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ABSTRACT 

This one-year longitudinal study was designed to examine the association of 

changes in body composition, dietary factors, and physical activities on changes in bone 

mineral density (BMD) and content (BMC) among healthy postmenopausal women 

13 

(N = 53). Subjects were Caucasian women who were not taking hormone replacement 

therapy and were at least three years past menopause. Calcium supplementation (1000 

mg/day) were given to all the women to ensure adequate calcium intakes. Their body 

composition, total and regional BMC and BMD were measured using Single Photon 

Absorptiometry and Dual-energy X-ray Absorptiometry. Arizona Food Frequency 

Questionnaire and eight days dietary intake records were used to estimate nutrient intake. 

Physical activity was assessed by self-administrated physical activity questionnaires. 

Lean tissue mass (L TM) was a significant predictor for regional BMD and BMC 

(p<0.05). Changes in bone were correlated with each other at certain sites. Increased 

weight and BMI were associated with increased BMD and BMC at femoral sites 

(p<0.05). Changes in fat tissue mass (FTM) and %FTM significantly predicted changes in 

BMD and BMC (R2 = 0.14 to 0.23). Saturated fat, dietary fiber and beta-carotene intakes 

positively, and protein intake negatively, contributed to changes in bone mass (p<0.05). 

Energy spend on low intensity activities had a negative relationship with change in 

lumbar BMD. Reduction of lumbar spine BMC was accelerated with increased time 

spent on non-weight bearing activities (p<O.05). Dietary factors and changes in body 

composition had ajoint-role in predicting changes in BMD and BMC. 
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Conclusions: (1). body composition changes with increased age; (2). there are 

certain relationships between changes in bone mass at different sites; (3). BMD and BMC 

are related to body composition; (4). L TM is an independent predictor of BMC and 

BMD; (5). greater bone loss is associated with loss in weight; (6). loss ofFTM is a 

significant predictor of loss in bone mass; (7). dietary factors influence rates of change in 

bone mass; (8). the relationship between physical activity and bone-changes was not 

significant; (9). there are joint-effects of changes in body composition and dietary factors 

on changes in BMD and BMC in healthy postmenopausal women. 



CHAPTER 1 

INTRODUCTION 

A. Explanation of the Problem and its Context 

15 

Osteoporosis is an enormous public health problem characterized by low bone 

density and increased risk of bone fractures. In the United States, about 1.5 million 

fractures are attributable to osteoporosis each year (Riggs 1991) and the rate of fracture is 

projected to increase at least 20% over the next two decades since both life expectancy 

and population are increasing (Martin et al 1989, Martin et al 1990). Fractures at the 

vertebral, hip and distal forearm sites are the most common. Osteoporosis is more 

prevalent in the female than in male popUlation, because women have relatively smaller 

bones and experience rapid loss of bone mass caused by menopause. One third of women 

over age 65 at some time will suffer vertebral fractures, and the lifetime risk for hip 

fracture in white women is 15%. Bone fractures, especially the catastrophic type of hip 

fracture, not only cause great physical discomfort but also could lead to death (Crane & 

Kemek 1983). Half of the survivors of hip fracture may have problems walking and 25% 

require long-term care in a nursing home (Riggs 1991). The direct and indirect cost of 

osteoporosis in the United States is about 10 billion dollars annually. 

Osteoporosis is a multifactorial disorder. Low bone density in later life is the 

result of both inadequate peak bone mass and increased rate of bone loss. Both genetic 

and environmental factors determine human bone mass. It is estimated that 46-62% of the 

variance in bone density is attributable to heredity (Krall & Dawson-Hughes 1993). 
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Ethnic differences in bone mass have been found among Caucasian, African and Asian 

populations (Pollizer & Anderson 1989). Genetic factors influence both peak bone mass 

(Lutz & Tesar 1990) and the rates of change in bone density in later life (Kelly et al. 

1993). However, an individual's lifestyle may account for a large proportion of the 

nonheritable variance in bone density. Nutrition and exercise are important for both 

reaching optimal peak bone mass and the maintenance bone during adult life. 

The etiology of osteoporosis is very complicated. Endocrine imbalance and 

gastrointestinal disease can both lead to secondary osteoporosis. However, primary 

osteoporosis, particularly involutional osteoporosis with aging is the major cause of high 

fracture rate in modern society. Two forms of involutional osteoporosis, Type I and Type 

II have been identified (Riggs and Melton 1986). Type I osteoporosis is also called 

postmenopausal osteoporosis, since it characteristically affects women within 15 to 20 

years after the onset of menopause. It is the result of exaggeration of postmenopausal 

phase of accelerated bone loss. Loss of trabecular bone associated with type I 

osteoporosis may result in crush fractures of the vertebrae or distal forearm where the 

concentration of trabecular bone is high. Type II (age-related) osteoporosis occurs in both 

men and women age 70 or older. It is characterized by more gradual loss of both cortical 

and trabecular bone. The clinical result may be ve11ebral (multiple wedge) or hip fractures 

(Riggs 1991). 

Estrogen deficiency is an important risk factor for postmenopausal bone loss 

(Gennari 1990a) and estrogen replacement has been shown to be an effective determent 



of bone loss in postmenopausal women (Prior 1990). However, not all postmenopausal 

women are eligible for estrogen replacement therapy because of side effect and/or a 

family history of breast cancer (Prince et al. 1991). 

17 

Exercise and increased calcium intake are the other two major strategies for 

maintaining bone mass in postmenopausal women (Drinkwater 1994a, 1994b, 

Snow-Harter et al. 1992, Heaney 1990b, Cumming 1990). The efficacy of calcium 

supplementation has been widely questioned (Elders 1994, Rico et al. 1994a), and the 

effect of exercise on bone mass is still a matter of debate (Jacobson et al. 1984, Stillman 

et al. 1986, McDonald et al. 1986, Colleti et al. 1989, Kroger et al. 1994). Moreover, the 

impact of nutritional factors other than calcium and vitamin D intakes on bone 

metabolism is not fully understood (Holbrook & Barrett-Conner 1991). Body weight is 

positively associated with bone density (Lei 1988, Harris et al. 1992, Compston et al. 

1992), and aging and exercise not only change total body weight but also alter body 

composition (fatty and lean tissue mass) (Compston et al. 1992, Metz et al. 1993, Pocock 

et al. 1989). How those changes in body composition may affect bone density and the rate 

of change in bone mass is unclear. 

B. Major Aims and Hypotheses 

The present study was designed to explore the effects of different body 

composition, dietary intakes and types of physical activity on rates of change in bone 

mineral content and density in healthy but estrogen deficient postmenopausal women 
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whose calcium intake is adequate. The following hypothesis will be tested in this one year 

longitudinal study: 

(1). Rates of change in bone mass are correlated with each other from site to site. 

(2). Body composition and bone mineral density change with increased age. 

(3). There is significant positive association between body weight, body mass 

index (BM!) and bone mass. 

(4). Lean body mass is closely related to bone mass. 

(5). Loss of weight or BM! causes higher rates of reduction in bone mass. 

(6). Loss of fat tissue mass is associated with increased loss of bone mass. 

(7). Dietary factors, other than calcium and vitamin D, are related to changes in 

bone mass. 

(8). Being physically active prevents bone loss. 

(9). There are interactive effects of dietary factors, physical activities and changes 

in body composition on changes in bone mass. 

c. Significance 

This study will help to understand the relationship between environmental factors 

and bone density, especially for factors whose effects may be masked by calcium 

deficiency. The longitudinal study design will provide definitive outcome for 

comprehending the physiological association of fat, lean and bone tissues. The results of 

the study may also indicate future directions for osteoporosis prevention in 



postmenopausal women, particularly for whom estrogen replacement therapy is not an 

option. 
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CHAPTER 2 

STUDY BACKGROUND AND LITERATURE REVIEWS 

A. Basic Bone Physiology 

1. Overview 

20 

The human skeleton is the product of a long evolutionary history. It is responsive 

to a variety of environmental challenges to survival. Some components of its structure 

have evolved to permit efficiency of locomotion and movement while others are adapted 

for internal protection. Since 65-70% of total bone mass is composed of minerals, the 

skeleton also serves as a mineral reservoir. This is specially true for calcium for which 

bone represents 98% of the body's pool of total calcium (Cameron 1972, Glimcher 1990, 

Stini 1995). The general anatomical form of a bone is determined by genetic 

predisposition. The effects of environmental influence are superimposed on this inherent 

skeletal form by both bone modeling and remodeling processes. Increases in the length of 

long bones in childhood and adolescence occur adjacent to cartilaginous growth plates, 

which are eventually replaced by bone in the process of epiphyseal fusion. Bone modeling 

is the process by which the overall shape of bone is changed in response to physiological 

and lor mechanical influences (Felts & Spurrell 1966). Bone modeling occurs throughout 

the growth process and under special conditions when the strain on bone changes 

significantly. 

Unlike bone modeling, bone remodeling is a life-long process by which bone is 

renewed through the continuos removal of bone (bone resorption) and the replacement of 
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discrete amounts of old bone by the synthesis of new bone matrix and its subsequent 

mineralization (bone formation). Remodeling is an active process throughout the skeleton 

and is mediated through the coupled processes of bone resorption and bone formation 

within the framework of the bone remodeling unit (BRU) or basic multicellular unit 

(BMU) (Frost 1980). By these coupled processes, the mechanical integrity of the skeleton 

is preserved and calcium homeostasis is maintained. The bone remodeling process is 

sensitive to changes in hormone levels, nutritional status and mechanical strain caused by 

aging and environmental factors. Disturbances in bone remodeling can lead to alteration 

in bone architecture. Removal of structural elements of bone may result in loss of 

mechanical competence and a subsequent increase in the risk fractures seen in 

osteoporosis. 

2. Bone macroanatomy and microanatomy 

Macroscopically, the skeleton consists of two different types of bone: cortical 

bone which makes up 80% of the bone mass and trabecular bone (or cancellous bone) 

constituting the remaining 20%. 

a. Cortical bone 

Cortical bone predominates in the shafts of long bones of the appendicular 

skeleton. This compact, dense bone is made up of adjacent osteons, or Haversion systems 

lying close to each other, with the spaces between them filled with interstitial lamellae. 

The porosity of cortical bone which is usually less than 5%, is the result of either ongoing 

remodeling or the presence of the Haversion canals of resting osteons (Parfitt 1983). 
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Cortical bone may itself be divided into periosteal and endosteal, which are functionally 

and anatomically different. The periosteal surface of cortical bone is responsible for 

appositional growth and fracture repair. Bone formation generally exceeds resorption in 

the periosteal compartment. This may lead to net increase of bone mass and diameter over 

time. The endosteal compartment has a higher level of remodeling activity, likely 

resulting from more mechanical strain and/or the proximity of the marrow space with its 

own cytokine environment. On the endosteal surface resorption tends to exceed 

formation, leading to expansion of the marrow space in long bones. This endocortical 

thinning may be especially pronounced during high turnover states such as during early 

postmenopause. 

b. Trabecular bone 

Trabecular bone is found in the vertebrae, in the majority of the flat bones and in 

the ends of long bones. It consists of bony thin plates, spicules and trabeculae which are 

interconnected in a honeycomb pattern. This trabecular architecture provides maximal 

mechanical strength in response to mechanical loading produced by weight-bearing. In 

contrast to cortical bone, trabecular bone has a relatively large surface area involved in 

remodeling activity. This type of bone is lost earlier and at a accelerated rate in early 

postmenopausal women. 

Although their gross structure and microstructure differ, trabecular and cortical 

bone share the same type of cells and nonliving intercellular substance-matrix. 
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Four types of bone cells are responsible for the formation of bone (osteoblasts), its 

resorption (osteoclasts), and maintenance (osteocytes, cells of osteoblast lineage that are 

embedded in bone matrix and the bone-lining cells). Osteoblasts and osteoclasts are 

found in greater number in trabecular bone than in cortical bone which may explain 

trabecular bone's high metabolic rate (Bronner 1994). 

c. Osteoblasts 

Osteoblasts are derived from mesenchyme (Stini 1990). They contain an 

abundance of rough-surfaced endoplasmic reticulum, a prominent Golgi complex next to 

the nucleus. The highly developed endoplasmic reticulum and Golgi bodies are associated 

with the high level of protein synthesis characteristic of osteoblasts. The major product of 

the osteoblast is procollagen type I which is a precursor of the protein specific to bone 

matrix (Collagen I). Osteoblasts also synthesize and secrete other noncollagen proteins. 

These include osteonection, osteocalcin, proteoglycans I, II and prostaglandins. Some of 

these noncollagen proteins are involved in the regulation of bone mineralization, 

resorption and in coupling the bone remodeling process. They act as signals in the 

modulation of cell differentiation, recognition and facilitated attachment. Some, such as 

osteocalcin, proteoglycans I, II, are important markers of bone metabolism (Boskey 1989, 

Stini 1990). Osteoblasts also synthesize collagenase which releases collagen from bone 

during bone resorption (Barnes 1987). Each osteoblast carries out a cycle of matrix 

synthesis, after which it may become incorporated in bone as an osteocyte. Some 

osteoblasts cease activity but remain present as surface osteocytes (Anthony & Kolthoff 
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1971). Transition from the status of osteoblast to that of osteocyte is marked by cessation 

of alkaline phosphatase synthesis (Doty 1981). 

d. Osteocytes 

Osteocytes resemble the osteoblasts from which they arise and the same 

components can be found in each type of cell. As osteocytes mature, they became flatter 

and lose some of their abundant cytoplasm. Within the lacunae of the Haversion systems, 

osteocytes are surrounded by a layer of more permeable bone which is presumably readily 

available for exchange. Osteocytes may contribute to bone metabolism by facilitating the 

exchange of the constituents of bone matrix, especially calcium, between bone and other 

tissues in the body (Stern 1988). 

e. Bone-lining cells 

Bone lining cells, which cover and surround much of the surface of bones, 

particularly of the long bones, are thought to be osteoblast-like cells but exhibit minimal 

metabolic activity (Bronner 1994). They may work as a barrier separating bone fluid from 

interstitial fluid (Raisz 1990). During the resorption process, bone-lining cells may 

regulate the rate of turnover by exposing the areas they cover to the action of other cells 

(Stini 1995). 

f. Osteoclasts 

Osteoclasts originate from hemopoietic tissue and are the outcome of interaction 

of bone marrow lymphocytes and cells of the monocyte/macrophage line (Mundy 1987). 

The classic mature osteoclast is a large or very large multinucleated cell with 2 to 100 
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nuclei. A characteristic histologic feature of an active osteoclast is the ruffled border 

composed of a series of fine finger-like cytoplasmic processes of the plasma membrane. 

These ruffled borders may mediate the attachment of the osteoclast to its substratum 

during resorption (Zheng et al. 1991). The mechanism by which osteoclasts are thought to 

resorb mineral involve acidification of the environment. The extensively ruffled border of 

the osteoclast provides a large surface area supporting a large number of proton pumps 

(Katz et al. 1984). Protons, probably generated by carbonic anhydrase, pass from the 

osteoclast to the surface of bone where resorption occurs (Barnes 1987). 

3. Bone remodeling process 

Bone remodeling includes two major phases: bone resorption and bone formation. 

Bone resorption removes collagen and minerals from a unit of bone. Bone formation 

starts with the synthesis of bone collagen and the laying down of bone organic matrix 

(including other proteins) which is followed by bone mineralization. In people with 

normal skeletal metabolism, the remodeling period is approximately 135 days in cortical 

bone and 200 days in trabecular bone. In cortical bone, the resorption process lasts 30 

days. Mineralization starts about 15 to 20 days after osteoblasts synthesize the matrix. 

The formation period last about 90 days. The erosion period in trabecular bone lasts about 

43 days. Matrix formation take place for 15 days before signs of mineralization are 

detectable. Under normal condition, after the termination of bone resorption, bone 

formation is initiated in the resorption cavity through a coupling process ensuring that the 
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amount of bone removed is deposited again (Eriksen et al. 1994). When resorption is not 

coupled properly by formation, bone loss occurs. 

4. Regulation of bone remodeling 

a. Local factors 

The bone remodeling process is modified or regulated by both local factors and 

hormonal factors. Bone cells produce substantial quantities of local growth factors, some 

of which are stored in bone matrix. The growth factors secreted by bone cells have both 

paracrine action and autocrine action. It has been suggested that growth factors act as 

determinants of local bone formation through a delayed paracrine action in which 

osteoblasts deposit growth factors in bone that are released later during resorption. Upon 

release, the growth factors stimulate osteoblast precursors to proliferate (Mohan and 

Baylink 1990). The major growth factors include skeletal growth factor (SGF), insulin 

like growth factor (IGF), transforming growth factors (TGF), platelet-derived growth 

factor (PDGF), bone morphogenetic protein (BMP), and hematopoietic factors which are 

involved in regulating osteoblast and osteoclast proliferation, differentiation and collagen 

synthesis function (Hruska et al. 1993). 

Cytokines, locally produced by hematopoietic cells resident in marrow, have 

major influence on skeletal remodeling. The major cytokines related to bone metabolism 

are granulocyte macrophage colony stimulating factors (GM-CSF), macrophage colony 

stimulating factors (M-CSF) and Interleukins (IL). These cytokines affect the replication 

and differentiation of osteoclast progenitors (Zheng et al. 1991). 
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Prostaglandin E-2 (PGE-2) has been shown to have effects on both osteoblasts 

and osteoclasts. The level of PGE-2 release is regulated by other hormonal factors. 

Controversy exist about the net outcome of this factor on bone remodeling (Stini 1995). 

b. Hormonal factors 

Hormonal factors may mediate bone formation and absorption through regulation 

of calcium absorption and/or through direct effect on bone cells. The important calcium 

regulatory hormones are parathyroid hormone (PTH), 1,25-dihydroxyvitamin 0 3 (V03 or 

calcitriol) and calcitonin (CT). These hormones modulate extracellular calcium 

homeostasis by affecting intestinal calcium absorption, and renal excretion as well as 

calcium mobilization from bone. Meanwhile, PTH and V03 also enhance osteoclast 

formation and therefore increase bone resorption, while CT inhibits resorption. In fact, 

CT is the only inhibitor of bone resorption that has been confirmed (Mundy & Roodman 

1987). 

(1). 1 ,25-dihydroxyvitamin 0 3 (calcitriol) 

Vitamin 0 3 is involved in calcium absorption, excretion and the cycling of 

calcium from bone through bone remodeling. Vitamin 0 3 effects bone remodeling 

indirectly through the regulation of serum calcium levels. It increases calcium absorption 

by up-regulation of synthesis of the calcium-binding protein calbindin-O in intestinal 

epithelial cells and increasing that permeability of the intestine to calcium (Stini et al. 

1992). It also suppresses synthesis ofPTH. In bone, vitamin 0 3 increases bone resorption 



by stimulating osteoclastogenesis (Pols et al. 1990). Furthermore, vitamin 0 3 may also 

affect bone by regulating synthesis of growth factors (Nutrition Reviews 1988a) 
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Endogenous synthesis of vitamin 0 3 is influenced by season, latitude, skin 

pigmentation and life-style factors that affect the availability of ultraviolet radiation 

necessary to convert 7-dehydrocholesteral to provitamin 0 3 in the skin (Nutrition 

Reviews 1989b). Ingested vitamin 0 3 can supplement endogenous synthesis when these 

factors constrain normal levels of synthesis. 

High levels of vitamin 0 3 are associated with reduced vertebral compression 

fractures in postmenopausal white women (Dubbelman et al. 1993), but negatively 

associated with radial bone mass in pre and postmenopausal women (Sowers et al. 1990). 

Declining renal function in aging women may interfere with vitamin 0 metabolism 

(Buchanan et al. 1988). Adequate vitamin 0 intake is thought to suppress PTH synthesis, 

producing an additional pathway to maintain bone mass in premenopausal women 

(Lukert 1992). 

(2). Growth hormone 

The age related loss of bone may caused by decrease in growth hormone 

synthesis. Research in vitro and in vivo of both animals and humans has established a 

firm relationship between growth hormone, calcium and bone metabolism. Growth 

hormone replacement therapy increase bone remodeling (Vander-Veen 1990). The major 

function of growth hormone is clear in bone growth and regeneration processes in which 

growth hormone increases mitogenesis and accelerates RNA synthesis. Six months of 
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growth hormone treatment in men over 60 years has been found to increase plasma IGF-I 

levels to young adult levels. Meanwhile, there were an 8.8% increase in lean body mass, 

7.1 % increase in skin thickness, 14.4% decrease in adipose tissue mass and 1.6% increase 

in average lumbar vertebral bone density (Rudman et al. 1990). Growth hormone 

treatment also increases bone mass in young normal males. Brixen et al. (1990) found 

that rhGH increases bone formation and activates bone remodeling through stimulation of 

osteoblast activity. 

(3). Estrogen 

Estrogen deficiency is the main pathogenic factor in postmenopausal osteoporosis. 

Estrogen replacement therapy is effective in preventing rapid bone loss that frequently 

occurs after menopause (Riggs & Melton 1986, Prior 1990, Gennari & Agnusder 1990, 

Kiel et al. 1987). For the best protection against fractures, estrogen should be initiated 

soon after menopause and continued indefinitely (Cauley et al. 1995). 

During puberty, estrogen acts to cause closure of the epiphyseal plates in the 

female, terminating axial growth of the long bones. In the adult female, estrogen plays an 

important role in maintaining bone mass, as evidenced by accelerated rates of bone 

resorption in postmenopausal women. Estrogen deficiency causes high bone turnover 

rates, and reduction in renal calcium reabsorption (Christopher 1991), decreased calcium 

absorption independent of vitamin D metabolism (Gennari 1990) or through changing 

vitamin D activity (Forte 1983) and synthesis of CT in postmenopausal women (Gennari 

& Agnusdei 1990). 
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Estrogen receptors have been identified and characterized in rat and human bone 

cell lines (Nutrition Reviews 1989a) which suggests that estrogen has a direct effect on 

bone metabolism (Eriksen 1988). A cellular level study found that estrogen binds to 

receptors on the cell membrane, causing the receptor complex to dimerize and bind to 

specific DNA sequences termed estrogen response elements, which are generally located 

in the vicinity of the promoter sequence of target genes. Following DNA binding, 

estrogen receptors act to increase target gene transcription, resulting in increased 

messenger RNA (mRNA) and protein levels (Christopher et al. 1993). Osteoblasts 

respond to estradiol by increased proliferation and enhanced collagen gene expression 

(Ernst et al. 1988). Osteoclasts, when treated with 17B-estradiol in vitro, exhibit 

decreased resorption activity as well as decreases in lysosomal RNA and its expression 

(Oursler et al. 1994). Estrogen may also regulate calcium absorption through increases in 

vitamin D3 activity. Estrogen increases the number of renal PTH receptors, thereby 

leading to elevated la-hydroxylase (an important enzyme catalyzed by the converting of 

inactive Vitamin D3 to active Vitamin D3) activity in the absence of change in circulating 

PTH concentrations (Forte 1983, Glass & Brown 1993). It has been suggested that loss of 

calcium in the urine may predispose to osteoporosis. Estrogen promotes tubular 

reabsorption of calcium and the rise in bone resorption at the menopause could be 

accounted for, at least in part, by the effect of estrogen deficiency on the kidney (Nordin 

et al. 1991). Some studies indicate that the a level of serum estradiol in normal healthy 

postmenopausal women is associated with high bone mass (Leino et al. 1994) and low 



rate of loss in bone mass (Harris et al. 1992). Estrogen replacement in early menopause 

decreases subsequent bone fracture risk in women (Kiel et al. 1987) and estrogen 

treatment may have calcium-sparing action--lowering dietary calcium requirement 

(Christopher & Morris 1989). 
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However, estrogen treatment may lead to accelerated loss of bone when treatment 

is withdrawn. When estrogen treatment has been cycled with a progesterone, the rate of 

acceleration is reduced (Prior 1990). Experimental, epidemiological and clinical data 

indicate that progesterone acts directly on bone by engaging an osteoblast receptor or 

indirectly through competition for a glucocorticoid osteoblast receptor. Progesterone 

treatment is associated with activation of all aspects of bone remodeling with a net 

balance favoring increased bone formation (Prior et al. 1992). 

Because of the important role of gonadal hormones on bone, a significant decrease 

in gonadal hormone as in the case of menopause would be accompanied by a 

down-regulation of osteoblasts and would permit osteoclastogenesis to approach a 

maximum. This will lead to a high bone turnover rate with resorption in excess of bone 

formation. Because of the greater number of osteoblast and osteoclast in trabecular bone, 

it is not surprising that there is greater loss in trabecular bone than cortical bone after 

menopause (Bronner 1994). 

c. Calcium 

Calcium is not only a component of bone mineral, but is also involved in the 

regulation of bone remodeling (Nutrition Reviews 1988b). Because of the role of estrogen 
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in regulating calcium absorption, calcium deficiency may be more severe with low 

estrogen levels. Calcium has a wide range of functions in humans. The free ionized 

calcium in body fluid is necessary for coagulation of blood, coupling of muscle excitation 

and contraction, nerve excitability, mobility of spermatozoa, fertilization of ova, enzyme 

reactions, and transmission of many hormone actions. Therefore, maintenance of calcium 

homeostasis is crucial. Calcium is the major mineral in bone. A low serum level of 

calcium not only slows down bone formation by delaying mineralization but also 

increases bone resorption by increasing PTH and vitamin D3 circulating levels as well as 

decreasing CT level (Demay et al. 1993, Persson et al. 1993). Adequate dietary calcium is 

important for peak bone mass (Hu et al. 1993a). Low calcium intake is associated with 

low bone mass, although the association is not universal (Bauer et al. 1993). The 

differences resulting from low calcium intake in different populations are due to fact that 

there are other factors involved in calcium metabolism and certain physical adaptations to 

low dietary calcium in some population. However, more and more results indicate that 

increased calcium intake leads to increases in bone mass. A meta-analytic review by 

Cumming (1990) suggested that increases in calcium intake prevent bone loss and the 

effect of calcium supplementation is particularly strong in the group of people who have 

calcium intake below threshold. A recent study in premenopausal women showed that 

supplementation of 1000 mg/day of elemental calcium increased bone mass 2.5% in legs 

and arms, 1.7% in trunk, and 2.6% for TBMC within one year (Rico et al. 1994b). 

However, there is still controversy about the role of calcium in early menopausal women. 
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Heaney (1990a) based on available results from previous studies, concluded that calcium 

deficiency is masked during the early years of estrogen withdrawal bone loss and calcium 

supplementation is not effective in the immediate postmenopause. But beyond 5-8 years 

past menopause, calcium deficiency becomes manifest in the augment action of bone loss 

following estrogen withdrawal. However, Cumming's review (1990) suggests that early 

postmenopausal women will still benefit from a high calcium intake. The baseline 

calcium intake may be a key to understanding the role of calcium. If people have had 

relatively high calcium intake to start with, further increases in calcium intake may not 

be beneficial. Even if there is a slight benefit on bone, it may well be masked by the more 

profound effect of estrogen deficiency in early postmenopausal women. On the other 

hand, low calcium intake is still a risk factor in bone loss among early postmenopausal 

women. If calcium intake is below the level necessary to balance the obligatory daily loss 

of calcium, the decreased serum calcium will lead to a higher bone resorption. In a 

balance study, Heaney et al. (1977) indicated that maintenance of the balance of intake 

and loss requires a calcium intake of 1241 mg/day for women aged at 35 to 50 yr. 

Dawson-Hughes et al. (1987) studied healthy postmenopausal women and found that 

women with a calcium intake <405/mg/day lost spine density at a rate that was 

significantly greater than that of women with an intake >777 mg/day. The same 

investigator found that in women average 59.9 years of age an increase in calcium intake 

from 400 mg to 800 my per day significantly reduced bone loss from the forearm and 

spine (Dawson-Hughes et al. 1990). However, in women who were less than five years 
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past menopause, supplementation of 1000 mg/d calcium retarded bone loss from the 

radius but not from the spine (Dawson-Hughes 1991). Similar reports have been reported 

from a study of perimenopausal women in which supplements of 1000 or 2000 mg 

calciumld led a small but sustained reduction in bone turnover, metacarpal-cortical bone 

loss and lumbar bone loss in all subjects. Although, calcium supplementation reduced 

bone turnover and metacarpal-cortical bone loss, the menopause-related acceleration of 

metacarpal bone loss remained apparent and calcium supplementation had no 

clinically-relevant effect on the rate of bone loss from the spine in women within 10 years 

after menopause (Elders et al. 1994). These results suggest that loss of bone in the spine 

is less responsive to increased in calcium intake and loss of bone from the spine may be 

more sensitive to other factors (such as estrogen or physical activity), especially in early 

menopausal women. 

Since calcium supplementation (which is not as effective as estrogen, but has 

favorable effect) has been shown to retard cortical bone loss in postmenopausal women 

(Walden 1989) and may slow down trabecular bone loss in later postmenopausal women 

(Dawson-Hughes 1991), it has been suggested that 1000-1500 mg calcium 

supplementation should be recommended for postmenopausal women (Heaney 1990b). 

However, absorption of calcium is not linearly related to calcium intake and calcium 

supplementation may interfere with absorption of other minerals, such as iron (Hallberg 

et al. 1991, Cook et al. 1991). Calcium intake of 1000 to 1500 mg/day is safe, but an 

intake exceeding 3000 to 4000 mg/day should be avoided because it will cause 
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hypercalcemia in most subjects (Arnaud & Sanchez 1990). There is evidence that the 

calcium requirement is related to the bioavailability of calcium which is effected by a 

number of dietary factors, including protein, fiber, and caffeine intakes. The most recent 

NIH consensus statement on optimal calcium intake recommended an intake of 1,000 

mg/day for postmenopausal women who are taking estrogen; and 1,500 mg/day for 

postmenopausal women who are not taking estrogen. Adequate calcium intake is certainly 

important for postmenopausal women, especially those not on hormone replacement 

therapy. 

B. Dietary Factors and Bone 

A number of studies have shown that bone mass is affected by dietary factors 

(Yano et al. 1985, Sandler et al. 1985, Tylavsky & Anderson 1988, Holbrook & 

Barrett-Connor 1991, Svanberg & Knuuttila 1994, Houtkouper et al. 1995), while other 

studies fail to identify such relationship (Hunt et al. 1989, Kroger et al. 1994). 

Malnutrition causes bone loss in animal models (Shires et al. 1980). Bone morphometry 

studies using the second metacarpal of the left hand showed a significant depression for 

percent cortical area, cortical area and combined cortical thickness in chronically 

undernourished young women as compared to age, sex and race matched controls 

(Grosby et al. 1984). Low energy intake retards bone growth by inhibiting insulin-like 

growth factor (lGF) secretion in man (Merimee et al. 1982). Eating behavior is also 

associated with bone density (Snead et al. 1992). Dietary intakes of milk, calcium and 
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vitamin D were positively associated with bone mineral content in both sexes (Yano et al. 

1985). The effects of milk consumption in childhood and adolescence on bone density 

may manifest as higher bone density decades later in menopause (Sandler et al. 1985). 

Due to multicolinearity in the western diet, in which high protein, phosphorus, vitamin D, 

magnesium, saturated fatty acid and high alcohol consumption are associated with high 

calcium intake in both sexes (Holbrook & Barrett-Conner 1991), it is difficult to identify 

the effect of a single nutrient or dietary factor on bone in a population study. Furthermore, 

the effect of dietary factor on bone needs time before it can be detected. Therefore current 

dietary intake may have no relation with current bone mineral density at all. Using a 

longitudinal approach to study the relationship between dietary intake and change in bone 

mineral density seems to be a better solution to the problem. Although the precise 

mechanisms of dietary factors on bone are not clear, it has been suggested that some of 

the dietary factor may affect bone by regulating serum hormone levels (Kalu 1983, 1988). 

1. Macronutrients 

a. Carbohydrate 

Dietary xylitol prevents loss of bone in ovariectomized rats (Svanberg & 

Knuuttile 1994). Calcium absorption is directly correlated with intestinal lactase activity 

in postmenopausal women (Pacific et al. 1985) and lactose increases calcium absorption 

by the rat ileum (Armbrecht & Wasserman 1976, Favus & Angeid-Backman 1984). 

Besides the beneficial influence of certain carbohydrates on bone metabolism, several 

studies have documented a transient increase in urinary calcium excretion after ingestion 
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of high carbohydrate meals (Lindeman et al. 1964, Lemann et al. 1970). It was found that 

a high-sucrose diet can produce hyperinsulinemia that causes hypercalciuria by inhibition 

of renal tubular resorption of calcium (Li et al. 1990). However Gray's study (1990) 

suggested that substitution of simple or complex carbohydrates for fats in an isocaloric 

manner for a long duration does not result in significant urinary calcium loss; therefore 

high intakes of digestible carbohydrates may not increase the risk of osteoporosis. 

b. Protein 

Low protein diets slow down bone growth in rats but bone mineralization was 

normal in Orwoll et al.'s study (1992). This result revealed the dual-role of protein in 

bone remodeling: increasing bone formation and interfering with calcium metabolism 

(Orwoll 1991). It was found that essential amino acids augment somatomedin-C 

(insulin-like growth factor I) which is important for bone formation (Clemmons et al. 

1985). In human population studies, high protein intakes have been shown to be related to 

high bone mineral content in Asian young women (Hirota 1992) but low bone mass in 

white women (Arnaud 1990). Arnaud (1990) found that protein intake above 55 gmlday 

could contribute significantly to the negative calcium balance. The different results in 

Asian and white women may be due to the food source of protein with high plant source 

of protein in Asian diet and high animal protein in western diet. The influence of protein 

on calcium metabolism has been considered mainly due to increase calcium excretion in 

urine. Urinary calcium level is positively associated with urinary constituents including 

titratable acid, ammonia and sulfate (Zemel et al. 1981, Tschope & Ritz 1985). It was 
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hypothesized that plant-protein intake was negative associated with urinary calcium, due 

to the alkaline nature of plant food (Breslau et al. 1988). Animal proteins rich in sulfur 

amino acids induce high urinary calcium due to the contribution of sulfur amino acids to 

urinary acid· (Schuette et al. 1981, Hu 1993a, 1993 b). Future research should be 

controlled for calcium intake before looking at the effect of plant-source and 

animal-source protein on calcium excretion since the excretion rate of calcium is also 

related to calcium intake. 

c. Dietary fat 

Dietary fat is an important nutritional factor in regulation of bone remodeling. 

Rats fed a diet rich in n-6 fatty had higher PGE2 levels and bone turnover rates than that 

rats on a diet rich in n-3 fatty acids (Kokkinos et al. 1993). 

Dietary fat may also related to estrogen level. In Finnish women aged 20-69 yr., 

high fat intake was related to a marginally elevated risk of breast cancer (Knekt et al. 

1990). Low fat diet plus high fiber cause low estrogen levels in premenopausal women 

(Rose et al. 1991) and high fat diet increases estrogen levels in postmenopausal women 

(Adlercreutz et al. 1988, Bennett & Ingram 1990, Crighton et al. 1992). However, high fat 

diets especially those rich in saturated fatty acids may also decrease calcium absorption 

through formation of insoluble soaps in the intestine (Li et al. 1990). Whether there is 

certain relationship between bone mineral density and fat intake has not been tested in 

population studies. 



2. Micronutrients 

a. Sodium 
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The negative health consequences of high sodium intake have been well studied 

from the standpoint of hypertension and cardiovascular disease prevention. A less well 

known hypothesis is that high sodium intake may also cause bone loss. Sodium-mediated 

calciuresis has been well documented in both animals (Constanzo & Weiner 1976, 1978) 

and humans (Zarkadis et al. 1989, Nordin et al. 1993). Increased extracellular fluid 

volume induced by higher sodium intake and increased sodium delivery at the distal 

tubule are proposed as two mechanisms that cause increased renal excretion of calcium 

(Constanzo & Weiner 1978, Nordin et al. 1993, MacGregor & Cappuccio 1993). In a 

prospective study (Greendale et al. 1994), bone density of 258 women aged 56 and 169 

men aged 57 were measured by SPA and dual photon absorptiometry. A 24-hour recall of 

dietary intake, ascertained 16 years previously was used to determine the relationship 

between dietary sodium intake and bone mineral density in older men and women. After 

controlling for confounders, a small, statistically significant protective effect of sodium 

was found at the ultra-distal radius in men only. The average sodium intake was 3393 mg 

in men, 2612 in premenopausal women, and 2567 mg in postmenopausal women. The 

author concluded that sodium intake in the range measured is not a major osteoporosis 

risk factor. In a recent study among premenopausal women, sodium intake showed a 

positive association with rate of change in total body bone mineral density (Houtkooper et 



al. 1995). More research is needed to identify the effect of sodium on bone and the 

underlying mechanism. 

b. Potassium 
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Administration of potassium to healthy adults reduces urinary calcium excretion 

(Lemann et al 1989, 1991) and causes more positive calcium balance (Lemann et al 

1989). Dietary potassium deprivation increased urinary calcium excretion (Jones et al 

1982, Lemann et al 1991). Potassium may enhance renal tubular calcium reabsorption by 

directly stimulating calcium transfer across the luminal membrane of the distal renal 

tubule (Brunette et al 1992). Since potassium concentration is higher in intracellullar fluid 

than intercellular fluid, potassium deprivation may result in reduction of intracellular 

fluid associated with increased intercellular fluid volume, with a consequent increase in 

urinary calcium excretion. In summarizing all the data, Lemann et al (1993) suggest that 

diets containing relatively more potassium would serve to protect skeletal mass. 

c. Boron 

Supplementation of a low boron diet with an amount of boron commonly found in 

diets high in fruits and vegetables induced decreases of calcium urinary excretion 

abruptly and increases of 1713-estradiol and testosterone in postmenopausal women 

(Nielsen et al. 1987). However, a recent study (Beattie 1993) failed to detect any 

significant change in bone turnover, calcium excretion and sex steroid metabolism after 

supplementing boron to a low boron diet in postmenopausal women. Instead of 

challenging Nielsen's result, Beattie et al. suspected that low boron diets which are also 
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low in fiber may increase calcium absorption, therefore obscuring any effect of boron in 

their study. 

d. Other vitamins and minerals 

Several other vitamins and minerals may also be related to bone remodeling. 

Magnesium depletion may impair VD metabolism (Rude et al. 1985). Magnesium was 

found to inhibit Ca-acidic phospholipid formation in mineralization by competing with 

Ca for a site on phospholipid molecules (Boskey et al. 1989). 

Diets high in phosphate and low in calcium to phosphorus ratio were associated 

with low forearm bone mass (Tylavsky & Anderson 1988, Calvo 1993). Increasing 

dietary phosphorus from <500 mg/day to 3000 mg/day decreased the hydroxylation of 1 

OB vitamin D3 in the distal tubule of the kidney, therefore reducing absorption of 

calcium in the intestine (Arnaud 1990). 

Dietary zinc intake was found to influence bone growth (Bobilya et al. 1994). 

Long-term marginal zinc deprivation in monkeys slowed down skeletal growth and 

mineralization (Leek et al. 1988). There are two vitamin K dependent proteins: bone Ola 

protein (BOP, Osteocalcin) and matrix Ola protein (MOP) which are involved in bone 

mineralization. Low vitamin K may slightly delay the mineralization process in animal 

model (Price 1988), but no significant effects of vitamin K on bone remodeling have been 

seen in human studies. 

Vitamin A and its precursors affect bone formation at the cellular level (Roughead 

& Kunkel 1991), and vitamin A and carotene were found positively associated with rate 
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of change in TBMD in physically active premenopausal women (Houtkooper et al. 1995). 

The relationship between vitamin A or carotene and bone mineral density in 

postmenopausal women has not been studied yet. 

