequently. Each of the twelve interactive 

systems of the body - integumentary, skeletal, muscular, nervous, cardiovascular, lymphatic, 

immune, respiratory, digestive, urinary, reproductive and endocrine systems - undergo 

apparent anatomical changes that affect overall function (Spence 1989:14-41). These include 

such conditions as neurodegenerative disorders, autoimmune diseases'*-, adult-onset diabetes 

mellitus, cardiovascular disease and degenerative anhritis (Olshansky et al. 1998:52-61; 

Poirier et al. 1990:463, Bejamin 1989:212; Jazwinski 1996:54-59). 

While an overall review of degenerative changes of all organ systems is outside the 

realm of this dissertation, one organ system - the skeletal system - merits a more intense 

investigation. Degenerative changes in the skeletal system lead to degenerative joint disease, 

and if critical bone mass is lost, to osteoporosis. This condition, defined as early as the 

I700's as "porous bone," represents the differential removal of calcium from the skeleton to 

maintain physiological homeostasis within the body (Nordin 1987:57-58, Schapira and 

Schapira 1992:164-167). At the risk of osteopenia and osteoporosis, the body compensates 

for high or low serum calciimi levels by either depositing or withdrawing calcium from the 
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skeleton through osteoblastic and osteoclastic activity (Albright 1947:861-882, Albright 

1989:85-86). With the aging of the reproductive system and subsequent decreases in estrogen 

output affecting the skeletal system, along with the general breakdown of other physiological 

systems that lead to reduced mobility, lack of muscle anabolism, changes in diet and 

differential malabsorption of necessary nutrients. Type 1 and Type II osteoporosis are now a 

major concern. 

Once BMD has declined to fracture thresholds, risk of osteoporotic fracture due to 

fall, accident and other types of trauma increases dramatically (Matkovic 1992A: 151-160, Riis 

1996:9-15). Fractures in specific locations of the body carry specific risks. For example, 

fractures of the wrist are associated with a shorter period of morbidity and very limited risk 

of mortality (Kanis and Pitt 1992:S7-S15, Levy 1989:81), while fractures of the hip have long 

periods of morbidity with very high levels of mortality (20-25 % for nontraumatic hip 

fractures in postmenopausal women), if measured within a year of the fracture (Levy 

1989:76-82, Kanis and WHO Study Group 1994:368-381, Chrischilles et al. 1991:2026-2032, 

Piziak 1994:336-341). From a medical perspective, costs to society for morbidity and 

mortality exceed millions of dollars per year (Melton et al. 1987:57-64, Schneider and 

Guralnik 1990:2335-2340, Mundy 1996:32-38). The only way to limit the medically-related 

costs to society is prevention (Piziak 1994:336-341, Levy 1989:76-82, Phillips et al. 

1998:271-279, Black 1996:2-8). 

Thus, the process of aging may occur at any level of organization. Aging may be due 

to random mutations occurring in nucleic acids or to factors such as the generalized 

breakdown of organ systems leading to the death of the organism (Olshansky et al. 1998:52-

61). When one examines the processes of aging, it is apparent that certain genotypes 
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predispose an individual to a certain disease process; for instance, the relationship between the 

D allele for angiotensin converting enzyme (ACE) inhibitors and cardiovascular disease 

(Toupance et al. 1998:1525-1534). It is also clear that certain environmental factors cause 

generalized wear and tear to any of the levels of organization within the body: for example, 

the effect of sunlight on the stratified squamous cells of the epidermis (Spence 1989:43-55). 

And even, such certain behaviors accelerate the aging process, such as smoking, exposure to 

sunlight, excessive chemical consumption, toxins, stress and diet: each and all can affect the 

rate of aging in specific tissues (Olshansky et al. 1998:52-61; Jazwinski 1996:54-59). Some 

behaviors, such as proper exercise, ingestion of anti-aging substances, including DHEA, 

melatonin and HGH, anti-oxidants and vegetables are thought to slow the aging process 

(Olshansky et al. 1998:52-61). 

Morbidity and Mortality from a Biocultural Perspective 

When assessing the effects of calcium intake and absorption on the individual, it is 

important to remember how the environment can provide or limit the nutrients essential for 

normal physiological processes. One such process is serum calcium homeostasis, the amount 

of calcium present in blood plasma to sustain a variety of metabolic processes. 

Calcium deposition and resorption are accomplished by the interplay of two primary 

hormones — parathyroid hormone and calcitonin - as well as a variety of other hormones, 

including vitamin D, estrogen, progesterone, interleukins and others, that function in a 

paracrine and autocrine manner at the bone surface. Bone modelling is accomplished through 

teams of osteoblasts and osteoclasts, the kidneys and the alimentary canal. All function 

together to maintain serum calcium levels at the physiological set-point of about 10 mg%. 
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Serum calcium homeostasis is necessary for ossification and continued calcification of 

bone, muscle contraction, exocytosis and movement of neuroactive substances across the 

synapse, blood clotting, t-cell function, gluconeogenesis and other biochemical functions. 

These processes are so essential to life that calcium sequestered in bone is resorbed when 

necessary. 

Physiological homeostatic adjustments can be made by each organ system or by 

combinations thereof to precisely control calcium levels from moment to moment. Moreover, 

not only must these levels be controlled inside the body, but homeostasis must be maintained 

when disrupted by exogenous substances, such as vitamin D from diet. Since an adequate 

intake of calcium cannot be guaranteed at all times, the capacity to withdraw calcium from 

bone is fundamentally important. 

During intrauterine life, the mother provides the fetus with its calcium needs, 

supporting primary ossification and continued calcification of the diaphyses in utero. After 

birth, the infant's bone growth is supported by breastmilk, often at the expense of maternal 

bone loss. After weaning, the diet must supply the calcium requirements of the growing 

child, otherwise calcium must be withdrawn fi:om the skeleton. 

During pregnancy, the mother must supply at least 30 grams of calcium to the 

developing fenis for ossification processes in utero-, this value does not include calcium 

necessary for other metabolic processes. During breastfeeding, 200-1500 gr of calcium a day 

is diverted firom the maternal blood to breast milk (Norman 1979:305). Withdrawal of 

calcium during pregnancy and lactation can substantially affect maternal BMD. This can 

produce a transient state of osteopenia that may recur throughout a woman's reproductive life. 

Prospective and retrospective studies have been conducted to assess the impact of 
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these reproductive events upon BMD during the childbearing years as well as after 

menopause. Overall, these studies suggest that the immediate effects of pregnancy and short-

term breastfeeding reduce BMD for a time, but the long-term effects may reduce 

postmenopausal BMD loss. If, however, the combination of pregnancy and lactation 

encompass more than 25 % of the reproductive span or if the lactational period is extended 

beyond five or six months after every pregnancy, postmenopausal loss of BMD may be 

sufficient to increase the risk of osteoporotic fracture. 

Aging. Morbiditv and Mortality from an Evolutionary Perspective 

From an evolutionary perspective, successful reproductive strategies have higher 

selective value than maintenance and repair strategies. Once the germ line has been able to 

perpetuate itself, the soma is truly disposable (Olshansky et al. 1998:52-61). 

Senescence, defined as the beginning of old age, is marked by the breakdown of body 

systems leading to disease states that cannot be overcome. As emphasized above, breakdown 

occurs in all systems, from the level of the cell nucleus to the organ system level (Olshansky 

et al. 1998:52-61). The evolutionary significance of senescence as a life history phase is 

unclear, since it is a relatively recent phenomenon (Olshansky 1998:52-61). Since senescent 

changes that occur after reproductive life has ended have no effect of reproductive success, 

natural selection does not effectively screen them out of the population's gene pool. Thus, 

there is an accimiulation of genetic traits that cannot be selected against after reproduction 

(Stini 1995:455-465). 

It is thought that in some instances, certain traits may be beneficial to reproductive 

success early in life, yet deleterious after reproduction has already occurred. The genetic 
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determinants of such traits are referred to as antagonistic pleiotropies. This model is based 

upon the assumption that polymorphism exist for the genes that determine such phenotypic 

traits. When such alleles have positive effects early in life (even if currently unidentified) but 

deleterious ones later, only their positive effects have selective value. Consequently, 

individuals of known deleterious genotypes may survive with increasing frequencies into old 

age (Toupance et al. 1998:1525-1534). One example of this apparent paradox is the D allele 

for ACE, which has been correlated with increased risk of coronary artery disease and 

myocardial infarction (Toupance et al. 1998:1525-1534). While this allele increases risk of 

these conditions, two forms (homozygous dominant DD and heterozygous Dd) have been 

found in higher frequencies in long-lived people than in controls, suggesting mechanisms that 

enhance longevity in people with the D allele. Finally, genetics underling antagonistic 

pleiotropy may provide insight into age-related pathologies (Toupance et al. 1998:1525-1534). 

Even in cases of antagonistic pleiotropy, it would not be surprising to note different 

selective pressures on males than females. Systems under extreme selective pressure would 

include the endocrine and reproductive systems. Perhaps more interesting is the sex-specific 

differences in the reproductive process. While men can remain fertile into their ninth decade, 

without intervention women undergo age-associated deterioration of the reproductive system 

that leads to sterility in their fifth or sixth decade. 

Does menopause have selective value? Perhaps. For instance, age-associated 

accumulation of genetic mutations from mutagenic materials, background radiation and other 

factors lead to increased incidence of chromosomal errors, such as non-disjunction and genetic 

aberrations in oocytes that remain in a state of suspended cell division for 50 years or more. 
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In females, menopause marks the transition from fertility to sterility, which occurs 

over a period of several years. Numerous alterations occur in many physiological systems, 

most notably the endocrine and reproductive systems, controlled primarily through the 

hypothalamus (Wise et al. 1996:67-70). Reduced synthesis of estrogen affects a variety of 

physiological processes, impairing urinary continence, nutrient absorption and metabolism, 

bone and mineral metabolism, blood pressure and cardiovascular function, memory and 

cognition, circadian rhythms and disease susceptibility (Wise et al. 1996:67-70). Frequently-

cited symptoms of menopause include hot flushes, sweating, fatigue, irritability, insomnia, 

nervousness, dizziness and tachycardia (Burger 1996:347-359, Blackwell and Blackwell 

1997:7-9, Pearistein et al. 1997:279-294; Barile 1997:36-39, Thacker 1997:205-221). Most 

relevant in the present context is the sudden decrease in circulating estrogens associated with 

Type I osteoporosis. 

Humans have the longest lifespan among the primates (Kirkwood 1996:1009-1016). 

In most cases, other primates do not live long enough to undergo menopause in their naniral 

habitat. Humans, outliving their reproductive systems, may still derive selective advantage 

from caring for related offspring in a biocultural environment (Holliday 1996:100-107). 

Conclusion 

The results presented in this dissertation can be tied to overall theories of aging; these 

theories have important implications in a variety of areas, including health and medicine, 

physiology and social sciences. The influence of diet and nutrition early in life, such as the 

attainment of peak BMD, affects overall fitness and well-being in later life. General 

environmental stressors, such as infection and disease have been reduced by health education 
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and advancements in health-care. Beneficial changes in medical treatment have reduced 

mortality due to infectious disease, pathological conditions (cardiovascular disease) and 

cancer. More recently, morbidity and mortality due to degenerative diseases associated with 

intrinsic mechanisms of aging, including costs relating to osteoporosis have received attention. 

Processes of aging set the boundaries for human longevity, morbidity and mortality. 

The mechanisms that underlie this process occurs at the chemical level, the tissue level and 

the organ system level, ultimately leading to the natural death of the organism. These 

processes are affected by several factors, including the interaction between the individual's 

genotype and environmental influences, possibly affecting disease, predation and other sorts of 

injury. It is in this context that physiological features of various systems, most notably the 

skeletal system, was examined from a medical, biocultural and evolutionary perspective. This 

information provided the foundation with which to examine the theories of aging. 
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APPENDIX I 

DISSERTATION PROPOSAL 

Aims of Proposal 

As bone is a dynamic tissue changing in relation to the constraints placed upon it by 

the individual, the variables associated with life history may have a significant impact upon 

overall BMD during various stages of the life span. Of critical importance are those life stages 

associated with fecundity and fertility. Since it is during the reproductive period that large 

serum calcium drains take place due to pregnancy and lactation, serum calcium homeostasis is 

essential. Inorganic calcium from bone is used in order to maintain these levels: 

Consequently BMD presumably reflects these drains. Thus, inadequate calcium homeostasis 

may impact reproductive potential, either through a lack of calcium in the diet or insufficient 

BMD. While these relationships may not be entirely causal, either of these mechanisms 

remain plausible factors in reproductive success. 

From an evolutionary perspective, overall Darwinian fimess is measured by 

reproductive success - the ability to become pregnant, produce offspring, and maintain 

neonatal nutritional support so that the child can someday reproduce — all factors essential to 

counter selection in natural populations. As most human populations are no longer subject to 

the same selective processes, but rather have a biocultural buffer against environmental 

change, infectious disease and predators, the overall life-span has substantially increased. 

One recent segment of the life-span that is somewhat of a phenomena is menopause, the 

cessation of menses. Since human females are essentially the only species that undergoes 

menopause, the impact of reproductive success upon the overall life-span of the female is of 

considerable interest. How do various reproductive life history features relate to reproductive 
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success when one deals with issues of calcium homeostasis, endocrinological changes 

associated with pregnancy and lactation, and subsequent effect upon BMD after menopause? 

How does the age at which a women becomes pregnant and subsequently breastfeeds relate to 

overall postmenopausal BMD? The impact of senescence upon various physiological systems, 

such as the reproductive system of the female, is also important from an evolutionary 

standpoint. Over the course of the female's reproductive life-span, genetic mutations can 

accumulate in oocj^es, viral and bacterial contamination of the endometrium and myometrium 

can lead to fetal loss, and diet and disease may affect ability to interact with and absorb 

nutrients from the environment, and so one. Senescence, then, is a necessary part of the life 

process in a species that is no longer subject to the same evolutionary constraints as other 

organisms made possible through a biocultural buffer. 

This proposal is aimed at identifying a causal relationship between postmenopausal 

BMD and various reproductive life history feamres, such as age at menarche and menopause, 

parity, birth spacing and duration of lactation. To my knowledge, the effect of these potential 

variables on BMD has not been fully addressed in the scientific literature. This study would 

provide relevant information for understanding how variation in reproductive life history can 

be used in the context of relative risk assessment of osteoporosis in postmenopausal women. 

For example, how long should the duration of breastfeeding occur, if the mother decides to 

breastfeed, without impacting long-term BMD? Does giving birth at a certain age predispose 

a female to osteopenia during reproductive span and later result in osteoporosis? Next, this 

smdy would be usefiil in terms of relative impact of reproductive features upon population 

growth, as determined through impact of birth timing and spacing upon subsequent 

reproductive success. Finally, possible relationships between reproductive success and 



subsequent senescence in human populations is an important topic from an evolutionary 

standpoint. 
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Literature Review 

Reproductive life history features, including age at menarche, age at parity, birth 

spacing, lactational occurrence and duration, and age at menopause, have been dealt with in a 

rather limited fashion, since so few researchers are addressing the relationships these variables 

and BMD. 

Galloway's (1988) dissertation addressed the net effect of menarche, parity, timing 

between pregnancies, and lactation upon postmenopausal BMD in 438 female subjects. In this 

work, she provided the foundation for the associated endocrinological changes related to 

serum calcium homeostasis during the reproductive and postmenopausal period. She 

attempted to identify periods of the reproductive span in which BMD would be adversely 

affected by pregnancy and lactation. Some of her more interesting results suggest that the 

period at which an individual becomes pregnant and subsequently breastfeeds may have an 

effect upon postmenopausal BMD. Yet, these results were not conclusive due to her limited 

sample-size. 

While Galloway studied numerous relationships between reproductive history and 

BMC in postmenopausal women, few other scientists have attempted such a holistic approach. 

These newer studies incorporate a reductionistic approach to address the relationship between 

a specific reproductive life history feature and postmenopausal BMD: Some researchers 

address BMD and relationship to early pregnancy loss (Hamed et al., 1992), parity (Fehily et 
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al., 1992) pregnancy and lactation (Kritz-Silverstein et al., 1992, Feldblum et al., 1992, 

Lissner et al., 1991, Beming et al., 1993, Koetting and Wardlaw 1988). 

Of special interest are relatively new smdies on the long-term effects of lactation upon 

bone. Concerning these possible correlations between pregnancy, lactation and 

peri/postmenopausal BMD, Feldblum et al., (1992), Beming et al., (1993) and Lissner et al., 

(1991) found that lactation positively impacted BMD. Maxwell and Huxley (1995), Kritz-

Silverstein et al., (1992), Feldblum et al., (1992), found no causal relationship between BMD 

in mothers who breastfeeding and later bone mineral loss, while others (Galloway 1988, 

Lissner, et al., 1991, Beming et al., 1993) generally indicate that age during lactation and/or 

the duration of breastfeeding per child can signiHcantly alter BMD during and following 

lactation and leave long-lasting effects upon BMD into menopause. 

There are numerous potential reasons for such a discrepancy to exist: variation in 

research methodology, site of measurement, sample size, ethnicity, age at parity and lactation, 

and individual variation (see various studies listed above, and for variation due to ethnicity see 

Davis et al., 1994: 249-252). In regards to research design. Galloway (1988) found in a 

limited sample size that in individuals who breastfeed, age at parity could detrimentally affect 

postmenopausal BMD. Maxwell and Huxley (1995) used data from the same study and noted 

that without taking into account the age at which parity and lactation occurred, the same 

population yielded no evidence of detrimental bone loss due to lactation while holding parity 

constant. This suggests that further statistical analyses need to be conducted to tease many 

potential relationships from the data. The data collected from new participants could be 

utilized to determine if age at which these reproductive life history features occur, such as 

parity, birth spacing and lactational duration, ultimately affects postmenopausal BMD. 
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It is intrinsically logical to assiime that individual reproductive features could impact 

bone and bone structure throughout the course of the individual's life history. The rationale 

for such an assumption is based upon the need for continued serum calcium homeostasis. 

Serum calcium levels are closely monitored and tightly controlled through an intertwined 

(double) negative feedback system. Two clusters of cells are responsible for such control; the 

parafollicular cells of the thyroid gland, and the chief cells of the parathyroid gland. These 

cells monitor calcium levels between 8.8-lO.S mg/dL in blood plasma (Merck 1992). 

If serum calcium levels rise above 10.5 mg/Dl, the detrimental effects of 

hypercalcemia may manifest in anorexia, renal disease, mental confusion and associated 

changes, shock, renal failure and death (Merck 1992). It is therefore homeostatically essential 

for these levels to be monitored. This is accomplished by the parafollicular cells of the 

thyroid, that act both as the receptor and the control center in a typical homeostatic feedback 

loop. These cells fiinction to produce and secrete calcitonin polypeptide hormone (Franssila 

1990:1544), that by acting through a second-messenger system, limits the activity of 

osteoclastic cells, increases the activity of osteoblastic cells, and linoits resorption of calciiun 

from the kidney tubules. The net effect of these actions is to decrease serum calcium levels 

primarily by depositing calcium into bone. This would effectively reduce serum calcium 

levels. 

If serum calcium levels drop below 8.8 mg/Dl, hypocalcemia could result in 

neurological changes, such as dementia and depression, and limited or widespread tetany, 

which can ultimately affect cardiac muscle contraction and many other cellular functions 

(Merck 1992). These decreases in serum calcium are monitored by the chief cells of the 

parathyroid gland, located on the posterior surface of the thyroid gland. These cells serve to 
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monitor and respond to low serum calcium levels in a negative feedback loop by producing 

parathyroid polypeptide hormone, which acting synergistically with 1,25 or 24,25 

dihydroxycalciferol, by causing increased osteoclastic activity, increased calcium resorption 

fi:om the kidney tubules, and increased absorption of calcium from the lumen of the intestine 

(Oertel and Ogorzalek 1990:1570). The net effect would be to increase serum calcium levels 

to homeostatic levels. 

Since any stress may disrupt homeostasis, fme-tuning such a complicated biochemical 

feedback loop may be problematic. While transitory fluctuations may have limited effect 

upon osseus tissue, more long-term stressors, such as calcium drains due to pregnancy and 

more importantly lactation, may leave a substantial mark upon bone during these events. 

And, if a women does not supplement the calcium lost by these reproductive processes, more 

long term effects may include osteopenia prior to menopause and osteoporosis following 

menopause. 

This argument is likely given the inherent need for calcium by the fetus for fetal 

skeletal ossification, muscular contraction, such as cardiac muscular contraction and other 

cellular processes. During early pregnancy maternal serum calcium levels generally fall and 

fetal levels rise: In later pregnancy the maternal serum calcium levels fall below that of the 

fetal calcium levels making the mother hypocalcemic to the fetus (Schauberger and Pitkin 

1979:74-76, Minsker et al., 1993:217-223). This fetal uptake occurs by active transport 

across the placental wall (Schauberger and Pitkin 1979:74-76). This overall process is due to 

an increase in maternal serum parathyroid levels during pregnancy that functions to maintain 

calcium levels (see mechanisms discussed above). Coupled increases in calcitonin have not 

been documented, although higher levels of calcitonin are found. In a study by Drake et al.. 
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(1979:746-749), serum parathyroid levels were measured over the course of pregnancy and 

found to peak at 21 weeks of gestation (coinciding with fetal ossification) yet associated 

calcitonm levels did not significantly rise. Their study is particularly interesting since their 

sample consisted of women between the ages of 17-28, some of whom have not yet peaked in 

BMD. If associated coupling of parathyroid hormone and calcitonin hormone did not occur in 

this small sample (n=9), then maternal bone density would be compromised. However, 

during pregnancy, various types of estrogen and progesterone are produced by both the 

maternal and fetal compartment reaching maximal levels in later pregnancy (Parker 1993:19, 

Speroff et al., 1994:258). These steroid hormones provide some protection against extensive 

bone mineral loss from the maternal compartment (Speroff et al., 1994, Pacifici 1992). 

The conservation of calcium by the fetus is essential since fetal senun calcium levels 

fall immediately following birth. After birth, calcium is ingested through breast milk or 

through supplement. Within a week postpartum calcium is homeostatically controlled by 

fetus's endocrine system (through the same mechanisms discussed above; Schauberger and 

Pitkin 1979:74-76). 

It is during lactation, by maintaining the nutritional status of the infant, that calcium 

drains could have a much more seriously detrimental effect upon the maternal skeleton. As 

estrogen and progesterone levels fall (Sowers et al., 1993, Speroff et al., 1994) and prolactin 

levels rise (coupled with IGF-1 and Cortisol), calcium will be diverted from maternal osseus 

strucmres, resorbed in the renal tubules, and absorbed from the lumen of the alimentary canal 

to maintain maternal serum calcium (Kent et al., 1990, Blackwell and Younger 1993:171). 

This calcium, on the order of 250 mg per day, will be routed from maternal plasma into the 
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lactiferous alveolar cells and subsequently passed by myoepithelial cells to the offspring 

(Sowers et al., 1993). 

Since maternal serum calcium levels must be maintained within a narrow range for 

maternal tissues to operate properly, bone is an immediate and primary target for resorption. 

Overall bone cycling is increased through osteoblastic and osteoclastic activity to maintain 

serum calcium levels (Kent et al., 1990) Some of the BMD swdies addressed above (i.e. 

Lissner et al., 1991) found that the longer the duration of breastfeeding, the more trabecular 

and cortical bone is lost and cannot be replaced. One study (Sowers et al., 1993) documents 

the irreversible process of bone resorption in women who breastfeed longer than one year. 

Although, the age that pregnancy and lactation occurred is not addressed by these studies. 

In general, there are many considerations when dealing with BMD during and after 

the reproductive period. Of extreme importance is the ossification and epiphyseal fusion of 

the long bones during puberty. It takes some time for the bones to maximally accumulate 

calcium. BMD peaks in women between 25-34 years of age (Davis et al., 1994:249-252). If 

females experience pregnancy and breastfeed in the formative years before this peak, then the 

calcium drains of pregnancy and lactation may have long-lasting results upon both trabecular 

and cortical bone, culminating in substantially decreased BMD during and after the 

reproductive period. The net effect on the maternal skeleton is shown by some authors to 

lead to decreased bone mass throughout life. Individuals with decreased bone mass, referred 

to as osteopenia, have increased risk of osteoporotic fracture (Fallon and Schwamm 

1990:1971). This condition is exacerbated postmenopausally by lack of estrogen therapy and 

proper nutritional care, specifically by incorporating estrogen, vitamin D and calcium into 

their diet. On the basis of this argument, reproductive events, such as pregnancy and 
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lactation, may have a more limited effect once peak BMD is reached. Indeed, Galloway 

(1988) found that women who become pregnant and breastfeed in the later phases of 

reproductive life cycle may have beneficial results, through increased efficiency in calciimi 

cycling. 

Materials and Methods 

Few of the previously mentioned studies utilize a large sample of individuals in which 

data is collected regarding reproductive history, longitudinal bone mineral densities, fracture 

data and nutritional surveys. The Sun City/Tucson Bone Mineral Density Study directed by 

Dr. William Stini (Stini et al., 1994, 1992) has yielded this kind of information on 

approximately 2300 hundred people. This study can provide a wealth of information on 

relationships between reproductive life history features and changes in postmenopausal BMD 

that is unparalleled in the anthropological and medical literature. Moreover, the sample size 

in this study is sufficiently large to make saleable, lucid inferences on causal relationships 

between these variables. 

This study will attempt to demonstrate relationships between menarche, age at parity 

coupled with lactation, birth spacing and menopause during life phases of the reproductive 

period and its ultimate impact upon BMD in the post-reproductive period. To my knowledge 

no such study has been undertaken with sample sizes sufficiently large to yield reliable 

results. Three primary hypotheses will be tested on data from this study: 
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Hypothesis I: 

Young girls, who become pregnant shortly after menarche, have not yet developed 
suitable BMD to sustain adequate calcium levels during and after the pregnancy. 
These individuals will have lower overall bone mineral densities throughout 
reproductive life, exacerbated by multiparity, and consequently have decreased 
postmenopausal bone mineral densities. In the individuals who become pregnam and 
choose to breastfeed during the adolescent period, postmenopausal BMD will be 
substantially lower than those who did not breastfeed during this period of the 
reproductive life history, other factors considered. 

Hypothesis 11: 

Women who become pregnant after reaching peak BMD will have limited loss of BMD 
during pregnancy. The possibility of increased efficiency of bone cycling and greater 
postmenopausal BMD will be explored. Female counterparts who became pregnant 
and breastfeed, especially if the duration of lactation exceeds a year, will generally 
have lower BMD due to the extensive calcium drains during laaation. 

Hypothesis HI: 

Women who become pregnam for the first time much later in their reproductive life 
history will experience mechanisms for bone cycling that may provide benefit to 
postmenopausal BMD. The effects of breastfeeding will negatively affect bone, 
increasing by duration of breastfeeding. 

Other issues, such as total reproductiye period, as measured from menarche to 

menopause, parity and birth spacing may proyide important clues into the long-term effects of 

calcium cycling on BMD. Further relationships can be gleaned from such a study. 

Rationale for Proposal 

What issues are addressed by such a study? The first issue is one of societal 

significance. If risk factors associated with specific reproductive events can be identified, 

then potential medical costs to society can be limited. The Sun City/Tucson Bone Mineral 

Density Study has collected both longitudinal and cross-sectional data from an incredibly large 
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population base throughout population centers in Arizona. As the elderly are becoming an 

increasingly large segment of the Arizonan and American population, the need to identify and 

understand how various facets of an elderly woman's previous reproductive history can 

influence current BMD is essential. Relative risk categories can be assessed from a battery of 

tests, such as bone scans, nutritional and reproductive questionnaires, and the individual can 

be followed by qualified clinicians, who would attempt to limit the effects of osteoporosis. 

The ultimate contribution of the proposal would be to identify risk factors that would aid in 

limiting societal costs associated with morbidity and mortality due to osteoporosis. 

The second issue is one of assessing how these reproductive features, age at 

menarche, parity, birth spacing, duration of breastfeeding, and age at menopause, impact 

homeostatic mechanisms to control serum calciimi levels and consequently postmenopausal 

bone loss. Moreover, it is imperative to evaluate if variations in homeostatic mechanisms 

could impact populational dynamics. For example, is there a significant difference in overall 

parity if a young female becomes pregnant before reaching normal peak BMD? And, if so, 

would this affect reproductive success? 

The final issue is one theoretical significance. This study will attenq)t to make 

inferences about the relative impact of selective processes upon individual reproductive life 

histories, and the relationship between these processes and subsequent senescence. For 

example, to what extent does the dimorphism in skin color between males and females relate 

to differential vitamin D production and related calcium absorption from the alimentary canal 

to supplement pregnancy? How does selection for certain genes, such as those possibly 

controlling for vitamin D production, relate to senescence? Is there possible antagonistic 

pleiotropy occurring for certain genes that allow for increased bone cycling that lead to 
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detrimental effects postmenopausally? What is the relative impact of calcium homeostasis 

upon bone given different reproductive scenarios? This proposal will attempt to address these 

issues with numerical (statistical) and theoretical arguments that may provide new insight into 

the relationship between reproductive life history features and postmenopausal osteoporosis. 
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APPENDIX n 

Measurement of Bone Mineral Content by 

Photon Absorptiometry 

Subject Consent Form 

We invite your voluntary participation in this study. The purpose of this project is to develop 
a means of determining the amount of mineral in the radius, one of the forearm bones. 

The procedure is safe and painless. About 10 to IS minutes of your time will be required. 
You will be seated, and your left forearm will be scanned with a commercially available bone mineral 
analyzer. Your exposure to radiation will be less that one-tenth of a normal x-ray of the forearm. 
Your risks are negligible. All data will be treated with anonymity and confidentiality. You are free to 
withdraw from the study at any time without incurring any iU will. 

We hope to apply our results to developing simple procedures for use in bone mineral analyses 
in remote areas such as rural desert communities. You will learn your bone mineral content. We will 
provide information from other studies so that you compare your bone mineral content with normal 
values for your age-sex group. Early detection of low bone mineral content may be beneficial to your 
health. 

William A. Stini 

I have read the above "Subject's Consent". The nature, demands, risks and benefits of the 
project have been explained to me. I understand that I am free to withdraw from the project at any 
time without incurring any ill will. I also understand that this consent form will be filed in an area 
designated by the Human Subjects Committee of The University of Arizona, Tucson, with access 
restricted to the principle investigator or authorized representatives of the particular department. A 
copy of this consent form is available to me upon request. 

Subject's signature Date 



461 

APPENDIX m 

BONE MINERAL ANALYSIS PROJECT ID# 
Department of Anthropology Date 

University of Arizona, Tucson 

Name^ Birthdate 

Telephone Number Sex M F Dominant Hand R L 

Estimated Height Estimated Weight 

Please answer the following questions to the best of your knowledge. All information on diis form will be treated 
with anonymity and confidentiality. 

I. Do we have your permission to request information on your medical history from your physician? 
Yes No 
If yes, what is your physician's name? 

(Any such request would be for information deemed relevant to our study. Your physician is under no 
obligation to provide us with information that either you or your physician decides does not warrant 
disclosure.) 

2. Has your physician told you that you have osteoporosis (fragile bones)? Yes No 

3. Do you regularly eat dairy products other than milk? Yes No 

4. Do you regularly adhere to the following diets: 
Vegetarian Low salt 
Low cholesterol Little or no red meat 
No special 
Other special diet 

5. Do you have digestion problems after drinking milk? 
Yes No 

6. Are you currently taking any prescription drugs? Yes No 
Drue Name Dosage if known How long taken? Conditions 

Have you taken calcitonin (or Calcimar)? Yes No 
If YES, how long? (mondi or year) 

7. Are you currently taking calcium? Yes No 
If YK, how long? How much (per day)? (mg) 
Did you take calcium in the past? Yes No 
If YK, since age to age . How much (per day)? (mg) 
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BONE MINERAL ANALYSIS PROJECT ID# 
(II) Date 

8. Have you ever taken Didrinol (or Etidrionate)? Yes No 
If YES, when? How long? 
Physician's name 

9. Do you smoke now? Yes (for years) No 
Did you smoke in the past? Yes (for years) No 

10. What was your approximate weight at age 25 (or young adult)? 
Height at age 25 (or young adult) 

11. What was your approximate weight at age 50? 

12. Minimum adult weight lbs. at age . 

13. Maximum adult weight (excluding pregnancy) lbs. at age . 

14. Have you changed the amount of milk you drink since childhood? 
Yes No Have never drunk milk? If Yes, 
Decreased: before age 11 between age 11 and 15 

between age 16 and 20 between age 21 and 30 
between age 31 to 40 after age 40 

Increased: at age by glasses/wk. 

15. Have you broken any bones since age 50? Yes No 
If YES: Which bone? At what age? How (fall, accident^? 

16. Do you exercise? Yes No 
IfYTES: Type of exercise? Times/wk? Hours/time? 

17. Have you had any major changes in lifestyle (retired, widowed, divorced, married, moved, change in 
health of spouse/companion, ect.) in the last five years? 

Tvpe of change? Date? 

18. Have you had any major changes in health (like illness, operation) in the last five vears? 
Tvpe of change? Date? How long? 

In Hosnial Recuperation 
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APPENDIX IV 

REPRODUCTIVE HISTORY QUESTIONNAIRE 
Name 
ID# 
Date 

1. Are you currently taking any type of estrogen (including birth control pills)? 
Yes (for years) No 
Have you taken any kind of estrogen in the past (including birth control pills)? 
Yes at age (for years) No 

2. How old were you when menstrual periods started? years 
How old were you when menstrual periods stopped? years 

3. Did you have a hysterectomy? Yes (at age ) No 
Did you have an oophorectomy (ovaries removed)? 
Yes (both/only one) at age No 

4. Did (do) you have breast cancer? 
Yes at age No 
If YES: What kind of therapy (drugs) are you taking or have taken? 

Does any of your family members have breast cancer? 
Yes relation to you No 

5. For each pregnancy (including miscarriages), please record: 

Your age at childbirth Length of pregnancy Length of breastfeeding 
(years) (months) (months) 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11.  
12. 
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APPENDIX V 

Sample size and percentage of females who became pregnant by each successive pregnancy within the 
original sample of 3120 subjects. 

Subject Number, n=3120 
Percent of Original Sample 

First Pregnancy 1824 (58.46%) 

Second Pregnancy 1517 (48.62%) 

Third Pregnancy 939 (30.10%) 

Fourth Pregnancy 489 (15.67%) 

Fifth Pregnancy 198 (6.35%) 

Sixth Pregnancy 100 (3.21%) 

Seventh Pregnancy 55 (1.76%) 

Eighth Pregnancy 28 (0.90%) 

Ninth Pregnancy 14 (0.45%) 

Tenth Pregnancy 6 (0.19%) 

Eleventh Pregnancy 3 (0.10%) 

Twelfth Pregnancy 1 (0.03%) 

Thirteenth Pregnancy 0 (0.00%) 

Fourteenth Pregnancy 1 (0.03%) 
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Sample size and percentage of females who became pregnant by each successive pregnancy as a 
component of the subsample of 1824 subjects. 

Subject Number, n=1824 
Percent of Subsample 

First Pregnancy 1824 (100.00%) 

Second Pregnancy 1517 (83.17%) 

Third Pregnancy 939 (51.48%) 

Fourth Pregnancy 489 (26.81%) 

Fifth Pregnancy 198 (10.86%) 

Sixth Pregnancy 100 (5.48%) 

Seventh Pregnancy 55 (3.02%) 

Eighth Pregnancy 28 (1.54%) 

Ninth Pregnancy 14 (0.77%) 

Tenth Pregnancy 6 (0.33%) 

Eleventh Pregnancy 3 (0.16%) 

Twelfth Pregnancy 1 (0.05%) 

Thirteenth Pregnancy 0 (0.00%) 

Fourteenth Pregnancy 1 (0.05%) 
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Age at first pregnancy in years grouped in five-year increments. 

Sample Size Mean+.SD Median 

11-15 4 (0.22%) 14.25+0.96 14.50 

16-20 352 (19.30%) 19.00+1.11 19.00 

21-25 827 (45.34%) 23.01 + 1.48 23.00 

26-30 441 (24.18%) 27.61 + 1.32 27.00 

31-35 146 (8.00%) 32.50+1.42 32.00 

36-40 46 (2.52%) 37.74±1.58 37.50 

4M5 7 (0.38%) 42.14+1.07 42.00 

46-50 1 (0.05%) 48.00+0.00 48.00 

51-55 0 (0.00%) 

Overall 1824 (-100.00%) 24.55+4.73 24.00 

Age at second pregnancy in years grouped in five-year increments. 

Sample Size Mean^SD Median 

11-15 0 (0.00%) 

16-20 72 (4.75%) 19.44+0.75 20.00 

21-25 528 (34.81 %) 23.34+1.38 23.25 

26-30 585 (38.56%) 27.93 + 1.45 28.00 

31-35 241 (15.89%) 32.61 + 1.33 32.00 

36-40 74 (4.88%) 37.03 + 1.30 37.00 

41-45 12 (0.79%) 41.92+1.00 42.00 

46-50 3 (0.20%) 47.33 + 1.16 48.00 

51-55 2 (0.13%) 51.00+0.00 51.00 

Overall 1517 (-100.00) 27.30+4.77 27.00 
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Age at third pregnancy in years grouped, in five-year increments. 

Sample Size Mean+,SD Median 

11-15 0 (0.00%) 

16-20 11 (1.17%) 19.82±0.41 20.00 

21-25 177 (18.85%) 23.47+1.34 24.00 

26-30 381 (40.58%) 28.07+1.38 28.00 

31-35 253 (26.94%) 32.81±1.46 33.00 

36-40 96 (10.22%) 37.54+1.37 37.00 

41-45 15 (1.60%) 42.29+1.36 42.00 

46-50 4 (0.43%) 46.25+0.50 46.00 

51-55 2 (0.21%) 52.50+2.12 52.50 

Overall 939 (100.00%) 29.71±5.02 29.00 

Age at fourth pregnancy in years grouped in five-year increments. 

Sample Size Mean^SD Median 

11-15 0 (0.00%) 

16-20 0 (0.00%) 

21-25 56 (11.45%) 23.67+1.35 24.00 

26-30 167 (34.15%) 28.39+1.38 28.00 

31-35 172 (35.17%) 33.01 + 1,39 33.00 

36-40 81 (16.56%) 37.51 + 1.41 37.00 

41-45 11 (2.25%) 42.18+0.98 42.00 

46-50 2 (0.41%) 46.504:0.71 46.50 

51-55 0 (0.00%) 

Overall 489 (100.00%) 31.37+4.75 31.00 
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Age at fifth pregnancy in years grouped in five-year increments. 

Sample Size Mean+.SD Median 

11-15 0 (0.00%) 

16-20 0 (0.00%) 

21-25 14 (7.07%) 23.57+1.02 23.50 

26-30 61 (30.81%) 28.50+1.35 29.00 

31-35 60 (30.30%) 33.24+1.47 33.50 

36^ 50 (25.25%) 37.27+1.25 37.00 

4M5 11 (5.56%) 41.91+0.83 42.00 

46-50 2 (1.01%) 48.00 +0.00 48.00 

51-55 0 (0.00%) 

Overall 198 (100.00%) 32.74 +5.06 33.00 

Age at sixth pregnancy in years grouped in five-year increments. 

Sanq)le Size MeaniSD Median 

11-15 0 (0.00%) 

16-20 0 (0.00%) 

21-25 6 (6.00%) 24.00±0.89 24.00 

26-30 21 (21.00%) 29.00±1.30 29.00 

31-35 34 (34.00%) 32.94±1.63 33.00 

36-40 34 (34.00%) 37.65±1.45 37.00 

4M5 5 (5.00%) 41.90+1.25 41.50 

46-50 0 (0.00%) 

51-55 0 (0.00%) 

Overall 100 (100.00%) 33.63±4.62 34.00 
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Age at seventh pregnancy in years grouped in five-year increments. 

Sample Size Mean+.SD Median 

11-15 0 (0.00%) 

16-20 0 (0.00%) 

21-25 4 (7.27%) 25.00 +0.00 25.00 

26-30 6 (10.91%) 28.00+1.79 28.00 

31-35 19 (34.55%) 32.21+0.92 32.00 

36-40 22 (40.00%) 37.96+1.40 38.00 

41-45 4 a.27%) 43.00+1.41 42.50 

46-50 0 (0.00%) 

51-55 0 (0.00%) 

Overall 55 (100.00%) 34.31+4.99 34.00 

Age at eighth pregnancy in years grouped in five-year increments. 

Sample Size Mean+.SD Median 

11-15 0 (0.00%) 

16-20 0 (0.00%) 

21-25 0 (0.00%) 

26-30 6 (21.43%) 27.33 + 1.51 27.00 

31-35 9 (32.14%) 33.56+1.24 34.00 

36-40 12 (42.86%) 38.42+1.38 38.50 

41-45 1 (3.57%) 43.00+0.00 43.00 

46-50 0 (0.00%) 

51-55 0 (0.00%) 

Overall 28 (100.00%) 34.64 +4.78 35.00 



Age at ninth pregnancy in years grouped in five-year increments. 

Sample Size MeanjfSD Median 

11-15 0 (0.00%) 

16-20 0 (0.00%) 

21-25 0 (0.00%) 

26-30 3 (21.43%) 28.67+1.16 28.00 

31-35 5 (35.71%) 33.40+1.82 34.00 

36-40 4 (28.57%) 38.25±0.50 38.00 

41-45 2 (14.29%) 43.00 +0.00 43.00 

46-50 0 (0.00%) 

51-55 0 (0.00%) 

Overall 14 (100.00%) 35.14+4.96 35.00 

Age at tenth pregnancy in years grouped in tive-year increments. 

Sample Size Mean+,SD Median 

11-15 0 (0.00%) 

16-20 0 (0.00%) 

21-25 0 (0.00%) 

26-30 1 (16.67%) 29.00+0.00 29.00 

31-35 4 (66.67%) 33.50±1.29 33.50 

36-40 1 (16.67%) 37.00+0.00 37.00 

41-45 0 (0.00%) 

46-50 0 (0.00%) 

51-55 0 (0.00%) 

Overall 6 (100.00%) 33.33±2.73 33.50 
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Age at eleventh pregnancy in years grouped in five-year increments. 

Sample Size Mean+,SD Median 

11-15 0 (0.00%) 

16-20 0 (0.00%) 

21-25 0 (0.00%) 

26-30 0 (0.00%) 

31-35 2 (66.67%) 32.50 +0.71 32.50 

36-40 1 (33.33%) 36.00+0.00 36.00 

41-45 0 (0.00%) 

46-50 0 (0.00%) 

51-55 0 (0.00%) 

Overall 3 (100.00%) 33.67+2.08 33.00 

Age at twelfth pregnancy in years grouped in five-year increments. 

Sample Size Mean+.SD Median 

11-15 0 (0.00%) 

16-20 0 (0.00%) 

21-25 0 (0.00%) 

26-30 0 (0.00%) 

31-35 1 (100.00%) 32.00+0.00 32.00 

36-40 0 (0.00%) 

41-45 0 (0.00%) 

46-50 0 (0.00%) 

51-55 0 (0.00%) 

Overall 1 (100.00%) 32.00+0.00 32.00 



Age at fourteenth pregnancy in years grouped in five-year increments. 

Sample Size Mean-I-SD Median 

11-15 0 (0.00%) 

16-20 0 (0.00%) 

21-25 0 (0.00%) 

26-30 0 (0.00%) 

31-35 0 (0.00%) 

36-40 1 (100.00%) 36.00 +0.00% 36.00 

41-45 0 (0.00%) 

46-50 0 (0.00%) 

51-55 0 (0.00%) 

Overall 1 (100.00%) 36.00 +0.00 36.00 



Comparison of sample size and measures of central tendency for each pregnancy in years. 

Sample Size Mean+.SD Median 

First Pregnancy 1824 24.55+4.73 24.00 

Second Pregnancy 1517 27.30+4.77 27.00 

Third Pregnancy 939 29.71+5.02 29.00 

Fourth Pregnancy 489 31.37±4.75 31.00 

Fifth Pregnancy 198 32.74+5.06 33.00 

Sixth Pregnancy 100 33.63±4.62 34.00 

Seventh Pregnancy 55 34.31+4.99 34.00 

Eighth Pregnancy 28 34.64 +4.78 35.00 

Ninth Pregnancy 14 35.14+4.96 35.00 

Tenth Pregnancy 6 33.33±2.73 33.50 

Eleventh Pregnancy 3 33.67 +2.08 33.00 

Twelfth Pregnancy 1 32.00+0.00 32.00 

Thirteenth Pregnancy 0 

Fourteenth Pregnancy 1 36.00±0.00 36.00 
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Comparison of sample size and percentages for the first six pregnancies across all age groups. The 
associated values are approximated due to rounding errors. 

First Second Third Fourth Fifth Sixth 

11-15 4 (0.22) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 

16-20 352 (19.30) 72 (4.75) 11 (1.17) 0 (0.00) 0 (0.00) 0 (0.00) 

21-25 827 (45.34) 528 (34.81) 177 (18.85) 56 (11.45) 14 (7.07) 6 (6.00) 

26-30 441 (24.18) 585 (38.56) 381 (40.58) 167 (34.15) 61 (30.81) 21 (21.00) 

31-35 146 (8.00) 241 (15.89) 253 (26.94) 172 (35.17) 60 (30.30) 34 (34.00) 

36-40 46 (2.52) 74 (4.88) 96 (10.22) 81 (16.56) 50 (25.25) 34 (34.00) 

41-45 7 (0.38) 12 (0.79) 15 (1.60) 11 (2.25) 11 (5.56) 5 (5.00) 

46-50 1 (0.05) 3 (0.20) 4 (0.43) 2 (0.41) 2 (1.01) 0 (0.00) 

51-55 0 (0.00) 2 (0.13) 2 (0.21) 0 (0.00) 0 (0.00) 0 (0.00) 

Overall 1824(100.00 
) 

1517(100.00 
) 

939(100.00) 489 
(100.00) 

198 
(100.00) 

100 
(100.00) 

Comparison of sample size and percentages for the seventh through twelfth pregnancies across all age 
groups. The associated values are approximated due to rounding errors. 

Seventh Eighth Ninth Tenth Eleventh Twelfth 

11-15 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00%) 

16-20 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00%) 

21-25 4 (7.27) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00%) 

26-30 6 (10.91) 6 (21.43) 3 (21.43) 1 (16.67) 0 (0.00) 0 (0.00%) 

31-35 19 (34.55) 9 (32.14) 5 (35.71) 4 (66.67) 2 (66.67) 1 (100.00%) 

36-40 22 (40.00) 12 (42.86) 4 (28.57) 1 (16.67) 1 (33.33) 0 (0.00%) 

41-45 4 (7.27) 1 (3.57) 2 (14.29) 0 (0.00) 0 (0.00) 0 (0.00%) 

46-50 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00%) 

51-55 0 (0.00) 0 (0.00) 0 (0.01) 0 (0.00) 0 (0.00) 0 (0.00%) 

Overall 55 (100.00) 28 (100.00) 14 (100.00) 6 (100.00) 3 (100.00) 1 (100.00%) 
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Comparison of sample size and percentages for the thineenth and fourteenth pregnancies across all age 
groups. The associated values are approximated due to rounding errors. 

Thirteenth Fourteenth 

11-15 0 (0.00) 0 (0.00) 

16-20 0 (0.00) 0 (0.00) 

21-25 0 (0.00) 0 (0.00) 

26-30 0 (0.00) 0 (0.00) 

31-35 0 (0.00) 0 (0.00) 

36-40 0 (0.00) 1 (100.00) 

41-45 0 (0.00) 0 (0.00) 

46-50 0 (0.00) 0 (0.00) 

51-55 0 (0.00) 0 (0.00) 

Overall 0 (0.00) 1 (100.00) 

Comparison of sample size and percentages for the first six pregnancies by specific age groups. The 
associated values are approximated due to rounding errors. 

First Second Third Fourth Fifth Sixth 

11-15 4 (100.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 

16-20 352 (80.92) 72 (16.55) 11 (2.53) 0 (0.00) 0 (0.00) 0 (0.00) 

21-25 827 (51.30) 528 (32.75) 177 (10.98) 56 (3.47) 14 (0.87) 6 (0.37) 

26-30 441 (26.38) 585 (34.99) 381 (22.79) 167 (9.99) 61 (3.65) 21 (1.26) 

31-35 146 (15.43) 241 (25.48) 253 (26.74) 172 (18.18) 60 (6.34) 34 (3.59) 

36-40 46 (10.90) 74 (17.54) 96 (22.75) 81 (19.19) 50 (11.85) 34 (8.06) 

41-45 7 (10.29) 12 (17.65) 15 (22.06) 11 (16.18) 11 (16.18) 5 (7.35) 

46-50 1 (8.33) 3 (25.00) 4 (33.33) 2 (16.67) 2 (16.67) 0 (0.00) 

51-55 0 (0.00) 2 (50.00) 2 (50.00) 0 (0.00) 0 (0.00) 0 (0.00) 
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Comparison of sample size and percentages for the seventh through twelfth pregnancies by specific age 
groups. The associated values are approximated due to rounding errors. 

Seventh Eighth Ninth Tenth Eleventh Twelfth 

11-15 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 

16-20 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 

21-25 4 (0.25) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 

26-30 6 (0.36) 6 (0.36) 3 (0.18) 1 (0.06) 0 (0.00) 0 (0.00) 

31-35 19 (2.01) 9 (0.95) 5 (0.53) 4 (0.42) 2 (0.21) I (0.11) 

36-40 22 (5.21) 12 (2.84) 4 (0.95) 1 (0.24) 1 (0.24) 0 (0.00) 

41-45 4 (5.88) 1 (1.47) 2 (2.94) 0 (0.00) 0 (0.00) 0 (0.00) 

46-50 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 

51-55 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 

Comparison of sample size and percentages for the thineenth and fourteenth pregnancies by speciflc 
age groups. The associated values are approximated due to rounding errors. 

Thirteenth Fourteenth TOTAL 

11-15 0 (0.00) 0 (0.00) 4 (100.00) 

16-20 0 (0.00) 0 (0.00) 435(100.00) 

21-25 0 (0.00) 0 (0.00) 1612 (100.00) 

26-30 0 (0.00) 0 (0.00) 1672 (100.00) 

31-35 0 (0.00) 0 (0.00) 946 (100.00) 

36-40 0 (0.00) 1 (0.24) 422 (100.00) 

41-45 0 (0.00) 0 (0.00) 68 (100.00) 

46-50 0 (0.00) 0 (0.00) 12 (100.00) 

51-55 0 (0.00) 0 (0.00) 4 (100.00) 
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Age at last pregnancy in years grouped in five-year increments. 

Sample Size Mean±SD Median 

11-15 1 13.00+0.00 13.00 

16-20 55 19.12+1.02 19.00 

21-25 335 23.37+1.38 24.00 

26-30 582 28.19+1.44 28.00 

31-35 493 32.97+1.43 33.00 

36-40 282 37.62+1.39 37.00 

41-45 61 42.11 + 1.03 42.00 

46-50 9 46.89+0.93 47.00 

51-55 3 52.00+1.73 51.00 

Overall 1821 30.38+5.76 30.00 



478 

APPENDIX VI 

A comparison between sample size and measures of central tendency for height in cm at last scan by 
ten-year age intervals in females and males in the merged series. 

Sample Size Mean+.SD Median 

Female Male Female Male Female Male 

21-30 45 6 165.22+5.73 177.38+2.83 164.90 177.80 

31^ 56 4 162.09+7.35 174.20+1.47 162.15 174.50 

41-50 108 6 162.99 +7.75 175.97+11.58 163.00 176.45 

51-60 205 29 162.67 +6.44 174.13+7.74 162.00 173.70 

61-70 628 159 160.35+6.52 172.87+7.89 160.30 172.40 

71-80 954 295 158.31+6.08 171.00+7.78 158.20 170.70 

81-90 448 178 155.45+5.99 168.96+7.43 155.70 168.85 

91-100 43 10 152.71+7.59 167.06+5.99 151.09 165.05 

Overall 2487 687 158.99+6.81 171.10+7.85 158.80 171.40 

A comparison between sample size and measures of central tendency for weight in kg at last scan by 
ten-year age intervals'm females and males in the merged series. 

Sample Size Mean+.SD Median 

Female Male Female Male Female Male 

21-30 45 6 62.53+11.90 86.00+17.69 60.00 86.00 

31-40 55 4 70.84+18.57 76.25±10.75 66.00 77.00 

41-50 108 6 69.56+16.55 84.83 +23.39 67.00 87.00 

51-60 205 29 70.89+15.77 84.45 +21.68 67.00 85.00 

61-70 628 158 66.98+13.44 80.07+14.38 65.00 78.50 

71-80 954 296 63.75+12.34 77.93 + 14.01 62.00 76.00 

81-90 448 178 59.68+11.05 71.54+9.70 58.00 70.50 

91-100 43 10 53.47±9.92 67.30+9.12 52.00 65.50 

Overall 2486 687 64.63+13.54 77.01+14.08 63.00 76.00 
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A coiiy)arison between sample size and measures of central tendency for body mass index in kg/m^ at 
last scan by ten-year age intervals in females and males in the merged series. 

Sanqile Size Mean+.SD Median 

Female Male Female Male Female Male 

21-30 45 6 22.87 +4.11 27.32+5.51 21.88 26.53 

31-40 55 4 26.96 +6.91 25.11+3.38 25.82 25.08 

41-50 108 6 26.19+6.02 26.90 +4.42 24.79 26.38 

51-60 202 29 26.90 +5.95 27.67 +6.21 25.56 27.89 

61-70 619 158 26.02+5.00 26.72+3.92 25.30 26.27 

71-80 940 293 25.45 +4.69 26.59+4.20 24.68 26.18 

81-90 445 178 24.71±4.31 25.06 +3.04 24.31 24.96 

91-100 43 10 22.85±3.20 24.07 +2.66 22.86 24.04 

Overall 2457 684 25.55 +4.97 26.23+4.02 24.77 25.93 



T-Test values grouped by sex for distal third radial width for specific age groupings. 

Variable Sex N Mean SD t-Tests df prob 

46-50 f 65 1.267 0.121 separate -4.146 3.3 0.022 
m 4 1.578 0.147 pooled •4.937 67 0.000 

51-55 f 88 1.252 0.116 separate -8.555 16.2 0.000 
m 14 1.579 0.135 pooled -9.589 100 0.000 

56-60 f 112 1.293 0.134 separate -5.224 14.5 0.000 
m 14 1.579 0.199 pooled -7.101 124 0.000 

61-65 f 226 1.278 0.121 separate -12.339 60.1 0.000 
m 46 1.545 0.137 pooled -13.410 270 0.000 

66-70 f 396 1.293 0.122 separate -15.412 125.3 0.000 
m 93 1.540 0.143 pooled -17.003 487 0.000 

71-75 f 521 1.289 0.131 separate -18.999 202.2 0.000 
m 140 1.549 0.147 pooled -20.303 659 0.000 

76-80 f 437 1.295 0.128 separate -18.258 180.5 0.000 
m 125 1.560 0.147 pooled -19.777 560 0.000 

81-85 f 302 1.294 0.134 separate -18.150 190.0 0.000 
m 110 1.568 0.136 pooled -18.330 410 0.000 

86-90 f 150 1.299 0.133 separate -11.613 71.8 0.000 
m 44 1.559 0.130 pooled -11.442 192 0.000 

91-95 f 40 1.272 0.101 separate -5.822 11.0 0.000 
m 9 1.513 0.115 pooled -6.307 47 0.000 

96-100 f no data 
m 



T-Test values grouped by sex for BMC for specific age groupings. 

Variable Sex N Mean SD t-Tests df prob 

46-50 f 65 0.844 0.093 
m 4 1.116 0.231 

separate -2.340 3.1 0.100 
pooled -5.093 67 0.000 

51-55 f 88 0.814 0.099 
m 14 1.249 0.171 

separate -9.267 14.4 0.000 
pooled -13.604 100 0.000 

56-60 f 112 0.796 0.116 
m 14 1.155 0.178 

separate -7.365 14.4 0.000 
pooled -10.211 124 0.000 

61-65 f 226 0.746 0.132 
m 46 1.154 0.134 

separate -18.844 64.1 0.000 
pooled -19.012 270 0.000 

66-70 f 396 0.711 0.123 
m 93 1.120 0.189 

separate -19.893 111.0 0.000 
pooled -25.726 487 0.000 

71-75 f 521 0.675 0.128 
m 140 1.102 0.167 

separate -28.172 185.2 0.000 
pooled -32.758 659 0.000 

76-80 f 437 0.630 0.127 
m 125 1.091 0.156 

separate -30.212 173.6 0.000 
pooled -33.851 560 0.000 

81-85 f 302 0.601 0.127 
m 110 1.050 0.173 

separate -24.927 153.7 0.000 
pooled -28.721 410 0.000 

86-90 f 150 0.581 0.117 
m 44 0.968 0.191 

separate -12.735 52.8 0.000 
pooled -16.445 192 0.000 

91-95 f 40 0.517 0.108 
m 9 0.910 0.206 

separate -5.550 9.0 0.000 
pooled -8.207 47 0.000 

96-100 f no 
m data 
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T-Test values grouped by sex for BMD for specific age groupings. 

Variable Sex N Mean SD t-Tests df prob 

46-50 f 65 0.667 0.046 separate -0.850 3.1 0.456 
m 4 0.702 0.083 pooled -1.420 67 0.160 

51-55 f 88 0.652 0.061 separate -6.094 15.4 0.000 
m 14 0.791 0.082 pooled -7.564 100 0.000 

56-60 f 112 0.617 0.070 separate -4.602 14.9 0.000 
m 14 0.735 0.093 pooled -5.727 124 0.000 

61-65 f 226 0.585 0.089 separate -13.453 76.5 0.000 
m 46 0.748 0.072 pooled -11.633 270 0.000 

66-70 f 396 0.551 0.089 separate -15.334 127.6 0.000 
m 93 0.726 0.101 pooled -16.583 487 0.000 

71-75 f 521 0.524 0.086 separate -23.761 229.5 0.000 
m 140 0.711 0.082 pooled -23.012 659 0.000 

76-80 f 437 0.487 0.089 separate -24.190 212.1 0.000 
m 125 0.700 0.083 pooled -23.989 560 0.000 

81-85 f 302 0.467 0.094 separate -18.851 186.9 0.000 
m 110 0.670 0.098 pooled -19.212 410 0.000 

86-90 f 150 0.450 0.092 separate -8.910 59.1 0.000 
m 44 0.622 0.118 pooled -10.206 192 0.000 

91-95 f 40 0.406 0.074 separate -4.594 9.4 0.001 
m 9 0.601 0.123 pooled -6.271 47 0.000 

96-100 f no data 
m 
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APPENDIX Vn 

Associated Pearson's r values and probability values for the relationship between age at menarche and 
distal third radial width for female subjects. Associated sample sizes are listed in parenthesis. Values 
for probability are listed as p^O.05*, p^O-Ol*"* and p^O.001 

Age < 11.34 11.34-14.49 > 14.49 

46-55 -0.016 (26) 0.074 (68) -0.584 (4) 

56-65 0.020 (31) -0.057 (109) -0.072 (15) 

66-75 -0.028 (61) -0.039 (226) 0.120 (42) 

76-85 -0.341 (28) -0.018 (153) -0.020 (39) 

86-95 -0.386 (14) 0.068 (49) 0.156 (14) 

96-100 no data (0) no data (0) no data (1) 

Associated Pearson's r values and probability values for the relationship between age at menarche and 
BMC for female subjects. Associated sample sizes are listed in parenthesis. Values for probability are 
listed as p^O.05*. p^O.Ol*'* and p^O.OOl***. 

Age < 11.34 11.33-14.49 > 14.49 

46-55 -0.095 (26) -0.012 (68) -0.738 (4) 

56-65 -0.096 (31) -0.092 (109) 0.086 (15) 

66-75 0.040 (61) -0.047 (226) -0.210 (42) 

76-85 -0.288 (28) 0.058 (153) 0.007 (39) 

86-95 -0.207 (14) -0.105 (49) 0.385 (14) 

96-100 no data (0) no data (0) no dau (1) 
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Associated Pearson's r values and probability values for the relationship between age at menarche and 
BMD for female subjects. Associated sample sizes are listed in parenthesis. Values for probability are 
listed as p^O.05*, p^O.Ol** and p^O.OOl***. 

Age < 11.34 11.33-14.49 > 14.48 F Value 

46-55 -0.135 (26) -0.058 (68) 0.084 (4) ns 

56-65 -0.096 (31) -0.067 (109) 0.116 (15) ns 

66-75 0.062 (61) -O.OIl (226) -0.3I6'»(42) ns 

76-85 -0.097 (28) 0.063 (153) 0.023 (39) ns 

86-95 0.102 (14) -0.119 (49) 0.249 (14) ns 

96-105 no data (0) no data (0) no data (1) ns 

"The F values are not significantT 

Associated Pearson's r values and probability values for the relationship between age at menopause and 
distal third radial width for female subjects. Associated sample sizes are listed in parenthesis. Values 
for probability are listed as pj<0.05*, p^O.Ol** and p^O.OOl***. 

Age < 39.40 39.40-53.78 > 53.78 

46-55 -0.103 (57) -0.042 (39) no data (2) 

56-65 0.228 (18) 0.052 (108) -0.123 (29) 

66-75 -0.065 (27) -0.000 (221) -0.220* (81) 

76-85 -0.215 (23) -0.064 (155) 0.245 (42#) 

86-95 -0.589* (13) -0.011 (54) -0.339 (10) 

96-105 no data (0) no data (0) no data (1) 

ii'When conducting ANOVA and Tukey's HSD, this age cell is reduced by one subjea (n=41) 
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Associated Pearson's r values and probability values for the relationship between age at menopause and 
BMC for female subjects. Associated sample sizes are listed in parenthesis. Values for probability are 
listed as p^O.05*, p^O.Ol** and p^O.OOl***. 

Age < 39.40 39.40-53.78 > 53.78 

46-55 -0.053 (57) -0.167(39) no data (2) 

56-65 0.203 (18) 0.114 (108) -0.290 (29) 

66-75 -0.185 (27) 0.006 (221) -0.181 (81) 

76-85 -0.309 (23) -0.117 (155) 0.171 (42)!') 

86-95 -0.249 (13) -0.070 (54) -0.434 (10) 

96-105 no data (0) no data (0) no data (1) 

/j'Wben conducting ANOVA and Tukey's HSD, this age cell is reduced by one subject (n=41). 

Associated Pearson's r values and probability values for the relationship between age at menopause and 
BMD for female subjects. Associated sample sizes are listed in parenthesis. Values for probability are 
listed as p^O.05*, p^O.Ol** and p^O.OOl***. 

Age < 39.40 39.40-53.78 > 53.78 

46-55 0.025 (57) -0.202 (39) no data (2) 

56-65 0.048 (18) 0.089 (108) -0.231 (29) 

66-75 -0.136 (27) 0.009 (221) -0.086 (81) 

76-85 -0.283 (23) -0.088 (155) 0.085 (42/0 

86-95 -0.015 (13) -0.048 (54) -0.149 (10) 

96-105 no data (0) no data (0) no data (1) 
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Associated Pearson's r values and probability values for the relationship between total reproductive 
span and distal third radial width for female subjects who have not underwent hysterectomy or 
oophorectomy. Associated sample sizes are listed in parenthesis. Values for probability are listed as 
p^O.05*, p^O.Ol** and p^O.OOl***. 

Age < 26.03 26.03^1.07 > 41.07 

46-55 0.155 (58) 0.061 (39) no data (1) 

56-65 0.259 (18) 0.020 (106) -0.113 (31) 

66-75 •0.110 (34) 0.054 (231) 0.079 (64) 

76-85 •0.295 (26) -0.098 (164) 0.049 (30) 

86-95 -0.172 (17) -0.054 (47) -0.136(13) 

96-105 no data (1) no data (0) no data (0) 

Associated Pearson's r values and probability values for the relationship between total reproductive 
span and BMC foi female subjects who have not underwent hysterectomy or oophorectomy. Associated 
sample sizes are listed in parenthesis. Values for probability are listed as p^O.OS'*', p^O.Ol'*"*' and 
p^O.OOP*^ 

Age < 26.03 26.03-41.07 > 41.07 

46-55 0.047 (58) -0.138 (39) no data (1) 

56-65 -0.031 (18) 0.010 (106) -0.146 (31) 

66-75 -0.123 (34) 0.039 (231) 0.023 (64) 

76-85 -0.214 (26) -0.119 (164) 0.100 (30) 

86-95 0.072 (17) 0.052 (47) -0.003 (13) 

96-105 no data (1) no data (0) no data (0) 
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Associated Pearson's r values and probability values for the relationship between total reproductive 
span and BMD for female subjects who have not underwent hysterectomy or oophorectomy. 
Associated sample sizes are listed in parenthesis. Values for probability are listed as p^O.OS*, 
p^O.Ol ** and p^O.OOl ***. 

Age < 26.03 26.03-41.07 > 41.07 

46-55 -0.068 (58) -0.275 (39) no data (1) 

56-65 -0,222 (18) -0.010 (106) -0.076 (31) 

66-75 -0.052 (34) 0.012 (231) -0.006 (64) 

76-85 -0.136(26) -0.071 (164) 0.085 (30) 

86-95 0.200 (17) 0.094 (47) 0.200 (13) 

96-105 no data (1) no data (0) no data (0) 

Associated Pearson's r values and probability values for the relationship between total reproductive 
span and distal third radial width for female subjects who have underwent hysterectomy but not 
oophorectomy. Associated sample sizes are list^ in parenthesis. Values for probability are listed as 
p^O.05*, p^O.Ol** and p^O.OOl***. 

Age < 26.03 26.03^1.07 > 41.07 

46-55 0.144 (10) 0.288 (9) no data (0) 

56-65 0.160 (16jS0 -0.027 (29) no data (2) 

66-75 0.035 (35) 0.180 (55) -0.260 (8) 

76-85 -0.184 (18) -0.051 (45) no data (3) 

86-95 no data (2) 0.284 (14) no data (2) 

96-105 no data (0) no data (0) no data (0) 

When conducting ANOVA and Tukey's HSD, this age cell is reduced by one subjea (n=17). 
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Associated Pearson's r values and probability values for the relationship between total reproductive 
span and BMC for female subjects who have underwent hysterectomy but not oophorectomy. 
Associated sample sizes are listed in parenthesis. Values for probability are listed as p^O.05*, 
)^0.01** and p^O.OOl*** 

Age < 26.03 26.03-41.07 > 41.07 

46-55 0.335 (10) 0.509 (9) no data (0) 

56-65 0.605* (16#) 0.027 (29) no data (2) 

66-75 0.249 (35) -0.010 (55) -0.550 (8) 

76-85 0.078 (18) -0.045 (45) no data (3) 

86-95 no data (2) -0.163 (14) no data (2) 

96-105 no data (0) no data (0) no data (0) 

Associated Pearson's r values and probability values for the relationship between total reproductive 
span and BMD for female subjects who have underwent hysterectomy but not oophorectomy. 
Associated sample sizes are listed in parenthesis. Values for probability are listed as p^O.OS*, 
p^O.Ol** and p^O.OOl***. 

Age < 26.03 26.03-41.07 > 41.07 

46-55 0.479 (10) 0.165 (9) no data (0) 

56-65 0.610* (16#) 0.037 (29) no data (2) 

66-75 0.281 (35) -0.127 (55) -0.392 (8) 

76-85 0.137 (18) -0.027 (45) no data (3) 

86-95 no data (2) -0.266 (14) no data (2) 

96-105 no data (0) no data (0) no data (0) 

reduced by one subject (n=17). 
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Associated Pearson's r values and probability values for the relationship between total reproductive 
span and distal third radial width for female subjects who have not underwent hysterectomy but have 
underwent oophorectomy. Associated sample sizes are listed in parenthesis. Values for probability are 
listed as p^O.05*, p:<0.01** and p^O.OOl***. 

Age < 26.03 26.03-41.07 > 41.07 

46-55 no data (0) no data (3) no data (0) 

56-65 no data (3) no data (3) no data (2) 

66-75 no data (1) 0.335 (12) no data (4) 

76-85 no data (1) -0.060 (14) no data (1) 

86-95 no data (0) no data (0) no data (0) 

96-105 no data (0) no data (0) no data (0) 

Associated Pearson's r values and probability values for the relationship between total reproduaive 
span and BMC for female subjects who have not underwent hysterectomy but have underwent 
oophorectomy. Associated sample sizes are listed in parenthesis. Values for probability are listed as 
Pj<0.05*, p^O.Ol*'* and p^O.OOl***. 

Age < 26.03 26.03-41.07 > 41.07 

46-55 no data (0) no data (3) no data (0) 

56-65 no data (3) no data (3) no data (2) 

66-75 no data (1) 0.504 (12) no data (4) 

76-85 no data (1) 0.055 (14) no data (1) 

86-95 no dau (0) no data (0) no data (0) 

96-105 no data (0) no data (0) no data (0) 



490 

Associated Pearson's r values and probability values for the relationship between total reproductive 
span and BMD for female subjects who have not underwent hysterectomy but have underwent 
oophorectomy. Associated sample sizes are listed in parenthesis. Values for probability are listed as 
p^O.05*. p^O.Ol** and p^O.OOl***. 

Age < 26.03 26.03-41.07 > 41.07 

46-55 no data (0) no data (3) no data (0) 

56-65 no data (3) no data (3) no data (2) 

66-75 no data (1) 0.427 (12) no data (4) 

76-85 no data (1) 0.081 (14) no dau (1) 

86-95 no data (0) no data (0) no data (0) 

96-105 no data (0) no data (0) no data (0) 

Associated Pearson's r values and probability values for the relationship between total reproductive 
span and distal third radial width for female subjects who have underwent hysterectomy and 
oophorectomy. Associated sample sizes are list^ in parenthesis. Values for probability are listed as 
p^O.05*, p^O.Ol** and p^O.OOl***. 

Age < 26.03 26.03^1.07 > 41.07 

46-55 0.166 (11) -0.102 (11) no data (0) 

56-65 -0.054 (24) -0.179 (46) no data (4) 

66-75 -0.199 (57) 0.017 (114) -0.069 (19) 

76-85 -0.405* (38#) 0.157 (84) -0.202 (13) 

86-95 -0.194 (18) -0.113 (12) no data (0) 

96-105 no data (2) no data (0) no data (0) 

it When conducting ANOVA anc Tukey's HSD, this age cell is reduced by one subject (n=37). 
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Associated Pearson's r values and probability values for the relationship between total reproductive 
span and BMC for female subjects who have underwent hysterectomy and oophorectomy. Associated 
sample sizes are listed in parenthesis. Values for probability are listed as p^O.OS"", pj<0.01** and 
p^O.OOl**"*. 

Age < 26.03 26.03-41.07 > 41.07 

46-55 0.099 (11) 0.020 (11) no data (0) 

56-65 -0.006 (24) 0.193 (46) no data (4) 

66-75 -0.3 H"* (57) 0.069 (114) -0.245 (19) 

76-85 -0.053 (38#) 0.171 (84) 0.118 (13) 

86-95 -0.054 (18) 0.511 (12) no data (0) 

96-105 no data (2) no data (0) no data (0) 

K When conducting ANOVA and Tukey's HSD, this age cell is reduced by one subject (n=37). 

Associated Pearson's r values and probability values for the relationship between total reproductive 
span and BMD for female subjects who have underwent hysterectomy and oophorectomy. Associated 
sample sizes are listed in parenthesis. Values for probability are listed as p^O.OS"*, p^O.Ol""** and 
p^O.OOl***. 

Age < 26.03 26.03-41.07 > 41.07 

46-55 -0.007 (11) 0.119 (11) no data (0) 

56-65 0.050 (24) 0.343* (46) no data (4) 

66-75 -0.279"* (57) 0.064 (114) -0.244 (19) 

76-85 0.211 (38#) 0.110 (84) 0.329 (13) 

86-95 0.060 (18) 0.632'» (12) no data 

96-105 no data (2) no data (0) no data (0) 

# When conducting i\NOVA and Tukey's HSD, this age cell is reduced by one subject (n=37). 
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Associated Peaison's r values and probability values for the relationship between age at first pregnancy 
and distal third radial width for female subjects. Associated sample sizes are listed in parenthesis. 
Values for probability are listed as p^O.05*, p^O.Ol** and p^O-OOl***. 

Age <19.82 19.82-29.28 >29.28 

46-55 -0.232 (22) -0.059 (86) -0.335 (19) 

56-65 -0.001 (42) -0.085 (196#) 0.085 (21) 

66-75 -0.281 (60) 0.001 (444#) -0.159 (60) 

76-85 -0.208 (21) 0.021 (267#) 0.180 (79) 

86-95 -0.485 (7) -0.277* (76) 0.062 (32) 

96-105 no data (2) no data (1) no data (0) 

It When conducting ANOVA and Tukey's HSD, these age cells are reduced by one or two subjects 

Associated Peanon's r values and probability values for the relationship between age at first pregnancy 
and BMC for female subjects. Associated sample sizes are listed in parenthesis. Values for probability 
are listed as p^O.05*, p^O.Ol** and p^O.OOI 

Age 

46-55 

56-65 

66-75 

76-85 

86-95 

96-105 

<19.82 

-0.042 (22) 

0.041 (42) 

-0.226 (60) 

0.257 (21) 

-0.531 (7) 

no data (2) 

19.82-29.28 

0.120 (86) 

-0.138 (196#) 

0.020 (444#) 

0.104 (267#) 

-0.013 (76) 

no data (1) 

>29.28 

-0.282 (19) 

0.239 (21) 

0.137(60) 

0.259* (79) 

-0.071 (32) 

no data (0) 

# When conducting ANOVA and Tukey's HSD, these age cells are reduced by one or two subjects. 
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Associated Pearson's r values and probability values for the relationship between age at first pregnancy 
and BMD for female subjects. Associated sample sizes are listed in parenthesis. Values for probability 
are listed as p^0.05*, p^O.Ol** and p^O.OOl***. 

Age <19.82 19.82-29.28 >29.28 

46-55 -0.125 (22) 0.206 (86) -0.030 (19) 

56-65 0.050 (42) -0.100 (196#) 0.235 (21) 

66-75 -0.087 (60) 0.019 (444#) 0.246 (60) 

76-85 0.150 (21) 0.094 (267#) 0.179 (79) 

86-95 -0.434 (7) 0.113 (76) -0.051 (32) 

96-105 no data (2) no data (1) no data (0) 

i' When conducting ANOVA and Tukey's HSD, these age cells are reduced by one or two subjects 

Associated Pearson's r values and probability values for the relationship between age at last pregnancy 
and distal third radial width for female subjects. Associated sample sizes are listed in parenthesis. 
Values for probability are listed as p^O.05*, p^C.G!"** and p^O.OOl*""". 

Age <24.61 24.61-36.12 >36.12 

46-55 -0.184 (38) -0.074 (77) -0.135 (11) 

56-65 -0.314* (41) 0.054 (189) -0.009 (28) 

66-75 0.170 (75) •0.005 (389#) 0.045 (94) 

76-85 0.014 (53) 0.108 (243#) 0.059 (71#) 

86-95 0.682*** (20) 0.084 (74) -0.095 (20) 

96-105 no data (2) no data (1) no data (0) 

When conducting ANOVA and Tukey's HSD, these age cells are reduced by one or two subjects 
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Associated Pearson's r values and probability values for the relationship between age at last pregnancy 
and BMC for female subjects. Associated sample sizes are listed in parenthesis. Values for probability 
are listed as p^O.OS"*, p^O.Ol""* and p^O.OOl***. 

Age <24.61 24.61-36.12 >36.12 

46-55 -0.049 (38) -0.177 (77) -0.350 (11) 

56-65 -0.329* (41) 0.043 (189) 0.226 (28) 

66-75 0.118 (75) -0.047 (389ij0 0.236* (94) 

76-85 -0.086 (53) 0.146» (243ii0 0.125 (71#) 

86-95 0.048 (20) 0.241* (74) -0.240 (20) 

96-105 no data (2) no data (1) no data (0) 

When conducting ANOVA and Tukey's HSD, these age cells are reduced by one or two subjects. 

Associated Pearson's r values and probability values for the relationship between age at last pregnancy 
and BMD for female subjects. Associated sample sizes are listed in parenthesis. Values for probability 
are listed as pj<0.05*, p^O.Ol** and pjCO.OOl"*""*. 

Age <24.61 24.61-36.12 >36.12 

46-55 0.128 (38) -0.167 (77) -0.375 (11) 

56-65 -0.163 (41) 0.011 (189) 0.267 (28) 

66-75 0.035 (75) -0.054 (389#) 0.227* (94) 

76-85 -0.084 (53) 0.104 (243#) 0.099 (71#) 

86-95 -0.190 (20) 0.187 (74) -0.126 (20) 

96-105 no data (2) no data (1) no data (0) 

# When conducting ANOVA and Tukey's HSD, these age cells are redu 
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Associated Pearson's r values and probability values for the relationship between pregnancy span and 
distal third radial width for female subjects. Associated sample sizes are listed in parenthesis. Values 
for probability are listed as p^O.05*, pj^O-Ol"** and p^O.OOl***. 

Age <2.45 2.45-11.56 >11.56 

46-55 0.110 (82) -0.092 (64) -0.022 (18) 

56-65 -0.031 (151) 0.047 (165) -0.086 (43) 

66-75 -0.024 (530) -0.061 (315#) -0.087 (108) 

76-85 0.013 (519) -0.035 (183) 0.022 (54#) 

86-95 -0.045 (141) 0.235 (39) -0.390 (14) 

96-105 no data (2) no data (2) no data (0) 

When conducting ANOVA and Tukey's HSD, these age cells are reduced by one or two subjects 

Associated Pearson's r values and probability values for the relationship between pregnancy span and 
BMC for female subjects. Associated sample sizes are listed in parenthesis. Values for probability are 
listed as pj^O.OS"*, p^O.Ol** and p^O.OOl**'''. 

Age 

46-55 

56-65 

66-75 

76-85 

86-95 

96-105 

<2.45 

0.044 (82) 

0.027 (151) 

-0.029 (530) 

-0.042 (519) 

0.005 (141) 

no data (2) 

2.45-11.56 

-0.151 (64) 

0.035 (165) 

•0.099 (315#) 

0.119 (183) 

•0.014 (39) 

no data (2) 

>11.56 

0.084 (18) 

0.214 (43) 

0.017 (108) 

-0.096 (54#) 

-0.361 (14) 

no data (0) 

When conducting ANOVA and Tuk^'s HSD, these age ceils are reduced by one or two subjects 
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Associated Pearson's r values and probability values for the relationship between pregnancy span and 
BMD for female subjects. Associated sample sizes are listed in parenthesis. Values for probability are 
listed as pj<0.05*, p^0.01»» and p^O.OOl***. 

Age <2.45 2.45-11.56 >11.56 

46-55 -0.042 (82) -0.108 (64) 0.128 (18) 

56-65 0.055 (151) 0.017 (165) 0.313* (43) 

66-75 -0.016 (530) -0.076 (315)!') 0.058 (108) 

76-85 -0.049 (519) 0.144 (183) -0.137 (54#) 

86-95 -0.018 (141) -0.108 (39) -0.106 (14) 

96-105 no data (2) no data (2) no dau (0) 

Associated Pearson's r values and probability values for the relationship between pregnancy duration 
and distal third radial width for female subjects. Associated sample sizes are listed in parenthesis. 
Values for probability are listed as p^O.05*, p^O.Ol"** and p^O-OOl**"*. 

Age <11.06 11.06-35.95 >35.95 

46-55 -0.026 (64) 0.053 (90) -0.291 (10) 

56-65 0.154 (131) -0.068 (160) -0.008 (68) 

66-75 0.016 (462) -0.023 (345#) 0.020 (146) 

76-85 0.005 (461) -0.017 (245#) 0.114 (51#) 

86-95 0.179* (121) -0.139 (62) -0.449 (11) 

96-105 no data (3) no data (1) no data (0) 

it When conducting ANOVA and Tukey's HSD, these age cells are redu 
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Associated Pearson's r values and probability values for the relationship between pregnancy duration 
and BMC for female subjects. Associated sample sizes are listed in parenthesis. Values for probability 
are listed as p^O.05*, p^O.Ol** and pjCO.OOl***. 

Age 

46-55 

56-65 

66-75 

76-85 

86-95 

96-105 

<11.06 

-0.047 (64) 

0.105 (131) 

-0.025 (462) 

0.024 (461) 

-0.127 (121) 

no data (3) 

i When conducting ANOVA and 

11.06-35.95 

0.059 (90) 

-0.041 (160) 

-0.000 (345#) 

0.095 (245#) 

0.142(62) 

no data (1) 

>35.95 

-0.262 (10) 

-0.073 (68) 

0.114 (146) 

0.227 (51#) 

-0.086 (11) 

no data (0) 

Tukey's HSD, these age cells are redticed by one or two subjects. 

Associated Pearson's r values and probability values for the relationship between pregnancy duration 
and BMD for female subjects. Associated sample sizes are listed in parenthesis. Values for probability 
are listed as pj<0.05''', p^O.OP* and pj^O.OOl***. 

Age 

46-55 

56-65 

66-75 

76-85 

86-95 

96-105 

<11.06 

-0.040 (64) 

0.017 (131) 

-0.017 (462) 

0.021 (461) 

-0.204 (121) 

no data (3) 

i When conducting ANOVA and 

11.06-35.95 

0.031 (90) 

-0.008 (160) 

0.007 (345#) 

0.101 (245#) 

0.200 (62) 

no data (1) 

>35.95 

0.106 (10) 

-0.062 (68) 

0.117 (146) 

0.180 (51#) 

0.315 (11) 

no data (0) 

Tukey's HSD, these age cells are reduced by one or two subjects 
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Associated Pearson's r values and probability values for the relationship between the ratio of pregnancy 
duration to reproductive span and distal third radial width for female subjects. Associated sample sizes 
are listed in parenthesis. Values for probability are listed as p^O.OS"*", p^O.Ol""* and p^O.001 

Age 

46-55 

56-65 

66-75 

76-85 

86-95 

96-105 

<0.021 

0.021 (92) 

0.027 (135#) 

0.021 (456#) 

-0.091 (447) 

0.267*» (103) 

no data (3) 

0.021-0.105 

0.036 (67) 

-0.030 (186#) 

0.091 (436#) 

0.024 (284#) 

-0.034 (88) 

no data (0) 

>0.105 

-0.081 (5) 

-0.047 (39#) 

-0.073 (59) 

-0.003 (26) 

no data (3) 

no data (0) 

# When conducting ANOVA and Tukey's HSD, these age cells are reduced by one or two subjects. 

Associated Pearson's r values and probability values for the relationship between the ratio of pregnancy 
duration to reproductive span and BMC tov female subjects. Associated sample sizes are listed in 
parenthesis. Values for probability are listed as p^0.05*, p^O.Ol** and p^O.OOl 

Age 

46-55 

56-65 

66-75 

76-85 

86-95 

96-105 

<0.021 

-0.040 (92) 

0.082 (135#) 

-0.013 (456#) 

-0.024 (447) 

-0.008 (103) 

no data (3) 

When conducting ANOVA and 

0.021-0.105 

-0.059 (67) 

0.018 (186#) 

0.053 (436#) 

0.065 (284#) 

0.137 (88) 

no data (0) 

>0.105 

-0.256 (5) 

0.033 (39#) 

-0.097 (59) 

-0.156 (26) 

no data (3) 

no data (0) 

Tukey's HSD, these age cells are reduced by one or two subjects 
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Associated Pearson's r values and probability values for the relationship between pregnancy duration 
and reproductive span and BMD for female subjects. Associated sample sizes are listed in parenthesis. 
Values for probability are listed as p;<0.05'*, p_<0.01** and p^O.OOl***. 

Age 

46-55 

56-65 

66-75 

76-85 

86-95 

96-105 

<0.021 

•0.032 (92) 

0.120 (135ij0 

-0.021 (456j!0 

0.014 (447) 

-0.095 (103) 

no dau (3) 

# When conducting ANOVA and 

0.021-0.105 

-0.106(67) 

0.051 (187i!0 

0.001 (436#) 

0.060 (284#) 

0.151 (88) 

no data (0) 

>0.105 

-0.617 (5) 

0.076 (39#) 

-0.054 (59) 

-0.183 (26) 

no dau (3) 

no data (0) 

Tukey's HSD, these age cells are redticed by one or two subjects 

Associated Pearson's r values and probability values for the relationship between breastfeeding duration 
in months and distal third radial width for female subjects. Associated sample sizes are listed in 
parenthesis. Values for probability are listed as p^0.05*, p^O-Ol** and p^O.001 

Age 

46-55 

56-65 

66-75 

76-85 

86-95 

0.1-2.99 

0.036 (101) 

-0.074 (273) 

0.058 (743) 

-0.012 (581) 

-0.157 (131) 

96-105 no dau (3) 

3.0-21.93 

-0.062 (48) 

-0.098 (66) 

0.063 (177#) 

0.031 (150#) 

0.127 (55) 

no dau (1) 
When conducting ANOVA and Tukey's HSD, these age 

>21.93 

-0.274 (15) 

0.413 (20) 

-0.049 (33) 

0.344 (26) 

-0.070 (8) 

no dau (0) 

cells are reduced by one or two subjects. 
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Associated Pearson's r values and probability values for the relationship between breastfeeding duration 
in months and BMC for female subjects. Associated sanq)le sizes are listed in parenthesis. Values for 
probability are listed as p^O.05*, p^O.Ol** and p^O.OOl"***. 

Age 0-2.99 3.0-21.93 >21.93 

46-55 0.035 (101) 0.129(48) -0.284 (15) 

56-65 -0.122* (273) -0.060 (66) 0.101 (20) 

66-75 0.079* (743) 0.144 (177#) -0.351* (33) 

76-85 0.073 (581) 0.042 (150#) 0.160 (26) 

86-95 -0.062 (131) 0.163 (55) 0.013 (8) 

96-105 no data (3) no data (1) no data (0) 

Associated Pearson's r values and probability values for the relationship between breastfeeding duration in months 
and BMD for female subjects. Associated sample sizes are listed in parenthesis. Values for probability are listed 
as p^0.05», p^0.01«« and p^0.001»*». 

Age 0-2.99 3.0-21.93 >21.93 

46-55 0.027 (101) 0.281 (48) -0.145 (15) 

56-65 -0.102 (273) -O.OII (66) -0.079 (20) 

66-75 0.054 (743) 0.116 (177#) -0.347* (33) 

76-85 0.086* (581) 0.031 (150#) 0.020 (26) 

86-95 0.031 (131) 0.122 (55) 0.072 (8) 

96-105 no data (3) no data (1) no data (0) 

one or two subjects. 
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Associated Pearson's r values and probability vaiues for the rado of breastfeeding duration to reproductive span 
and distal third radial width for female subjects. Associated sample sizes are listed in parenthesis. Values for 
probability are listed as p^O.05*, p^0.01»» and p^O.OOl***. 

Age 0-0.0079 0.0080-0.0690 > 0.0690 

46-55 0.206 (60) -0.133 (24) 0.045 (6) 

56-65 -0.061 (202) -0.064 (61#) 0.423 (13#) 

66-75 -0.081 (460) -0.019 (159#) 0.096 (23) 

76-85 -0.100 (303) 0.046 (135#) 0.140 (13#) 

86-95 -0.201 (82) 0.101 (47) 0.089 (5#) 

96-105 no dau (1) no data (1) no data (0) 

J' When conducting ANOVA and Tukey's HSD, these age cells are reduced by one or two subjects. 

Associated Pearson's r values and probability values for the ratio of breastfeeding duration to reproductive span 
and BMC for female subjects. Associated sample sizes are listed in parenthesis. Values for probability are listed 
as p^0.05». pi0.01»» and p^0.001»*». 

Age 

46-55 

56-65 

66-75 

76-85 

86-95 

96-105 

0-0.0079 

0.213 (60) 

-0.112(202) 

0.115* (460) 

0.124 (303) 

-0.080 (82) 

no data (1) 

0.0080-0.0690 

0.041 (24) 

0.044 (61#) 

0.157* (159#) 

0.122 (135#) 

0.181 (47) 

no data (1) 

> 0.0690 

-0.547 (6) 

0.252 (13#) 

-0.543«» (23) 

0.074 (13#) 

-0.290 (5#) 

no data (0) 

# When conductuig ANUVA and Tukey's HSD, these age cells are reduced by one or two subjects. 



502 

Associated Pearson's r values and probability values for the ratio of breastfeeding duration to reproductive span 
and BMD for female subjects. Associated sample sizes are listed in parenthesis. Values for probability are listed 
as p^O.OS". p^O.Ol** and p^O.OOI*«. 

Age 

46-55 

56-65 

66-75 

76-85 

86-95 

96-105 

0-0.0079 

0.082 (60) 

-0.098 (202) 

0.077 (460) 

•0.192*** (303) 

0.033 (82) 

no data (0) 

0.0080-0.0690 

0.179 (24) 

0.092 (611)0 

0.176* (159#) 

0.107 (135#) 

0.144 (47) 

no data (1) 

> 0.0690 

-0.732 (6) 

0.111 (13#) 

•0.602»« (23) 

0.015 (13#) 

-0.379 (5#) 

no data (0) 

# When conducting ANOVA and Tukey's USD,  the se  age cells are reduced by one or two subjects. 

Associated Pearson's r values and probability values for the toul duration of pregnancy and breastfeeding and 
distal third radial width for female subjects. Associated sample sizes are listed in parenthesis. Values for 
probability are listed as p^0.05*, p^O.Ol** and p^O.OOl***. 

Age 0-10.78 10.79-39.72 >39.72 

46-55 0.088 (54) -0.022 (86) -0.207 (24) 

56-65 0.058 (122) -0.114 (181) 0.048 (56) 

66-75 •0.057 (436) 0.032 (400#) -0.123 (117#) 

76-85 0.016 (436) 0.050 (250#) 0.104 (71#) 

86-95 0.37T** (99) 0.099 (81) -0.308 (14) 

96-105 no data (2) no data (2) no data (0) 

# When conducting ANUVA and Tukey's HSD, these age cells are reduced by one or two subjects. 
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Associated Pearson's r values and probability values for the total duration of pregnancy and breastfeeding and 
BMC for female subjects. Associated sample sizes are listed in parenthesis. Values for probability are listed as 
p^0.05», p^0.01»» and piO.OOl*"'. 

Age 

46-55 

56-65 

66-75 

76-85 

86-95 

96-105 

0-10.78 

0.033 (54) 

-0.005 (122) 

-0.042 (436) 

0.017 (436) 

-0.032 (99) 

no data (2) 

10.79-39.72 

0.027 (86) 

•0.073 (181) 

0.007 (400#) 

0.054 (250#) 

0.161 (81) 

no data (2) 

>39.72 

•0.219 (24) 

-0.014 (56) 

-0.104 (117#) 

0.104 (71#) 

-0.269 (14) 

no daa (0) 

# When conducting ANOVA and Tukey's HSD, these age cells are reduced by one or two subjects. 

Associated Pearson's r values and probability values for the total duration of pregnancy and breastfeeding and 
BMD for female subjects. Associated sample sizes are listed in parenthesis. Values for probability are listed as 
p^O.OS*. p^0.01*» and p:<0.001»*». 

Age 

46-55 

56-65 

66-75 

76-85 

86-95 

96-105 

0-10.78 

-0.044 (54) 

-0.037 (122) 

-0.013 (436) 

0.009 (436) 

-0.145 (99) 

no data (2) 

10.79-39.72 

0.071 (86) 

-0.002 (181) 

-0.015 (400#) 

0.026 (250#) 

0.120 (81) 

no data (2) 

>39.72 

-0.064 (24) 

-0.053 (56) 

•0.036 (117#) 

0.038 (71#) 

-0.034 (14) 

no data (0) 

# When conducting ANUVA and Tukey's HSD, these age cells are reduced by one or two subjects. 
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Associated Pearson's r values and probabili^ values for the ratio of pregnancy and breastfeeding to reproductive 
span and distal third radial width for female subjects. Associated sample sizes are listed in parenthesis. Values 
for probability are listed as p^O.05*, p:<0.01** and p^O.OOl*". 

Age 0-0.020 0.021-0.135 >0.135 

46-55 -0.139 (92#) -0.135 (64#) -0.251 (8) 

56-65 -0.060 (133#) -0.010 (195#) 0.176 (31) 

66-75 0.017 (445#) 0.126»» (449) •0.067 (52) 

76-85 0.029 (438) 0.051 (287#) 0.055 (33#) 

86-95 0.305** (99) -0.056 (89#) -0.055 (7#) 

96-105 no data (2) no data (2) no data (0) 

K When conducting ANOVA and Tukey's HSO, Uiese age cells are reduced by one or two subjects. 

Associated Pearson's r values and probability values for the ratio of pregnancy and breastfeeding to reproductive 
span and BMC for female subjects. Associated sample sizes are listed in parenthesis. Values for probability are 
listed as p^0.05», p^O.Ol** and p^0.001»»». 

Age 

46-55 

56-65 

66-75 

76-85 

86-95 

96-105 

0-0.020 

-0.117 (92i)0 

-0.037 (133/10 

-0.031 (445IS') 

0.016 (438) 

-0.100 (99) 

no data (2) 

0.021-0.135 

-0.090 (64#) 

0.118 (195(10 

0.119* (449) 

0.176«» (287#) 

0.099 (89#) 

no data (2) 

>0.135 

-0.504 (8) 

0.194 (31) 

-0.193 (52) 

-0.019 (33#) 

•0.592 (7#) 

no data (0) 

# When conducting ANOVA and Tukey's HSO, these age cells are reduced by one or two subjects 
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Associated Pearson's r values and probabili^ values for the ratio of pregnancy and breastfeeding to reproductive 
span and BMD for female subjects. Associated sample sizes are listed in parenthesis. Values for probability are 
listed as p^0.05*, p^O.Ol** and p^O.OOl***. 

Age 0-0.020 0.021-0.135 >0.135 

46-55 -0.012 (92#) 0.025 (64#) •0.492 (8) 

56-65 0.086 (133#) 0.162» (195#) 0.129 (31) 

66-75 0.041 (445#) 0.053 (449) -0.174 (52) 

76-85 •0.001 (438) 0.166*» (287#) •0.056 (33#) 

86-95 -0.191 (99) 0.199 (89#) -0.498 (7#) 

96-105 no data (2) no data (2) no data (0) 

^ When conducting ANOVA and Tu cey's HSD, these age cells are reduced by o 
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APPENDIX Vra 

Mean and standard deviations for distal third radial width for female subjects for age at menarche. Associated 
sample sizes are listed in parenthesis. Values for probability are listed as p^O.05*, p^O.OP* and p^O.OOl***. 