3. Other dietary factors 

a. Dietary fiber 

Fiber, oxalic acid and phytic acid decrease the bioavailability of several minerals 

including calcium, magnesium and zinc (Kelsay 1987). Fiber chelates calcium in the 

gastrointestinal tract (Arnaud & Sanchez 1990). In older postmenopausal women (69-74) 

a high fiber intake (10.5 g/day) reduces calcium absorption independent of gastric pH 

(Knox et al. 1991). Different types of fiber may have different impacts on estrogen 

metabolism. High fiber from wheat-bran supplementation (l5-30g/day) decreased serum 

estrogen level, while oat-bran and corn bran supplementation did not in premenopausal 

women (Whitten & Shultz 1988, Rose et al. 1991). It was found that endogenous and 

exogenous natural and synthetic estrogen are excreted in bile and partly reabsorbed 

through the intestine (Barbose 1990). The high intake of insoluble fiber (such as 

wheat-bran) may impede the reabsorption of estrogen in the gut by binding to the 

unconjugated estrogen (Rose et al. 1991). The independent role of fiber in bone 

remodeling is still unclear, since high fiber intake is usually associated with low fat intake 

and low adiposity. In a recent study in Arizona Houtkooper et al. (1995) found that 

dietary fiber was a positive predictor for the rate of change in total bone mineral density 



after adjusting for fat mass in physically active premenopausal women. No such 

relationship has been reported in postmenopausal women. 

b. Caffeine 
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Caffeine is consumed daily by the majority of individuals in the form of 

beverages, foods and medications. Caffeine is a weak diuretic (Nutrition Reviews 1988c). 

In 1982, Heaney and Recker reported that urinary calcium excretion and intestinal 

calcium secretion were correlated with caffeine consumption in metabolic studies on 

premenopausal women (Heaney & Recker 1982). Caffeine-induced urinary loss of 

calcium is largely attributable to a reduction in renal reabsorption, since creatinine 

clearance and filtration rate did not change significantly (Bergman et al. 1990). The 

effects of caffeine are due to adenosine antagonism. The most widely recognized role of 

adenosine in the kidney is as a mediator in the tubuloglomerular feedback response 

(Osswald et al. 1991). Epidemiological studies on the relationship between caffeine 

consumption and bone loss or fractures have failed to find an association in younger 

women (premenopausal women) (Daniell 1976, Picard et al. 1988, McCulloch et al. 

1990, Lloyd et al. 1991). Kiel et al. (1990) studying 3170 Framingham study women (age 

50-84 yr.) in 1971-1974 found that high consumption of caffeinated beverages increased 

the risk of hip fracture by 69%. Studies in postmenopausal women also indicated that 

caffeine may induce significant loss in trabecular bone but not cortical bone (Yano et al. 

1985). Hasling et al. (1992) reported that caffeine intake negatively affected calcium . 

balance in postmenopausal women aged 48-77 yr. Although it is clear that caffeine upsets 
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calcium balance, the final outcome on bone is influenced by amount of calcium ingested. 

Harris and Dawson-Hughes's study (1994) showed that for postmenopausal women who 

have daily calcium intake above 800 mg, caffeine consumption did not affect the rate of 

change in bone mineral density. However, among women consuming less than 800 mg 

calcium per day, those with highest caffeine intakes (>450mg/day) had significantly more 

bone loss than did women consuming less caffeine. 

c. Alcohol 

High levels of alcohol consumption lead to bone loss (Arnaud & Kolthoff 1990). 

However, since alcohol has been found to induce adrenal production of androstenedione 

and leads to higher estradiol levels (Gavaler et al. 1992), moderate drinking which does 

not interfere with nutrient intake could decrease bone loss, especially in postmenopausal 

women. 

C. Physical Activity and Bone 

1. Mechanism 

The skeleton consists of a series of elements with a variety of functions. The 

causal relationship between the architecture of bone and its functional loading was one of 

the earliest structure-function relationships recognized in modem biology. Wolff in the 

late nineteenth century, hypothesized that skeletal plasticity and organization was 

influenced by mechanical forces induced by the environment (Wolff 1892). Smith and 

Gillgan (1989) suggest that understrain results in disuse osteoporosis; normal strain 
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maintains bone mass; moderate overstrain increases bone mass and severe overstrain 

increases bone mass or causes fracture. Bone remodeling is influenced by the distribution 

and magnitude of functional strains within the bone tissue. This requires strain 

assessment and communication of this information to cells to stimulate bone formation 

and resorption. Strain cycling even at physiological strain levels may induce viscoelastic 

changes within bone matrix. The orientation of proteoglycan molecules within the bone 

tissue could influence bone cell behavior (Lanyon 1987). Hormonal and mechanical 

feedback must be reconciled in the common pathway by which the cell populations 

responsible for the remodeling process are controlled (Lanyon 1984). Older theories 

assumed that osteocytes are the cells responsive to strain. New research indicates that all 

of the osteoblast-line are likely to respond to strain. Static strains applied to cultured rat 

calvarial osteoblasts have been shown to increase PGE2, cAMP, and DNA production 

(Somjen 1980). Since increases in cAMP levels can inhibit cell proliferation and promote 

the differentiation and synthesis of collagen and proteoglycan in osteoblast-like cells, the 

in vitro experiments would support the concept of direct intracellular control of bone 

modeling and remodeling by physical activity (EI-Haj 1990, Rubin et al. 1990). 

2. Weight loading and exercise 

Weight-loading increases mechanical strains on bone. Studies in animals and 

humans indicate that weightlessness and bedrest cause bone loss, especially in 

weight-bearing bone (Smith et al. 1989). Body weight is a significant positive predictor 

for bone mineral density on appendicular and axial bone (Ribot et al. 1988, Kin et al. 
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1991, Mazess & Barden 1991). The influence of exercise or physical activity on the 

skeleton is well known (Simkin et al. 1987, Smith et al. 1984, Krolner et al. 1983, 

Schapric 1988). Physical activity is positively associated with bone density in both 

premenopausal (Metz et al. 1993) and postmenopausal women (Bevier et al. 1989, Kroger 

et al. 1994). Exercise prevents bone loss (Smith & Gillgan 1989) and physical fitness is 

positively associated with bone mineral density independent of age (Sinaki 1989). The 

mechanism by which physical activity and exercise affect bone mass involves an increase 

in mechanical strain on bone through both weight loading on certain bones and increasing 

muscle stretch on certain sites of the skeleton. The latter factor is evidenced by the fact 

that grip strength significantly predicts forearm (Bevier et al. 1989), spine (Bevier et al. 

1989, Kroger et al. 1994), and femoral neck bone densities (Kroger et al. 1994) in 

postmenopausal women. Moreover, forearm bone mineral density is significantly higher 

on the dominant side in young people (Rico et al. 1994b). 

Investigators report that exercise influences both trabecular and cortical bone 

(Pocock et al. 1986), only trabecular bone (Colleti et al. 1989, Krolner et al. 1982, Rico et 

al. 1994b) or neither component (Frisancho et al. 1970). Possible explanations for these 

conflicting findings include differences in metabolic activity as well as in mechanical 

stimulation in different populations under different circumstances. 

The impact of exercise on bone mass is influenced by type and intensity of 

exercise, its duration (Jacobson et al. 1984, Stillman et al. 1986) and the age at which it is 

practiced (McDonald et al. 1986). There is considerable evidence that exercise slows 
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down loss or even increases bone mass even in early postmenopausal women 

experiencing accelerated bone loss due to estrogen deficiency. Smith et al.'s (1989) study 

indicated that in both premenopausal and postmenopausal women, bone loss from the 

forearm was significantly less after 4 years of exercise regardless of menopausal status 

compared with a control. Walking is one of the commonly practiced exercises in 

postmenopausal women. There is debate about the effectiveness of this exercise in 

preventing bone loss. A year-long moderately brisk walking program did not prevent loss 

of bone mineral density from the spine in postmenopausal women (age 49-64 yr.) in a 

study reported by Cavanaugh and Cann (1988). A seven month walking program (with 

intensity above anaerobic threshold (AT)) did significantly decrease urinary calcium and 

even increased spinal bone mineral density in healthy postmenopausal women aged 45-67 

years (Hatori et al. 1993). The author of the latter study proposed that short-term walking 

exercise is safe and effective in preventing postmenopausal bone loss. The differences 

between results reported by different researchers may be partially due to the impact of 

other factors, such as calcium intake which will be discussed below. More research is 

needed to determine the effectiveness of waking in maintaining bone mineral density in 

postmenopausal women. 

3. Interaction of exercise and calcium 

Reported inconsistencies in the effect of exercise on bone mass may arise from the 

interaction between exercise and calcium intake. The effect of exercise on bone has been 

considered to be through permissive influence of estrogen and calcium (Dalsky 1990). 
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Kanders et al. (1988) found that in premenopausal women, spinal bone mass positively 

related to activity level when calcium intake exceeded 800 mg per day, but not when 

calcium intake is lower than 800 mg per day. 

Walking exercise (at 75 to 80% Max. heart rate) by postmenopausal women (60 

yr.) along with high calcium intake (1462 mg) increased both spinal and femoral neck 

bone density, while femoral neck bone mineral density decreased when calcium intake 

was below 800 mg even with exercise. It was suggested that exercise and high dietary 

calcium may preferentially alter bone density at different skeletal sites (Nelson et al. 

1991 ). 

A four year case-control study focused on the interrelationship of calcium, 

estrogen and exercise in postmenopausal women with low forearm bone density, (Prince 

et al. 1991) indicated that bone loss can be slowed by calcium plus exercise and that bone 

density can be increased by estrogen plus exercise. Exercise alone was less effective in 

preventing bone loss, suggesting that exercise alone cannot totally compensate for bone 

loss induced by calcium and estrogen deficiency. 

Exercise may even increase body requirements for calcium, since sweating will 

increase loss of calcium and calcium is needed for muscle contraction. Therefore, in the 

case of low calcium intake, exercise may not limit bone loss and perhaps may even 

augment calcium deficiency. On the other hand, when calcium intake is adequate, it will 

facilitate the stimulating effect of exercise on bone formation and thereby slow the loss of 

bone due to turnover. 



Short-term exercise may be effective in preventing bone loss temporarily, 

however, the effect could diminish when exercise ceases. It has been suggested that 

weight-bearing increases lumbar spine bone mineral content. However, after detraining 

this effect may be diminished to a certain level (Dalsky et al. 1988). 

D. Life-style and Bone 
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Lactation may cause reduced bone mass even among women who consume the 

RDA level of calcium (Wardlaw & Pike 1986). Bone mineral content in the lumbar spine 

is negatively correlated with lactation history and number of live births in both pre and 

postmenopausal women (Lissner et al. 1991). However, there are reports indicating that 

lactation may increase calcium accumulation in bone. Later menarche and early 

menopause are associated with low forearm bone mass in perimenopausal women 

(Johnell & Nisson 1984). Smoking is a significant risk factor for bone fractures (Baron 

1984). 

E. Body Composition and Bone 

1. Body composition and aging 

Age-related changes in body composition are associated with increased morbidity 

and mortality. One case in part is the loss of skeletal mass, which predisposes to 

osteoporotic fractures (Burr & Martio 1983, Aloia et al. 1991). Cross-sectional studies 

have shown that while muscle and skeletal mass decline with increasing age fat mass 
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increases (Cohn et al. 1976, Evan 1992, Svendsen et al. 1991). These changes were 

considered to be related to a more sedentary lifestyle in the elderly and changes in 

hormonal status. Growth hormone and IGF-I levels both decline with age. Recent studies 

have shown that growth hormone administration can produce an increase in lean tissue 

mass and bone mineral density as well as a decrease in fat tissue mass in both young and 

elderly subjects (Rudman et al. 1990, Brixen et al. 1990). Declining estrogen levels 

associated with menopause are implicated in the accelerated loss of muscle and skeletal 

mass experienced at that time (Riggs & Melvin 1986, Prior 1990). The rate of loss of total 

body potassium (the indicator of change in lean mass) is greatest in the first 3 years after 

menopause, a pattern similar to that seen in loss of total body bone mineral (Aloia et al. 

1991). Recent research suggests that change in lean tissue mass is menopause-related 

while change in fat tissue mass is more age-related in postmenopausal women (Wang et 

al. 1994). Although it is not certain that estrogen replacement therapy prevents 

postmenopausal loss of muscle tissue as it does for skeletal mass, this would seem to be a 

reasonable assumption. 

2. Relationships of bone and soft tissues 

a. Body weight vs. bone 

The notion that body weight determines bone mass is supported by the 

observation that incidence of hip fractures in black women is lower than in white women 

and black women are heavier on the average (Engh et al. 1986, Melton & Riggs 1983, 

NIH 1984). Also, osteoporosis is more common in lean than in obese women (Kreiger et 



al. 1982, Heaney 1983, NIH 1984); and low body weight has been found to be a 

significant predictor of future bone fracture (Gardsell et al. 1993). 
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Body weight is a significant predictor for bone mineral density in all age groups of 

women (Ribot et al. 1988, Liel et al. 1988, DeSimone et al. 1989, Laitinen et al. 1991, 

Mazess & Barden 1991, Harris et al. 1992, Felson et al. 1993, Kroger et al. 1994) as well 

as for different populations (Kin et al. 1991). 

The influence of weight on bone mass varies with skeletal sites and age. Liel et al. 

(1988) in a study of young obese women (30% above ideal weight) found increased bone 

density, compared to normal women, of 6% in the lumbar spine, 19% in the trochanter 

and 9% in the femoral neck, but no increase in the radius. Similar findings were reported 

later by DeSimone et al. (1989) in postmenopausal women. 

Harris et al. (1992) suggest that increased weight is associated with decreased loss 

of bone mineral content and density in the spine but not the femoral neck in women aged 

41 to 71 years. Kroger et al. (1994) found weight to be positively associated with lumbar 

and femoral neck bone mineral density in postmenopausal women. Weight and weight 

change are strong predictors of bone mineral density among women, but much less so in 

men (Felson et al. 1993). Unlike normal-weight women of the same age and at the same 

status of menopause, obese postmenopausal women do not seem to have an acceleration 

of bone turnover. Evidence for this includes an absence of increases in fasting urinary 

calcium excretion and in the level of Gla-protein in the obeses women (Ribot et al. 1988). 

Furthermore, increased body weight is associated with lower bone resorption in 



postmenopausal women (Frumar et al. 1980) and increased bone formation in young 

individuals (Lie I et al. 1988). 
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Pocock et al. (1989) found a significant correlation between body mass index 

(BMI) and bone density at the distal radius, femoral and spinal sites in 78 Australian 

women. Kroger et al. (1994) also found that BMI is a significant predictor of lumbar and 

femoral neck bone mineral density in postmenopausal women. 

Frame size is also an important predictor of bone mass (Slemenda et al. 1990), 

although height is related only weakly to bone mass with the exception of total body bone 

mineral density. Moreover, weight is more strongly correlated with bone mass than is 

BMI, confirming greater importance of weight than height in determination of bone 

mineral density (Compston et al. 1992). 

As weight and BMI change with seasons, bone mass changes too. In 

premenopausal women, weight and BMI in summer and fall were significantly lower than 

that in winter or spring. Local bone mineral content also showed a similar but delayed 

cycling pattern. Bone density increases at the end of summer and decreases by the end of 

winter (Rico & Revilla 1994). Change of bone mass following the change of body weight 

and BMI confirmed the association between weight, BMI and bone mass. The delay in 

the change of bone was due to the time needed for completing bone turnover (Eriksen et 

al. 1994). 
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b. Fat tissue mass, lean tissue mass vs. bone 

Which component of weight is the major factor in relationship to bone mass is 

still a debated issue. Earlier research did not test for independent relationships of fatty 

tissue and lean tissue to bone and in general agreed that muscle mass related to bone mass 

(Sinaki 1989, Stevenson et al. 1987, Metz et al. 1993). Bevier et ai's (1989) study 

indicated that spinal bone mineral density correlated with both fat and lean tissue mass in 

postmenopausal women. Fat tissue mass and lean tissue mass are highly correlated with 

each other. Stepwise multiple regression analysis has shown that only lean tissue mass 

contributes significantly to prediction of spinal bone mineral density, while the effect of 

fat tissue mass becomes nonsignificant after adjusting for lean tissue mass. Using 

anthropometric measurements, indices of muscularity and adiposity both had significant 

effects on bone mass in the radius, lumbar spine and femoral sites, the relationship 

between adiposity and bone are particularly strong in older postmenopausal women 

(Pocock et al. 1989). 

In a longitudinal study, Compston et al. (1992) found that in postmenopausal 

women (age 57.9 yr. and 9.6 year since menopause) bone loss is significantly affected by 

both lean and fat mass. Although fat mass and lean mass were significantly correlated 

with each other (p<O.001), partial correlation coefficients between bone mineral density 

and lean mass or fat mass indicate that both fat and lean tissue mass are independently 

related to bone mass. 
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Early data from Reid et al. (1992a, 1992b) suggested that fat tissue is superior to 

lean tissue in the relation to bone mineral density. However, recently Reid et al. (1995) 

found lean tissue mass to have a higher correlation with total and regional bone mineral 

density in both exercise and nonexercise groups of premenopausal women. Although the 

difference between fat tissue mass and lean tissue mass in the correlation to bone mineral 

density was small in the nonexercise group, it was much larger in the exercise group. 

In another recent study among both pre and postmenopausal women by Aloia et 

al. (1995), it was found that a relatively larger proportion of variation in total bone 

mineral mass was explained by measurement of lean tissue mass rather than fat tissue 

mass in both pre and postmenopausal women, although both fat tissue mass and lean 

tissue mass were significant predictors to total bone mineral mass. They concluded that 

lean tissue mass is the major determinant of total bone mineral mass and fat tissue mass 

may have no significant physiological effect on bone. However, since fat tissue mass 

explained a greater percentage of variation in total bone mineral mass among 

postmenopausal women than premenopausal women, they suggested an increased 

importance of fat tissue mass to bone in postmenopausal women. Future studies should 

focus on the independent role of fat and lean tissue mass in predicting changes in bone 

mineral density among different aged women. 

Although weight and fat mass are important for bone mass, the negative impact of 

loss of weight and fat mass may be offset by exercise. Dieting plus exercise decrease 
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body weight and fat mass without change in bone density or bone turnover (Svendsen et 

al. 1994). 

c. Mechanisms underlying the relationship between body composition and 

bone mineral mass 

Several mechanisms have been proposed underlying the relationship between 

body composition variable and bone mineral index. The association of obesity and bone 

mass may be due to the weight-loading increasing strain on bone, and/or conversion of 

androgen to estrogen in adipose tissue (Kin et al. 1991, Compston et al. 1992). 

Conversion of blood androgens or androstenedione to estrogen in human fat tissue has 

been shown (Longcope et al. 1969, Schindler et al. 1972). After menopause, there is 

increased conversion of androstenedione to estrone which is the principal form of 

estrogen in postmenopausal women. The adipose cell is a significant site of production 

of estrone derived from circulating androstenedine (Grodin et al. 1973). Liel et al. (1988) 

suggest that since obesity increases the mass of weight-bearing bones but not that of the 

radius, the effect of obesity on bone mass may derive from increased stress and strain on 

the skeleton rather than from hormonal effects. Ribot et al. (1988) point out that the 

concentration of estradiol in obese women is not significantly higher than other women, a 

fact would not support the hormonal hypothesis. However, more recent research seems to 

support the contention that obesity is positively related to estrogen levels in 

postmenopausal women (Katsouyanni et al. 1991), giving support to the hormonal 

hypothesis. Obviously more research is needed in this area. 
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Adipose tissue mass and intestinal calcium absorption are also positively 

correlated (Devine et a1. 1993) suggesting another mechanism linking adiposity and bone 

mass. Since estrogen facilitates calcium absorption and absorption capacity is high in 

overweight people, the mechanism or mechanisms by which adiposity increases calcium 

absorption remains unclear. 

The correlation between body composition and bone density may also reflect the 

impact of physical activity on bone. Besides increasing weight loading on bone, higher 

lean body mass is also associated with high muscle strength (Sinaki 1989) resulting from 

physical activity and fitness (Bevier et a1. 1989, Kroger et a1. 1994). From an evolutionary 

point of view, a genetic association of high bone density and high weight is another 

possible mechanism (Compston et a1. 1992). 

F. Changes of bone mineral density with increased age 

Bone mineral density at maturity is the result of two factors: peak bone mass and 

subsequent rate of bone loss. Loss of trabecular and cortical bone start at different times 

and the rate of loss varies from popUlation to population (Schlenker & Von Seggen 

1970). The relative proportions of trabecular bone and cortical bone in the vertebrae and 

the hip still remain debatable. Ward's triangle has a predominantly trabecular structure 

(Pouilles et a1. 1993). Bone mineral density of an intact vertebra consists of 50 to 75% 

cortical bone (Nottestad et a1. 1987, Eastell et a1. 1990, Sandor et a1. 1992). The femoral 

neck contains 60% cortical bone and there is 50% of cortical bone at the femoral 
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trochanter (Bohr et al. 1985). The peak mean bone mineral density has been estimated to 

occur at the age of31-35 years in the spine and 20 to 25 in femoral neck and Ward's 

triangle (Laitinen et al. 1991). Loss of bone occurs first in the spine starting before 

menopause and becomes significant after the onset of menopause (Kin et al. 1991, 

Laitinen et al. 1991, Lukert et al. 1992). In postmenopausal women, the resorption and 

formation components of the bone remodeling process are uncoupled, with the result that 

a high turnover rate leads to bone loss (Lukert et al. 1992). Vertebral bone loss 

accelerates sharply during menopause and declines exponentially with time beginning 3 

years after menopause (Pouilles et al. 1993). Based on previous studies, Rico et al. (1992) 

describes the process of bone loss in postmenopausal women as one in which significant 

loss occurs in the spine but not in the cortical bone of the limbs in the first 5 years after 

menopause. Then, between 5 to 10 years after menopause bone loss is observed at all 

sites with the higher losses in the appendicular skeleton. From 10 to 25 years past 

menopause, bone loss is slower throughout the skeleton. Beyond 25 years after 

menopause, spinal and total bone mineral density loss become significant again (Rico et 

al. 1992). Since the proportions ofloss of bone vary from site to site, measurement ofloss 

at one site does not permit extrapolation to other sites in postmenopausal women 

(Pouilles et al. 1993) especially when local osteoporosis is characterized by high rates of 

bone loss from certain sites (Israel et al. 1994). However, in normal populations, bones 

containing similar proportions of cortical or trabecular bone may represent each other 

well. Gardsell et al. (1993) found that bone mineral content of the distal end of the radius 
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is a good predictor of future fracture (mostly of the vertebra) before the age of 70 and the 

proximal site of the forearm is a good predictor offracture (mostly of the hip) between 70 

to 80. 

The rate of change in bone is related to age or years since menopause but the 

significance level of the association between change in bone and age or years since 

menopause is site and age specific (Nordin et al 1990, Sowers et al. 1991, Kroger et al. 

1994). In Caucasian postmenopausal women (age 55 to 80 yr.) forearm bone mineral 

density loss is more than 1 % per year (Sowers et al. 1991). The annual rate of loss of 

bone mineral density in women age 45 to 60, is 2.7% at Ward's triangle, 2.1 % at the 

femoral neck, 1.5% at the lumbar spine and femoral trochanter (Pouilles et al. 1993). 

Among women aged 55 years, Burger et al. (1994) reports annual loss of bone mineral 

averaging 0.6% in the femoral neck, 0.8% at Ward's triangle, and 0.4% in the trochanter. 

No age-related decline in lumbar bone mineral density was reported for this 

postmenopausal female population. 

G. Techniques in Assessing Body Composition and Bone Mineral Density 

There are several techniques available for the quantitative measurement of bone 

mass, such as radiogrammetry, radiographic densitometry (RD), single photon 

absorptiometry (SPA), dual-photon absorptiometry (DPA), dual-energy x-ray 

absorptiometry (DXA) and computed tomography (CT) (Lohman 1991). 
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1. Single photon absorptiometry (SPA) 

Photon absorptiometry was first introduced by Cameron and Sorensen in 1963 

(Cameron et al. 1968, Cameron et al. 1977). The original instruments used sealed single 

energy sources of either 125-Iodine C2sI, 28 kev) or 241 Americium e~IAM, 60 kev), 

leading to the name single photon absorptiometry. The most popular site for bone 

densitiometry by SPA is the distal one third of the radius. At this site the comparatively 

homogeneous bone structure allows excellent precision in measurement. On the other 

hand, at the ultral-distal radius site the percentage of trabecular bone is high (similar to 

that found in the lumbar spine) (Nilas et al. 1987), and the precision is relatively poor. 

2. Dual-energy x-ray absorptiometry (DXA) 

Dual-energy x-ray absorptiometry (DPA) was first used to measure appendicular 

bone sites, but soon came to be used to measure bone mineral content in the axial 

skeleton since DPA can measure bone covered with irregular and air-filled masses of soft 

tissue (Goffredsen 1990). This technique is based on the exponential attenuation of 

gamma-rays at two separate energy peaks through a two-phase absorber: bone mineral, 

which contains the high atomic number element calcium; and soft tissue, which contains 

mostly the low atomic number elements hydrogen, oxygen and carbon. Since it is 

assumed that the attenuation coefficient of soft tissue is constant, the error in bone 

mineral measurement can be introduced by soft tissue when in fact the soft tissue 

composition varies (Roubenoff et al. 1993). 
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OXA is a new generation product for bone densitometry. Although an x-ray based 

technique for bone mineral measurement had been developed in the 1960s and 1970s 

(Jacobson 1964, Gustarvson et al. 1974), it did not gain widespread acceptance until 

recently. In 1987, the first commercially available x-ray based dual-energy bone 

densitometers were introduced. Numerous acronyms such as OER (dual-energy 

radiography), OXA (dual-energy x-ray absorptiometry) and OEX have been suggested. 

OXA employs a constant potential x-ray source at 12.5fj and a k-edge filter (cerium) to 

achieve a congruent beam of stable dual-energy radiation (Mazess et al. 1990) which is 

close to optimal for bone measurement (Mazess et al. 1989). The advantages of OXA 

compared to other densitometry are (1) lower %CV «1 %) (Mazess et al. 1992), (2) low 

radiation «5 mrem), (3) high speed (20-35 min. for total body scan), and (4) low 

cooperation required from subjects (Roubenoff et al. 1993). With the scanner, a series of 

transverse scans is made from head to toe of subjects at 1 cm interval (Mazess et al. 1990) 

for total body measurement. The densitometer accurately indicates (within 1 %) the actual 

amount of hydroxyapatite after correction for physiological amounts of marrow fat 

(Mazess et al. 1989). Beside bone mineral, body soft tissue (lean, fat) can also be 

measured by OXA. The composition of soft tissue is given by the R value, which is the 

ratio of beam attenuation at the lower energy relative to that at the higher energy. Results 

of performance evaluations of OX A have shown little effect of tissue thickness on 

accuracy up to 24 cm of water (Mazess et al. 1989) and within the normal range, changes 

in hydration level of a person do not significantly influence precision (Going et al. 994). 
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H. Summary 

In summary, bone is a very active tissue that is continuously remodeled 

throughout life. The remodeling process is finely regulated by local and hormonal factors. 

Loss of bone with increased age after peak bone mass is a general physiological 

phenomenon. Women experience accelerated bone loss associated with declining 

estrogen levels. Loss of different types of bone starts at different ages. Both genetic and 

environment factors influence both peak bone mass and subsequent changes in bone 

mass. Body weight is related to bone mass, but the mechanisms underlying this 

relationship are still unclear. Even less understood is the relationship between changes in 

body composition and changes in bone mass. Longitudinal studies are needed to clarify 

the association between changes in different components of body composition and 

changes in bone density. A number of environmental factors are known to influence bone 

metabolism. Nutritional factors are related to bone mass, but results reported by different 

investigators are not consistent and the effects of specific nutrients on bone are influenced 

by changes in other nutrients, especially calcium intake. While physical activity is 

important for maintaining bone mass in postmenopausal women, debate continues about 

the efficacy of different types of physical activities on different bones. The study reported 

here is the first to use a longitudinal design to study the interaction of nutritional factors 

and physical activities on changes in bone among postmenopausal women with adequate 

calcium intake. 
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CHAPTER 3 

STUDY DESIGN AND METHODS 

A. Overview 

A multifactor study design was used in this longitudinal project. Participants were 

followed for one year to examine the change in their body composition and bone mineral 

density. All of the women (n = 53) in this study were postmenopausal and live in 

theTucson area. Data collection was conducted over the period April 1992 through 

October 1993. Dual-energy x-ray absorptiometry (DXA) and single photon 

absorptiometry (SPA) were employed for measuring total and regional body composition 

and bone mineral density of participant. Physical activity questionnaires, food frequency 

questionnaires and dietary intake records were used to estimate physical activity and 

nutrient intake before and during the study-year. All the questionnaires were returned to 

the project as soon as they were completed and each of them was checked by the 

investigator prior to entry into the database. A calcium supplement (Oscal 500, Marion 

Laboratories, Kansas City, MO) of 1000 mg/day was given to all subjects to ensure 

adequate calcium intake throughout the study. All the participants were asked to stop 

using other calcium supplement but continue to take vitamins and other supplements as 

they did before the study even though there may be certain amount of calcium in them. It 

was recommended that the calcium be taken with the main meal and to avoid taking it 

with breakfast in order to minimize the possible calcium binding effects of high fiber 

cereals. 
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B. Study Population 

In the spring of 1992, an advertisement to recruit postmenopausal women as study 

participants was distributed on the campus of University of Arizona, and at women's 

health clubs and fitness centers in the Tucson area. One hundred and twenty-six women 

responded and completed a screening questionnaire containing questions concerning 

menopausal status, state of health, medication usage and life-styles. Fifty-three women 

were selected for the study, selection were based on the following criteria: 

* Caucasian ancestry. 

* at least three years past menopause. 

* age younger than sixty-five years. 

* not a current hormone user or stopped hormone replacement therapy at least one 

year before the start of the study. 

* healthy and not using any medications that may interfere with change in body 

composition. 

* not a heavy smoker (less than 10 cigarettes a day). 

The onset of menopause was discussed with each participant. The definition for 

time of menopause was the last menstruation. 

This project was approved by the University of Arizona Institutional Review 

Board for research on human subjects (Appendix A) and written informed consent was 

obtained from all the participants. 
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Four women withdrew during the course of the study because of personal reasons 

and forty-nine people remained until its completion. 

C. Data Collection 

1. Body composition and bone mineral density 

Body composition and bone mineral density were measured twice (within one 

week) at the beginning of the study and twice within a week at the end of the study-year. 

This duplicated measurements design was used to increase the accuracy of the 

measurements and to test the reliability of each measurement. 

a.SPA 

Single Photon Absorptiometry (SPA) (Lunar radiation Corp, Madison WI) was 

used to measure each subject's forearm bone mineral density (BMD) and bone mineral 

content (BMC). Scans were done in both the Body Composition Laboratory in 

Department of Exercise and Sports Science, University of Arizona and the Physical 

Anthropology Laboratory in Department of Anthropology, University of Arizona. BMC 

and BMD at radius one third from distal site (RBMD, RBMC) and at the ultral-distal 

radius (UBMD, UBMC) were measured by SPA using the standard procedure described 

by Mazess et al. (1989). 

b.DXA 

Dual-energy x-ray absorptiometry (DXA) (DPX Lunar Radiation Corp, Madison 

WI) was used to measure total body BMD (TBMD), total BMC (TBMC), lean soft tissue 
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mass (L TM), fat tissue mass (FTM), percentage of fat tissue mass (%FTM) in the Body 

Composition Laboratory. Regional BMC (gmlcm) and BMD (gmlcm2) at lumbar spine 

(L2-1) (LBMD, LBMC), femoral neck (NBMD, NBMC), femoral ward's triangle (WBMD, 

WBMC) and femoral trochanter sites (FTBMD, FTBMC) were also measured using 

DXA. The scan modes were slow for femoral and spinal sites and medium for the total 

body measurements on DXA. Subjects were positioned according to the standards in the 

Operator Manuals (Lohman 1995b). 

c. Anthropometry 

Before the bone scans at each visit to the Body Composition Laboratory, body 

weight (WT) was measured on a beam scale with subjects wearing indoor clothes and no 

shoes. Height was measured to the nearest 0.1 cm with a wall-mounted stadiometer. 

Therefore, each subject also had two measurements of WT and lIT at the beginning and 

two at the end of the study. 

2. Dietary intake 

a. Food frequency questionnaire 

The Arizona Food Frequency Questionnaire (AFFQ) (Appendix B) was 

distributed to the subjects at both the beginning and at the end of the study to assess past 

and current food intake patterns. The AFFQ was developed at the Cancer Center 

Nutrition Core, University of Arizona, and is based on the prevailing food intake pattern 

in the southwest area of the United States. It has been used and evaluated intensively 

(Serdula et al. 1993). Several versions of AFFQ with slightly different formats and 
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contents are available. The version used in this study is refereed as the Blue Form. 

Completed AFFQs were optically scanned at the Cancer Center Nutrition Core and 

analyzed using special written computer programs (Nutritional File Management 06,07, 

08 in the Nutrition Core). 

b. Dietary intake record 

The average of nutrient intake during the study-year was estimated from two 

four-day dietary intake records (FDIR). The first FDIR was taken within the first month 

of the beginning of the study and the second was done during the last month in this study. 

For each FDIR, the four days reported were assigned randomly from a period of one 

month. However, one of the four days had to be weekend day to assure that variation 

between food intake on week days and that on weekends was detected. Only one special 

day (such as birthday, anniversary, wedding day, or holidays) could be included in the 

four days. If illness occurred on a recording day, subjects were instructed to request 

reassignment of a different recording day for them. Subjects were trained in two-hour 

seminars in which food models were used to illustrate how to estimate portion size and 

food intake. Participants were given instruction and tips about recording food intake and 

were also asked to complete a practice food intake record in the seminar using food 

models. The nutrient analysis for the four-day dietary intake records were done using 

nutritionist III version--diet analysis software program (N-SQUARED Computing 

Analytic Software, Salem Oregon). The nutritional data entry and analysis were 

performed by the principle investigator and quality controlled by the Nutrition Core. 
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3. Physical Activity 

Each participant's physical activity was assessed from two physical activity 

questionnaires (Appendix C). The first one was given in the second month of the study 

and the second in the last month of the study-year. In each of the questionnaires, subjects 

are required to write down the frequency and average time spent per occasion for each 

activity based on the history in the past four weeks. The intensity of each activity is 

expressed as METs which are based on the rate of energy expenditure relative to rest 

energy expenditure as classified by Ainsworth et al. (1993). All activities were assigned 

to five levels based on the METs value (RDA 1989). After consulting with exercise and 

sports science experts (TL and SO), all the activities were additionally categorized into 

nonweight-bearing and weight-bearing activities as well as by three levels of muscle 

stretch (Appendix C). 

D. Statistical analysis 

All the data were entered into dBase III. Statistical Package for the Social 

Sciences (SPSS) was employed for statistical analysis. Reliability of each measurement 

was tested using three different approaches: coefficient of variation (%CV), correlation 

coefficients and analysis of variance (detail will be discussed in chapter 4). After 

inspection of the distribution of%CV, subjects with %CV in any bone measurement 

beyond three standard deviations above or below the mean were excluded from analysis 
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related to that specific measurement. However, these exclusions did not change the result 

of statistical analysis significantly. 

The averages of the two baseline measurements in body composition and BMD 

were used to represent the initial values and the averages of the two measurements done 

at the end of the study were used as final values. The annual rate of change in body 

composition was defined as the difference between final and initial values. The 

percentage of change in body composition was calculated as the ratio of the difference 

(between final and initial values) to the initial values. 

Student's paired t-test was used to test the significance level of changes in body 

composition, bone mineral density, physical activity and dietary intake. 

Pearson's correlation coefficient was used to assess linear relationships between 

selected variables and partial correlation was computed after adjustment for confounding 

factors. 

Multiple regression analysis was utilized to select the best models for initial BMD 

and BMC predicted by initial body composition variables other than bone. Both enter and 

forward methods were used to develop the multiple regression models. Age and years 

since menopause (YSM) were entered before body composition variables were forward 

selected into each models. 

The best models for predicting rates of change in bone by body composition 

alone, nutritional factors alone, physical activity alone and joint effects of body 

composition and nutritional factors were also generated through multiple regression 
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analysis. Bone loss rates, even if they are nonlinear over a long period of follow-up, can 

be treated as lineal during a short interval. Based upon this assumption, a linear 

regression analysis was used to model BMD and BMC changes over one year. The 

conditional change model is used here to analyze the effects of different factors on 

changes in bone. Baseline values of the BMD and BMC were included (by enter method) 

in each corresponding model for predicting rate of change in bone to adjust for 

regression to the mean phenomenon (Plewis 1985, Frison and Pocock 1991) in which 

people who have relatively high value initially tend to drop, and people with relatively 

low values tend to rise (therefore, any factor that is related to the initial value will 

automatically be related to the change, a statistical artifact that does not reflect causal 

relations). Other confounding factors were also adjusted for each individual model as 

needed (such as age, YSM and energy intake). A two-tailed probability level of 0.05 was 

taken as an indication of statistical significance of a regression coefficient. 



A. Overview 

CHAPTER 4 

RELIABILITY ANALYSES 
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Reliability assessment of the precision of the BMD and BMC measurements is an 

essential prerequisite to determine the capacity for detecting bone modification by DXA 

and SPA. Different precision in SPA and DXA have been reported depending on the type 

and speed of the scan. For SPA at the distal one third radius site, 1 % to 3% precision may 

be achieved (Lang et al. 1991). Mazess and coworkers found a long-term in vitro 

precision error of 0.6% for DXA. The short-term in vivos precision ranged between 

0.6-1.5% in the spine and 1.2-2.0% in the femoral sites. Although the precision of DXA 

is excellent, alteration in machine function must be anticipated during longitudinal use 

(Orwoll et al. 1993). A daily calibration has been conducted to ensure an accurate 

measurement on DXA. No systematic change has been found from these calibration 

results. In August of 1993 a fire severely damaged the building where the body 

composition laboratory was located. There was no major damage to the DXA, but the 

SP A was badly damaged. After the relocation of the DXA to another building, six 

persons who had been scanned shortly before the fire (four were subjects in this study and 

two out of the study), were invited to have repeat scans. The intervals between the scan 

before and that after the fire was less than one month. The results (Appendix D ) 

indicated no significant shift in measurements by DXA based on the comparison of scans 

taken before and after the fire. 
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The results from student's paired t-test (Table 1, 2) revealed statistically 

significant differences between scans done at certain site within one week. It was 

therefore necessary to test how these differences affect the results when baseline and final 

were compared. 

B. Coefficient of Variation 

The precision of measurement can be expressed as a coefficient of variation 

(%CY), which is the SO as a percent of the mean of each subject for the sequence of 

measurements. Coefficients of variation (%CY) at the beginning (1992) and end (1993) 

of the study were calculated using the repeat measurements taken at the beginning and 

end of the study to assess the precision of the measurements and compare with the results 

from other studies. The formula for calculating %CY is: 

LX· %CY = SOlMean * 100 (Mean = __ I SO = 
n ' 

L (Xi - Mean) 
(n - 1) ) 

H~re, Mean is the average of two scans done within one week for an individual. 

Each individual's %CY for a particular measurement can be estimated from the equations 

listed above. 

For each subject, since the two scans were done within one week, no real change 

in the measurement is expected. Therefore, Xi should be very close to the Mean. The 

closer Xi is to the Mean, the smaller the SO and %CY will be. The average of each 

individual's %CY was used in comparison with other studies (Table 3). 



72 

Smaller %CV represents better precision and larger %CY poorer precision. In the 

case ofDXA (Table 3), the measurement ofBMD had better precision than that ofBMC. 