Age < 11.34 11.34-14.49 > 14.49 F Value 

46-55 1.247±0.130 (26) 1.267 +0.118 (68) 1.307 +0.106 (4) ns 

56-65 1.275 +0.093 (31) 1.282 +0.106 (15) 1.277 +0.120 (15) ns 

66-75 1.308+0.123 (61) 1.298±0.135 (226) 1.287 +0.135 (42) ns 

76-85 1.281+0.145 (28) 1.301+0.127 (153) 1.292 +0.108 (39) ns 

86-95 1.344 +0.169 (14) 1.320+0.138 (49) 1.256 +0.113 (14) ns 

96-100 no data (0) no data (0) 1.242+0 (1) ns 

me F va ues are not significant. 

Mean and standard deviations for BMC for female subjects for age at menarche. Associated sample 
sizes are listed in parenthesis. Values for probability are listed as p^O.OS''', p^O.Ol'*"*' and 
p^O.OOl***. 

Age < 11.34 11.33-14.49 > 14.49 F Value 

46-55 0.837 +0.107 (26) 0.819 +0.099 (68) 0.884 +0.050 (4) ns 

56-65 0.764 +0.096 (31) 0.737±0.118 (109) 0.751+0.086 (15) ns 

66-75 0.695+0.131 (61) 0.676 +0.128 (226) 0.676+0.117 (42) ns 

76-85 0.650+0.131 (28) 0.620 +0.127 (153) 0.611+0.130(39) ns 

86-95 0.577+0.095 (14) 0.571±0.130 (49) 0.567 +0.087 (14) ns 

96-100 no data (0) no data (0) 0.236 +0 (1) ns 

The F values are not significant.' 
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Mean and standard deviations for BMD for female subjects for age at menarche. Associated sample 
sizes are listed in parenthesis. Values for probability are listed as pj^O.OS"*, p^O.Ol""* and 
p <.0.001 

Age < 11.34 11.33-14.49 > 14.48 F Value 

46-55 0.671+0.050 (26) 0.648 +0.064 (68) 0.678 +0.034 (4) ns 

56-65 0.600+ 0.074 (31) 0.575 +0.080 (109) 0.590 +0.059 (15) ns 

66-75 0.531+0.089 (61) 0.522+0.088 (226) 0.526+0.079 (42) ns 

76-85 0.511+0.102 (28) 0.477 +0.088 (153) 0.473+0.089 (39) as 

86-95 0.430+0.055 (14) 0.436 +0.103 (49) 0.455+0.077 (14) ns 

96-100 no data (0) no data (0) 0.190+0.0 (1) as 

l̂ The F va ues are not significant. 

Mean and standard deviations for distal third radial width for female subjects for age at menopause. 
Associated sample sizes are listed in parenthesis. Values for probability are listed as p.^O.OS*, 
p<.0.01»» and p:<0.001»»». 

Age < 39.40 39.40-53.78 > 53.78 F Value 

46-55 1.279+0.111 (57) 1.242±0.134 (39) 1.242±0.074 (2) ns 

56-65 1.312+0.135(18) 1.277+0.096 (108) 1.270+0.111 (29) ns 

66-75 1.307+0.129 (27) 1.298 +0.134 (221) 1.295 +0.134 (81) ns 

76-85 1.311+0.101 (23) 1.297 +0.136 (155) 1.287±0.103 (42#) ns 

86-95 1.283 +0.097 (13) 1.323 +0.148 (54) 1.291+0.155 (10) ns 

96-100 no data (0) no data (0) 1.242+0.0 (1) ns 

When conducting ANOVA and Tukey's HSD, this age cell is reduced by one subjea (n=41). 
"The F values are not significant. 
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Mean and standard deviations for BMC for female subjects for age at menopause. Associated sample 
sizes are listed in parenthesis. Associated sample sizes are listed in parenthesis. Values for probability 
are listed as p:<0.05*, p^O.Ol** and p^O.OOl***. 

Age < 39.40 39.40-53.78 > 53.78 F Value 

46-55 0.847 +0.102 (57) 0.800+0.092 (39) 0.773±0.052 (2) ns 

56-65 0.808 +0.125 (18) 0.729+0.107 (108) 0.758 +0.104 (29) F=4.434'» 

66-75 0.681+0.141 (27) 0.675±0.119 (221) 0.691+0.143 (81) ns 

76-85 0.651+0.145 (23) 0.618+0.124 (155) 0.622 +0.133 (42#) OS 

86-95 0.549 +0.109 (13) 0.572 +0.123 (54) 0.596+0.092 (10) ns 

96-100 no data (0) no data (0) 0.236 +0.0 (1) ns 

'When conducting ANOVA and Tukey's HSD, this age cell is reduced by one subject (n=41). 
"The F values are not significant. 

Mean and standard deviations for BMD fox female subjects for age at menopause. Associated sample 
sizes are listed in parenthesis. Values for probability are listed as p^0.05*, p^O.Ol** and 
p^O.OOl*"**. 

Age < 39.40 39.40-53.78 > 53.78 F Value 

46-55 0.663 +0.066 (57) 0.645 +0.049 (39) 0.625 +0.079 (2) ns 

56-65 0.618 +0.085 (18) 0.571+0.076 (108) 0.598 +0.073 (29) F=3.661* 

66-75 0.521±0.093 (27) 0.521+0.084 (221) 0.534 +0.092 (81) ns 

76-85 0.494±0.091 (23) 0.478+0.088 (155) 0.484+0.100 (42#) ns 

86-95 0.426+0.069 (13) 0.436+0.095 (54) 0.468+0.095 (10) OS 

96-100 no data (0) no data (0) 0.190+0.0 (1) ns 

'When conducting ANOVA and Tukey's HSD, this age cell is reduced by one subject (n=41). 
"The F values are not significant. 
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Mean and standard deviation for distal third radial width for total reproductive span for female subjects 
who underwent natural menopause. Associated sample sizes are listed in parenthesis. Values for 
probability are listed as p^O.05*, p^O-Ol""* and p^G.OOl'**'*. 

Age < 26.03 26.03-41.07 > 41.07 F Value 

46-55 1.283-1-0.115 (58) 1.233±0.124 (39) 1.294 +0.0 (1) ns 

56-65 1.314+0.135 (18) 1.274 +0.099 (106) 1.281+0.101 (31) ns 

66-75 1.308+0.129 (34) 1.299+0.134 (231) 1.291+0.134 (64) ns 

76-85 1.304 +0.099 (26) 1.292 +0.129 (164) 1.316+0.135 (30) ns 

86-95 1.285 +0.102 (17) 1.310 +0.139 (47) 1.356+0.187 (13) ns 

96-105 no data (1) no data (0) no data (0) ns 

"The F va] ues are not significant. 

Mean and standard deviation for BMC for total reproductive span for female subjects with natural 
menopause. Associated sample sizes are listed in parenthesis. Values for probability are listed as 
p^O.05*, p^C.G!**- and p^O.OOl***. 

Age < 26.03 26.03-41.07 > 41.07 F Value 

1 46-55 0.848 +0.102 (58) 0.796+0.090 (39) 0.736 +0.00 (1) F=3.801» 

1 56-65 0.799+0.132 (8) 0.724±0.106 (106) 0.778±0.096 (31) F=5.778»* 

1 66-75 0.670+0.139 (34) 0.680 +0.121 (231) 0.681±0.144 (64) ns 

r76-85 0.657+.0.146 (26) 0.611+0.122 (164) 0.653+0.138 (30) ns 

1 86-95 0.560+0.100 (17) 0.572 +0.129 (47) 0.583 +0.094 (3) ns 

1 96-105 no data (1) no data (0) no data (0) ns 

•^The F val ues are not significant. 
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Mean and standard deviation for BMD for total reproductive span for female subjects with natural 
menopause. Associated sample sizes are listed in parenthesis. Values for probability are listed as 
p^O.05*, p^O.Ol** and p^O.OOl***. 

Age < 26.03 26.03-41.07 > 41.07 F Value 

46-55 0.662 +0.066 (58) 0.647 +0.049 (39) 0.569+0.0 (1) ns 

56-65 0.610+0.091 (8) 0.569 +0.074 (106) 0.609±0.071 (31) F=4.754*'» 

66-75 0.513 +0.093 (34) 0.525 +0.086 (231) 0.527+0.086 (64) ns 

76-85 0.502 +0.094 (26) 0.474 +0.086 (164) 0.499+0.106 (30) ns 

86-95 0.435 +0.064 (17) 0.441+0.107 (47) 0.432 +0.055 (3) ns 

96-105 no data (1) no data (0) no data (0) ns 

^The F vd ues are not significant. 

Mean and standard deviation for distal third radial width for total reproductive span for female subjects 
who have underwent hysterectomy but not oophorectomy. Associated sample sizes are listed in 
parenthesis. Values for probability are listed as p<().05*, pj<O.Ol** and pj<0.001 

Age < 26.03 26.03-41.07 > 41.07 F Value 

46-55 1.294 +0.123 (10) 1.220+0.122 (9) no data (0) ns 

56-65 1.309 +0.154 (16#) 1.291+0.113 (29) 1.253 +0.007 (2) ns 

66-75 1.296+0.132 (35) 1.305+0.117 (55) 1.290 +0.147 (8) ns 

76-85 1.267+0.119 (18) 1.276+0.122 (45) 1.183+0.112 (3) ns 

86-95 L356±0.247 (2) 1.299±0.175 (14) 1.295+0.054 (2) ns 

96-105 no data (0) no data (0) no data (0) ns 

F val ues are not significant. 
ji^When conducting ANOVA and Tukey's HSD, this age cell is reduced by one subject (n=17). 
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Mean and standard deviation for BMC for total reproductive span for female subjects who have 
underwent hysterectomy but not oophorectomy. Associated sample sizes are listed in parenthesis. 
Values for probability are listed as p^O.OS*, p^O.Ol*"* and p^O.OOl*'**. 

Age < 26.03 26.03-41.07 > 41.07 F Value 

46-55 0.874 +0.097 (10) 0.833+0.086 (9) no data (0) ns 

56-65 0.793 +0.121 (16#) 0.798+0.130 (29) 0.751+0.004 (2) ns 

66-75 0.700±0.147 (35) 0.698 +0.123 (55) 0.724±0.118 (8) ns 

76-85 0.578 +0.100 (18) 0.635±0.121 (45) 0.651±0.170 (3) ns 

86-95 0.602±0.186 (2) 0.547+0.132 (14) 0.636 +0.042 (2) ns 

96-105 no data (0) no data (0) no data (0) ns 

^The F va 
# When cc 

ues are not significant. 
inducting ANOVA and Tukey's HSD, this age cell is reduced by one subject (n=17). 

Mean and standard deviation for BMD for total reproductive span for female subjects who have 
underwent hysterectomy but not oophorectomy. Associated sample sizes are list^ in parenthesis. 
Values for probability are listed as p^0.05*, p^O.Ol""" and p^O.OOl 

Age < 26.03 26.03-41.07 > 41.07 F Value 

46-55 0.675±0.029 (10) 0.686 +0.075 (9) no data (0) ns 

56-65 0.608 +0.077 (16#) 0.618 +0.084 (29) 0.599+0.006 (2) ns 

66-75 0.539±0.094 (35) 0.536+0.086 (55) 0.564 +0.082 (8) ns 

76-85 0.459+0.089 (18) 0.499 +0.086 (45) 0.545+0.093 (3) ns 

86-95 0.439±0.057 (2) 0.425 +0.106 (14) 0.491+0.013 (2) ns 

96-105 no data (0) no data (0) no data (0) ns 

"The F val ues are not significant. 
# When conducting ANOVA and Tukey's HSD, this age cell is reduced by one subjea (ns=17). 
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Mean and standard deviation for distal third radial width for total reproductive span for female subjects 
who have not underwent hysterectomy but have underwent oophorectomy. Associated sample sizes are 
listed in parenthesis. Values for probability are listed as p^O.05*, p^O.Ol** and pj^O.OOl*""*. 

Age < 26.03 26.03-41.07 > 41.07 F Value 

46-55 no data (0) 1.231+0.054 (3) no data (0) ns 

56-65 1.334+0.190 (3) 1.365 +0.105 (3) 1.192 +0.043 (2) ns 

66-75 1.246+0.0 (1) 1.324 +0.054 (12) 1.229 +0.191 (4) OS 

76-85 1.342+0.0 (1) 1.243 +0.099 (14) 1.353+0.0 (1) ns 

86-95 no data (0) no data (0) no data (0) DS 

96-105 no data (0) no data (0) no data (0) ns 

•"The F va ues are not significant. 

Mean and standard deviation for BMC for total reproductive span for female subjects who have not 
underwent hysterectomy but have underwent oophorectomy. Associated sample sizes are listed in 
parenthesis. Values for probability are listed as p^0.05*, p^O.Ol** and p^O.OOl***. 

Age < 26.03 26.03-41.07 > 41.07 F Value 

46-55 no data (0) 0.770+0.157 (3) no data (0) ns 

56-65 0.744 +0.070 (3) 0.782+0.083 (3) 0.683±0.180 (2) ns 

66-75 0.570+0.0 (1) 0.677 +0.123 (12) 0.667 +0.091 (4) ns 

76-85 0.502+0.0 (1) 0.512+0.115 (14) 0.552±0.0 (1) ns 

86-95 no data (0) no data (0) no data (0) ns 

96-105 no data (0) no data (0) no data (0) ns 

"The F val ues are not significant. 
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Mean and standard deviation for BMD for total reproductive span for female subjects who have not 
underwent hysterectomy but have underwent oophorectomy. Associated san^ile sizes are listed in 
parenthesis. Values for probability are listed as p^O.05*, p^O.Ol""* and p^O.OOl***. 

Age < 26.03 26.03-41.07 > 41.07 F Value 

46-55 no dau (0) 0.630 +0.154 (3) no data (0) ns 

56-65 0.564+0.082 (3) 0.574 +0.055 (3) 0.571+0.130 (2) ns 

66-75 0.457+0.0(1) 0.513 +0.096 (12) 0.552+0.103 (4) ns 

76-85 0.374 +0.0 (1) 0.411+0.078 (14) 0.409+0.0 (1) ns 

86-95 no data (0) no data (0) no data (0) ns 

96-105 no data (0) no data (0) no data (0) ns 

l"The F va ue is not significant. 

Mean and standard deviation for distal third radial width for total reproductive span for female subjects 
who have underwent hysterectomy and oophorectomy. Associated sample sizes are listed in 
parenthesis. Values for probability are listed as p^O.OS*, p^O.Ol** and pj^O.OOl""*'''. 

Age < 26.03 26.03-41.07 > 41.07 F Value 

46-55 1.292+0.076(11) 1.288+0.099 (11) no data (0) ns 

56-65 1.305 +0.128 (24) 1.281+0.129 (46) 1.186 +0.104 (4) ns 

66-75 1.288+0.114 (57) 1.280±0.116 (114) 1.299+0.133 (19) ns 

76-85 1.294+0.138 (38#) 1.304 +0.133 (84) 1.290 +0.145 (13) ns 

86-95 1.287 +0.132 (12) 1.294+0.126 (18) no data (0) ns 

96-105 1.195±0.037 (2) 1.195+0.037 (2) no data (0) ns 

^When conducting ANOVA and 
"The F values are not significant. 

ukey's HSD, this age cell is reduced by one subject (n=37). 
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Mean and standard deviation for BMC for total reproductive span for female subjects who have 
underwent hysterectomy and oophorectomy. Associated sample sizes are listed in parenthesis. Values 
for probability are listed as p^O.05*, p^O.Ol""* and p^O-OOl***. 

Age < 26.03 26.03^1.07 > 41.07 F Value 

46-55 0.802 +0.076 (11) 0.842 +0.112 (11) no data (0) ns 

56-65 0.807±0.I28 (24) 0.778+0.128 (46) 0.754 +0.103 (4) ns 

66-75 0.695 +0.145 (57) 0.707 +0.125 (114) 0.760 +0.120 (19) ns 

76-85 0.602±0.083 (38#) 0.638 +0.135 (84) 0.697 +0.138 (13) F=3.093* 

86-95 0.531±0.125 (12) 0.619+0.099 (18) no data (0) F=4.659* 

96-105 0.598+0.088 (2) 0.598+0.088 (2) no data (0) ns 

'When conducting ANOVA and rukey's HSD, this age cell is reduced by one subject (n=37). 
"The F values are not sigoiHcant. 

Mean and standard deviation for BMD for total reproductive span for female subjects who have 
underwent hysterectomy and oophorectomy. Associated sample sizes are listed in parenthesis. Values 
for probability are listwl as p^O.OS*, p^O.Ol*"* and p^O.OOl**'*. 

Age < 26.03 26.03-41.07 > 41.07 F Value 

46-55 0.621+0.040 (11) 0.653 +0.065 (11) no data (0) ns 

56-65 0.618 +0.070 (24) 0.609 +0.086 (46) 0.634 +0.032 (4) ns 

66-75 0.538+0.090 (57) 0.553+0.089 (114) 0.585+0.078 (19) ns 

76-85 0.469 +0.075 (38#) 0.490±0.092 (84) 0.540±0.083 (13) ns 

86-95 0.412+.0.086 (12) 0.482 +0.082 (18) no data (0) F=5.027» 

96-105 0.502 +0.090 (2) 0.502+0.090 (2) no data (0) ns 

"The F val ue is not significant. 
# When conducting ANOVA and Tukey's HSD, this age cell is reduced by one subject. 
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Mean and standard deviations for distal third radial widdi for female subjects for age at first pregnancy. 
Associated sample sizes are listed in parenthesis. Values for probability are listed as p^O.OS*, 
p^O.Ol** and p^O.001 

Age <19.82 19.82-29.28 >29.28 F Value 

46-55 1.280±0.102 (22) 1.252±0.113 (86) 1.253 +0.133 (19) ns 

56-65 1.292 +0.116 (42) 1.284 +0.121 (196#) 1.289+0.118 (21) ns 

66-75 1.307 +0.112 (60) 1.295 +0.131 (444#) 1.285 +0.109 (60) ns 

76-85 1.305 +0.129 (21) 1.299±0.136 (267#) 1.292+0.117 (79) ns 

86-95 1.230+0.009 (139) 1.321±0.135 (76) 1.310+0.149 (32) ns 

96-105 1.200+0.004 (2) 1.242±0.000 (1) no data (0) ns 

„The F val ues are not significant. 
# When conducting ANOVA and Tukey's HSD, these age cells are reduced by one or two subjects. 

Mean and standard deviations for BMC for female subjects for age at first pregnancy. Associated 
sample sizes are listed in parenthesis. Values for probability are listed as p^O.OS'*, p^O.Ol'*'* and 
p^O.OOl***. 

Age <19.82 19.82-29.28 >29.28 F Value 

1 46-55 0.821+0.008 (22) 0.822±0.103 (86) 0.813+0.107 (19) ns 

1 56-65 0.761+0.123 (42) 0.762±0.116 (196#) 0.733+0.156(21) ns 

1 66-75 0.678 +0.128 (60) 0.699 +0.127 (444#) 0.702 +0.130 (60) ns 

1 76-85 0.638 +0.107 (21) 0.626±0.129 (267#) 0.630 +0.117 (79) ns 

1 86-95 0.563 +0.119 (7) 0.567±0.115 (76) 0.584 +0.122 (32) ns 

1 96-105 0.598+0.009 (2) 0.236±0.000 (1) no data (0) ns 

me F val ues are not significant. 
it When conducting ANOVA and Tukey's HSD, these age cells are reduced by one or two subjects. 
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Mean and standard deviations for BMD for female subjects for age at first pregnancy. Associated 
san^le sizes are listed in parenthesis. Values for probability are listed as p^O.05*, p^O.Ol*"" and 
p^O.OOl***. 

Age <19.82 19.82-29.28 >29.28 F Value 

46-55 0.643 +0.006 (22) 0.658+0.063 (86) 0.649+0.054 (19) ns 

56-65 0.590 +0.078 (42) 0.594 +0.077 (196#) 0.569+0.110 (21) ns 

66-75 0.520±0.010 (60) 0.540 +0.086 (444#) 0.547 +0.087 (60) ns 

76-85 0.490 +0.007 (21) 0.484 +0.093 (267#) 0.489+0.081 (79) ns 

86-95 0.456+0.007 (7) 0.432 +0.090 (76) 0.449 +0.099 (32) ns 

96-105 0.502+0.009 (2) 0.190+0.000 (1) no data (0) ns 

^The F vi ues are not significant. 
# When conducting ANOVA and Tukey's HSD, these age cells are reduced by one or two subjects. 

Mean and standard deviations for distal third radial width for female subjects for age at last pregnancy. 
Associated sample sizes are listed in parenthesis. Values for probability are listed as p^O.OS'*', 
p^O.Ol** and p^O.OOl*"'*. 

Age <24.61 24.61-36.12 >36.12 F Value 

46-55 1.275+0.120 (38) 1.255 +0.117 (77) 1.207 +0.055 (11) ns 

56-65 1.299+0.108 (41) 1.285±0.122 (189) 1.268 +0.120 (28) ns 

66-75 1.311+0.123 (75) 1.293 +0.130 (389#) 1.291±0.114 (94) ns 

76-85 1.306+0.149 (53) 1.291±0.125 (243#) 1.312±0.140 (71#) ns 

86-95 1.362+0.115 (20) 1.304 +0.135 (74) 1.288+0.163 (20) ns 

96-105 1.231+0.001 (2) 1.169±0.000 (1) no data (0) ns 

l»The F vd ues are not significant. 
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Mean and standard deviations for BMC for female subjects for age at last pregnancy. Associated 
sample sizes are listed in parenthesis. Values for probability are listed as p<.0.05*, p^O.Ol** and 
p^O.OOl***. 

Age <24.61 24.61-36.12 >36.12 F Value 

46-55 0.829+0.102 (38) 0.818+0.103 (77) 0.808 +0.084 (11) ns 

56-65 0.792 +0.114 (41) 0.753 +0.116 (189) 0.750±0.152 (28) ns 

66-75 0.698+0.129 (75) 0.698+0.128 (389#) 0.694 +0.125 (94) ns 

76-85 0.599+0.127 (53) 0.624±0.123 (243#) 0.661+0.123 (71#) F=3.564» 

86-95 0.531+0.128 (20) 0.581+0.115 (74) 0.574 +0.107 (20) ns 

96-105 0.386+0.211 (2) 0.660 +0.000 (1) no data (0) ns 

'"The h val ues are not significant. 
tt When conducting ANOVA and Tukey's HSD, these age cells are reduced by one or two subjects. 

Mean and standard deviations for BMD for female subjects for age at last pregnancy. Associated 
sample sizes are listed in parenthesis. Values for probability are listed as pjCO.OS*, pj^C.G!** and 
p^O.OOl**^ 

Age <24.61 24.61-36.12 >36.12 F Value 

46-55 0.652+0.006 (38) 0.652+0.062 (77) 0.670 +0.057 (11) ns 

56-65 0.610+0.007 (91) 0.587 +0.079 (189) 0.591+0.104 (28) ns 

66-75 0.534 +0.009 (75) 0.540+0.087 (389#) 0.539 +0.087 (94) ns 

76-85 0.462 +0.009 (53) 0.484+0.089 (243#) 0.505+0.081 (71#) F=3.280* 

86-95 0.392 +0.009 (20) 0.448±0.087 (74) 0.452±0.094 (20) F=3.246* 

96-105 0.314+0.175 (2) 0.565+0.000 (1) no data (0) ns 

81
 

<1
 

ues are not significant. 
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Mean and standard deviations for distal third radial width for female subjects in relation to pregnancy 
span. Associated sample sizes are listed in parenthesis. Values for probability are listed as p^O.05*, 
p^O.Ol** and p^O.OOl***. 

Age <2.45 2.45-11.56 >11.56 F Value 

46-55 1.247 +0.110 (82) 1.278 +0.129 (64) 1.242 +0.089 (18) ns 

56-65 1.284 +0.136 (151) 1.280 +0.116 (165) 1.292+0.114 (43) ns 

66-75 1.286 +0.124 (530) 1.300+0.134 (315#) 1.290 +0.120 (108) ns 

76-85 1.245 +0.134 (519) 1.301+0.114 (183) 1.287 +0.153 (54#) ns 

86-95 1.243±0.125 (141) 1.292+0.136 (39) 1.324+0.159 (14) ns 

96-105 1.289+0.066 (2) 1.195+0.037 (2) no data (0) ns 

^The F vi ues are not significant. 
ff When conducting ANOVA and Tukey's HSD, these age cells are reduced by one or two subjects. 

Mean and standard deviations for BMC for female subjects for pregnancy span. Associated sample 
sizes are listed in parenthesis. Values for probability are listed as p^O.05*, p^O.Ol** and 

Age <2.45 2.45-11.56 >11.56 F Value 

46-55 0.822 +0.101 (82) 0.842±0.100 (64) 0.783 +0.092 (18) ns 

56-65 0.772+0.141 (151) 0.748 +0.117 (165) 0.773 +0.120 (43) ns 

66-75 0.687±0.128 (530) 0.700±0.131 (315#) 0.689 +0.122 (108) ns 

76-85 0.611+0.127 (519) 0.633+0.124 (183) 0.662+0.138 (54#) F=4.455* 

86-95 0.563±0.116 (141) 0.574 +0.126 (39) 0.596+0.114 (14) ns 

96-105 0.313 +0.108 (2) 0.598 +0.088 (2) no data (0) ns 

'•The F values are not significantr 
# When conducting ANOVA and Tukey's HSD, these age cells are reduced by one or two subjects. 
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Mean and standard deviations for BMD for female subjects for pregnancy span. Associated sample 
sizes are listed in parenthesis. Values for probability are listed as p^O.05*, p^O.Ol** and 
p^O.OOl***. 

Age <2.45 2.45-11.56 >11.56 F Value 

46-55 0.660+0.006 (82) 0.660 +0.056 (64) 0.630 +0.056 (18) ns 

56-65 0.602 +0.009 (151) 0.586 +0.081 (165) 0.598+0.075 (43) ns 

66-75 0.535 +0.009 (530) 0.540 +0.089 (315#) 0.535 +0.088 (108) OS 

76-85 0.473±0.009 (519) 0.488+0.093 (183) 0.515±0.088 (54#) F=5.978»» 

86-95 0.437 +0.009 (141) 0.448 +0.100 (39) 0.451+0.076 (14) ns 

96-105 0.241+0.072 (2) 0.502 +0.090 (2) no data (0) ns 

'"The F vd ues are not significant. 
If When conducting ANOVA and Tukey's HSD, these age cells are reduced by one or two subjects. 

Mean and standard deviations for distal third radial width for female subjects in relation to pregnancy 
duration. Associated sample sizes are listed in parenthesis. Values for probability are listed as 
p^O.05*, p^O.Ol** and p^O.OOP'**. 

Age <11.06 11.06-35.95 >35.95 F Value 

46-55 1.264 +0.117 (64) 1.250 +0.116 (90) 1.298+0.120 (10) ns 

56-65 1.284 +0.139 (131) 1.276 +0.120 (160) 1.298+0.104 (68) ns 

66-75 1.284 +0.125 (462) 1.292±0.126 (345#) 1.313+0.133 (146) ns 

76-85 1.295 +0.133 (461) 1.296 +0.126 (245#) 1.312+0.145 (51#) ns 

86-95 1.285 +0.121 (121) 1.309+0.139 (62) 1.333+0.158 (11) ns 

96-105 1.266 +0.061 (3) 1.169+0.000 (1) no data (0) ns 

'"The F val ues are not significant. 
§ When conducting ANOVA and Tukey's HSD, these age cells are reduced by one or two subjects. 
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Mean and standard deviations for BMC for female subjects for pregnancy duration. Associated sample 
sizes are listed in parenthesis. Values for probability are listed as p^O-OS*, p^C.G!"** and 
p^O.OOl***. 

Age <11.06 11.06-35.95 >35.95 F Value 

46-55 0.831±0.103 (64) 0.821±0.103 (90) 0.833 +0.062 (10) ns 

56-65 0.773+0.146 (131) 0.746 +0.124 (160) 0.774 +0.098 (68) ns 

66-75 0.683 +0.129 (462) 0.699 +0.130 (345#) 0.701+0.124 (146) ns 

76-85 0.614+0.129 (461) 0.619±0.125 (245#) 0.675+0.129 (51#) F=4.155* 

86-95 0.556+0.113 (121) 0.586 +0.130 (62) 0.586+0.090 (11) ns 

96-105 0.387+0.150 (3) 0.660+0.000 (1) no data (0) ns 

ff When conducting ANOVA and Tukey's HSD, these age cells are reduced by one or two subjects. 

Mean and standard deviations for BMD fox female subjects for pregnancy duration. Associated sample 
sizes are listed in parenthesis. Values for probability are listed as p_<0.05*, p_<O.Ol** and 
p^O.OOl***. 

Age <11.06 11.06-35.95 >35.95 F Value 

46-55 0.658 +0.006 (64) 0.657 +0.061 (90) 0.644 +0.042 (10) ns 

56-65 0.603ji0.009 (131) 0.585 +0.081 (160) 0.598 +0.073 (68) ns 

66-75 0.533+0.009 (462) 0.542 +0.087 (345#) 0.536 +0.089 (146) ns 

76-85 0.475±0.091 (461) 0.480+0.092 (245#) 0.515+0.083 (51#) F=3.983 

86-95 0.436+0.086 (121) 0.451+0.103 (62) 0.442+0.062 (11) ns 

96-105 0.307±0.125 (3) 0.565+0.000 (1) no data (0) ns 

"The F values are not significanT 
# When conducting ANOVA and Tukey's HSD, these age cells are reduced by one or two subjects. 



521 

Mean and standard deviations for distal third radial width for female subjects for the ratio of pregnancy 
duration to reproductive span. Associated sample sizes are listed in parenthesis. Values for probability 
are listed as p^0.05», p^O.OP* and p^O.OOl"***. 

Age <0.021 0.021-0.105 >0.105 F Value 

46-55 1.263 +0.119 (92) 1.255 +0.114 (67) 1.228+0.111 (5) ns 

56-65 1.279+0.135 (135#) 1.281+0.121 (187#) 1.302+0.099 (39#) ns 

66-75 1.287 +0.126 (456#) 1.293 +0.129 (436#) 1.306+0.124 (59) ns 

76-85 1.300 +0.135 (447) 1.291+0.125 (284#) 1.296 +0.144 (26) ns 

86-95 1.283 +0.118 (103) 1.310+0.139 (88) 1.288+0.225 (3) ns 

96-105 1.266 +0.061 (3) 1.169 +0.000 (1) no data (0) ns 

tt When conducting ANOVA and Tulcey's USD, these age eel s are reduced by one or two subjects. 

Mean and standard deviations for BMC for female subjects for the ratio of pregnancy duration to 
reproductive span. Associated sample sizes are listed in parenthesis. Values for probability are listed 
as p^O.05*. p^O-Ol** and p^O.OOl***. 

Age <0.021 0.021-0.105 >0.105 F Value 

46-55 0.832+0.104 (92) 0.816 +0.098 (67) 0.825 +0.078 (5) ns 

56-65 0.773±0.141 (135#) 0.749±0.124 (187#) 0.783 +0.090 (39#) ns 

66-75 0.684+0.131 (456#) 0.695 +0.126 (436#) 0.726+0.119 (59) ns 

76-85 0.614 +0.129 (447) 0.624±0.126 (284#) 0.684 +0.124 (26) F=3.785* 

86-95 0.563 +0.116 (103) 0.574 +0.122 (88) 0.547 +0.094 (3) ns 

96-105 0.3874:0.150 (3) 0.660±0.000 (1) no data (0) ns 

"The F val ues are not significant. 
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Mean and standard deviations for BMD for female subjects in relation to the ratio of pregnancy 
duration to reproductive span. Associated sample sizes are listed in parenthesis. Values for probability 
are listed as p^O.05*, p^O.Ol** and p^O.OOl***. 

Age <0.021 0.021-0.105 >0.105 F Value 

46-55 0.660 +0.062 (92) 0.651+0.059 (67) 0.673+0.019 (5) ns 

56-65 0.605+0.093 (135#) 0.585±0.080 (187#) 0.603 +0.070 (39#) ns 

66-75 0.533+0.091 (456#) 0.539+0.086 (436#) 0.558 +0.087 (59) ns 

76-85 0.473±0.091 (447) 0.484 +0.090 (284#) 0.528 +0.077 (26) F=5.030'» 

86-95 0.440 +0.089 (103) 0.441+0.095 (88) 0.427 +0.058 (3) ns 

96-105 0.307 +0.125 (3) 0.565 +0.000 (1) no data (1) ns 

When conducting ANOVA and Tukey's HSD, these age cells are reduced by one or two subjects. 

Mean and standard deviations for distal third radial width for female subjects for breastfeeding 
duration. Associated sample sizes are listed in parenthesis. Values for probability are listed as 
p^0.05», p^O.Ol** and p^O.OOl***. 

Age 0.1-2.99 3.0-21.93 >21.93 F Value 

46-55 1.266+0.119 (101) 1.247 +0.125 (48) 1.244 +0.060 (15) ns 

56-65 1.284+0.131 (273) 1.280±0.108 (66) 1.280 +0.083 (20) ns 

66-75 1.286+0.127 (743) 1.317+0.128 (177#) 1.268+0.116 (33) F=4.005* 

76-85 1.244+.0.133 (581) 1.309 +0.128 (150#) 1.277+0.120 (26) ns 

86-95 1.289±0.131 (131) 1.304+0.126 (55) 1.327 +0.134 (8) ns 

96-105 1.242±0.085 (3) no data (1) no data (0) ns 

If When conducting ANOVA and Tukey's HSD, these age cells are reduced by one or two subjects. 
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Mean and standard deviations for BMC for female subjects for breastfeeding duration. Associated 
sample sizes are listed in parenthesis. Values for probability are listed as p^O.05*, p^C.G!*"* and 
p:<0.001**^ 

Age 0-2.99 3.0-21.93 >21.93 F Value 

46-55 0.823 +0.104 (101) 0.829 +0.103 (48) 0.834 +0.070 (15) ns 

56-65 0.759+0.134 (273) 0.771+0.108 (66) 0.758 +0.116 (20) ns 

66-75 0.690 +0.130 (743) 0.700 +0.128 {llHf) 0.695 +0.110 (33) ns 

76-85 0.615+0.127 (581) 0.630 +0.126 (150#) 0.660 +0.153 (26) ns 

86-95 0.573±0.113 (131) 0.556 +0.129 (55) 0.553±0.117 (8) ns 

96-105 0.528+0.136 (3) no data (1) no data (0) ns 

•"The F val ues are not significant. 
# When conducting ANOVA and Tukey's HSD, these age ceils are reduced by one or two subjects. 

Mean and standard deviations for HMD for female subjects for breastfeeding duration. Associated 
sample sizes are listed in parenthesis. Values for probability are listed as p^O.OS*, p^O.Ol** and 
p^O.OOl**;*^ 

Age 0-2.99 3.0-21.93 >21.93 F Value 

46-55 0.651±0.066 (101) 0.665±0.055 (48) 0.670+0.045 (15) ns 

56-65 0.592 +0.007 (273) 0.604 +0.079 (66) 0.592 +0.077 (20) ns 

66-75 0.537 +0.090 (743) 0.532 +0.085 (177#) 0.549 +0.081 (33) as 

76-85 0.477 +0.091 (581) 0.482+0.088 (150#) 0.518+0.114 (26) as 

86-95 0.447 +0.084 (131) 0.429 +0.097 (55) 0.416 +0.074 (8) as 

96-105 0.432 +0.137 (3) no data (1) no data (0) ns 

'"The F va] ues are not significant. 
tt When conducting ANOVA and Tukey's HSD, these age cells are reduced by one or two subjects. 
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Mean and standard deviations foi distal third radial width for female subjects for the ratio of 
breastfeeding duration to reproductive span. Associated sample sizes are listed in parenthesis. 

Age 0-0.0079 0.0080-0.0690 > 0.0690 F Value 

46-55 1.271+0.127 (60) 1.225 +0.097 (25) 1.213±0.045 (6) ns 

56-65 1.281+0.122 (202) 1.283+0.109 (63#) 1.287+0.082 (13#) ns 

66-75 1.287+0.126 (468) 1.316+0.133 (157#) 1.270±0.083 (23) ns 

76-85 1.290 +0.134 (303) 1.299+0.124 (136#) 1.290 +0.105 (13#) ns 

86-95 1.308+0.141 (82) 1.313+0.133 (48#) 1.279±0.140 (5#) ns 

96-105 1.169+0 (1) no data (1) no data (0) ns 

Mean and standard deviations for BMC for female subjects for the ratio of breastfeeding duration to 
reproductive span. Associated sample sizes are listed in parenthesis. 

Age 0-0.0079 0.0080-0.0690 > 0.0690 F Value 

46-55 0.814 +0.107 (60) 0.812 +0.084 (25) 0.826 +0.037 (6) ns 

56-65 0.757 +0.123 (202) 0.771+0.114 (63#) 0.743 +0.126 (11) ns 

66-75 0.689 +0.126 (468) 0.695 +0.126 (157#) 0.699+0.114 (23) ns 

76-85 0.632 +0.115 (303) 0.634 +0.133 (136) 0.655 +0.118 (13) ns 

86-95 0.585±0.090 (82) 0.566+0.126 (48#) 0.520+0.136 (5#) ns 

96-105 0.660 +0 (1) no data (1) no data (0) ns 

ff When conducting ANOVA and Tukey's HSD, these age cells are reduced by one or two subjects. 
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Mean and standard deviations for BMD toT female subjects for the ratio of breastfeeding duration to 
reproductive span. Associated sample sizes are listed in parenthesis. 

Age 0-0.0079 0.0080-0.0690 > 0.069 F Value 

46-55 0.641+,0.062 (60) 0.663 +0.048 (25) 0.681+0.025 (6) ns 

56-65 0.592 +0.081 (202) 0.601+0.077 (63#) 0.577±0.086 (13#) ns 

66-75 0.536±0.089 (468) 0.530+0.087 (157#) 0.551±0.087 (23) ns 

76-85 0.477 +0.087 (303) 0.489 +0.095 (136#) 0.509 +0.083 (13#) ns 

86-95 0.451+0.090 (82) 0.433 +0.096 (48#) 0.405 +0.086 (5#) ns 

96-105 0.565+0 (1) no data (1) no data (0) ns 

# When conducting ANOVA and Tukey's HSD, these age cells are reduced by one or two su 

Mean and standard deviations for distal third radial width for female subjects for total duration of 
pregnancy and breastfeeding. Associated sample sizes are listed in parenthesis. Values for probability 
are listed as p^O.05*, p^O.Ol** and p^O.OOl***. 

Age 0-10.78 10.79-39.72 > 39.72 F Value 

46-55 1.272+0.117 (54) 1.249 +0.122 (86) 1.265 +0.093 (24) ns 

56-65 1.277+0.137 (122) 1.285 +0.121 (181) 1.290 +0.107 (56) ns 

66-75 1.283+0.127 (436) 1.294 +0.125 (400#) 1.314+0.133 (117#) ns 

76-85 1.295+0.134 (436) 1.298+.0.129 (250#) 1.298+0.126 (71#) ns 

86-95 1.291+0.126 (99) 1.294 +0.131 (81) 1.333+0.151 (14) ns 

96-105 1.278 +0.081 (2) no data (2) no data (0) ns 

"The F values are not significanr 
# When conducting ANOVA and Tuk^'s HSD, these age cells are reduced by one or two subjects. 
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Mean and standard deviations for BMC for female subjects for total duration of pregnancy and 
breastfeeding. Associated sample sizes are listed in parenthesis. Values for probability are listed as 
p^O.05*. p^O.Ol** and p^O.OOI•*•**. 

Age 0-10.78 10.79-39.72 > 39.72 F Value 

46-55 0.836+0.103 (54) 0.812 +0.104 (86) 0.848±0.075 (24) ns 

56-65 0.767+:0.144 (122) 0.756 +0.124 (181) 0.768 +0.105 (56) ns 

66-75 0.683±0.130 (436) 0.697 +0.128 (400#) 0.709 +0.124 (117#) ns 

76-85 0.614 +0.129 (436) 0.617 +0.121 (250#) 0.670+0.140 (71#) F=5.135»» 

86-95 0.564+0.113 (99) 0.570 +0.127 (81) 0.578+0.101 (14) ns 

96-105 0.462 +0.103 (2) no data (2) no data (0) ns 

^The F val ues are not significant. 

Mean and standard deviations for BMD for female subjects for total duration of pregnancy and 
breastfeeding. Associated sample sizes are listed in parenthesis. Values for probabUity are listed as 
p<.0.05*, p^O.Ol** and p^O.OOl***. 

1 Ms 0-10.78 10.79-39.72 > 39.72 F Value 

1 46-55 0.659 +0.063 (54) 0.651+0.062 (86) 0.671+0.045 (24) ns 

1 56-65 0.601+0.095 (122) 0.588 +0.079 (181) 0.597±0.077 (56) ns 

1 66-75 0.533+0.090 (436) 0.539+0.088 (400) 0.541+0.084 (117) ns 

1 76-85 0.475±0.091 (436) 0.477 +0.087 (250#) 0.517+0.100 (71#) F=6.416** 

1 86-95 0A39±0.0B6 (99) 0.443 +0.100 (81) 0.435 +0.063 (14) ns 

1 96-105 0.365 +0.103 (2) no data (2) no data (0) ns 

'"The F vd ues are no significant. 
it When conducting ANOVA and Tukey's HSD, these age cells are reduced by one or two subjects. 
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Mean and standard deviations for distal third radial width for female subjects for the ratio between 
pregnancy and breastfeeding as a component of reproductive span. Associated sample sizes are listed 
in parenthesis. 

Age 0-0.020 0.021-0.135 >0.135 F 
Value 

46-55 1.260+0.120 (92/*) 1.254 +0.118 (64#) 1.244 +0.076 (8) ns 

56-65 1.277+0.136 (133#) 1.285 +0.120 (195#) 1.289+0.102 (31) ns 

66-75 1.287 +0.126 (445#) 1.294 +0.128 (449) 1.297 +0.128 (52) ns 

76-85 1.301+0.135 (438) 1.290 +0.126 (287#) 1.294±0.131 (33#) ns 

86-95 1.282+0.118 (99) 1.310+0.138 (89#) 1.280+0.179 (7#) ns 

96-105 1.278 +0.081 (2) 1.206+0.052 (2) no dau (0) ns 

'"The F vd ues are not significant. 

Mean and standard deviations for BMC for female subjects for the ratio between pregnancy and 
breastfeeding as a component of reproductive span. Associated sample sizes are listed in parenthesis. 
Values for probability are listed as pj<0.05*, p^O.Ol""" and p^O.OOl'*'*'''. 

Age 0-0.020 0.021-0.135 >0.135 F Value 

46-55 0.831+0.104 (92#) 0.813±0.101 (63) 0.844 +0.053 (8) ns 

56-65 0.771+0.142 (133#) 0.754 +0.121 (195#) 0.759+0.114 (31) ns 

66-75 0.684+0.132 (445#) 0.699 +0.125 (449) 0.702+0..126 (52) ns 

76-85 0.614+0.129 (438) 0.624 +0.127 (287#) 0.653 +0.120 (33#) ns 

86-95 0.561+0.116 (99) 0.578 +0.122 (89#) 0.531+0.066 (7#) ns 

96-105 0.462 +0.103 (2) no data (2) no data (0) ns 

"The F val ues are not significant. 
# When conducting ANOVA and Tukey's HSD, these age cells are reduced by one or two subjects. 
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Mean and standard deviations for BMD for female subjects for the ratio between pregnancy and 
breastfeeding as a component of reproductive span. Associated sample sizes are listed under n. Values 
for probability are list^ as p^O.OS*, p^O.Ol** and p^O.OOl***. 

Age 0-0.020 0.021-0.135 >0.135 F Value 

46-55 0.660 +0.062 (92#) 0.649 +0.060 (64#) 0.679 +0.024 (8) ns 

56-65 0.604 +0.094 (133#) 0.587 +0.078 (195#) 0.590+0.080 (31) ns 

66-75 0.532+0.091 (445#) 0.541+0.086 (449) 0.543 +0.091 (52) ns 

76-85 0.474+0.092 (438) 0.485±0.090 (287#) 0.506 +0.083 (33#) ns 

86-95 0.439+0.089 (99) 0.444 +0.095 (89#) 0.419 +0.055 (7#) ns 

96-105 0.365 +0.103 (2) no data (2) no data (0) ns 

"The h' values are not signitlcant. 
ft When conducting ANOVA and Tukey's HSD, these age cells are reduced by one or two subjects. 
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APPENDIX K 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to age at menarche in subjects 46-55 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

FINWID1H between uroups i.502E-02 2 7.510E-03 .513 .600 
Within Groups 1.391 95 1.464E-02 
Total 1.406 97 

FINBMC Between Groups 2.018E-02 2 1.009E-02 1.014 .367 
Within Groups .945 95 9.947E-03 
Total .965 97 

FINBMI Between Groups 1.212E-02 2 6.061 E-03 1.684 .191 
Within Groups .342 95 3.5g9E-03 
Total .354 97 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to age at menarche in subjects 56-65 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

UNWium between uroups 1.151 E-03 2 5.754E-fl4 .052 .949 
Within Groups 1.670 152 1.099E-02 
Total 1.671 154 

FINBMC Between Groups 1.e62E-02 2 9.309E-03 .755 .472 
Within Groups 1.874 152 1.233E-02 
Total 1.893 154 

FINBMI Between Groups 1.632E-02 2 8.158E-03 1.366 .258 
Within Groups .907 152 5.970E-03 
Total .924 154 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to age at menarche in subjects 66-75 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

UNWIUIH between isroups l.ilflE-02 2 5.588E-03 .315 .730 
Within Groups 5.778 326 1.772E-02 
Total 5.789 328 

FINBMC Between Groups 1.774E-02 2 8.872E-03 .549 .578 
Within Groups 5.268 326 1.616E-02 
Total 5.286 328 

FINBMI Between Groups 4.581 E-03 2 2.291 E-03 .303 .738 
Within Groups 2.461 326 7.549E-03 
Total 2.466 328 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to age at menarche in subjects 76-85 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

UNWIUIH between uroups 1.099E-02 2 5.496E-03 .342 .710 
Within Groups 3.483 217 1.605E-02 
Total 3.494 219 

FINBMC Between Groups 2.725E-02 2 1.362E-02 .832 .436 
Within Groups 3.553 217 1.637E-02 
Total 3.580 219 

FINBMI Between Groups 2.961 E-02 2 1.481 E-02 1.832 .163 
Within Groups 1.754 217 8.084E-03 
Total 1.784 219 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to age at menarche in subjects 86-95 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

UNWium Between Ciroups 6.175E-02 2 3.090E-02 1.574 .214 
Within Groups 1.452 74 1.962E-02 
Total 1.514 76 

FINBMC Between Groups 7.186E-04 2 3.593E-04 .026 .975 
Within Groups 1.034 74 1.397E-02 
Total 1.035 76 

FINBMI Between Groups 5.169E-03 2 2.585E-03 .305 .738 
Within Groups .627 74 8.469E-03 
Total .632 76 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to age at menarche in subjects 96-105 years of age. 