This result agreed with the findings by LeBlance and coworkers (1990). Comparing the 

precision among BMD measurements, TBMD showed the lowest %CY (0.8 in 1992 and 

0.5 in 1993) and WBMD the highest (2.8 and 3.5 respectively) in the measurements done 

on DXA. Similar patterns were also found in the BMC measurements by DXA. Percent 

coefficient of variation in TBMC was 1.4 and 1.3 in the two sets, while %CV in WBMC 

was as high as 5.2 and 6.1. The precision in soft tissue was good ( %CV = 0.5 and 0.6), 

but relatively poor precision was found in FTM (%CV = 2.1 and 2.3). The precision of 

most of the measurements by DXA in this study were comparable to other studies except 

for a few sites, such as ward's triangle. In summary, DXA BMD measurements were more 

reliable than BMC measurements. Total body measurements produced better precision 

than regional sites. 

Inspection of the precision of measurements of the values by SPA in Table 3 

shows that scans at the distal one third site had a lower %CV than that at ultra-distal site. 

The precision of RBMD was within the range of findings from other studies. 

C. Correlation Coefficient 

Correlation coefficients between two scans within a week and between the 

baseline (1992) and final values in 1993 were calculated to assess the linear relationship 

between scans. The results indicate a high correlation between scans taken within a week 



as well as between baseline and final values. This suggests that there is strong linear 

relationship between scans done within one week and that the final measurements were 

also linearly related to the initial measurements (Table 4). 

D. Analysis of Variance 
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From the above analysis, it can be concluded that even though DXA and SPA are 

very reliable techniques, variation does exist from scan to scan at a point in time. 

Therefore, we would like to know whether the difference among subjects reflects general 

interindividual variation or is an artifact of measuring error. In the current study, the most 

important question to be addressed is whether variation in the annual change in bone is 

related to the variation in potential causal factors. Therefore, it is necessary to estimate 

the proportion of the variation in real change attributable to the variation between initial 

and final measurements, because the reliability of estimates of the difference between 

initial and final measurements is the fundamental basis for further analysis. 

An analysis of variance procedure was designed with the help of Dr. Mikel Aickin 

in the Cancer Center, University of Arizona, for evaluating the reliability of 

measurements in this special longitudinal project, which had repeated measurements at 

both the beginning and end of the study (Appendix E) (Scheffe 1959, Winer 1971). The 

general principle of this analysis is to divide the variance of the source of variability that 

we are interested in by the total variance in a measurement. In this particular study, two 

sources of variability were of interest to me: one is the variation between subjects at 
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baseline (or final) measurement; another is the variation between subjects in the 

difference between final and baseline measurements of each individual. The first one was 

defined as reliability of point in time (RPT) and the second as reliability of one-year 

change score (ReS). 

1. Define variation variables 

The first step of this analysis is to define the sources of the variability in the data. 

Since each SUbject had four measurements, two at the beginning and two at the end of the 

study, we will define the two measurements at the beginning as XI and x2' and the two at 

the end as X3 and x4• Then, the model will be: 

XI =a-d+el 
X1 =a-d+e2 
x3=a+d+e3 
x4=a+d+e4 

The components a, d, and e are the sources of variability in the measurements and 

they are considered to be random variables. The component a is the mean of the real 

values of the four measurements, and d is the difference from the mean. Since the interval 

between XI and x2 (or X3 and xJ measurements was less than one week, there should be no 

change that can be detected by DXA or SPA. Therefore the difference between XI and x2, 

or between X3 and x4, is assumed to be caused by error, the component e. 

The sources of variation are assumed to be independent of each other, and the 

parameters are defined as follows: 

E[a] = Jla, Var[a] = 0'; 
E[d] = ~d, Var[d] = O'~ 
E[e,] = 0, Var[e;] = O'~ 



Therefore, the variance of a single observation is 

Var[x;] = cr~ + cr~ + cr; . 

2. Parameter estimation 

a. Define samples 

Three samples were defined to estimate the variation of the three sources of 

variability defined above, a, d, and e. The first sample (S I) is the difference between 

initial and final measurement means and is defined as: 

Sl = (X3 +x.t) _ (Xl +X2) 
2 2 

It follows that 

£[Sil =).ld, Var[Sil = 4cr~ + cr; 

For the second sample, S2 is defined as the mean of the four measurements for 

each subject. Then it will be: 

S2 = (Xl +X2 +X) +X4) 
4 

It follows that: 

cr 2 

£[S2] =).la , Var[S2] = cr~ + 4e 
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Finally, S3 is defined as the sample to estimate the variation caused by the source 

of error, e. Then it can be expressed as: 

S _ (Xl -X2)2 (X) -X4)2 
3- 4 + 4 

It follows that: 

£[S3] = cr; 

h. Calculation 

The parameters defined above can be estimated from the means and variation of 

the three samples mentioned above. There are defined as: 



Statistic Sample Mean Sample Variance 

SI MI 
S2 M2 
S3 !vh 

Then the estimations are the followings: 

fla = Nh 

VI 
V2 

Note that when a variance estimate is negative, then it is conventional to set the 

parameter estimate to zero and declare that the corresponding source of variation is not 

present. 

3. Reliability 

a. At a single point in time 
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The reliability measurement at a point in time is the ratio of real variance between 

subjects to the total variance of the measurement. 

cr~ + cr~ 
cr~ + cr~ + cr~ 
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Here, the (J'~ is the variance of error. 

Since we use the average of the two measurements at the beginning as initial 

value and two measurements at the end of the study as the final values for each subject, 

we would like to see the average reliability of the two measurements. Then, the reliability· 

of point in time (RPT) could be defined as: 

Here (J'~ + (J'~ is the real variation that is of interest, and (J'~ + (J'~ + (J'~/2 is the total 

variation of the measurement. 

b. Change between initial and final 

The important part of the study is to look for the changes between initial and final 

values and the variation of the changes among the population studied. Theoretically 

of other sources of variation. Here, we want to identify how much other source of 

variation influence the data, or in other words, how reliable is the difference between the 

initial and final measurements. 

The difference between initial and final measurements is estimated from S,. 

Therefore, the reliability of S, is the source of variability that we want to see, 

which is 4(J'~ (because there are four measurements). 

Var[ S I is the total variance of S 1, which is defined as 4(J'~ + (J'~ above. Therefore, 

the reliability of the change score (ReS) is: 
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RCS = 4cr~ = cr~ 
4cr~ + cr~ cr~ + cr~/4 

The result of this analysis are presented in Table 5. The reliability is consistently 

higher in RPT than in RCS. The real variation at any point of time represents more than 

96% of the total variation of the data for this study population as indicated by the RPT. 

The reliability of the difference between initial and final measurements is not as good as 

the one for any single measurement at a point of time, although the real variation in the 

change still represents a relatively high proportion of the total variation in the difference 

at most of the bone parameters except for WBMC measurement. 

Results from three different methods for testing reliability of body composition 

measurements indicated that both DXA and SPA produce highly reliable measurements 

in this study and the precision of the current measurements are comparable to other 

studies using the same type of equipment. However, caution should be exercised when 

interpreting the changes between initial and final bone measurements, because a 

considerable proportion of the total differences between them may come from source of 

error. 



Table1. Baseline body composition and bone mineral density 
(N=53) 
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Variables Scan 1 in 1992 Scan2 in 1992 Correlation Paired t-test 

Mean SD Mean SD r p 

TBMD92 (g/cm2
) 1.046 0.081 1.047 0.082 0.98 0.828 

TBMC92 (g) 23.44 3.51 23.49 3.67 0.98 0.637 

LBMD92 (g/cm2
) 1.022 0.15 1.023 0.145 0.98 0.753 

LBMC92 (g) 41.79 7.94 40.85 7.88 0.97 0.841 

NBMD92 (g/cm2
) 0.836 0.111 0.836 0.111 0.99 0.794 

NBMC92 (g) 3.85 0.69 3.86 0.70 0.98 0.601 

WBMD92 (g/cm2
) 0.697 0.145 0.693 0.135 0.97 0.799 

WBMC92 (g) 1.79 0.48 1.78 0.46 0.94 0.706 

FTBMD92 (g/cml) 0.69 0.108 0.697 0.104 0.98 0.034* 

FTBMC92 (g) 8.74 2.02 8.92 2.01 0.88 0.005** 

RBMD92 (g/cm2
) 0.62 0.081 0.609 0.083 0.96 0.030* 

RBMC92 (g) 0.77 0.12 0.76 0.11 0.96 0.011 * 

UBMD92 (g/cm2
) 0.25 0.056 0.248 0.055 0.94 0.521 

UBMC92 (g) 1.02 0.27 1.02 0.26 0.88 0.887 

TBM92 (kg) 68.03 14.65 68.06 14.62 1.00 0.682 

LTM92 (kg) 38.76 4.55 38.54 4.22 0.98 0.081 

FTM92 (kg) 26.91 11.23 27.15 11.48 1.00 0.039* 

%FTM92 (%) 37.98 8.98 38.28 9.27 0.99 0.073 

*p<0.05 **p<O.Ol 



Table 2. Final body composition and bone mineral density 
(N=48) 
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Variables Scan 1 in 1993 Scan2 in 1993 Correlation Paired t-test 

Mean SD Mean SD r p 

TBMD93 (g/cm2
) 1.063 0.082 1.062 0.082 0.99 0.495 

TBMC93 (g) 22.59 3.62 22.54 3.60 0.99 0.521 

LBMD93 (g/cm2
) 1.024 0.156 1.022 0.154 0.99 0.488 

LBMC93 (g) 41.05 9.01 40.51 8.46 0.97 0.119 

NBMD93 (g/cm2
) 0.836 0.111 0.836 0.111 0.99 0.794 

NBMC93 (g) 3.91 0.68 3.90 0.69 0.98 0.672 

WBMD93 (g/cm2) 0.702 0.137 0.700 0.139 0.96 0.513 

WBMC93 (g) 1.78 0.48 1.77 0.48 0.92 0.887 

FTBMD93 (g/cm2
) 0.711 0.109 0.711 0.110 0.97 0.991 

FTBMC93 (g) 9.58 2.19 9.40 2.12 0.96 0.052 

RBMD93 (g/cm2) 0.590 0.074 0.590 0.080 0.92 0.873 

RBMC93 (g) 0.76 0.12 0.76 0.12 0.95 0.694 

UBMD93 (g/cm2
) 0.244 0.053 0.242 0.052 0.91 0.630 

UBMC93 (g) 1.07 0.24 1.06 0.24 0.91 0.296 

TBM93 (kg) 68.50 15.78 68.37 15.82 1.00 0.208 

LTM93 (kg) 38.57 5.11 38.69 5.12 0.98 0.407 

FTM93 (kg) 27.67 11.68 27.42 11.88 1.00 0.088 

%FTM93 (%) 38.77 8.84 38.43 9.07 0.99 0.089 

*p<0.05 **p<O.OI 



Table 3. Interscan precision (%CV) of DXA and SPA compared 
to other studies 

Baseline (1992) Final (1993) Study 1 

DXA: 

TBMD 0.8 0.5 0.7 

LBMD 1.4 1.2 1.3 

NBMD 1.1 1.0 2.2 

WBMD 2.8 3.5 2.9 

FTBMD 1.8 1.9 2.2 

TBMC 1.4 1.3 

LBMC 2.5 3.3 

NBMC 1.7 2.1 

WBMC 5.2 6.1 

FTBMC 4.4 3.9 

STM 0.5 0.6 

FTM 2.1 2.3 

SPA: 

RBMD 2.2 2.6 

UBMD 4.2 4.9 

RBMC 2.3 2.9 

UBMC 6.3 5.0 

notes: Baseline and Final = the current study. 
Studyl = Houtkooper et al. (1995). J Nutr 125 (5): 1229-37. 
2 Mazess et al. (1989). CalcifTissue Int 44:228-232. 
3 Johnson et al. (1990). CalcifTissue Int 49: 174-178. 
4 Mazess et al. (1992). Calcif Tissue Int 51: 14-17. 
5 Lang (1991). Radi Clin Nor Am 29: 23-26. 

Other Studies 

0.4-1.5 2.3 

0.6_1.7 2.3.4 

1.4-2.2 2.3.4 

2.3 4 

2.0 4 

0.8 3 

2.73 

1.0-3.0 5 

81 



82 

Table 4. Correlation coefficients between scans 

Variables Two Initial Scans Two Final Scans Initial and Final 

TBMD 0.980 0.988 0.987 

LBMD 0.982 0.986 0.982 

NBMD 0.986 0.992 0.969 

WBMD 0.968 0.964 0.958 

FTBMD 0.977 0.965 0.972 

RBMD 0.960 0.922 0.921 

UBMD 0.935 0.946 0.932 

TBM 0.995 0.996 0.985 

LTM 0.980 0.983 0.982 

FTM 0.996 0.997 0.985 

%FTM 0.986 0.987 0.981 

All the correlation coefficients are significant at p<O.OOI 



Table 5. Results of statistical reliability analysis for bone mineral 
measurements from DXA and SPA 
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Variables Reliability of Point in Time Reliability of One-year Change 
(RPT) Score 

(RCS) 

TBMD 0.99 0.41 

TBMC 0.99 0.65 

LBMD 0.99 0.72 

LBMC 0.98 0.64 

NBMD 0.99 0.89 

NBMC 0.99 0.73 

WBMD 0.98 0.63 

WBMC 0.96 0.26 

FTBMD 0.98 0.53 

FTBMC 0.97 0.71 

RBMD 0.98 0.65 

RBMC 0.97 0.49 

UBMD 0.98 0.68 

UBMC 0.96 0.46 
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CHAPTERS 

THE RELATIONSHIPS BETWEEN BONE-FREE TISSUES AND BONE 

MINERAL MASS 

A. Introduction 

Body composition changes with age and menopausal status (Wang et al. 1994). In 

general for the female population, fat mass increases (Cohn et al. 1976, Evan 1992), and 

lean and bone tissue decrease (Wang et al. 1994) after menopause. Those changes in body 

composition may contribute to the increased morbidity and mortality of aging populations 

(Aloia et al. 1991). Although most cross-sectional studies indicate that increased body 

weight is associated with high bone density in postmenopausal women (Harris et al. 1992, 

Felson et al. 1993, Kroger et al. 1994), it is less clear which component of body weight 

(fat tissue vs. lean tissue) has the closer relationship with bone mass. Compston et aI's 

study (1992) on postmenopausal women suggested that fat tissue mass and lean tissue 

mass may have separate impact on bone mineral density. High fat tissue mass may be 

related to increased estrogen conversion and high lean tissue mass may reflect a more 

active life-style. 

The relationship between changes in body weight, fat tissue, lean tissue and bone 

mass are less understood. Only longitudinal studies can provide valid estimates of these 

relationship. It is important to understand the relationships between loss of body weight, 

fat tissue mass and bone mass, since more and more people are involved in weight loss 

programs. 
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In this longitudinal study, the association between baseline body composition and 

baseline bone mass was estimated, then the relationships between weight loss, changes in 

fat and lean tissue mass, and changes in bone mass at different sites were tested. Finally, 

correlation of bone mass at different sites and the relationship of the changes occurring in 

different bones were examined. 

B. Methods 

Single photon absorptiometry (SPA) was used to measure forearm bone mineral 

content and density. The measurements include sites at one-third of radius from distal and 

ultra distal radius on left arm. Dual-energy x-ray absorptiometry COXA) was employed to 

measure total body composition, total and regional bone mineral density and content. The 

regional sites include lumbar spine (L2-1)' femoral neck, Ward's triangle, and trochanter. 

Correlation coefficients were used to test the relationships between age, YSM, 

body composition and BMD. Student's paired t-test was used to study the significant 

levels of changes in body composition and bone mineral density. Best fit models for 

predicting baseline bone and change in bone mass by body composition variables were 

selected through multiple regression analysis. 

C. Results 

The general characteristics of this study sample population are presented in Table 

6. The average age was approximately sixty. Height was about 162 cm and weight 69 kg. 
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Average body mass index (BMI) (as defined in Quetelet's Index) was 26.6 kg/m2 which is 

close to other studies in this age group of women (Pocock et al. 1989, Compston et al. 

1992). The average of years since menopause (YSM) was 11, and 27% of them had 

surgical menopause (Figure 1). 

1. Changes in body composition and bone mineral density 

Changes in each body composition variable during a period of one-year were 

analyzed. Student's paired t-test were used to detennine the significant level of each 

change (p<O.OS). Percent FTM, FTM, total body mass (TBM) and BMI increased 3.1 %, 

4.2%,1.0% and 0.7% respectively. A decrease in LTM (0.2%) and HT (0.1%) were 

observed (Figure 2). Comparisons of the baseline and final body composition values 

were summarized in Table 7. The changes in percent FTM, FTM, soft tissue mass (STM) 

and TBM were statistically significant (p<O.OS). No significant changes in L TM, BMI 

and HT were found. Scale weight was highly correlated with total body mass (TBM) from 

OXA (r = 0.99). TBM was 1.S kg lower than scale weight (WT), partially due to subjects 

wearing clothing when on the scale. 

The changes in BMO and BMC were more complex than those soft tissue (Figure 

3). BMC decreased at most of the bone sites measured. The reduction rates in BMCs were 

4.1 %,0.1 %, O.S%, 0.7% and 0.2% for TBMC, LBMC, WBMC, RBMC and UBMC 

respectively. While NBMC increased 0.7% and FTBMC increased 7.S% in one year. The 

BMO of axial bone CLBMO, NBMO, WBMO, FTBMO) increased and BMO of forearm 

bone decreased. The highest increase in BMO was found at femoral neck site (0.9%) and 
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the lowest increase was found at femoral trochanter (0.5%). TBMD increased 0.4%, 

LBMD increased 0.7% and WBMD increased 0.6%. The percentage decrease ofRBMD 

and UBMD were very similar (0.65% and 0.68% respectively). Student's paired t-test 

(Table 8) showed that both TBMD and TBMC changed significantly (p<O.O 1). The 

changes in TBMD and TBMC went in opposite directions. A significant increase in 

TBMD along with a decrease in TBMC was found in one year. The changes in LBMD 

and LBMC were not significant. There were no significant changes in BMC and BMD at 

femoral sites except for that at the femoral trochanter (p<0.01). BMC did not change 

significantly at forearm sites but both RBMD and UBMD significantly decreased 

(p<O.OI ). 

2. Bone, age, year since menopause and body composition 

Age was correlated with YSM significantly (r = 0.39, p<O.OI) in this group of 

women. Table 9 showed that most of baseline bone mineral variables (BMD92 and 

BMC92) were negatively, but nonsignificantly correlated with both age and YSM. After 

adjusted for weight, the correlation between TBMD92 and age became significant (r = 

-0.31, p<0.05). Age and YSM did not correlate with other body composition variables 

other than bone mineral (Table 10). 

Correlation coefficients between baseline bone variables (BMD, BMC) and other 

baseline body composition variables was summarized in Table 11. TBMD92 (baseline 

TBMD) were highly correlated with other body composition variables (p<O.O I) except for 

HT92. Linear relationships were observed between TBMC92 and all the other body 
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composition variables. LBM092 was related to rest of the body composition variables 

(p<O.05) except %FTM92. NBM092 and NBMC92 were correlated to other body 

composition variables (p<O.05) except for HT92. Both WBM092 and WBMC92 were 

correlated with variables other than %FTM and HT92. The correlation between 

FTBMD92 (or FTBMC92) to other body composition variables were significant with a 

exception of that between FTBMD92 and HT92. RBMD92 was correlated with L TM92 

and HT92. RBMC was related to TBM92, LTM92, HT92 and STM92 (soft tissue mass). 

UBMD92 was not significantly correlated with any body composition variables and 

UBMC92 was correlated with TBM92 and STM92 only. 

Partial correlation between bone and fat as well as lean mass (unadjusted, age 

adjusted, age and FTM (or LTM) adjusted are presented in Table 12. Age adjustments 

did not change the relationship between bone and FTM or LTM significantly, except for 

WBMD92 and WBMC92. However after adjusted to both age and FTM92, LTM92 only 

significantly correlated with some of BMC variables and none of the BMD variables. 

After adjusted to age and L TM92, only the correlation between TBMD92 and FTM92, 

TBMC92 and FTM92, and FTBMD92 and FTM92 remained significant. 

The best fit models for prediction of baseline bone mass by baseline body 

composition variables are presented in Table 13. Age and YSM were adjusted in each 

models. The results indicated that TBM92 was the best predictor for TBMC92, TBMD92, 

NBMD92, FTBMD92 and UBMD92. L TM92 was the best predictor for LBMD92, 



NBMC92, WBMD92, WBMC92 and FTBMD92. The best predictor for LBMC92. 

RBMD92, RBMC92 and UBMC92 was HT92. 
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3. Bone mass change, age, year since menopause, and body composition 

Most of the changes in body composition and BMD were not predicted by age or 

YSM even after adjusted to WT (Table 14, 15). However, change in RBMC was 

significantly associated with age (r = 0.29, after WT adjustment r = 0.27 p<0.05). No 

significant correlation were found between baseline bone measurements and changes in 

bone (Table 16). 

Correlation coefficients between changes in bone and changes in other body 

composition variables were small, in general, and nonsignificant (Table 17). Change in 

L TM was not related to change in bone mineral for any regional bone sites. The negative 

correlation between TBMD and LTM (r = -0.25, p<0.05) was nonsignificant after 

adjusting for TBM. Changes in TBM, BMI, FTM and %FTM were significantly related to 

change in bone at femoral sites (p<0.05). Changes in both LBMD and TBMD were 

associated with change in %FTM (p<0.05). Change in LBMD was also related to change 

in FTM (p<0.01). Weight (initial measurement) adjustments did not change the 

significant relationship between change in bone and change in other body composition 

measurements except the correlation between change in TBMD and change in L TM. 

The best models for prediction of changes in bones by other body composition 

variables were summarized in Table 18. Age, YSM and baseline bone values were 

adjusted in each model. Change in %FTM was a significant predictor of change in TBMD 
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and LBMD. Change in FTM significantly contributed to changes in WBMD, FTBMD 

and FTBMC. Change in TBMC was positively related to changes in LTM2. TBM92 was 

the best predictor for change in NBMD and %FTM92 was a significant contributor to 

change in RBMD. 

4. Correlation between bone measurements 

Results from correlation analysis indicated that cross-sectionally, bone mass at 

different regional site of the skeleton were significantly related to each other (p<0.0 1 ) 

(Table 19,20). The correlation between total body and regional bone measurements were 

particularly strong (p<O.OO 1). 

Among all the bone density variables (Table 19), the correlation with TBMD 

were the highest for LBMD (r = 0.74), and the lowest for UBMD (r = 0.62). BMD 

measurements at different femoral sites were highly correlated (p<0.001), and so were the 

UBMD and RBMD (p<0.001). Interestingly, the correlation between LBMD and RBMD 

(r = 0.61) was higher than the correlation between LBMD and any other regional BMD 

measurements. 

For the correlation between BMC measurements (Table 20), all the regional 

BMC values were highly correlated with TBMC. RBMC, LBMC and NBMC showed 

similar level of association with TBMC. As with bone density, BMC at different femoral 

sites were highly correlated to each other. BMC at two forearm sites showed relative 

higher association and the relationship with LBMC was the strongest for RBMC among 

all the regional BMC measurements. 
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5. Correlation between changes in different bones 

The correlation of changes in bone at different sites were much weaker than the 

correlation of baseline bone measurements. The highly correlated pairs among the 

changes in BMD were TBMD and LBMD, NBMD and WBMD, FTBMD and WBMD 

(Table 21) (p<O.OOI). The change in TBMD also related to the change in UBMD 

(p<0.05). The change in LBMD was correlated with changes in WBMD, FTBMD, and 

UBMD (p<0.05). The changes in both FTBMD and UBMD were positively associated 

with the change in NBMD (p<0.05), while the correlation between changes in RBMD and 

NBMD were negative (p<0.05). A significant relationship was also found between 

UBMD and WBMD (p<0.05). 

The correlation coefficients between the changes in BMC were summarized in 

Table 22. Highly significant correlation were found between the following pairs: NBMC 

and LBMC; WBMC and LBMC; NBMC and WBMC (p<O.OOI). The change in UBMC 

was also associated with the changes in both LBMC and WBMC (p<0.05). RBMC was 

negatively correlated with other BMC although statistically significance was only found 

in the correlation between change in TBMC and change in FTBMC (p<0.05). 

D. Discussion 

1. Changes in bone and body composition with increased age 

Body composition changes with age and is affected by hormonal levels, physical 

activity and dietary intake (Riggs & Melton 1986, Steen 1988, Rudman et al. 1990, 
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Kroger et al. 1994, Svanberg et al. 1994). In a healthy population of postmenopausal 

women, an increase in FTM and decrease in LTM were found (Cohn et al. 1976). In a 

cross-sectional study, Wang et al. (1994) suggested that the increase in FTM is more 

closely related to age, while the decrease in L TM is more closely associated with years 

past menopause. However, the relationship between YSM and change in L TM is 

curvilinear rather than linear (Aloia 1991). Aloia et al. (1991) and Compston et al. (1992) 

suggested that although decrease in L TM is significant in first three years after 

menopause, thereafter the loss became statistically nonsignificant. On the other hand, 

FTM continues to increase significantly with increased age in postmenopausal women. 

The results of the present study are in agreement. Similar to the population in Compston 

et al.'s study, the average age of women in this study was 60 years old and YSM was 11 

(age 58, YSM 9.6 in Compston's population). Since the women in the current study were 

at least 3 years past menopause, they may have already completed their period of 

significant loss of L TM. This may explain why only the increase in FTM was found and 

why decrease of L TM was very small in this study. Because the sharp decrease of 

estrogen in the first three years after menopause (Prior 1990), the change in L TM in early 

postmenopausal women seems to be mainly related to change in serum estrogen level. 

Furthermore, the influence of the decline in growth hormone on body composition may 

continue with aging (Rudman et al. 1990) leading to further atrophy in muscle as well as 

an increase in fat tissue mass. 
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BMD is a good indicator of bone mass, although there are different views on the 

precision of correction for body size in BMD measurement (Prentice et al. 1994). The 

baseline LBMD and femoral BMDs measured in this study were comparable to Mazess et 

aI's large population study in American white women at the same age range (Mazess et al. 

1987). Baseline BMD of forearm in this study were also close to that of the women in 

Tucson and Sun City Arizona (Stini et al. 1992). The population in Sun City had 

relatively higher bone mass than the population in Tucson in Stini et al.'s study. All the 

subjects in the current study were from the Tucson area. Their forearm BMDs were lower 

than the average in the women from Sun City, but higher than the Tucson population 

mean in Stini et aI's study (1992). 

Some studies indicate that in women, the peak of mean BMD is observed at the 

age of 31-35 years in spine and 20-25 years in femoral neck and Ward's triangle (Laitinen 

et al. 1991). Using the results age 20 to 25 and 31 to 35 group in Mazess's study (Mazess 

et al. 1987) as peak bone density for femoral sites and spinal site respectively, it was 

found that the women in the current study had lost 19% of their peak LBMD, 16% 

NBMD, 23% ofWBMD and 13% ofFTBMD at the start of this project. There were no 

significant reductions in LBMD, NBMD and WBMD during the present study. This result 

agrees with previous studies in which it was shown that loss of bone from the spine and 

femur were less significant beyond 5 years past menopause (Rico et al. 1992, Burger et al. 

1994). Unlike axial bone, loss of appendicular bone may not begin until age 50 and may 

accelerate from age 51 to 65 and then decelerate somewhat after age 65 years (Riggs et al. 



94 

1980). In this population of women averaging 60 years of age, BMD loss from the 

forearm was significant, a result similar to that reported by other studies (Stini et al. 1992, 

Sowers et al. 1991), but the loss rate was smaller (0.65%) in the present population than 

in other postmenopausal populations (1 %). 

The significant increase in FTBMD and FTBMC in this study is difficult to 

interpret. Although the change in this site could be smaller than the other sites (Burger 

1994), no study reported an increase ofFTBMD in postmenopausal women without 

intervention. However, since this current study provided calcium supplementation to all 

the subjects, it could be considered as an intervention even though it did not change the 

average of total calcium intakes significantly. I will come back to this point in the 

nutritional section. The other consideration is that femoral trochanter is a site less 

frequently reported, which may indicate some doubt about the accuracy of measurement 

at this site. However, the reliability analysis in this study did not show a significantly low 

precision of the measurement at this site. 

Another surprising result was the increase in TBMD but decrease in TBMC 

among this population. Since there have been some discussions concerning factors 

affecting the accuracy of DXA measurement (Roubenoff et al. 1993), I will explore some 

of the interfering models offered to explain changes in precision of bone measurement 

and discuss how certain factors may affect the results reported here. 
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Dehydration model: 

Roubenoff (1993) suspect that abnormal hydration (normal = O.73ml/g) due to 

illness or extremes of age may lead to an error in the amount of lean tissue attributed to 

each pixel. However, in a study of a young population (Going et al. 1994), dehydration in 

the range of water loss of 1 to 3 kg did not affect the estimations of soft tissues and bone 

mass using DXA. Considering the age range and health condition of the current study 

population, it is unlikely that there were sufficiently abnormal hydration levels to cause a 

decrease in accuracy of DXA measurement. 

Change ill thickness of the body model: 

DXA measurements of bone are sensitive to the anteroposterior thickness of the 

body, so that results may be systematically different between thin and obese people 

(Roubenoff et al. 1993). With the fact of increased total body mass in this population, 

change in anteroposterior thickness is possible. It was suggested that the magnitude of 

increasing thickness, in general, is less than 3% (Lohman 1995a). How the change in 

thickness may affect BMD and BMC measurements is less clear. However, since there is 

a tendency toward increased central fat in postmenopausal women (Wang et al. 1994), 

any change in anteroposterior thickness could change the estimation of spinal site more 

than total body. 

Change in fat mass model: 

Changes in soft tissues may affect the measurements on bone. Svendsen et al. 

(1993) investigated the impact of change in fat mass on total body bone measurements. 
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DXA scans were done before and after placing 8.8 kg porcine lard on the trunk of women 

(age 24 to 49 years old). Presence of the lard did not change the scan result in TBMD and 

LTM (although slight increases were found in both), but TBMC increased significantly 

when the lard was present. This finding suggests that in a longitudinal study, results for 

TBMC could be difficult to interpret if considerable change in soft-tissue composition 

occurred. However the change in soft tissues does not seem to be the answer for the 

divergent changes in TBMD and TBMC. First of all, although there was significant 

increase ofFTM in the current study, 90% of the subjects gained less than 3 kg, much 

less than reported in Svendsen's study. Second, although only the measurement ofTBMC 

was affected significantly by increased FTM, the change in both TBMC and TBMD went 

in the same direction in Svendsen's study. Finally, it was the TBMC which increased 

significantly with increasing fat mass in Svendsen's et al.'s result, while TBMC decreased 

and TBMD increased in the current study. 

BOlle marrow fat model: 

DXA measurement has a linear relationship with increasing amounts of calcium 

hydroxyapatite (r = 0.99). However the estimation of calcium content was after correction 

for physiological amounts of marrow fat (Mazess et al. 1989). Therefore, change in 

marrow fat may affect the DXA result. As the result of increased FTM, increased fat in 

the marrow cavity is possible in the current study. However, even if the increase in 

marrow fat is significant enough to lead to a pronounced change in bone estimation, an 
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increase in TBMC should be expected with increasing fat mass, and the current results are 

diametrically opposite. 

Low hone density model: 

In DXA measurement, the composition of soft tissue is given by the R value, 

which is the ratio of beam attenuation at the lower energy relative to that at the higher 

energy. The R value is determined for each pixel that contains a minimal amount of soft 

tissue (>3g/cm~) but no significant amount of bone «0.05g/cm2) (Mazess et al. 1990). 

Pixels that include a small amount of bone may fail to be counted as bone and appear as 

very lean tissue because their average absorption coefficient for x-rays is closer to that of 

lean tissue than to bone. These pixels then lead to an error in overestimation of lean mass 

and underestimation of bone mass (Roubenoff et al. 1993). If there was significant loss of 

bone mass from bone sites which contain very low bone density between the baseline 

scan and final scan in my study, it could be unrecognized as bone by DXA leading to a 

further loss of measured BMD. Therefore, there would be a reduction in TBMC 

estimation, but perhaps an increase in TBMD estimation since the lowest density part of 

bone was lost. This seems like one reasonable explanation for the current result. 

Real challge model: 

All the models discussed above use technical errors to explain the two direction 

changes in TBMC and TBMD. Could the changes be real instead of resulting from 

technical errors? The answer is affirmative. Bone remodeling is a continual process along 

the skeleton, but in different patterns in different types of bone. If bone resorption is in 
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excess of bone formation. bone loss occurs as is the case in general postmenopausal 

women. If bone loss mainly happens in cortical bone, both TBMC and TBMO will 

decrease, due to the high density of cortical bone. If loss of trabecular bone is significant, 

TBMC will decrease but TBMO may increase since the lower density part of bone is 

taken out of the count ofTBMO. Because the disproportional loss of trabecular compared 

to cortical bone in postmenopausal women, the above situation may prevail at a certain 

ages. Future research is needed to test this model. 

Cross-sectional studies have documented that BMCs and BMOs decrease with age 

and YSM (Kin et al. 1991, Laitinen et al. 1991, Stini et al. 1992, Lukert et al. 992, Rico et 

al. 1992, Pouilles 1993, Kroger et al. 1994). Similar patterns appeared in this study, but 

none of the correlation between bone mass, and age and YSM were statistically 

significant in the present population. After adjusting for weight, the correlation between 

age and TBM092 became significant and indicated a reduction ofTBMO with increased 

age. The lack of statistical significance even after adjustment for initial weight among 

other bone variables may be due in part to the small sample size in the present study. 

The positive correlation (although not attaining statistical significance) between 

age and rate of change in TBMO (r = 0.22, P = 0.08) implies that bone loss decelerates in 

postmenopausal women beyond three years past menopause as suggested by Rico et al. 

( 1992). 

The significant correlation between HT and BMCs (TBMC, LBMC), but not 

BMO measurements (TBMO, LBMO) indicated that in bone mineral measurements, 



BMC is more related to body frame size, while BMD is a better indicator for bone mass 

(independent of body size) in normal population, although this conclusion is challenged 

by Prentice et al. (1994). 

2. Adiposity, muscularity and bone density 

99 

There is clear evidence that increased body weight is associated with both lower 

bone fracture rate (NIH 1984, Heaney 1983, Kreiger et al. 1982) and higher bone density 

especially at axial skeletal sites (Lie I et al. 1988, Ribot et al. 1988, Bevier et al. 1989, 

Pocock et al. 1989, Aloia et al. 1991, DeSimone et al. 1989). In the current study, body 

weight (TBM) as measured on DXA was significantly and positively correlated with all 

the bone variables except RBMC and UBMC. TBM was a best predictor for total and 

several regional bone measurements. However, since there is a high correlatio.n between 

FTM and L TM as shown in the current study and reported by Bevier et al. (1989), it is 

still unclear whether FTM and L TM worked together in increasing bone mass through 

weight-loading, or they have independent functions in determining bone mass in 

postmenopausal women (Pocock et al. 1986, Bevier et al. 1989, Slemenda et al. 1990, 

Compston et al. 1992). Studies on this aspect were few and the results were inconsistent. 

Given the well known influence of physical activity on bone and the relationship between 

muscularity and exercise, L TM had been considered as a major determinant of bone mass 

in the soft tissue compartments (Nilson & Westlin 1971, Pocock et al. 1986). Bevier et al 

(1989) suggest that the role of FTM in predicting bone mass is dependent on that of L TM. 

This is supported by evidence indicating that although both L TM and FTM predict 
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LBMD significantly in separate models, when L TM is entered in the multiple regression 

model, FTM is no longer an independent predictor. However, results reported by 

Slemenda (1990) and Compston et al. (1992) suggest that muscularity and adiposity have 

independent and significant effect on LBMD and BMDs at femoral sites and the 

relationship between adiposity and bone mass be particularly strong in older 

postmenopausal women. A approach similar to that used by Compston et al. was 

followed in the current study. Partial correlation coefficients were used to test how L TM 

and FTM independently related to bone mass when one of them is adjusted. Both TBMC 

and TBMD, but only local BMDs were reported in Compston's study, while both BMDs 

and BMCs (local and total) were studied in the current project. Both studies shared some 

similar conclusions. First of all, the correlation with TBMD was stronger for FTM than 

for L TM, and L TM showed higher correlation with TBMC than FTM did. The impact of 

L TM on TBMD was related to FTM and after adjustment for FTM, the correlation 

between LTM and TBMD became significantly smaller. Second, adjustment for FTM or 

L TM reduced the strength of the correlation between them and bone mass in general. This 

indicated that there may be a joint-action of both FTM and L TM on bone mass. However, 

the big difference between the current study and Compston's study is which soft tissue 

compartment (FTM or L TM) is more important in determining bone mass, especially 

regional bone mineral mass. Adiposity was superior to muscularity in determining 

regional bone mineral density in Compston's study. The correlations with local BMD 

value were stronger for FTM than for L TM and after adjustment for L TM, FTM still 
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showed highly significant correlation with local BMOs in Compston's postmenopausal 

women. The opposite results were observed in the current study. LTM presented higher 

associations with both BMO and BMC at local sites than FTM did. There was great 

similarity between the study subjects in Compston's project and the women in the current 

research, except that the postmenopausal women in Compston's study were 2 years 

younger on the average than the subjects in the current study. The difference in 

menopausal status (9.6 YSM in Compston's study and 11 YSM in the current study) may 

be part of the explanation. High FTM relates to high levels of estrogen (Katsouyanni et al. 

1991) which is a crucial factor affecting change in bone mass among postmenopausal 

women (Kin et al. 1991). The estrogen function may be more important for people shortly 

past menopause than for late postmenopausal women. However, the magnitude of the 

impact of the two years difference in menopausal status on the sensitivity of bone to 

estrogen level is not clear. More research is needed to address this problem. 

The best models for predicting baseline bone mass by body composition also 

indicated that L TM was more important in predicting regional bone mass in the current 

group of postmenopausal women. Total and regional (especially lumbar and forearm) 

BMCs were best predicted by the subject's height (HT). Taller people had higher total and 

regional BMC, whilst BMOs at regional sites and of total body were more closely related 

to body weight (TBM) or muscularity (L TM). 
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3. Change in fat tissue mass vs. change in bone mass 

No other work has been published about the effect of change in body composition 

on the change of bone mass in postmenopausal women. Houtkooper et aI's longitudinal 

study (1995) suggested that both baseline and change in FTM were significant predictors 

for change in TBMD. In the present study, no significant relationships were found 

between baseline body composition and changes in bone. Changes in TBM, FTM and 

%FTM were correlated \vith changes in TBMD and BMDs at several local sites, even 

after adjusting to baseline TBM. The change in L TM was significantly related to change 

in TBMD but the negative association became nonsignificant after adjustment for 

baseline weight. The best models for predicting bone change suggest that changes in both 

FTM and %FTM were important for changes in bone. Loss of FTM could lead to higher 

loss of total and regional bone mass. This result suggests that caution should be exercised 

when starting a weight loss program .. 

4. Associations between bone mass at different sites 

Because of the functional and structural heterogeneity of bones, BMD and BMC 

varies from one skeletal site to another. (Nilas et al. 1985, Bohr & Schadt 1985, Pouilles 

et al. 1993, Feyerabend & Lear 1993). It has been reported that there is even significant 

variation between a person's femurs (Hall et al. 1990). In postmenopausal women, the 

disproportional loss of trabecular bone, especially from the vertebrae during the first three 

years past menopause and the following loss of bone from radius and legs (Rico et al. 