Oneway 

Warnings 

There are fewer than two groups for 
dependent variable FINWIDTH. No 
statistics are computed. 
There are fewer tfian two groups for 
dependent variable FINBMC. No 
statistics are computed. 
There are fewer than two groups for 
dependent variable FINBMI. No 
statistics are computed. 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to age at menopause in subjects 46-55 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

UNWIDTH between Ciroups 3.107E-02 2 1.553E-02 1.073 .346 
Within Groups 1.375 95 1.448E-02 
Total 1.406 97 

FINBMC Between Groups 5.738E-02 2 2.869E-02 3.002 .054 
Within Groups .908 95 9.555E-03 
Total .965 97 

FINBMI Between Groups 9.927E-03 2 4.964E-03 1.371 .259 
Within Groups .344 95 3.622E-03 
Total .354 97 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to age at menopause in subjects 56-65 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

UNWIUIH between uroups 2.177E-012 2 1.0896-02 1.003 .369 
Within Groups 1.649 152 1.085E-02 
Total 1.671 154 

FINBMC Between Groups .104 2 5.217E-02 4.434 .013 
Within Groups 1.788 152 1.177E-02 
Total 1.893 154 

FINBMI Between Groups 4.245E-02 2 2.123E-02 3.661 .028 
Within Groups .881 152 5.798E-03 
Total .924 154 



Post Hoc Tests 

Multiple Comparisons 

Dependent Variable (!) MENOGROU (J) MENOGROU 

Mean 
Difference 

(l-J) Std. Error 
t-iNWium 1 uKey Hiiu VUU l^.UU 

3.00 
3.42778E-02 
4.18180E-02 

2.S52E-02 
3.126E-02 

2.00 1.00 
3.00 

-3.4288-02 
7.54023E-03 

2.6S2E-02 
2.179E-02 

3.00 1.00 
2.00 

-4.182E-02 
-7.540E-03 

3.126E-02 
2.179E-02 

PINBMC Tukey HSD 1.00 2.00 
3.00 

7.93611E-02* 
5.0S939E-02 

2.761 E-02 
3.255E-02 

2.00 1.00 
3.00 

-7.936E-02* 
-2.877E-02 

2.761 E-02 
2.26gE-02 

3.00 1.00 
2.00 

-5.059E-02 
2.87672E-02 

3.265E-02 
2.269E-02 

FINBMI Tukey HSD 1.00 2.00 
3.00 

4.63241 E-02* 
1.97969E-02 

1.939E-02 
2.285E-02 

2.00 1.00 
3.00 

-4.632E-02* 
-2.653E-02 

1.939E-02 
1.593E-02 

3.00 1.00 
2.00 

-1.980E-02 
2.65271 E-02 

2.285E-02 
1.593E-02 
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95% 
Confidenc 
e Interval 

Dependent Variable (1) MENOGROU (J) MENOGROU Sig. 
Lower 
Bound 

I-INWIDIH 1 ukey HyU l.UU 2.UU 
3.00 

.39§ 

.374 
-2.79E-02 
-3.14E-02 

2.00 1.00 
3.00 

.399 

.936 
-9.64E-02 
-4.35E-02 

3.00 iOO 
2.00 

.374 

.936 
-.115075 

-5.86E-02 
FINBMC Tukey HSD 1.00 2.00 

3.00 
.011 
.266 

1.464E-02 
-2.57E-02 

2.00 1.00 
3.00 

.011 

.413 
-.144082 

-8.19E-02 
3.00 1.00 

2.00 
.266 
.413 

-.126875 
-2.44E-02 

FINBIVII Tukey HSD 1.00 2.00 
3.00 

.044 

.662 
8.888E-04 
-3.38E-02 

2.00 1.00 
3.00 

.044 

.219 
-9.18E-02 
-6.39E-02 

3.00 1.00 
2.00 

.662 

.219 
-7.33E-02 
-1.08E-02 

Multiple Comparisons 

95% 
Confidenc 
e Interval 

Dependent Variable (!) MENOGROU (J) MENOGROU 
Upper 
Bound 

TINWIDIH 1 uKey Mbu l.UU 2.U0 
3.00 

S.543E-02 
.115075 

2.00 1.00 
3.00 

2.788E-02 
5.860E-02 

3.00 1.00 
2.00 

3.144E-02 
4.352E-02 

FIN&MC Tukey HSD 1.00 2.00 
3.00 

.144082 

.126875 
2.00 1.00 

3.00 
-1.46E-02 
2.440E-02 

3.00 1.00 
2.00 

2.569E-02 
8.194E-02 

PIKiBMI Tukey HSD 1.00 2.00 
3.00 

9.176E-02 
7.335E-02 

2.00 1.00 
3.00 

-8.89E-04 
1.080E-02 

3.00 1.00 
2.00 

3.375E-02 
6.385E-02 

*. The mean difference is significant at the .05 level. 
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Subset for 
alpha = 

.05 
MENOGROU N 1 

1 uKey MbUf o 3.U0 29 1.269793 
2.00 108 1.277333 
1.00 18 1.311611 
Sig. .263 

Tukey Ba o 3.00 29 1.269793 
2.00 108 1.277333 
1.00 18 1.311611 

Means for groups in homogeneous subsets are displayed, 
a. Uses Hanmonic Mean Sample Size = 30.212. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 

FINBMC 

Subset for alpha = .05 
MENOGROU N 1 2 

1 UKey MbU"'" ^.uu 10S .728750 
3.00 29 .757517 .757517 
1.00 18 .808111 
Sig. .557 .165 

Tukey Ba.o 2.00 108 .728750 
3.00 29 .757517 .757517 
1.00 18 .808111 

Means for groups in homogeneous subsets are displayed, 
a. Uses Harmonic Mean Sample Size = 30.212. 

b. The group sizes are unequal. The harmonic mean of the group 
sizes is used. Type I error levels are not guaranteed. 
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FINBMI 

Subset for alpha = .05 
MENOGROU N 1 2 

1 uKey Msu- " ;^.uu ioa .571231 
3.00 29 .597759 .597759 
1.00 18 .617556 
Sig. .365 .570 

Tukey Ba " 2.00 108 .571231 
3.00 29 .597759 .597759 
1.00 18 .617556 

Means for groups in homogeneous subsets are displayed. 
a. Uses Harmonic Mean Sample Size = 30.212. 

b. The group sizes are unequal. The harmonic mean of the group 
sizes is used. Type I error levels are not guaranteed. 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to age at menopause in subjects 66-75 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

l-INWIUIM between groups 2.857E-03 2 1.428E-03 .080 .923 
Within Groups 5.786 326 1.775E-02 
Total 5.789 328 

FINBMC Between Groups 1.637E-02 2 8.185E-03 .506 .603 
Within Groups 5.269 326 1.616E-02 
Total 5.286 328 

PIMBMI Between Groups 9.741 E-03 2 4.871 E-03 .647 .525 
Within Groups 2.456 326 7.533E-03 
Total 2.466 328 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to age at menopause in subjects 76-85 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F SIg. 

FINWIUIH between (jroups 1.012E-02 2 5.0S2E-03 .314 .731 
Within Groups 3.479 216 1.611E-02 
Total 3.489 218 

FINBMC Between Groups 2.136E-02 2 1.068E-02 .651 .523 
Within Groups 3.546 216 1.642E-02 
Total 3.567 218 

FINBMl Between Groups 5.746E-03 2 2.873E-03 .350 .705 
Within Groups 1.775 216 8.216E-03 
Total 1.780 218 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to age at menopause in subjects 86-95 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

FINWIUIH between Csroups 2.211E-02 2 1.10SE-02 .548 .560 
Within Groups 1.492 74 2.016E-02 
Total 1.514 76 

FINBMC Between Groups 1.258E-02 2 6.2g2E-03 .456 .636 
Within Groups 1.022 74 1.381E-02 
Total 1.035 76 

FINBMl Between Groups 1.084E-02 2 5.421 E-03 .646 .527 
Within Groups .621 74 8.393E-03 
Total .632 76 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to age at menopause in subjects 96-105 years of age. 

Oneway 

Warnings 

There are fewer than two groups tor 
dependent variable FINWIDTH. No 
statistics are computed. 
There are fewer than two groups for 
dependent variable FINBMC. No 
statistics are computed. 
There are fewer than two groups for 
dependent variable FINBMI. No 
statistics are computed. 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to total reproductive span in subjects 46-55 years of age. 

Oneway 

Warnings 

Post hoc tests are not performed tor 
FINWIDTH because at least one 
group has fewer than two cases. 
Post hoc tests are not performed for 
FINBMC because at least one 
group has fewer than two cases. 
Post hoc tests are not performed for 
FINBMI because at least one group 
has fewer than two cases. 

ANOVA 

Sum of 
Squares df 

Mean 
Square F SIg. 

KINWIDIH between groups 5.931 E-02 1 2.965^-02 2.092 .129 
Within Groups 1.347 95 1.418E-02 
Total 1.406 97 

FINBMC Between Groups 7.151E-02 2 3.S76E-02 3.801 .026 
Within Groups .894 95 9.407E-03 
Total .965 97 

FINBMI Between Groups 1.330E-02 2 6.648E-03 1.854 .162 
Within Groups .341 95 3.586E-03 
Total .354 97 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to total reproductive span in subjects 56-65 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

FINWIDIH uetween (iroups 2.4915-02 2 1.245E-02 1.150 .319 
Within Groups 1.646 152 1.083E-02 
Total 1.671 154 

FINBMC Between Groups .134 2 6.687E-02 5.778 .004 
Within Groups 1.759 152 1.157E-02 
Total 1.893 154 

FINBMI Between Groups 5.439E-02 2 2.719E-02 4.754 .010 
Within Groups .869 152 5.720E-03 
Total .924 154 

Post Hoc Tests 

Multiple Comparisons 

Dependent Variable (1) TREPSPGR (J) TREPSPGR 

Mean 
Difference 

(l-J) Std. Error 
UNWium 1 uKey liiiu 1.UU 2.00 

3.00 
4.01981E-02 
3.30323E-02 

2.653E-02 
3.084E-02 

2.00 1.00 
3.00 

-4.020E-02 
-7.166E-03 

2.653E-02 
2.125E-02 

3.00 1.00 
2.00 

-3.303E-02 
7.16586E-03 

3.084E-02 
2.125E-02 

FINBMC Tukey HSD 1.00 2.00 
3.00 

7.55042E-02* 
2.14713E-02 

2.742E-02 
3.188E-02 

2.00 1.00 
3.00 

-7.550E-02* 
-5.403E-02* 

2.742E-02 
2.196E-02 

3.00 1.00 
2.00 

-2.147E-02 
5.40329E-02* 

3.188E-02 
2.196E-02 

nNBMi Tukey HSD 1.00 2.00 
3.00 

4.09382E-02 
1.03584E-03 

1.928E-02 
2.241 E-02 

2.00 1.00 
3.00 

-4.094E-02 
-3.990E-02-

1.928E-02 
1.544E-02 

3.00 1.00 
2.00 

-1.036E-03 
3.99023E-02* 

2.241 E-02 
1.544E-02 



Multiple Comparisons 

95% 
Confidenc 
e Interval 

Lower 
Dependent Variable (1) TREPSPGR (J) TREPSPGR SIg, Bound 
UNWIUIH 1 uKey li&u 1.U0 2.UU .264 -2.20E-02 

3.00 ,532 -3.92E-02 
2.00 1.00 .284 -.102377 

3.00 .939 -5.70E-02 
3.00 1.00 .532 -.105310 

2.00 .939 -4.26E-02 
FINBMC Tukey HSD 1.00 2.00 .016 1.123E-02 

3.00 .779 -5.32E-02 
2.00 1.00 .016 -.139777 

3.00 .037 -.105512 
3.00 1.00 .779 -9.62E-02 

2.00 .037 2,554E-03 
FINBMI Tukey HSD 1.00 2.00 .085 -4.25E-03 

3.00 .999 -5.15E-02 
2.00 1.00 .085 -8.61 E-02 

3.00 .026 -7.61 E-02 
3.00 1.00 .999 -5.36E-02 

2.00 .026 3.710E-03 



Multiple Comparisons 

95% 
Confidenc 
e Interval 

Dependent Variable (1) TREPSPGR (J) TREPSPGR 
Upper 
Bound 

KINWIUIh 1 uKey libu l.UU 2.UU 
3.00 

.102377 

.105310 
2.00 1.00 

3.00 
2.198E-02 
4.264E-02 

3.00 1.00 
2.00 

3.925E-02 
5.697E-02 

FINBMC Tukey HSD 100 2.00 
3.00 

.139777 
9.618E-02 

2.00 1.00 
3.00 

-1.12E-02 
-2.55E-03 

3.00 1.00 
2.00 

5.324E-02 
.105512 

FINBMI Tukey HSD 1.00 2.00 
3.00 

8.613E-02 
5.356E-02 

2.00 1.00 
3.00 

4.249E-03 
-3.71 E-03 

3.00 1.00 
2.00 

5.149E-02 
7.610E-02 

*. The mean difference is significant at the .05 level. 

Homogeneous Subsets 

FINWIDTH 

Sut)set for 
alpha 3 

.05 
TREPSPGR N 1 

1 uKey MtiU''-" z.uu 106 1.273802 
3.00 31 1.280968 
1.00 18 1.314000 
Sig. .283 

Tukey B»'0 2.00 106 1.273802 
3.00 31 1.280968 
1.00 18 1.314000 

Means for groups in homogeneous subsets are displayed, 
a. Uses Harmonic Mean Sample Size == 30.849. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 



FINBMC 

Subset for alpha = .05 
TREPSPGR N 1 2 

1 ukey HyUJ " 2.UU 106 .723774 
3.00 31 .777806 .777806 
1.00 18 .799278 
Sig. .119 .713 

Tukey Bs " 2.00 106 .723774 
3.00 31 .777806 .777806 
1.00 18 .799278 

Means for groups in homogeneous subsets are displayed, 
a. Uses Hannnonlc Mean Sample Size = 30.849. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 

FINBMI 

Subset for 
alpha = 

.05 
TREPSPGR N 1 

lukey HyU^-U 2.UU 106 .568840 
3.00 31 .608742 
1.00 18 .609778 
Sig. .085 

Tukey ea o 2.00 106 .568840 
3.00 31 .608742 
1.00 18 .609778 

Means for groups in homogeneous subsets are displayed, 
a. Uses Harmonic Mean Sample Size = 30.849. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to total reproductive span in subjects 66-75 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

F-INWIUIH between uroups 6.386E-03 2 3.193E-03 .iSO .835 
Within Groups 5.783 326 1.774E-02 
Total 5.789 328 

FINBMC Between Groups 3.017E-03 2 1.508E-03 .093 .911 
Within Groups 5.283 326 1.621 E-02 
Total 5.286 328 

FINBMI Between Groups 4.968E-03 2 2.484E-03 .329 .720 
Within Groups 2.461 326 7.548E-03 
Total 2.466 328 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to total reproductive span in subjects 76-85 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

UNWIUIH between (jroups 1.531 E-02 2 7.653E-03 .477 .621 
Within Groups 3.478 217 1.603E-02 
Total 3.494 219 

FINBMC Between Groups 7.985E-02 2 3.992E-02 2.475 .087 
Within Groups 3.500 217 1.613E-02 
Total 3.580 219 

FINBMI Between Groups 2.906E-02 2 1.453E-02 1.797 .168 
Within Groups 1.755 217 8.087E-03 
Total 1.784 219 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width. BMC and BMD in relation to total reproductive span in subjects 86-95 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

UNWIDIH between Uroups 3.704E-02 2 1.852E-02 .S25' .400 
Within Groups 1.477 74 1.996E-02 
Total 1.514 76 

FINBMC Between Groups 3.889E-03 2 1.945E-03 .140 .870 
Within Groups 1.031 74 1.393E-02 
Total 1.035 76 

FINBMI Between Groups 1.192E-03 2 5.961 E-04 .070 .933 
Within Groups .631 74 8.523E-03 
Total .632 76 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to toul reproductive span in subjects 96-105 years of age. 

Oneway 

Warnings 

There are fewer than two groups for 
dependent variable FINWIDTH. No 
statistics are computed. 
There are fewer than two groups for 
dependent variable FINBMC. No 
statistics are computed. 
There are fewer than two groups for 
dependent variable FINBMI. No 
statistics are computed. 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to total reproductive span in subjects with hysterectomy 
between 46-55 years of age. 

Oneway 

Warnings 

Post hoc tests are not pertonnecl for 
FINWIDTH because there are fewer 
than three groups. 
Post hoc tests are not performed for 
FINBMC because there are fewer 
than three groups. 
Post hoc tests are not performed for 
FINBMI because there are fewer 
than three groups. 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

UNWIUIH between groups 2.599E-02 1 2.599E-02 1.735 .205 
Within Groups .255 17 1.498E-02 
Total .281 18 

FINBMC Between Groups 7.898E-03 1 7.898E-03 .926 .349 
Within Groups .145 17 8.527E-03 
Total .153 18 

FINBMI Between Groups 5.743E-04 1 5.743E-04 .186 .672 
Within Groups 5.248E-02 17 3.087E-03 
Total 5.305E-02 18 



546 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to total reproductive span in subjects with hysterectomy 
between 56-65 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

RNWIUIH between uroups 7.048E-03 2 3.524E-03 .215 .807 
Within Groups .736 45 1.637E-02 
Total .744 47 

FINBMC Between Groups 4.365E-03 2 2.183E-03 .138 .872 
Within Groups .712 45 1.582E-02 
Total .716 47 

nNBMI Between Groups 1.609E-03 2 8.046E-04 .123 .884 
Within Groups .294 45 6.526E-03 
Total .295 47 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to total reproductive span in subjects with hysterectomy 
between 66-75 years of age. 

Oneway 

ANOVA 

Sum of Mean 
Squares df Square F Sig. 

h iNwiu 1 li between Groups 2.781 E-03 2 1.391 E-03 .089 .915 
Within Groups 1.482 95 1.560E-02 
Total 1.485 97 

FINBMC Between Groups 4.856E-03 2 2.428E-03 .140 .870 
Within Groups 1.648 95 1.735E-02 
Total 1.653 97 

FINBMI Between Groups 5.332E-03 2 2.666E-03 .338 .714 
Within Groups .749 95 7.887E-03 
Total .755 97 
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Oneway ANOVA and Tukey's HSD tests for differences between tlie means for distal third radial 
width, BMC and BMD in relation to total reproductive span in subjects with hysterectomy 
between 76-85 years of age. 

Oneway 

ANOVA 

Sum of Mean 
Squares df Square F Sig. 

t-iiNWiu 1 li Between (croups 2.472E-02 ' 2 1.236E-02 .847 .434 
Within Groups .919 63 1.459E-02 
Total .944 65 

FINBMC Between Groups 4.534E-02 2 2.267E-02 1.639 .202 
Within Groups .871 63 1.383E-02 
Total .916 65 

FINBMI Between Groups 2.939E-02 2 1.470E-02 1.926 ,154 
Within Groups .481 63 7.629E-03 
Total .510 65 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to total reproductive span in subjects with hysterectomy 
between 86-95 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

FINWID IH between (groups S.89iE-03 2 2.946E-03 .095 .910 
Within Groups .464 15 3.092E-02 
Total .470 17 

FINBMC Between Groups 1.711E-02 2 8.555E-03 .486 .625 
Within Groups .264 15 1.761E-02 
Total .281 17 

FINBMI Between Groups 7.584E-03 2 3.792E-03 .379 .691 
Within Groups .150 15 1.000E-02 
Total .158 17 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to total reproductive span in subjects with hysterectomy 
between 96-105 years of age. 

Oneway 

Warnings 

No valid cases were found. No 
statistics are computed. 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to total reproductive span in subjects with oophorectomy 
between 46-55 years of age. 

Oneway 

Warnings 

There are tewer than two groups for 
dependent variable FINWIDTH. No 
statistics are computed. 
There are fewer than two groups for 
dependent variable FINBMC. No 
statistics are computed. 
There are fewer than two groups for 
dependent variable FINBMI. No 
statistics are computed. 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to total reproductive span in subjects with oophorectomy 
between 56-65 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

UNWIUIH between (iroups 3.905E-02 2 1.952E-02 1.012 .427 
Within Groups 9.645E-02 5 1.929E-02 
Total .135 7 

FIN8MC Between Groups 1.185E-02 2 5.g23E-03 .531 .618 
Within Groups 5.574E-02 5 1.115E-02 
Total 6.759E-02 7 

FINBMI Between Groups 1.472E-04 2 7.360E-05 .010 .990 
Within Groups 3.639E-02 5 7.279E-03 
Total 3.654E-02 7 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to total reproductive span in subjects with oophorectomy 
between 66-75 years of age. 

Oneway 

Warnings 

Post hoc tests are not performed for 
FINWIDTH because at least one 
group has fewer than two cases. 
Post hoc tests are not performed for 
FINBMC because at least one 
group has fewer than two cases. 
Post hoc tests are not performed for 
FINBMI because at least one group 
has fewer than two cases. 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

UNWIUIH uetween uroups 3.012E-02 2 1.50fiE-02 1.490 .259 
Within Groups .141 14 1.010E-02 
Total .172 16 

FINBMC Between Groups 1.0S8E-02 2 5.288E-03 .388 .685 
Within Groups .191 14 1.361E-02 
Total .201 16 

FINBMI Between Groups 8.703E-03 2 4.3S2E-03 .459 .641 
Within Groups .133 14 9.485E-03 
Total .141 16 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to total reproductive span in subjects with oophorectomy 
between 76-85 years of age. 

Oneway 

Warnings 

Post hoc tests are not pertormed tor 
FINWIDTH because at least one 
group has fewer than two cases. 
Post hoc tests are not performed for 
FINBMC because at least one 
group has fewer than two cases. 
Post hoc tests are not performed for 
FINBMI because at least one group 
has fewer than two cases. 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

l-INwIUIH between liroups 1.917E-02 2 9.585E-03 .979 .402 
Within Groups .127 13 9.793E-03 
Total .146 15 

FINBMC Between Groups 1.633E-03 2 8.163E-04 .062 .941 
Within Groups .172 13 1.324E-02 
Total .174 15 

FINBMI Between Groups 1.303E-03 2 6.513E-04 .108 .899 
Within Groups 7.860E-02 13 6.046E-03 
Total 7.990E-02 15 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to total reproductive span in subjects with oophorectomy 
between 86-95 years of age. 

Oneway 

Warnings 

No valid cases were found. No 
statistics are computed. 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to total reproductive span in subjects with oophorectomy 
between 96-105 years of age. 

Oneway 

Warnings 

No valid cases were found. No 
statistics are computed. 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to total reproductive span in subjects with hysterectomy and 
oophorectomy between 46-55 years of age. 

Oneway 

Warnings 

Post hoc tests are not pertormed for 
FINWIDTH because there are fewer 
than three groups. 
Post hoc tests are not performed for 
FINBMC because there are fewer 
than three groups. 
Post hoc tests are not performed for 
FINBMI because there are fewer 
than three groups. 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

f-INWiulH between Ciroups 1.13fiE-04 1 1.136E-04 .016 .905 
Within Groups .156 20 7.801 E-03 
Total .156 21 

FINBMC Between Groups 8.601 E-03 1 8.601 E-03 .933 .346 
Within Groups .184 20 9.221 E-03 
Total .193 21 

nNBMl Between Groups 5.664E-03 1 5.664E-03 1.915 .182 
Within Groups 5.916E-02 20 2.958E-03 
Total 6.483E-02 21 



553 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to total reproductive span in subjects with hysterectomy and 
oophorectomy between 56-65 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

FINWIUIH uetween uroups 4.957E-02 2 2.479E-02 1.527 .224 
Within Groups 1.152 71 1.623E-02 
Total 1.202 73 

FINBMC Between Groups 1.786E-02 2 8.928E-03 .553 .577 
Within Groups 1.146 71 1.614E-02 
Total 1.164 73 

FINBMI Between Groups 3.183E-03 2 1.591E-03 .253 .778 
Within Groups .447 71 6.302E-03 
Total .451 73 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to total reproductive span in subjects with hysterectomy and 
oophorectomy between 66-75 years of age. 

Oneway 

ANOVA 

Sum of Mean 
Squares df Square F Sig. 

hiNWiu 1 h Uetween uroups 7.193E-03 2 3.596E-03 .233 ,769 
Within Groups 2.559 187 1.369E-02 
Total 2.566 189 

FINBMC Between Groups 6.045E-02 2 3.022E-02 1.772 .173 
Within Groups 3.189 187 1.706E-02 
Total 3.250 189 

FINBMI Between Groups 3.250E-02 2 1.625E-02 2.078 .128 
Within Groups 1.463 187 7.821 E-03 
Total 1.495 189 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to total reproductive span in subjects with hysterectomy and 
oophorectomy between 76-85 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

FINWIUIH between uroups 9.519E-03 2 4.760E-03 .269 .764 
Within Groups 2.315 131 1.767E-02 
Total 2.325 133 

FINBMC Between Groups 9.472E-02 2 4.736E-02 3.093 .049 
Within Groups 2.006 131 1.531E-02 
Total 2.100 133 

FINBMI Between Groups 4.533E-02 2 2.267E-02 3.011 .053 
Within Groups .986 131 7.529E-03 
Total 1.032 133 

Post Hoc Tests 

Multiple Comparisons 

Dependent Variable (1) TREPSPGR (J) TREPSPGR 

Mean 
Difference 

(l-J) Std. Error 
UNWIU 1 M 1 uKey imu 1.UU 2.UU 

3.00 
-1.846E-02 
-4.726E-03 

2.623E-02 
4.286E-02 

2.00 1.00 
3.00 

1.84582E-02 
1.37326E-02 

2.623E-02 
3.962E-02 

3.00 1.00 
2.00 

4.72557E-03 
-1.373E-02 

4.286E-02 
3.962E-02 

FINBMC Tukey HSD 1.00 2.00 
3.00 

-3.784E-02 
-9.652E-02* 

2.441 E-02 
3.989E-02 

2.00 1.00 
3.00 

3.78423E-02 
-5.868E-02 

2.441 E-02 
3.688E-02 

3.00 1.00 
2.00 

9.65218E-02* 
S.86795E-02 

3.989E-02 
3.688E-02 

FINBMI Tukey HSD •1.00 2.00 
3.00 

-1.a93E-02 
-6.862E-02* 

1.712E-02 
2.797E-02 

2.00 1.00 
3.00 

1.89263E-02 
-4.969E-02 

1.712E-02 
2.5e6E-02 

3.00 1.00 
2.00 

6.86195E-02* 
4.96932E-02 

2.797E-02 
2.586E-02 



Multiple Comparisons 

95% 
Confidenc 
e Interval 

Dependent Variable (1) TREPSPGR (J) TREPSPGR Sig. 
Lower 
Bound 

t-iNWium 1 UKey libu 1.UU 2.UU 
3.00 

.761 

.993 
-7.99E-02 
-.105178 

2.00 1.00 
3.00 

.761 

.936 
-4.30E-02 
-7.91 E-02 

100 1.00 
2.00 

.993 

.936 
-9.57E-02 
-.106592 

FINBMC Tukey HSD 1.00 2.00 
3.00 

.268 

.041 
-9.51 E-02 
-.190022 

2.00 1.00 
3.00 

.268 

.249 
-1.94E-02 
-.145112 

3.00 1.00 
2.00 

.041 

.249 
3.021 E-03 
-2.78E-02 

FINBMI Tukey HSD •1.00 2.00 
3.00 

.511 

.038 
-5.91 E-02 
-.134184 

2.00 1.00 
3.00 

.511 

.133 
-2.12E-02 
-.110301 

3.00 1.00 
2.00 

.038 

.133 
3.055E-03 
-1.09E-02 



Multiple Comparisons 

95% 
Confidenc 
e Interval 

Upper 
Dependent Variable (1) TREPSPGR (J) TREPSPGR Bound 
hINWIU 1 li 1 UKey libu 1.UU 2.UU 4.302E-02 

3.00 9.573E-02 
2.00 1.00 7.993E-02 

3.00 .106592 
3.00 1.00 .105178 

2.00 7.913E-02 
KINBMC Tukey HSD 1.00 2.00 1.938E-02 

3.00 -3.02E-03 
2.00 1.00 9.506E-02 

3.00 2.775E-02 
3.00 1.00 .190022 

2.00 .145112 
PIN5MI Tukey HSD 1.00 2.00 2.120E-02 

3.00 -3.05E-03 
2.00 1.00 5.905E-02 

3.00 1.091E-02 
3.00 1.00 .134184 

2.00 .110301 
*. The mean difference is significant at the .05 level. 

Homogeneous Subsets 

FINWIDTH 

Subset for 
alpha = 

.05 
TREPSPGR N 1 

I ukey HyU"-" 1.U0 37 1.285351 
3.00 13 1.290077 
2.00 84 1.303810 
Sig. .871 

Tukey BB o 1.00 37 1.285351 
3.00 13 1.290077 
2.00 84 1.303810 

Means for groups in homogeneous subsets are displayed, 
a. Uses Hamionic Mean Sample Size = 25.894. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 



FINBMC 

Subset for alpha = .05 
TREPSPGR N 1 2 

1 ukey HyU"'" 1 .UU 37 .600324 
2.00 84 .638167 .638167 
3.00 13 .696846 
Sig. .514 .203 

TukeyB^'D 1.00 37 .600324 
2.00 84 .638167 .638167 
3.00 13 .696846 

Means for groups in homogeneous subsets are displayed, 
a. Uses Harmonic Mean Sample Size = 25.894. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 

FINBMI 

Subset for alpha = .05 
TREPSPGR N 1 2 

1 ukey HyU*'''' 1.UU 37 .470919 
2.00 84 .489845 .489845 
3.00 13 .539538 
Sig. .712 .098 

TukeyB®>o 1.00 37 .470919 
2.00 84 .489845 .489845 
3.00 13 .539538 

Means for groups in homogeneous subsets are displayed, 
a. Uses Harmonic Mean Sample Size = 25.894. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to total reproductive span in subjects with hysterectomy and 
oophorectomy between 86-95 years of age. 

Oneway 

Warnings 

Post hoc tests are not performed for 
FINWIDTH because there are fewer 
than three groups. 
Post hoc tests are not performed for 
FINBMC because there are fewer 
than three groups. 
Post hoc tests are not performed for 
FINBMI because there are fewer 
than three groups. 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

FINWIUIH between uroups 3.173E-04 1 3.173E-04 .019 .891 
Within Groups .463 28 1.653E-02 
Total .463 29 

FINBMC Between Groups 5.657E-02 1 5.657E-02 4.659 .040 
Within Groups .340 28 1.214E-02 
Total .397 29 

FINBMI Between Groups 3.528E-02 1 3.528E-02 5.027 .033 
Within Groups .197 28 7.018E-03 
Total .232 29 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to total reproductive span in subjects with hysterectomy and 
oophorectomy between 96-105 years of age. 

Oneway 

Warnings 

There are fewer than two groups tor 
dependent variable FINWIDTH. No 
statistics are computed. 
There are fewer than two groups for 
dependent variable FINBMC. No 
statistics are computed. 
There are fewer than two groups for 
dependent variable FINBMI. No 
statistics are computed. 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to age at first pregnancy in subjects between 46-55 years of 
age. 

ANOVA 

F Sig. 
UNWiu 1M between uroups 

Within Groups 
Total 

.536 .587 

FINBIVIC Between Groups 
Witiiin Groups 
Total 

.067 .936 

FINBMI Between Groups 
Within Groups 
Total 

.559 .573 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to age at first pregnancy in subjects between 56-65 years of 
age. 

ANOVA 

F Sig. 
t-iNWiu 1H between uroups 

Within Groups 
Total 

.077 .926 

FINBMC Between Groups 
Within Groups 
Total 

.551 .577 

FINBMI Between Groups 
Within Groups 
Total 

.940 .392 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to age at first pregnancy in subjects between 66-75 years of 
age. 

ANOVA 

F Sig. 
t-iNWiu 1 li between (iroups 

Within Groups 
Total 

.465 .629 

FINBi\^C Between Groups 
Within Groups 
Total 

.682 .506 

FINBMI Between Groups 
Within Groups 
Total 

1.480 .228 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to age at first pregnancy in subjects between 76-85 years of 

age. 

ANOVA 

F Sig. 
i-iNWiu 1 li between (groups 

Within Groups 
Total 

.0S3 .912 

FINBMC Between Groups 
Within Groups 
Total 

.179 .836 

FINBMI Between Groups 
Within Groups 
Total 

.137 .872 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to age at first pregnancy in subjects between 86-95 years of 
age. 

ANOVA 

F Sig. 
hlNWiu 1H between uroups 

Within Groups 
Total 

1.399 .251 

FINBMC Between Groups 
Within Groups 
Total 

.253 .777 

FINBMI Between Groups 
Within Groups 
Total 

.533 .588 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to age at first pregnancy in subjects between 96-105 years of 

age. 

Oneway 

Warnings 

Post hoc tests are not performed for 
FINWIDTH because there are fewer 
than three groups. 
Post hoc tests are not performed for 
FINBMC because there are fewer 
than three groups. 
Post hoc tests are not performed for 
FINBMI because there are fewer 
than three groups. 
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ANOVA 

F Sig. 
hiNWiu 1H between groups 

Within Groups 
Total 

1.089 .486 

FINBMC Between Groups 
Within Groups 
Total 

11.152 .185 

FINBMI Between Groups 
Within Groups 
Total 

8.021 .216 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to age at last pregnancy in subjects between 46-55 years of 

age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

hlNWIUIH between uroups 3.9SSE-02 2 i.dSSE-02 1.538 .219 
Within Groups 1.598 123 1.299E-02 
Total 1.638 125 

FINBMC Between Groups 5.283E-03 2 2.642E-03 .257 .773 
Within Groups 1.262 123 1.026E-02 
Total 1.267 125 

FINBMI Between Groups 2.973E-03 2 1.487E-03 .390 .678 
Within Groups .469 123 3.809E-03 
Total .472 125 
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Oneway ANOVA and Tukey's HSD tests for differences between tiie means for distal third radial 
width, BMC and BMD in relation to age at last pregnancy in subjects between 56-65 years of 

age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

FINWIUIH between Ciroups 1.599E-02 2 7.995E-03 .558 .573 
Within Groups 3.656 255 1.434E-02 
Total 3.672 257 

PINBMC Between Groups 5.471 E-02 2 2.735E-02 1.891 .153 
Witinin Groups 3.689 255 1.447E-02 
Total 3.744 257 

FINBMI Between Groups 1.770E-02 2 8.850E-03 1.377 .254 
Within Groups 1.639 255 6.426E-03 
Total 1.656 257 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to age at last pregnancy in subjects between 66-75 years of 
age. 

Oneway 

ANOVA 

Sum of Mean 
Squares df Square F Sig. 

MNWiu 1 i-t between uroups 2.804E-02 2 i.402E-02 .897 .408 
Within Groups 8.645 553 1.563E-02 
Total 8.673 555 

FINBMC Between Groups 1.066E-03 2 5.331 E-04 .035 .966 
Within Groups 8.506 553 1.538E-02 
Total 8.508 555 

FINBMI Between Groups 1.790E-03 2 8.950E-04 .118 .889 
Within Groups 4.203 553 7.601 E-03 
Total 4.205 555 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to age at last pregnancy in subjects between 76-85 years of 
age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

f-INWIUIH between groups 2.381 E-02 2 1.191E-02 .725 .485 
Within Groups 5.944 362 1.642E-02 
Total 5.968 364 

FINBMC Between Groups .107 2 5.342E-02 3.564 .029 
Within Groups 5.426 362 1.499E-02 
Total 5.533 364 

FINBMI Between Groups 5.193E-02 2 2.596E-02 3.280 .039 
Within Groups 2.866 362 7.916E-03 
Total 2.917 364 

Post Hoc Tests 

Multiple Comparisons 

Dependent Variable (1) AGELPGRO (J) AGELPGRO 

Mean 
Difference 

(l-J) Std. Error 
hiNWium 1 UKey iii>u 1.U0 2.DU 

3.00 
1.S2613E-02 

-1.416E-03 
1.943E-02 
2.333E-02 

2.00 1.00 
3.00 

-1.626E-02 
-1.768E-02 

1.943E-02 
1.739E-02 

3.00 1.00 
2.00 

1.41563E-03 
1.76770E-02 

2.333E-02 
1.739E-02 

FINBMC Tukey HSD 1.00 2.00 
3.00 

-2.427E-02 
-5.780E-02* 

1.857E-02 
2.229E-02 

2.00 1.00 
3.00 

2.42673E-02 
-3.353E-02 

1.857E-02 
1.662E-02 

3.00 1.00 
2.00 

5.77995E-02* 
3.35321 E-02 

2.229E-02 
1.662E-02 

PINBMI Tukey HSD 1.00 2.00 
3.00 

-2.226E-02 
-4.144E-02* 

1.349E-02 
1.620E-02 

2.00 1.00 
3.00 

2.22635E-02 
-1.917E-02 

1.349E-02 
1.207E-02 

3.00 1.00 
2.00 

4.14353E-02-
1.91718E-02 

1.620E-02 
1.207E-02 
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Multiple Comparisons 

95% 
Confidenc 
e Interval 

Lower 
Dependent Variable (1) AGELPGRO (J) AGELPGRO SIg. Bound 
hlNWlUlH 1 uKey t-mu 1.U0 2.UU .680 -2.93E-02 

3.00 .998 -5.61 E-02 
2.00 1.00 .680 -6.18E-02 

3.00 .566 -5.84E-02 
3.00 1.00 .998 -5.33E-02 

2.00 .566 -2.31 E-02 
FINBMC Tukey HSD 1.00 2.00 .391 -6.78E-02 

3.00 .026 -.110048 
2.00 1.00 .391 -1.93E-02 

3.00 .108 -7.25E-02 
3.00 1.00 .026 5.551 E-03 

2.00 .108 -5.41 E-03 
FINBMI Tukey HSD 1.00 2.00 .225 -5.39E-02 

3.00 .028 •7.94E-02 
2.00 1.00 .225 -9.36E-03 

3.00 .251 -4.75E-02 
3.00 1.00 .028 3.467E-03 

2.00 .251 -9.13E-03 



Multiple Comparisons 

95% 
Confidenc 
e Interval 

Upper 
Dependent Variable (1) AGELPGRO (J) AGELPGRO Bound 
HINW1L3IH 1 uKey liiiu l.UU Z.UU 6.181 E-02 

3.00 5.327E-02 
2.00 1.00 2.929E-02 

3.00 2.308E-02 
3.00 1.00 5.610E-02 

2.00 5.844E-02 
FINBMC Tukey HSD 1.00 2.00 1.925E-02 

3.00 -5.55E-03 
2.00 1.00 6.779E-02 

3.00 5.411E-03 
3.00 1.00 .110048 

2.00 7.247E-02 
FINBMI Tukey HSD 1.00 2.00 9.360E-03 

3.00 -3.47E-03 
2.00 1.00 5.389E-02 

3.00 9.127E-03 
3.00 1.00 7.940E-02 

2.00 4.747E-02 
*. The mean difference is significant at the .05 level. 

Homogeneous Subsets 

FINWIDTH 

Subset for 
alpha = 

.05 
AGELPGRO N 1 

1 UKey Msu"." ;i.uo 242 1.289380 
1.00 53 1.305642 
3.00 70 1.307057 
Sig. .656 

Tukey Ba.o 2.00 242 1.289380 
1.00 53 1.305642 
3.00 70 1.307057 

Means for groups in homogeneous subsets are displayed, 
a. Uses Harmonic Mean Sample Size = 80.459. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 



FINBMC 

Subset for alpha = .05 
AGELPGRO N 1 2 

lukeyHyija." l.ou 53 .598943 
2.00 242 .623211 .623211 
3.00 70 .656743 
Sig. .420 .191 

TukeyBa.o 1.00 53 .598943 
2.00 242 .623211 .623211 
3.00 70 .656743 

Means for groups in homogeneous subsets are displayed, 
a. Uses Harmonic Mean Sample Size = 80.459. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 

FINBMI 

Subset for alpha = .05 
AGELPGRO N 1 2 

I ukey HSUa.B 1.00 53 .4€2208 
2.00 242 .484471 .484471 
3.00 70 .503643 
Sig. .251 .358 

TukeyBa.D 1.00 53 .462208 
2.00 242 .484471 .484471 
3.00 70 .503643 

Means for groups in homogeneous subsets are displayed, 
a. Uses Harmonic Mean Sample Size = 80.459. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to age at last pregnancy in subjects between 86-95 years of 
age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

hlNWIUIH between uroups 6.546E-02 2 3.273E-02 1.744 .180 
Within Groups 2.083 111 1.877E-02 
Total 2.148 113 

FINBMC Between Groups 3.942E-02 2 1.971E-02 1.460 .237 
Within Groups 1.499 111 1.350E-02 
Total 1.538 113 

FINBMI Between Groups 5.226E-02 2 2.613E-02 3.246 .043 
Within Groups .894 111 8.050E-03 
Total .946 113 

Post Hoc Tests 

Multiple Comparisons 

Dependent Variable (1) AGELPGRO (J) AGELPGRO 

Mean 
Difference 

(l-J) Std. Error 
hllNWIUI M 1 uKey lisu I.UU :£.uu 

3.00 
5.76135E-02 
7.36500E-02 

3.452E-02 
4.332E-02 

2.00 1.00 
3.00 

-5.761 E-02 
1.60365E-02 

3.4S2E-02 
3.452E-02 

3.00 1.00 
2.00 

-7.365E-02 
-1.604E-02 

4.332E-02 
3.452E-02 

FINBMC Tukey HSD 1.00 2.00 
3.00 

-4.991 E-02 
-4.275E-02 

2.928E-02 
3.674E-02 

2.00 1.00 
3.00 

4.99095E-02 
7.15946E-03 

2.928E-02 
2.928E-02 

3.00 1.00 
2.00 

4.27S00E-02 
-7.159E-03 

3.674E-02 
2.928E-02 

FINBMI TuKey HSD 1.00 2.00 
3.00 

-5.53SE-02* 
-5.920E-02 

2.261 E-02 
2.837E-02 

2.00 1.00 
3.00 

5.53473E-02* 
-3.853E-03 

2.261 E-02 
2.261 E-02 

3.00 1.00 
2.00 

5.92000E-02 
3.85270E-03 

2.837E-02 
2.261 E-02 
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Multiple Comparisons 

95% 
Confidenc 
e Inten/al 

Lower 
Dependent Variable (1) AGELPGRO (J) AGELPGRO Sig. Bound 
hllNWIU 1 M 1 uKey Mbu 1.UU 2.UU .222 -2.44E-02 

3.00 .210 -2.93E-02 
2.00 1.00 .222 -.139626 

3.00 .888 -6.60E-02 
3.00 1.00 .210 -.176557 

2.00 .888 -9.80E-02 
FINBMC Tukey HSD 1.00 2.00 .208 -.119473 

3.00 .477 -.130036 
2.00 1.00 .208 -1.97E-02 

3.00 .968 -6.24E-02 
3.00 1.00 .477 -4.45E-02 

2.00 .968 -7.67E-02 
FINBMI Tukey HSD 1.00 2.00 .042 -.109064 

3.00 .097 -.126603 
2.00 1.00 .042 1.630E-03 

3.00 .984 -5.76E-02 
3.00 1.00 .097 -8.20E-03 

2.00 .984 -4.99E-02 



Multiple Comparisons 

95% 
Confidenc 
e Interval 

Dependent Variable (1) AGELPGRO (J) AGELPGRO 
Upper 
Bound 

UNWIU 1 (1 1 uKey Mbu 1.UU Z.UO 
3.00 

.139626 

.176557 
S.OO 1.00 

3.00 
2.440E-02 
9.805E-02 

3.00 1.00 
2.00 

2.926E-02 
6.598E-02 

FINBMC Tukey HSD 1.00 2.00 
3.00 

1.965E-02 
4.454E-02 

2.00 1.00 
3.00 

.119473 
7.672E-02 

3.00 1.00 
2.00 

.130036 
6.240E-02 

FINBMI Tukey HSD 1.00 2.00 
3.00 

-1.63E-03 
8.203E-03 

2.00 1.00 
3.00 

.109064 
4.986E-02 

3.00 1.00 
2.00 

.126603 
5.757E-02 

*. The mean difference is significant at the .05 level. 

Homogeneous Subsets 

FINWIDTH 

Subset for 
alpha = 

.05 
AGELPGRO N 1 

I ukey HyU"." li.UU 20 1.288450 
2.00 74 1.304486 
1.00 20 1.362100 
Sig. .129 

Tukey Ba b 3.00 20 1.288450 
2.00 74 1.304486 
1.00 20 1.362100 

Means for groups in homogeneous subsets are displayed, 
a. Uses Harmonic Mean Sample Size = 26.429. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 



FINBMC 

Subset for 
alpha = 

.05 
AGELPGRO N 1 

1 ukey HyU"'® 1.UU 20 .531550 
3.00 20 .574300 
2.00 74 .581459 
Sig. .267 

TukeyB®'® 1.00 20 .531550 
3.00 20 .574300 
2.00 74 .581459 

Means for groups in homogeneous subsets are displayed, 
a. Uses Harmonic Mean Sample Size = 26.429. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 

FINBMI 

Subset for alpha = .05 
AGELPGRO N 1 2 

1 uKey MbUa " 1 .uu 20 .392450 
2.00 74 .447797 .447797 
3.00 20 .451650 
Sig. .069 .987 

TukeyBa.o I.OO 20 .392450 
2.00 74 .447797 
3.00 20 .451650 

Means for groups in homogeneous subsets are displayed, 
a. Uses Harmonic Mean Sample Size = 26.429. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to age at last pregnancy in subjects between 96-105 years of 
age. 