1992, Cummings et al. 1993), makes the prediction of total bone from regional sites less 
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reliable than in premenopausal women (Pouilles et al. 1993), especially in osteoporotic 

women (Gotferedsen et al. 1990). There has long been a debate about which regional site 

of bone is most representative of the whole skeleton (Mazess et al. 1984, Markel et al. 

1991). The results of this study indicate that it is reasonable to predict total body bone 

mass from regional bone measurements in healthy postmenopausal women and there is 

no clearly superior skeletal site in terms of predicting total body bone mass. The slightly 

higher correlation between TBMD and LBMD found in my study may result from the 

relatively larger bone area represented by lumbar spine. From a practical standpoint, since 

bone scan by SPA is cheaper and the equipment is relatively portable, SPA measurement 

of the forearm is a good predictor of total body bone mass in healthy people. In fact, if 

regional BMC is used to predict total body BMC, forearm scans even have slightly better 

estimation as indicated by the relatively higher correlation between RBMC and TBMC in 

this current study. This is because the one-third radius site contains almost exclusively 

cortical bone (95%) which represents 80% ofTBMC. 

Given the fact that there is a high percentage of cortical bone at the radius 

one-third and a high percentage of trabecular bone at lumbar spine and one is a 

weight-bearing bone (lumbar) while the other is nonweight-bearing bone (radius), how 

can the correlation between LBMD and RBMD be so high? One possible explanation is 

that the sedentary work or lifestyle in general among US women (even thought the 

present study population is physically more active) may include more motion related to 
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upper body rather than lower part of body. Genetic associations between different tissues 

in upper part of the body could also contribute to this result. 

5. Relationships between changes in different bones 

The relatively weak association among changes in bone mass reflects the degree 

of variation in bone loss within an individual's skeleton. The significant correlation 

between the change in LBMD and the change in TBMD further confirm the importance 

of LBMD in determining overall TBMD. Given the fact that both lumbar spine and ultra 

distal radius contain high proportions of trabecular bone and changes in these sites are 

significantly related to the change in TBMD, it is suggested that change in TBMD occurs 

mainly in trabecular bone in this population. 

Another interesting finding was the negative correlation between bone at the 

radius one-third site and other bone variables. Although only a few of the relationships 

were statistically significant, they were consistent in direction at all the bone sites 

measured in the study. Many researchers suggest that bone loss in early menopausal 

women is mainly from trabecular bone, and cortical bone loss only attains significance 

several years after menopause when loss of trabecular bone slows (Kin et al. 1991, 

Laitinen et al. 1991, Rico et al. 1992, Pouilles et al. 1993). Following this line of 

reasoning, some of the women in this study may have experienced a high rate of loss 

from trabecular bone and a low rate of cortical bone loss. On the other hand, some 

women may experienced high loss in cortical bone, while trabecular bone change is 

minimal. 
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Average TBMC decreased during the study year as did RBMC, although the 

decrease in RBMC was not statistically significant. The negative correlation between the 

rates of change in TBMC and RBMC suggested that people with higher loss rate in 

RBMC may have relatively less loss in TBMC. Since the change in RBMC was relatively 

higher in older postmenopausal women (Rico et al. 1992), the negative relationship 

between TBMC and RBMC indicates that the rate ofTBMC loss may slow down in late 

postmenopausal women. 

In summary, the results from the current study agree with other studies in that 

increased body weight is associated with increased bone mass. Muscularity was more 

closely related to bone mass, whilst FTM was more related to rate of change in bone mass 

among postmenopausal women. Height is a better predictor for BMC and both weight 

and L TM are important in predicting BMD. Significant correlations were found among 

BMD and BMC at different skeletal sites. Changes in bone mass were also related to each 

other at certain bone sites. 



Table 6. General characteristics of the study subjects 
(N=53) 

Variables Mean SD 

Age (year) 60.2 3.7 

Menarche Age (year) 12.6 1.4 

Menopause Age (year) 48.5 5.8 

Years Since Menopause (year) 11.6 6.1 

Height (cm) 161.8 6.2 

Weight (kg) 69.2 15.5 

BMI (kg/m2) 26.6 6.0 
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Figure 1. Causes of menopause 
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Figure 2. Percentage of change in body composition during one year 
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Table 7. Comparison of initial and final body composition 
(N= 45) 
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Variables Initial Final measurement Difference Paired t-test 
measurement 

Mean SD Mean SD Mean SD p 

BMI (kg/m2
) 26.3 6.0 26.S 6.1 0.2 1.1 0.203 

HT (cm) 161.7 6.3 161.7 6.S -0.3 0.9 0.801 

WT (kg) 68.S 14.9 68.9 IS.2 O.S 2.6 0.227 

TBM (kg) 66.9 14.3 67.7 IS.0 0.8 2.1 0.047 * 

STM (kg) 64.6 14.1 6S.4 14.8 0.8 2.4 0.026 * 

LTM (kg) 38.S 4.S 38.4 S.O -0.1 1.3 0.749 

FTM (kg) 26.1 11.1 27.0 11.1 0.9 2.1 0.004** 

%FTM (kg) 37.4 9.1 38.3 9.0 0.9 1.9 0.001** 

*p<O.OS **p<O.OI 



Figure 3. Percentage of change in bone during one year 
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Table 8. Comparision of initial and final bone measurements 
(N=4S) 

Variables Initial measurement Final measurement Difference Paired t-test 

Mean SD Mean SD Mean SD p 

TBMD 1.047 0.084 1.061 0.082 0.014 0.010 0.000*** 

TBMC 2343.10 - 368.05 2246.60 356.70 -96.51 66.40 0.000*** 

LBMD 1.026 0.146 1.027 0.153 0.001 0.031 0.795 

LBMC 41.10 7.76 41.13 8.65 0.04 2.56 0.918 

NBMD 0.830 0.118 0.836 0.111 0.006 0.028 0.177 

NBMC 3.90 0.70 3.91 0.68 0.02 0.18 0.513 

WBMD 0.696 0.138 0.704 0.137 0.008 0.037 0.202 

WBMC 1.79 0.46 1.78 0.48 -0.01 0.14 0.747 

FTBMD 0.695 0.106 0.714 0.109 0.019 0.021 0.000*** 

FTBMC 8.86 2.00 9.49 2.15 0.63 0.84 0.000*** 

RBMD 0.614 0.077 0.591 0.076 -0.023 0.032 0.000*** 

RBMC 0.77 0.12 0.76 0.12 -0.01 0.04 0.277 

UBMD 0.253 0.055 0.239 0.054 -0.014 0.018 0.000*** 

UBMC 1.05 0.25 1.04 0.25 -0.01 0.13 0.594 

*p<0.05 **p<O.OI *** p<O.OOI 
BMD (g/cm2) BMC (g) 

III 
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Table 9. Correlation coefficients and partial correlation coefficients 
between baseline bone mass, and age and YSM 

(N=51) 

Variables Unadjusted Weight adjusted 

Age YSM Age YSM 

TBMD92 -0.17 -0.15 -0.31 * -0.14 

TBMC92 0.05 -0.10 -0.02 -0.04 

LBMD92 -0.11 -0.11 -0.13 0.05 

LBMC92 -0.05 -0.23 -0.05 -0.06 

NBMD92 -0.15 -0.16 -0.22 -0.15 

NBMC92 -0.03 -0.16 -0.08 -0.16 

WBMD92 -0.12 -0.20 -0.16 -0.16 

WBMC92 0.04 -0.22 0.02 -0.14 

FTBMD92 -0.11 -0.25 -0.17 -0.20 

FTBMC92 -0.04 -0.27 -0.06 -0.17 

RBMD92 -0.17 -0.17 -0.09 -0.01 

RBMC92 -0.07 -0.21 -0.13 -0.09 

UBMD92 -0.12 0.17 -0.16 0.17 

UBMC92 -0.08 0.16 -0.13 0.18 

* p<0.05 
YSM = year since menopause 



Table 10. Correlation coefficients and partial correlation coefficients 
between baseline body composition, and age and YSM 

(N=Sl) 

Variables Unadjusted Weight adjusted 

Age YSM Age YSM 

FTM92 0.15 0.03 0.07 0.11 

LTM92 0.02 -0.13 -0.08 -0.12 

STM92 -0.12 -0.01 ---- ----

%FTM92 0.13 0.11 0.01 0.18 

TBM92 0.12 -0.01 ---- ----

HT92 0.08 -0.07 0.13 0.01 

BMI92 0.08 0.00 -0.16 -0.02 

*p<0.05 
YSM = years since menopuase 

113 



Table 11. Correlation coefficients between baseline bone and other 
body composition variables 

(N= 51) 

Variables FTM92 LTM92 %FTM92 TBM92 HT92 BMI92 

TBMD92 0.51** 0.48** 0.43** 0.56** 0.11 0.50** 

TBMC92 0.58** 0.65** 0.45** 0.67** 0.43** 0.49** 

LBMD92 0.29* 0.37** 0.15 0.35** 0.28* 0.25* 

LBMC92 0.25* 0.46** 0.04 0.33* 0.51** 0.14 

NBMD92 0.27* 0.33* 0.25* 0.37** 0.11 0.30* 

NBMC92 0.33* 0.44** 0.26* 0.45** 0.20 0.31 * 

WBMD92 0.25* 0.30* 0.09 0.29* 0.08 0.25* 

WBMC92 0.26* 0.44** 0.05 0.36** 0.24 0.26* 

FTBMD92 0.44** 0.47** 0.40** 0.51 ** 0.11 0.45** 

FTBMC92 0.40** 0.44** 0.33* 0.43** 0.26* 0.35** 

RBMD92 0.11 0.31 * 0.03 0.20 0.39* 0.06 

RBMC92 0.12 0.38* 0.00 0.28* 0.45** 0.06 

UBMD92 0.23 0.18 0.24 0.24 -0.03 0.22 

UBMC92 0.24 0.23 0.23 0.30* 0.05 0.23 

* p<0.05 **p<O.OI 
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Table 12. Correlation and partial correlation coefficients between 
baseline fat tissue mass, lean tissue mass and bone mass 

(N=51) 

Bone Unadjusted Age adjusted Age and Age and 
variables FTM92 LTM92 

adjusted adjusted 

LTM92 FTM92 LTM92 FTM92 LTM92 FTM92 

TBMD92 0.48** 0.53** 0.49** 0.57** 0.24 0.42** 

TBMC92 0.65** 0.57** 0.65** 0.59** 0.48** 0.37** 

LBMD92 0.37** 0.29* 0.38** 0.30* 0.23 0.07 

LBMC92 0.46** 0.25* 0.46** 0.22 0.42** -0.09 

NBMD92 0.33** 0.27* 0.35** 0.35** 0.20 0.18 

NBMC92 0.44** 0.32* 0.35** 0.35** 0.31 * 0.16 

WBMD92 0.30* 0.28* 0.31 ** 0.24 0.21 0.10 

WBMC92 0.44** 0.26* 0.45** 0.24 0.39** 0.01 

FTBMD92 0.47** 0.44** 0.47** 0.50** 0.24 0.33* 

FTBMC92 0.44** 0.40** 0.43** 0.40** 0.23 0.22 

RBMD92 0.25* 0.11 0.26* 0.07 0.23 -0.06 

RBMC92 0.40** 0.12 0.41 ** 0.19 0.44** -0.02 

UBMD92 0.12 0.23 0.15 0.24 -0.00 0.24 

UBMC92 0.19 0.28* 0.21 0.23 0.07 0.23 

*p<0.05 **p<O.Ol 
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Table 13. The best fit multiple regression models of baseline body 
composition on baseline bone after adjustment for age and YSM 

(N = 51) 
Dependent Independent Regression SEE p R2 

Variables Variables Coefficent 

1. Age -5.126E-03 2.737E-03 0.067 0.39 
TBMD92 YSM -6.550E-04 1.613E-03 0.686 

TBM92 3A72E-06 6.624E-07 0.000 
Constant 1.127 0.016 0.000 

2. Age -5.770 9.539 0.548 0046 
TBMC92 YSM -2.294 5.601 0.684 

TBM92 0.045 6.654E-07 0.000 
Constant 1544.811 552.919 0.008 

3. Age -4.336E-03 5.863E-03 00463 0.13 
LBMD92 YSM -5.504E-04 3.510E-03 0.876 

LTM92 1.134E-05 4.558E-06 0.016 
Constant 0.854 0.372 0.026 

4. Age -0.046 0.285 0.872 0.30 
LBMC92 YSM -0.235 0.169 0.171 

HT92 0.644 0.157 0.000 
Constant -57.960 28.680 0.049 

5. Age -5.167E-03 4.683E-03 0.275 0.16 
NBMD92 YSM -1.741E-03 2.759E-03 0.531 

TBM92 2.967E-06 1.133E-06 0.012 
Constant 0.953 0.272 0.001 

6. Age 1.144E-04 0.026 0.997 0.21 
NBMC92 YSM -0.012 0.016 00454 

LTM92 6.805E-05 2.039 0.002 
Constant 1.364 1.667 00417 

7. Age -3.202E-03 5.543E-03 0.566 0.12 
WBMD92 YSM -2.809E-03 3.311E-03 00401 

LTM92 9.047E-06 4.326E-06 0.042 
Constant 0.562 0.351 0.116 

8. Age 0.012 0.017 0.471 0.23 
WBMC92 YSM -0.015 0.010 0.153 

LTM92 4.287E-05 1.337E-05 0.002 
Constant -0.470 1.085 0.669 
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Table 13 --- Continued 

Dependent Independent Regression SEE p R2 

Variables Variables Coefficent 

9. Age -3.084E-03 3.678E-03 0,406 0.33 
FTBMD92 YSM -3,413E-03 2.220E-03 0.131 

LTM92 3.850E-06 8.890E-07 0.000 
Constant 0.655 0.214 0.004 

10. Age -2.017E-03 0.075 0.979 0.26 
FTBMC92 YSM -0.086 0.045 0.062 

TBM92 6.069E-05 1.809E-05 0.002 
Constant 5.780 4.350 0.190 

11. Age -3.730E-03 3.058E-03 0.229 0.20 
RBMD92 YSM -8.130E-04 1.951E-03 0.679 

HT92 5.000E-03 1.656E-03 0.004 
Constant 0.036 0.304 0.906 

12. Age -1.017E-03 4.292E-03 0.814 0.24 
RBMC92 YSM -3.022E-03 2.738E-03 0.275 

HT92 8.057E-03 2.324E-03 0.001 
Constant -0,442 0,426 0.305 

13. Age -4,405E-03 2.236E-03 0.055 0.19 
UBMD92 YSM 2.852E-03 1.399E-03 0.048 

TBM92 1.321 E-06 5.314E-07 0.017 
Constant 0.395 0.127 0.003 

14. Age -1.017E-03 4.292E-03 0.814 0.24 
UBMC92 YSM -3.022E-03 2.738E-03 0.275 

HT92 8.057E-03 2.324E-03 0.001 
Constant -0,442 0,426 0.305 
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Table 14. Correlation coefficients and partial correlation coefficients 
between changes in bone mass, and age and YSM 

Variables Unadjusted 

Age 

lTBMD -0.02 

.TBMC -0.02 

ALBMD 0.09 

,LBMC 0.09 

ANBMD 0.08 

,NBMC 0.07 

,WBMD 0.22 

"WBMC 0.14 

~FTBMD 0.17 

.FTBMC 0.14 

4RBMD -0.08 

,RBMC -0.29* 

.. UBMD 0.2 

.UBMC 0.14 

YSM = yeras since menopause 
*p<0.05 

(N=4S) 

Weight adjusted 

YSM Age YSM 

0.22 -0.02 0.22 

0.06 -0.01 0.06 

-0.12 0.08 -0.12 

-0.08 0.07 -0.07 

-0.04 0.06 -0.04 

-0.07 0.07 -0.07 

-0.10 0.19 -0.09 

-0.09 0.14 -0.08 

0.11 0.16 0.12 

0.16 0.13 0.16 

-0.04 -0.12 -0.04 

-0.11 -0.27* -0.11 

0.09 0.15 0.09 

-0.00 0.12 -0.00 
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Table 15. Correlation coefficients and partial correlation coefficients 
between changes in body composition, and age and YSM 

(N=4S) 

Variables Unadjusted Weight adjusted 

Age YSM Age YSM 

AFTM 0.16 0.04 0.16 0.04 

"LTM -0.13 0.18 -0.20 0.21 

lSTM 0.06 0.13 ---- .---

.%FTM 0.19 -0.04 0.24 -0.05 

,.TBM 0.06 0.13 ---- .---

"HT 0.11 -0.03 0.11 -0.03 

1BMI 0.03 0.18 0.02 0.18 

*p<0.05 
YSM = years since menopause 
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Table 16. Correlation coefficients between change in bone mass and 
baseline body composition measurements 

(N =45) 

Variables FTM92 LTM92 %FTM92 TBM92 HT92 BMI92 

lTBMD -0.24 -0.15 -0.13 -0.24 0.02 -0.02 

.. TBMC -0.11 0.12 -0.14 -0.06 -021 0.03 

lLBMD 0.01 0.10 -0.01 0.04 -0.02 0.04 

"LBMC 0.10 0.14 0.07 0.12 0.07 0.09 

ANBMD 0.13 0.08 0.09 0.13 0.06 0.11 

.. NBMC -0.01 -0.03 -0.02 -0.02 0.03 -0.02 

~WBMD 0.23 0.11 0.21 0.22 0.07 0.18 

&WBMC 0.08 0.01 0.07 0.07 0.11 0.03 

AFTBMD 0.10 0.11 0.06 0.12 0.08 0.06 

l>FTBMC 0.05 0.14 -0.01 0.09 0.12 0.03 

ARBMD 0.14 -0.13 0.27 0.07 -0.18 0.13 

lRBMC -0.03 -0.21 0.09 -0.09 -0.13 -0.06 

oI..UBMD 0.13 0.18 0.10 0.17 0.16 0.11 

lUBMC 0.02 0.16 -0.04 0.07 0.14 0.03 

*p<0.05 **p<O.Ol 
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Table 17. Correlation and partial correlation coefficients between 
change in bone and change in other body composition variables 

(N = 45) 

Variables Unadjusted Weight adjusted 

lFTM .LTM VoFTM lTBM ,BMI lFTM ,LTM .%FTM ATBM ,BMI 

.TBMD 0.20 -0.25* 0.36** 0.05 0.02 0.21 -0.18 0.32* 0.10 0.03 

.TBMC -0.18 -0.00 -0.05 -0.12 -0.12 -0.18 0.02 -0.07 -0.11 -0.12 

ALBMD 0.29* -0.13 0.36** 0.19 0.12 0.30 -0.15 0.38** 0.19 0.12 

~LBMC 0.07 0.00 0.10 0.07 0.06 0.08 -0.05 0.14 0.05 0.06 

lNBMD 0.21 0.13 0.19 0.25* 0.19 0.22 0.08 0.23 0.22 0.19 

&lNBMC 0.07 -0.10 0.17 0.00 -0.01 0.07 -0.10 0.17 0.01 -0.01 

l.WBMD 0.36** 0.03 0.36** 0.31 0.26* 0.37** -0.05 0.41** 0.28* 0.25* 

lWBMC 0.09 -0.11 0.16 0.03 0.00 0.09 -0.14 0.18 0.01 0.00 

lFTBMD 0.41 ** -0.07 0.41** 0.30 0.30* 0.41 ** -0.13 0.38** 0.28* 0.30* 

lFTBMC 0.39** -0.01 0.39** 0.31 0.34* 0.39** -0.05 0.32* 0.30* 0.34* 

~RBMD 0.03 -0.03 0.02 0.00 0.00 0.02 -0.06 0.04 -0.02 -0.01 

lRBMC -0.12 -0.18 -0.01 -0.20 -0.12 -0.12 -0.16 -0.03 0.18 -0.11 

lUBMD 0.18 -0.08 0.22 0.10 0.19 0.23 -0.15 0.24 0.05 0.17 

1UBMC 0.10 -0.18 0.24 -0.01 0.11 0.22 -0.22 0.23 -0.04 0.10 

*p<0.05 **p<O.Ol 
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Table 18. The best fit multiple regression models of baseline body 
composition on changes in BMD and BMC of total and regional sites 

after adjustment for age, YSM and baseline values 

Dependent Independent Regression SEE p R2 

Variables Variables Coefficient 

..,TBMD Age -7.652E-04 5.213E-04 . 0.149 0.23 
YSM 6.948E-04 3.339E-04 0.044 
TBMD92 -0.013 0.023 0.534 
~%FTM 2.684E-03 9.918E-04 0.010 

..,TBMC Age -0.644 2.627 0.808 0.22 
YSM 1.120 1.704 0.514 
TBMC92 -0.107 0.032 0.002 
LTM92 7.704E-03 2.631E-03 0.005 

a.LBMD Age 7.855E-04 1.364E-3 0.568 0.17 
YSM -9.320E-04 9.576E-4 0.336 
LBMD92 0.035 0.031 0.258 
,%FTM 5.927E-03 2.428E-03 0.019 

.. NBMD Age -4.496E-05 1.257E-3 0.972 0.23 
YSM -S.740E-04 7.9S0E-4 0.474 
NBMD92 -0.131 0.039 0.002 
TBM92 6.816E-7 3.219E-07 0.040 

,\,WBMD Age 2.438E-03 1.S58E-03 0.125 0.23 
YSM -1.518E-03 1.004E-03 0.138 
WBMD92 -0.053 0.039 0.183 
!FTM 6.231E-06 2.616 0.022 

"FTBMD Age 6.l21E-04 1.028E-03 0.555 0.19 
YSM 3.051E-04 6.931E-04 0.662 
FTBMD92 0.016 0.034 0.636 
4FTM 4.844E-06 1.736E-06 0.008 

~FTBMC Age 6.S29E-03 0.033 0.846 0.18 
YSM 0.020 0.022 0.376 
FTBMC92 0.029 0.058 0.624 
toFTM 1.482E-04 5.569E-05 0.011 

"RBMD Age -1.494E-03 1.408E-03 0.295 0.14 
YSM -1.477E-04 9.126E-04 0.872 
RBMD92 -0.080 0.058 0.179 
%FTM92 1.083E-03 5.310E-04 0.048 



Table 19. Correlation coefficients between baseline BMD 
at different bone sites 

(N=51) 
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TBMD92 LBMD92 NBMD92 WBMD92 FTBMD92 UBMD92 

LBMD92 0.74** 

NBMD92 0.69** 0.45** 

WBMD92 0.68** 0.40* 0.84** 

FTBMD92 0.68** 0.48** 0.75** 0.77** 

UBMD92 0.62** 0.43** 0.57** 0.55** 0.38* 

RBMD92 0.64** 0.61** 0.37* 0.41 * 0.43** 0.56** 

* p<0.05 **p<O.Ol 



Table 20. Correlation coefficients between baseline BMC 
at different bone sites 

(N=51) 

TBMC92 LBMC92 NBMC92 WBMC92 FTBMC92 UBMC92 

LBMC92 0.72** 

NBMC92 0.71 ** 0.51 * 

WBMC92 0.64** 0.52** 0.85** 

FTBMC92 0.66** 0.46* 0.72** 0.62** 

UBMC92 0.52** 0.41 ** 0.52** 0.53** 0.38** 

RBMC92 0.73** 0.73* 0.58** 0.57** 0.50** 0.61 ** 

* p<0.05 **p<O.OI 
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Table 21. Correlation coefficients between changes in BMD 
at different sites during a period of one year 

(N=4S) 

125 

Variables ATBMD .. LBMD ANBMD 4WBMD lFTBMD &.UBMD 

A LBMD 0.53*** 

ANBMD 0.02 0.11 

AWBMD 0.20 0.33* 0.65*** 

AFTBMD 0.15 0.25* 0.32* 0.59*** 

AUBMD 0.25* 0.36* 0.28* 0.34* 0.13 

ARBMD 0.16 -0.04 -0.30* -0.02 -0.23 0.01 

* p<0.05 **p<O.OI ***p<O.OOI 



Table 22. Correlation coefficients between changes in BMC 
at different sited during period of one year 

(N=4S) 
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Variables .TBMC • LBMC .NBMC .WBMC ~FTBMC .UBMC 

.LBMC 0.24 

.NBMC 0.16 0.55*** 

.. WBMC 0.11 0.57*** 0.77*** 

.FTBMC -0.12 -0.15 0.08 -0.00 

lUBMC 0.02 0.31 * 0.19 0.26* 0.15 

ARBMC -0.26* -0.12 -0.21 -0.18 -0.26* -0.01 

* p<0.05 **p<O.OI ***p<O.OOI 
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CHAPTER 6 

RELATIONSHIPS BETWEEN BONE MASS, DIETARY INTAKE AND 

PHYSICAL ACTIVITY 

A. Introduction 

Monitoring nutrient intake (Metz et al. 1993; Massey & Whiting 1993) and 

increasing physical activity (Drinkwater 1994a; 1994b) have been considered to be 

important components in prevention of osteoporosis. However, the effects and 

mechanisms relating individual nutritional factors to bone metabolism are still under 

investigation. The characteristic of multicolinearity in the western diet and the limitations 

of each method for estimation of dietary intake, cause difficulty in studying nutritional 

factors on a population basis (Holbrook & Barrett-Connor 1991). Short-term 

experimental researches provide more clear testing of the relationships between single 

nutritional factors and calcium metabolism. However, those factors influencing bone 

mass may be related to other nutritional factors (such as calcium intake level) (Harris et 

al. 1994) and the long-term effect on bone may be different from the short-term 

(Greendale et al. 1994). 

Although previous research suggested that increasing physical activity may be 

associated with increased bone mass in different aged population (Pocock et al. 1986, 

Colleti et al. 1989, Krolner et al. 1983, Rico et al. 1994c), there are still great 

controversies about the efficacy of different types of physical activity on bone, the 

differential effects of increased physical activity on different age-group population, and 
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the biological benefits of increased physical activity to different bones (Stillman et al. 

1986, McDonald et al. 1986, Nelson et al. 1991). Results from other studies also indicate 

that increased physical activity may not prevent bone loss if calcium intake is low 

(Kanders et al. 1988, Prince et al. 1991). 

Dietary intake and physical activity also effect changes in body composition. How 

those factors interact with each other in their effect on bone mass is unclear. 

In this study, the effects of individual nutritional factors on changes in bone at 

different skeletal sites were studied. It is hypothesized that giving calcium 

supplementation to all participants may diminish the masking effect of calcium on the 

impacts of other nutritional factors on bone. Accordingly, the relationships between 

physical activity factors and changes in bone mass were also studied under high calcium 

intake condition. Finally, interactions between nutritional factors, physical activity 

variables and changes in body composition were examined to determine their 

relationships to changes in bone mineral density and content. 

B. Methods 

Body composition and bone mineral density were measured using single photon 

absorptiometry (SPA) and dual-energy x-ray absorptiometry (DXA) as described in 

chapter 3. Dietary intake and supplementation were estimated by Arizona Food 

Frequency Questionnaire (AFFQ) and two four-day dietary intake records (FDIR) at the 

beginning and at the end of the study. The AFFQ used here represented the average 
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dietary intake of the year before the time that the questions were answered. Therefore the 

first AFFQ estimation (beginning of the study) indicate the baseline patterns for food and 

supplementation intake and the final AFFQ estimation represented the food intake 

patterns in the study year. In the AFFQ, nutrient intakes from dietary sources and from 

supplementation were analyzed separately. Because certain micronutrients were taken in 

such high quantities that they may not be absorbed, the winsorize method (Kotz et al. 

1982) was used to replace the values of certain micro nutrients intake which are higher 

than mean +2S0 with the mean value +2S0. 

Physical activity in this group of women was estimated from PAQ at the 

beginning of the study and again at the end of the study. Correlation coefficients and 

partial correlation coefficients were calculated to test the relationships between changes 

in bone mass, nutritional factors and physical activities. Multiple regression analysis was 

used to select best fit models for predicting changes in bone mineral mass (p<O.05). 

c. Results 

1. Food intake and supplementation 

The average (mean) and the standard deviation (SO) of nutrient intakes from 

dietary sources estimated by two AFFQ are presented in Appendix F and those for 

supplemens are displayed in Appendix G. The two dietary intake estimates from AFFQs 

were highly correlated with each other, and student's paired t-test indicated no significant 

differences between the two AFFQ estimations except a significant decline in solid food 
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intake (Appendix F). There were associations between the two estimates on 

supplementation, although the associations in certain supplements are relative weak, such 

as in beta-carotene and magnesium. There are no significant differences between the two 

estimations on supplementation with a exception of calcium as indicated by student's 

paired t-test (Appendix G). Even though the majority of the people in this study took 

calcium supplements before the study (Figure 4), the amount of calcium supplement 

varied greatly. 

The average of dietary intake records from eight days were significantly higher 

than that from AFFQ for total fat, magnesium, zinc, vitamin D, vitamin E, vitamin B6, 

pantothenic acid, copper, manganese and iodine intakes, while the results for sodium and 

beta-carotene intakes were significantly lower in FDIR than that in AFFQ. The average of 

daily intakes of selected nutritional factors based on eight days FDIR are presented in 

Table 23 as the mean, SD, %RDA and corresponding national averages based on the 

results from NHANES III in the same age group of women (McDowell et al. 1994, 

Alaimo et al. 1994). Except for energy, all nutrient intakes were higher than RDA in this 

group of women. Compared to national averages, the women in this study consumed less 

fat and saturated fat, but had higher daily intakes of fiber, calcium, magnesium, vitamin C 

and beta-carotene. 
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2. Dietary intake vs. age and years since menopause 

Pearson's correlation coefficients showed that age was positively related to 

protein, cholesterol, calcium and phosphorus intakes. Daily cholesterol and beta-carotene 

intakes were significantly correlated with YSM (Table 24). 

3. Dietary intakes vs. bone mass 

The correlation coefficient between baseline AFFQ and baseline BMDs (and 

BMCs) are listed in Appendix H. Correlation between changes in bone mass and average 

nutrient intake during the study-year (based on eight days food intake records) are 

presented in Table 25. After adjusting for YSM, energy intake and baseline bone values, 

five best fit models to predict changes in bone at different bone sites were generated by 

multiple regression analysis, using selected dietary intakes as independent variables 

(Table 26). Protein intake was a significant negative predictor for change in TBMD. The 

TBMD model showed that high protein intake lead to a greater loss of bone density and 

this model explained 20% of variation of the change in TBMD. Saturated fat intake was 

positively associated with the change in LBMC and the equation counted 25% of the total 

variance of the change in LBMC. Saturated fat and dietary fiber were positively related to 

rates of change in NBMC and WBMC. 27% and 33% of total variance of change in 

NBMC and WBMC respectively, were accounted for by those models. Beta-carotene 

intake was found to be a significant predictor for the rate of change in FTBMC; the model 

explained 24% of the total variance of change in FTBMC. 
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4. Dietary intake and body composition vs. changes in bone mass 

In the joint action models of body composition and dietary intake predicting 

changes in bone, YSM and baseline bone values were adjusted. When total energy intake 

was also adjusted in those models, it did not change the predictive value of the 

independent variables. Therefore it was left out of the models. When both dietary intakes 

and body composition were used as independent variables, both factors were 

simultaneously important at only two sites (Table 27). Both the rate of change in %FTM 

and the amount of protein intake significantly contributed to changes in TBMD (R2 = 

0.27). The associations with the rate of change in TBMD were positive for %FTM and 

negative for protein intake. FTM and beta-carotene intake were positive predictors for 

change in FTBMC (R2 = 0.38). 

5. Physical activity level 

The average daily energy expenditure (EE) and duration of each listed physical 

activity as well as self-reported unlisted physical activities (as expressed in code levels) 

are presented in Appendix F for initial P AQ (1992) and Appendix G for final P AQ 

(1993). 

The results of energy and time spent on each activity from two PAQs are listed in 

Appendix I. The individual resting EE (REE) is calculated based on body weight using 

the equation for this age group of women (REE = (8.7*wt) + 829) (RDA 1989). 

The results from initial and final P AQ are significantly correlated except in leve13 

and level4 activities (p<0.05). Student's paired t-test shows significant differences in 
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levelS activity when comparing initial values with final ones which may reflect 

uncommon activities caused by chance (Table 28). Total time captured by PAQ was 10.9 

hours in 1992 and 11.15 in 1993 with sleeping time uncounted. The daily total EE (TEE) 

in the hours being captured was 1252 and 1328 kcal for initial and final P AQ 

respectively. 

Among all the levels of physical activity, level2 activity accounted for the highest 

proportion of EE in a day and EE in levelS account for the least. There was more EE in 

weight-bearing activities than in nonweight-bearing activities on the average. A larger 

proportion of daily EE was spent on light muscle stretch kinds of activities (muscle2). 

The average METs levels were 2.11 for initial and 2.19 for final PAQ. 

6. Relationships between physical activity, body composition and bone 

The correlation coefficients between bone mineral mass and physical activity 

factors are presented in Table 29. 

The averages of the two P AQ were used in the multiple regression analysis to test 

the relationship between physical activity and changes in body composition (Table 30). 

After adjusting for age, YSM and baseline values, physical activity variables were used as 

independent variables to be selected through forward regression analysis methods into 

each model. Four significant models were generated for predicting changes in LBMD (R2 

= 0.13), LBMC (R2 = 0.17) %FTM (R2 = 0.28) and BMI (R2 = 0.17). Level2 (the energy 

spent on level two activities) was a significant predictor for LBMD, TimeWB 1 (hours 

spent on nonweight-bearing activities) for LBMC, Time4 (time spent on level four 
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activities) for %FTM and Muscle I (energy spent on low muscle stretch activities) for 

BM!. All the correlation between dependent variables and the physical activity variables 

were negative in these four models. 

D. Discussion 

1. Reliability of the estimations on dietary intake 

The AFFQ was developed at the University of Arizona for the population in the 

southwestern US. It indicates the usual frequency of consumption of each food item from 

a list of foods for the past year. Since the AFFQ was designed to be self-administered and 

to require little time to complete as well as to reduce data entry costs (being optically 

scanned), it has been used by many regional studies to reveal the past usual dietary intake 

pattern and to detect recent changes in diet. However, the weakness of AFFQ should also 

be mentioned. As with other food frequency questionnaires, AFFQ does not measure the 

details of dietary intake and the estimation and quantification of intake is not as accurate 

as with recalls or records (Thompson & Byer 1994). The results from two AFFQs in this 

current project suggests that the usual food intake patterns in the study-year were similar 

to that of the year before. Some changes did occur in supplementation, but failed to reach 

a level of statistical significance, except for the increase in calcium intake which could 

be explained by the calcium supplementation given by this project. Although most of the 

women took calcium supplementation before the start of the project, the amount of 

supplementation varied greatly. 
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The FDIR has the potential for providing quantitatively accurate information on 

food consumed during the recording period. By recording foods as they are consumed the 

problem of omission is minimized and the foods are described more fully. This method is 

proper for use in this population, because of the relatively high socioeconomic status, 

education level and training in the food record seminar provided by this study. The results 

for FDIR represented the variations of daily food intake and provide more accurate 

estimations in quality. However, entering the FDIR required trained researchers and was 

very time consuming. The correlation between initial and final FDIR in most variables 

confirmed the relatively stable food intake pattern in this population as suggested by 

AFFQ. The differences between the estimations from AFFQ and FDIR are due to the 

features of those methods. Certain nutrients (such as vitamin D) from dietary sources 

were not measured by AFFQ. 

2. Dietary intake pattern 

The women in the current study, like their national gender and age peers, had 

relative low energy intakes (83% RDA) which may reflect underestimation of energy 

intake as well as concern for weight control. In general, the women in this study had a 

higher quality of diet than the national average, including lower fat and saturated fat 

intake, higher fiber, calcium, magnesium, vitamin C and beta-carotene. Cross-sectionally, 

in this group of women, the older women tend to have higher protein, cholesterol, 

calcium and phosphorus intakes. Because most older women were retired and prepared 

food at home themselves, more detailed information was reported by them. The high 
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calcium intake with advanced age may reflect the greater awareness of the importance of 

calcium for bone, or fear about fractures in older women and the influence of the current 

controversy in the scientific field about the effect of calcium supplementation in early 

postmenopausal women. The association between beta-carotene and YSM may have been 

related to the notion of using antioxidant supplementation in older people. 

3. Was there any intervention in this study? 

Recently, NIH (1994) released a consensus statement on optimal calcium intake. 

It suggested that postmenopausal women who are not using estrogen replacement therapy 

should have 1500 mg of daily calcium intake. The rationale of providing calcium 

supplements to all the subjects was to eliminate the effect of calcium deficiency on bone 

in order to identify other interacting factors under the adequate calcium intake condition. 

The supplementation significantly increased calcium intake in this group of women. It 

was also expected that the absorption of calcium may be improved even though the total 

calcium intake may not change significantly for some people, because of the type of 

calcium supplementation provided and the recommendation on the time to take 

supplementation to avoid the interfering effect of dietary fiber. Since there was no control 

group in this study, it was difficult to judge the effect of this supplementation. However, 

the significant increase in TBMD, FTBMC and FTBMD may reflect the intervention 

effect of calcium supplementation in this study. 



4. The effects of dietary factors on bone mass 

a. Protein vs. bone 
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Adequate protein intake is important for bone growth as well as maintaining bone 

mass. since a high proportion of bone matrix is made of collagen I which is a special 

protein for bone (Clemmons et al. 1985, Orwoll et al. 1992, Hirota et al. 1992). Protein is 

also needed for cell division and synthesis of many growth factors. However, high protein 

intake, especially from animal sources of protein (Hu et al. 1993a) has a negative impact 

on bone mass. In this study, after adjusting for initial bone value, YSM and energy intake, 

increased protein intake was found to be associated with faster loss of bone from TBMD. 

The nutrient intake analysis method used in this study was unable to separate protein by 

animal source vs. plant source. However, as with the western diet in general, a high 

proportion of protein intake in this group of women may still come from animal sources. 

The high content of sulfur amino acids in animal sources of protein could lead to a 

increase of calcium excretion in the urine by changing the urinary acid level. In a study by 

Arhaud and Sanchez (1990), protein intake above 55 grams/day contributed significantly 

to negative calcium balance. The average protein intake in the current study was 65 g/day, 

30% higher than RDA. Under such circumstances, some impact of protein on calcium 

balance could be expected. The current result also raises an important concern: although 

the calcium intake in the current study was much higher than RDA and the national 

average, the effect on calcium metabolism of increased protein intake may have still 

significantly increased the rate of bone loss. Because the national average of protein 
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intake is 64 g/day (similar to this study), a negative impact of high protein intake on 

calcium balance could also be true in the national population of women at this age. Given 

the fact that the national average intake of calcium is low (711 mg/day) which is near the 

threshold of calcium intake (Dawson-Hughes et al. 1990), bone loss may be augmented 

significantly by more calcium being lost through urine. It should be highly recommended 

to increase calcium intake in this age group of women. Although high protein intake may 

lead to loss of calcium, considering the importance of protein in immune function and 

cell repair, it is not suggested to decrease protein intake, but to increase the proportion of 

protein from plant sources. especially for these who have low calcium intake. 

b. Beta-carotene vs. bone 

The important function of beta-carotene as an antioxidant is well known. No 

previous studies have examined the correlation between beta-carotene intake and change 

in bone in postmenopausal women. Houtkooper et al.'s study (1995) in premenopausal 

women suggested that vitamin A and carotene both were significant predictors for change 

in TBMD. In the current study, beta-carotene was found to be significantly associated 

with the rate of change in FTBMC. The association between bone and beta-carotene 

intake could be related to the function of vitamin A on bone, or could be associated with 

other factors. More research in this area is suggested. 

c. Saturated fat, dietary fiber vs. bone 

The conversion of estrogen in fatty tissue is an important source of estrogen in 

postmenopausal women. It has been shown that fat intake is positively related to estrogen 
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level in both premenopausal women and postmenopausal women and the mechanism may 

be through increasing the amount of fatty tissue (Rose et al. 1991, Adlercreutz et al. 

Bennett & Ingram 1990). Intake of saturated fat was found to be the significant predictor 

for the rates of change in LBMC, ~BMC and WBMC in the current study. The positive 

relationship indicated that increased saturated fat lead to slower loss in bone or may even 

increase in bone mineral content. However, the correlation between saturated fat intake 

and FTM was not significant. This is not meant to exclude the possibility of an estrogen 

mechanism through increased fat intake. There is a tendency to increase central body fat 

in older people. If the distribution ofFTM changed, rather than the total FTM, it is 

possible that the lumbar spine and femoral sites may have increased fat mass which may 

lead to increased local estrogen conversion. In addition to the systemic function of 

estrogen in increasing absorption of calcium, high local estrogen levels may increase 

osteoblast proliferation and synthesis of collagen (Christopher et al. 1993, Ernst et al. 

1988). Although a high fat diet may interfere with absorption of calcium (Li et al 1990), 

this effect on bone was not observed in the current study. 

Studies indicate that high fiber intake may decrease absorption of calcium in the 

intestine (Arnaud & Sanchez 1990) and reabsorption of estrogen in the gut (Barbose et al. 

1990), and this interfering effect is related to the type of fiber (Rose et al. 1991). Because 

high fiber intake is usually associated with low fat intake and a change in other dietary 

constituents, it is difficult to establish a clear relationship with dietary fiber alone. In the 

present study, after adjusting for saturated fat intake, fiber intake showed a positive 
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relationship with the rates of change in NBMC and WBMC. It was recommended for the 

current study subjects to take calcium supplements with main meals instead of breakfast 

to diminish the impact of fiber on calcium absorption, since many breakfast cereals are 

high in fiber. This may have influenced the results. Fiber has also been found to be 

positively related to the rate of change in TBMD in premenopausal women (Houtkooper 

et al. 1995). High dietary fiber intake may serve as an indicator of a high plant food intake 

pattern. As discussed before, protein from plant sources may have less negative impact, 

even positive impact, on calcium metabolism. Another possible explanation is that the 

phytoestrogens found in plant sources may contribute to increases in bone mass (Cassidy 

et al. 1994). 

It was hypothesized that adequate calcium intake would create a permissive 

environment that would enable relationships between other nutrients in the diet and 

change in BMD to emerge (Houtkooper et al. 1995). The model of nutritional factors 

affecting bone remodeling could be simplified into two: direct and indirect. The effect of 

nutritional factors on bone may be direct for vitamin A and vitamin K which are involved 

in bone cell differentiation, proliferation and synthesis of certain proteins by bone cells 

(Price 1988, Roughead & Kunkel 1991). Most of the nutritional factors affect bone 

metabolism indirectly by regulating calcium balance and (or) hormonal status. Indeed, 

regulating calcium metabolism by nutritional factors was found to be the most common 

pathway to affect bone in population dietary studies (Favus & Angeid-Backman 1984, 

Pacific et al. 1985, Gray et al. 1990, Li et al. 1990, Orwoll et al. 1992, Brunette et al. 
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1992, Nordin et aJ. 1993). Change in calcium metabolism has profound effects on the 

bone remodeling process. Under the adequate calcium intake condition as Houtkooper et 

aJ. (1995) suggested, some of the impact of nutrients on bone may emerge, since the 

masking effect of calcium deficiency is eliminated. However, on the other hand, if the 

effect of nutritional factors on bone mainly through regulating the calcium serum level, 

the effect may became invisible on bone when adequate calcium intake has already 

ensured a optimal serum level of calcium. A comparable example is the effect of caffeine 

on the change in bone. Only when calcium intake is low, will the interfering effect of 

caffeine on calcium metabolism be related on change in bone density (Harris et al. 1994). 

This kind of conditional effect of dietary factors on bone was also found in the current 

study. High dietary fiber and fat intake have been considered to bind calcium in the 

intestine therefore interfering with bone remodeling through reducing the absorption of 

calcium (Arnaud & Sanchez 1990, Li et al. 1990). Given the high intake of calcium in the 

current study population, the negative effect of fiber and fat on calcium metabolism was 

not reflected in bone measurements. However, the other effects of change in fat intake 

(hormone related changes) and fiber intake (associated with plant sources of food) 

indicated protective roles for those nutritional factors on bone instead. The results from 

the current study suggest that the relationship between dietary factors and change in bone 

is very complicated and is conditionally regulated based on the interaction of different 

nutrients and other factors related to bone metabolism. 
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5. Body composition and dietary intake vs. bone 

Since change in body composition is also affected by dietary intakes, the effect of 

some dietary factors may depend on alteration in body composition (FTM, % FTM and 

LTM etc.). To test the interaction of dietary intake and body composition, both dietary 

variables and body composition variables were used together to predict the change in 

bone. There were only two bone variables that were found to be predicted by both change 

in soft tissues and dietary intakes. They were the rates of change in TBMD and FTBMC. 

The multiple regression analysis result showed that protein intake and %FTM had 

separate effects on TBMD, and both FTM and beta-carotene predicted change in FTBMC 

independently. Protein intake and change in %FTM may influence bone remodeling 

through two separate pathways: the influence on calcium metabolism by protein and on 

change in estrogen levels by %FTM. The partial correlation coefficient of change in 

%FTM with TBMD is higher than that of protein to TBMD, therefore change in %FTM 

was entered into the model ahead of protein (by the forward regression method). The 

closer relationship between changes in %FTM and TBMD than that between protein and 

TBMD implied that the association with bone may be stronger for estrogen (as indicated 

by %FTM) than that for calcium (as indicated by protein intake) in this particular 

population of postmenopausal women. Because none of the women in the current study 

were taking estrogen replacement therapy and their calcium intake was high, estrogen 

deficiency was the fundamental cause for bone loss. Therefore anything related to change 

in estrogen level may have more profound effects than other factors. However, it should 
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be kept in mind that any research results could be influenced by the precision of related 

measurements. As mentioned before, DXA measurements have high precision in general, 

while estimation of food intake is relatively less reliable (because it is self-reported). 

Therefore, the closer relationship between TBMD and %FTM may simply be a result of 

relatively higher precision in the %FTM measurement from DXA. 

In the model for predicting the change in FTBMC, how beta-carotene may affect 

bone is unclear. As in TBMD model, FTM had higher partial correlation coefficient than 

beta-carotene with FTBMC. 

In summary, changes in body composition measurements and dietary factors 

appear to have separate roles in predicting changes in TBMD and FTBMC. The 

association between changes in bone and FTM (or %FTM) is stronger than that between 

changes in bone and nutrient intake at these two sites only. This may be due to genetic 

association between bone and adiposity, and the importance of conversion of estrogen in 

fatty tissue in postmenopausal women. On the other hand, the precision of the 

measurements used may also affect the results. 

6. Physical activity 

Different physical activity questionnaires focus on different activities and over or 

under-estimation of physical activity are common problems in this kind of 

self-administrated questionnaires (Cartmel 1992). In the present study, effort has been 

made to emphasize relatively high levels of activity that have greater impact on body 

composition. Therefore sleeping time was excluded from analysis. 
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Based on RDA (1989), when sleep is not counted, the averaged METs should be 

1.7 for a very sedentary day and 2.7 for a very active day. METs are intensity units which 

are independent of a person's body weight. Therefore, people with different WT can be 

compared to rank their activity level. At the beginning of the study, all the women were 

asked to filled out a questionnaire which included a question asking them to classify 

themselves into one of four activity levels: not active, average, active and very active. 

Most of them considered themselves as active or very active (Figure 5). The results from 

the P AQ agree with the self-classification in general since their average MET was greater 

than 2, which means relatively active for this age group of women. This physical activity 

pattern was quite stable; no significant changes were found during the study year. 

The energy expenditure in this study was much greater than energy intake. The 

average reported sleeping time was 8 hours. Therefore, of the 16 wakened hours, about 

70% (11 hours) were actually reported. Assuming EE in the remaining 5 hours (30%) was 

at or near REE, EE for the day is at least 2000 kcal which is very close to the RDA (1989) 

for women at this age. Since the average reported energy intake was only 1574 kcal, it 

seems likely that energy intake was underestimated or EE was overestimated, or both. 

Walking was the most common exercise reported. The average time spent 

walking was a half hour per day in 1992, increasing to 44 minutes per day in 1993. 

Aerobic/Jazzercise, home exercise and the club exercise were other types of exercise 

favored by the study subjects. Daily reading time was 1.5 hours in 1992 and 1.2 hours in 

1993. On average, 2 hours per day were spent watching television. Although student's 
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paired t-test did not detect significant change in activity pattern, there was a trend of 

increasing physical activity with decreasing time spent reading and viewing television, 

and increasing time spent on exercise. The trend toward increased physical activity may 

be the result of heightened awareness of its importance in the maintenance of physical 

fitness including preservation of bone mass as a result of involvement in this project. 

Furthermore, several women retired during the study year and spent more time on 

exercise instead of sedentary work. 

7. Physical activity vs. body composition and bone 

Exercise and physical activity protect bone from loss (Krolner et al. 1983, Smith 

et al. 1984, Simkin et al. 1987, Nelson et al. 1991, Hatori 1993) and inactive lifestyles 

may accelerate bone loss among postmenopausal women (Smith Jr et al. 1981), although 

controversy still exists about the effect of different types of exercise as well as its impact 

on trabecular bone as opposed to cortical bone at various ages (Frisancho et al. 1970, 

Krolner et al. 1982, Jacobson et al. 1984, Pocock et al. 1986, Stillman et al. 1986, 

McDonald et al. 1986, Shapirc 1988, Colleti et al. 1989, Rico et al. 1994c). In the present 

study, the predominance of lower levels of physical activity was indeed a risk factor for 

bone loss at lumbar spine. The more energy spent on level2 activity (leveI2), the greater 

loss in LBMD among these postmenopausal women. Levell activities only included 

reading and watching television activities which had relatively smaller variation among 

the group of women compared to those of level2 (which have high variation). This may 

very well account for their differential effect on bone loss. The loss rate of LBMC was 
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also associated with the type of activity, with greater loss of LBMe being associated with 

greater emphasis on non-weight bearing activities. Results from a number of studies 

indicate that physical inactivity causes bone loss especially from weight-bearing bone 

(Smith & Gillgan 1989). The result presented here support this conclusion. Although loss 

of bone at several sites associated with low physical activity was reported by previous 

studies, the lumbar spine has been the site most sensitive to changes in physical activity 

(Kanders et al. 1988, Nelson et al. 1991, Hatori et al. 1993). Since inactivity is associated 

with less weight bearing activity, and lumbar spine is a major area of weight transfer in 

the skeleton, the effect of inactivity might be expected to be most pronounced at the 

lumbar spine. The lumbar spine contains a high ratio of trabecular bone which contains a 

higher concentration of osteoblasts than cortical bone. Therefore, the stimulus generated 

by mechanical strain in that area has the capacity to recruit more cells to bone formation 

with the result that it is one of the areas of the greatest sensitivity to the demands of 

weight-bearing activities. Physical inactivity is particularly dangerous for postmenopausal 

women, because a reduction in mechanical stimulation leads to decreased synthesis of 

organic bone matrix by the osteoblasts (Somjen et al. 1980). Therefore the 

already-uncoupled bone remodeling process experience additional imbalance with 

resorption exceeding bone formation in postmenopausal women. 

Body composition other than bone is also affected by the level of physical 

activity. Results from the present study show that level4 activity is effective in reducing 

FTM as can be seen in the significant negative relationship between time spent on level4 
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(Time4) activities and the rate of change in %FTM. This suggests that level4 activities 

such as aerobics, jazz exercise, health club exercise and water aerobics are appropriate 

choices to achieve loss ofFTM. As discussed earlier, decrease ofFTM may lead to a 

faster loss of bone in postmenopausal women. However, results of a recent study (Reid et 

al. 1995) suggest that exercise may disassociate FTM from bone mineral density. More 

research is needed to test Reid et aI's (1995) results in different populations. 

8. Body composition, diet and exercise 

In addition to the impact of physical activity, changes in lumbar spine were also 

related to the change in %FTM and intake of saturated fat. In fact, when %FTM or 

saturated fat intake are factored into models to predict change in bone, physical activity 

variables (Level2 and Time WB 1) become nonsignificant in predicting change in both 

LBMD and LBMC. The occurrence of multicolinearity between physical activity, body 

composition and nutrient intake variables is indicated by this effect. 

In summary, saturated fat, dietary fiber and beta-carotene intakes are found to be 

positively related to changes in bone mass, while the negative relationship between 

protein intake and change in TBMD suggests that high protein diet may cause greater 

bone loss. Body composition and dietary factors have independent effects on changes in 

bone, and physical inactive is associated with loss of lumbar spine bone mineral content 

and density in healthy postmenopausal women. However, multi co linearity of variables in 

physical activities, body composition and nutrient intakes confounds the analysis, making 

the identification of direct cause-and-effect relationship exceedingly difficult. 
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Table 23. Daily average dietary intake based on eight days 
dietary records 

(N = 45) 
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Nutrient Mean SD %RDA National average 

Energy (kcal) 1574 363 83 1578 1 

Protein (g) 65 15 130 64 1 

Protein as % of energy (%) 17 3 - 161 

Carbohydrate (g) 212 64 - 1991 

Fat (g) 50 21 - 591 

Saturated fat (g) 13 5 - 201 

Alcohol (g) 5 9 - 4 1 

Dietary fiber (g) 18 13 - 15 2 

Calcium (mg) 1771 372 221 7112 

Phosphorus (mg) 1123 318 140 1048 2 

CalciumlPhosphorus 1.62 0.27 - -
*Magnesium (mg) 300 92 107 257 2 

*Sodium (mg) 2126 539 425 2678 2 

*Vitamin C (mg) 516 577 860 1112 

*Vitamin A (ugRE/d) 3605 4524 405 1097 2 

*Beta-carotene (ugRE/d) 1546 1936 - 592 2 

*Winsorize method was used to replace values higher than mean +2SD with mean + 2SD 
1. NHANES III data from Mcdowell et al (1994) 
2. NHANES III data from Alaino et al. (1994) 
All the micro nutrients include supplements 



Table 24. Correlation coefficients between age, YSM and 
dietary intakes 

(N=4S) 

Variables Age YSM 

Energy 0.03 -0.14 

Protein 0.2S* 0.02 

Total Fat -0.04 -0.19 

Carbohydrate 0.06 -0.06 

Dietary Fiber 0.13 0.23 

Cholesterol 0.27* 0.28* 

Saturated Fat -0.01 -0.17 

Oleic Acid 0.01 -O.OS 

Linoleic Acid 0.06 0.02 

Sodium -0.03 -0.24 

Potassium 0.22 0.20 

Magnesium 0.21 0.12 

Iron 0.04 -0.10 

Zinc 0.23 -0.06 

Vitamin A 0.13 0.02 

Vitamin E 0.17 0.14 

Vitamin C -0.06 0.10 

Calcium 0.36* 0.01 

Phosphorus 0.3S* 0.06 

B-carotene 0.04* 0.32* 

*p<O.OS 
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Table 25. Correlation coefficients between changes in bone and dietary 
factors 

Variables e.TBMD ALBMD a.NBMD .. WBMD a.FTBMD .lRBMD a.UBMD 

Energy -0.03 -0.07 -0.12 0.01 0.06 -0.19 -0.01 

Protein -0.28* -0.14 0.09 -0.06 -0.06 -0.16 0.03 

Protein (% kcal) -0.24 -0.04 0.22 -0.08 -0.12 0.06 0.05 

Carbohydrate 0.02 -0.08 -0.15 0.01 -0.03 -0.06 -0.07 

Fat -0.03 0.07 0.01 0.15 0.26* -0.29* 0.10 

Saturated Fat 0.09 0.16 0.08 0.23 0.15 -0.22 0.19 

Alcohol 0.12 -0.11 -0.14 -0.17 -0.04 -0.01 -0.08 

Caffeine -0.03 -0.14 -0.11 -0.09 -0.05 0.12 -0.08 

Dietary Fiber 0.04 -0.13 -0.07 -0.01 -0.02 0.06 0.06 

Calcium -0.09 -0.03 -0.18 -0.16 -0.27* -0.13 -0.24 

Phosphorus -0.11 -0.07 -0.03 0.00 -0.06 -0.18 -0.00 

CaJP 0.22 0.08 0.00 0.08 -0.04 0.06 0.13 

Magnesium -0.14 -0.18 -0.1 0.00 -0.03 -0.05 -0.04 

Sodium -0.22 -0.11 -0.05 -0.06 0.04 -0.10 -0.10 

Vitamin A -0.19 -0.20 0.16 -0.00 0.04 0.00 0.13 

Vitamin C 0.01 -0.05 -0.06 -0.12 -0.07 -0.12 0.01 

B-carotene 0.02 -0.16 0.19 0.05 0.09 -0.06 0.25 

Variables .TBMC ALBMC lNBMC .. WBMC LFTBMC a.RBMC .. UBMC 

Energy 0.08 -0.04 -0.02 -0.02 0.11 -0.25 0.07 

Protein -0.08 -0.08 -0.09 -0.17 -0.32* -0.17 0.09 

Protein (% kcal) -0.12 -0.03 -0.08 -0.18 0.20 -0.00 0.03 

Carbohydrate 0.07 -0.09 -0.04 0.04 0.09 -0.07 -0.00 

Fat 0.16 0.12 0.16 0.11 0.06 -0.34** 0.15 

Saturated fat 0.15 0.36** 0.29* 0.34* -0.08 -0.27* 0.22 

Alcohol -0.05 -0.03 -0.18 -0.21 -0.09 -0.01 0.04 

Caffeine 0.13 -0.08 -0.14 -0.11 -0.14 0.12 -0.07 

Dietary fiber 0.11 -0.16 0.09 0.07 -0.02 0.03 0.12 

Calcium 0.22 -0.03 -0.16 -0.12 -0.26* -0.15 -0.14 
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Table 25 --- Continued 

Variables lTBMC ALBMC ,NBMC ,.WBMC ,FTBMC ,RBMC loUBMC 

Phosphorus -0.03 -0.01 0.03 0.04 -0.06 -0.18 0.07 

CaIP -0.02 0.16 0.02 0.08 0.04 -0.13 -0.22 

Magnesium 0.03 -0.18 0.03 0.06 -0.03 -0.09 0.05 

Sodium 0.09 -0.05 -0.01 -0.13 0.04 -0.17 0.01 

Vitamin A -0.17 -0.12 0.02 -0.07 0.04 -0.02 0.07 

Vitamin C 0.13 -0.06 -0.21 -0.19 0.16 -0.13 0.06 

B-carotene -0.08 0.06 0.09 0.04 0.47* 0.00 0.22 



Table 26. The best fit multiple regression models of dietary factors 
on changes in bone 

Dependent Independent Regression SEE p R2 

Variables Variables Coefficients 

.. TBMD YSM 5.981E-04 3.411 E-04 0.087 0.20 
Kcal 1.171 E-05 6.776E-06 0.092 
TBMD92 -0.024 0.025 0.352 
Protein -4.201E-04 1.634E-04 0.014 

A.LBMC YSM -0.019 0.069 0.786 0.25 
Kcal -1.996E-03 1.090 E-03 0.075 
LBMC92 0.073 0.044 0.104 
Saturated Fat 0.241 0.084 0.007 

ANBMC YSM -4.351 E-03 3.882 E-03 0.269 0.27 
Kcal -2.498 E-04 8.929 E-05 0.008 
NBMC92 -0.022 0.036 0.556 
Saturated Fat 0.021 6.205 E-03 0.002 
Dietary Fiber 0.012 4.595 E-03 0.012 

~WBMC YSM -3.674 E-03 3.317 E-03 0.275 0.33 
Kcal -2.076 E-04 7.700 E-05 0.010 
WBMC92 0.061 0.057 0.297 
Saturated Fat 0.018 5.344 E-03 0.001 
Dietary Fiber 0.010 3.957 E-03 0.015 

AFTBMC YSM -3.105 E-03 0.021 0.883 0.24 
Kcal 2.180 E-04 2.977 E-04 0.468 
FTBMC92 -0.024 0.054 0.658 
B-carotene 1.848 E-04 5.740 E-05 0.003 
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Table 27. The best fit mUltiple regression models of both diet and body 
composition on changes in bone 

Dependent Independent Regression SEE p R2 

Variables Variables Coefficients 

YSM 5.682E-04 3.1 86E-04 0.082 0.27 
... TBMD TBMD92 -1.803E-04 0.025 0.994 

l%FTM 2.729E-03 9.907E-04 0.009 
Protein -2.580E-04 1.203E-04 0.038 
Constant 0.022 0.027 0.424 

YSM 8.351E-03 0.021 0.686 0.38 
... FTBMC FTBMC92 -0.013 0.049 0.792 

lFTM 1.316E-04 4.773E-05 0.009 
B-carotene 2.373E-04 5.643E-05 0.000 
Constant 0.224 0.546 0.412 
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Table 28. Comparision of the baseline and final physical activities 

N=47 Initial P AQ (1992) Final PAQ (1993) Correlation 
(kcal) Mean SD Mean SD r 

Rest EE 54.95 6.6 55.20 6.90 0.98** 

Total EE 1252.65 472.82 1328.95 633.86 0.56 ** 

Total hours 10.92 3.69 11.15 4.66 0.63** 

Levell 248.50 165.03 221.32 115.60 0.66** 

Level2 587.14 308.34 649.08 454.10 0.44** 

Level3 296.07 330.06 258.51 210.09 0.18 

Level4 99.29 101.39 125.85 258.52 0.14 

Level5 26.53 65.28 61.31 119.42 0.34* 

Weight 1 541.34 267.42 521.84 276.36 0.65** 

Weight2 713.92 440.47 807.10 597.00 0.52** 

Muscle 1 506.00 265.78 455.05 228.29 0.66** 

Muscle2 602.82 601.01 632.85 505.75 0.47** 

Muscle3 198.36 154.52 241.04 287.06 0.52** 

MET 2.11 0.44 2.19 0.51 0.65** 

note: Levell = energy spend on levell activity (METs = 1.0 to 1.4) 
Level2 = energy spend on level2 activity (METs = 1.5 to 2.5) 
Level3 = energy spend on level3 activity (METs = 2.6 to 4.9) 
Level4 = energy spend on level4 activity (METs = 5.0 to 6.9) 
Level5 = energy spend on level5 activity (METs = 7.0 and up) 
Weight 1 = energy spend on non-weight bearing activities 
Weight2 = energy spend on weight bearing activities 

Paired t-test 

p 

0.141 

0.333 

0.676 

0.137 

0.319 

0.475 

0.494 

0.043* 

0.555 

0.232 

0.097 

0.722 

0.239 

0.22 

Muscle 1, Muscle2, Muscle3 = energy spend on light, moderate and heavy muscle stretch 
activities respectively 
* p<0.05 **p<O.OI 



Table 29. Correlation coefficient between physical activity factors 
and changes in bone mineral mass 

Variables .... TBMD ALBMD ... NBMD .. WBMD lFTBMD "RBMD ~UBMD 

Levell -0.11 0.09 0.09 -0.17 0.02 -0.01 0.03 

Level2 -0.16 -0.26* -0.12 -0.11 0.09 0.02 -0.01 

Level3 -0.09 -0.19 0.01 -0.08 0.04 -0.03 0.06 

Level4 0.11 -0.04 -0.02 -0.11 0.08 0.04 -0.01 

LevelS -0.03 -0.15 0.00 0.03 -0.02 0.01 0.02 

Weitbl -0.16 -0.21 -0.28* -0.14 -0.07 0.01 0.04 

Weitb2 0.01 0.07 0.10 -0.05 0.00 -0.06 0.03 

Muscle 1 -0.17 0.20 -0.22 -0.15 -0.14 -0.04 -0.09 

Muscle2 -0.06 -0.13 0.03 -0.05 0.07 -0.06 0.08 

Muscle3 -0.04 -0.01 -0.11 0.06 0.12 -0.13 -0.04 

Timel -0.02 -0.09 -0.06 -0.04 -0.00 0.01 0.04 

Time2 -0.09 -0.15 -0.14 0.12 -0.04 -0.06 -0.01 

Time3 -0.01 -0.22 -0.09 -0.04 0.09 0.10 -0.02 

Time4 0.04 -0.06 0.10 -0.03 -0.06 -0.07 -0.04 

TimeS -0.11 -0.17 0.09 -0.03 0.04 0.06 -0.07 

Timewbl -0.11 -0.25* -0.11 -0.18 -0.12 -0.04 -0.09 

Timewb2 -0.04 -0.01 0.05 0.09 0.12 0.08 0.06 

Timemusl -0.12 0.00 -0.01 -0.04 0.02 -0.04 0.01 

Timemus2 0.00 -0.11 0.02 -0.01 0.12 0.03 -0.09 

Timemus3 0.09 -0.06 0.00 0.05 0.07 -0.11 0.02 

Variables lTBMC ~LBMC lNBMC AWBMC ... FTBMC ARBMC ~.uBMC 

Levell -0.04 -0.17 -0.02 -0.02 -0.06 -0.01 0.04 

Level2 -0.16 -0.12 -0.18 -0.16 0.02 -0.03 0.05 

Level3 0.00 -0.09 -0.03 0.01 0.08 0.07 -0.04 

Level4 -0.07 -0.11 -0.01 0.08 0.11 -0.02 0.05 

LevelS -0.03 0.02 -0.04 -0.05 0.09 -0.01 -0.00 

Weitbl 0.11 -0.24* -0.13 -0.09 -0.12 0.02 0.03 

Weitb2 -0.09 -0.08 -0.05 0.03 0.06 -0.01 -0.05 

156 



157 

Table 29 --- Continued 

Variables .TBMC .LBMC .NBMC .. WBMC ~FTBMC .RBMC .. UBMC 

Muscle 1 0.12 -0.22 -0.11 -0.14 -0.03 -0.02 0.05 

Muscle2 -0.03 -0.00 -0.05 -0.08 0.03 0.07 0.03 

Muscle3 -0.06 0.06 -0.11 0.07 0.13 0.01 0.00 

Time1 0.03 -0.09 -0.07 -0.00 -0.11 0.00 0.04 

Time2 -0.05 -0.15 -0.02 -0.08 -0.06 -0.09 0.05 

Time3 -0.12 -0.13 0.09 0.11 0.07 0.02 -0.01 

Time4 0.04 0.05 -0.03 -0.08 0.02 0.04 0.01 

TimeS -0.01 -0.05 0.03 0.09 -0.00 0.01 -0.03 

Timewb1 -0.04 -0.30* -0.12 -0.11 -0.09 -0.01 0.01 

Timewb2 0.03 0.01 0.04 0.12 -0.07 -0.06 0.01 

Timemus1 0.02 -0.15 0.09 -0.04 -0.11 0.04 0.02 

Timemus2 -0.11 0.03 -0.09 -0.01 0.05 -0.09 -0.06 

Timemus3 0.09 0.11 -0.08 -0.13 0.06 -0.01 0 



Table 30. The best fit multiple regression models of physical 
activity factors on changes in bone and body composition 

Dependent Independent Regression SEE 
Variables Variables Coefficient 

lLBMD Age 7.786E-04 1.523E-03 
YSM -1.729E-03 1.077E-03 
LBMD92 0.031 0.035 
Level2 -3.660E-05 1.755E-05 
Constant -0.036 0.097 

~LBMC Age 0.016 0.118 
YSM -0.106 0.081 
LBMC92 0.066 0.048 
TimeWBl -0.331 0.146 
Constant -0.480 7.359 

~%FTM Age 0.170 0.076 
YSM -0.059 0.046 
FTM92 -0.084 0.029 
Time4 -1.587 0.517 
Constant -4.969 4.312 

lBMI Age -0.084 0.049 
YSM 0.025 0.029 
BMI92 7.179 3.098 
Muscle 1 -1.609E-03 7.519E-04 
Constant 3.909 2.830 

Level 2 = energy spent on level 2 activity 
Time WB 1 = time spent on non-weight bearing activity 
Time 4 = Time spent on level 4 activity 
Muscle 1 = energy spent on low muscle stretch activity 

p R2 

0.612 0.13 
0.116 
0.379 
0.043 
0.712 

0.891 0.17 
0.201 
0.174 
0.029 
0.948 

0.030 0.28 
0.207 
0.006 
0.004 
0.256 

0.095 0.17 
0.377 
0.026 
0.038 
0.175 
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Figure 5. Baseline physical activity level 

Average 25.5% 

Very Active 7.8% 

Active 62.8% 

Not Active 3.9% 
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CHAPTER 7 

SUMMARY AND CONCLUSIONS 
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With the increase in the elderly population of the US, prevention of osteoporosis 

through modification of environmental factors has became a high priority concern for 

both public health and clinical professionals. However, much remains to be learned about 

how different environmental factors affect the changes in bone mass in postmenopausal 

women. The interaction among such factors with respect to their effects on bone mass is 

also poorly understood. Although debate still continues about the effectiveness of calcium 

supplementation on bone health, adequate calcium intake is important for maintaining 

bone mass. Estrogen replacement therapy has been proven to be the most effective 

strategy for preventing bone loss in postmenopausal women, but it causes certain side 

effects that make it unacceptable for some people. 

The purpose of this study was to examine the relationships between changes in 

bone mass, body composition, nutritional factors and physical activity in estrogen 

depleted postmenopausal women under conditions of adequate calcium intake. The first 

objective of this study is to measure the reliability of measurements for the determination 

of change in bone mineral content and density over the course of a year. The second 

objective was to assess whether changes in bone mass are related to changes in other 

body composition variables, and to determine the relationships among changes in bone 

mineral content and density at different sites. Nutritional and physical activity factors that 
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affect change in bone mass were also examined. Finally the interrelationships of body 

composition, nutrition and physical activity on changes in bone density were studied. 

Fifty-three healthy Caucasian women from Tucson participated in this study. They all 

were at least three years past menopause and were not using hormone replacement 

therapy. None were heavy smokers or taking any medications that would affect bone or 

body composition. The average age was sixty years, mean body weight was 69 kg, mean 

height was 162 cm, and the average BM! was 26.5 kg/m2
• 

A longitudinal multifactorial design was used in this study. Data collection was 

conducted from April 1992 through October 1993. Each subject was followed one year to 

examine the changes in body composition and bone mineral density. All participants 

received 1000 mg/day of calcium supplementation through the study-year. Four people 

dropped out of the study during the year leaving forty-nine to complete the one year 

follow-up. 

Single photon absorptiometry (SPA, SP2 Lunar Radiation Corp, Madison WI) 

was used to assess forearm bone mineral content (BMC) and density (BMD) at radius one 

third from distal site and radius ultra-distal site. Dual-energy x-ray absorptiometry (DXA, 

DPX Lunar Radiation Corp, Madison WI) was used to measure body composition; total 

body, lumbar spine (L2",), femoral neck, femoral Ward's triangle, and femoral trochanter 

bone mineral content and density. Two repeat measurements of body composition and 

bone mineral content and density were done for each subject within a one-week interval 
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at the beginning of the study and again at the end of the study for assessing the reliability 

of the measurements and increasing the accuracy of the assessments. 

Dietary intake was assessed using the Arizona Food Frequency Questionnaire 

(Appendix B) developed in the Nutrition Core, Cancer Center, University of Arizona. 

Eight days of dietary intake records, analyzed using Nutritionist III (N-squared 

computing), were used for estimation of the average nutrient intakes of each person 

during the study-year. 

Individual physical activities during the follow-up year were assessed using 

self-administrated physical activity questionnaire designed in the Cancer Center, 

University of Arizona. Physical activity was quantified for each subject in three activity 

categories: I). Intensity of the activity (Levell, 2, 3, 4, 5 based on the METs of each 

activity), 2). Weight-bearing (weight-bearing vs. nonweight-bearing), 3). Muscle stretch 

(little muscle stretch, medium muscle stretch, and heavy muscle stretch) (Appendix D). 

Descriptive statistics were calculated for the variables of age, years since 

menopause, body composition, bone mineral density, nutrient intake and physical 

activity. Reliability analysis was assessed from inter day and inter year data. The average 

of the two repeat measurements at the beginning of the study was used as the initial value, 

and the average of the two repeat measurements at the end of the study was used as the 

final value for corresponding body composition or bone mineral density variables. 

Changes in body composition and bone mineral density were defined as the differences 

between the final and initial values. Student's paired t-test was used to test the 
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significance level of changes in the variables of interest (p<0.05). Pearson's coefficient 

was used to test the relationships between variables, and partial correlations were 

calculated after adjustment for confounding factors. The contributions of selected 

variables to the changes in bone mass were evaluated using multiple regression analysis 

by both the enter and the forward method. Confounding factors were entered into each 

regression model by the enter method and significant predictors were selected into the 

model by the forward method (p<0.05). 

A. Summary of major findings 

There are eight major findings in this study. They are summarized as follows: 

1). Reliability of the measurements 

Reliability analysis indicated that the short-term precision of DXA and SPA were 

high in this study, especially for the estimations on bone mass. More than 96% of total 

variation in the bone measurement at a single point of time was due to the real variation 

of the population. The reliability of the difference, between final (one year) and initial 

measurements, was lower than the reliability for a bone measurement over the short term. 

The real variation of changes during the one year interval accounted for more than 40% of 

the total variation in most of the scores. 

2). Changes in body composition and bone mineral density 

Statistically significant increases in total BMD (TBMD), femoral trochanter BMD 

(FTBMD) and femoral trochanter BMC (FTBMC); as well as significant decreases in 
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total BMC (TBMC), radius one-third BMD (RBMD) and radius ultra-distal BMD 

(UBMD), were observed during a one year period of time. Total body mass (TBM), soft 

tissue mass (STM), fat tissue mass (FTM) and percent fat tissue mass (%FTM) were all 

significantly higher at the end of the study than at the beginning of the study. However, 

no significant change was detected in lean tissue mass (L TM) over a period of one year 

(p<O.05). 

3). Relationships among bone mineral content and density at different sites 

Correlation among BMD or BMC at different regional sites as well as total body were all 

statistically significant in this postmenopausal women popUlation. Total body bone mass 

had an especially high correlation with all the regional bone measurements. 

The relationships between changes in bone at regional sites and for total body were much 

smaller. The correlation between TBMD and LBMD; TBMD and UBMD; LBMD and 

WBMD; LBMD and FTBMD; LBMD and UBMD; NBMD and WBMD; NBMD and 

FTBMD; NBMD and RBMD, NBMD and UBMD; WBMD and FTBMD; WBMD and 

UBMD; TBMC and RBMC; LBMC and NBMC; LBMC and WBMC; LBMC and 

UBMC; NBMC and WBMC; WBMC and UBMC; FTBMC and RBMC were 

statistically significant. Interestingly, consistently negative, but mostly nonsignificant 

correlation between RBMD (or RBMC) and BMD (or BMC) at other regional sites were 

found (p<O.05). 

4). The influence of age, and years past menopause on body composition and bone 

mineral density 
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Cross-sectionally. BMO and BMC showed negative relationships with age and 

years since menopause (YSM), but only the relationship between age and initial TBMO 

(TBM092), with adjustment for body weight (WT), was statistically significant. No 

significant correlation was found between any body composition variables and age (or 

YSM), even after the adjustment for WT (p<O.05). Longitudinally, the rate of change in 

BMC at the distal one-third of the radius was negatively correlated with age. None of the 

other changes in body composition or bone mineral density variables had significant 

relationships with age or YSM (p<O.05). 

5). Predicting baseline BMO and BMC by body composition 

WT, Height (HT), Body Mass Index (BMI), FTM, %FTM and LTM were 

significant predictors for regional and total BMO and BMC from cross-sectional data. 

FTM and L TM had independent roles in predicting BMO and BMC. After adjusting for 

FTM, LTM still had significant correlation with most of the regional BMCs, while after 

adjusting for L TM, FTM was only significantly associated with FTBMO, TBMO, and 

TBMC. 

6). The relationship of body composition and changes in bone 

Both initial body composition and changes in body composition were related to 

changes in bone after adjustment for age, YSM and initial values. Regression analysis 

indicates that change in %FTM is a significant predictor of changes in TBMD and lumbar 

spine BMO (LBMO). Change in FTM contribute significantly to the change in WBMO, 



FTBMC and FTBMD. Initial L TM, TBM and %FTM were significant predictors of 

changes in TBMC, NBMD and RBMD, respectively. 
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7). The predicting roles of nutritional factors for changes in bone mineral content 

and density 

High fiber, vitamin and mineral intakes and low dietary fat consumption were 

characteristics of the women's diet in this study. With the exception of energy intake, 

nutrient intakes were higher than the RDA's in this study. Higher protein intake is 

associated with greater loss of TBMD as indicated by the regression model after 

adjustment for YSM, energy intake and initial TBMD. Intake of saturated fat is associated 

with positive changes in LBMC, NBMC and WBMC (p<O.05). Changes in NBMC and 

WBMC are also positively associated with dietary fiber intake (p<O.05). Total 

beta-carotene intake was a significant predictor for positive change in FTBMC. 

The association of nutritional factors with changes of bone mass are independent of the 

effects of body composition on the changes in bone. When body composition variables 

are entered into the prediction models, nutritional factors still contribute significantly to 

variations in change in bone mass. 

8). The relationships between physical activity and changes in body composition 

and bone mineral density 

The study population is physically active and physical activity is significantly 

related to certain changes in some body composition and bone mineral density variables. 

Regression analysis indicates that greater time engaged in high intensity physical activity 
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is related to decrease in %FTM (p<O.O I). Change in BMI is negatively related to energy 

spent on low muscle stretch activities in this study. More energy spent on low intensity 

physical activities is a risk factor for loss of LBMD in postmenopausal women. 

Reduction of LBMC is associated with a higher proportion of time engaged in non-weight 

bearing activities as indicated by multiple regression analysis. However, physical activity 

variables can be replaced by body composition variables and dietary factors in the 

regression models for predicting the change in LBMC and LBMD. 

B. Conclusions 

Based on these results, several conclusions can be drawn from this longitudinal 

study on postmenopausal women. 

1). It was hypothesized that the rates of change in bone mass are correlated from 

site to site. The significant correlation among the changes in BMD and BMC at most of 

the sites supports this hypothesis. 

2). It was hypothesized that body composition and bone change with age. The 

significant changes in TBM, FTM, %FTM and bone mineral content and density found in 

this study over one year support this hypothesis. 

3). The significant correlation between initial body weight (or initial BMI) and 

initial BMD (or initial BMC) found in this study support the third hypothesis that body 

weight and BMI are positive predictors of BMD and BMC in postmenopausal women. 
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4). It was hypothesized that LTM was directly and closely associated with bone 

mass. The correlation coefficients between L TM and BMD (or BMC) were both 

significant and positive. Furthermore after adjustment for FTM, LTM was still 

significantly correlated with initial TBMC, LBMC, NBMC, WBMC and RBMC. These 

results support the hypothesis that there is a significant relationship between L TM and 

bone mass. 

5). The results of this study also support the hypothesis that loss of body weight or 

BMI will lead to greater loss of bone mass in weight bearing bone. After adjustment for 

initial body weight, reduction of either total body mass (TBM) or BMI is found to be 

significantly correlated with loss in WBMD, FTBMD and FTBMC. 

6). The results from correlation and multiple regression analysis indicate that 

change in FTM is associated with changes in bone mass. This positive relationship 

supported the hypothesis that loss of FTM will cause more loss of bone mass in estrogen 

deficient postmenopausal women. 

7). The results of this study support the hypothesis that dietary factors, in addition 

to calcium and vitamin D intake, are associated with changes in bone mineral. Protein 

intake was found to have a negative relationship with change in TBMD as suggested by 

multiple regression analysis. Saturated fat, dietary fiber and total beta-carotene intakes are 

positively correlated with changes in regional bone mass. 