Warnings 

Post hoc tests are not performed for 
FINWIDTH because there are fewer 
than three groups. 
Post hoc tests are not performed for 
FINBMC because there are fewer 
than three groups. 
Post hoc tests are not perfomned for 
FINBMI because there are fewer 
than three groups. 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to pregnancy span in subjects between 46-55 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

UNWIUIH between (croups 3.854E-02 2 1.927E-02 i.425 .243 
Within Groups 2.172 161 1.349E-02 
Total 2.210 163 

FINBMC Between Groups 5.139E-02 2 2.570E-02 2.587 .078 
Within Groups 1.599 161 9.934E-03 
Total 1.651 163 

FINBMI Between Groups 1.399E-02 2 6.9g6E-03 1.947 .146 
Within Groups .578 161 3.592E-03 
Total .592 163 

Post Hoc Tests 

Multiple Comparisons 

Dependent Variable (1) PSPANGRO (J) PSPANGRO 

Mean 
Difference 

(l-J) Std. Error 
1-INWIUIH 1 uKey HbU 1.U0 2.UU 

3.00 
-3.023E-02 

5.59214E-03 
1.937E-02 
3.023E-02 

2.00 1.00 
3.00 

3.02290E-02 
3.58212E-02 

1.937E-02 
3.099E-02 

3.00 1.00 
2.00 

-5.592E-03 
-3.582E-02 

3.023E-02 
3.099E-02 

FINBMC Tukey HSD 1.00 2.00 
3.00 

-2.017E-02 
3.90569E-02 

1.662E-02 
2.594E-02 

2.00 1.00 
3.00 

2.01723E-02 
5.92292E-02 

1.662E-02 
2.659E-02 

1.00 
2.00 

-3.906E-02 
-5.923E-02 

2.594E-02 
2.659E-02 

FINBMI Tukey HSD 1.00 2.00 
3.00 

-5.793E-04 
2.92818E-02 

9.997E-03 
1.560E-02 

2.00 1.00 
3.00 

5.79268E-04 
2.98611E-02 

9.997E-03 
1.599E-02 

3.00 1.00 
2.00 

-2.928E-02 
-2.986E-02 

1.560E-02 
1.599E-02 
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Multiple Comparisons 

95% 
Confidenc 
e Interval 

Lower 
Dependent Variable (1) PSPANGRO (J) PSPANGRO Sig. Bound 
UNWIUIh 1 uKey liUU 1.UU 2.UU .253 -7.5SE-02 

3.00 .981 -6.53E-02 
2.00 1.00 .263 -1.52E-02 

3.00 .480 -3.68E-02 
3.00 1.00 .981 -7.64E-02 

2.00 .480 -.108444 
FINBMC Tukey HSD 1.00 2.00 .445 -5.91 E-02 

3.00 .288 -2.17E-02 
2.00 1.00 .445 -1.88E-02 

3.00 .067 -3.09E-03 
3.00 1.00 .288 -9.99E-02 

2.00 .067 -.121552 
FINBMI Tukey HSD 1.00 2.00 .998 -2.40E-02 

3.00 .145 -7.28E-03 
2.00 1.00 .998 -2.28E-02 

3.00 .148 -7.62E-03 
3.00 1.00 .145 -6.58E-02 

2.00 .148 -6.73E-02 



Multiple Comparisons 

95% 
Confidenc 
e Interval 

Upper 
Dependent Variable (1) PSPANGRO (J) PSPANGRO Bound 
j-INWiU 1 M 1 uKey Msu l.UU 2.UU 1.517E-02 

3.00 7.644E-02 
2.00 1.00 7.563E-02 

3.00 .108444 
3.00 1.00 6.526E-02 

2.00 3.880E-02 
FINBMC Tukey HSD 1.00 2.00 1.879E-02 

3.00 9.986E-02 
2.00 1.00 5.913E-02 

3.00 .121552 
3.00 1.00 2.175E-02 

2.00 3.093E-03 
FINBMI Tukey HSD 1.00 2.00 2.285E-02 

3.00 6.584E-02 
2.00 1.00 2.401 E-02 

3.00 6.734E-02 
3.00 1.00 7.280E-03 

2.00 7.615E-03 

Homogeneous Subsets 

FINWIDTH 

Subset for 
alpha = 

.05 
PSPANGRO N 1 

1 ukey Mbua." a.uo i8 1.241944 
1.00 82 1.247537 
2.00 64 1.277766 
Sig. .391 

Tukey Ba." 3.00 18 1.241944 
1.00 82 1.247537 
2.00 64 1.277766 

Means for groups in liomogeneous subsets are displayed, 
a. Uses Harmonic (Mean Sample Size = 35.982. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 



FINBMC 

Subset for alpha = .05 
PSPANGRO N 1 2 

TukeyHyu"-" a.uu 18 .782833 
1.00 82 .821890 .821890 
2.00 64 .842062 
Sig. .220 .667 

Tukey Bs.D 3.00 18 .782833 
1.00 82 .821890 .821890 
2.00 64 .842062 

Means for groups in homogeneous subsets are displayed, 
a. Uses Marmonic Mean Sample Size = 35.982. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 

FINBMI 

Subset for 
alpha = 

.05 
PSPANGRO N 1 

Tukey HyUf-O 3.UU 18 .630389 
1.00 82 .659671 
2.00 64 .660250 
Sig. .087 

Tukey Ba.B 3.00 18 .630389 
1.00 82 .659671 
2.00 64 .660250 

Means for groups in homogeneous subsets are displayed, 
a. Uses Harmonic Mean Sample Size = 35.982. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to pregnancy span in subjects between 56-65 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

UNWium between uroups 5.108E-03 2 2.554E^03 .164 .849 
Within Groups 5.547 356 1.558E-02 
Total 5.552 358 

FINBMC Between Groups 5.125E-02 2 2.562E-02 1.558 .212 
Within Groups 5.855 356 1.645E-02 
Total 5.906 358 

FINBMI Between Groups 2.176E-02 2 1.088E-02 1.525 .219 
Within Groups 2.540 356 7.136E-03 
Total 2.562 358 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, final BMC and final BMD in relation to pregnancy span in subjects between 66-75 years 

of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

hlNWlum between uroups 2.783E-02 2 1.392E-02 .872 .418 
Within Groups 15.122 948 1.595E-02 
Total 15.150 950 

FINBMC Between Groups 1.90gE-02 2 9.547E-03 .597 .551 
Within Groups 15.172 948 1.600E-02 
Total 15.191 950 

FINBMI Between Groups 1.860E-03 2 9.298E-04 .119 .888 
Within Groups 7.390 948 7.795E-03 
Total 7.391 950 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to pregnancy span in subjects between 76-85 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

UNWIUIH between uroups 2.047E-02 Z 1.023E-Q2 .605 .546 
Within Groups 12.709 752 1.690E-02 
Total 12.729 754 

FINBMC Between Groups .143 2 7.159E-02 4.455 .012 
Within Groups 12.084 752 1.607E-02 
Total 12.227 754 

FINBMI Between Groups 9.805E-02 2 4.903E-02 5.978 .003 
Within Groups 6.168 752 8.202E-03 
Total 6.266 754 

Post Hoc Tests 

Multiple Comparisons 

Dependent Variable (1) PSPANGRO (J) PSPANGRO 

Mean 
Difference 

(l-J) Std. Error 
f-INWIUlH 1 uKey hbu 1.00 :r!.UU 

3.00 
-6.149E-03 

1.60455E-02 1.875E-02 
2.00 1.00 

3.00 
6.14925E-03 
2.21948E-02 

1.118E-02 
2.028E-02 

3.00 1.00 
2.00 

-1.605E-02 
-2.219E-02 

1.875E-02 
2.028E-02 

FINBMC Tukey HSD 1.00 2.00 
3.00 

-2.207E-02 
-4.536E-02' 

1.090E-02 
1.828E-02 

2.00 1.00 
3.00 

2.20672E-02 
-2.329E-02 

1.090E-02 
1.977E-02 

3.00 1.00 
2.00 

4.53583E-02* 
2.32911E-02 

1.828E-02 
1.977E-02 

FINBMI Tukey HSD 1.00 2.00 
3.00 

-1.521E-02 
-4.077E-02' 

7.786E-03 
1.306E-02 

2.00 1.00 
3.00 

1.52097E-02 
-2.556E-02 

7.786E-03 
1.413E-02 

3.00 1.00 
2.00 

4.07703E-02* 
2.55606E-02 

1.306E-02 
1.413E-02 
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Multiple Comparisons 

95% 
Confidenc 
e Interval 

Dependent Variable (1) PSPANGRO (J) PSPANGRO Sig. 
Lower 
Bound 

UNWIU1 h 1 uKey MbU 1.UU zm 
3.00 

.846 

.668 
-3.23E-02 
-2.79E-02 

2.00 1.00 
3.00 

.846 

.517 
-2.00E-02 
-2.53E-02 

3.00 1.00 
2.00 

.668 

.517 
•6.00E-02 
-6.97E-02 

FINBMC Tukey HSD 1.00 2.00 
3.00 

.106 

.035 
-4.76E-02 
-8.82E-02 

2.00 1.00 
3.00 

.106 

.466 
-3.47E-03 
-6.96E-02 

3.00 1.00 
2.00 

.035 

.466 
2.516E-03 
-2.31 E-02 

FINBMI Tukey HSD 1.00 2.00 
3.00 

.124 

.005 
-3.35E-02 
-7.14E-02 

2.00 1.00 
3.00 

.124 

.166 
-3.04E-03 
-5.87E-02 

3.00 1.00 
2.00 

.005 

.166 
1.016E-02 
-7.55E-03 



Multiple Comparisons 

95% 
Confidenc 
e Interval 

Dependent Variable (1) PSPANGRO (J) PSPANGRO 
Upper 
Bound 

UNWIUIh 1 uKey l-ltiU 1.UU 2.UU 
3.00 

2.004E-02 
5.998E-02 

2.00 1.00 
3.00 

3.234E-02 
6.972E-02 

SM 1.00 
2.00 

2.789E-02 
2.533E-02 

FINBMC Tukey HSD 1.00 2.00 
3.00 

3.475E-03 
-2.52E-03 

2.00 1.00 
3.00 

4.761 E-02 
2.305E-02 

3.00 1.00 
2.00 

8.820E-02 
6.963E-02 

FINBMI Tukey HSD 1.00 2.00 
3.00 

3.038E-03 
-1.02E-02 

2.00 1.00 
3.00 

3.346E-02 
7.548E-03 

3.00 1.00 
2.00 

7.138E-02 
5.867E-02 

*• The mean difference is significant at the .05 level. 

Homogeneous Subsets 

FINWIDTH 

Subset for 
alpha = 

.05 
PSPANGRO N 1 

fukeyHyUf." 3.Ut) 53 1.279057 
1.00 519 1.295102 
2.00 183 1.301251 
Sig. .401 

Tukey Ba.o 3.00 53 1.279057 
1.00 519 1.295102 
2.00 183 1.301251 

Means for groups in homogeneous subsets are displayed, 
a. Uses Harmonic Mean Sample Size = 114.246. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 



FINBMC 

Subset for alpha = .05 
PSPANGRO N 1 2 

TukeyHyua.D i.uu 519 .610736 
2.00 183 .632803 .632803 
3.00 53 .656094 
Sig. .386 .347 

Tukey B®'" 1.00 519 .610736 
2.00 183 .632803 .632803 
3.00 53 .656094 

Means for groups in homogeneous subsets are displayed, 
a. Uses Harmonic l\^ean Sample Size = 114.246. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 

FINBMI 

Subset for alpha = .05 
PSPANGRO N 1 2 

1 uKey Msu*" " 1 .uu 519 .472796 
2.00 183 .488005 .488005 
3.00 53 .513566 
Sig. .413 .083 

TukeyBa.D 1.00 519 .472796 
2.00 183 .488005 .488005 
3.00 53 .513566 

Means for groups in homogeneous subsets are displayed, 
a. Uses Harmonic Mean Sample Size = 114.246. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 



582 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to pregnancy span in subjects between 86-95 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

UNWIUIH uetween uroups 1.279E-02 2 6.393E-03 .378 .686 
Within Groups 3.229 191 1.691E-02 
Total 3.242 193 

FINBMC Between Groups 1.655E-02 2 8.275E-03 .595 .553 
Within Groups 2.658 191 1.392E-02 
Total 2.675 193 

FINBMI Between Groups 5.397E-03 2 2.698E-03 .326 .722 
Within Groups 1.583 191 8.287E-03 
Total 1.588 193 



583 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to pregnancy span in subjects between 96-105 years of age. 

Oneway 

Warnings 

Post hoc tests are not performed for 
FINWIDTH because there are fewer 
than three groups. 
Post hoc tests are not performed for 
FINBMC because there are fewer 
than three groups. 
Post hoc tests are not performed for 
FINBMI because there are fewer 
than three groups. 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

FINWIUIH between uroups fl.742E-03 1 8.742E-03 3.080 .221 
Within Groups 5.677E-03 2 2.838E-03 
Total 1.442E-02 3 

FINBMC Between Groups 8.123E-02 1 8.123E-02 8.324 .102 
Within Groups 1.952E-02 2 9.759E-03 
Total .101 3 

FINBMI Between Groups 6.786E-02 1 6.786E-02 10.230 .085 
Within Groups 1.327E-02 2 6.633E-03 
Total 8.113E-02 3 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to pregnancy duration in subjects between 46-55 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

I-INWIUIH between uroups 2.410E-02 2 1.205E-02 .BSB .414 
Within Groups 2.186 161 1.358E-02 
Total 2.210 163 

FINBMC Between Groups 4.538E-03 2 2.269E-03 .222 .801 
Within Groups 1.646 161 1.023E-02 
Total 1.651 163 

FINBMl Between Groups 1.802E-03 2 9.011E-04 .246 .782 
Within Groups .591 161 3.668E-03 
Total .592 163 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to pregnancy duration in subjects between 56-65 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

UNWIDIH between uroups 2.217E-02 2 1.108E-02 .491 
Within Groups 5.530 356 1.553E-02 
Total 5.552 358 

FINBMC Between Groups 6.786E-02 2 3.393E-02 2.069 .128 
Within Groups 5.838 356 1.640E-02 
Total 5.906 358 

FINBMl Between Groups 2.498E-02 2 1.249E-02 1.752 .175 
Within Groups 2.537 356 7.127E-03 
Total 2.562 358 



585 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to pregnancy duration in subjects between 66-75 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

hlNWlUIH between croups 9.147E-02 2 4.574E-02 2.879 .057 
Within Groups 15.058 948 1.588E-02 
Total 15.150 950 

FINBMC Between Groups 5.184E-02 2 2.5925-02 1.623 .198 
Within Groups 15.139 948 1.597E-02 
Total 15.191 950 

FINBMI Between Groups 1.147E-02 2 5.734E-03 .737 .479 
Within Groups 7.380 948 7.785E-03 
Total 7.391 950 



586 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to pregnancy duration in subjects between 76-85 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

UNWIUIH between uroups 4.989E-03 2 2.495E-03 .147 .863 
Within Groups 12.724 752 1.692E-02 
Total 12.729 754 

FINBMC Between Groups .134 2 6.682E-02 4.155 .016 
Within Groups 12.094 752 1.608E-02 
Total 12.227 754 

FINBMI Between Groups 6.568E-02 2 3.284E-02 3.983 .019 
Within Groups 6.200 752 8.245E-03 
Total 6.266 754 

Post Hoc Tests 

Multiple Comparisons 

Dependent Variable (1) PDURGROU (J) PDURGROU 

Mean 
Difference 

(l-J) 
UNWIUIH 1 ukey HSU l.UO ;<i.uu 

3.00 
7.15035E-04 

-1.001E-02 
2.00 1.00 

3.00 
-7.150E-04 
-1.072E-02 

3.00 1.00 
2.00 

1.00053E-02 
1.07203E-02 

FINBMC Tukey HSD i.OO 2.00 
3.00 

-4.185E-03 
-5.439E-02* 

2.00 1.00 
3.00 

4.18547E-03 
-5.020E-02* 

3.00 1.00 
2.00 

5.43855E-02* 
5.02000E-02* 

PINSMI Tukey HSD 1.00 2.00 
3.00 

-4.169E-03 
-3.815E-02* 

2.00 1.00 
3.00 

4.16863E-03 
.3.398E-02* 

3.00 1.00 
2.00 

3.81493E-02* 
3.39807E-02* 
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Multiple Comparisons 

Dependent Variable (!) PDURGROU (J) PDURGROU Std. Error SIg. 
UNWIUIh 1 uKey liiiu I.UU 2.UU 1.030E-02 .997 

3.00 1.937E-02 .863 
2.00 1.00 1.030E-02 .997 

3.00 2.019E-02 .856 
3,00 1.00 1.937E-02 .863 

2.00 2.019E-02 .856 
FINBMC Tukey HSD 1.00 2.00 1.004E-02 .909 

3.00 1.888E-02 .011 
2.00 1.00 1.004E-02 .909 

3.00 1.969E-02 .029 
3.00 1.00 1.888E-02 .011 

2.00 1.969E-02 .029 
FIN5MI Tukey HSD 1.00 2.00 7.188E-03 .831 

3.00 1.352E-02 .013 
2.00 1.00 7.188E-03 .831 

3.00 1.410E-02 .042 
3.00 1.00 1.352E-02 .013 

2.00 1.410E-02 .042 



Multiple Comparisons 
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95% Confidence Interval 
Lower Upper 

Dependent Variable (1) PDURGROU (J) PDURGROU Bound Bound 
UNWIUIH 1 ukey HiiU 1.00 <i.00 -2.54E-02 2.485E-02 

3.00 -5.54E-02 3.539E-02 
2.00 1.00 -2.49E-02 2.342E-02 

3.00 -5.80E-02 3.661 E-02 
3.00 1.00 -3.54E-02 5.540E-02 

2.00 -3.66E-02 5.805E-02 
FINBMC Tukey HSD 1.00 2.00 -2.77E-02 1.934E-02 

3.00 -9.86E-02 -1.01 E-02 
2.00 1.00 -1.93E-02 2.772E-02 

3.00 -9.63E-02 -4.06E-03 
3.00 1.00 1.013E-02 9.864E-02 

2.00 4.061 E-03 9.634E-02 
FINBMI Tukey HSD 1.00 2.00 -2.10E-02 1.268E-02 

3.00 -6.98E-02 -6.46E-03 
2.00 1.00 -1.27E-02 2.102E-02 

3.00 -6.70E-02 -9.45E-04 
3.00 1.00 6.464E-03 6.984E-02 

2.00 9.450E-04 6.702E-02 
*• The mean difference is significant at the .05 level. 

Homogeneous Subsets 

FINWIDTH 

Subset for 
alpha = 

.05 
PDURGROU N 1 

1 uKey HblJi'''' 2.00 244 1.294320 
1.00 461 1.295035 
3.00 50 1.305040 
Sig. .808 

Tukey Ba.t> 2.00 244 1.294320 
1.00 461 1.295035 
3.00 50 1.305040 

Means for groups In homogeneous subsets are displayed, 
a. Uses Marmonic Mean Sample Size = 114.209. 
b. The group sizes are unequal. The hamnonic mean of the 

group sizes is used. Type I error levels are not guaranteed. 



FINBMC 

Subset for alpha = .05 
PDURGROU N 1 2 

1 uKey hbua-" 1 .uu 461 .614315 
2.00 244 .618500 
3.00 50 .668700 
Sig. .966 1.000 

TukeyBa-o i.oo 461 .614315 
2.00 244 .618500 
3.00 50 .668700 

Means for groups in homogeneous subsets are displayed, 
a. Uses iHannonic Mean Sample Size = 114.209. 

b. The group sizes are unequal. The harmonic mean of the group 
sizes is used. Type I error levels are not guaranteed. 

FINBMI 

Subset for alpha = .05 
PDURGROU N 1 2 

1 UKey i-ttjU"-" 1 .uu 461 .475471 
2.00 244 .479639 
3.00 50 .513620 
Sig. .936 1.000 

TukeyBa.o 1.00 461 .475471 
2.00 244 .479639 
3.00 50 .513620 

Means for groups in homogeneous subsets are displayed, 
a. Uses Hannonic Mean Sample Size = 114.209. 

b. The group sizes are unequal. The harmonic mean of the group 
sizes is used. Type I en'or levels are not guaranteed. 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to pregnancy duration in subjects between 86-95 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

UNWIUiH between uroups 3.999E-02 2 2.000E-02 1.193 .306 
Within Groups 3.202 191 1.677E-02 
Total 3.242 193 

FINBMC Between Groups 3.966E-02 2 1.983E-02 1.437 .240 
Within Groups 2.635 191 1.380E-02 
Total 2.675 193 

FINBMI Between Groups 1.131E-02 2 5.656E-03 .685 .505 
Within Groups 1.577 191 8.256E-03 
Total 1.588 193 



591 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to pregnancy duration in subjects between 96-105 years of age. 

Oneway 

Warnings 

Post hoc tests are not perfotmed tor 
FINWIDTH because there are fewer 
than three groups. 
Post hoc tests are not performed for 
FINBMC because there are fewer 
than three groups. 
Post hoc tests are not performed for 
FINBMI because there are fewer 
than three groups. 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

hlNWIUIH between uroups 7.057E-03 1 7.057E-03 1.917 .300 
Within Groups 7.362E-03 2 3.681 E-03 
Total 1.442E-02 3 

FINBMC Between Groups 5.603E-02 1 5.603E-02 2.507 .254 
Within Groups 4.471 E-02 2 2.235E-02 
Total .101 3 

FINBMI Between Groups 5.005E-02 1 5.005E-02 3.221 .215 
Within Groups 3.107E-02 2 1.554E-02 
Total 8.113E-02 3 



592 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to the ratio of pregnancy duration to reproductive span in 
subjects between 46-55 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

hlNWIDlH between uroups 7.604E-03 2 3.502E-03 .278 .758 
Within Groups 2.203 161 1.368E-02 
Total 2.210 163 

FINBMC Between Groups 1.100E-02 2 5.500E-03 .540 .584 
Within Groups 1.640 161 1.018E-02 
Total 1.651 163 

FINBMI Between Groups 4.452E-03 2 2.226E-03 .610 .545 
Within Groups .588 161 3.651 E-03 
Total .592 163 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to the ratio of pregnancy duration to reproductive span in 
subjects between 56-65 years of age. 

Oneway 

ANOVA 

Sum of Mean 
Squares df Square F Sig. 

h 1Nwi u 1 n between (groups 2.134E-02 2 1.067E-02 .686 .504 
Within Groups 5.521 355 1.555E-02 
Total 5.543 357 

FINBMC Between Groups 6.753E-02 2 3.376E-02 2.053 .130 
Within Groups 5.837 355 1.644E-02 
Total 5.905 357 

FINBMI Between Groups 3.812E-02 2 1.906E-02 2.688 .069 
Within Groups 2.517 355 7.091 E-03 
Total 2.555 357 



593 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to the ratio of pregnancy duration to reproductive span in 
subjects between 66-75 years of age. 

Oneway 

ANOVA 

Sum of Mean 
Squares df Square F Sig. 

i-iiNWiu 1M Between Groups 1.906E-02 2 ^.529E-03 .597 .551 
Within Groups 15.130 948 1.596E-02 
Total 15.150 950 

FINBMC Between Groups 9.226E-02 2 4.613E-02 2.896 .056 
Within Groups 15.098 948 1.593E-02 
Total 15.191 950 

FINBMI Between Groups 3.409E-02 2 1.705E-02 2.196 .112 
Within Groups 7.357 948 7.761 E-03 
Total 7.391 950 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to the ratio of pregnancy duration to reproductive span in 

subjects between 76-85 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

RNWIDIH between uroups 2.775E-02 2 1.3fl7E-02 .821 .440 
Within Groups 12.701 752 1.689E-02 
Total 12.729 754 

FINBMC Between Groups .122 2 6.094E-02 3.785 .023 
Within Groups 12.106 752 1.610E-02 
Total 12.227 754 

FINBMI Between Groups 8.271 E-02 2 4.135E-02 5.030 .007 
Within Groups 6.183 752 8.222E-03 
Total 6.266 754 



Post Hoc Tests 

Multiple Comparisons 

Mean 
Difference 

Dependent Variable (!) RPDRSGRO (J) RPDRSGRO (l-J) 
l-INWIUIH 1 uKey MbU 1.00 2.U0 1.26659E-02 

3.00 4.34676E-03 
2.00 1.00 -1.267E-02 

3.00 -8.319E-03 
3.00 1.00 -4.347E-03 

2.00 8.31915E-03 
FINBMC Tukey HSD 1.00 2.00 -7.391 E-03 

3.00 -6.978E-02* 
2.00 1.00 7.39131 E-03 

3.00 -6.239E-02* 
3.00 1.00 6.97795E-02* 

2.00 6.23882E-02* 
FINBMI Tukey HSD 1.00 2.00 -1.022E-02 

3.00 -5.470E-02* 
2.00 1.00 1.02174E-02 

3.00 -4.448E-02* 
3.00 1.00 5.47019E-02* 

2.00 4.44845E-02* 



595 

Multiple Comparisons 

Dependent Variable (1) RPDRSGRO (J) RPDRSGRO Std. Error Sig. 
hlNWlUIH 1 uKey MbU 1.UU 2.UU 9.883E-03 .406 

3.00 2.622E-02 .985 
2.00 1.00 9.883E-03 .406 

3.00 2.664E-02 .948 
3.00 1.00 2.622E-02 .985 

2.00 2.664E-02 .948 
FtNBMC Tukey HSD 1.00 2.00 9.649E-03 .724 

3.00 2.560E-02 .018 
2.00 1.00 9.649E-03 .724 

3.00 2.600E-02 .043 
3.00 1.00 2.560E-02 .018 

2.00 2.600E-02 .043 
nNBMI Tukey HSD 1.00 2.00 6.896E-03 .300 

3.00 1.829E-02 .008 
2.00 1.00 6.8g6E-03 .300 

3.00 1.858E-02 .044 
3.00 1.00 1.829E-02 .008 

2.00 1.858E-02 .044 



596 

Multiple Comparisons 

95% Confidence Interval 
Lower Upper 

Dependent Variable (1) RPDRSGRO (J) RPDRSGRO Bound Bound 
UNWIUIH 1 ukey HSU 1.00 2.UU -1.05E-02 3.583E-02 

3.00 -5.71 E-02 6.579E-02 
2.00 1.00 -3.58E-02 1.050E-02 

3.00 -7.07E-02 5.411 E-02 
3.00 1.00 -6.58E-02 5.710E-02 

2.00 -5.41 E-02 7.075E-02 
FINBMC Tukey HSD 1.00 2.00 -3.00E-02 1.522E-02 

3.00 -.129769 -9.79E-03 
2.00 1.00 -1.52E-02 3.000E-02 

3.00 -.123334 -1.44E-03 
3.00 1.00 9.790E-03 .129769 

2.00 1.442E-03 .123334 
FINBMI Tukey HSD 1.00 2.00 -2.64E-02 5.944E-03 

3.00 -9.76E-02 -1.18E-02 
2.00 1.00 -5.94E-03 2.638E-02 

3.00 -8.80E-02 -9.28E-04 
3.00 1.00 1.183E-02 9.757E-02 

2.00 9.276E-04 8.804E-02 
*. The mean difference is significant at the .05 level. 

Homogeneous Subsets 

FINWIDTH 

Subset for 
alpha = 

.05 
RPDRSGRO N 1 

1 uKey MbL)"." 2.U0 2S2 1.287681 
3.00 26 1.296000 
1.00 447 1.300347 
Sig. .837 

Tukey Ba." 2.00 282 1.287681 
3.00 26 1.296000 
1.00 447 1.300347 

Means for groups in homogeneous subsets are displayed, 
a. Uses Harmonic Mean Sample Size 67.805. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 



FINBMC 

Subset for alpha = .05 
RPDRSGRO N 1 2 

iuKeyMbU**-" i.uu 447 .614105 
2.00 282 .621496 
3.00 26 .683885 
Sig. .939 1.000 

Tukey B®'" 1.00 447 .614105 
2.00 282 .621496 
3.00 26 .683885 

Means for groups in homogeneous subsets are displayed, 
a. Uses Harmonic Mean Sample Size = 67.805. 

b. The group sizes are unequal. The harmonic mean of the group 
sizes is used. Type I error levels are not guaranteed. 

FINBMI 

Subset for alpha = .05 
RPDRSGRO N 1 2 

lukeyHyUf'" 1.UU 447 .473544 
2.00 282 .483862 
3.00 26 .528346 
Sig. .789 1.000 

Tukeyea.o 1.00 447 .473644 
2.00 282 .483862 
3.00 26 .528346 

Means for groups in homogeneous subsets are displayed, 
a. Uses Harmonic Mean Sample Size = 67.805. 

b. The group sizes are unequal. The harmonic mean of the group 
sizes is used. Type I error levels are not guaranteed. 



598 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to the ratio of pregnancy duration to reproductive span in 
subjects between 86-95 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

FINWIUIH between uroups 3.363E-02 2 1.681E-02 1.001 .369 
Within Groups 3.209 191 1.680E-02 
Total 3.242 193 

FINBMC Between Groups 6.787E-03 2 3.393E-03 .243 .785 
Within Groups 2.668 191 1.397E-02 
Total 2.675 193 

FINBMI Between Groups 5.408E-04 2 2.704E-04 .033 .968 
Within Groups 1.588 191 8.312E-03 
Total 1.588 193 



599 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to the ratio of pregnancy duration to reproductive span in 
subjects between 96-105 years of age. 

Oneway 

Warnings 

Post hoc tests are not performed tor 
FINWIDTH because there are fewer 
than three groups. 
Post hoc tests are not performed for 
FINBMC because there are fewer 
than three groups. 
Post hoc tests are not performed for 
FINBMI because there are fewer 
than three groups. 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

UNWIUIH between Groups 7.057E-03 1 7.057E-03 1.917 .300 
Within Groups 7.362E-03 2 3.681 E-03 
Total 1.442E-02 3 

FINBMC Between Groups 5.603E-02 1 5.603E-02 2.507 .254 
Within Groups 4.471 E-02 2 2.235E-02 
Total .101 3 

FINBMI Between Groups 5.005E-02 1 5.005E-02 3.221 .215 
Within Groups 3.107E-02 2 1.554E-02 
Total 8.113E-02 3 



600 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to breastfeeding duration mcluding women who have never 
breastfed between 46-55 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

hlNWIUIH uetween uroups 1.570E-02 2 7.849E-03 .576 .563 
Within Groups 2.195 161 1.363E-02 
Total 2.210 163 

FINBMC Between Groups 2.486E-03 2 1.243E-03 .121 .886 
Within Groups 1.648 161 1.024E-02 
Total 1.651 163 

PINBMI Between Groups 9.g39E-03 2 4.970E-03 1.374 .256 
Within Groups .582 161 3.617E-03 
Total .592 163 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to breastfeeding duration including women who have never 
breastfed between 56-65 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

i-lNWIUIH between uroups 1.085E-03 2 5.427E-04 .035 .966 
Within Groups 5.551 356 1.559E-02 
Total 5.552 358 

FINBMC Between Groups 6.976E-03 2 3.488E-03 .210 .810 
Within Groups 5.899 356 1.657E-02 
Total 5.906 358 

PIN5MI Between Groups 7.026E-03 2 3.513E-03 .489 .613 
Within Groups 2.555 356 7.177E-03 
Total 2.562 358 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to breastfeeding duration including women who have never 
breastfed between 66-75 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

hlNWIDIH uetween uroups .127 2 6.346E-02 4.005 .019 
Within Groups 15.023 948 1.585E-02 
Total 15.150 950 

FINBMC Between Groups 3.492E-03 2 1.746E-03 .109 .897 
Within Groups 15.187 948 1.602E-02 
Total 15.191 950 

FINBMI Between Groups 1.358E-02 2 6.792E-03 .873 .418 
Within Groups 7.378 948 7.783E-03 
Total 7.391 950 

Post Hoc Tests 

Multiple Comparisons 

Dependent Variable (1) BFDURGRO (J) BFDURGRO 

Mean 
Difference 

(I-J) Std. Error 
UNWium 1 uKey hsu 1.UU 2.00 

3.00 
-2.774t-02* 

1.84256E-02 
1.058E-02 
2.239E-02 

2.00 1.00 
3.00 

2.77415E-02* 
4.61671E-02 

1.058E-02 
2.389E-02 

3.00 1.00 
2.00 

-1.843E-02 
-4.617E-02 

2.239E-02 
2.389E-02 

FINBMC Tukey HSD 1.00 2.00 
3.00 

-4.439E-03 
-5.539E-03 

1.064E-02 
2.252E-02 

2.00 1.00 
3.00 

4.43895E-03 
-1.100E-03 

1.064E-02 
2.402E-02 

3.00 1.00 
2.00 

5.53852E-03 
1.09957E-03 

2.252E-02 
2.402E-02 

F I N B M I  Tukey HSD 1.00 2.00 
3.00 

7.36195E-03 
-1.221 E-02 

7.413E-03 
1.569E-02 

2.00 1.00 
3.00 

-7.362E-03 
-1.9S8E-02 

7.413E-03 
1.674E-02 

3.00 1.00 
2.00 

1.22143E-02 
1.95763E-02 

1.569E-02 
1.674E-02 
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Multiple Comparisons 

95% 
Confidenc 
e Interval 

Dependent Variable (1) BFDURGRO (J) BFDURGRO Sig. 
Lower 
Bound 

UNWIUM 1 uKey li&u I.UU 2.U0 
3.00 

.024 

.689 
-5.25E-02 
-3.41 E-02 

2.00 1.00 
3.00 

.024 

.130 
2.951 E-03 
-9.82E-03 

3.00 1.00 
2.00 

.689 

.130 
-7.09E-02 
-.102159 

FINBMC Tukey HSD 1.00 2.00 
3.00 

.908 

.967 
-2.94E-02 
-5.83E-02 

2.00 1.00 
3.00 

.908 

.999 
-2.05E-02 
-5.74E-02 

3.00 1.00 
2.00 

.967 

.999 
-4.72E-02 
-5.52E-02 

PIN5MI Tukey HSD 1.00 2.00 
3.00 

.581 

.716 
-1.0GE-02 
-4.90E-02 

2.00 1.00 
3.00 

.581 

.472 
-2.47E-02 
-5.88E-02 

3.00 1.00 
2.00 

.716 

.472 
-2.46E-02 
-1.97E-02 



Multiple Comparisons 

95% 
Confidenc 
e Interval 

Upper 
Dependent Variable (1) BFDURGRO (J) BFDURGRO Bound 
UNWIUIh 1 uKey hbu 1.UU 2.U(J -2.95E-03 

3.00 7.091 E-02 
2.00 1.00 5.253E-02 

3.00 .102159 
3.00 1.00 3.406E-02 

2.00 9.825E-03 
FINBMC Tukey HSD 1.00 2.00 2.049E-02 

3.00 4.724E-02 
2.00 1.00 2.936E-02 

3.00 5.520E-02 
3.00 1.00 5.831 E-02 

2.00 5.740E-02 
FINBMI Tukey HSD 1.00 2.00 2.473E-02 

3.00 2.457E-02 
2.00 1.00 1.001 E-02 

3.00 1.966E-02 
3.00 1.00 4.900E-02 

2.00 5.882E-02 
*• The mean difference is significant at the .05 level. 

Homogeneous Subsets 

FINWIDTH 

Subset for 
alpha = 

.05 
BFDURGRO N 1 

1 UKey MbU"-" 3.UU 33 1.267575 
1.00 743 1.286001 
2.00 175 1.313743 
Sig. .053 

Tukey Ba.b 3.00 33 1.267576 
1.00 743 1.286001 
2.00 175 1.313743 

Means for groups in homogeneous subsets are displayed, 
a. Uses Harmonic Mean Sample Size = 80.293. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 



FINBMC 

Subset for 
alpha = 

.05 
BFDURGRO N 1 

1 uKey MbU"'" 1.00 743 .689704 
2.00 175 .694143 
3.00 33 .695242 
Sig. .959 

TukeyB®" 1.00 743 .689704 
2.00 175 .694143 
3.00 33 .695242 

Means for groups in homogeneous subsets are displayed, 
a. Uses Harmonic Mean Sample Size = 80.293. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 

FINBMI 

Subset for 
alpha = 

.05 
BFDURGRO N 1 

lukeyHyU" ii.UO 175 .529909 
1.00 743 .537271 
3.00 33 .549485 
Sig. .338 

Tukey B'." 2.00 175 .529909 
1.00 743 .537271 
3.00 33 .549485 

Means for groups in homogeneous subsets are displayed, 
a. Uses Harmonic Mean Sample Size = 80.293. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to breastfeeding duration including women who have never 
breastfed between 76-85 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

UNWIUIH between groups 1.899^-02 2 g.494E-0^ .562 .570 
Within Groups 12.710 752 1.690E-02 
Total 12.729 754 

FINBMC Between Groups 5.637E-02 2 2.819E-02 1.742 .176 
Within Groups 12.171 752 1.618E-02 
Total 12.227 754 

FINBMI Between Groups 4.170E-02 2 2.085E-02 2.519 .081 
Within Groups 6.224 752 8.277E-03 
Total 6.266 754 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to breastfeeding duration mcluding women who have never 
breastfed between 86-95 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

FlNWiUlH between Groups 1.610E-02 2 B.048E-03 .476 .622 
Within Groups 3.226 191 1.689E-02 
Total 3.242 193 

FINBMC Between Groups 1.270E-02 2 6.350E-03 .456 .635 
Within Groups 2.662 191 1.394E-02 
Total 2.675 193 

FINBMI Between Groups 1.760E-02 2 8.801 E-03 1.070 .345 
Within Groups 1.571 191 8.223E-03 
Total 1.588 193 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to breastfeeding duration including women who have never 
breastfed between 96-105 years of age. 

Oneway 

Warnings 

Post hoc tests are not performed for 
FINWIDTH because there are fewer 
than three groups. 
Post hoc tests are not performed for 
FINBMC because there are fewer 
than three groups. 
Post hoc tests are not performed for 
FIN6MI because there are fewer 
than three groups. 

ANOVA 

Sum of Mean 
Squares df Square F Sig. 

h INWIU1 i-i between (groups 8.333E-a8 1 8.333E-08 .000 .998 
Within Groups 1.442E-02 2 7.209E-03 
Total 1.442E-02 3 

FINBMC Between Groups 6.39SE-02 1 6.395E-02 3.476 .203 
Within Groups 3.679E-02 2 1.840E-02 
Total .101 3 

FINBMI Between Groups 4.380E-02 1 4.380E-02 2.347 .265 
Within XSroups 3.732E-02 2 1.866E-02 
Total 8.113E-02 3 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to breastfeeding to reproductive span between 46-55 years of 
age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F SIg. 

FINWIDIH between uroups 3.676E-02 2 1.838E-02 1.33B .268 
Within Groups 1.183 86 1.376E-02 
Total 1.220 88 

FINBMC Between Groups 1.703E-03 2 8.515E-04 .086 .918 
Within Groups .852 86 9.912E-03 
Total .854 88 

FINBMI Between Groups 1.206E-02 2 6.030E-03 1.815 .169 
Within Groups .286 86 3.322E-03 
Total .298 88 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to breastfeeding to reproductive span between 56-65 years of 
age. 

Oneway 

ANOVA 

Sum of Mean 
Squares df Square F Sig. 

i-iNwiu 1 n Between (groups 1.0i2E-(}3 2 5.061 E-04 .037 .964 
Within Groups 3.730 270 1.382E-02 
Total 3.731 272 

FINBMC Between Groups 1.110E-02 2 5.550E-03 .394 .675 
Within Groups 3.803 270 1.408E-02 
Total 3.814 272 

FINBMI Between Groups 8.396E-03 2 4.198E-03 .665 .515 
Within Groups 1.705 270 6.313E-03 
Total 1.713 272 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to breastfeeding to reproductive span between 66-75 years of 
age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

HNWIUIH uetween (groups 8.Sd5E-02 2 4.298E-02 2.738 .0S5 
Within Groups 10.139 646 1.570E-02 
Total 10.225 648 

FINBMC Between Groups 2.359E-03 2 1.180E-03 .077 .926 
Within Groups 9.873 646 1.528E-02 
Total 9.875 648 

PINBMI Between Groups 1.326E-02 2 6.628E-03 .856 .425 
Within Groups 5.001 646 7.742E-03 
Total 5.015 648 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to breastfeeding to reproductive span between 76-85 years of 
age. 

Oneway 

ANOVA 

Sum of Mean 
Squares df Square F Sig. 

Mr>jwiu 1 n uetween laroups 4.22SE-03 2 2.H4E-03 .127 .880 
Within Groups 7.364 444 1.659E-02 
Total 7.368 446 

FINBMC Between Groups 3.457E-02 2 1.728E-02 1.120 .327 
Within Groups 6.849 444 1.543E-02 
Total 6.883 446 

FINBMI Between Groups 1.778E-02 2 8.892E-03 1.130 .324 
Within Groups 3.493 444 7.867E-03 
Total 3.511 446 



609 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to breastfeeding to reproductive span between 86-95 years of 
age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

UNWium between uroups 1.130E-02 2 5.650E-03 .293 .747 
Within Groups 2.509 130 1.930E-02 
Total 2.520 132 

FINBMC Between Groups 6.689E-02 2 3.345E-02 2.544 .082 
Within Groups 1.709 130 1.315E-02 
Total 1.776 132 

FINBMI Between Groups 3.381 E-02 2 1.691 E-02 2.031 .135 
Within Groups 1.082 130 8.324E-03 
Total 1.116 132 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to breastfeeding to reproductive span between 96-105 years 
of age. 

Oneway 

Warnings 

Post hoc tests are not performed for 
FINWIDTH because there are fewer 
than three groups. 
Post hoc tests are not performed for 
FINBMC because there are fewer 
than three groups. 
Post hoc tests are not performed for 
FINBMI because there are fewer 
than three groups. 

ANOVA 

Sum of Mean 
Squares df Square F Sig. 

hiNWiu 1 h between uroups 2.664E-03 1 2.664E-03 
Within Groups .000 0 
Total 2.664E-03 1 

FINBMC Between Groups 8.989E-02 1 8.989E-02 
Within Groups .000 0 
Total 8.98gE-02 1 

FINBMI Between Groups 7.031 E-02 1 7.031 E-02 
Within Groups .000 0 
Total 7.031 E-02 1 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to the total duration of pregnancy and breastfeeding between 
women 46-55 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

hlNWIUIH between (Jroups i.SS5E-02 2 9.492E-03 .597 .499 
Within Groups 2.191 161 1.361 E-02 
Total 2.210 163 

FINBMC Between Groups 3.331 E-02 2 1.666E-02 1.658 .194 
Within Groups 1.617 161 1.005E-02 
Total 1.651 163 

FINBMI Between Groups 7.760E-03 2 3.880E-03 1.069 .346 
Within Groups .585 161 3.631 E-03 
Total .592 163 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to the total duration of pregnancy and breastfeeding between 

women 56-65 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

HNWIUIH between uroups 7.432E-03 2 3.716E-03 .239 .788 
Within Groups 5.545 356 1.557E-02 
Total 5.552 358 

PINIBMC Between Groups 1.172E-02 2 5.861 E-03 .354 .702 
Within Groups 5.895 356 1.6S6E-02 
Total 5.906 358 

FINBMI Between Groups 1.265E-02 2 6.323E-03 .883 .414 
Within Groups 2.550 356 7.162E-03 
Total 2.562 358 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to the total duration of pregnancy and breastfeeding between 
women 66-75 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

hlNWlUIH between uroups 7.567E-02 2 3.784E-02 2.379 .093 
Within Groups 15.074 948 1.590E-02 
Total 15.150 950 

FINBMC Between Groups 5.860E-02 2 2.930E-02 1.836 .160 
Within Groups 15.132 948 1.596E-02 
Total 15.191 950 

FINBMI Between Groups 7.270E-03 2 3.635E-03 .467 .627 
Within Groups 7.384 948 7.789E-03 
Total 7.391 950 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to the total duration of pregnancy and breastfeeding between 
women 76-85 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

I-INW1L)IH between uroups 7.8705-04 2 3.935E-04 .023 .977 
Within Groups 12.728 752 1.693E-02 
Total 12.729 754 

FINBMC Between Groups .165 2 8.237E-02 5.135 .006 
Within Groups 12.062 752 1.604E-02 
Total 12.227 754 

PINBMI Between Groups .105 2 5.256E-02 6.416 .002 
Within Groups 6.161 752 8.192E-03 
Total 6.266 754 

Post Hoc Tests 

Multiple Comparisons 

Dependent Variable (1) TOTDPBGR (J) TOTDPBGR 

Mean 
Difference 

(l-J) Std. Error 
FINWIUTH 1 uKey Mtiu 1.UU ;£.uu 

3.00 
-8.5055-04 

2.94443E-03 
1.033E-02 
1.675E-02 

2.00 1.00 
3.00 

8.50521 E-04 
3.79495E-03 

1.033E-02 
1.760E-02 

3.00 1.00 
2.00 

-2.944E-03 
-3.795E-03 

1.675E-02 
1.760E-02 

FINBMC Tukey HSD 1.00 2.00 
3.00 

-1.692E-03 
-5.148E-02* 

1.006E-02 
1.631 E-02 

2.00 1.00 
3.00 

1.6924SE-03 
-4.978E-02* 

1.006E-02 
1.713E-02 

3.00 1.00 
2.00 

5.14762E-02* 
4.97838E-02* 

1.631 E-02 
1.713E-02 

FINBMI Tukey HSD 1.00 2.00 
3.00 

-1.420E-03 
-4.114E-02* 

7.190E-03 
1.165E-02 

2.00 1.00 
3.00 

1.42000E-03 
-3.972E-02-

7.190E-03 
1.224E-02 

3.00 1.00 
2.00 

4.11381E-02-
3.97181E-02* 

1.165E-02 
1.224E-02 
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Multiple Comparisons 

95% 
Confidenc 
e Interval 

Dependent Variable (1) TOTDPBGR (J) TOTDPBGR Sig. 
Lower 
Bound 

FINWIUrH 1 uKey hi>u l.UU Z.UU 
3.00 

.S9€ 

.983 
-2.51 E-02 
-3.63E-02 

2.00 1.00 
3.00 

.996 

.975 
-2.34E-02 
-3.75E-02 

3.00 1.00 
2.00 

.983 

.975 
-4.22E-02 
-4.50E-02 

FINBMC Tukey HSD 1.00 2.00 
3.00 

.985 

.005 
-2.53E-02 
-8.97E-02 

2.00 1.00 
3.00 

.985 

.010 
-2.19E-02 
-8.99E-02 

3.00 1.00 
2.00 

.005 

.010 
1.326E-02 
9.627E-03 

FINBMI Tukey HSD 1.00 2.00 
3.00 

.979 

.001 
-1.83E-02 
-6.85E-02 

2.00 1.00 
3.00 

.979 

.003 
-1.54E-02 
-6.84E-02 

3.00 1.00 
2.00 

.001 

.003 
1.382E-02 
1.102E-02 



Multiple Comparisons 

95% 
Confidenc 
e Interval 

Upper 
Dependent Variable (1) TOTDPBGR (J) TOTDPBGR Bound 
hiNWium 1 UKey HUU 1.UU 2.UU 2.337E-02 

3.00 4.221 E-02 
2.00 1.00 2.507E-02 

3.00 4.505E-02 
3.00 1.00 3.632E-02 

2.00 3.746E-02 
FINBMC Tukey HSD 1.00 2.00 2.189E-02 

3.00 -1.33E-02 
2.00 1.00 2.527E-02 

3.00 -9.63E-03 
3.00 1.00 8.970E-02 

2.00 8.994E-02 
PINSMI Tukey HSD 1.00 2.00 1.543E-02 

3.00 -1.38E-02 
2.(10 1.00 1.827E-02 

3.00 -1.10E-02 
3.00 1.00 6.845E-02 

2.00 6.842E-02 
*. The mean difference is significant at the .05 level. 

Homogeneous Subsets 

FINWIDTH 

Subset for 
alpha = 

.05 
TOTDPBGR N 1 

1 ukey MbU"'" a.uu 70 1.292514 
1.00 436 1.295459 
2.00 249 1.296309 
Sig. .966 

Tukey Ba.0 3.00 70 1.292514 
1.00 436 1.295459 
2.00 249 1.296309 

Means for groups in homogeneous subsets are displayed, 
a. Uses Harmonic Mean Sample Size = 145.664. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 



FINBMC 

Subset for alpha = .05 
TOTDPBGR N 1 2 

Tukey HlsUy.D 1 .UU 436 .613938 
2.00 249 .615631 
3.00 70 .665414 
Sig. .993 1.000 

Tukey 68.0 10(5 436 .613938 
2.00 249 .615631 
3.00 70 .665414 

Means for groups in homogeneous subsets are displayed, 
a. Uses Harmonic Mean Sample Size = 145.664. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I en-or levels are not guaranteed. 

FINBMI 

Subset for alpha = .05 
TOTDPBGR N 1 2 

1 uKey 1 .UU 436 .475062 
2.00 249 .476482 
3.00 70 .516200 
Sig. .990 1.000 

Tukey B8.D 1.00 436 .475062 
2.00 249 .476482 
3.00 70 .516200 

Means for groups in homogeneous subsets are displayed, 
a. Uses Harmonic Mean Sample Size = 145.664. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I en-or levels are not guaranteed. 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to the total duration of pregnancy and breastfeeding between 

women 86-95 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

UNWIUIH between uroups 2.173E-02 2 1.066E-02 .644 .528 
Within Groups 3.220 191 1.686E-02 
Total 3.242 193 

FINBMC Between Groups 3.322E-03 2 1.661E-03 .119 .888 
Within Groups 2.672 191 1.399E-02 
Total 2.675 193 

FINBMI Between Groups 1.476E-03 2 7.380E-04 .089 .915 
Within Groups 1.587 191 8.307E-03 
Total 1.588 193 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to the total duration of pregnancy and breastfeeding between 
women 96-105 years of age. 