8). The hypothesis that higher levels of physically active protect bone mineral is 

not supported by the results of this study. However, the association between both 



nonweight-bearing activity and low intensity activity with loss of LBMD respectively, 

suggest that inactivity and a lack of weight bearing activity are associated with greater 

spinal bone mineral loss. 
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9). Dietary and physical activity factors were hypothesized to be related to body 

composition changes. The relation of different physical activities to changes in bone mass 

are affected by changes in body composition, since body composition variables replace 

physical activity variables in multiple regression analysis for predicting changes in bone 

mass. However, the effects of dietary factors on bone are independent of the effects of 

changes in body composition. 

C. Future study directions 

This study suggests several potential directions for future research. 

1). Longer follow-up time (more than one year) and larger sample size are needed 

in future research to test the findings of this study. 

2). It should be further investigated whether the effect of change in trabecular 

bone mass differ from the effect of change in cortical bone mass on assessment of BMD 

by DXA, especially for TBMD. 

3). The positive relationship between changes in bone mass and change in FTM 

(independent of the effect of change in L TM) should also be studied in both 

premenopausal women and postmenopausal women undergoing hormone replacement 



therapy, to better understand the mechanism underling the protective effect of FTM on 

bone mass. 

170 

4). More studies are needed to test whether total protein intake, or certain sources 

of protein (e.g. from plant, meat or milk products source) that are more important in the 

association with higher rates of bone mineral loss in postmenopausal women. 

5). Estrogen deficient animal models provided with adequate calcium intakes may 

be used in future studies to test the impact of saturated fat and fiber intake on bone. 

6). Beta-carotene supplements should be separated from that in food sources in 

future analysis. This will help to improve understanding of whether beta-carotene has a 

direct effect on bone metabolism or is an indicator of plant sources of food. 

7). A physical activity questionnaire which will provide better estimations of high 

intensity activities and activities involved in work is needed in future studies to better 

understand the effect of different kinds of physical activities on maintaining bone mass in 

postmenopausal women. 

8). Longitudinal studies following women on different exercise programs are 

needed to provide more definitive testing of the influence of physical activity on bone 

mineral loss. 



Table 31. Summary of the best fit models for predicting changes 
in bone mass 

Regression models 

Dependent variables Predictors (adjusted factors) R2 

.TBMD ;.(+)%FTM (Age, YSM, TBMD92) 0.23 
(-)Protein (YSM, Kcal, TBMD92) 0.20 
• (+)%FTM, (-)Protein (YSM, TBMD92) 0.27 

lTBMC (+)LTM92 (Age, YSM, TBMD92) 0.22 

ALBMD ~ (+)%FTM (Age, YSM, LBMD92) 0.17 
(-)Level2 (Age, YSM, LBMD92) 0.13 

A.LBMC (+)Saturated Fat (YSM, Kcal, LBMC92) 0.25 
(-)TimeWBl (Age, YSM, LBMC92) 0.17 

.NBMD (+)TBM92 (Age, YSM, NBMD92) 0.23 

A.NBMC (+)Saturated Fat, (+)Dietary Fiber (YSM, Kcal, 0.27 
NBMC92) 

AWBMD • (+)FTM (Age, YSM, WBMD92) 0.23 

AWBMC (+)Saturated Fat, (+)Dietary Fiber (YSM, Kcal, 0.33 
WBMC92) 

.lFTBMD 1(+)FTM (Age, YSM, FTBMD92) 0.19 

lFTBMC &(+)FTM (Age, YSM, FTBMC92) 0.18 
(+)Beta-carotene (YSM, Kcal, FTBMC92) 0.24 
l(+)FTM, (+)Beta-carotene (YSM, FTBMC92) 0.38 

ARBMD (+)%FTM92 (Age, YSM, RBMD92) 0.14 

171 



172 

APPENDIX 

Appendix A: Human subject committee approval form 

THE UNIVERSIf'f OF 

ARIZONA 
Zhao Chen, M.S. 
c/o William Longacre, Ph.D. 
Department of Anthropology 
Main Campus 

l".;o ~. WJrr~n I Bldg. ~:ba 
Tucson. AlIzunJ 3S7::~ 

26 May 1992 :0<)::1 626'67::lur 6:6,~;~~ 

RE: HSC A92.68 THE RELATIONSHIP OF NUTRIENT INTAKE AND THE CHANGE 
OF BONE DENSITY IN PHYSICALLY ACTIVE POSTMENOPAUSAL WOMEN 

Dear Ms. Chen: 

We received your revised project and revised consent form as well 
as Dr. T. Lohman's 28 April 1992 letter granting permission for you 
to conduct the proposed bone density and body composition research 
referenced above in his approved laboratory. The procedures to be 
followed in this study pose no more than minimal risk to 
participating subjects. Regulations issued by the U.S. Department 
of Health and Human Services [45 CFR Part 46.110(b)] authorize 
approval of this type project through the expedited review 
procedures, with the condition(s) that subjects' anonymity be 
maintained. Although full committee review is not required, a brief 
summary of the project procedures is submitted to the Committee for 
their endorsement and/or comment, if any, after administrative 
approval is granted. This project is approved effective 26 May 1992 
for a period of one year with the understanding that it is to be 
performed under the direct supervision of T. Lohman, Ph.D. 

The Human Subjects committee (Institutional Review Board) of the 
University of Arizona has a current assurance of compliance, number 
M-1233, which is on file with the Department of Health and Human 
Services and covers this activity. 

Approval is granted with the understanding that no further changes 
or additions will be made either to the procedures followed or to 
the consent formes) used (copies of which we have on file) without 
the knowledge and approval of the Human Subjects committee and your 
College or Departmental Review committee. Any research related 
physical or psychological harm to any subject must also be reported 
to each corr~ittae. 

A university policy requires that all signed subject consent forms 
be kept in a permanent file in an area designated for that purpose 
by the Department Head or comparable authority. This will assure 
their accessibility in the event that university officials require 
the information and the principal investigator is unavailable for 
some reason. 

Sincerely yours, 

l.""_\..~\",,.,"'" ~ ~ .... \. t .. ~\ 
William F. Denny, 'M.D. 
Chairman, Human Subjects Committee 

CC: Departmental/College Review committee 
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QUESTIONNAIRE 
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---------------------------
--------------------------------------------------------------------------------------::: 

INSTRUCTIONS 

,. Please use a scf: 'eaded' no. 2: ;:er.cil. DO .'\JOT USE PEN. to complete :his ques:ionnaire. 

2. There are :'1'10 kinds of ::;ues:ions in :his questionnaire. 

For some questions. you are asked :0 comple:ely fill in the circle under the appropriate response. 
For other questions. you are asked to write in your own answer in the space provided. 

, 3. This questionnaire asks about your ~ eating habits. Think back over the past year, and ask 
yourself how often you usually ate the foods listed on the next several pages. 

Look at the example on the bot:om of page 2 while reading the following instructions. 

a. For each food listed. fill in the circle that describes your AVERAGE SERVING SIZE as compar~d 
to other people your own sex and age. You may choose SmalllS), Medium (M), or Large (L). 
Some lines include several foods (for example. "bread. rolls, crackers.") Fill in the circle for the 
serving size of the food you ate most often. 

b. Next. fill in the circle that describes your AVERAGE USE LAST YEAR. If you rarely or never ate 
the food. fill in the circle under Rarely /Never. 

-----------------------
c. Some items say -in season-. Indic<lte how often you eat these ~oods during :he time when the'. -

are in season. For example. you mat, eat cantaloupe once a week when it is in season. but ani', .. 
once a month during :he res: of the year. In this case. you would fill in the circle under the : 
Once a Week column. 

d. Remember. 2 CIRCLES MUST BE FILLED IN FOR EACH LINE. except for when 'Iou use :he 
Rarely/Never column. then no serving size is necessary. DO NOT SKIP LINES. 

----AS-· 

• .\. ... :1 .... 
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CORRECT ...... ilKS 

• '';S; ,,= ~ =:',::.. ~M .. 'I • 0 0 a • a 0 0 a 0 0 
I~COR~~cr "'.J.RK5 

• ~o "c. ",5: ,'.;< :;:; 3.l. ... L?CINT PEN. CD 0 0 a 0 a 0 0 a 0 G)-
INCORReCT ."'.>.RKS 

• \.I..l.,~: '.: 3-:":"; '.1":',,:-<5 0 0 0 a 0 a 0 0 0 0 0 
INCCAr:«aCT "'..\,.l<S 

• :,'.- :--: :;=':_:5 :'::).',I?'.:7:L'( 0 0 Q a 0 a a 0 0 Q 0 
:SC:'lriAECi .'-1~~KS 

• :::I""SE :'L'_ :;-"'~G:S CL:.l.NLY. 0 <9 0 a 0 0 a 0 a 0 0 

PI.E"'SE pqlNT YOI,;R 'l.=..·.'E. ';'COAY'S O"''iE, "'GE, SEX: M OR F, HEIGHT "'NO WEIGHT IN THE BOXES PROVIOEO, 
100 :-.lOT FILL IN n .. ; C:il-::l..;S ~R PRINT IN THE :'REAS MAilKEO FOR OFFICE USE ONLYI 

...:~:::S::..:T~,'I:.:: ... ;:::;O"~E _____________ .:..:;:IR~ST:..:...:..:'I.::: ...... ;:::,'e~ ____ =MI . TOOAY'S 00\1"£ . 
MO. Oo\Y ve ... R 

o\oe 

FOR OFFICE USE 

<D<DI(D(§) ® GS1:1 10 

o Q)!O 01 C!:1 00 .... uMBeR 

<D!<DI G:l .<D@ 
Q)oQ) 1 ~ Q)~ 
0i • <9 '0~1 
(!)I 13)1 @ CD C!:I 
~. ~: ~. t7' 'i" - ..:/ -., 

"" '" ~·3 '-' "". '-' 
~ ~cr·;~ G: :J) 
0) G)~0 C::.1) 

S H'Ei'GHT 
WeIOHT. 

. e: Fe. I"C".~ 
X: 

.. <DC!) (1::D :r 
C() "=".1":"":' '_'-.J _ 

5';'~CV 

S 
~o G: '11 ~ 
<D no -':'. "":" 

• .:,.; .:.I..:.. 

GI ~, 00S 
." 0 1 CD 00!1 ,:, CDI <!::I 00~ ... G! @ e0~' 

.~ 
@ ~CD~ 
~ ~ 

------------------------------------------------------------------------------ EXAMPLES 
- Al A MEDIUM SERVING OF BRAN SERVING _ SIZE 
_ CEREAL TWICE A WEEK, l<' ~ ~ ~ 

Bl YOU RARELY/NEVER EAT OATMEAL. ~ '" ~., ., ~., _ :;:: ~ 
------------------------------------_... < q' q' .:;, :u ~ '" ~ :: ... - , '" -_ ~ ;:, iJ IE.:;, Of <;;~;; ~i Eo ~ 

~ BREAKFAST :J ii :r: I", Of ;;~;:: ~ <r ;::;'., ~ '" 
- ~ ~ <rJ::tf"t;~ ,., .... ·:>~:::ti _ FOODS '" ... I~~ ~ .. <r •• ;<r i -<r_~ 

1-=':;' c :) ::: 
---------~--------------------------~--~~-+~--~~--~~~~~~~ o.e 0la 0 0 • 0 a 0'0 

o <9 010 0 0 0 00<9 0 
- 100", BR~~ CE"E~i...5 -

AVERAGE USE LAST YEAR 

---.. ·2· • 
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----Sc;I'IING \ ).VER,l.GE USE LAST VEAR -SIZE 
----------~--------------~----~~~-

.'~. T ., .'" =., .... *lE i -
_"'~ .":! .:ff~ :: :t~;!~ j ~~ §! -I -

~ BREAKFAST 
'~ FOODS 

_I - ~ "004 ~ ;" §~~: ;" ~~:;;: § -
... ::! ~ I 5 u :: . .., ~ . ., ~ ., .~ ~ ~::;..., _ 

WHEAT GERM. ADDEO TO FOODS 

UNPROCESSED BRAN. ADDEO TO FOODS 
(SUCH AS MILLER'S Bi'lANl 

.. -I'<~ ~ -:o:t ... ~q' ~ "q' ~~ ~ 
~ - ~ ;) : 

10,0,00 j 0,O;O,e,Oj0.0 i 
00000000000 

100"', BRAN CEREALS ; ° 0 0 0 ° 0' 0' €I 0: ° 0 
gb~~i'lB~~'I~ CEREALS. (SUCH AS i'lAISIN BRAN. '0 e 0 0 0 0 0 e ° ° 0 

GRANOLA OR WHOLE GRAIN CEi'lEALS \ 0 , e . 0 0: ° ' 0 ; 0 ; €I , 0 : ° , 0; 
HIGHLY FORTIFIED CEi'lEALS. (SUCH AS PROOUCT 19. : 0 e 0 0 0 0 0 €I ° ° 0 

• TOTALI • , ,,', 

! OTHER COLO CEREALS. (SUCH AS CORN FLAKES. \0 . e '0 0; ° ; 0 I 0 ! 0 ! 0 I ° . 0: 
RICE KRISPIESI :: ': ' ; 

OATME,.l,L OR OTHER CCOK"O CEREALS 

SUGAR ADOED TO CERE..l.L 

EGGS 

BACON 

SAUSAGE 

o 0 0,0 0 0 0 000 0 

o <::> 010 000 0 ° 0 0 

° 0 0
1
\0 0 0 0 0 ° 0 0 

00000000000 
o 0 0\0 0 0 000 0 0 

" IF YOU EAT COL:::: ::"~EAl. WHAT KIND 00 YOU EAT MOST O;:T".'I? 

2, 

DAIRY PRODUCTS 

ON THE AVERAGE. HOW OFTEN 00 YOU EAT OAIRY PRODUCTS? 0 0 0: ° 19 0 0 0 

COTTAGE CHEESE (;) 0 0 0 0 0 ° e 0 0 0 
OTHER CHEESES AND CHEESE SPREADS ; 0 e 0 0: 0 0: ° : eo; 0 " 0 i 

YOGURT 0 0 0 0 0 0 ° e 0 0 0 
SKIM MILK. 1"', MILK OR BUTTERMILK : 0 <::> 0 10 : 0 0 0 0' 00 0 
2', illlILK AND BE',ER..l.GES 'NITH 2" MILK 0 ° 0; 0 0 0 0 0 0 0 0 
WHOLE MILK AND BEVERAGES WITH WHOLE MILK (1) 0 0 \ 0 0 0 0 0 0 0 0 

-------------------------------------------------
• • J • 

@ e.. -
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------------~ BREADS/SALTY 
SNACKS/SPREADS 

SERVI!l0 \ 
SIZ; , AV5RAOE USE LAST YEAR 

.. ON THE AVERAGE. HOW OFTEN 00 YOU EAT BREAO PROOUCTS? 0 ' 0 . 0 ! 0 ! 9 : 0 ! 0 (5) i ___ -l'"II.\1 -_ WHITE BREAO. ROLLS. CR..l.CKERS. FLOUR TORTILLAS. 
(lNCLUOING S..l.NOWICHESl -- RYE OR PUMPERNICKEL BRE..l.O/RCLLS -- WHOLE WHE,l,T BRE,l,D/RCLLS -~ BRAN MUFFIN -..; CORN BRE..l.D. CORN MUFFINS. CORN TORnLLAS -- CHIPS (ALL TYPESl -- POPCOR;\i -- SHELLED NUTS ,lNCLUCINQ PE..l.NUTS: --- PEANUT BUTTEl'I -- MARGARINE ON BREAD. ROLLS. OR POPCORN -- BUTTER ON 3RE,l,D. "eLLS. OR ?OPCORN 

CD 0 0'\0 0 0 0.0 0 0:0 
• , I I I . 

. 0;00 0:0 0'0:9;0;0,0; 
CD e O!O 0 0 0 0 0 0:0 
:0;0:00'0'0\0;e:0:®i 0 : 
, " ,., I , I I I 

<D 0 0 0 0 0 0 000 1 0 . . 
I • . I I I I I o 0 0\0:0 0'0!00'0;0' 

o 0 OjO CD 0 000 0 (;) 
I 

CD 0 0\0 CD 0;0:0.0 0,0 
CD 0 0·0 CD 0 0 0000 
CD 0 0\0 0 0 0:0:0 0:0 
CD 0 0:0 <D 0 0 10 0 0 0 

- I _ SALAO ORESSING. :'.1A'(C'<:\IAISE. !lNCLUOING ON 0' ~ 0 II 0 t;\ 0 O' 0:· 0 t.::\ r.'I 
. SANOWICHESi '" ~ \;,I ~ -_ GRAVIES :o.,,l,CE WITH :>'I:.':'T ORIPPINGS. OR WHITE CD 0 O' 0 0 0 0 0 0 0 0 .. ~SA~U~C~E ____________________________________________________________ _ 

: ~ SIDE DISHES 

- ON THE AVERAGE. HOW OFTEN 00 YOU EAT STARCHY SIDE DISHES? 0 0 0 0 9· 0 0' 0 -..; LENTILS. GARBANZO BEANS -..; CHILI WITH BEANS 
...I 
..; OTHER BEANS SUCH AS BAKED BEANS. PINTOS. 

KIONEY BEANS. LIM,l,S -..; FRENCH FRIES AND FRIEO POTATOES -- OTHER POTATOES. INCL'JOING 30ILED. BAKED. MASHED -- SWEET POTAToes. YA:'vIS -- Rice 

----\ "." 

00000000000 
~0 0 0 00 0'0:9'0'0;0 

I I I 1 I I • 

o 0 0,0 0 0 0'0 ° 0 0 

CD 0 0\0.0 ° 0 0:0 0,0 
o 0 0'0 0 0 0 0 0 0 0 

j . 

o 0 0;0 CD 0 0 10 0 0 0 
o 0 0'0 <D 0 0 0 0 0 0 - ------------------.. •• .Jo. • 
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------ ._--- ._---------------- --SEl'I'liNO .\ _ 
SIZE .l.'JER.l.Oe use l.,.\ST YE,.\R 

-------~~----------~----~~--;~. - ... .:: -
i -: .:'§ff ! ~~::::: i :E Ii ; -

"'
i _~ :: ... - T ~~ ~~ ~~ ::: -... -?::; oftJ -~ ... ~ ~ -:;:.o:~ ~ i .. ' 5' ~ '!..: .~ ! . ..., . .., ~ :t7 .... ~ -

I':;~ ~ ~~ ....... ~ -q'::~ '" 
::: :) : 

@~~~) FRUITS & JUICES -
ON THE AVERAGE. HOW OFTEN 00 YOU EAT FRUITS ANO FRUIT 

\0 0.00 e.00 0 
000'0'0'0'0

1
0'0'0'0' 

-
JUICES? 

APPl.ES.APPLESAUCE.PEARS 

BANANAS 

PEACHES. APRICOTS. NECTARINES. (FRESH. IN 
SEASON) 

PEACHES. APRICOTS. (CANNEO. FROZEN) 

. RAISINS/PRUNES 

CANTALOUPE. liN SEASON) 

WATE:tMELON. !I!'I SE)'SCN' 

STR)'WBERRIES. (FRESH. IN Sc).SON) 

STR)'WBERRIES. iFROZE~ OR C)'NNEO) 

AVOC)'OOS. GUACAMOl.E 

GR)'PES 

GR)'PE JUICE 

OR)'NGES. TANGERINES 

ORANGE JUICE 

GRAPEFRUIT. GRAPEFRUIT JUICE 

TANG. START BREAKFAST DRINKS 

OTHER FRUIT JUICES. FORTIFIEO FRUIT DRINKS 

i .; . 
0·0 0:0 0 000 000 
CD 0 0 10 0 0 0'0 000 I 

;0:9 0 0'0;0 0;0'0 00 
I. ':.: I : I 

00000000000 
l0:0 0 0 0 0:0:e:0:0'0 
I ! I; 

o e 0'0 0 000 000 

o 0 0iO 0 0 0 0 000 
o 0 OiO 0 0 0 0 0 0 0 

I 

o 0 0i00 0 0 e 000 
o 0 0:0 0 0 0 0 0 0 0 
o 0 olo 0 0 00 0 e 0 

I 

o 0 0'0 0 0 0 0 0 0 0 
i . o 0 0'0 CD 0 0 0 0 0 0 

'0'0 0\0'0 0.0:e·0.0 0 

o 0 010 0 0.0 0.0 e 0 
o 0 0;0 0 000 000 

I 

2. ANY OTHER FRUIT. INCLUOING BERRIES. FRUIT COCKTAIL. PLEASE USE THE LINES BELOW: 

1. ____________________________ __ 
o e 010 0 0 0 0 0 0 0 

2. o 0 0
1
0 0 0 0 0 0 0 0 , 

.-• •• 

-----------------------------------------.. 
.. 
• ---
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---------------
: ~~ VEGETABLES -

SERVING '\ 
SIZE AVERAGE USE I.AST Y~AiI 

_ ON THE AVERAGE. HOW OFTEN DO YOU EAT VEGETABLES? 0 ,",' 0 . 0 0. i 0 ~. 0 
_. (NOT INCLUDING SALAD OR POTATOES) ------l ~ : • ...., • \.!I.' 

- BROCCOLI -. 
- CARROTS -. 
- CAULIFLOWER OR 9RUSSEl.S SPROUTS --: STRING BEANS 

-. 
- MIXED VEGETABLES. !CONTAINING CARROTS) -- WINTEn SQUASH. 9A.(=:0 SC.\.:.l.SH -- PEAS --- SPINACH !RAW) -- SPINACH (COOKED) _. 
- MUSTARD GREENS. TURNIP Gi'lEENS. COLLAi'lDS -- COLE SLAW. CA9B~GE. SAUERKRAUT -- GREEN SALAD -- TOMATOES. TOMATO JUICE -- SALSA PICANTE. TACO SAUCE ----. 
-, -

o 0 0·0 000 0 0 0 0 
00000006000 

!; : • 

00000006000 
:0 0:0 0 0:0;00 i O 0:0 

I !.' i . : 

:0 0 0 0 0 0 0 e 0 0 0 
: : ~ I; . 

00000000000 
o 0 0:0 000 0 0 0 0 I . 

o 0 0\0 CD 0 0 0,0 0 0 
o 0 0·0 0 0 0 0 0 0 0 

[0 0 0\0 00 0 0'0 0 0 
o 0 0:0 0 0 0 0 0 0 0 
o 0 OiO 000 0 0 0 0 I 
o 0 0:0 0 0 0 GOO 0 

:0 0·0 0 000 0:0 0 0 
I , • 

0000000e000 

- 3. ANY OTHER VEGETABLES. INCLUDING ONIONS. SUMMER SQUASH. PLEASE USE THE '.INES 9ELCW' -- 1.------------------------- o 0 0:0 000 0 0 0 0 -- z. o 0 0:0 0 0 0 0 0 0 :') - ! ---- •• ·5· • 
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:::::::l d BEVERAGES 

WATER 

rlEGULAR SOFT DRINKS 

CIET SOFT DRINKS 

BEEi'I 

WINE 

LIQUOR 

OECMFEINA'iED COFFEE 

~:::,'Ij-O.l.IRY CREAMEi'lIN COFFEE OR TEA 

·\,IIL!< IN COF!":: OR TEA 

C::;Eol.~.1 ~Eol.!..· IN COF;:=E OR TEA 

ol.~T!FiC:,.l,\.. 5WEETENEi'I IN COFFEE OR TEA 

~ MIXED DISHES 
~ 

-'-----' -_ ... -.. --.. _._-----_._--

:0 0 0\0.0 0 o:e 0 0:0 
o 0 0iO 0 0 0 e 000 

:0 0 010 0 0 0 0 0 0.0 
I I 

o 0 0'0 0 0 0 0 0 0 0 . . 

:000 0 CD 0 0 e 000 ! I • I ,; 

'00000000000 
I . 

'0 0 0:0 0 0 0 e 000 
CD 0 0.0 0 0 0 0 0 0 CD 

o 0 0\0 0 0 0 0 000 
I 

o e 0;0 0 0 0 0 0 e 0 
:0:0 0\0 0 0 0 e 0 0 0 

• 
CD 0 0:0 0 0 0 0 0 0 0 
CD 0 0:0 0 0 000 0 0 
o 0 O~O 0 0 0 0 0 0 0 

SP.l.GHETTI. LASAGNA. OTHER PASTA WITH i CD 0 O! 0 0 0 0 e 0 0 0 
TOMATO S.l.UCE I 

PIZZA CD 0 0: 0 Q 0 0 0 0 e 0 
MIXED DISHES WITH CHEESE (SUCH AS MACARONI I 0 : 0 . 0 I 0 0 0 0 e' 0 0' 0 
AND CHEESE) : I ' ., 
LIVERWURST CD 0 0 I 0 0 0 0 0 0 0 0 

I 
HOT DOGS CD e 0 ~ 0 CD 0 0 0 0 0 0 
.... .:. ... 1.L·.j;\;CH ... 1EATS 0 0 0 0 0 0 0 0 0 0 CD 

• 
·::GE7.~3L= SOUP. vEGETAaLE BEEF. MINESTRONE. CD O' 0 i. 0 0 0 0 0 0 0 0 
T";,\l.l.:-~ SO'';P 

.:7"'=~ S·'Jt::lS 0 0 Q' 0 0 0 0 0 0 0 0 --------------_. ---- _ .... -_. ----

• .7. •• 

---------------------------------------------------------------
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----- S~;\"lNG \ _ SIZE _ 

- --------~!~~--.--~--.,---.,---~~~--.,---~-:~~~ 
AVERAGE USE LAST VEAR 

-----------------------------... ~ ~ IE S ! ; ~ ~! ; i ~ !! ; _
-_ ~ MEAT, FISH & .f g :: I:! T , ::~::~ II' :::~:;;~ ;:: "', .. J. :: i1 :J ,.:.;a . ..,.;a .... ..,:::..,' ... 

P 0 U LTRY :; / ;:: ~ ~ . q' .' q' :".; .. :t":! ,I <~ .... ..,. , ~ q"...,~ ... 

---------------------------r~-~~--~~~--~Q~:~ 
- ON THE AVERAGE. HOW OFTEN 00 YOU EAT MEAT. FISH. POULTRY? 0 : 0 . 0 . 0 . 0 O' e 0 

,..-----1 I , • , • I I , -- HAMBURGERS, CHEESEBURGERS, MEAT LOAF -- BEEF·STEAKS, ROASTS 

: BEEF STEW OR POT PIE WITH CARROTS. OTHER 
_ VEGETAaLES 

-, LIVEr!. INCLUDING CHICKEN LIVERS -_. PORK, INCLUDING CHOPS, ROASTS -. 
-: FRIED CHICKEN -- CHICKE:\! OR TURKE'f. SAKEO. STEWED OR BROILED -- Fr!IEO FISH OR FISH SANDWICH -- TUNA FISH. TUNA SALAD. TUNA CASSEROLE 

000000000e0 
\0;0 0 0:0:0 0'0 O'e'0 
:0 0 0 0 0 0 0 e 0 e 0 
\0;0.00:0;0;O,0;0;e:0 
i0:0 0 0.0 0 0 eOe.0 
\0\e'00\0\0:0!e'0\e

i

0: 
o 0 0.0 0 0 0 G 0 0 0 

\0 0 0\00.0 0 0 0 0 0 
00000000000 

-- ,. • I " 

: SHELL FISH (SHRIMP. LOBSTEr!. CRAB, OYSTERS, ETC.) ; 0 : 0 0 0, 0 : 0 o. eo. 0 0 
- OTHER FISH, BROILED. SAK"D . 0 0 0 I 0 0 0 0 0 0 0 0 
--------------------------------~-------------------

:~$ SWEETS 

----------------------------------r---------------------
- ON THE AVERAGE. HOW OFTEN DO YOU EAT SWEET DESSERTS? 0 i 0 : 0 0 0 0 e. 0 -- ICE CREAM -- SHERBET -- CUSTARDS OR PUDDINGS --, DOUGHNUTS. COOKIES. CAKE. PASTRY --. PUMPKIN PIE. SWEET POTATO PIE -, 
- OTHER PIES -- CHOCOLATE CANOY -- OTHER CANOY. JELLY, HONEY. BROWN SUGAR ----

----I" " :0 0 0 0 0 0 0 0 0 0 0 
\0;e 0 0~0:0~0.e,0;e:0 
00000000000 
\0;e 0 0\0;0.0 e,oie~0 
000000000e0 
\0;e G 0;0 0.0 00

i
e:0 

o 0 0:0 0 0 0 0 0 0 0 
:0 0 0 0.0 0 0 0 0'0 0 

_ ........ ~~ .................................. -= .... ~ .......... ~:a&~id 
-.. ·3· • 



Appendix B --- Continued 

4. Th,"k :!ocu: :he loads !i£~ed .::I" :h~ ::u~s::n""a"e. 
..,\,~ ~:-:-t:'! l:-O,' 'ou~s :"10: ~'S:~:: :.~ .. ,: .,!:,~ ~.l: :It 'e.ls: 
0"":2 oJ ~tlr.~!1~ tUs'! :he O!:'t~r .::ooc!s L.:S: o."lo·.v in 
the In.JCJec lr~a to helo 'IOU :~,r.:.c ~; ocr.'!' ~ccds 'IOU 
eat regularl·,'. L:st these !ocds ,n :hd SPolC~S ;lrovld· 
ed. Far In the circles :0 tell uS serving sIzes olnd how 
olten you eat each load. 

SERVING \ 
SIZ:; 

181 

AVERAGE USE LAST YEAR \. 

A. __________ ............................... .. 0~9 0 0'0 o·o:e;o!~ ¢. ,: :' .. : ,,-,\,;II 
B. _______ PLEASE CD· ° 0 0 G) 0: 0 e 0 9: 0: 

c. 
· .. · .. · .. ·D·O·~O;:· ........ , 0; 0: 0 I 0: CD: 0: 0: e: o! 9 ! 0 1 

------------................................. :: '!' i : iii 
o. _______ ........... ~~.I~ .......... CD 000 ® 0 0.9 0:9;0 , 

.: I" I ; I I I 
E. _______ ............... ~~ ............... 0;0,0 0;0~0;oieioi9101 
F.-------............. ':Ii.'.~ ............ 0.0 010 0'0 0;0,0;0i 0 : 
G. _______ ........... ~~~~ .......... .i00 0,0 G) 0 o:e Oj9;0\ 

o 0 0;0 0 0 0 e 0 ° 0 H. 

Other Foods List 

Veal. Lamb ...................... 01 Green Chiles.................... 34 Nuts and Seeds ................ 70 
Tolu .............................. 03 Turkey or Chicken Franks.... 36 Sour Cherries................... 72 
Dishes ""/ith Seef .............. 04 
Dishes With Chicken.......... 05 
Chinese Dishes................ 06 
Muican Dishes ... ............. 07 
Seafood Creole................. 08 
Refried Beans or Bean Burrito 09 

Turke', or Chicken Cold Cuts 37 
Egg Substitutes................ Ja 
Onion ............................ 41 
Summer Squash............... 42 
Asparagus ...................... 43 
Green Pepper................... 44 

Polish or Italian Sausage..... 10 Sweet Red ?~pper............. 45 
Cream Soups................... 1 1 Bean Sprouts................... 46 
Noodles.......................... 12 Beets ............................. 48 
Biscuits. Muffins............... 20 Romaine Lettuce .............. 49 
Waffles. Pancakes.. ........... 21 Okra.... .......................... 50 
Instant Breakfast. (Powder).. 22 Kohlrabi..... ................ ..... 51 
Milk shake ...................... 24 Pineapple........................ 61 
"Other" Dairy Produc:s ....... 2S Hi·C.............................. 03 
"Other" Dessert or Sweet.... 26 Cranberr" Juice COclt:ail..... 64 
Plain Yogurt .............. ..... 27 Mangoes.................... 66 

Sweet Cherries................ 73 
3erries ............. .............. 7'; I 
Rhubarb ......................... 75 
Grapefruit ................ ....... 76 
Salt Substitutes................ 77 
Low Calorie Mayonnaise..... 7B 
"Other Frui~ or Vegatables·. 79 
Fresh Garlic..................... 80 
Low Calorie Margarine ....... 81 
Low Fat Conage Cheese..... B2 
Jello .............................. 83 
Beef Liver....................... 85 
Calves Liver.................... B6 
Pork Liver .............. ......... 87 
"Other Liver...... ...... ....... 88 
Chic~en Liver................... B9 ' 

-------------------------------------------------------• 
Sour Cream and Dip... .... .... 31 Papayas,...... ...... .... ........ 67 Cream Cheese.................. 98 -
Diet Salad Or~ssing ........... 32 Honeyc!ew Ca~aba ............ 53 
Catsup ........................... 33 Lemons. Lemon Juice...... 63 

• ·9· 

Hard Che:se.................... 00 

•• 

• 
• 
• 
• 
• 
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-: 
_: ~:~~~u~s~.~~~o~~~~~~;; 
---------------------------------------------------------------------------

5. How ol:en do ·,ou 
eat :he 10110"""9 
Icoc~ I,:;:,., 

AVERAGE USE LAST VEAR 

ls i ~ ., f~:: ~I : 
_7-," ~ i: i= ii ~= ; re:it'lur.1:1c:i? - ".:It _~ cr iJ.S:tt~ ~ _. s::: ::1 ~.;a, • ..,.;}1 ~ . ., <' :., '" -.II 

--=::::::::::::::::::::~_~~!~~~~ __ ?_~ ___ ~_~ __ ~~~~ ___ ~_~~-~~,~~~L--,-:! Al FRIED CHICKEN ; 0 I 0 i 0 1 0 i e ! 0 i e i 0 I 

-: B) BURGERS 0 . ([) 0 0 e. 0: <:> : 0 
:i CI PIZZA ; 0 : ([) : O· 0 ! e ~ O! <:> I 0 ! 
~l "! I I ~ ! . 

-I D) CHINESE FOOD 0 . ([) 0 O' e . 0 <:>. 0 
:1 EI MEXICAN FOOD : 0 ! 0: O! O! e \ 0 ~ <:> ! 0 : 
_i ' I I I I I i I \ 
::,~:F_I __ FR_I_ED __ FI_S_H _________ :_O~:_([)_, __ O __ ·_o __ '_:e __ ~~_o __ :_<:>~:_0 __ . 

--
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-- :;lIfh::-:-t· 
'\iI."'tt 

Ho'", cf-;ert :::10 '/,!U ~3t 

9. !-low ol:en do ·/OU :.Ise fat or oil in cooking? 
:::. ~Icre than ono:a a day 

- 6.a\ - :he skin on ~hic:.cen? .:. _ .. .. -.......... :....,/ - b) How often do you eat -- the fat on meat? O ........... 0 ........... 0 
- c) How often co ·,ou add 
- salt to your food? G .......... :~ ........... O 
- dl How often do you add 
- pepper to your food? 0 ........... 0 ........... 0 ---- 7. Ate you curten:I', on 3 special die:? 
- ONo 
- 0 Yes, Weighl Loss 
- 0 Yes, For Medical Condilion 
- 0 Yes, Vegetarian 
- 0 Yes, Low Salt 
- 0 Yes, Low Cholesterol 
- 0 Yes, Weighl Gain ---- B. Whal kind of fal do you usually add to 
- vegetables. bread. etc.? 

.: IJnc~ :I da., 
::; .4 :0 6 times a week 
C 2 to 3 times a week 
o Once a week 
::; 1 to 3 :imes a month 
o Less than once a month 
C Rarely/Never 

10. Whol: '(ind of fat do you usually cook with? 
':: Don't !<now or don't cook 
:: Soft margarine 
o Stick margarine 
o Butter 
OOil 
C Lard. Fatback. Bacon rat 
o Pam or no oil 

11al Are you now losing or gaining weight? 
ONo 
() Yes. losing o Yes, gaining 

- 0 Don'l add fal lib) Have you gained or 10SI alleast five pounds 
- .:; Sofl margatine in the past year? 
- ,:) Slick matgarine :: .\10 
- :. aut~er :: Lost 5·15 Ib~ 
- ::) Half butter. half margarine ::. Lost 16·25 Ibs 
- : Lard. Fatbacl<. Bacon Fat .,: Lost 25 Ibs :)' Olore 
- .:::: Gained 5·15 Ibs 
- .:. Gained la·25lbs 
- - Gained 25 :bs or more 
- .. II .. II .. IIIIII~~~ .. IIII .. IIIIIIIIIIII .. lIlIlIlIlIlImialllg;~i~';8CtEiI&~~ .... 1I1!1m~e~*iai~a;;;IC~·) 
- •• 010· • 
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Appendix B --- Continued 

___ ~~:::~~~U~~~!~~~O~2~D~e~N~c~I~~O~N~~~V~H~~~~ ____ ::: _ 
-----1 Z . .l.r~ ·,ou currently taking any vitaMin and/or mineral supplements regularly? _ 

: Y'!s. '!antlnutl _ 

C~ -
Please indicate which type 0' supplements you are currently taking by filling in the : 
circle next to each type listed. For each type of Multiple Vitamin write in the name _ 
brand. and the number 0' pills a week you usually take. For each individual supple. _ 
ment. write in the dosage under the amount column and also the number of pills _ 
a week you usually take. If you are ~ taking a particular supplement please leave _ 
all the columns associated with it blank. 