Oneway 

Warnings 

Post hoc tests are not performed for 
FINWIDTH because there are fewer 
than three groups. 
Post hoc tests are not performed for 
FINBMC because there are fewer 
than three groups. 
Post hoc tests are not performed for 
FINBMI because there are fewer 
than three groups. 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

FINWIDIH between (jroups 5.25SE-03 1 5.256E-03 1.147 .396 
Within Groups 9.162E-03 2 4.581 E-03 
Total 1.442E-02 3 

FINBMC Between Groups 1.960E-04 1 1.g60E-04 .004 .956 
Within Groups .101 2 5.027E-02 
Total .101 3 

FINBMI Between Groups 1.562E-04 1 1.562E-04 .004 .956 
Within Groups 8.097E-02 2 4.049E-02 
Total 8.113E-02 3 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to the ratio of pregnancy and breastfeeding to reproductive 
span in women 46-55 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

I-INWIUIM between (iroups 3.469E-03 2 1.735E-03 .128 .880 
Within Groups 2.163 160 1.352E-02 
Total 2.166 162 

PIN5MC Between Groups 1.479E-02 2 7.393E-03 .730 .484 
Within Groups 1.621 160 1.013E-02 
Total 1.636 162 

FINBMI Between Groups 9.054E-03 2 4.527E-03 1.242 .292 
Within Groups .583 160 3.644E-03 
Total .592 162 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to the ratio of pregnancy and breastfeeding to reproductive 
span in women 56-65 years of age. 

Oneway 

ANOVA 

Sum of Mean 
Squares df Square F Sig. 

hiNWiu 1H between (jroups 4.811E-03 2 2.405E-03 .154 .857 
Within Groups 5.527 354 1.561E-02 
Total 5.532 356 

FINBMC Between Groups 2.550E-02 2 1.275E-02 .772 .463 
Within Groups 5.845 354 1.651E-02 
Total 5.871 356 

FINBMI Between Groups 2.536E-02 2 1.268E-02 1.776 .171 
Within Groups 2.527 354 7.139E-03 
Total 2.553 356 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to the ratio of pregnancy and breastfeeding to reproductive 
span in women 66-75 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

UNWIUIH between uroups 7.198E-03 2 3.599E-03 .225 .798 
Within Groups 15.055 943 1.596E-02 
Total 15.062 945 

FINBMC Between Groups 4.274E-02 2 2.137E-02 1.336 .264 
Within Groups 15.090 943 1.600E-02 
Total 15.133 945 

nNISMI Between Groups 1.785E-02 2 8.923E-03 1.150 .317 
Within Groups 7.317 943 7.759E-03 
Total 7.335 945 

Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to the ratio of pregnancy and breastfeeding to reproductive 
span in women 76-85 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

l-INWIUIH between uroups 3.387E-02 2 1.693E-02 1.002 .368 
Within Groups 12.692 751 1.690E-02 
Total 12.726 753 

FINBMC Between Groups 4.468E-02 2 2.234E-02 1.378 .253 
Within Groups 12.179 751 1.622E-02 
Total 12.223 753 

FINBMI Between Groups 4.194E-02 2 2.097E-02 2.531 .080 
Within Groups 6.223 751 8.286E-03 
Total 6.265 753 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to the ratio of pregnancy and breastfeeding to reproductive 
span in women 86-95 years of age. 

Oneway 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

FINWlUlH between (iroups 4.259E-02 2 2.130E-02 1.275 .282 
Within Groups 3.173 190 1.670E-02 
Total 3.215 192 

FINBMC Between Groups 2.416E-02 2 1.208E-02 .866 .422 
Within Groups 2.651 190 1.395E-02 
Total 2.675 192 

PINBMI Between Groups 7.895E-03 2 3.948E-03 .475 .622 
Within Groups 1.578 190 8.303E-03 
Total 1.585 192 
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Oneway ANOVA and Tukey's HSD tests for differences between the means for distal third radial 
width, BMC and BMD in relation to the ratio of pregnancy and breastfeeding to reproductive 
span in women 96-105 years of age. 

Oneway 

Warnings 

Post hoc tests are not performed tor 
FIN WIDTH because there are fewer 
than three groups. 
Post hoc tests are not perfornned for 
FINBMC because there are fewer 
than three groups. 
Post hoc tests are not perfornned for 
FINBMI because there are fewer 
than three groups. 

ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

FINWIDIH between groups 5.256E-03 1 5.256E-03 1.147 .396 
Within Groups 9.162E-03 2 4.581 E-03 
Total 1.442E-02 3 

FINBMC Between Groups 1.960E-04 1 1.960E-04 .004 .956 
Within Groups .101 2 5.027E-02 
Total .101 3 

FINBMI Between Groups 1.562E-04 1 1.562E-04 .004 .956 
Within Groups 8.097E-02 2 4.049E-02 
Total 8.113E-02 3 
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Regression 

Linear regression of anthropometric variables to predict distal third radial width in females 
between 46-100 years of age. 

Descriptive Statistics' 

Mean 
Std. 

Deviation N 
hiNwium 1.2S9055 .126971 2427 
FINAGE 72.41 9.85 2427 
FINHT 154.9567 24.9214 2427 
FINWr 62.87 16.37 2427 
a. Selecting only cases for which (finage > 45) & (finage < 101) & (finwidth 

> 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) (FILTER) = Selected 

Correlations* 

FINWIDTH FINAGE FINHT FINWT 
Kearson uorreiation UNWIUIH 1.000 .054 .035 .116 

FINAGE .054 1.000 -.012 -.165 
FINHT .035 -.012 1.000 .654 
FINWT .116 -.165 .654 1.000 

Sig. (1-tailed) FINWIDTH .004 .044 .000 
FINAGE .004 .277 .000 
FINHT .044 .277 .000 
FINWT .000 .000 .000 

N FINWIDTH 2427 2427 2427 2427 
FINAGE 2427 2427 2427 2427 
FINHT 2427 2427 2427 2427 
FINWT 2427 2427 2427 2427 

a. Selecting only cases for which (finage > 45) & (finage < 101) & (finwidth > 0) & 
(finbmc > 0) & (finbmi > 0) & (sexn = 1) (FILTER) = Selected 

Variables Entered/Removed 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 FINWT, 
FINAGJE, 
FINHT^ 

• Enter 

a. Ail requested variables entered. 

b. Dependent Variable: FINWIDTH 

c. Models are based only on cases for which (finage > 45) & (finage < 101) & 
(finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) (FILTER) = Selected 



Model Summary''''^ 624 

R 

(finage > 
45) & 

(finage < 
101)& 

(finwidth > 
0) & (finbmc 

>0 )&  
(finbmi > 0) 
& (sexn = 

1) (FILTER) Std. Error 
= Selected Adjusted R of the 

Model (Selected) R Square Square Estimate 
1 .1528 .023 .022 .125572 
a. Predictors: (Constant). FINWT, FINAGE, FINHT 

b. Unless noted othenvise, statistics are based only on cases for which (finage > 45) & (finage 
< 101) & (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) (FILTER) = Selected. 

c. Dependent Variable: FINWIDTH 

ANOVA^'C 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 Kegression .904 3 .301 19.119 .000" 

Residual 38.206 2423 1.577E-02 
Total 39.111 2426 

a. Predictors: (Constant), FINWT, FINAGE, FINHT 

b. Dependent Variable; FINWIDTH 

c. Selecting only cases for which (finage > 45) & (finage < 101) & (finwidth > 0) & 
(finbmc > 0) & (finbmi > 0) & (sexn = 1) (FILTER) = Selected 

Coefficients'''' 

Model 

Unstandardized 
Coeffidents 

Standardiz 
ed 

Coefficient 
s 

t Sig. Model B Std. Error Beta t Sig. 
1 (Constant) 1.188 .025 47.473 .000 

FINAGE 1.077E-03 .000 .084 4.069 .000 
FINHT -4.398E-04 .000 -.086 -3.224 .001 
FINWT 1.445E-03 .000 .186 6.862 .000 
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Model 

95% Confidence Interval 
forB 

Model 
Lower 
Bound 

Upper 
Bound 

1 (uonstant) 1.139 1.238 
FINAGE .001 .002 
FINHT -.001 .000 
FINWT .001 .002 

a. Dependent Variable: FINWIDTH 

b. Selecting only cases for which (finage > 45) & (finage < 101) & (finwidth > 0) & (finbmc > 0) & (finbmi 
> 0) & (sexn = 1) (FILTER) = Selected 

Casewise Diagnostics* 

Case Number 
Std. 

Residual FINWIDTH 
B /a  3.849 1.7890 
692 3.034 1.6690 
714 -3.326 .8920 
987 3.516 1.7350 
1110 3.190 1.6870 
1169 3.153 1.6620 
1607 -3.045 .9070 
2227 4.071 1.8030 
2916 3.223 1.7120 
3450 3.055 1.6820 
3815 3.796 1.7700 
3943 3.210 1.6990 
a. Dependent Variable: FINWIDTH 



Residuals Statistics' 626 

(finage > 45) & (finage < 101) & (finwidth > 0) & (finbmc > 0) & 
(finbmi > 0) & (sexn = 1) (FILTER) = Selected (Selected) 

Minimum Maximum Mean 
Std. 

Deviation N 
Hredictea value 
Std. Predicted Value 
Standard Error of 
Predicted Value 
Adjusted Predicted Value 
Residual 
Std. Residual 
Stud. Residual 
Deleted Residual 
Stud. Deleted Residual 
Mahal. Distance 
Cook's Distance 
Centered Leverage Value 

1.235258 
-2.786 

2.554E-03 

1.236123 
-.417595 

-3.326 
-3.327 

-.418059 
-3.334 

.004 

.000 

.000 

1.380253 
4.723 

1.744E-02 

1.383856 
.511192 

4.071 
4.072 

.511507 
4.085 

45.772 
.047 
.019 

1.289055 
.000 

4.546E-03 

1.289041 
-5.33E-16 

.000 

.000 
1.394E-05 

.000 
2.999 
.000 
.001 

1.931E-02 
1.000 

2.307E-03 

1.935E-02 
.125494 

.999 
1.000 

.125701 
1.001 
6.304 
.001 
.003 

2427 
2427 

2427 

2427 
2427 
2427 
2427 
2427 
2427 
2427 
2427 
2427 

a. Dependent Variable: FINWIDTH 
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Regression 

Linear regression of anthropometric variables to predict BMC in females between 46-100 
of age. 

Descriptive Statistics' 

Mean 
Std. 

Deviation N 
UNUMC .577804 .142325 2427 
FINAGE 72.41 9.85 2427 
FINHT 154.9567 24.9214 2427 
FINWT 62.87 16.37 2427 
a. Selecting only cases for which (finage > 45) & (finage < 101) & (finwidth 

> 0) & (finbmc > 0) & (finbmi > 0) & (sexn =1) (FILTER) = Selected 

Correlations* 

FINBMC FINAGE FINHT FINWT 
Kearson uorreiation UNBMCJ 1.000 -.500 .061 .309 

FINAGE -.500 1.000 -.012 -.165 
FINHT .061 -.012 1.000 .654 
FINWT .309 -.165 .654 1.000 

Sig. (1-tailed) FINBMC .000 .001 .000 
FINAGE .000 .277 .000 
FINHT .001 .277 .000 
FINWT .000 .000 .000 

N FINBMC 2427 2427 2427 2427 
FINAGE 2427 2427 2427 2427 
FINHT 2427 2427 2427 2427 
FINWT 2427 2427 2427 2427 

a. Selecting only cases for which (finage > 45) & (finage <101 & (finwidth > 0)& 
(finbmc > 0) & (finbmi > 0) & (sexn =1) (FILTER) = Selected 

Variables Entered/Removed 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 PINWT. 
FINAGE, 
FINHT^ 

• 
Enter 

a. All requested variables entered. 

b. Dependent Variable: FINBMC 

c. Models are based only on cases for which (finage > 45) & (finage < 101) & 
(finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn =1) (FILTER) = Selected 



Model Summary''''^ 

R 

Model 

(finage > 
45) & 

(finage < 
101)& 

(finwidth > 
0) & (finbmc 

>0)& 
(finbmi > 0) 
& (sexn =1) 
(FILTER) = 

Selected 
(Selected) R Square 

Adjusted R 
Square 

Std. Error 
of the 

Estimate 
1 .5658 .319 .319 .117484 
a. Predictors: (Constant). FINWT, FINAGE, FINHT 
b. Unless noted otherwise, statistics are based only on cases for which (finage > 45) & (finage 

< 101) & (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn =1) (FILTER) = Selected. 

c. Dependent Variable: FINBMC 

ANOVA^'C 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 Kegression 15.699 3 5.233 379.132 .000" 

Residual 33.443 2423 1.380E-02 
Total 49.142 2426 

a. Predictors: (Constant). FINWT. FINAGE. FINHT 

b. Dependent Variable: FINBMC 
c. Selecting only cases for which (finage > 45) & (finage < 101) & (finwidth > 0) & 

(finbmc > 0) & (finbmi > 0) & (sexn =1) (FILTER) = Selected 

Coefficients*''* 

Model 

Unstandardized 
Coeffidents 

Standardiz 
ed 

Coefficient 
s 

t Sig. Model B Std. Error Beta t Sig. 
1 (uonstant) 1.105 .023 47.164 .000 

FINAGE -6.425E-03 .000 -.445 -25.953 .000 
FINHT -9.808E-G4 .000 -.172 -7.684 .000 
FINWT 3.028E-03 .000 .348 15.370 .000 
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Model 

95% Confidence Interval 
forB 

Model 
Lower 
Bound 

Upper 
Bound 

1 ((Jonstant) 1.059 1.151 
FINAGE -.007 -.006 
FINHT -.001 -.001 
FINWT .003 .003 

a. Dependent Variable: FINBMC 
b. Selecting only cases for which (finage > 45) & (finage < 101) & (finwidth > 0) & (finbmc > 0) & 

(finbmi > 0) & (sexn =1) (FILTER) = Selected 

Casewise Diagnostics* 

Case Number 
Std. 

Residual FINBMC 
/'IB 5.642 1.2970 
922 3.540 1.1370 
987 4.353 1.2100 
1128 4.221 1.2210 
1644 3.424 1.0250 
1745 3.275 .9510 
2755 3.137 .9680 
2929 3.711 1.0950 
3352 3.011 .9770 
3754 -3.014 .3580 
3815 5.379 1.4170 
a. Dependent Variable: FINBMC 
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(finage > 45) & (finage < 101) & (finwidth > 0) & (finbmc > 0) & 
(finbmi > 0) & (sexn =1) (FILTER) = Selected (Selected) 

Minimum Maximum Mean 
Std. 

Deviation N 
i-reaiaea value 
Std. Predicted Value 
Standard Error of 
Predicted Value 
Adjusted Predicted Value 
Residual 
Std. Residual 
Stud. Residual 
Deleted Residual 
Stud. Deleted Residual 
Mahal. Distance 
Cook's Distance 
Centered Leverage Value 

.433885 
-3.032 

2.390E-03 

.434721 
-.354132 

-3.014 
-3.015 

-.354310 
-3.020 

.004 

.000 

.000 

1.054171 
4.679 

1.631E-02 

1.056817 
.662821 

5.642 
5.646 

.663866 
5.683 

45.772 
.050 
.019 

.S77804 
.000 

4.253E-03 

.677791 
1.504E-15 

.000 

.000 
1.307E-05 

.000 
2.999 
.000 
.001 

8.044E-02 
1.000 

2.159E-03 

8.047E-02 
.117411 

.999 
1.000 

.117616 
1.001 
6.304 
.002 
.003 

2427 
2427 

2427 

2427 
2427 
2427 
2427 
2427 
2427 
2427 
2427 
2427 

a. Dependent Variable: FINBMC 
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Regression 

Linear regression of anthropometric variables to predict BMD in females between 46-100 
of age. 

Descriptive Statistics' 

Mean 
Std. 

Deviation N 
UNUMI .527359 .103949 2427 
FINAGE 72.41 9.85 2427 
FINHT 154.9567 24.9214 2427 
FINWr 62.87 16.37 2427 
a. Selecting only cases for which (finage > 45) & (finage < 101) & (finwidth 

> 0) & (finbmc > 0) & (finbmi > 0) & (sexn =1) (FILTER) = Selected 

Correlations* 

FINBMI FINAGE FINHT FINWT 
Hearson uorreiation hlNUMI 1.000 -.559 .045 .269 

FINAGE -.559 1.000 -.012 -.165 
FINHT .045 -.012 1.000 .654 
FINWT .269 -.165 .654 1.000 

Sig. (1-tailed) FINBMI .000 .013 .000 
FINAGE .000 .277 .000 
FINHT .013 .277 .000 
FINWT .000 .000 .000 

N FINBMI 2427 2427 2427 2427 
FINAGE 2427 2427 2427 2427 
FINHT 2427 2427 2427 2427 
FINWT 2427 2427 2427 2427 

a. Selecting only cases for which (finage > 45) & (finage < 101) & (finwidth > 0) & 
(finbmc > 0) & (finbmi > 0) & (sexn =1) (FILTER) = Selected 

Variables Entered/Removed 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 FINWT, 
FINAGJE. 
FINHT^ 

Enter 

a. All requested variables entered. 

b. Dependent Variable: FINBMI 

c. Models are based only on cases for which (finage > 45) & (finage < 101) & 
(finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn =1) (FILTER) = Selected 



Model Summary'''^ 634 

R 

Model 

(finage > 
45) & 

(finage < 
101)& 

(finwidth > 
0) & (finbmc 

>0)& 
(finbmi > 0) 
& (sexn =1) 
(FILTER) = 

Selected 
(Selected) R Square 

Adjusted R 
Square 

Std. Error 
of the 

Estimate 
1 .597" .356 .355 8.346E-02 
a. Predictors; (Constant), FINWT, FINAGE. FINHT 
b. Unless noted otherwise, statistics are based only on cases for which (finage > 45) & (finage 

< 101) & (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn =1) (FILTER) = Selected. 

c. Dependent Variable: FINBMI 

ANOVA'»''= 

Sum of Mean 
Model Squares df Square F Sig. 
1 Kegression 9.336 3 3.112 446.795 .000" 

Residual 16.877 2423 6.966E-03 
Total 26.214 2426 

a. Predictors; (Constant). FINWT. FINAGE. FINHT 

b. Dependent Variable; FINBMI 

c. Selecting only cases for which (finage > 45) & (finage < 101) & (finwidth > 0) & 
(finbmc > 0) & (finbmi > 0) & (sexn =1) (FILTER) = Selected 

Coefficients*''' 

Model 

Unstandardized 
Coeffidents 

Standardiz 
ed 

Coeffident 
s 

t Sig. Model B Std. Error Beta t Sig. 
1 (Constant) .017 54.223 .000 

FINAGE -5.431 E-03 .000 -.515 -30.881 .000 
FINHT -5.984E-04 .000 -.143 -6.601 .000 
FINWT 1.768E-03 .000 .278 12.635 .000 
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Model 

95% Confidence Interval 
forB 

Model 
Lower 
Bound 

Upper 
Bound 

1 (uonstant) .870 .935 
FINAGE -.006 -.005 
FINHT -.001 .000 
FINWT .001 .002 

a. Dependent Variable: FINBMI 
b. Selecting only cases for which (finage > 45) & (finage < 101) & (finwidth > 0) & (finbmc > 0) & (finbmi 

> 0) & (sexn =1) (FILTER) = Selected 

Casewfse Diagnostics* 

Case Number 
Std. 

Residual FINBMI 
/18 4.350 .8450 
1044 3.185 .7480 
1310 -3.196 .2860 
2193 3.499 .7350 
2628 -3.219 .1650 
2755 3.028 .7130 
2791 3.779 .8130 
3624 -3.002 .3320 
3754 -3.040 .3010 
a. Dependent Variable: FINBMI 

Residuals Statistics" 

(finage > 45) & (finage < 101) & (finwidth > 0) & (finbmc > 0) & 
(finbmi > 0) & (sexn =1) (FILTER) = Selected (Selected) 

Minimum Maximum Mean 
Std. 

Deviation N 
i-reaiaea value 
Std. Predicted Value 
Standard Error of 
Predicted Value 
Adjusted Predicted Value 
Residual 
Std. Residual 
Stud. Residual 
Deleted Residual 
Stud. Deleted Residual 
Mahal. Distance 
Cooic's Distance 
Centered Leverage Value 

.340409 
-3.014 

1.698E-03 

.341045 
-.268695 

-3.219 
-3.222 

-.269064 
-3.228 

.004 

.000 

.000 

.782832 
4.118 

1.159E-02 

.783072 

.363050 
4.350 
4.353 

.363622 
4.370 

45.772 
.029 
.019 

.527359 
.000 

3.021 E-03 

.527354 
-9.07E-16 

.000 

.000 
4.465E-06 

.000 
2.999 
.000 
.001 

6.204E-02 
1.000 

1.534E-03 

6.204E-02 
8.341 E-02 

.999 
1.000 

8.355E-02 
1.001 
6.304 
.001 
.003 

2427 
2427 

2427 

2427 
2427 
2427 
2427 
2427 
2427 
2427 
2427 
2427 

a. Dependent Variable: FINBMI 
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Regression 

Linear regression of anthropometric variables to predict distal third radial width in males 
46-100 years of age. 

Descriptive Statistics' 

Mean 
Std. 

Deviation N 
UNWIUIH 1.553477 .143186 610 
FINAGE 74.64 8.63 610 
FINHT 169.5967 21.9191 610 
FINWT 76.72 16.77 610 
a. Selecting only cases for which (finage > 45) & (finage < 101) & (finwidth 

> 0) & (finbmc > 0) & (finbmi > 0) & (sexn =2) (FILTER) = Selected 

Correlations* 

FINWIDTH FINAGE FINHT FINWT 
Pearson uon'eiation l-INWIUIH 1.000 .030 .164 .198 

FINAGE .030 1.000 .037 -.162 
FINHT .164 .037 1.000 .572 
FINWT .198 -.162 .572 1.000 

Sig. (1-tailed) FINWIDTH .233 .000 .000 
FINAGE .233 .178 .000 
FINHT .000 .178 .000 
FINWT .000 .000 .000 

N FINWIDTH 610 610 610 610 
FINAGE 610 610 610 610 
FINHT 610 610 610 610 
FINWT 610 610 610 610 

a. Selecting only cases for which (finage > 45) & (finage < 101) & (finwidth > 0) & 
(finbmc > 0) & (finbmi > 0) & (sexn =2) (FILTER) = Selected 

Variables Entered/Removed 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 FINWT, 
FINAGJE. 
FINHT^ 

• 
Enter 

a. All requested variables entered. 

b. Dependent Variable; FINWIDTH 

c. Models are based only on cases for which (finage > 45) & (finage < 101) & 
(finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn =2) (FILTER) = Selected 



Model Summary''''^ 

R 

(finage > 
45) & 

(finage < 
101)& 

(finwidth > 
0) & (finbmc 

>0)& 
(finbmi > 0) 
& (sexn =2) 
(FILTER) = Std. Error 

Selected Adjusted R of the 
Model (Selected) R Square Square Estimate 
1 .214® .046 .041 .140213 
a. Predictors: (Constant), FiNVVT, FINAGE. FINHT 
b. Unless noted othenwise, statistics are based only on cases for which (finage > 45) & (finage 

< 101) & (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn =2) (FILTER) = Selected. 

c. Dependent Variable: FINWIDTH 

ANOVA"® 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 Kegression .572 3 .191 9.697 .000" 

Residual 11.914 606 1.966E-02 
Total 12.486 609 

a. Predictors: (Constant). FINWT, FINAGE. FINHT 

b. Dependent Variable: FINWIDTH 

c. Selecting only cases for which (finage > 45) & (finage < 101) & (finwidth > 0) & 
(finbmc > 0) & (finbmi > 0) & (sexn =2) (FILTER) = Selected 

Coefficients'''* 

Model 

Unstandardized 
Coefficients 

Standardiz 
ed 

Coefficient 
s 

t Sig. Model B Std. Error Beta t Sig. 
1 (Constant) 1.303 .066 19.710 .000 

FINAGE 9.028E-04 .001 .054 1.335 .182 
FINHT 4.278E-04 .000 .065 1.337 .182 
FINWT 1.444E-03 .000 .169 3.409 .001 



Coefficients"-'' 640 

Model 

95% Confidence Interval 
forB 

Model 
Lower 
Bound 

Upper 
Bound 

1 (uonstant) 1.173 1.433 
FINAGE .000 .002 
FINHT .000 .001 
FINWT .001 .002 

a. Dependent Variable: FINWIDTH 

b. Selecting only cases for which (finage > 45) & (finage < 101) & (finwidth > 0) & (finbmc > 0) & (finbmi 
> 0) & (sexn =2) (FILTER) = Selected 

Casewise Diagnostics" 

Std. 
Case Number Residual FINWIDTH 

3.378 2.0440 
3695 3.540 2.0120 
3710 3.276 2.0520 
a. Dependent Variable: FINWIDTH 

Residuals Statistics" 

(finage > 45) & (finage < 101) & (finwidth > 0) & (finbmc > 0) & 
(finbmi > 0) & (sexn =2) (FILTER) = Selected (Selected) 

Minimum Maximum Mean 
Std. 

Deviation N 
Frediaec value 
Std. Predicted Value 
Standard Error of 
Predicted Value 
Adjusted Predicted Value 
Residual 
Std. Residual 
Stud. Residual 
Deleted Residual 
Stud. Deleted Residual 
Mahal. Distance 
Cook's Distance 
Centered Leverage Value 

1.346951 
-6.739 

5.6g3E-03 

1.343461 
-.400800 

-2.859 
-2.862 

-.401680 
-2.879 

.006 

.000 

.000 

1.713694 
5.228 

6.491 E-02 

1.733037 
.496314 

3.540 
3.561 

.502180 
3.595 

129.519 
.116 
.213 

1.553477 
.000 

9.794E-03 

1.553299 
8.325E-16 

.000 

.001 
1.785E-04 

.001 
2.995 
.002 
.005 

3.065E-02 
1.000 

5.749E-03 

3.168E-02 
.139868 

.998 
1.001 

.140875 
1.003 
9.303 
.007 
.015 

610 
610 

610 

610 
610 
610 
610 
610 
610 
610 
610 
610 

a. Dependent Variable; FINWIDTH 

Charts 
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Regression 643 

Linear regression of anthropometric variables to predict BMC in males between 46-100 years of 
age. 

Descriptive Statistics* 

Mean 
Std. 

Deviation N 
UNbMU 1.088759 .177016 610 
FINAGE 74.64 8.63 610 
FINHT 169.5967 21.9191 610 
FINWT 76.72 16.77 610 
a. Selecting only cases for which (finage > 45) & (finage < 101) & (finwidth 

> 0) & (finbmc > 0) & (finbmi > 0) & (sexn =2) (FILTER) = Selected 

Correlations' 

FINBMC FINAGE FINHT FINWT 
Hearson correlation hlNbMC 1.000 -.275 .113 .343 

FINAGE -.275 1.000 .037 -.162 
FINHT .113 .037 1.000 .572 
FINWT .343 -.162 .572 1.000 

Sig. (1-tailed) FINBMC . .000 .003 .000 
FINAGE .000 .178 .000 
FINHT .003 .178 .000 
FINWT .000 .000 .000 

N FINBMC 610 610 610 610 
FINAGE 610 610 610 610 
FINHT 610 610 610 610 
FINWT 610 610 610 610 

a. Selecting only cases for which (finage > 45) & (finage < 101) & (finwidth > 0) & 
(finbmc > 0) & (finbmi > 0) & (sexn =2) (FILTER) = Selected 

Variables EnteredyRemoved 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 FINWT. 
FINAGE. 
FINHT^ 

Enter 

a. All requested variables entered. 

b. Dependent Variable: FINBMC 

c. Models are based only on cases for which (finage > 45) & (finage < 101) & 
(finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn =2) (FILTER) = Selected 



Model Summary 644 

R 

(finage > 
45) & 

(finage < 
101)& 

(finwidth > 
0) & (finbmc 

>0)& 
(finbmi > 0) 
& (sexn =2) 
(FILTER) = Std. Enror 

Selected Adjusted R of the 
Model (Selected) R Square Square Estimate 
1 .4143 .172 .168 .161512 
a. Predictors: (Constant), FINWT, FINAGE, FINHT 

b. Unless noted othenwise, statistics are based only on cases for which (finage > 45) & (finage 
< 101) & (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn =2) (FILTER) = Selected. 

c. Dependent Variable: FINBMC 

ANOVA"'® 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 Kegression 3.275 3 1.092 41.846 .000" 

Residual 15.808 606 2.609E-02 
Total 19.083 609 

a. Predictors: (Constant). FINWT, FINAGE, FINHT 

b. Dependent Variable: FINBMC 

c. Selecting only cases for which (finage > 45) & (finage < 101) & (finwidth > 0) & 
(finbnrjc > 0) & (finbmi > 0) & (sexn =2) (FILTER) = Selected 

Coefficients*-'' 

Model 

Unstandardized 
Coefficients 

Standardiz 
ed 

Coefficient 
s 

t Sig. Model B Std. Error Beta t Sig. 
1 (Constant) 1.243 .076 16.326 .000 

FINAGE -4.408E-03 .001 -.215 -5.680 .000 
FINHT -6.654E-04 .000 -.082 -1.805 .072 
FINWT 3.750E-03 .000 .355 7.682 .000 



Coefficients*-'' 645 

Model 

95% Confidence Interval 
forB 

Model 
Lower 
Bound 

Upper 
Bound 

1 (Constant) 1.093 1.392 
FINAGE -.006 -.003 
FINHT -.001 .000 
FINWT .003 .005 

a. Dependent Variable; FINBMC 

b. Selecting only cases for which (finage > 45) & (finage < 101) & (finwidth > 0) & (finbmc > 0) & (finbmi 
> 0) & (sexn =2) (FILTER) = Selected 

Residuals Statistics* 

(finage > 45) & (finage < 101) & (finwidth > 0) & (finbmc > 0) & 
(finbmi > 0) & (sexn =2) (FILTER) = Selected (Selected) 

Minimum Maximum Mean 
Std. 

Deviation N 
hTeaicted value 
Std. Predicted Value 
Standard Error of 
Predicted Value 
Adjusted Predicted Value 
Residual 
Std. Residual 
Stud. Residual 
Deleted Residual 
Stud. Deleted Residual 
Mahal. Distance 
Cook's Distance 
Centered Leverage Value 

.833649 
-3.479 

6.558E-03 

.802491 
-.479484 

-2.969 
-2.976 

-.481945 
-2.996 

.006 

.000 

.000 

1.493737 
5.523 

7.477E-02 

1.509017 
.437672 

2.710 
2.772 

.463509 
2.787 

129.519 
.138 
.213 

1.088759 
.000 

1.128E-02 

1.088667 
1.494E-16 

.000 

.000 
9.240E-0S 

.000 
2.995 
.002 
.005 

7.333E-02 
1.000 

6.622E-03 

7.424E-02 
.161113 

.998 
1.001 

.162340 
1.003 
9.303 
.008 
.015 

610 
610 

610 

610 
610 
610 
610 
610 
610 
610 
610 
610 

a. Dependent Variable; FINBMC 

Charts 
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Regression 648 

Linear regression of anthropometric variables to predict BMD in males between 46-100 years of 
age. 

Descriptive Statistics* 

Mean 
Std. 

Deviation N 
PINBMI .701302 9.731 E-02 610 
FINAGE 74.64 8.63 610 
FINHT 169.5967 21.9191 610 
FINWT 76.72 16.77 610 
a. Selecting only cases for which (finage > 45) & (finage < 101) & (finwidth 

> 0) & (finbmc > 0) & (finbmi > 0) & (sexn =2) (FILTER) = Selected 

Correlations" 

FINBMI FINAGE FINHT FINWT 
Kearson uorreiatjon UNbMi 1.000 -.338 .018 .267 

FINAGE -.338 1.000 .037 -.162 
FINHT .018 .037 1.000 .572 
FINWT .267 -.162 .572 1.000 

Sig. (1-tailed) FINBMI .000 .330 .000 
FINAGE .000 .178 .000 
FINHT .330 .178 .000 
FINWT .000 .000 .000 

N FINBMI 610 610 610 610 
FINAGE 610 610 610 610 
FINHT 610 610 610 610 
FINWT 610 610 610 610 

a. Selecting only cases for which (finage > 45) & (finage < 101) & (finwidth > 0) & 
(finbmc > 0) & (finbmi > 0) & (sexn =2) (FILTER) = Selected 

Variabies Entered/Removed 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 FINWT, 
FINAGE. 
FINHT^ 

• 
Enter 

a. All requested variables entered. 

b. Dependent Variable: FINBMI 

c. Models are based only on cases for which (finage > 45) & (finage < 101) & 
(finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn =2) (FILTER) = Selected 



Model Summary 

R 

(finage > 
45)8. 

(finage < 
101)& 

(finwidth > 
0) & (finbmc 

>0)& 
(finbmi > 0) 
& (sexn =2) 
(FILTER) = Std. Error 

Selected Adjusted R of the 
Model (Selected) R Square Square Estimate 
1 .4188 .175 .171 8.861 E-02 
a. Predictors: (Constant), FINWT. FINAGE, FINHT 

b. Unless noted othenwise, statistics are based only on cases for which (finage > 45) & (finage 
< 101) & (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn =2) (FILTER) = Selected. 

c. Dependent Variable; FINBMI 

ANOVA'>-« 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 Kegression 1.008 3 .336 42.790 .000** 

Residual 4.758 606 7.852E-03 
Total 5.766 609 

a. Predictors: (Constant). FINWT, FINAGE, FINHT 

b. Dependent Variable: FINBMI 

c. Selecting only cases for which (finage > 45) & (finage < 101) & (finwidth > 0) & 
(finbmc > 0) & (finbmi > 0) & (sexn =2) (FILTER) = Selected 

Coefficients*''' 

Model 

Unstandardized 
Coeffidents 

Standardiz 
ed 

Coefficient 
s 

t Sig. Model B Std. Error Beta t Sig. 
1 (Lionstant) .914 .042 21.886 .000 

FINAGE -3.200E-03 .000 -.284 -7.489 .000 
FINHT -6.466E-04 .000 -.146 -3.196 .001 
FINWT 1.768E-03 .000 .305 6.601 .000 



Coefficients"-'' 650 

Model 

95% Confidence Interval 
forB 

Model 
Lower 
Bound 

Upper 
Bound 

1 (uonstant) .832 .996 
FINAGE -.004 -.002 
FINHT -.001 .000 
FINWT .001 .002 

a. Dependent Variable: FINBMI 

b. Selecting only cases for which (finage > 45) & (finage < 101) & (finwidth > 0) & (finbmc > 0) & (finbnni 
> 0) & (sexn =2) (FILTER) = Selected 

Casewise Diagnostics" 

Case Number 
Std. 

Residual FINBMI 
m 
2129 

-3.084 
-3.203 

.4530 

.3720 
a. Dependent Variable: FINBMI 

Residuals Statistics* 

(finage > 45) & (finage < 101) & (finwidth > 0) & (finbmc > 0) & 
(finbmi > 0) & (sexn =2) (FILTER) = Selected (Selected) 

Minimum Maximum Mean 
Std. 

Deviation N 
Kredictea value 
Std. Predicted Value 
Standard Error of 
Predicted Value 
Adjusted Predicted Value 
Residual 
Std. Residual 
Stud. Residual 
Deleted Residual 
Stud. Deleted Residual 
Mahal. Distance 
Cool('s Distance 
Centered Leverage Value 

.587954 
-2.786 

3.598E-03 

.579158 
-.283785 

-3.203 
-3.211 

-.285241 
-3.236 

.006 

.000 

.000 

.898653 
4.851 

4.102E-02 

.900388 

.228409 
2.578 
2.584 

.229494 
2.596 

129.519 
.212 
.213 

.701302 
.000 

6.190E-03 

.701322 
7.426E-17 

.000 

.000 
•2.08E-05 

.000 
2.995 
.002 
.005 

4.065E-02 
1.000 

3.633E-03 

4.104E-02 
8.839E-02 

.998 
1.001 

8.907E-02 
1.003 
9.303 
.010 
.015 

610 
610 

610 

610 
610 
610 
610 
610 
610 
610 
610 
610 

a. Dependent Variable: FINBMI 

Charts 
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653 

Linear regression of reproductive variables to predict distal third radial width in all females with 
a combined reproductive span between 46-100 years of age. 

Regression 

Descriptive Statistics* 

Mean 
Std. 

Deviation N 
f-lNWIUlH 1.288563 .124767 1582 
MENARC 13.11 2.58 1582 
MENO 46.72 7.25 1582 
FINAGE 71.53 10.33 1582 
TREPSP 33.65 7.57 1582 

a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & 
(sexn = 1) & (menarc >6) & ( menolS) & (trepsp > 0.1) (FILTER) = Selected 

Correlations* 

FINWIDTH MENARC MENO 
Hearson correlation UNWIDIH 1.000 -.002 -.007 

MENARC -.002 1.000 .052 
MENO -.007 .052 1.000 
FINAGE .054 .128 .116 
TREPSP -.007 -.291 .940 

SIg. (1-tailed) FINWIDTH .471 .387 
MENARC .471 .019 
MENO .387 .019 
FINAGE .016 .000 .000 
TREPSP .391 .000 .000 

N FINWIDTH 1582 1582 1582 
MENARC 1582 1582 1582 
MENO 1582 1582 1582 
FINAGE 1582 1582 1582 
TREPSP 1582 1582 1582 



Correlations* 

a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn 

Sig. (1-tailed) 

Pearson correlation UNWium 
MENARC 
MENO 
FINAGE 
TREPSP 
FINWIDTH 
MENARC 
MENO 
FINAGE 
TREPSP 
FINWIDTH 
MENARC 
MENO 
FINAGE 
TREPSP 

"057 
.128 
.116 

1.000 
.067 

1582 
1582 
1582 
1582 
1582 

.016 

.000 

.000 

.004 

TTOT 
-.291 
.940 
.067 

1.000 

1582 
1582 
1582 
1582 
1582 

.391 

.000 

.000 

.004 

FINAGE TREPSP 

(menarc >6 ) & (meno>15) & (trepsp > 0.1) (FILTER) = Selected 

Variables Entered/Removed 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 TREPSP, 
FINAGE. 
MENARC, 
MENO 

Enter 

a. All requested variables entered. 

b. Dependent Variable: FINWIDTH 
c. Models are based only on cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) 

& (sexn = 1) & (menarc >6) & (meno>15 ) & (trepsp > 0.1) (FILTER) = Selected 



Model Summary 

R 

Model 

(finwidth > 
0) & (finbmc 

> 0 ) &  
(finbmi > 0) 
& (sexn = 

1 ) &  
(menarc >6 

) & (  
meno>15) 
& (trepsp > 

0.1) 
(FILTER) = 

Selected 
(Selected) R Square 

Adjusted R 
Square 

Std. Error 
of the 

Estimate 
1 .061" .004" .001 .124696 
a. Predictors: (Constant), TREPSP, FINAGE, MENARC, MENO 

ANOVA"-': 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 Kegression 9.029E-02 4 2.257E-02 1.452 .2153 

Residual 24.521 1577 1.555E-02 
Total 24.611 1581 

a. Predictors: (Constant). TREPSP, FINAGE. MENARC. MENO 
b. Dependent Variable: FINWIDTH 

c. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc >6) & (meno>15 ) & (trepsp > 0.1) (FILTER) = Selected 

Coefficients*''* 

Model 

Unstandardized 
Coefficients 

Standardiz 
ed 

Coefficient 
s 

t Sig. Model B Std. Error Beta t Sig. 
1 ((Jonstant) 1.256 .031 40.582 .000 

MENARC -1.337E-02 .015 -.277 -.903 .367 
MENO 1.275E-02 .015 .741 .863 .388 
FINAGE 6.790E-04 .000 .056 2.204 .028 
TREPSP -1.297E-02 .015 -.787 -.879 .380 

a. Dependent Variable: FINWIDTH 

b. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc >6) & (meno>15) & (trepsp > 0.1) (FILTER) = Selected 



656 

Linear regression of reproductive variables to predict BMC in all females with a combined 
reproductive span between 46-100 years of age. 

Descriptive Statistics* 

Mean 
Std. 

Deviation N 
hllNHMU .681980 .138580 15S2 
MENARC 13.11 2.58 1582 
MENO 46.72 7.25 1582 
FINAGE 71.53 10.33 1582 
TREPSP 33.65 7.57 1582 
a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & 

(sexn = 1) & (menarc >6) & ( meno>15) & (trepsp > 0.1) (FILTER) = Selected 

Correlations* 

FINBMC MENARC MENO 
Kearson correlation hINBMC 1.000 -.092 -.072 

MENARC -.092 1.000 .052 
MENO -.072 .052 1.000 
FINAGE -.504 .128 .116 
TREPSP -.037 -.291 .940 

Sig. (1-tailed) PINBMC .000 .002 
MENARC .000 .019 
MENO .002 .019 
FINAGE .000 .000 .000 
TREPSP .071 .000 .000 

N FINBMC 1582 1582 1582 
MENARC 1582 1582 1582 
MENO 1582 1582 1582 
FINAGE 1582 1582 1582 
TREPSP 1582 1582 1582 



Correlations' 657 

Kearson correlation hlNUMU 
MENARC 
MENO 
FINAGE 
TREPSP 

FINAGE 
TSIST 
.128 
.116 

1.000 
.067 

TREPSP 
:W 
-.291 
.940 
.067 

1.000 
Sig. (1-tailed) PIN5MC 

MENARC 
MENO 
FINAGE 
TREPSP 
PINBMC 
MENARC 
MENO 
FINAGE 
TREPSP 

.000 

.000 

.000 

.004 

.071 

.000 

.000 

.004 

TT 1582 
1582 
1582 
1582 
1582 

1582 
1582 
1582 
1582 
1582 

a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) & 
(menarc >6) 8i (meno>15) & (trepsp >0.1) (FILTER) = Selected 

Variables Entered/Removed 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 TREPSP. 
FINAGE. 
MENARC. 
MENO 

Enter 

a. All requested variables entered. 

b. Dependent Variable; FINBMC 

c. Models are based only on cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) 
& (sexn = 1) & (menarc >6) 8i ( meno>15) & (trepsp > 0.1) (FILTER) = Selected 



Model Summary 

R 

Model 

(finwidth > 
0) & (finbmc 

> 0 ) &  
(finbmi > 0) 
& (sexn = 

1 ) &  
(menarc >6 

) & (  
meno>15) 
& (trepsp > 

0.1) 
(FILTER) = 

Selected 
(Selected) R Square 

Adjusted R 
Square 

Std. Error 
of the 

Estimate 
1 .5(J53 .256 .254 .119720 
a. Predictors: (Constant), TREPSP, FINAGE, MENARC, MENO 

ANOVA"'® 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 Kegression 7.759 4 1.940 135.337 .000" 

Residual 22.603 1577 1.433E-02 
Total 30.362 1581 

a. Predictors: (Constant), TREPSP, FINAGE, MENARC, MENO 

b. Dependent Variable: FINBMC 

c. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc >6) & (meno>15) & (trepsp > 0.1) (FILTER) = Selected 

Coefficients*''' 

Model 

Unstandardized 
Coefficients 

Standardiz 
ed 

Coefficient 
s 

t Sig. Model B Std. Error Beta t Sig. 
1 (constant) 1.191 .030 40.089 .000 

MENARC 1.284E-02 .014 .239 .903 .367 
MENO -1.457E-02 .014 -.762 -1.027 .305 
FINAGE -6.691 E-03 .000 -.499 -22.615 .000 
TREPSP 1.431E-02 .014 .782 1.010 .313 

a. Dependent Variable; FINBMC 

b. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc >6) & (meno>15) & (trepsp > 0.1) (FILTER) = Selected 



659 

Linear regression of reproductive variables to predict BMD in all females with a combined 
reproductive span between 46-100 years of age. 

Regression 

Descriptive Statistics* 

Mean 
Std. 

Deviation N 
UNbMI .530874 .102380 1582 
MENARC 13.11 2.58 1582 
MEMO 46.72 7.25 1582 
FINAGE 71.53 10.33 1582 
TREPSP 33.65 7.57 1582 

a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbnni > 0) & 
(sexn = 1) & (menarc >6) & (meno>15) & (trepsp > 0.1) (FILTER) = Selected 

Correlations' 

FINBMI MENARC MENO 
Kearson uorreiation i-iNbivii 1.000 -.094 -.068 

MENARC -.094 1.000 .052 
MENO -.068 .052 1.000 
FINAGE -.557 .128 .116 
TREPSP -.032 -.291 .940 

Sig. (i-tailed) nN5MI .000 .004 
MENARC .000 .019 
MENO .004 .019 
FINAGE .000 .000 .000 
TREPSP .104 .000 .000 

N FINBMI 1582 1582 1582 
MENARC 1582 1582 1582 
MENO 1582 1582 1582 
FINAGE 1582 1582 1582 
TREPSP 1582 1582 1582 



Correlations' 660 

Pearson c;orreiation 

Sig. (1-tailed) 

"FT 

UNHMI 
MENARC 
MENO 
FINAGE 
TREPSP 
PIN6MI 
MENARC 
MENO 
FINAGE 
TREPSP 
PINSMI 
MENARC 
MENO 
FINAGE 
TREPSP 

FINAGE 
^357-
.128 
.116 

1.000 
.067 
.000 
.000 
.000 

.004 
1582 
1582 
1582 
1582 
1582 

a. Selecting only cases for which (finwidth > 0) & 

TREPSP 

-.291 
.940 
.067 

1.000 
.104 
.000 
.000 
.004 

1582 
1582 
1582 
1582 
1582 

(menarc >6) & (meno>15 ) & (trepsp > 0.1) (FILTER) = Selected 
i finbmc > 0) & (finbnni > 0) & (sexn = 1) & 

Variables Entered/Removed 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 TREPSP, 
FINAGE. 
MENARC, 
MENO 

Enter 

a. All requested variables entered. 

b. Dependent Variable: FINBMI 

c. Models are based only on cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) 
& (sexn = 1) & (menarc >6 ) & (meno>15 ) & (trepsp > 0.1) (FILTER) = Selected 



Model Summary 

R 

Model 

(finwidth > 
0) & (finbmc 

> 0 ) &  
(finbmi > 0) 
& (sexn = 

1 ) &  
(menarc >6 

) & (  
meno>15) 
& (trepsp > 

0.1) 
(FILTER) = 

Selected 
(Selected) R Square 

Adjusted R 
Square 

Std. Error 
of the 

Estimate 
1 .558" .312 .310 8.505E-02 
a. Predictors: (Constant). TREPSP. FINAGE. MENARC, MENO 

ANOVA"" 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 Kegression S.iSS 4 1.291 178.522 .000" 

Residual 11.406 1577 7.233E-03 
Total 16.572 1581 

a. Predictors: (Constant). TREPSP. FINAGE. MENARC. MENO 

b. Dependent Variable: FINBMI 

c. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc >6) & (meno>15) & (trepsp > 0.1) (FILTER) = Selected 

Coefficients"'" 

Model 

Unstandardized 
Coefficients 

Standardiz 
ed 

Coefficient 
s 

t Sig. Model B Std. Error Beta t Sig. 
1 (uonstant) .936 .021 44.345 .000 

MENARC 1.586E-02 .010 .400 1.571 .116 
MENO -1.681E-02 .010 -1.190 -1.668 .096 
FINAGE -5.480E-03 .000 -.553 -26.074 .000 
TREPSP 1.677E-02 .010 1.240 1.665 .096 

a. Dependent Variable: FINBMI 

b. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc >6) & (meno>15) & (trepsp > 0.1) (FILTER) = Selected 
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Linear regression of reproductive variables to predict distal third radial width in all females with 
a natural reproductive span between 46-100 years of age. 