PLEASE 00 NOT WRITE OUTSIDE OF THIS BOX 

PREPARATION BRAND NAME 

Multiple Vitamin i 
a. 0 Muhi vila min with minerals I 
!> •. :) :IIIulti vitamin ----------------------
c .. :) Theropeutic. or Slross 

lormula 
:2. -: 3,C.lmplu 

Individual Supplements 
II. 0 BetaoCarotene 
t () Vitam,n A 
g. 0 Vitamin C 
h. :J Vitamin e 
i. 0 Vitamin B, 
I. GCalcium 

:'1;: e ---__________________ _ 

k.OZinc 
I. :; Selenium 

m.Olron 
n. 0 Olher (a.g. nsh oill 

typa _____________________ _ 

o.OOther 
type ___________________ _ 

.,.OOlhor type _________________ _ 

AMOUNT 

THANK YOU FOR 

FREQUENCY 
• pills/week 

• pills/week 

COMPLETING THIS 

QUESTIONNAIRE 

• 11 • •• 

---------------------------------------------
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Appendix C: Physical activities questionnaire 

WALKING AND Did activity Number of Time Per Classification for research purpose 
MISCELLANEOUS in last 4 times in the Occasion 

weeks? last 4 weeks 

YES NO # of TIMES HRS MIN METS Level Weight Muscle 
Bearing Stretch 

1. Walking for pleasure 3.0 3 2 2 
or exercise 

2. Walking up stairs 8.0 5 2 
.., 
.) 

( 1 flight = 112 
minute) 

3. Bicycling for pleasure 4.0 3 1 2 
or transportation 

4. Dancing-Ballroom, 4.5 3 2 2 
Square and/or disco 

5. BilliardslPool 2.5 2 2 1 
6. Painting or drawing 2.0 2 1 1 
7. Playing a musical 1.5 2 1 1 
instrument 

8. Playing a musical ? -_.:> 2 I 1 
instrument 

9. Writing or typing in 1.8 2 1 1 
leisure time 

10. Activities at church, 1.8 2 1 1 
Social or service club 

11. Volunteer activities 2.5 2 2 1 
Explain: (a). 

(b). 
(c). 
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Appendix C --- Continued 

CONDITIONING EXERCISE Did Number of Time Per Classification for research 
activity in times you Occasion purpose 

last 4 did the 
week activity in 

the last 4 
weeks 

YES NO # of HRS MIN METS Leve Weight Muscle 
TIMES 1 Bearing Stretch 

12. Jogging 7.0 5 2 3 
13. Arobics/Jazzercise 6.0 4 2 ... 

-' 
14. Home exercise: Floor 4.5 3 2 3 
exercises, Calisthenics 

15. Health club exercise: 5.5 4 2 3 
Floor exercise, 

Calisthenics 

16. Jog/Walk combination 6.0 4 2 3 
17. Swimming at a pool 8.0 5 1 3 

1 minute/leagth of 50 foot 
pool 

18. Water aerobics (not laps) 6.0 4 1 3 
SPORTS 

19. Bowling 3.0 3 2 3 
(10 minutes/game) 

20. Golf (riding cart) 3.5 3 2 3 
1 hour, 30 minutes/9 holes 

21. Golf (waking, clubs on 4.5 3 2 3 
cart) 1 hour, 30 minutes/9 
holes 

22. Golf (walking and 5.5 4 2 3 
carrying clubs) 1 hour, 30 
minutes/9 holes 

23a. Tennis, doubles 8.0 5 2 3 
23b. Tennis, doubles 6.0 4 2 3 

24. Fishing or hunting 5.0 4 2 3 
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HOME REPAIR ACTIVITIES Did Number of Time Per Classification for research 
AND GARDENING activity in times you Occasion purpose 

last 4 did the 
week activity in 

the last 4 
weeks 

YES NO # of HRS MIN METS Leve Weight Muscle 
TIMES I Bearing Stretch 

25. Painting outside of house 5.0 4 2 3 

26. Painting or wall papering 4.5 3 2 2 
inside of house 

27. Carpentry outside 6.0 4 2 3 

28. Carpentry in workshop 3.0 3 2 2 

29. Raking lawn 4.0 3 2 2 

30. Mow lawn walking 6.0 4 2 3 
behind power mower 

31. Weed, plant or cultivate 4.5 3 2 3 
garden 

32. Spade, dig, filling in 5.0 4 2 ... 
.J 

garden 

ACTIVITIES REQUIRING 
LESS PHYSICAL EFFORT 

33. Reading 1.3 1 1 1 

34. Playing cards 1.5 2 1 1 

35. Watching television 1.3 1 1 1 
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HOUSEHOLD ACTIVITIES Did Number of Time Per Classification for research 
activity in times you Occasion purpose 

last 4 did the 
week activity in 

the last 4 
weeks 

YES NO # of HRS MIN METS Leve Weight Muscle 
TIMES 1 Bearing Stretch 

36. Major cleaning (garage, 4.5 3 2 3 
car, rugs, scrubbing floors) 

37. Light cleaning (dusting, 2.5 2 2 2 
changing linen, vacuuming, 
straightening up) 

38. Grocery shopping 3.5 3 2 2 
39. Other shopping 2.3 2 2 2 
40. Making beds (do not 2.0 2 2 2 
include changing linen-see 
light cleaning above) 

41. Doing laundry 2.0 2 2 2 
41. Preparing meals, doing ? -_.:> 2 2 2 
baking projects 

43. Washing dishes ? .. 
-.~ 2 2 2 

44. Ironing ? .. 
-.~ 2 2 2 

OTHER ACTIVITIES 
(PLEASE SPECIFy) 

45. 

46 

47. 

48. 
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Appendix C --- Continued 

Is the total activity you have recorded your usual level of activity for this time of year? 
YES NO 

If NO why not? 
1. Illness self or spouse 
2. Out of town 
3. Extra time commitments 
4. Other. Please specify __________ _ 

1. On average, how many hours a night do you sleep? ___ _ 
2a. Are you unable to undertake physical activity for any reason? 

1. YES 2. NO IF YES PLEASE LIST REASON 

2b. Are you unable to undertake strenuous physical activity for any reason? 
1. YES 2. NO IF YES PLEASE LIST REASON 

3. How Active Were You 3 Years Ago As Compared To Today? 
1. MUCH MORE ACTIVE. 
2. MORE ACTIVE. 
3. SAME LEVEL OF ACTIVITY. 
4. LESS ACTIVE. 
5. MUCH LESS ACTIVE. 

4. What Is Your Usual Walking Pace? 
1. CASUAL STROLLING (LESS THAN 2 MPH). 
2. AVERAGE OR NORL'v1AL (2 TO 3 MPH). 
3. FAIRLY BRISK (3 TO 4 MPH). 
4. BRISK OR STRIDING (4 MPH OR FASTER). 

5. Please Rate Your Level Of Physical Activity Over The Years By Checking The 
Appropriate Column For Each Time Period: 

MORE PHYSICALLY 
ACTIVE THAN 
AVERAGE 

ABOUT 
AVERAGE 

LESS PHYSICALLY 
ACTIVE THAN 
AVERAGE 



IN YOUR: 
TEENS 
20'S and 30'S 
40'S and 50'S 
60'S and 70'S 
80'S and UP 

Appendix. C --- Continued 

IS THERE ANYTHING ELSE WE SHOULD KNOW ABOUT YOUR PHYSICAL 
ACTIVITY? 

A. Do you currently work? 
1. YES 2. NO 

190 

IF NOT CURRENTLY WORKING, THANK YOU FOR COMPLETING 
THIS QUESTIONNAIRE 

2. Do you work for pay? 1. YES 2. NO 

B. 1). How many days a week do you work DAYS 
2). On average, how many hours a day? HOURS 

C. How much time in a work day do you spend in sitting? 

1. 10-12 HOURS 
2. 8- 9.9 HOURS 
3. 4-7.9 HOURS 
4. 4-5.9 HOURS 
5. 2-3.9 HOURS 
6. LESS THAN 2 HOURS 
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D. How much time in a work day do you spend in strenuous activity (activity which 
makes you sweat)? 

1. MORE THAN 8 HRS 
2. 6 - 7.9 HOURS 
3. 4 - 5.9 HOURS 
4. 2 - 3.9 HOURS 
5. 1- 1.9 HOURS 
6. 30- 59 MINUTES 
7. 15- 29 MINUTES 
8. LESS THAN 15 MINUTES 
9. NEVER 

E. How often do you have to lift heavy weights or carry heavy things on the job? 

1. FREQUENTLY 
2. SOMETIMES 
3. VERY INFREQUENTLY OR NEVER 

191 

Please take a few moments to look over the questionnaire. Please look to see that you 
have checked "YES" or "NO" for each activity. If you have checked 'YES' make sure that 
you have filled in the columns" # OF TIMES" and "TIME PER OCCASION". 

THANK YOU FOR COMPLETION THIS QUESTIONNAIRE 

Notes: 1. METs (From BE Ainswirth, 1993. Medicine and Science in Sports and 
Exercise, 25 (1): 71-80) 

2. Activity Level (From RDA, 10th Edition pp 27): 
#1. Resting (METs = 1.0 to 1.4) 
#2. Vary Light (METs = 1.5 to 2.5) 
#3. Light (METs = 2.6 to 4.9) 
#4. Moderate (METs = 5.0 to 6.9) 
#5. Heavy (METs = 7.0 ) 

3. Weight-Bearing 
# 1. = Nonweight-Bearing 
#2. = Weight-Bearing 

4. Muscle Stretch 
# 1. = Light stretch 
#2. = Medium Stretch 
#3. = Heavy Stretch 
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Appendix D: Comparison of scans before and after the fire accident 

Variables Subject one Subject two Subject three Subject four 

scanl scan2 scan3 scan 1 scan2 scan3 scanl scan2 scan3 scanl scan2 scan3 

TBMD 1.061 1.075 1.074 0.964 0.967 0.957 1.073 1.078 1.079 1.109 1.126 1.112 

TBMC 2580 2663 2612 1934 1914 1910 2305 2278 2339 2309 2379 2295 

LBMD 1.030 1.066 1.037 0.840 0.835 0.839 1.081 1.065 1.053 1.126 1.103 1.121 

LBMC 46.16 50.52 48.83 28.33 28.87 30.34 40.07 37.15 47.08 46.38 44.58 45.55 

NBMD 1.029 0.985 1.021 0.675 0.680 0.665 0.742 0.735 0.735 0.850 0.856 0.854 

NBMC 4.78 4.54 4.87 3.12 3.44 3.24 3.54 3.44 3.52 4.11 4.39 4.29 

WBMD 0.844 0.815 0.906 0.519 0.543 0.500 0.561 0.594 0.588 0.684 0.688 0.685 

WBMC 2.02 1.92 2.29 1.23 1.55 1.32 1.41 1.45 1.50 1.77 1.74 1.92 

FTBMD 0.983 0.973 0.967 0.652 0.676 0.655 0.675 0.679 0.672 0.625 0.619 0.620 

FTBMC 14.74 14.30 13.60 8.31 8.71 8.25 8.55 8.61 8.26 7.87 7.75 8.10 



Appendix E: Method for reliability analysis 

l4oct94 - by Mikel Aickin 

Statistical reliability analysis for Zhao Chen 

Measurement Model 

This is the statistical model that we use to define the 
sources of variability in the data. 

First year: 

Second year: 

xl 
x2 
x3 
x4 

= 
= 
= 
= 

a - d + el 
a - d + e2 
a + d + e3 
a + d + e4 
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The components a, d, and e are the sources of variability in 
the measurements. They are considered random variables, and the 
model parameters are defined as follows: 

E[a] = ~a, Var[a] = aZa 

E[d] = ~d/2, Var[d] = aZd 

E[ei] = a, Var(ei] = aZe 

All of these random variables are assumed independent of each 
other, although assuming that they are only uncorrelated is also 
sufficient. 

It follows that the variance of a single observation is 

Var(xi] = aZa + aZd + aZe 

which shows why we consider a, d, and e as sources of 
variability. 

Parameter Estimation 

Defining 

it follows that 



Appendix E M __ Continued 

Defining 

52 = (xl+x2+x3+x4)/4 

it follows that 

E[S2] = ~a' Var[S2] = aZa + aZel4 

Finally, defining 

53 = (xl-x2)z/4 + (x3-x4)z/4 

it follows that 

E(S3] = aZe 
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The strategy is now to use the estimates of the means and 
variances of the SIS, and then solve the above equations for the 
parameters. Thus define M's and V's by 

Statistic Sample Mean sample Variance 

Then the estimates are 

Poa = M2 

Pod = Ml 

ale = M3 

ai = V2 - M3/4 
.1-

(VI - M3)/4 ad = 
Note that when a variance estimate is negative, then it is 

conventional to set the parameter estimate to zero and declare 
that the corresponding source of variation is not present. 

Interpretation 

The general principle is that the reliability of a measurement 
is the variance of the source of variability that we want to see, 
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Appendix E --- Continued 

divided by total variance. The variance we want to see is 
variability between subjects. Thus, the reliability of a single 
measurement at a point in time is 

and· this would be estimated by plugging in the estimates of the 
preceding section. 

since there are two measurements at each time point, we would 
usually want the reliability of their average, since this is how 
we would estimate the value at that time point. This is 

Now note that Sl estimates the difference for a given 
individual. Its reliability is the variance of the source of 
variability that we want to see, which is 4ald, divided by its 
total variance, giving 

aId 

a1d + a1e14 

This would also be estimated by plugging in the estimates from 
the preceding section. 

Analysis of Change 

In order to analyze the effects of factors on change, the best 
model to use is the "conditional change model." As before, we 
define for each person their estimated change as 

We also define their initial value as 

So = (x1+x2)/2 

The final step is to regress 51 on 50 and any other factors that 
we want to relate to change. 
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The initial value 50 is always included in the regression, 
regardless of whether it is "significant" or not. This has the 
effect of correcting the analysis for the "regression to the 
mean" phenomenon. (People who have relatively high values 
initially tend to drop, and people with relatively low values 
tend to rise; thus any factor that is related to the initial 
value will automatically be related to the change - but this is a 
statistical artifact, having nothing to do with causal 
relations. ) 

Possibly Unreliable People 

The reliability analysis above assumes that all people are 
equally reliable. This need not be true in practice. We can do 
a preliminary analysis in order to investigate this. The 
statistics to use are 51 and J53. A simple plot of 51 vs J53 
will show whether the least reliable people (high J53) tend to 
have either rather high or rather low values of 51. When this 
happens, it may indicate that the reason for an extreme value of 
51 is due to its unreliability, not because there was actually a 
change. It may then be appropriate to discard such a person from 
the analysis; otherwise, the conditional change regression may be 
unduly influenced by extreme 51-values. 

In order to justify the exclusion of extreme data, note that 
we can estimate the reliability of 51 for a given person by 



197 

Appendix F: Comparison of AFFQ1992 with AFFQ1993 (n = 45) 

Variables 1992 1993 Correlation t-test 
Mean SD Mean SD r p 

Total Energy (kcal) 1432.42 557.89 1440.28 536.48 0.778 0.882 
Protein (g) 64.68 28.32 61.72 23.02 0.801 0.233 
Total Fat (g) 41.78 17.78 41.63 18.32 0.710 0.939 
Carbohydrate (g) 209.27 93.70 213.23 93.34 0.785 0.656 
Calcium (mg) 922.92 508.32 911.48 454.42 0.773 0.810 
Phosphorus (mg) 1239.03 583.64 1222.03 510.95 0.807 0.736 
Iron (mg) 13.55 6.89 13.07 7.30 0.792 0.552 
Sodium (mg) 2540.65 1105.92 2551.85 1148.42 0.775 0.919 
Potassium (mg) 2950.67 1364.68 2956.18 179.84 0.878 0.954 
Vitamin A (IU) 11435.46 7893.54 11597.24 6813.10 0.868 0.176 

Thiamin (mg) 1.22 0.63 1.25 0.56 0.764 0.664 

IRiboflavin (mg) 1.89 1.01 1.87 0.12 0.777 0.781 
!Niacin (mg) 38.59 45.58 33.46 45.09 0.761 0.549 

Vitamin C (mg) 191.87 132.90 192.07 109.57 0.743 0.988 

Saturated Fat (g) 14.75 7.57 14.55 7.34 0.780 0.177 

Oleic Acid (g) 13.35 6.08 13.06 5.98 0.681 0.674 

Linoleic Acid (g) 6.66 3.08 6.95 3.63 0.509 0.570 

Cholesterol (mg) 158.75 80.37 156.59 9.65 0.658 0.811 

~ietary Fiber (g) 20.27 10.32 20.26 11.23 0.767 0.995 

Folacin (mg) 297.76 175.10 302.50 159.10 0.728 0.792 

Vitamin E (mg) 5.63 2.65 5.52 2.67 0.830 0.620 

Beta Carotene (mg) 4645.02 3273.11 I 4564.29 2694.52 0.839 0.755 

Alpha Carotene (mg) 770.68 698.45 791.90 

I 
572.56 0.825 0.711 

Lutein (mg) 2362.58 2832.94 209L96 268.05 0.604 0.412 

Lycopene (mg) 4890.12 4945.67 4771.34 4026.53 0.777 0.793 

Vitamin A From 8384.17 5940.77 8267.40 705.22 0.851 0.797 
Carotenes (,Lt.g) 

Solid (gm) 1666.62 557.42 1138.76 504.96 0.851 0.000 
Liquid (gm) 959.24 510.08 890.32 441.21 0.7~~ Alcohol (gm) 3.51 6.57 3.65 6.86 0.909 0.735 
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Appendix G: Supplementation from AFFQ1992 and AFFQ1993 

Variables 1992 1993 Correlation t-test 
Mean SD Mean SD r p 

Vitamin A (IU) 2093.75 2736.84 2012.50 3320.64 0.381 0.869 
Vitamin C (MGS) 207.55 350.00 629.62 355.57 0.454 0.215 
Vitamin E (IU) 147.62 244.19 17l.20 272.79 0.671 0.443 
Vitamin B6 (MGS) 12.06 35.56 13.40 39.72 0.630 0.777 
Thiamin (MGS) 6.14 17.62 4.66 15.06 0.489 0.541 
!Riboflavin 5.98 17.16 4.61 14.52 0.468 0.568 
lNiacin 22.03 42.12 17.38 42.92 0.591 0.406 
\Folate (UG) 185.02 244.83 167.68 233.04 0.222 0.689 
Vitamin B 12 (UG) 10.67 24.59 10.67 37.26 0.671 0.999 
Vitamin D (IU) 166.00 224.70 144.46 202.57 0.471 0.502 
Calcium (MG) 316.72 550.96 961.13 295.46 0.782 0.000 
Zinc(MG) 6.62 10.41 4.27 9.11 0.486 0.173 
Selenium (UG) 4.84 8.25 7.21 26.81 0.720 O.SSS 
Iron (MGS) 11.28 16.73 7.13 13.11 0.300 0.115 
lBeta-carotene (IV) 939.S8 4080.66 2291.67 1020.17 0.108 0.234 
Pantothenic Acid 6.09 11.74 7.05 18.86 0.747 0.606 
(MG) 

Magnesium (MG) 43.42 85.29 23.17 42.37 0.022 0.144 
Iodine (UG) 49.09 7S.10 38.61 9.37 0.287 0.392 
Copper (MG) 0.65 1.00 0.45 0.82 0.244 0.208 

~anganese (MG) 1.09 1.83 1.01 2.18 0.381 0.791 
Biotin (UG) 12.51 22.51 9.7 20.56 0.521 0.362 
Phosphorus (MG) 17.19 38.37 IS.44 38.42 0.555 0.738 
Potassium (MG) 4.73 9.27 3.88 9.27 0.515 0.521 
Choline (?) 2.08 14.43 0.00 0.00 0.000 0.322 

Chromium (?) 5.59 8.94 4.00 8.33 0.371 0.262 

Molybdenum (?) 4.14 

I 

7.99 3.33 7.89 0.461 0.503 

, 3.15 8.38 2.98 8.36 0.528 0.891 
Chlorine (?) 

I -
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Appendix H: Correlation coefficients between baseline bone values and AFFQ 

lNutrients TBMD92 LBMD92 NBMD92 WBNID92 FTBMD92 RBMD92 BBMD92 
Energy -0.0264 0.1032 -0.01l5 -0.0191 0.0629 0.1166 -0.0326 
Protein -0.0279 0.1152 0.0150 0.0114 0.1025 0.0487 -0.0957 
Total Fat 0.0708 -0.0324 0.0408 0.0455 0.1337 -0.0313 0.0610 
Carbohydrate -0.0640 0.1416 -0.0337 -0.0599 0.0283 0.1876 -0.0730 
Calcium -0.1290 -0.0592 -0.0522 -0.0237 0.0798 0.0688 -0.0549 
Phosphorus -0.0204 0.1052 0.0096 0.0403 0.1175 0.0884 -0.0323 
Iron -0.1280 -0.1367 -0.1302 -0.0760 -0.1253 0.0749 -0.0155 
Potassium 0.0301 0.2377 0.0233 0.0214 0.0748 0.1944 -0.0407 
Vitamin A 0.1267 0.2358 0.0791 0.0145 0.0242 0.2133 -0.0386 
Thiamin -0.2547 -0.1289 -0.0719 -0.1332 -0.1177 -0.1178 -0.1574 
IRiboflavin -0.2514 -0.1294 -0.0684 -0.1237 -0.1114 -0.1147 -0.1477 

lNiacin -0.1875 -0.0992 -0.0832 -0.1311 -0.1080 -0.0348 -0.1600 
Vitamin C -0.1578 -0.1214 0.0186 -0.0658 -0.1109 0.0244 -0.1311 
Folate -0.0268 -0.0437 -0.0535 -0.0014 -0.0787 0.1028 -0.0607 
Vitamin E -0.0259 -0.1915 0.2322 0.3956* 0.1208 0.0750 0.0409 
Beta Carotene 0.2039 0.2162 0.2216 0.2059 0.1214 0.1567 0.0468 
Sodium 0.0152 0.1458 0.0286 -0.0116 0.1006 0.0155 -0.0927 

Saturated Fat 0.1522 0.0272 0.0896 0.1070 0.1952 0.0637 0.1011 

Oleic Acid 0.0617 -0.0713 0.0339 0.0467 0.1195 -0.0325 0.0677 
Linoleic Acid 0.0096 -0.0963 0.0371 0.0409 0.0972 -0.1139 0.0483 

Cholesterol 0.0405 0.0105 0.0198 0.0160 0.1577 -0.0322 -0.0074 
Dietary Fiber 0.0092 0.2052 -0.0771 -0.0987 -0.0031 0.2175 -0.1156 
Alpha 0.0994 0.3427* 0.0490 -0.0586 -0.0315 0.1753 -0.0714 
Carotene 

Lutein 0.2072 0.2924 0.3169 0.2426 0.1944 0.1292 0.0740 
Lycopene 0.0668 0.2118 0.0475 -0.0249 0.0302 0.1160 -0.0094 
Vitamin A 0.1767 0.4139 * 0.1667 0.0349 0.0642 0.2434 -0.0095 
from Carotene 

I 0.3199 ISolid food 0.1l62 0.0350 -0.0220 0.0836 0.2222 -0.0444 

lLiquid -0.0261 i 0.0494 0.0707 0.0393 0.0102 0.0820 0.1127 
Alcohol -0.1455 0.0501 -0.1392 -0.1440 -0.1571 

I 
0.1505 0.0505 

Vitamin B6 0.0474 0.0537 0.2077 0.1757 0.1053 0.1270 0.1778 
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Appendix H --- Continued 

Continue TBMD92 LBMD92 NBMD92 WBMD92 FTBMD92 RBMD92 BBMD92 

Vitamin B12 -0.2402 -0.1649 -0.0642 -0.1156 -0.1110 -0.1223 -0.1707 

VitaminD -0.0606 -0.1982 -0.1051 -0.0263 -0.1066 0.0594 0.0043 

Zinc -0.0940 -0.1535 -0.0582 -0.0030 -0.360 0.0609 0.0799 

Selenium 0.1043 -0.1287 0.0402 0.1626 0.0632 0.1175 0.2302 

iPantonic Acid -0.0895 -0.1324 -0.0402 -0.0358 -0.0447 -0.0383 -0.1072 

Magnesium -0.1095 -0.0635 -0.0888 -0.0880 -0.0492 -0.1593 -0.1322 

Iodine 0.0451 -0.1414 -0.0754 0.0451 0.0156 0.1208 0.1022 

Copper 0.0451 -0.1414 -0.0754 0.0451 0.0156 0.1208 0.1022 

;Manganese 0.1325 -0.1300 0.0797 0.1887 0.0929 0.1993 0.3063 

!Biotin -0.1374 -0.1836 0.0174 0.0309 -0.0389 -0.0422 0.0501 

Choline -0.2200 -0.1061 -0.0687 -C.I031 -0.1172 -0.1074 -0.0552 

Chromium 0.0948 -0.1365 0.0144 0.1383 0.0559 0.1333 0.2119 

!Molybdenum 0.1496 -0.1140 0.1281 0.2327 0.1064 0.1701 0.3393· 

Chilorine 0.1593 -0.0842 0.1785 0.2652 0.1166 0.1331 0.3568· 

•• P<O.OOI • P<O.05 
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Appendix I: Descriptive analysis for baseline physical activities (1992) and final 
physical activities (1993) 

/ ?fJz Unites Mean SD Minimum Maximum 
iRest Energy Expenditure (REE) Kcals 55.39 6.62 45.40 69.94 
I.Walking for pleasure or exercise Kcals 51.81 50.34 0.00 209.69 

Hours 0.33 0.32 0.00 1.29 
2. Walking up stairs Kcals 5.75 9.58 0.00 44.15 

Hours 0.01 0.02 0.00 0.12 
3.Bicycling for pleasure or transportation Kcals 5.86 25.67 0.00 178.70 

Hours 0.03 0.10 0.00 0.71 
I4.Dancing-ballroom. square and lor Kcals 4.14 21.41 0.00 151.57 
disco Hours 0.02 0.09 0.00 0.64 
5.Billiardslpool Kcals 0.00 0.00 0.00 0.00 

Hours 0.00 0.00 0.00 0.00 
6. Painting or drawing Kcals 4.62 30.73 0.00 221.17 

Hours 0.04 0.30 0.00 2.14 
7. Knitting Isewing Kcals 21.38 46.91 0.00 257.97 

Hours 0.24 0.50 0.00 2.68 
8.Palying a musical instrument kcals 1.26 6.03 0.00 136.86 

Hours 0.01 0.05 0.00 0.29 
9.Writing or typing in leisure time Kcals 34.37 83.99 0.00 447.91 

Hours 0.34 0.81 0.00 3.86 
10.Acticities at church, social club etc. Kcals 16.89 48.31 0.00 288.13 

Hours 0.17 0.50 0.00 3.00 
12.Jogging Kcals 0.72 4.53 0.00 32.36 

Hours 0.00 0.01 0.00 0.09 

13.AerobicslJazzercise Kcals 22.70 52.14 0.00 276.47 

I 
Hours 0.07 0.16 0.00 0.89 

14Home exercise Kc1as 21.14 47.36 0.00 240.11 

Hours 0.09 0.20 0.00 1.00 

15. Health club t:xercise Kcals 24.15 41.37 0.00 164.67 

I Hours 0.08 0.14 0.00 0.57 

116. Jog/walk combination Kc1as 4.36 18.90 0.00 103.54 

i Hours 0.01 0.06 0.00 0.29 
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Appendix I --- Continued 

1972 Unites Mean SO Minimum Maximum 
17. Swimming at a pool Kcals 13.21 49.37 0.00 273.59 

Hours 0.03 0.13 0.00 0.74 
18. Water aerobiucs Kcals 12.84 35.82 0.00 142.05 

Hours 0.04 0.10 0.00 0.46 
19. Bwoling Kcals O.IS 1.07 0.00 7.75 

Hours 0.00 0.01 0.00 0.05 
20. Golf (riding cart) Kcals 0.40 2.90 0.00 20.91 

Hours 0.00 0.02 0.00 0.11 
2l. Golf(walking, clubs on cart) Kcals 4.20 26.76 0.00 19l.63 

Hours 0.02 0.12 0.00 0.86 
22. Golf(walking and earring clubs) Kcals 0.00 0.00 0.00 0.00 

Hours 0.00 0.00 0.00 0.00 
23a. Tennis, singles Kcals 0.00 0.00 0.00 0.00 

Hours 0.00 0.00 0.00 0.00 
23b. Tennis, doubles Kcals S.OO 36.06 0.00 260.02 

Hours 0.02 0.12 0.00 0.86 
24. Fishing or hunting kcals 4.27 25.98 0.00 184.32 

Hours 0.01 0.08 0.00 0.57 
25. Painting outside of house Kcals 0.00 0.00 0.00 0.00 

Hours 0.00 0.00 0.00 0.00 

26. Painting or wall papering inside of Kcals 0.91 5.48 0.00 38.82 
house Hours 0.00 0.02 0.00 0.14 

27. Carpentry outside Kcals 0.00 0.00 0.00 0.00 

Hours 0.00 0.00 0.00 0.00 
28. Carpentry in workshop Keals 0.68 3.95 0.00 27.64 

Hours 0.00 0.02 0.00 0.14 
29. Raking lawn Kclas 4.79 12.82 0.00 71.98 

Hours 0.02 0.06 0.00 0.29 

30. Mow lawn walking behind power I Keals 2.26 10.98 0.00 75.72 
mower Hours 0.01 0.03 0.00 0.23 

31 Weed, plant or cultivate gard~n Kclas 20.66 32.56 0.00 174.86 

Hours 0.08 0.12 0.00 0.64 
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Appendix I --- Continued 

I 992- Unites Mean SO Minimum Maximum 
32. Spade, dig, filling in garden Kca1s 3.05 9.54 0.00 49.66 

Hours 0.01 0.04 0.00 0.21 
33. Reading Keats 108.75 81.01 0.00 423.96 

Hours 1.51 1.12 0.00 5.71 
34. Playing cards Kca1s 12.11 21.95 0.00 88.70 

Hours 0.15 0.26 0.00 I 1.07 
35. Watching television Kca1s 144.17 122.69 0.00 514.09 

Hours 1.96 1.58 0.00 6.50 
36. Major cleaning Keats 40.98 101.20 0.00 701.74 

Hours 0.18 0.49 0.00 3.43 
37. Light cleaning Kca1s 59.32 55.70 0.00 268.10 

Hours 0.45 0.43 0.00 2.00 
38. Grocery shopping Keals 46.70 41.13 0.00 181.93 

Hours 0.25 0.23 0.00 1.14 

39. Other shopping Keats 27.15 28.91 0.00 127.17 

Hours 0.22 0.24 0.00 1.07 

40. Making beds keals 8.83 7.75 0.00 31.27 

Hours 0.08 0.07 0.00 0.25 

41. Doing laundry Kca1s 28.95 28.22 0.00 152.45 

Hours 0.26 0.25 0.00 1.43 

42. Preparing meals, doing baking Keals 123.11 118.24 0.00 469.09 

Hours 0.89 0.84 0.00 3.00 

43. Washing dishes Keats 32.82 35.35 0.00 162.65 

Hours 0.27 0.31 0.00 1.50 

44. Ironing Keats 15.72 16.30 0.00 67.25 

Hours 0.13 I 0.14 0.00 0.64 
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Appendix I --- Continued 

Other Physical Activities /99z Unites Mean SD Minimum Maximum 
Continue of table 54 Kca1s 0.00 0.00 0.00 0.00 

Hours 0.00 0.00 0.00 0.00 

Code2 (METS = 1.5 to 2.5) Keals 24.53 66.29 0.00 406.28 

Hours 0.22 0.58 0.00 3.64 

Code3 (METS = 2.6 to 4.9) Kca1s 79.18 208.93 0.00 938.09 

Hours 0.41 1.09 0.00 5.50 

Code4 (METS = 5.0 to 6.9) Keals 17.92 56.24 0.00 282.30 

Hours 0.05 0.16 0.00 0.71 

CodeS (METS = 7.0 to ) Kca1s 4.96 35.78 0.00 258.04 

Hours 0.01 0.10 0.00 0.71 

T otallisted activites Keals 933.80 371.37 362.69 1955.98 

Hours 7.99 3.21 2.93 15.66 

\Total coded activities Keals 126.52 223.73 0.00 938.09 

Hours 0.69 1.21 0.00 5.50 

Total work activities Keals 209.01 270.57 0.00 1329.71 

Hours 2.47 3.00 0.00 13.00 

Total activities Keals 1269.34 479.10 433.48 2545.80 

Hours 11.14 3.94 2.93 22.00 

IMETS Level 2.11 0.44 1.52 3.66 
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Appendix I --- Continued 

1993 Unites Mean SO Minimum Maximum 
lRest Energy Expenditure (REE) Kcals 55.0S 6.S7 44.96 71.38 
I.Walking for pleasure or exercise Kcals 69.70 74.00 0.00 365.56 

Hours 0.42 0.42 0.00 2.00 
2.Walking up stairs Kcals 6.57 11.24 0.00 48.11 

Hours 0.01 0.02 0.00 0.09 

3.Bicycling for pleasure or transportation Kcals 4.52 15.01 0.00 83.53 

Hours 0.02 0.07 0.00 0.36 
4.0ancing-ballroom, square and lor Kcals 0.79 3.26 0.00 17.57 
disco Hours 0.00 0.01 0.00 0.07 

5.Billiards/pool Kcals 0.00 0.00 0.00 0.00 

Hours 0.00 0.00 0.00 0.00 

6. Painting or drawing Kcals 2.56 10.04 0.00 61.93 

Hours 0.02 0.09 0.00 0.57 

7. Knitting Isewing Kcals 9.66 15.16 0.00 49.77 

Hours 0.12 0.19 0.00 0.74 

S.Palying a musical instrument kcals 2.28 10.43 0.00 63.68 

Hours 0.02 0.07 0.00 0.43 

9.Writing or typing in leisure time Kcals 15.37 27.97 0.00 149.95 

Hours 0.16 0.29 0.00 1.66 

10.Acticities at church, social club Kcals 10.07 19.90 0.00 7S.47 

Hours 0.11 0.21 0.00 0.89 

12.Jogging Kca1s 0.70 4.88 0.00 33.83 

Hours 0.00 0.01 0.00 0.07 

13 . Aerobics/I azzercise Kcals 36.31 145.28 0.00 986.S6 

Hours 0.12 0.47 0.00 3.21 

14Home exercise Kclas 29.S6 60.12 0.00 286.60 

Hours 0.12 0.25 0.00 1.25 

11 5.Health club exercise Kcals 6.73 24.74 000 158.07 

I Hours 0.02 0.09 0.00 0.57 

16. Jog/walk combination I KcJas 0.00 0.00 0.00 0.00 

Hours 0.00 0.00 0.00 0.00 
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Appendix I --- Continued 

1993 Unites Mean SD l'tfinimum Maximum 
17. Swimming at a pool Keals 41.42 101.42 0.00 448.05 

Hours 0.09 0.23 0.00 0.96 
18. Water aerobiues Kca1s 19.47 45.90 0.00 202.02 

Hours 0.06 0.13 0.00 0.54 
19. Bwoling Kca1s 1.20 8.33 0.00 57.73 

Hours 0.01 0.04 0.00 0.29 
20. Golf(riding cart) Kca1s 1.18 8.20 0.00 56.82 

Hours 0.01 0.05 0.00 0.32 

2l. Golf(walking, clubs on cart) Kca1s 2.03 14.06 0.00 97.42 

Hours 0.01 0.06 0.00 0.43 

22. Golf (walking and caning clubs) Kca1s 0.00 0.00 0.00 0.00 

Hours 0.00 0.00 0.00 0.00 

23a. Tennis, singles Kca1s 9.73 67.42 0.00 467.10 

Hours 0.02 0.15 0.00 1.07 

23b. Tennis, doubles Keals 2.49 12.52 0.00 75.90 

Hours 0.01 0.04 0.00 0.23 

\24. Fishing or hunting keals 2.24 15.55 0.00 107.70 

Hours 0.01 0.05 0.00 0.36 

\25. Painting outside of house Kcals 2.78 16.07 0.00 109.18 

Hours 0.01 0.06 0.00 0.43 

26. Painting or wall papering inside of Kca1s 15.23 73.52 0.00 493.43 
house Hours 0.07 0.32 0.00 2.14 

27. Carpentry outside Keals 3.57 24.74 0.00 171.40 

Hours 0.01 0.06 0.00 0.43 

28. Carpentry in workshop Keals 0.49 3.38 0.00 23.39 

Hours 0.00 0.02 0.00 0.14 

29. Raking lawn Kclas 10.44 21.97 0.00 106.89 

Hours 0.05 0.11 0.00 0.50 , 
30. Mow lawn walking behind power Kcals 3.34 13.12 0.00 78.82 

mower Hours 0.01 0.04 
I 

0.00 0.24 

3 1. Weed, plant or cultivate garden Kelas 17.69 

I 
24.76 0.00 98.68 

I Hours 0.07 0.10 0.00 0.43 
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Appendix I --- Continued 

1993 Unites Mean SO Minimum Maximum 
32. Spade, dig, filling in garden Keals 6.48 16.48 0.00 85.28 

Hours 0.02 0.07 0.00 0.36 
33. Reading Keals 82.12 45.12 9.34 163.41 

Hours 1.16 0.63 0.14 2.14 

34. Playing eards Keals 13.79 20.30 0.00 81.04 

Hours 0.17 0.26 0.00 1.07 

35. Watehing television Keals 137.40 90.66 0.00 470.45 

Hours 1.89 1.20 0.00 6.00 

36. Major cleaning Kcals 41.60 79.14 0.00 421.74 

Hours 0.17 0.33 0.00 1.71 

37. Light cleaning Kcals 50.03 65.12 0.00 287.95 

Hours 0.36 0.47 0.00 2.14 

38. Grocery shopping Kcals 45.50 38.98 0.00 188.55 

Hours 0.23 0.19 0.00 0.86 

39. Other shopping Kcals 25.28 22.68 0.00 84.06 

Hours 0.21 0.19 0.00 0.71 

40. Making beds kcals 16.31 26.63 0.00 109.97 

Hours 0.14 0.23 0.00 1.00 

41. Doing laundry Kcals 32.68 25.38 0.00 124.96 

Hours 0.30 0.24 0.00 1.14 

~2. Preparing meals, doing baking Kcals 128.40 130.36 0.00 706.25 

Hours 0.95 1.04 0.00 5.80 

43. Washing dishes Kcals 40.76 55.71 0.00 343.41 

Hours 0.34 0.48 0.00 3.00 

44. Ironing Kcals 16.34 15.99 0.00 '82.60 

Hours 0.13 0.12 0.00 0.57 
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Appendix I --- Continued 

Other Physical Activities 1993 Unites Mean SD Minimum Maximum 
Code 1 (METS = 1.0 to 1.4) Keals 1.06 5.61 0.00 38.05 

Hours 0.02 0.08 0.00 0.57 

Code2 (METS = 1.5 to 2.5) Keals 89.20 204.86 0.00 1008.11 

Hours 0.82 1.85 0.00 8.36 

Code3 (METS = 2.6 to 4.9) Keals 15.63 66.10 0.00 394.51 

Hours 0.07 0.31 0.00 1.79 

Code4 (METS = 5.0 to 6.9) Kca1s 39.82 198.24 0.00 1348.75 

Hours 0.14 0.73 0.00 5.00 

CodeS (METS = 7.0 to ) Kca1s 1.62 11.19 0.00 77.54 

Hours 0.00 0.03 0.00 0.21 

Total listed activites Kca1s 963.57 475.58 231.94 2943.32 

Hours 7.65 2.89 1.86 16.10 

Total coded activities Keals 147.33 286.83 0.00 1348.75 

Hours 1.05 2.00 0.00 8.36 

Total work activities Keals 176.46 208.96 0.00 721.71 

Hours 2.15 2.49 0.00 8.36 

Total activities Keals 1287.37 594.41 231.94 3221.10 

Hours 10.84 4.34 1.86 23.81 

/METS Level 2.19 0.51 1.52 3.96 



209 

REFERENCES 

Adlercreutz H, Hamalainen E, Gorbach S L, Goldin B R, Woods M N, Dwyer J T. Diet 
and plasma androgens in postmenopausal vegetarian and omnivorous women and 
postmenopausal women with breast cancer. Am J Clin Nutr 1988;49:433-42. 

Ainsworth B E, Haskell W L, Leon A S, Jacobs Jr DR, Montoye H J, Sallis J F, 
Pattenbarger Jr R S. Compendium of physical activity classification of energy costs of 
human physical activities (Medicine and Science in Sports and Exercise). Med Sci Sports 
Exerc 1993; Vo1.25, No.l:71-80. 

Alaimo K, McDowell M A, Briefel R R, Bischof A M, Caughman C R, Loria C M, 
Johnson C L, Division of Health Examination Statistic. Dietary intake of vitamins, 
minerals, and fibers of persons age 2 months and over in the United States: third national 
health and nutrition examination survey, phase I, 1988-91. Advance Data 1994; No.258. 
National Center for health statistics. 

Aloia J F, McGowan D M, Vaswani A N, Ross P, Cohn S H. Relationship of menopause 
to skeletal and muscle mass. Am J Clin Nutr 1991; 53: 1378-83. 

Aloia J F, Vaswani A, Ma R, Flaster E. To what extent is bone mass determined by 
fat-free or fat mass? Am J Clin Nutr 1995; 61: 1110-4. 

Anthony J, KolthoffU. Text book of anatomy and physiology. The CV Masby Company 
1971; 62-8. 

Armbrecht H J, Wasserman R H. Enhancement ofCah uptake by lactose in the rat small 
intestine. J Nutr 1976; 106: 1265-71. 

Arnaud CD, Sanchez S D. The role of calcium in osteoporosis. Ann Rev Nutr 1990; 
10:397-414. 

Awbrey B J, Jacobson PC, Grubb S A. Bone density in women: a modified procedure for 
measurement of distal radial density. J Orthop Res 1984; 2:314-21. 

Barbosa JC, Shultz TD, Filley AJ, Nieman DC. The relationship among adiposity, diet, 
and hormone concentraions in vegetarian and nonvegetarian postmenopausal women. Am 
J Clin Nutr 1990;51 :798-803. 