Regression 

Descriptive Statistics" 

Mean 
Std. 

Deviation N 
t-iNWium 1.288132 .123992 757 
MENARC 13.22 3.01 757 
MENO 49.49 5.38 757 
FINAGE 71.41 10.27 757 
TREPSP 36.33 6.19 757 
a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn 

= 1) & (menarc >6) & ( meno>15) & (trepsp > 0.1) & (o... (FILTER) = Selected 

Correlations* 

FINWIDTH MENARC MENO 
Pearson (Jorreiation U N W I U I H  1.000 .013 -.017 

MENARC .013 1.000 -.004 
MENO -.017 -.004 1.000 
FINAGE .077 .104 .035 
TREPSP -.023 -.490 .873 

Sig. (1-tailed) FINWIDTH .365 .323 
MENARC .365 .455 
MENO .323 .455 
FINAGE .017 .002 .168 
TREPSP .267 .000 .000 

N FINWIDTH 757 757 757 
MENARC 757 757 757 
MENO 757 757 757 
FINAGE 757 757 757 
TREPSP 757 757 757 



Correlations* 

Pearson correlation UNWIUIH 
MENARC 
MENO 
FINAGE 
TREPSP 

FINAGE 
TJTT 
.104 
.035 

1.000 
-.022 

TREPSP 
—Tm" 

-.490 
.873 

-.022 
1.000 

SIg. (1-tailed) FINWIDTH 
MENARC 
MENO 
FINAGE 
TREPSP 
FINWIDTH 
MENARC 
MENO 
FINAGE 
TREPSP 

.017 

.002 

.168 

.272 

.267 

.000 

.000 

.272 

N 757 
757 
757 
757 
757 

757 
757 
757 
757 
757 

a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) & 
(menarc >6) & (meno>15 ) & (trepsp > 0.1) & (o... (FILTER) = Selected 

Variables Entered/Removed 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 TREPSP, 
FINAGE. 
MENARC, 
MENO 

Enter 

a. All requested variables entered. 

b. Dependent Variable: FINWIDTH 

c. Models are based only on cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & 
(sexn = 1) & (menarc >6) & (meno>15) & (trepsp > 0.1) & (o... (FILTER) = Selected 



Model Summary 

R 

Model 

(finwidth > 
0) & (finbmc 

> 0 ) &  
(finbmi > 0) 
& (sexn = 

1 ) &  
(menarc >6 

) & (  
meno>15) 
& (trepsp > 
0.1) &(o... 

(FILTER) = 
Selected 

(Selected) R Square 
Adjusted R 

Square 

Std. Error 
of the 

Estimate 
1 .094" .009 .004 .123772 
a. Predictors: (Constant). TREPSP, FINAGE, MENARC, MENO 

ANOVA'''^ 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 Kegression .102 4 2.561 E-02 1.572 .155" 

Residual 11.520 752 1.532E-02 
Total 11.623 756 

a. Predictors; (Constant). TREPSP. FINAGE, MENARC. MENO 

b. Dependent Variable: FINWIDTH 

c. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc >6) & ( meno>15) & (trepsp > 0.1) & (o... (FILTER) = Selected 

Coefficients*''' 

Model 

Unstandardized 
Coeffidents 

Standardiz 
ed 

Coeffident 
s 

t Sig. Model B Std. Error Beta t Sig. 
1 (constant) 1.243 .054 23.036 .000 

MENARC -2.712E-02 .020 -.659 -1.359 .174 
MENO 2.690E-02 .020 1.168 1.349 .178 
FINAGE 9.028E-04 .000 .075 2.044 .041 
TREPSP -2.732E-02 .020 -1.364 -1.372 .170 

a. Dependent Variable: FINWIDTH 

b. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc >6) & (meno>15) & (trepsp > 0.1) & (o... (FILTER) = Selected 
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Linear regression of reproductive variables to predict BMC in all females with a natural 
reproductive span between 46-100 years of age. 

Regression 

Descriptive Statistics* 

Mean 
Std. 

Deviation N 
UNbR/IU .669760 .131040 757 
MENARC 13.22 3.01 757 
MENO 49.49 5.38 757 
FINAGE 71.41 10.27 757 
TREPSP 36.33 6.19 757 
a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn 

= 1) & (menarc >6) & (meno>15 ) & (trepsp > 0.1) & (o... (FILTER) = Selected 

Correlations* 

FINBMC MENARC MENO 
Pearson correlation l-INBMU 1.000 -.093 -.009 

MENARC -.093 1.000 -.004 
MENO -.009 -.004 1.000 
FINAGE -.476 .104 .035 
TREPSP .038 -.490 .873 

Sig. (1-tailed) FINBMC .005 .407 
MENARC .005 .455 
MENO .407 .455 
FINAGE .000 .002 .168 
TREPSP .149 .000 .000 

N FINBMC 757 757 757 
MENARC 757 757 757 
MENO 757 757 757 
FINAGE 757 757 757 
TREPSP 757 757 757 



Correlations" 666 

Pearson correlation l-INBMC 
MENARC 
MENO 
FINAGE 
TREPSP 

FINAGE 

.104 

.035 
1.000 
-.022 

TREPSP 
TOT 

-.490 
.873 

-.022 
1.000 

Sig. (1-tailed) FINBMC 
MENARC 
MENO 
FINAGE 
TREPSP 

"FT PINBMC 
MENARC 
MENO 
FINAGE 
TREPSP 

.000 

.002 

.168 

.272 

.149 

.000 

.000 

.272 

757 
757 
757 
757 
757 

757 
757 
757 
757 
757 

a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) & 
(menarc >6) & ( meno>15 ) & (trepsp > 0.1) & (o... (FILTER) = Selected 

Variables Entered/Removed 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 TREPSP. 
FINAGE, 
MENARC, 
MENO 

Enter 

a. All requested variables entered. 

b. Dependent Variable: FINBMC 

c. Models are based only on cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & 
(sexn = 1) & (menarc >6 ) & (meno>15) & (trepsp > 0.1) & (o... (FILTER) = Selected 



Model Summary 

R 

Model 

(finwidth > 
0) & (finbmc 

> 0 ) &  
(finbmi > 0) 
& (sexn = 

1 ) &  
(menarc >6 

) & (  
meno>15) 
& (trepsp > 
0.1) &(o... 
(FILTER) = 

Selected 
(Selected) R Square 

Adjusted R 
Square 

Std. Error 
of the 

Estimate 
1 .479'* .230 .226 .115322 
a. Predictors: (Constant). TREPSP, FINAGE, MENARC. MENO 

ANOVA'>'« 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 Kegression 2.981 4 .745 56.030 .OOO** 

Residual 10.001 752 1.330E-02 
Total 12.982 756 

a. Predictors: (Constant). TREPSP, FINAGE. MENARC. MENO 

b. Dependent Variable: FINBMC 

c. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc >6 ) & (meno>15) & (trepsp > 0.1) & (o... (FILTER) = Selected 

Coefficients"''' 

Model 

Unstandardized 
Coefficients 

Standardiz 
ed 

Coefficient 
s 

t Sig. Model B Std. En^jr Beta t Sig. 
1 (CJonstant) 1.117 .050 22.213 .000 

MENARC -1.603E-02 .019 -.369 -.862 .389 
MENO 1.433E-02 .019 .589 .771 .441 
FINAGE -6.041 E-03 .000 -.473 -14.682 .000 
TREPSP -1.412E-02 .019 -.667 -.761 .447 

a. Dependent Variable: FINBMC 

b. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc >6) & (meno>15) & (trepsp > 0.1) & (o... (FILTER) = Selected 
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Linear regression of reproductive variables to predict BMD in all females with a natural 
reproductive span between 46-100 years of age. 

Regression 

Descriptive Statistics* 

Mean 
Std. 

Deviation N 
hINbMI .521836 9.836E-02 757 
MENARC 13.22 3.01 757 
MEMO 49.49 5.38 757 
FINAGE 71.41 10.27 757 
TREPSP 36.33 6.19 757 

a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn 
= 1) & (menarc >6) & (meno>15 ) & (trepsp > 0.1) & (o... (FILTER) = Selected 

Correlations* 

FINBMI MENARC MENO 
Pearson uorreiation hlNBMI 1.000 -.104 .000 

MENARC -.104 1.000 -.004 
MENO .000 -.004 1.000 
FINAGE -.535 .104 .035 
TREPSP .052 -.490 .873 

Sig. (1-tailed) FINBMI .002 .499 
MENARC .002 .455 
MENO .499 .455 
FINAGE .000 .002 .168 
TREPSP .078 .000 .000 

N FINBMI 757 757 757 
MENARC 757 757 757 
MENO 757 757 757 
FINAGE 757 757 757 
TREPSP 757 757 757 



Correlations* 

Pearson correlation hlNUMI 
MENARC 
MENO 
FINAGE 
TREPSP 

FINAGE 
—:33r 

.104 

.035 
1.000 
-.022 

TREPSP 
IJST" 

-.490 
.873 

-.022 
1.000 

Sig. (1-tailed) HNBMI 
MENARC 
MENO 
FINAGE 
TREPSP 
FINBMI 
MENARC 
MENO 
FINAGE 
TREPSP 

.000 

.002 

.168 

.272 

.078 

.000 

.000 

.272 

TT 757 
757 
757 
757 
757 

757 
757 
757 
757 
757 

a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) & 
(menarc >6) & (meno>15) & (trepsp > 0.1) & (o... (FILTER) = Selected 

Variables Entered/Removed 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 TREPSP, 
FINAGE. 
MENABC, 
MENO 

Enter 

a. All requested variables entered. 

b. Dependent Variable: FINBMI 

c. Models are based only on cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & 
(sexn = 1) & (menarc >6) & (meno>15 ) & (trepsp > 0.1) & (o... (FILTER) = Selected 



Model Summary 

R 

Model 

(finwidth > 
0) & (finbmc 

> 0 ) &  
(finbmi > 0) 
& (sexn = 

1 ) &  
(menarc >6 

) & (  
meno>15) 
& (trepsp > 
0.1) &(o... 
(FILTER) = 

Selected 
(Selected) R Square 

Adjusted R 
Square 

Std. Error 
of the 

Estimate 
1 .5373 .288 .285 8.319E-02 
a. Predictors: (Constant). TREPSP, FINAGE, MENARC, MENO 

ANOVA^c 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 Kegression 2.110 4 .527 76.212 .000" 

Residual 5.205 752 6.921 E-03 
Total 7.314 756 

a. Predictors: (Constant), TREPSP, FINAGE, MENARC, MENO 

b. Dependent Variable: FINBMI 

c. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc >6) & ( meno>15) & (trepsp > 0.1) & (o... (FILTER) = Selected 

Coefficients*''' 

Model 

Unstandardized 
Coefficients 

Standard iz 
ed 

Coefficient 
s 

t Sig. Model B Std. Error Beta t Sig. 
1 (Constant) .fi8S .036 24.497 

MENARC -5.276E-04 .013 -.016 -.039 .969 
MENO -7.178E-04 .013 -.039 -.054 .957 
FINAGE -5.077E-03 .000 -.530 -17.106 .000 
TREPSP 1.053E-03 .013 .066 .079 .937 

a. Dependent Variable: FiNBMI 

b. Seleding only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc >6) & (meno>15) & (trepsp > 0.1) & (o... (FILTER) = Selected 
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Linear regression of reproductive variables to predict distal third radial width in all females with 
hysterectomy between 46-100 years of age. 

Regression 

Descriptive Statistics' 

Mean 
Std. 

Deviation N 
UNWIU 1 M 1.285385 .128033 234 
MENARC 12.94 1.71 234 
MENO 42.54 7.51 234 
FINAGE 70.04 11.37 234 
TREPSP 29.64 7.62 234 

a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbml > 0) & (sexn 
= 1) & (menarc >6 ) & ( meno>15 ) & (trepsp > 0.1) & (o... (FILTER) = Selected 

Correlations* 

FINWIDTH MENARC MENO 
Kearson (jonreiauon UNWIDTH 1.000 -.062 -.021 

MENARC -.062 1.000 .035 
MENO -.021 .035 1.000 
FINAGE .012 .092 .338 
TREPSP -.006 -.187 .975 

Sig. (1-tailed) FINWIDTH .171 .375 
MENARC .171 .300 
MENO .375 .300 
FINAGE .427 .080 .000 
TREPSP .466 .002 .000 

N FINWIDTH 234 234 234 
MENARC 234 234 234 
MENO 234 234 234 
FINAGE 234 234 234 
TREPSP 234 234 234 



Correlations* 672 

a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) & 
(menarc >6) & ( meno>15 ) & (trepsp > 0.1) & (o... (FILTER) = Selected 

Sig. (1-tailed) 

Pearson correlation h i Nwi u i i-i 
MENARC 
MENO 
FINAGE 
TREPSP 
FINWIDTH 
MENARC 
MENO 
FINAGE 
TREPSP 
FINWIDTH 
MENARC 
MENO 
FINAGE 
TREPSP 

U77 
.092 
.338 

1.000 
.310 
.427 
.080 
.000 

.000 
234 
234 
234 
234 
234 

-.187 
.975 
.310 

1.000 
.466 
.002 
.000 
.000 

234 
234 
234 
234 
234 

FINAGE TREPSP 

Variables Entered/Rennoved 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 TREPSP, 
MENARC. 
FINAGE. 
MENO 

Enter 

a. All requested variables entered. 

b. Dependent Variable: FINWIDTH 

c. Models are based only on cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & 
(sexn = 1) & (menarc >6) & (meno>15) & (trepsp > 0.1) & (o... (FILTER) = Selected 



Model Summary 

R 

Model 

(finwidth > 
0) & (finbmc 

> 0 ) &  
(finbmi > 0) 
& (sexn = 

1 ) &  
(menarc >6 

) & (  
meno>15) 
& (trepsp > 
0.1) &(o... 
(FILTER) = 

Selected 
(Selected) R Square 

Adjusted R 
Square 

Std. Error 
of the 

Estimate 
1 .087" .008 -.010 .126643 

a. Predictors: (Constant), TREPSP. IWENARC, FINAGE, MENO 

ANOVA"': 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 Kegression 2.823E-02 4 7.058E-03 .440 .7503 

Residual 3.673 229 1.604E-Q2 
Total 3.701 233 

a. Predictors: (Constant), TREPSP, MENARC. FINAGE. MENO 

b. Dependent Variable: FINWIDTH 

c. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc >6 ) & (meno>15 ) & (trepsp > 0.1) & (o... (FILTER) = Selected 

Coefficients*'" 

Model 

Unstandardized 
Coefficients 

Standardiz 
ed 

Coeffident 
s 

t Sig. Model B Std. Error Beta t Sig. 
1 (Constant) 1.346 .064 16.033 .000 

MENARC 2.929E-02 .043 .399 .677 .499 
MENO -3.4g8E-02 .044 -2.083 -.801 .424 
FINAGE 3.431 E-04 .001 .031 .440 .660 
TREPSP 3.456E-02 .044 2.090 .791 .430 

a. Dependent Variable: FINWIDTH 

b. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc >6) & (meno>15) & (trepsp > 0.1) & (o... (FILTER) = Selected 
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Linear regression of reproductive variables to predict BMC in all females with hysterectomy 
between 46-100 years of age. 

Regression 

Descriptive Statistics* 

Mean 
Std. 

Oeviaticn N 
UNBML; .712825 .147385 234 
MENARC 12.94 1.71 234 
MENO 42.54 7.51 234 
FINAGE 70.04 11.37 234 
TREPSP 29.64 7.62 234 
a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn 

= 1) & (menarc >6) & ( nneno>15) & (trepsp > 0.1) & (o... (FILTER) = Selected 

Correlations* 

FINBMC MENARC MENO 
Pearson correlation hlNbML: 1.000 -.134 -.230 

MENARC -.134 1.000 .035 
MENO -.230 .035 1.000 
FINAGE -.601 .092 .338 
TREPSP -.195 -.187 .975 

Sig. (1-tailed) FINBMC . .020 .000 
MENARC .020 .300 
MENO .000 .300 . 

FINAGE .000 .080 .000 
TREPSP .001 .002 .000 

N FINBMC 234 234 234 
MENARC 234 234 234 
MENO 234 234 234 
FINAGE 234 234 234 
TREPSP 234 234 234 



Correlations* 

Pearson (Jorreiation l-INBMU 
MENARC 
MENO 
FINAGE 
TREPSP 

FINAGE 

.092 

.338 
1.000 

.310 

TREPSP 
—rrar 

-.187 
.975 
.310 

1.000 
SIg. (1-tailed) TTRBMC" 

MENARC 
MENO 
FINAGE 
TREPSP 
PINBMC 
MENARC 
MENO 
FINAGE 
TREPSP 

.000 

.080 

.000 

.000 

.001 

.002 

.000 

.000 

N 234 
234 
234 
234 
234 

234 
234 
234 
234 
234 

a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) & 
(menarc >6) & (meno>15) & (trepsp > 0.1) & (o... (FILTER) = Selected 

Variables Entered/Removed 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 TREPSP, 
MENARC. 
FINAGE. 
MENO 

Enter 

a. All requested variables entered. 

b. Dependent Variable: FINBMC 

c. Models are based only on cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & 
(sexn = 1) & (menarc >6) & ( meno>15) & (trepsp > 0.1) & (o... (FILTER) = Selected 



Model Summary 

R 

Model 

(finwidth > 
0) & (finbmc 

> 0 ) &  
(finbmi > 0) 
& (sexn = 

1 ) &  
(menarc >6 

) & (  
meno>15) 
& (trepsp > 
0.1) & (0... 
(FILTER) = 

Selected 
(Selected) R Square 

Adjusted R 
Square 

Std. Error 
of the 

Estimate 
1 .608" .370 .359 .118043 
a. Predictors: (Constant), TREPSP. MENARC. FINAGE. MENO 

ANOVA"® 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 Kegression 1.870 4 .468 33.557 .0003 

Residual 3.191 229 1.393E-02 
Total 5.061 233 

a. Predictors: (Constant). TREPSP. MENARC. FINAGE. MENO 

b. Dependent Variable: FINBMC 

c. Selecting only cases for whicti (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc >6) & (meno>15) & (trepsp > 0.1) & (o... (FILTER) = Selected 

Coefficients**'' 

Model 

Unstandardized 
Coeffidents 

Standardiz 
ed 

Coeffident 
s 

t Sig. Model B Std. Error Beta t Sig. 
1 (uonstant) 1.357 .078 17.340 .000 

MENARC 1.874E-02 .040 .218 .465 .643 
MENO -2.653E-02 .041 -1.351 -.652 .515 
FINAGE -7.533E-03 .001 -.581 -10.367 .000 
TREPSP 2.597E-02 .041 1.343 .638 .524 

a. Dependent Variable: FINBMC 

b. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc >6) & (meno>15) & (trepsp > 0.1) & (o... (FILTER) = Selected 
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Linear regression of reproductive variables to predict BMD in all females with hysterectomy 
between 46-100 years of age. 

Regression 

Descriptive Statistics" 

Mean 
Std. 

Deviation N 
UNbMI .555633 .106902 234 
MENARC 12.94 1.71 234 
MENO 42.54 7.51 234 
FINAGE 70.04 11.37 234 
TREPSP 29.64 7.62 234 

a. Selecting only cases for which (finwidth > 0) & (finbnic > 0) & (finbmi > 0) & (sexn 
= 1) & (menarc >6) & (meno>15) & (trepsp > 0.1) & (o... (FILTER) = Selected 

Correlations" 

FINBMI MENARC MENO 
Pearson (jorreiation r-iNUMi 1.000 -.121 -.236 

MENARC -.121 1.000 .035 
MENO -.236 .035 1.000 
FINAGE -.657 .092 .338 
TREPSP -.204 -.187 .975 

Sig. (1-tailed) FINBMI .032 .000 
MENARC .032 .300 
MENO .000 .300 
FINAGE .000 .080 .000 
TREPSP .001 .002 .000 

N FINBMI 234 234 234 
MENARC 234 234 234 
MENO 234 234 234 
FINAGE 234 234 234 
TREPSP 234 234 234 



Correlations" 

Hearson correlation hlNUMI 
MENARC 
MENO 
FINAGE 
TREPSP 

FINAGE 
:W 
.092 
.338 

1.000 
.310 

TREPSP 
7m-
-.187 
.975 
.310 

1.000 
Sig. (1-tailed) PINBMI 

MENARC 
MENO 
FINAGE 
TREPSP 
PINBMI 
MENARC 
MENO 
FINAGE 
TREPSP 

.000 

.080 

.000 

.000 

.001 

.002 

.000 

.000 

N 234 
234 
234 
234 
234 

234 
234 
234 
234 
234 

a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) & 
(menarc >6) & ( meno>15) & (trepsp > 0.1) & (o... (FILTER) = Selected 

Variables Entered/Removed 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 TREPSP, 
MENARC. 
FINAGE. 
MENO"^ 

Enter 

a. All requested variables entered. 

b. Dependent Variable: FINBMI 

c. Models are based only on cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & 
(sexn = 1) & (menarc >6) & (meno>15) & (trepsp > 0.1) & (o... (FILTER) = Selected 



Model Summary 

R 

Model 

(finwidth > 
0) & (finbmc 

> 0 ) &  
(finbmi > 0) 
& (sexn = 

1 ) &  
(menarc >6 

) & (  
meno>15) 
& (trepsp > 
0.1) &(o... 
(FILTER) = 

Selected 
(Selected) R Square 

Adjusted R 
Square 

Std. Error 
of the 

Estimate 
1 .660® .435 .425 8.104E-02 
a. Predictors: (Constant). TREPSP, MENARC, FINAGE, MENO 

ANOVA»»'C 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 Kegression 1.159 4 .290 44.H5 .000" 

Residual 1.504 229 6.5e7E-03 
Total 2.663 233 

a. Predictors: (Constant), TREPSP. MENARC, FINAGE. MENO 

b. Dependent Vanable: FINBMI 

c. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc >6) & (meno>15) & (trepsp > 0.1) & (o... (FILTER) = Selected 

Coefficients*'^ 

Model 

Unstandardized 
Coeffidents 

Standardiz 
ed 

Coefficient 
s 

t Sig. Model B Std. Error Beta t Sig. 
1 ((Constant) 1.040 .054 15.352 .000 

MENARC 1.571E-03 .028 .025 .057 .955 
MENO -5.658E-03 .028 -.397 -.203 .840 
FINAGE -6.065E-03 .000 -.645 -12.158 .000 
TREPSP 5.446E-03 .028 .388 .195 .846 

a. Dependent Variable: FINBMI 

b. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc >6) & (meno>15) & (trepsp > 0.1) & (o... (FILTER) = Selected 
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Linear regression of reproductive variables to predict distal third radial width in all females with 
oophorectomy between 46-100 years of age. 

Regression 

Warnings 

All cases were selected. There Is 
no residuals output for unselected 
cases. 

Descriptive Statistics' 

Mean 
Std. 

Deviation N 
hllNWIUm 1.277634 .105653 41 
FINAGE 71.51 8.23 41 
MENARC 13.27 1.63 41 
MENO 49.17 7.67 41 
TREPSP 36.00 7.80 41 
a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn 

= 1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

Correlations* 

FINWIDTH FINAGE MENARC 
Pearson uorreiauon U N W I U I H  1.000 -.072 .091 

FINAGE -.072 1.000 .150 
MENARC .091 .150 1.000 
MENO -.310 -.113 .022 
TREPSP -.330 -.142 -.195 

Sig. (1-tailed) FINWIDTH .328 .285 
FINAGE .328 .175 
MENARC .285 .175 
MENO .024 .241 .445 
TREPSP .018 .188 .111 

N FINWIDTH 41 41 41 
FINAGE 41 41 41 
MENARC 41 41 41 
MENO 41 41 41 
TREPSP 41 41 41 



Correlations' 

a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) & 

Sig. (1-tailed) 

Kearson correlation hiNWium 
FINAGE 
MENARC 
MENO 
TREPSP 
FINWIDTH 
FINAGE 
MENARC 
MENO 
TREPSP 
FINWIDTH 
FINAGE 
MENARC 
MENO 
TREPSP 

T3T7 
-.113 
.022 

1.000 
.976 
.024 
.241 
.445 

.000 

TREPSP 
—Tm 

-.142 
-.195 
.976 

1.000 
.018 
.188 
.111 
.000 

MENO 

(menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

Variables Entered/Removed 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 TREPSP, 
FINAGE, 
MENARC, 
MENO 

Enter 

a. All requested variables entered. 

b. Dependent Variable: FINWIDTH 

c. Models are based only on cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & 
(sexn = 1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 



Model Summary'*''^ 

R 

Model 

(finwidth > 
0) & (finbmc 

> 0 ) &  
(finbmi > 0) 
& (sexn = 

1 ) &  
(menarc > 
6) & (meno 

> 15) & 
(oophgrou = 

2)&(h... 
(FILTER) = 

Selected 
(Selected) R Square 

Adjusted R 
Square 

Std. Error 
of the 

Estimate 
1 .383" .147 .052 .102862 
a. Predictors: (Constant). TREPSP, FINAGE, MENARC. MENO 

b. Unless noted otherwise, statistics are based only on cases for which 
(finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) & (menarc > 
6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected. 

c. Dependent Variable: FINWIDTH 

ANOVA"'® 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 Kegression 6.560E-02 4 1.640E-02 1.550 .209" 

Residual .381 36 1.058E-02 
Total .447 40 

a. Predictors: (Constant). TREPSP. FINAGE. MENARC. MENO 

b. Dependent Variable: FINWIDTH 

c. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 



Coefficients"-'' 

Model 

Unstandardized 
Coefficients 

Standardiz 
ed 

Coefficient 
s 

t Sig. Model B Std. Error Beta t Sig. 
1 (constant) 1.554 .219 7.095 .000 

FINAGE -1.555E-03 .002 -.121 -.773 .445 
MENARC -5.253E-02 .059 -.809 -.895 .376 
MENO 5.320E-02 .055 3.862 .959 .344 
TREPSP -5.790E-02 .056 -4.273 -1.041 .305 

a. Dependent Variable: FINWIDTH 

b. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

Coefficient Correlations'''* 

Model TREPSP FINAGE MENARC MENO 
1 correlations I KtKbK 1.000 -.032 .985 -.999 

FINAGE -.032 1.000 -.058 .036 
MENARC .985 -.058 1.000 -.985 
MENO -.999 .036 -.985 1.000 

Covariances TREPSP 3.093E-03 -3.556E-06 3.213E-03 -3.083E-03 
FINAGE -3.556E-06 4.051 E-06 -6.814E-06 4.050E-06 
MENARC 3.213E-03 -6.814E-06 3.441 E-03 -3.203E-03 
MENO -3.083E-03 4.050E-06 -3.203E-03 3.077E-03 

a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

b. Dependent Variable: FINWIDTH 
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(finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) & (menarc 
> 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

(Selected) 

Minimum Maximum Mean 
Std. 

Deviation N 
Kreaicted value 
Std. Predicted Value 
Standard Error of 
Predicted Value 
Adjusted Predicted Value 
Residual 
Std. Residual 
Stud. Residual 
Deleted Residual 
Stud. Deleted Residual 
Mahal. Distance 
Cook's Distance 
Centered Leverage Value 

1.133852 
-3.550 

1.762E-02 

1.101888 
-.260876 

-2.536 
-2.591 

-.272275 
-2.832 

.197 

.000 

.005 

1.355386 
1.920 

7.564E-02 

1.377288 
.205506 

1.998 
2.156 

.239351 
2.278 

20.654 
.364 
.516 

1.277634 
.000 

3.360E-02 

1.277707 
-5.42E-18 

.000 
-.001 

-7.24E-05 
-.004 
3.902 

.031 

.098 

4.050E-02 
1.000 

1.287E-02 

4.659E-02 
9.758E-02 

.949 
1.014 

.112079 
1.052 
4.096 

.063 

.102 

41 
41 

41 

41 
41 
41 
41 
41 
41 
41 
41 
41 

a. Dependent Variable: FINWIDTH 
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Linear regression of reproductive variables to predict BMC in all females with oophorectomy 
between 46-100 years of age. 

Regression 

Warnings 

All cases were selected. There is 
no residuals output for unselected 
cases. 

Descriptive Statistics* 

Mean 
Std. 

Deviation N 
hllNblVIL; .630098 .145742 41 
FINAGE 71.51 8.23 41 
MENARC 13.27 1.63 41 
MENO 49.17 7.67 41 
TREPSP 36.00 7.80 41 
a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn 

= 1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

Correlations* 

FINBMC FINAGE MENARC 
Pearson (Jorreiation l-INBMC 1.000 -.605 .022 

FINAGE -.605 1.000 .150 
MENARC .022 .150 1.000 
MENO .049 -.113 .022 
TREPSP .048 -.142 -.195 

Sig. (1-tailed) FINBMC .000 .445 
FINAGE .000 .175 
MENARC .445 .175 
MENO .381 .241 .445 
TREPSP .384 .188 .111 

N FINBMC 41 41 41 
FINAGE 41 41 41 
MENARC 41 41 41 
MENO 41 41 41 
TREPSP 41 41 41 



Correlations' 

Hearson uonreiation I-INUVIC 
FINAGE 
MENARC 
MENO 
TREPSP 

MENO 
—HW 

-.113 
.022 

1.000 
.976 

TREPSP 

-.142 
-.195 
.976 

1.000 
Sig. (l-tailed) PINBMC 

FINAGE 
MENARC 
MENO 
TREPSP 

TT PINBMC 
FINAGE 
MENARC 
MENO 
TREPSP 

.381 

.241 

.445 

.000 

.384 

.188 

.111 

.000 

41 
41 
41 
41 
41 

a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) & 
(menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

Variables Entered/Removed 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 TREPSP. 
FINAGE, 
MENARC, 
MENO 

• 
Enter 

a. Ail requested variables entered. 

b. Dependent Variable; FINBMC 

c. Models are based only on cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & 
(sexn = 1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 



Model Summary 

R 

Model 

(finwidth > 
0) & (finbmc 

> 0 ) &  
(finbmi > 0) 

& (sexn = 
1 ) &  

(menarc > 
6) & (meno 

> 1 5 ) &  
(oophgrou = 

2 ) & ( h . . .  
(FILTER) = 

Selected 
(Selected) R Square 

Adjusted R 
Square 

Std. Error 
of the 

Estimate 
1 .634" .401 .335 .H96S9 
a. Predictors: (Constant). TREPSP, FINAGE, MENARC. MENO 

b. Unless noted othenwise. statistics are based only on cases for which 
(finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) & (menarc > 
6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected. 

c. Dependent Variable: FINBMC 

ANOVA"-® 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 Kegression .346 4 8.644E-02 6.036 .0018 

Residual .516 36 1.432E-02 
Total .861 40 

a. Predictors: (Constant). TREPSP. FINAGE. MENARC. MENO 

b. Dependent Variable: FINBMC 

c. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 



Coefficients"''* 

Model 

Unstandardized 
Coefficients 

Standardiz 
ed 

Coefficient 
s 

t Sig. Model 8 Std. Error Beta t Sig. 
1 (uonstant) 1.258 .255 4.935 .000 

FINAGE -1.122E-02 .002 -.630 -4.792 .000 
MENARC 8.848E-02 .068 .982 1.297 .203 
MENO -7.529E-02 .065 -3.936 -1.167 .251 
TREPSP 7.507E-02 .065 3.989 1.160 .254 

a. Dependent Variable: FINBMC 

b. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbnfii > 0) & (sexn = 
1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

Coefficient Correlations**'* 

Model TREPSP FINAGE MENARC MENO 
1 uonreiations i KtKSK 1.000 -.032 .985 -.999 

FINAGE -.032 1.000 -.058 .036 
MENARC .985 -.058 1.000 -.985 
MENO -.999 .036 -.985 1.000 

Covariances TREPSP 4.186E-03 -4.813E-06 4.349E-03 -4.172E-03 
FINAGE -4.813E-06 5.483E-06 -9.223E-06 5.482E-06 
MENARC 4.349E-03 -9.223E-06 4.657E-03 -4.336E-03 
MENO -4.172E-03 5.482E-06 -4.336E-03 4.164E-03 

a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

b. Dependent Variable: FINBMC 
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(finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) & (menarc 
> 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

(Selected) 
Std. 

Minimum Maximum Mean Deviation N 
preaictea value .465699 .817662 .630098 9.298^-02 41 
Std. Predicted Value -1.768 2.017 .000 1.000 41 
Standard Error of 
Predicted Value 2.049E-02 8.800E-02 3.909E-02 1.497E-02 41 

Adjusted Predicted Value .473691 .905115 .636231 .106130 41 
Residual -.208644 .291944 -1.35E-18 .113528 41 
Std. Residual -1.744 2.440 .000 .949 41 
Stud. Residual -1.977 2.486 -.021 1.030 41 
Deleted Residual -.349115 .303210 -6.13E-03 .136914 41 
Stud. Deleted Residual -2.065 2.694 -.014 1.067 41 
Mahal. Distance .197 20.654 3.902 4.096 41 
Cook's Distance .000 .920 .049 .153 41 
Centered Leverage Value .005 .516 .098 .102 41 
a. Dependent Variable: FINBMC 

Charts 

0) Scatterplot 

Dependent Variable: FINBMC 
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Linear regression of reproductive variables to predict BMD in all females with oophorectomy 
between 46-100 years of age. 

Regression 

Warnings 

All cases were selected. There is 
no residuals output for unselected 
cases, 

Descriptive Statistics' 

Mean 
Std. 

Deviation N 
hlNblVII .493976 .111957 41 
FINAGE 71.51 8.23 41 
MENARC 13.27 1.63 41 
MENO 49.17 7.67 41 
TREPSP 36.00 7.80 41 
a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn 

= 1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

Correlations" 

FINBMI FINAGE MENARC 
Kearson correlation l-INbMl 1.000 -.614 .003 

FINAGE -.614 1.000 .150 
MENARC .003 .150 1.000 
MENO .167 -.113 .022 
TREPSP .171 -.142 -.195 

Sig. (1-tailed) FINBMI . .000 .493 
FINAGE .000 .175 
MENARC .493 .175 
MENO .148 .241 .445 
TREPSP .142 .188 .111 

N FINBMI 41 41 41 
FINAGE 41 41 41 
MENARC 41 41 41 
MENO 41 41 41 
TREPSP 41 41 41 



Correlations* 

MENO 
h'earson correlation UNBMI 

FINAGE 
MENARC 
MENO 
TREPSP 

—rcr 
-.113 
.022 

1.000 
.976 

TREPSP 
TTT 

-.142 
-.195 
.976 

1.000 
Sig. (1-tailed) nNBMI 

FINAGE 
MENARC 
MENO 
TREPSP 
nNBMI 
FINAGE 
MENARC 
MENO 
TREPSP 

.148 

.241 

.445 

.000 

.142 

.188 

.111 

.000 

TT 

a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbml > 0) & (sexn = 1) & 
(menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

Variables Entered/Removed 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 TREPSP, 
FINAGE. 
MENARC, 
MENO 

Enter 

a. All requested variables entered. 

b. Dependent Variable: FINBMI 

c. Models are based only on cases for which (finwidth > 0) & (finbmc > 0) & (finbnni > 0) & 
(sexn = 1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 



Model Summary 

R 

Model 

(finwidth > 
0) & (finbmc 

> 0 ) &  
(finbmi > 0) 
& (sexn = 

1 ) &  
(menarc > 
6) & (meno 

> 1 5 ) &  
(oophgrou = 

2) &(h... 
(FILTER) = 

Selected 
(Selected) R Square 

Adjusted R 
Square 

Std. Error 
of the 

Estimate 
1 .668® .446 .385 8.7fl1E-02 

a. Predictors: (Constant). TREPSP, FINAGE, MENARC. MENO 

b. Unless noted othenwise. statistics are based only on cases for which 
(finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) & (menarc > 
6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected. 

c. Dependent Variable: FINBMI 

ANOVA"'": 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 Kegression .224 4 5.595E-02 7.258 .000" 

Residual .278 36 7.710E-03 
Total .501 40 

a. Predictors: (Constant). TREPSP. FINAGE. MENARC. MENO 
b. Dependent Variable: FINBMI 

c. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 



Coefficients®''' 

Model 

Unstandardized 
Coefficients 

Standardiz 
ed 

Coefficient 
s 

t Sig. Model B Std. Error Beta t Sig. 
1 ((Jonstant) .680 .187 4.707 .000 

FINAGE -8.492E-03 .002 -.625 -4.943 .000 
MENARC g.638E-02 .050 1.402 1.925 .062 
MENO -8.492E-02 .047 -5.818 -1.793 .081 
TREPSP 8.660E-02 .047 6.032 1.824 .076 

a. Dependent Variable: FINBMI 

b. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

Coefficient Correlations*''* 

Model TREPSP FINAGE MENARC MENO 
1 (Jorreiations i KthiSP 1.000 -.032 .985 -.999 

FINAGE -.032 1.000 -.058 .036 
MENARC .985 -.058 1.000 -.985 
MENO -.999 .036 -.985 1.000 

Covariances TREPSP 2.254E-03 -2.591 E-06 2.341 E-03 -2.246E-03 
FINAGE -2.591 E-06 2.952E-06 -4.965E-06 2.951 E-06 
MENARC 2.341 E-03 -4.965E-06 2.507E-03 -2.334E-03 
MENO -2.246E-03 2.951 E-06 -2.334E-03 2.242E-03 

a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

b. Dependent Variable: FINBMI 
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(finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) & (menarc 
> 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

(Selected) 
Std. 

Minimum Maximum Mean Deviation N 
Kreaictea value .366797 .634294 .493976 7.480E-02 41 
Std. Predicted Value -1.700 1.876 .000 1.000 41 
Standard En-or of 
Predicted Value 1.504E-02 6.457E-02 2.868E-02 1.099E-02 41 

Adjusted Predicted Value .370852 .784576 .498877 8.739E-02 41 
Residual -.140341 .208508 -3.01 E-16 8.330E-02 41 
Std. Residual -1.598 2.375 .000 .949 41 
Stud. Residual -2.358 2.420 -.023 1.038 41 
Deleted Residual -.305576 .216555 -4.90E-03 .102685 41 
Stud. Deleted Residual -2.529 2.608 -.020 1.074 41 
Mahal. Distance .197 20.654 3.902 4.096 41 
Cook's Distance .000 1.310 .057 .207 41 
Centered Leverage Value .005 .516 .098 .102 41 
a. Dependent Variable: FINBMI 

Charts 

® Scatterplot 

Dependent Variable: FINBMI T3 
0) 

"S .8^ 
T3 
£ i 

Q-
« -71 
CO 
£ 1 

CL 

^ -^i V I 
"25 p 
5 
c 
o 
S .4. 
s 
a> 
0) 
Q: 

.3 .4 .5 .6 .7 

FINBMI 



695 

Linear regression of reproductive variables to predict distal third radial width in all females with 
hysterectomy and oophorectomy between 46-100 years of age. 

Regression 

Warnings 

All cases were selected. There is 
no residuals output for unselected 
cases. 

Descriptive Statistics* 

Mean 
Std. 

Deviation N 
I-INWIU 1M 1.285232 .119073 418 
FINAGE 72.05 9.28 418 
MENARC 12.92 1.65 418 
MENO 43.91 7.87 418 
TREPSP 31.03 7.96 418 
a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn 

= 1) & (nfienarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

Correlations* 

FINWIDTH FINAGE IVIENARC 
Kearson uon'eiation hlNWIUIH 1.000 -.006 .030 

FINAGE -.006 1.000 .193 
MENARC .030 .193 1.000 
MENO .008 .065 .059 
TREPSP .002 .024 -.150 

Sig. (1-tailed) FINWIDTH .452 .272 
FINAGE .452 .000 
MENARC .272 .000 
MENO .432 .094 .116 
TREPSP .486 .312 .001 

N FINWIDTH 418 418 418 
FINAGE 418 418 418 
MENARC 418 418 418 
MENO 418 418 418 
TREPSP 418 418 418 



Correlations' 

Hearson oorreiation hiNWium 
FINAGE 
MENARC 
MENO 
TREPSP 

MENO TREPSP 

.024 
-.150 
.978 

1.000 
Sig. (1-tailed) FINWIDTH 

FINAGE 
MENARC 
MENO 
TREPSP 

.008 

.065 

.059 
1.000 
.978 

TT FINWIDTH 
FINAGE 
MENARC 
MENO 
TREPSP 

.432 

.094 

.116 

.000 

.486 

.312 

.001 

.000 

418 
418 
418 
418 
418 

418 
418 
418 
418 
418 

a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) & 
(menarc > 6) & (meno > 15) & (oophgrou = 2 ) &(h... (FILTER) = Selected 

Variables Entered/Removed 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 TREPSP. 
FINAGE. 
MENABC. 
MENO 

Enter 

a. All requested variables entered. 

b. Dependent Variable: FINWIDTH 

c. Models are based only on cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & 
(sexn = 1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 



Model Summary''''^ 

R 

Model 

(finwidth > 
0) & (finbmc 

> 0 ) &  
(finbmi > 0) 
& (sexn = 

1 ) &  
(menarc > 
6) & (meno 

> 1 5 ) &  
(oophgrou = 

2)&(h... 
(FILTER) = 

Selected 
(Selected) R Square 

Adjusted R 
Square 

Std. Error 
of the 

Estimate 
1 .035® .001 1 b

 
o

 
O

B
 

.119575 
a. Predictors: (Constant), TREPSP, FINAGE, MENARC, MENO 

b. Unless noted otherwise, statistics are based only on cases for which 
(finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) & (menarc > 
6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected. 

c. Dependent Variable: FINWIDTH 

ANOVA»»'= 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 Kegression 7.195E-03 4 1.7S9E-03 .126 .973" 

Residual 5.905 413 1.430E-02 
Total 5.912 417 

a. Predictors: (Constant), TREPSP, FINAGE, MENARC, MENO 

b. Dependent Variable: FINWIDTH 

c. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 



Coefficients*''* 

Model 

Unstandardized 
Coefficients 

Standardiz 
ed 

Coefficient 
s 

t Sig. Model B Std. Error Beta t Sig. 
1 (Constant) 1.263 .066 19.225 .000 

FINAGE -1.575E-04 .001 -.012 -.244 .807 
MENARC -4.979E-03 .031 -.069 -.161 .872 
MENO 7.351 E-03 .031 .486 .240 .810 
TREPSP -7.234E-03 .031 -.483 -.237 .813 

a. Dependent Variable: FINWIDTH 

b. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

Coefficient Correlations*''' 

Model TREPSP FINAGE MENARC MENO 
1 correlations i KtKSi-' 1.000 -.018 .993 -1.000 

FINAGE -.018 1.000 -.040 .016 
MENARC .993 -.040 1.000 -.993 
MENO -1.000 .016 -.993 1.000 

Covariances TREPSP 9.321 E-04 -3.457E-07 9.366E-04 -9.330E-04 
FINAGE -3.457E-07 4.151E-07 -7.902E-07 3.199E-07 
MENARC 9.366E-04 -7.902E-07 9.542E-04 -9.376E-04 
MENO -9.330E-04 3.199E-07 -9.376E-04 9.344E-04 

a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

b. Dependent Variable: FINWIDTH 

Casewise Oiagnostics' 

Case Number 
Std. 

Residual FINWIDTH 
l i e s  3.143 1.6620 
a. Dependent Variable: FINWIDTH 
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(finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) & (menarc 
> 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

(Selected) 

Minimum Maximum Mean 
Std. 

Deviation N 
Kreaiaed value 
Std. Predicted Value 
Standard Error of 
Predicted Value 
Adjusted Predicted Value 
Residual 
Std. Residual 
Stud. Residual 
Deleted Residual 
Stud. Deleted Residual 
Mahal. Distance 
Cook's Distance 
Centered Leverage Value 

1.273011 
-2.942 

6.074E-03 

1.264127 
-.296139 

-2.477 
-2.481 

-.297255 
-2.497 

.078 

.000 

.000 

1.304495 
4.638 

3.465E-02 

1.309424 
.375837 

3.143 
3.158 

.379472 
3.193 

34.015 
.048 
.082 

1.285232 
.000 

1.197E-02 

1.285226 
1.615E-16 

.000 

.000 
6.184E-06 

.000 
3.990 
.002 
.010 

4.154E-03 
1.000 

5.279E-03 

4.752E-03 
.119001 

.995 
1.001 

.120454 
1.004 
5.537 

.005 

.013 

418 
418 

418 

418 
418 
418 
418 
418 
418 
418 
418 
418 

a. Dependent Variable; FINWIDTH 
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Linear regression of reproductive variables to predict BMC in all females with hysterectomy and 
oophorectomy between 46-IOO years of age. 

Regression 

Warnings 

All cases were selected. There is 
no residuals output for unselected 
cases, 

[}esciiptive Statistics* 

Mean 
Std. 

Deviation N 
KINUMC .695148 .139862 418 
FINAGE 72.05 9.28 418 
MENARC 12.92 1.65 418 
MENO 43.91 7.87 418 
TREPSP 31.03 7.96 418 

a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn 
= 1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

Correlations* 

FINBMC FINAGE MENARC 
Pearson correlation l-INBMi; 1.000 -.469 -.109 

FINAGE -.469 1.000 .193 
MENARC -.109 .193 1.000 
MENO .085 .065 .059 
TREPSP .109 .024 -.150 

Sig. (1-tailed) FINBMC .000 .013 
FINAGE .000 .000 
MENARC .013 .000 
MENO .041 .094 .116 
TREPSP .013 .312 .001 

N PINBMC 418 418 418 
FINAGE 418 418 418 
MENARC 418 418 418 
MENO 418 418 418 
TREPSP 418 418 418 



Correlations" 

Pearson correlation l-INUMC 
FINAGE 
MENARC 
MENO 
TREPSP 

MENO 
TOT 
.065 
.059 

1.000 
.978 

TREPSP 
rras" 
.024 

-.150 
.978 

1.000 
Sig. (1-tailed) riNBMC 

FINAGE 
MENARC 
MENO 
TREPSP 
FINBMC 
FINAGE 
MENARC 
MENO 
TREPSP 

.041 

.094 

.116 

.000 

.013 

.312 

.001 

.000 

TT 418 
418 
418 
418 
418 

418 
418 
418 
418 
418 

a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) & 
(menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

Variables Entered/Removed '>•<= 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 TREPSP. 
FINAGE. 
MENARC. 
MENO 

Enter 

a. All requested variables entered. 

b. Dependent Variable; FINBMC 

c. Models are based only on cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & 
(sexn = 1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 



Model Summary 

R 

Model 

(finwidth > 
0) & (finbmc 

> 0 ) &  
(finbmi > 0) 
& (sexn = 

1 ) &  
(menarc > 
6) & (meno 

> 1 5 ) &  
(oophgrou = 
2) &(h... 

(FILTER) = 
Selected 

(Selected) R Square 
Adjusted R 

Square 

Std. Error 
of the 

Estimate 
1 .493" .243 .236 .122271 

a. Predictors: (Constant). TREPSP, FINAGE, MENARC. MENO 

b. Unless noted otherwise, statistics are based only on cases for which 
(finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) & (menarc > 
6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected. 

c. Dependent Variable; FINBMC 

ANOVA"": 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 h<egression 1.983 4 .496 33.154 .OOO" 

Residual 6.174 413 1.495E-02 
Total 8.157 417 

a. Predictors: (Constant). TREPSP. FINAGE. MENARC, MENO 

b. Dependent Variable: FINBMC 
c. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 

1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 



Coefficients*''' 

Model 

Unstandardized 
Coefficients 

Standardiz 
ed 

Coefficient 
s 

t Sig. Model 8 Std. Error Beta t Sig. 
1 (uonstant) 1.141 .067 16.992 .000 

FINAGE -7.141 E-03 .001 -.474 -10.839 .000 
MENARC 6.742E-02 .032 .796 2.134 .033 
MENO -6.714E-02 .031 -3.778 -2.148 .032 
TREPSP 6.915E-02 .031 3.934 2.215 .027 

a. Dependent Variable: FINBMC 

b. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

Coefficient Correlations*''' 

Model TREPSP FINAGE MENARC MENO 
1 correlations i KbKBh' 1.000 -.018 .993 -1.000 

FINAGE -.018 1.000 -.040 .016 
MENARC .993 -.040 1.000 -.993 
MENO -1.000 .016 -.993 1.000 

Covariances TREPSP 9.746E-04 -3.615E-07 9.793E-04 -9.755E-04 
FINAGE -3.615E-07 4.340E-07 -8.262E-07 3.345E-07 
MENARC 9.793E-04 -8.262E-07 9.977E-04 -9.804E-04 
MENO -9.755E-04 3.345E-07 -9.804E-04 9.770E-04 

a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

b. Dependent Variable: FINBMC 

Casewise Diagnostics' 

Case Number 
Std. 

Residual FINBMC 

2929 
3.339 
3.669 

1.1370 
1.0950 

a. Dependent Variable: FINBMC 
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(finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) & (menarc 
> 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

(Selected) 
Std. 

Minimum Maximum Mean Deviation N 
preaiaea vaiue .473932 .872952 .695148 6.895E-02 418 
Std. Predicted Value -3.208 2.579 .000 1.000 418 
Standard Error of 
Predicted Value 6.211 E-03 3.543E-02 1.224E-02 5.398E-03 418 

Adjusted Predicted Vaiue .467053 .871155 .695095 6.894E-02 418 
Residual -.274536 .448594 4.750E-16 .121683 418 
Std. Residual -2.245 3.669 .000 .995 418 
Stud. Residual -2.252 3.692 .000 1.001 418 
Deleted Residual -.276153 .454290 5.356E-05 .123117 418 
Stud. Deleted Residual -2.263 3.750 .001 1.004 418 
Mahal. Distance .078 34.015 3.990 5.537 418 
Cool('s Distance .000 .048 .002 .005 418 
Centered Leverage Value .000 .082 .010 .013 418 
a. Dependent Variable: FINBMC 

Charts 

® Scatterplot 
15 

I Dependent Variable: FINBMC 
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Linear regression of reproductive variables to predict BMD in all females with hysterectomy and 
oophorectomy between 46-100 years of age. 

Regression 

Warnings 

All cases were selected. There is 
no residuals output for unselected 
cases^ 

Descriptive Statistics" 

Mean 
Std. 

Deviation N 
hINbMI .541632 9.932E-02 418 
FINAGE 72.05 9.28 418 
MENARC 12.92 1.65 418 
MENO 43.91 7.87 418 
TREPSP 31.03 7.96 418 
a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn 

= 1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

Correlations* 

FINBMI FINAGE MENARC 
Kearson correlation hlNUMI 1.000 -.505 -.122 

FINAGE -.505 1.000 .193 
MENARC -.122 .193 1.000 
MENO .097 .065 .059 
TREPSP .124 .024 -.150 

Sig. (1-tailed) FINBMI . .000 .006 
FINAGE .000 . .000 
MENARC .006 .000 
MENO .023 .094 .116 
TREPSP .005 .312 .001 

N FINBMI 418 418 418 
FINAGE 418 418 418 
MENARC 418 418 418 
MENO 418 418 418 
TREPSP 418 418 418 



Correlations' 

MENO 
—W 

.065 

.059 
1.000 
'.978 

TREPSP 
ITT 
.024 

-.150 
.978 

1.000 

Pearson correlation 

Sig. (1-tailed) 

j-INUMI 
FINAGE 
MENARC 
MENO 
TREPSP 
PINBMI 
FINAGE 
MENARC 
MENO 
TREPSP 

.023 

.094 

.116 

.000 

.005 

.312 

.001 

.000 

PINBMI 
FINAGE 
MENARC 
MENO 
TREPSP 

418 
418 
418 
418 
418 

418 
418 
418 
418 
418 

a. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) & 
(menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

Variables Entered/Removed 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 TREPSP. 
FINAGE, 
MENARC. 
MENO 

Enter 

a. All requested variables entered. 

b. Dependent Variable: FINBMI 
c. Models are based only on cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & 

(sexn = 1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 



Model Summary 

R 

Model 

(finwidth > 
0) & (finbmc 

> 0 ) &  
(finbmi > 0) 
& (sexn = 

1 ) &  
(menarc > 
6) & (meno 

> 15) & 
(oophgrou = 
2) &(h... 

(FILTER) = 
Selected 

(Selected) R Square 
Adjusted R 

Square 

Std. Error 
of the 

Estimate 
1 .534" .286 .279 S.436E-02 
a. Predictors: (Constant). TREPSP, FINAGE, IVIENARC, IVIENO 

b. Unless noted otherwise, statistics are based only on cases for which 
(finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) & (menarc > 
6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected. 

c. Dependent Variable: FINBMI 

ANOVA"": 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 regression 1.175 4 .294 41.266 .000" 

Residual 2.939 413 7.116E-03 
Total 4.114 417 

a. Predictors: (Constant). TREPSP. FINAGE. MENARC, MENO 

b. Dependent Variable: FINBMI 
c. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 

1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 



Coefficients*''' 

Model 

Unstandardized 
Coefficients 

Standardiz 
ed 

Coefficient 
s 

t Big. Model B Std. Error Beta t Big. 
1 (constant) .S83 .046 19.060 .000 

FINAGE -5.458E-03 .000 -.510 -12.007 .000 
MENARC 5.525E-02 .022 .919 2.535 .012 
MENO -5.529E-02 .022 -4.381 -2.564 .011 
TREPSP 5.690E-02 .022 4.558 2.642 .009 

a. Dependent Variable: FINBMI 

b. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) & (menarc > 6) & (nneno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

Coefficient Correlations*-'' 

Model TREPSP FINAGE MENARC MENO 
1 (jonreiations i Kth'bh' 1.000 -.018 .993 -1.000 

FINAGE -.018 1.000 -.040 .016 
MENARC .993 -.040 1.000 -.993 
MENO -1.000 .016 -.993 1.000 

Covariances TREPSP 4.639E-04 -1.721E-07 4.662E-04 -4.644E-04 
FINAGE -1.721E-07 2.066E-07 -3.933E-07 1.592E-07 
MENARC 4.662E-04 -3.933E-07 4.749E-04 -4.667E-04 
MENO -4.644E-04 1.592E-07 -4.667E-04 4.651 E-04 

a. Selecting only cases for which (finwidth > 0) & (finbnnc > 0) & (finbnfii > 0) & (sexn = 
1) & (menarc > 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

b. Dependent Variable: FINBMI 

Casewise Diagnostics* 

Case Number 
Std. 

Residual FINBMI 
2193 3.022 .7350 
a. Dependent Variable: FINBMI 
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(finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) & (menarc 
> 6) & (meno > 15) & (oophgrou = 2) &(h... (FILTER) = Selected 

(Selected) 
Std. 

Minimum Maximum Mean Deviation N 
hreaictea value .370660 .682174 .541632 5.307E-02 418 
Std. Predicted Value -3.221 2.648 .000 1.000 418 
Standard Error of 
Predicted Value 4.285E-03 2.444E-02 8.443E-03 3.725E-03 418 

Adjusted Predicted Value .363476 .677798 .541592 5.306E-02 418 
Residual -.227451 .254943 3.529E-16 8.395E-02 418 
Std. Residual -2.696 3.022 .000 .995 418 
Stud. Residual -2.703 3.037 .000 1.001 418 
Deleted Residual -.228603 .257415 3.977E-05 8.4g4E-02 418 
Stud. Deleted Residual -2.724 3.067 .000 1.003 418 
Mahal. Distance .078 34.015 3.990 5.537 418 
Cook's Distance .000 .060 .002 .005 418 
Centered Leverage Value .000 .082 .010 .013 418 
a. Dependent Variable: FINBMI 
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Linear regression of reproductive variables related to pregnancy to predict distal third radial width 

in all females between 46-100 years of age. 

Regression 

Variables Entered/Removed 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 PN, FINHT, 
FINAGE. 
PSPAN, 
FINWT, 
P1LEN, 
RPDRS. 
AGELP. 
PDUR 

Enter 

a. All requested variables entered. 

b. Dependent Variable: FINWIDTH 

c. Models are based only on cases for which (finwidth > 0) & 
(finbmc > 0) & (finbmi > 0) & (sexn = 1) (FILTER) = Selected 

Model Summary 

R 

Model 

(finwidth > 
0) & (finbmc 

> 0 ) &  
(finbmi > 0) 
& (sexn = 

1) (FILTER) 
= Selected 
(Selected) R Square 

Adjusted R 
Square 

Std. Enror 
of the 

Estimate 
1 .1603 .026 .022 .128371 
a. Predictors: (Constant). PN, FINHT. FINAGE. PSPAN. FINWT, P1LEN, RPDRS, AGELP, PDUR 
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Model 

Unstandardized 
Coefficients 

Standardiz 
ed 

Coefficient 
s 

t Sig. Model B Std. Error Beta t Sig. 
1 (uonstant) 1.231 .019 66.209 .000 

FINHT -5.059E-04 .000 -.110 -4.037 .000 
FINWT 1.389E-03 .000 .186 6.823 .000 
FINAGE 6.819E-04 .000 .073 3.656 .000 
PDUR 1.879E-03 .001 .214 2.572 .010 
RPDRS -.197 .107 -.063 -1.830 .067 
PSPAN -1.265E-03 .001 -.053 -1.967 .049 
PILEN -6.925E-05 .001 -.002 -.050 .960 
AGELP -2.799E-04 .000 -.034 -.659 .510 
PN -5.785E-03 .005 -.081 -1.108 .268 

a. Dependent Variable: FINWIDTH 
b. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn 

= 1) (FILTER) = Selected 

ANOVA''''= 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 Kegression 1.117 9 .124 7.532 .000^ 

Residual 42.665 2589 1.648E-02 
Total 43.782 2598 

a. Predictors: (Constant), PN. FINHT, FINAGE. PSPAN. FINWT. PILEN. RPDRS, AGELP, PDUR 

b. Dependent Variable: FINWIDTH 

c. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) 
(FILTER) = Selected 
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Linear regression of reproductive variables related to pregnancy to predict BMC in all females 
between 46-100 years of age. 

Regression 

Variables Entered/Removed 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 PN. FINHT, 
FINAGE, 
PSPAN, 
FINWT. 
P1LEN. 
RPDRS. 
AGELP, 
PDUR 

Enter 

a. All requested variables entered. 

b. Dependent Variable: FINBMC 

c. Models are based only on cases for which (finwidth > 0) & 
(finbmc > 0) & (finbmi > 0) & (sexn = 1) (FILTER) = Selected 

Model Summary 

R 

Model 

(finwidth > 
0) & (finbmc 

> 0 ) &  
(finbmi > 0) 
& (sexn = 

1) (FILTER) 
= Selected 
(Selected) R Square 

Adjusted R 
Square 

Std. Error 
of the 

Estimate 
1 .5873 .345 .343 .118330 
a. Predictors: (Constant), PN, FINHT, FINAGE, PSPAN, FINWT, P1LEN, RPDRS, AGELP, PDUR 
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Model 

Unstandardized 
Coefficients 

Standardiz 
ed 

Coefficient 
s 

t Sig. Model 8 Std. En-or Beta t Sig. 
1 (Constant} 1.005 .017 58.607 .000 

FINHT -1.033E-03 .000 -.199 -8.943 .000 
FINWT 3.112E-03 .000 .370 16.584 .000 
FINAGE -5.123E-03 .000 -.485 -29.798 .000 
PDUR 8.168E-05 .001 .008 .121 .903 
RPDRS .106 .099 .031 1.075 .282 
PSPAN -7.889E-04 .001 -.030 -1.331 .183 
P1LEN -2.259E-03 .001 -.068 -1.767 .077 
AGELP 6.557E-04 .000 .070 1.674 .094 
PN 2.211E-03 .005 .028 .459 .646 

a. Dependent Variable: FINBMC 

b. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn 
= 1) (FILTER) = Selected 

ANOVA"'® 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 Kegression 19.106 9 2.123 151.515 .0003 

Residual 36.251 2589 1.400E-02 
Total 55.357 2598 

a. Predictors; (Constant). PN. FINHT. FINAGE, PSPAN, FINWT, PILEN, RPDRS. AGELP, PDUR 

b. Dependent Variable: FINBMC 
c. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) 

(FILTER) = Selected 
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Linear regression of reproductive variables related to pregnancy to predict BMD in all females 
between 46-100 years of age. 

Regression 

Variables Entered/Removed 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 PN. FINHT, 
FINAGE. 
PSPAN. 
FINWT. 
P1LEN. 
RPDRS. 
AGELP. 
PDUR 

Enter 

a. All requested variables entered. 

b. Dependent Variable: FINBMI 

c. Models are based only on cases for which (finwidth > 0) & 
(finbmc > 0) & (finbmi > 0) & (sexn = 1) (FILTER) = Selected 

Model Summary 

R 

Model 

(finwidth > 
0) & (finbmc 

> 0 ) &  
(finbmi > 0) 
& (sexn = 

1) (FILTER) 
= Selected 
(Selected) R Square 

Adjusted R 
Square 

Std. Error 
of the 

Estimate 
1 .621" .385 .383 8.413E-02 
a. Predictors: (Constant), PN, FINHT, FINAGE, PSPAN. FINWT. P1LEN, RPDRS. AGELP. PDUR 
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Model 

Unstandardized 
Coefficients 

Standardiz 
ed 

Coefficient 
s 

t Sig. Model B Std. Error Beta t Sig. 
1 (Constant) .812 .012 55.514 .000 

FINHT -6.235E-04 .000 -.164 -7.592 .000 
FINWT 1.837E-03 .000 .298 13.772 .000 
FINAGE -4.287E-03 .000 -.553 -35.072 .000 
PDUR -6.997E-04 .000 -.097 -1.461 .144 
RPDRS .159 .070 .062 2.263 .024 
PSPAN -1.072E-04 .000 -.005 -.254 .799 
P1LEN -1.553E-03 .001 -.063 -1.709 .088 
AGELP 5.937E-04 .000 .087 2.132 .033 
PN 4.040E-03 .003 .069 1.180 .238 

a. Dependent Variable: FINBMI 
b. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn 

= 1) (FILTER) = Selected 

ANOVA"'® 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 Kegression H.475 9 1.275 180.15d .000^ 

Residual 18.324 2589 7.078E-03 
Total 29.799 2598 

a. Predictors: (Constant), PN. FINHT. FINAGE. PSPAN, FINWT. P1LEN. RPDRS. AGELP, PDUR 

b. Dependent Variable: FINBMI 

c. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) S (sexn = 1) 
(FILTER) = Selected 



716 

Linear regression of reproductive variables related to breastfeeding to predict distal third radial 
width in all females between 46-100 years of age. 

Regression 

Variables Entered/Removed 

Variables Variables 
Model Entered Removed Method 
1 RAriO, 

FINHT, 
FINAGE, 
FINWT, Enter 
BFDUR, 
TOTDPB. 
BFRPSP 

a. All requested variables entered. 

b. Dependent Variable: FINWIDTH 

c. Models are based only on cases for which (finwidth > 0) & 
(finbmc > 0) & (finbmi > 0) & (sexn = 1) (FILTER) = Selected 

Model Summary 

R 

Model 

(finwidth > 
0) & (finbmc 

> 0 ) &  
(finbmi > 0) 
& (sexn = 

1) 
(FILTER) = 

Selected 
(Selected) R Square 

Adjusted R 
Square 

Std. Error 
of the 

Estimate 
.1673 .028 .024 .•124138 

a. Predictors: (Constant). RATIO. FINHT. FINAGE, FINWT. BFDUR. TOTDPB. BFRPSP 



Coefficients*''' 

Model 

Unstandardized 
Coefficients 

Standardiz 
ed 

Coefficient 
s 

t Sig. Model B Std. Error Beta t Sig. 
1 ((Jonstant) 1.186 .031 38./75 .000 

FINAGE 1.074E-03 .000 .089 3.516 .000 
FINHT -4.575E-04 .000 -.087 -2.724 .007 
FINWT 1.480E-03 .000 .195 5.992 .000 
BFDUR -4.542E-04 .001 -.035 -.327 .743 
TOTDPB 4.673E-04 .000 .076 .976 .329 
BFRPSP 3.789E-04 .516 .000 .001 .999 
RATIO -8.491 E-02 .168 -.040 -.505 .614 

a. Dependent Variable; FINWiDTH 

b. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) (FILTER) = Selected 

ANOVA"® 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 regression .715 7 .102 6.631 .000" 

Residual 24.918 1617 1.541 E-02 
Total 25.633 1624 

a. Predictors: (Constant). RATIO. FINHT. FINAGE. FINWT, BFDUR. TOTDPB. BFRPSP 

b. Dependent Variable: FINWIDTH 

c. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) 
(FILTER) = Selected 
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Linpqr regression of reproductive variables related to pregnancy and breastfeeding to predict 
distal third radial width in all females between 46-100 years of age. 

Regression 

Variables Entered/Removed 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 PDUR. 
FINHT. 
TREPSP. 
FINAGE. 
BFDUR, 
PI AGE, 
FINWT. 
RPDRS. 
PN. 
BFRPSP, 
AGELP. 
RATIO 

• 
Enter 

a. Tolerance = .000 limits reached. 

b. Dependent Variable: FINWIDTH 
c. Models are based only on cases for which (finwidth > 0) & 

(finbmc > 0) & (finbmi > 0) & (sexn = 1) (FILTER) = Selected 

Model Summary 

R 

Model 

(finwidth > 
0) & (finbmc 

>0 )&  
(finbmi > 0) 
& (sexn = 

1) 
(FILTER) = 

Selected 
(Selected) R Square 

Adjusted R 
Square 

Std. Error 
of the 

Estimate 
1 .188" .035 .028 .123865 
a. Predictors: (Constant). PDUR, FINHT. TREPSP, FINAGE. 

BFDUR. P1AGE, FINWT. RPDRS. PN. BFRPSP. AGELP. RATIO 
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Model 

Unstandardized 
Coefficients 

Standardiz 
ed 

CoefRdent 
s 

t Sig. Model B Std. En-or Beta t Sig. 
1 (uonstant) 1.210 .035 34.911 .000 

FINAGE 1.105E-03 .000 .091 3.603 .000 
FINHT -4.660E-04 .000 -.089 -2.775 .006 
FINWT 1.470E-03 .000 .193 5.946 .000 
BFDUR -5.815E-05 .001 -.004 -.054 .957 
BFRPSP -2.611 1.327 

CO 1 -1.967 .049 
RATIO 2.547 1.237 1.211 2.058 .040 
PN -6.737E-03 .005 -.097 -1.310 .191 
P1AGE 7.988E-04 .001 .069 .916 .360 
AGELP -1.068E-03 .001 -.114 -1.249 .212 
TREPSP -6.354E-04 .001 -.039 -1.206 .228 
RPDRS -2.788 1.198 -.964 -2.327 .020 
PDUR 2.078E-03 .001 .242 2.364 .018 

a. Dependent Variable: FINWIDTH 

b. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) (FILTER) = Selected 

Excluded Variables'* 

Model Beta In t Sig. 
Partial 

Correlation 

Coliinearit 
y Statistics 

Model Beta In t Sig. 
Partial 

Correlation Tolerance 
1 lUIUPB -5.6758 -1.003 .316 -.025 1.871E-05 
a. Predictors in the Model: (Constant). PDUR, FINHT. TREPSP. FINAGE. BFDUR. 

P1AGE. FINVVr. RPDRS. PN. BFRPSP. AGELP. RATIO 
b. Dependent Variable: FINWIDTH 

ANOVA"'® 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 Kegression .902 12 7.513E-02 4.897 .000" 

Residual 24.732 1612 1.534E-02 
Total 25.633 1624 

a. Predictors: (Constant). PDUR. FINHT. TREPSP. FINAGE. BFDUR. P1AGE, 
FINWT. RPDRS. PN. BFRPSP. AGELP. RATIO 

b. Dependent Variable: FINWIDTH 
c. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 

1) (FILTER) = Selected 
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Linear regression of reproductive variables related to breastfeeding to predict BMC in ail females 

between 46-100 years of age. 

Regression 

Variables Entered/Removed 

Variables Variables 
Model Entered Removed Method 
1 RATIO. 

FINHT. 
FINAGE. 
FINWT. Enter 
BFDUR. 
TOTDPB. 
BFRPSP 

a. All requested variables entered. 

b. Dependent Variable: FINBMC 
c. Models are based only on cases for which (finwidth > 0) & 

(finbmc > 0) & (finbmi > 0) & (sexn = 1) (FILTER) = Selected 

Model Summary 

R 

Model 

(finwidth > 
0) & (finbmc 

>0 )&  
(finbmi > 0) 
& (sexn = 

1) 
(FILTER) = 

Selected 
(Selected) R Square 

Adjusted R 
Square 

Std. Error 
of the 

Estimate 
1 .577® .333 .330 .113412 
a. Predictors: (Constant). RATIO. FINHT. FINAGE. FINWT, BFDUR. TOTDPB. BFRPSP 



Coefficients"-'' 

Model 

Unstandardized 
Coefficients 

Standardiz 
ed 

Coeffident 
s 

t Sig. Model B Std. Error Beta t Sig. 
1 (Constant) 1.066 .02B 38.142 .000 

FINAGE -5.867E-03 .000 -.439 -21.031 .000 
FINHT -1.041E-03 .000 -.180 -6.783 .000 
FINWT 2.954E-03 .000 .352 13.091 .000 
BFDUR 1.984E-03 .001 .138 1.566 .118 
TOTDPB -1.220E-04 .000 -.018 -.279 .780 
BFRPSP -1.047 .471 -.199 -2.222 .026 
RATIO .280 .154 .121 1.822 .069 

a. Dependent Variable: FINBMC 
b. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 

1) (FILTER) = Selected 

ANOVA^'C 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 Kegression 10.389 7 1.484 115.388 .000" 

Residual 20.798 1617 1.286E-02 
Total 31.188 1624 

a. Predictors; (Constant), RATIO. FINHT. FINAGE, FINWT, BFDUR, TOTDPB, BFRPSP 
b. Dependent Variable: FINBMC 

c. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) 
(FILTER) = Selected 
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Linear regression of reproductive variables related to pregnancy and breastfeeding to predict 
BMC in all females between 46-100 years of age. 

Regression 

Variables Entered/Removed 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 PDUR. 
FINHT, 
TREPSP. 
FINAGE. 
BFDUR. 
P1AGE. 
FINWr, 
RPDRS. 
PN, 
BFRPSP. 
AGELP, 
RATIO® 

Enter 

a. Tolerance = .000 limits reached. 

b. Dependent Variable: FINBMC 

c. Models are based only on cases for which (finwidth > 0) & 
(finbmc > 0) & (finbmi > 0) & (sexn = 1) (FILTER) = Selected 

Model Summary 

R 

Model 

(finwidth > 
0) & (finbmc 

>0 )&  
(finbmi > 0) 
& (sexn = 

1) 
(FILTER) = 

Selected 
(Selected) R Square 

Adjusted R 
Square 

Std. Error 
of the 

Estimate 
1 .579" .336 .331 .113383 

a. Predictors: (Constant). PDUR, FINHT. TREPSP. FINAGE. 
BFDUR. P1AGE. FINWT, RPDRS. PN. BFRPSP. AGELP, RATIO 



Coefficients*''* 

Model 

Unstandardized 
Coeffidents 

Standardiz 
ed 

Coeffident 
s 

t Sig. Model B Std. Enror Beta t Sig. 
1 (Constant) 1.049 .032 33.063 .000 

FINAGE -5.868E-03 .000 -.439 -20.901 .000 
FINHT -1.053E-03 .000 -.182 -6.852 .000 
FINWT 2.987E-03 .000 .356 13.204 .000 
BFDUR 1.889E-03 .001 .131 1.919 .055 
BFRPSP -1.512 1.215 -.288 -1.245 .213 
RATIO .747 1.133 .322 .659 .510 
PN 7.799E-03 .005 .102 1.656 .098 
P1AGE 1.047E-03 .001 .082 1.312 .190 
AGELP -6.78SE-04 .001 -.066 -.867 .386 
TREPSP 3.306E-04 .000 .019 .686 .493 
RPDRS -.393 1.097 -.123 -.358 .720 
PDUR -1.197E-03 .001 -.127 -1.488 .137 

a. Dependent Variable: FINBMC 

b. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) (FILTER) = Selected 

Excluded Variables'* 

Partial 
Collinearit 
y Statistics 

Model Beta In t Sig. Correlation Tolerance 
1 lU IUMb -2.423" -.515 .606 -.013 1.871E-05 
a. Predictors in the Model: (Constant), PDUR. FINHT, TREPSP. FINAGE, BFDUR, 

P1AGE. FINWr, RPDRS, PN, BFRPSP, AGELP, RATIO 
b. Dependent Variable: FINBMC 

ANOVA'*® 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 Kegression 10.464 12 .872 67.B30 .000" 

Residual 20.724 1612 1.286E-02 
Total 31.188 1624 

a. Predictors: (Constant), PDUR. FINHT. TREPSP, FINAGE, BFDUR. P1AGE. 
FINWT, RPDRS. PN. BFRPSP, AGELP, RATIO 

b. Dependent Variable: FINBMC 

c. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 
1) (FILTER) = Selected 
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Linear regression of reproductive variables related to breastfeeding to predict BMD in all females 

between 46-100 years of age. 

Regression 

Variables Entered/Removed 

Variables Variables 
Model Entered Removed Method 
1 RATIO. 

FINHT, 
FINAGE. 
FINWT, Enter 
BFDUR, 
TOTDPB. 
BFRPSP' 

a. All requested variables entered. 

b. Dependent Variable: FINBMI 

c. Models are based only on cases for which (finwidth > 0) & 
(finbmc > 0) & (finbmi > 0) & (sexn = 1) (FILTER) = Selected 

Model Summary 

R 

Model 

(finwidth > 
0) & (finbmc 

>0 )&  
(finbmi > 0) 
& (sexn = 

1) 
(FILTER) = 

Selected 
(Selected) R Square 

Adjusted R 
Square 

Std. Error 
of the 

Estimate 
1 .599" .358 .355 8.221 E-02 
a. Predictors: (Constant), RATIO. FINHT, FINAGE, FINWT, BFDUR, TOTDPB, BFRPSP 



Coefficients"''' 

Model 

Unstandardized 
Coeffidents 

Standardiz 
ed 

Coefficient 
s 

t Sig. Model B Std. Enror Beta t Sig. 
1 (Constant) .873 .020 43.087 .000 

FINAGE -4.992E-03 .000 -.506 -24.684 .000 
FINHT -6.351 E-04 .000 -.149 -5.711 .000 
FINWT 1.692E-03 .000 .273 10.343 .000 
BFDUR 1.683E-03 .001 .158 1.833 .067 
TOTDPB -2.624E-04 .000 -.052 -.828 .408 
BFRPSP -.795 .342 -.205 -2.327 .020 
RATIO .243 .111 .142 2.186 .029 

a. Dependent Variable: FINBMI 

b. Selecting only cases for which (finwidth > 0) & (finbnfic > 0) & (finbmi > 0) & (sexn = 
1) (FILTER) = Selected 

ANOVA"'® 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 Kegression 6.101 7 .872 128.957 .000" 

Residual 10.929 1617 6.759E-03 
Total 17.030 1624 

a. Predictors: (Constant), RATIO. FINHT, FINAGE. FINWT. BFDUR, TOTDPB. BFRPSP 

b. Dependent Variable: FINBMI 
c. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 1) 

(FILTER) = Selected 
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Linear regression of reproductive variables related to pregnancy and breastfeeding to predict 

BMD in all females between 46-100 years of age. 

Regression 

Variables Entered/Removed 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 PDUR, 
FINHT, 
TREPSP, 
FINAGE. 
BFDUR. 
P1AGE. 
FINWT. 
RPDRS. 
PN. 
BFRPSP. 
AGELPg 
RATIO 

Enter 

a. Tolerance = .000 limits reached. 

b. Dependent Variable; FINBMI 
c. Models are based only on cases for which (finwidth > 0) & 

(finbmc > 0) & (finbmi > 0) & (sexn = 1) (FILTER) = Selected 

IModel Summary 

R 

(finwidth > 
0) & (finbmc 

>0 )&  
(finbmi > 0) 
& (sexn = 

1) 
(FILTER) = 

Selected 
(Selected) Model 

(finwidth > 
0) & (finbmc 

>0 )&  
(finbmi > 0) 
& (sexn = 

1) 
(FILTER) = 

Selected 
(Selected) R Square 

Adjusted R 
Square 

Std. Error 
of the 

Estimate 
1 .603" .364 .359 
a. Predictors: (Constant). PDUR, FINHT. TREPSP. FINAGE, 

BFDUR, P1AGE, FINWT, RPDRS, PN. BFRPSP. AGELP. RATIO 



Coefficients*-'' 

Model 

Unstandardized 
Coefficients 

Standardiz 
ed 

Coefficient 
s 

t Sig. Model B Std. Error Beta t Sig. 
1 (Lionstant) .848 .023 36.946 .000 

FINAGE -5.011E-03 .000 -.508 -24.679 .000 
FINHT -6.418E-04 .000 -.150 -5.775 .000 
FINWT 1.722E-03 .000 .278 10.527 .000 
BFDUR 1.465E-03 .001 .138 2.058 .040 
BFRPSP -.419 .879 -.108 -.476 .634 
RATIO -.139 .819 -.081 -.169 .866 
PN 8.295E-03 .003 .146 2.436 .015 
P1AGE 5.285E-04 .001 .056 .916 .360 
AGELP -1.270E-04 .001 -.017 -.225 .822 
TREPSP 5.915E-04 .000 .045 1.696 .090 
RPDRS .520 .793 .221 .656 .512 
PDUR -1.731E-03 .001 -.248 -2.975 .003 

a. Dependent Variable: FINBMI 
b. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 

1) (FILTER) = Selected 

Excluded Variables'* 

Partial 
Collinearit 
y Statistics 

Mode! Beta In t Sig. Correlation Tolerance 
1  lU IUHB -.329® -.072 .943 -.002 1.fl71E-05 
a. Predictors in the Model: (Constant). PDUR, FINHT. TREPSP. FINAGE. BFDUR. 

P1AGE. FINWT. RPDRS. PN. BFRPSP, AGELP, RATIO 
b. Dependent Variable: FINBMI 

ANOVA^c 

Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 Kegression 6.192 12 .516 76.750 o

 
o

 
o

 
ft

 

Residual 10.838 1612 6.723E-03 
Total 17.030 1624 

a. Predictors: (Constant). PDUR. FINHT. TREPSP. FINAGE. BFDUR. P1AGE, 
FINWT. RPDRS. PN. BFRPSP. AGELP. RATIO 

b. Dependent Variable: FINBMI 
c. Selecting only cases for which (finwidth > 0) & (finbmc > 0) & (finbmi > 0) & (sexn = 

1) (FILTER) = Selected 
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APPENDIX XI 

ENDNOTES 

1. Dramatic decreases in the incidence of infectious disease were made in the early pan of the century in 
the United States. Indeed, the epidemiological transition marked the decline of mortality due to infectious 
disease and increase in mortality due to cardiovascular disease, neoplasms and degenerative changes 
associated with the aging process (Weiss 1972:342, Yaukey 1985:117-118, Molnar 1992:312-313, Livi-
Bacci 1992:23). With the introduction and spread of virulent viruses coupled with the recent resurgence 
of antibiotic-resistant bacteria, dramatic increases in mortality due to Hantavirus, Ebola and secondary 
infections from HIV are noted throughout the country and world (Pinner et al., 1996:189-193). While it 
is possible that there is a misclassiflcation of the underlying cause of mortality on death certiflcates (Randall 
1996:1399-1400), certainly the last decade it noted for the resurgence of infectious agents (such as 
Tuberculosis), once thought to be under control (Pinner et al., 1996:189-193). 

2. Nordin (1987:57-58) takes a more conservative approach and defines the presence of osteoporosis when 
bone mineral values lie 2 standard deviations below the mean, rather than 2.5 standard deviations presented 
by Kanis and WHO Study Group (1994:368-381). 

3. Certainly, calcium availability in the diet may be limited by the environment. While Jorgensen et al. 
(1996:30-31) have outlined the role of VDR receptors for calcium absorption in the alimentary canal, these 
researchers have not addressed populational or sex differences in skin coloration, the subsequent conversion 
of vitamin D, the role of parathyroid hormone in conversion of 25 hydroxycalciferol to 1,25 and 24,25 
dihydroxycalciferol and subsequent absorption of calcium. (These mechanisms are indirectly outlined in 
Frisancho 1991:85-100). Moreover, they have not tied these variables together ~ frequencies of VDR 
haplotypes, skin coloration, sunlight exposure or other sources of vitamin D, calcium absorption and bone 
mineral indices ~ in a manner that fully addresses the issues at hand. 

4. These findings are in contrast to Davis et al., (1994:249-252) who measured BMD at the vertebrae, 
calcaneus and proximal and distal radius. They state that Hawaiians had the highest BMD for a number 
of sites, while whites had the second highest and Japanese had the lowest for the three ethnicities that they 
studied. Whites, however, had the lowest BMD at the distal radius compared to other groups. 

5. Heaney's (1989:1-13) discussions of possible relationships between bone mass and subsequent fracture 
are interesting from the perspective that he does not accounts for decreases in bone mineral density leading 
to fracture thresholds, that with the necessary amount of force applied to bone, will cause fractures at 
certain fracture thresholds. Indeed, he argues subjects with fracture may have higher or low BMD values. 
Overall, his arguments seem problematic, since one has to account for the type of bone involved, the 
amount of force applied to the area and the mechanism of fail. 

6. Riis (1996:10) noted increased fracture rates in women but did not account for differences in life span 
between the sexes. When these differences are controlled for age, fracture rates between the sexes will 
be reduced (Kanis and WHO Study Group 1994:368-381). 

7. The evolutionary importance of the CNS is confirmed by the protective shell that the cranial vault and 
the vertebrae provide, which is indirectly addressed by Turner (1991:203-217). 
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S.Red marrow contains pluripotent stem ceils, referred to as hemocytoblasts, that function to differentiate 
into a variety of formed elements, such as erythrocytes (RBC's), leukocytes, and thrombocytes, while 
yellow marrow maintains energy reserves in the form of fat. 

9. For a more detailed discussion of regulation of hormone levels, through a variety of mechanisms, refer 
to Baxter et al., (1995:7). 

10. Harrison and Harrison (1979:47) report that values may be lower in children, around 7.5 mg/dL or 
less, especially values of 3.0 mg/dL or less, which are associated with severe hypocalcemic sutes without 
be accompanied by tetany. 

11. It must be noted that serum calcium levels rarely drop below 5.0 mg/dL with parathyroid gland 
disfunction or removal. This suggests that mechanisms for bone cycling can occur independently from 
parathormone and calcitonin regulation, probably through local paracrine and autocrine control of bone. 
Secondly, serum calcium levels below these values do not result in death (Mundy 1990:196). 

12. For more complex discussions of hormonal actions and interactions, refer to Martin (1985:115-118), 
who demonstrates mechanisms by which hormones elicit responses at numerous effector organs. 

13. This simplistic explanation does not address actual receptor occupancy - the number of molecules 
bound to receptors - which is a fimction of hormone concentration and receptors occupied to give maximal 
response (Graimer 1995:23). 

14. The cytotrophoblastic cells thin out throughout the course of pregnancy, becoming so sparse that here 
and there only a single layer remains between syncytiotrophoblast and maternal sinusoids. This layer has 
a basal lamina which adheres to the tunica intima of the fetal capillaries (Panigel 1972:23-26). 

15. The timing of endochondral ossification was studied as early as the 1800s in gross dissections and fully 
described by Mall in 1906 (433-458) by the use of tissue clearing and alizarin red preparations. 

16. By strict definition, a host-parasite relationship exists when one organism receives benefit and the 
second is harmed (Fumyma and Statkin 1983:1-555, Rennie 1992:123-133). Over time, each organism 
would co-evolve to each other. While the host would try to limit parasitic growth, the parasite would 
develop mechanisms to seek evolutionary advantage (Rennie 1992:123-133). In this particular simation, 
long-term evolutionary dynamics would require the mother try to limit implantation and fetal development, 
while the fetus will develop mechanisms that sustains, and perhaps enhances, the biochemical and 
physiological responses for the mother to adapt to fetal demands, such as alterations in immunological 
defenses at the placenta and modifications in metabolic pathways to enhance energy-states. When viewed 
from a different perspective, natural selection will operate against organisms that do not survive to 
reproductive age and pass on fit, viable offspring that can adapt to the environment. Thus, the host-parasite 
relationship, characterized by development of evolutionary mechanisms by the mother as well as the fetus, 
is secondary to the overall process of namral selection, in which these mechanisms would be down-played 
to ensure survival and subsequent reproduction of the offspring. Consequently, one caimot consider the 
maternal-fetal relationship to be truly parasitic in nature. 

17. This may not necessarily be true in all cases, however, due to increased filtration demands during 
pregnancy. The kidneys experience increased glomerular nitration rate, causing a loss of calcium (Haram 
et al., 1993:509; Pitkin 1985:99-109). 
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18. Ferguson described this process as a reflex that is initiated by stretching the lower birth canal to begin 
labor. While experimental testing in animals has demonstrated this relationship, similar testing in humans 
is inconclusive (Giraldi et al., 1990:377-383). 

19. There is some experimental evidence to suggest that oxytocin may also be made by the decidua 
(Mitchell and Chibbar 1995:365-380) and the fetus (Giraldi et al., 1990:377-383). This finding, coupled 
with the up-regulation of cell receptors within the myometrium, would make the uterus highly receptive 
to small quantities of oxytocin released at any given time (Chard 1989:145-152). 

20. Myelination proceeds in a craniocaudal gradient, such that innervation of the motor neurons to muscles 
of the head and neck are myelinated before more caudal areas. This process ensures the ability to suckle 
at birth. Since extrauterine life requires suckling, swallowing, peristalsis and subsequent elimination for 
immediate survival (Lowe and Reiss 1996:339-349). 

21. Both Jelliffe and Jelliffe (1978) and Kronfeld (1969:109-120) state that lactose varies little. When one 
examines Jelliffe and Jelliffe's calculations by using ratios as explained above, lactose, in fact, varies 
greatly. By placing protein as the standard lowest common denominator and by dividing fat and lactose 
values by the protein value, variations in fat and lactose across these populations appear. It would be 
interesting to note if these values are significant once the body weight of the infant is factored into the 
ratio. 

22. While considerable variation is documented in breast milk volume across several statistical populations 
(see Table 4.2 and Figure 4.2), Brown and Dewey (1992:77-95) state that breast milk energy outputs in 
well nourished populations are similar to poorly nourished populations. This has not been fully documented 
in the literature. 

23. It is thought that many species-specific binding ligands (proteins) enhance neonatal absorption of trace 
elements, such as zinc, and facilitate survival at individual, populational and species levels (Eckhert et al., 
1977:790). These ligands attract trace elements within the mammary glands, are passed in breast milk and 
enter the infant's alimentary canal for subsequent absorption (Jelliffe and Jelliffe 1978:41). 

24. These trace element values are, in some cases, dramatically different than those presented by Jelliffe 
and Jelliffe, based on Bergmann and Fomon (1974:320-337). 

25. There is some debate in the literature about the exact effects of growth hormone (Stanhope et al., 
1988:30-37) in relation to sex steroids (Tse et al., 1989:38-43) being responsible for increases in height 
during adolescence. The synergistic relationships between the two hormones, however, is not fiilly 
addressed, since an increase in sex steroids generally triggers the release of growth hormone (Pescovitz 
1990:119-125, Brook 1981:281-285). 

26. This condition is exacerbated postmenopausally by lack of estrogen therapy and proper nutritional care, 
specifically by incorporating estrogen, vitamin D and calcium into their diet. 

27. King et al. (1992:130) state that 30 grams of calcium is necessary through the course of the pregnancy. 
This would account only for calcium deposition on the fetal skeleton and not other metabolic functions. 

28. While calcium absorption firom the intestine is occurring, secretion in the opposite direction is also 
occurring (see Table 3.1 in Chapter 3). 
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29.For osteocalcin, baseline values for the three breastfeeding groups were remarkably different, although 
values after 18 months were not. For instance, there is a difference of 0.90jt.0.04 ng/Ml between baseline 
and 18 months in the one month group, 1.61+.0.07 ng/Ml for women in the two to five month group and 
0.33+.0.02 ng/Ml in the six month group, i.e., the values are higher in women who have breastfed for 
longer durations. For BALK, the difference in values for women who breastfed less than a month is 
22.13+.4.89 U/L between baseline and 18 months, while women who breastfed two to five months had 
higher values of 50.62+.6-26 U/L and women who breastfed over six months had values of 37.76+.3.31 
U/L. For resorption, there is an average difference of 11.76+.1.0 picomoles of type I collagen to 
micromoles of creatinine for N-telopeptides between baseline and 18 months of women who breastfed for 
less than a month. This value is in contrast to 31.27+.2.01 and 30.78+:1.21 picomoles of type I collagen 
to micromoles of creatinine for N-telopeptides between the same time for women who breastfed two to five 
months and six months or more, respectively (Sowers et al., 1993:3130-3135). 

30. Ward's Triangle is defined as a radiolucent area of trabecular bone in the intertrochanteric region of 
the femur, where there are limited lines of stress (Blauvelt and Nelson 1994:99; Greenstein 1997:177). 

31. Various studies use various statistical tests to analyze the data. Interestingly, Khosla et al., (1996:857-
863) admits that the results of the analysis will depend, to a great part, on the variable(s) that one 
incorporates into the analysis, including the measures of bone mineral. 

32 . Secondary osteoporosis, however, involves pathological alterations in endocrinological processes, 
including hyperprolactinemia, hyperparathyroidism and diabetes mellitus. It may also be due to the use 
of medications ~ cortisone, ethanol, barbiturates, thiazide diuretics ~ that interfere with normal bone 
metabolism. Also, any changes that alter normal stressors, such as changes in activity levels, exercise 
patterns and gravitational pull will affect normal biomechanical loads (Cummings et al., 1985:178-208, 
Felson et al., 1995:485-492, Piziak 1994:336-341, Mazzuoli et al., 1989:22-29). 

33. It is thought however, that these researchers did not control for other variables related to vitamin D 
production and absorption - skin coloration and calcium intake, for various populations. The relationship 
between VDR haplotypes, normal calcium intake and skin coloration has not been directly addressed in the 
literature (Jorgensen et al., 1996:30-31, Frisancho 1991:85-100). Calcium intake is limited by 
environmental factors. See earlier arguments on endnote #3. 

34. If HMD is greater in black females that other ethnic groups while bone ash weight is not, it is not 
possible that other factors are involved such as increased inaccuracy due to measuring increased red bone 
marrow, which reflects increased hematopoesis possibly from increased androgen levels? 

35. Dramatic decreases in the incidence of infectious disease were made in the early part of the century 
in the United States. Indeed, the epidemiological transition marked the decline of mortality due to infectious 
disease and increase in mortality due to cardiovascular disease, neoplasms and degenerative changes 
associated with the aging process (Weiss 1972:342, Yaukey 1985:117-118, Molnar 1992:312-313, Livi-
Bacci 1992:23). With the introduction and spread of virulent viruses coupled with the recent resurgence 
of antibiotic-resistant bacteria, dramatic increases in mortality due to Hantavirus, Ebola and secondary 
infections from HIV are noted throughout the country and world (Firmer et al., 1996:189-193). While it 
is possible that there is a misclassification of the underlying cause of mortality on death certificates (Randall 
1996:1399-I4(X}), certainly the last decade it noted for the resurgence of infectious agents (such as 
Tuberculosis), once thought to be under control (Pinner et al., 1996:189-193). 



732  

36. The epidemiological transition, as a component of the demographic transition, attempts to account for 
the changes in mortality rates and their effects on the overall population size and structure. The stages -
age of pestilence and famine, age of receding pandemics and age of delayed degenerative diseases -- explain 
the transition in Westernized countries and adequately account for accelerated models proposed for 
developing countries or current trends in underdeveloped countries (Gaylin and Kates 1997:609-621). 

37. For the history of variolation, see Behbehany (1983:455-509) and Dixon (1962:216-281). 

38. In recent years, there has been renewed attention on highly contagious infectious diseases, including 
Ebola, HIV and Malburg, that originate from uopical areas, as well as terrorist acts, involving small pox, 
anthrax and combinations thereof. 

39. The epidemiological transition has attempted to account for the decreases in mortality across all 
members of the population, although Omrans theory did not clearly address differences that one could see 
within the population, more specifically in subgroups of the population that may be differentially exposed 
to infectious diseases and do not have access to the same resources. A clear representation of morbidity 
and mortality within a certain component of the society does not emerge when examining the society at 
large. For example, the incidence of TB in the United States has increased by 26.5% in Hispaoics and 
Blacks, while it has only increased by 0.5% in Whites between 1986 and 1989. In another instance, there 
is an increase in the differential mortality between whites and blacks by 56-57% in modern America and 
these differentials have been diverging. Certaitdy, sex, ancestry, socioeconomic status and education, 
nutrition and access to health care are important factors to consider when evaluating current trends in 
health, morbidity, mortality and population structure (Gaylin and Kates 1997:609-621). 

40. DiMaio and DiMaio (1989:44) state that sudden death is the initial symptom of coronary artery disease 
in 25% of Medical Examiner cases through their office, but this value can reach as high as 75% of the 
cases depending on the demogr^hic profile of the population. 

41. Yet another i^proach to the disposable soma theory is that organisms only invest energy sources into 
repair strategies necessary to maintain natural expectancy of life in the wild (Kirkwood 1996:1(X}9-1016). 

42.1n mammalian systems, the genes associated with immunological fimction correlate highly with 
longevity, as well as with aging. A variety of genes that code for human leukocyte antigen (HLA) 
hs^lotypes have been associated with certain diseases processes and autoimmune disorders (Jazwinski 
1996:54-59; Takata et al., 1987:824-827). Overall function of the immune system declines with age, related 
to changes from virgin T-lymphocyte to memory T-lymphocyte populations and the accretion of signal 
transduction defects. These changes include declines in T-cell proliferation, clones and decreases in 
production of antimicrobial agents, presumably due to declines in production of Interleukin-2. There is a 
decline in the ability of B-ceUs to produce antibodies, especially hypennutated antibodies, to newly 
encountered antigens. Mammalian models have demonstrated that these functional declines in the immune 
system result in diminished survival (Miller 1996:70-74). 
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