Barnes D M. Close encounters with an osteoclast. Science 1987; 236:914-6. 

Baron J A. Smoking and estrogen-related disease. Am J Epidemiol 1984; 119( 1 ):9-20. 



210 

Bauer DC, Browner W S. Cauley J A, Orwoll E S. Factors associated with foreann bone 
mass in older women. Ann Int Med 1993; 118:657-65. 

Beattie J H. Trace element nutrition and bone metabolism. Nutr Res Rev 1992; 5:167. 

Beattie J H. The metabolic fate of (3H) estrodriol in relation to dietary intake of boron in 
ovariectomized rats. J Steroid Biochem Mol BioI 1993; 45(6):549. 

Bennett F C, Ingram D M. Diet and female sex honnone concentrations: an intervention 
study for the type of fat consumed. Am J Clin Nutr 1990; 52:808-12. 

Bergman E A, Massey L K, Wise K J, Sherrard D 1. Effect of dietary caffeine on renal 
handling of minerals in adult women. Life Sci 1990; 47:557-64. 

Bevier W C, Wiswell R A, Pyka G, Kozak K C, Newhall K M, Marcus R. Relationship of 
body composition, muscle strength, and aerobic capacity to bone mineral density in older 
men and women. J Bone Miner Res 1989; 4:421-32. 

Bobilya D J, Johnning G L, Veum T L, O'Dell B L. Chronological loss of bone zinc 
during dietary zinc deprivation in neonatal pigs. Am J Clin Nutr 1994; 59:649-53. 

Bohr H, Schaadt O. Bone mineral content of the temporal neck and shaft: relation 
between conical and trabecular bone. CalcifTissue Int 1985; 37:340-4. 

Boskey A L, Posner A S. Effect of magnesium on lipid-induced calcification: an in vitro 
model for bone mineralization. CalcifTissue Int 1980; 32: 139-43. 

Boskey A L. Noncollagenous matrix proteins and their role in mineralization. Bone 
Miner 1989; 6: 111-23. 

Breslau N A, Brinkley L, Hill K D, Pak C. Relationship of animal protein-rich diet to 
kidney store fonnation and calcium metabolism. J Clin Endocrinal Met 1988; 66: 140-6. 

Brixen K, Nielsen H K, Mosekilde L, Flyvbjerg A. A short course of recombinant human 
growth honnone treatment stimulates osteoblasts and activates bone remodeling in 
nonnal human volunteers. J Bone Miner Res 1990; 5(6):609-18. 

Bronner F. Calcium and osteoporosis. Am J Clin Nutr 1994; 60:831-6. 

Brunette M G, Mailloux J, Lajeuness D. Calcium transport through the luminal 
membrane of the distal tabula I interrelationship with sodium. Kidney Int 1992; 41:281-8. 



Buchanan J R, Myers C A, Greer III R B. Effect of declining renal function on bone 
density in aging women. Calcif Tissue Int 1988; 43: 1-6. 

211 

Burger H, Daele P L A V, Algra D, Ouweland F A V D, Grobbee D E, Hofman A, Kuijk 
C, Schutte H E, Birkenhager J C, Pols HAP. The association between age and bone 
mineral density in men and women aged 55 years and over: the Rotterdam Study. Bone 
Miner 1994; 25:1-13. 

Burr D B, Martio R B. The effects of composition, structure and age on the torsional 
properties of the human radius. J Biomech 1983; 16(8):603-8. 

Calvo M S. Dietary phosphorus, calcium metabolism and bone. J Nutr 1993; 
123:1627-33. 

Cameron D A. The ultrastructure of bone. In Bourne GH (ed.): The biochemistry and 
physiology of bone. New York:: Academic Press 1972; 119-23. 

Cameron E C, Boyd R M, Luk D. Cortical thickness measurements and photon 
absorptiometry for determination of bone quantity. J Can Med Assoc 1977; 116: 145-7. 

Cameron J R, Mazess R B, Sorenson M S. Precision and accuracy of bone mineral 
detern1ination by direct photon absorptiometry. Invest Radial 1968; 3: 141-50. 

Cartmel B, Moon T E. Comparison of two physical activity questionnaires, with a diary, 
for assessing physical activity in an elderly population. J Clin Edipemiol 1992; 
45(8):877-83. 

Cassidy A, Bingham S, SetchelI K D R. Biological effects of a diet of soy protein rich in 
isoflavones on the menstrual cycle of premenopausal women. Am J Clin Nutr 1994; 
60:333-40. 

Cauley JA, Seeley DG, Ensrud K, Ettinger B, Black D, Commings SR. Estrogen 
replacement terapy and fractures in older women. An Intern Med 1995;122:9-16. 

Cavanaugh D J, Cann C E. Brisk walking does not stop bone loss in postmenopausal 
women. Bone 1988; 9:201-4. 

Chesnut CH. Noninvasive techniques for measuring bone mass: a comparative review. 
Clin Obstetri and GynecoI1987;30(4):812-9. 

Christopher B E. Evidence for a renal calcium leak in postmenopausal women. J Clin 
Endocrinol Metab 1991; 72:401-7. 



212 

Christopher Nordin C B E, Morris H A. The calcium deficiency model for osteoporosis. 
Nutr Rev 1989; 47(3 ):65-72. 

Christopher Nordin B E, Need A G, Morris H A, Horowitz M. The nature and 
significance of relationship between urinary sodium and urinary calcium in women. J 
Nutr 1993; 123:1615-22. 

Clemmons D R, Seek M M, Underwood L E. Supplemental essential amino acids 
augment the Somatomedin-ClInsulin-Like Growth factor I response to refeeding after 
fasting. Metabolism 1985; 34(4):391-5. 

Closton K W, King R J, Hayward J, Fraser D I, Horton M A, Stevenson J C, Arnett T R. 
Estrogen receptors and human bone cells: immunocyto-chemical studies. J Bone Miner 
Res 1989; 4(4):625-31. 

Cohn S H, Vaswani A, Zanzi I, Aloia J F, Roginsky M S, Ellisk K J. Changes in body 
chemical composition with age measured by total body neutron activation. Metabolism 
1976,25:85-95. 

Colleti L A, Edwards J, Gordon L, Shary J, Bell N H. The effects of muscle - building 
exercise on bone mineral density of the radius, spine and hip in young men. Calcif Tissue 
Int 1989; 45: 12-4. 

Compston J E, Bhambhani M, Laskey M A, Munphy S, Khaw K T. Body composition 
and bone mass in postmenopausal women. Clin Endocrinol 1992; 37:426-31. 

Constanzo L S, Weiner I M. Relationship between clearances ofCa and Na: effect of 
distal diuretics and PTH. Am J Physiol 1976; 230:67-73. 

Constanzo L S, Windhager E E. Calcium and sodium transport by the distal convoluted 
tubule of the rat. Am J Physiol 1978; 235:F492-506. 

Cook J D, Dassenko S A, Whittaker P. Calcium supplementation: effect on iron 
absorption. Am J Clin Nutr 1991; 53: 1 06-11. 

Crane JG, Kernek CB. Mortality associated with hip fractures in a single geriatric hospital 
and residential health facility: a ten-year review. J Am Geriatric Society 1983;31 :472-5. 

Crighton I L, Dowsett M, Hunter M, Shaw C, Smith I E. The effect of a low-fat diet on 
hormone levels in healthy pre- and postmenopausal women: relevance for breast cancer. 
Eur J Cancer 1992; 28A(12):2024-7. 



Cumming R G. Calcium intake and bone mass: a quantitative review of the evidence. 
CalcifTissue Int 1990; 47:194-201. 

213 

Cummings S R, Black D M, Neuitt M C, Browner W S, Cauley J A, Genant H K, 
Mascioli S R, Scott J C, Seeley D G, Steiger P, Vogt T M. Appendicular bone density and 
age predict hip fracture in women. JAMA 1990; 263(5):665-8. 

Cummings S R, Black D M, Nevitt M C, Browner W, Cauley J, Ensruel K, Genant H K, 
Palermo L, Scott J, Vogt T M. Bone density at various sites for prediction of hip 
fractures. Lancet 1993; 341 :72-5. 

Dalsky G P, Stocke K S, Ehsani A A, Slatopolsky E, Lee W C, Birge Jr S J, 
Weight-bearing exercise training and lumbar bone mineral content in postmenopausal 
women. Am ColI Physicians Obs 1988; 108:824-8. 

Dalsky G P. Effect of exercise on bone: permissive influence of estrogen and calcium. 
Med and Sci in Sports and Exercise 1990; 22(3):281-5. 

Daniell H W. Osteoporosis of the slender smoker. Arch Intern Med 1976; 136:298-304. 

Dawson-Hughes B, Jacques P, Shipp C. Dietary calcium intake and bone loss from the 
spine in healthy postmenopausal women. Am J Clin Nutr 1987;46:685-7. 

Dawson-Hughes B, Dallal G E, Krall E A, Sadowski L, Sahyoun N, Tannenbaum S. A 
controlled trial of the effect of calcium supplementation on bone density in 
postmenopausal women. N Engl J Med 1990; 323:878-83. 

Dawson-Hughes B. Calcium supplementation and bone loss: a review of controlled 
clinical trials. Am J Clin Nutr 1991; 54:274S-80S. 

Demay M, Juppner H, Abou-Samra A, Segre G, Kronenderg H. Parathyroid hormone 
biosynthesis and action: molecular analysis of the parathyroid hormone gene and 
parathyroid hormone/parathyroid hormone-related peptide receptor. Masaki D A (ed) 
Cellular and Molecular Biology of Bone. San Diego, New York, Boston, London, 
Sydney, Tokyo, Toronto: Academic Press Inc. 1993; p321-41. 

DeSimone D P, Stevens J, Edwards J, Shary J, Gordon L, Bell N H. Influence of body 
habitus and race on bone mineral density of the midradius, hip and spine in aging women. 
J Bone Miner Res 1989; 4:827-30. 

Devine A, Prince R L, Kerr D A, Dick I M, Criddle R A, Kent G N, Price R I, Webb P G. 
Correlates of intestinal calcium absorption in women 10 years past the menopause. Calcif 
Tissue Int 1993; 52:358-60. 



214 

Doty S B. Histochemical investigations of secretary activity in the osteoblast. In Jee W, 
Parfitt A M (ed.): Bone histomorphometry. Paris: Labatore Armour-Montagu 1981; 
201-6. 

Drinkwater B L. Does physical activity playa role in preventing osteoporosis? Res Q 
Exerc Sport 1994a; 65: 197-206. 

Drinkwater B L. Physical activity, fitness and osteoporosis. In Bouchard C, Shepard R J, 
Stephens T (ed.): Physical activity, fitness and health. Champaign, IL, Human Kinetics 
Publishers 1994b; 724-36. 

Dubbelman R, Jonxis J H P, Muskiet F A J, Saleh A E C. Age-dependent vitamin D 
status and vertebral condition of white women living in Curacao (The Netherlands 
Antilles) as compared with their counterparts in the Netherlands. Am J Clin Nutr 1993; 
58:106-9. 

Eastell R, Mosekilde L, Hodgson SF, Riggs BL. Proportion of human vertebral body 
bone that is cancellous. J Bone Miner Res 1990; 5: 1237 -41. 

Elders P J M, Lips P, Netelenbos J C, Ginkel F C V, Khoe E, Vijgh W J F V D, Stelt P F 
V D. Long-term effect of calcium supplementation on bone loss in premenopausal 
women. J Bone Miner Res 1994; 9(7):963-70. 

EI-Haj A J. Biomechanical bone cell signaling: is there a grapevine? J Zool Lond 1990; 
220:689-93. 

Engh G, Bollet A J, Hardgin G, Parson W. Epidemiology of osteoporosis. J Bone Joint 
Surg 1986; 50A:557. 

Eriksen EF. Bone receptor for estrogen, evidence of estrogen receptors in normal 
osteoblast-like cells. Science 1988; 241 :84-6. 

Eriksen E F, Axelrod D W, Melsen F. Bone histomorphometry. New York: Raven Press 
1994. 

Ernst M, Heath J K, Schrrid C, Froesch RE, Rodan GA. Evidence for a direct effect of 
estrogen on bone cells in vitro. J Striod Biochem 1988; 34:279-84. 

Evans W 1. Exercise, nutrition and aging. J Nutr 1992; 122:796-801. 

Favus M J, Angeid-Backman E. Effects of lactose on calcium absorption and secretion by 
rat ileum. Am Physiol Soci 1984; 0281-5. 



215 

Felson D T, Zhang Y, Hannan M T, Anderson J J. Effects of weight and body mass index 
on bone mineral density in men and women: the framinghanm study. J Bone Miner Res 
1993; 8:567-73. 

Felts W J L, Spurrell F A. Some structural and developmental characteristics of cetacean 
(odontocete) radii. A study of adaptive osteogenesis. Am J Anat 1966; 118: 103-34. 

Feyerabend A J, Lear J L. Regional variation in bone mineral density as assessed with 
dual-energy photon absorptiometry and dual x-ray absorptiometry. Radiology 1993; 
186:467-9. 

Forte L R. Activation of renal adenyl ate cyclase by forskoline:assessment of enzymatic 
activity in animal models of the secondary hyperparathyroid state. Archi Biochem 
Biophysi 1983; 225(2):898-905. 

Frisancho A R, Montoye H J, Frantz M E, Metzner H, Dodge H 1. A comparison of 
morphological variables in adult males selected on the basis of physical activity. Med Sci 
Sport Exerc 1970; 2:209-12. 

Frison L, Pocock S 1. Repeated measures in clinical trials: analysis using summary 
statistics and its implication for design. Stat Med 1991; 11: 1685-1704. 

Frost H M. Skeletal physiology and bone remodeling. Urist M R (ed.), Fundermental and 
clinical bone physiology 1980. Philadelphia: 1. B. Lippinocott pp 201-41. 

Frumar A M, Meldrum D R, Geola F. Relationship of fasting urinary calcium to 
circulating estrogen and body weight in postmenopausal women. J Clin Endocrinal Metab 
1980; 50:70-5. 

Gardsell P, Johnell 0, Nilsson BE, Gullberg B. Predicting various fragility fractures in 
women by forearm bone densitometry: a follow-up study. CalcifTissue Int 1993; 
52:348-53. 

Gavaler J S, Van Thiel D H. The association between moderate alcoholic beverage 
consumption and serum estradiol and testosterone levels in normal postmenopausal 
women: relationship to the literature. Alcohol Clin Exp Res 1992; 16:87-92. 

Gennari C, Agnusdei D. Calcitonin, estrogen and the bone. Molec Bioi 1990; 
37(3):451-5. 

Gennari E. Estrogen preserves a normal intentional responsiveness to 
1 ,25-dihydroxyvitamin D3 in oophorectomisted women. J Clin Endocrinal Metab 1990; 
71:1288-93. 



216 

Glass C K, Brown M A. Molecular mechanisms of estrogen and thyroid hormone action. 
Masaki N (ed.), Cellular and molecular biology of bone, San Diego, New York, Boston, 
London, Sydney, Tokyo, Toronto 1993, p:258-78. Academic Press Inc. 

Glimcher M J. The nature of the mineral component of bone and the mechanism of 
cacification. In Avioli L V, Krane S M (ed.): Metabolic bone disease. WB Saunders 
Company 1990; 42-68. 

Going SB, Massett MP, Hall MC, Bare LA, Root PA, Williams DP, Lohman TG. 
Detection of small changes in body composition by dual-energy x-ray absorptiometry. 
Am J Clin Nutr 1993;57:845-50. 

Goffredsen A. Total body bone mineral by dual photon absorptiometry. Dan Med Bull 
1990; 37:480-92. 

Gotferedsen A, Riis B J, Christiansen C, Pddbro P. Does a single local absorptiometry 
bone measurement indicate the overall skeletal status? Implications for osteoporosis and 
osteoarthritis of the hip. Clin Rheumatol 1990; 9(2): 193-203. 

Gray H, Bonanome A, Grundy S M, Unger G H, Breslau N A, Pak C Y C. Effects of 
dietary carbohydrates on metabolism of calcium and other minerals in normal subjects 
and patients with noninsulin-dependent diabetes mellitus. J Clin Endocrinal Metab 1990; 
70:1007-13. 

Greendale G A, Barrett-Connor E, Edelstein S, Ingles S, Haile R. Dietary sodium and 
bone mineral density: results of a 16-year follow-up study. J Am Geriatr Soc 1994; 
42:1050-55. 

Grodin J M, Siiteri P K, Macdonald P C. Source of estrogen production in 
postmenopausal women. J Clin Endocrinol Metab 1973; 36:207-14. 

Grosby L 0, Kaplan F S, Pertschuk M J, Mullen J L. The effect of anorexia nervosa on 
bone morphometry in young women. Clin Orthop 1984, 90: 132-37 .. 

Gustarvson L, Jacobson B, Kusoftsky L. X-ray spectrophotometry for bone mineral 
determinations. Med Bioi Eng Comput 1974; 12:113-8. 

Hall M L, Heavens J, Eii P J. Variation between femurs as measured by dual energy x-ray 
absorptiometry. Eur J Nucl Med 1990; 18:38-40. 

Hallberg L, Brune M, Erlandsson M, Sandberg A S, Rossander-Hulten L. Calcium: effect 
of different amounts on nonheme- and heme-iron absorption in humans. Am J Clin Nutr 
1991; 53:112-9. 



217 

Harris S, Dallal G E, Dawson-Hughes B. Influence of body weight on rates of change in 
bone density of the spine, hip, and radius in postmenopausal women. Calcif Tissue Int 
1992; 50: 19-23. 

Harris S, Dawson-Hughes B. Caffeine and bone loss in healthy postmenopausal women. 
Am J Clin Nutr 1994; 60:573-8. 

Hasling C, Sondergoard K, Carles P, Mosekilde L. Calcium metabolism in 
postmenopausal osteoporotic women is determined by dietary calcium and coffee intake. 
J Nutr 1992; 122: 1119-26. 

Hatori M, Hasegawa A, Adachi H, Shinozaki A, Hayashi R, Okano H, Miaunuma H, 
Murata K. The effects of walking at the anaerobic threshold level on vertebral bone loss 
in postmenopausal women. CalcifTissue Int 1993; 52:411-4. 

Heaney R P, Recker R R, Saville P D. Calcium balance and calcium requirements in 
middle-aged women. Am J Clin Nutr 1977; 30:1603-11. 

Heaney R P, Recker R R. Effects of nitrogen, phosphorus and caffeine on calcium 
balance in women. J Lab Clin Med 1982; 99:46-55. 

Heaney R P. Prevention of age related osteoporosis in women. In A violi LV (ed), t he 
osteoporotic syndrome. New York: Grune and Stratton 1983, p123. 

Heaney R P. Estrogen-calcium interactions in the postmenopause: a quantitative 
description. Bone Miner 1990a; 11 :67-84. 

Heaney R P. Calcium intake and bone health throughout life. JAMA 1990b; 45(3):80-6. 

Hirota T, Nara M, Ohguri M, Manago E, Hirota. Effect of diet and lifestyle on bone mass 
in Asian young women. Am J Clin Nutr 1992; 55:1168-73. 

Holbrook T L, Barrett-Connor E. Calcium intake: covariates and confounders. Am J Clin 
Nutr 1991; 53:741-4. 

Houtkooper L B, Ritenbaugh C, Aickin M, Lohman T G, Going SB, Weber J L, 
Greaves K A, Boyden T W, Pamenter R W, Hall M C. Nutrients, body composition and 
exercise are related to change in bone minreal density in premenopausal women. J Nutr 

1995; 125(5): 1229-37. 

Hruska K A, Rolnick F, Duncan R L, Medhora M, Yamakawa K. Signal transduction in 
osteoblasts and osteoclasts. In Masaki Noda (ed.) Cellular and Molecular Biology of 



218 

Bone. San Diego, New York, Boston, London, Sydney, Tokyo, Toronto: Academic Press 
Inc. 1993, p414-38. 

Hu J F, Zhao X H, Jia J-8. Dietary calcium and bone density among middle-aged and 
elderly women in China. Am J Clin Nutr 1993a; 58:219-27. 

Hu J F, Zhao X H, Parpia B, Campbell T C. Dietary intakes and urinary excretion of 
calcium and acids: a cross-sectional study of women in China. Am J Clin Nutr 1993 b; 
58:398-406. 

Hunt I F, Murphy N J, Henderson C, Clark V A, Jacobs R M, Johnston P K, Coulson A 
H. Bone mineral content in postmenopausal women: comparison of omnivores and 
vegetarians. Am J Clin Nutr 1989; 50:517-23. 

Israel 0, Lubushitzky R, Frenkel A, losilevsky G, Bettman L, Gips S, HardoffR, Baron 
E, Barzilai D, Kolodny GM, Front D. Bone turnover in cortical and trabecular bone in 
normal women and in women with osteoporosis. J Nucl Med 1994;35:1155-8. 

Jacobson B. X-ray spectrophotometry in vivo. Am J Roentgenol 1964; 91 :202-10. 

Jacobson PC, Beaver W, Grubb S A, Taft TN, Talmage R V. Bone density in women: 
college athletes and older athletic women. J Orthop Res 1984; 2:323-32. 

Johansson A G, Forslund A, Sjodin A, Mallmin H, Hambraeus L, ljunghall S. 
Determination of body composition - a comparison of dual-energy x-ray absorptiometry 
and hydrodensitiometry. Am J Clin Nutr 1993; 57:323-6. 

Johnell 0, Nilsson B E. Life-style and bone mineral mass in premenopausal women. 
CalcifTissue Int 1984; 36:354-6. 

Jones J J, Sebastian A, Hulter H H, Schambelan M, Sutton J M, Biglieri E G. Systemic 
and renal acid-base effects of chronic potassium depletion in humans. Kidney Int 1982; 
21:402-10. 

Kalu D N, Cockerham R, Yu B P, Roos B A. Lifelong dietary modulation of calcitonin 
levels in rats. Endocrinology 1983; 56:2010-15. 

Kalu D N, Herbert D C, Hardin R R, Yu B P, Kaplan G, Jacobs W. Mechanism of dietary 
modulation of calcitonin levels in fischer rats. BioI Sci 1988; 43(5):B 125-31. 

Kanders B, Dempster D W, Lindsay R. Interaction of calcium nutrition and physical 
activity on bone mass in young women. J Bone Miner Res 1988; 3(2): 145-9. 



Katsouyanni K, Boyle P. Trichopoulas D. Diet and Urine Estrogen among 
postmenopausal women. Oncology 1991; 48:490-4. 

Katz JM, Skinner SJ, Wilson T, Gray DH. Inhibition of prostaglandin action and bone 
resorption by copper. Ann Rheum Dis 1984,;43 :841-6. 

Kelly P J, Nguyen T, Hopper J, Pocock N, Samberook P, Eisman J. Changes in axial 
bone density with age, a twin study. J Bone Miner Res 1993;8:11-7. 

Kelsay J L. Effects of fiber, physic acid, and oxalic acid in the diet on mineral 
bioavailability. Am J Gastro 1987; 82(10):983-6. 

219 

Kiel D P, Teison D T, Anderson J J, Wilson P W F, Moskowitz M A. Hip fracture and 
the use of estrogens in postmenopausal women. N Engl J Med 1987; 317: 1169-74. 

Kiel P. Caffeine and the risk of hip fracture: the framingham study. Am J Epidemiol 
1990; 132:675-84. 

Kin K, Kushida K, Yamazaki K, Okamoto S, Inoue T. Bone mineral density of spine in 
normal Japanese subjects using dual-energy x-ray absorptiometry: effect of obesity and 
menopausal status. Calcif Tissue Int 1991; 49: 101-6. 

Knekt P, Albanes D, Seppanen R, Aromaa A, Jarvinen R, Hyvonen L, Teppo L, Pukkala 
E. Dietary fat and risk of breast cancer. Am J Clin Nutr 1990; 52:903-8. 

Knox T A, Kassarjian Z, Dawson-Hughes B, Golner B B, Dallal G E, Arora S, Russell R 
M. Calcium absorption in elderly subjects on high- and low-fiber diets: effect of gastric 
acidity. Am J Clin Nutr 1991; 53: 1480-6. 

Kokkinos P P, Shaye R, Alam B S, Alam S Q. Dietary lipids, prostaglandin E2 levels, 
and tooth movement in alveolar bone of rats. CalcifTissue Int 1993; 53:333-7. 

Kotz S, Johnson N L, Read C B. Encyclopedia of Statistical Sciences 1982. New York: 
Wiley. 

Krall E A, Dawson-Hughes B. Heritable and lifestyle determinants of bone mineral 
density. J Bone Miner Res 1993;8: 1-9. 

Kreiger N, Kelsey J L, Holford T R, O'Connor T. An epidemiologic study of hip fracture 
in postmenopausal women. Am J Epidemiol 1982; 116-41. 



220 

Kroger H, Tuppurainen M. Honkanen R, Alhava E, Saarikoski S. Bone mineral density 
and risk factors for osteoporosis - a population-based study of 1600 premenopausal 
women. CalcifTissue Int 1994; 55: 1-7. 

Krolner B, Tondevold E, Toft B, Berthelsen B, Nielsen S P. Bone mass of the axial and 
the appendicular skeleton in women with colles's fracture: its relation to physical activity. 
Clin Physiol1982; 2:147-57. 

Krolner B, Toft B, Nielsen S P, Tondevold E. Physical exercise as prophylaxis against 
involutional vertebral bone loss: a controlled trial. Clin Sci 1983; 64:541-6. 

Laitinen K, Valimaki M, Keto P. Bone mineral density measured by dual-energy x-ray 
absorptiometry in healthy Finnish women. CalcifTissue Int 1991; 48:224-31. 

Lang P, Steiger P, Faulker K, GIuer C, Genant H K. Current techniques and recent 
developments in quantitative bone densitiometry. Metabolic Bone Disease 1991; 
29(1):49-76. 

Lanyon L E. Functional strain as a determinant for bone remodeling. CalcifTissue Int 
1984; 36:S56-61. 

Lanyon L E. Functional strain in bone tissue as an objective, and controlling stimulus for 
adaptive bone remodeling. J Biomech 1987; 20(11/12):1083-93. 

LeBlance A D, Schneider V S, Engelbretson D A, Evans H J. Precision of regional bone 
mineral measurements obtained from total-body scans. J Nuclear Med 1990; 31 :43-5. 

Leek J C, Keen C L, Vogler J B, Golub M S, Hurley L S, Hendrickx A G, Gershwin M E. 
Long-term marginal zinc deprivation in rhesus monkeys. IV effects on skeletal growth 
and mineralization. Am J Clin Nutr 1988; 47:889-95. 

Leino A, Jarvisalo J, Impivaara 0, Kaitsaari M. Ovarian hormone status, life-style factors, 
and markers of bone metabolism in women aged 50 years. Calcif Tissue Int 1994; 
54:262-7. 

Lemann J, Lennon E J, Piering W R, Prien Jr E L, Ricanati E S. Evidence that glucose 
ingestion inhibits net renal tubular reabsorption of calcium and magnesium in man. J Lab 
Clin Med 1970; 75:578-85. 

Lemann J Jr, Gray R W, Pleuss J A. Potassium bicarbonate, but not sodium bicarbonate 
reduces urinary calcium excretion and improves calcium balance in healthy men. Kidney 
Int 1989; 35:688-95. 



221 

Lemann J Jr, Pleuss J A, Gray R W, Hottmann R G. Potassium administration reduces 
and potassium deprivation increases urinary calcium excretion in healthy adults. Kidney 
Int 1991; 39:973-83. 

Lemann J Jr, Pleuss J A, Gray R W. Potassium causes calcium retention in healthy adults. 
J Nutr 1993; 123:1623-26. 

Li K C, Zernicke R, Barnard R J, Li A FY. Effects of a high fat-sucrose diet on cortical 
bone morphology and biomechanics. CalcifTissue Int 1990; 47:308-13. 

Liel Y, Edwards J, Shary J, Spicer KM, Gordon L, Bell NH. The efforts of race and 
body habitus on bone mineral density of radius hip and spine in premenopausal women. 
J Clin Endocrinal Metab 1988; 66: 1247-50. 

Lindeman R D, Ginn H E, Kalbfleish J M, Smith W O. Effect of galactose on urinary 
electrolyte excretion in man. Proc Soc Exp Bio Med 1964; 115-264. 

Lissner L, Bengtsson C, Hansson T. Bone mineral content in relation to lactation history 
in pre- and postmenopausal women. CalcifTissue Int 1991; 48:319-25. 

Lloyd T, Schaettare J M, Walker M A, Demers L M. Urinary hormonal concentrations 
and spinal bone density of premenopausal vegetarian and non vegetarian women. Am J 
Clin Nutr 1991; 54:1005-10. 

Lohman TG. Recent developments in body composition. Human Kinetics Publishers, C 
hampaign IL 1991. 

Lohman TG. Dual energy xray absorptiometry. 1995a (unpublished). 

Lohman TG. Exercise training and bone mineral density. Quest 1995b; 47:354-61. 

Longcope C, Kato T, Norton R. Conversion of blood androgens to estrogen in normal 
adult men and women. J Clin Inves 1969; 48:2191-201. 

Lukert B, Higgins J, StoskopfM. Menopausal bone loss is partially regulated by dietary 
intake of vitamin D. CalcifTissue Int 1992; 51:173-9. 

Lutz, J, Tesar R. Mother-daught pairs: spinal and femoral bone densities and dietary 
intakes. Am J Clin Nutr 1990; 52:872-7. 

MacGregor G A, Cappuccio F P. The kidney and essential hypertension: a link to 
osteoporosis. J Hypertens 1993; 11 :781-5. 



Markel M D, Wikenheiser M A, Morin R L, Lewallen D G, Chao E Y S. The 
determination of bone fracture properties by dual-energy x-ray absorptiometry and 
single-photon absorptiometry: a comparative study. CalcifTissue Int 1991; 48:392-9. 

222 

Martin A D, Silverthorn K G, Houston C S, Wajda A, Roos L. Hip fracture trends in 
Saskatchwan, 1972-1984. In Levis SJ (ed), Aging and health: linking research and public 
policy. Chelsea, MI: Lewis Publichers, 1989: 41-50. 

Martin A D, Silverthorn K G, Houston C S, Bernhandson S, Wajda A, Roos L. Trends in 
fracture of the proximal femur in two million Canadians 1972-1984. Clin Orthop 1990; 
23:170-6. 

Massey L K, Whiting S J. Caffeine, urinary calcium metabolism and bone. J Nutr 1993; 
123:1611-4. 

Mazess R B, Peppler W W, Chesney R W, Lange T A, Lindgren U, Smith, Jr E. Does 
bone measurement on radius indicate skeletal status? concise communication. J Nucl 
Med 1984; 25 :281-8. 

Mazess R B, Barden H S, Ettinger M, Johnson C, Dawson-Hughes B, Baran D, Powell 
M, Notelovitz M. Spine and femur density using dual-photon absorptiometry in U S 
white women. Bone Miner 1987; 2:211-9. 

Mazess R B, Collick B, Trempe 1. Performance evaluation of a dual energy x-ray bone 
densitiometry. CalcifTissue Inti 1989; 44:228-32. 

Mazess R B, Barden H S, Bisek J P, Hanson J. Dual-energy x-ray absorptiometry for total 
body and regional bone mineral and soft tissue composition. Am J Clin Nutr 1990; 
51:1106-12. 

Mazess R B, Barden H S. Bone density in premenopausal women: effects of age, dietary 
intake, physical activity, smoking, and birth-control pills. Am J Clin Nutr 1991; 
53:132-42. 

Mazess R, Chesnut III C H, McClung M, Genant H. Enhanced precision with dual-energy 
x-ray absorptiometry. CalcifTissue Int 1992; 51:14-7. 

McCulloch R, Bailey D A, Houston C S, Dodd B L. Effects of physical activity, dietary 
calcium intake and selected lifestyle factors on bone density in young women. Can Med 
Assoc J 1990; 142:221-7. 

McDonald R, Hegenauer J, Saltman P. Age-related differences in the bone mineralization 
pattern of rats following exercise. J Gerontol 1986; 41 :445-52. 



223 

McDowell M A, Brietel R R, Alaimo K, Bischof A M, Caughman C R, Carroll M D, 
Loria C M, Johnson C L, Division of Health Examination Statistic. Energy and 
macronutrient intakes of persons ages 2 months and over in the United States: third 
national health and nutrition examination survey, phase I, 1988-91. Advance Data 1994; 
No.255. National Center for Health Statistics. 

Melton III L J, Riggs B L. Epidemiology of age-related fractures. In Avioli L V(ed). The 
osteoporotic syndrome. New York: Grune and Stratton 1983, p45. . 

Merimee T J, Zapf J, Froesch E R. Insulin-Like growth factors in the fed and fasted 
states. J Clin Endocrinol Metab 1982; 55:999-1002. 

Metz J A, Anderson J JB, Gallagher Jr P N. Intakes of calcium, phosphorus, and protein, 
and physical activity level are related to radial bone mass in young adult women, Am J 
Clin Nutr 1993; 58:537-42. 

Mohan S, Baylink D. Bone growth factors. CIin Orthop 1991; 263 :30-48. 

Mundy G R, Roodman G D. Osteoclast ontogeny and function. Bone Miner Res 1987; 
5:209-79. 

Nelson M E, Fisher E C, Dilmanian F A, Dallal G E, Evans W J. A l-y walking program 
and increased dietary calcium in postmenopausal women: effects on bone. Am J Clin 
Nutr 1991; 53:1304-11. 

NIH. Consensus conference: osteoporosis. JAMA 1984252: 799. 

NIH. NIH releases consensus statement on optimal calcium intake. Am Fam Physician 
1994; 50(6):1385-7. 

Nielsen F H, Hunt C D, Mullen L M, Hunt J R. Effect of dietary boron on mineral, 
estrogen, and testosterone metabolism in postmenopausal women. F ASEB J 1987; 
1:394-7. 

Nilas L, Borg J, Gotfredsen A. Comparison of single- and dual-photon absorptiometry in 
postmenopausal bone mineral loss. J Nucl Med 1985; 26: 1257-62. 

Nilas L, Podenphant J, Riis B J. Usefulness of regional bone measurements in patients 
with osteoporotic fractures of the spine and distal forearm. J Nucl Med 1987; 28:960-5. 

Nilson B E, Westlin N E. Bone density in athletes. Clin Orthop 1971 ;77: 177-82. 



Nordin B E C, Need A G. Chatterton BE, Horowitz M, Morris H A. The relative 
contributions of age and years since menopause to postmenopausal bone loss. J Clin 
Endocrinal Metab 1990; 70:83-8. 

224 

Nordin BE C, Need A G, Morris H A, Horowitz M, Robertson W G. Evidence for a renal 
calcium leak in postmenopausal women. J Clin Endocrinal Metab 1991; 72:401-7. 

Nordin BE C, Need A G, Morris H A, Horowitz M. The nature and significance of the 
relationship between urinary sodium and urinary calcium in women. J Nutr 1993; 
123:1615-22. 

Nottestad S Y, Baumel J J, Kimmmel D B, Recker R R, Heaney R P. The proportion of 
trabecular bone in human vertebrae. J Bone Miner Res 1987; 2:221-9. 

Nutrition Reviews. 1 ,25-dihydroxyvitamin D3 affects growth factors in bone cells. Nutr 
Rev 1988a; 46(7):265-6. 

Nutrition Reviews. Calcium intake and bone loss. Nutr Rev 1988b; 46: 123-5. 

Nutrition Reviews. Dietary caffeine and calcium excretion. Nutr Rev 1988c; 46:232-4. 

Nutrition Reviews. Estrogen receptors in bone. Nutr Rev 1989a;47:15-7. 

Nutrition Reviews. Season, latitude, and ability of sunlight to promote synthesis of 
vitamin D3 in skin. Nutr Rev 1989b; 47(8):252-3. 

Orwoll E S. The effects of dietary protein insufficiency and excess on skeletal health. In 
Burkhardt P, Heaney R P (ed.), Nutritional aspects of osteoporosis. New York: Raven 
Press 1991; p355-70. 

Orwoll E, Ware M, Stribrska L, Bikle D, Sanchez T, Andon M, Li H. Effects of dietary 
protein deficiency on mineral metabolism and bone mineral density. Am J Clin Nutr 
1992; 56:314-9. 

Orwoll E S, Oviatt S K, Biddle J A. Precision of dual-energy x-ray absorptiometry: 
development of quality control rules and their application in longitudinal studies. J Bone 
Miner Res 1993; 8(6):693-9. 

Osswald H, Muhlbauer B, Schenk F. Adenosine mediates tubulog lomerular feedback 
response: an element of metabolic control of kidney function. Kidney Int 1991; 
39(2S):S 128-31. 



225 

Oursler M J, Pederson L, Fitzpatrick L, Riggs B L, Spelsberg T. Human giant cell tumors 
of the bone (osteoclastomas) are estrogen target cells. Proc Natl Acad Sci USA 19~4; 
91:5227-31 

Pacifici R, Droke 0, Avioli L V. Intestinal lactase activity and calcium absorption in the 
aging female with osteoporosis. CalcifTissue Int 1985; 37:101-2. 

Pacifici R, Rupich R, Vered I. Dual energy radiography (DER): a preliminary 
comparative study. CalcifTissue Int 1988; 43:189-91. 

Parfitt A M. The physiologic and clinical significance of bone histomorphometric data. 
In: Recker R R. Ed. Bone histomorphometry: techniques and interpretation. Boca Raton, 
F L: CRe Press 1983; 143-223. 

Persson P, Gagnemo-Persson R, Hakanson R. The effect of high or low dietary calcium 
on bone and calcium homeostasis in young male rats. CalcifTissue Int 1993; 52:460-4. 

Petito S L, Evans J L. Calcium status of the growing rat as affected by diet acidity from 
ammonium chloride, phosphate and protein. J Nutr 1984; 114: 1049-59. 

Picard 0, Ste-Marie L G, Coutu 0, Corrier L, Chartrand R, Lepage R, Fugure P, 
D'Amour P. Premenopausal bone mineral content relates to height, weight and calcium 
intake during early adulthood. Bone Miner 1988; 9:299-309. 

Plewis I. Analyzing change: measurement and explanation using longitudinal data. New 
York: John Wiley & Sons 1985. 

Pocock N A, Eisman J A, Yeates M G, Sambrook P N, Eberl S. Physical fitness is a 
major determinant of femoral neck and lumbar spine bone mineral density. J Clin Invest 
1986; 78:618-21. 

Pocock N, Eisman J, Gwinn T. Muscle strength, physical fitness, and weight but not age 
predict femoral neck bone mass. J Bone Miner Res 1989; 4:441-8. 

Pols H A, Birkenhager J C, Foekens J A, Leeuwen J P T M V. Vitamin 0: a modulator 
of cell proliferation and differentiation. Molec Bioi 1990; 37(6):873-6. 

Pollitzer W S, Anderson J. Ethnic and genetic differences in bone mass: a review with 
hereditary vs. environmental perspective. Am J Clin Nutr 1989; 50:1244-59. 

Pouilles J M, Tremollieres Ribot C. Spine and femur densitometry at the menopuase: are 
both sites necessary in the assessment of the risk of osteoporosis? CalcifTissue Int 1993; 
52:344-7. 



Prentice A. Parsons J J, Cole T 1. Uncritical use of bone mineral density in 
absorptiometry may lead to size-related artifacts in the identification of bone mineral 
determinants. Am J Clin Nutr 1994; 60:837-42. 

Price P A. Role ofvitamin-K-dependent proteins in bone metabolism. Ann Rev Nutr 
1988; 8:565-83. 

Prince R L, Smith M, Dick I M, Price R I, Webb P G, Henderson N K, Harris M M. 
Prevention of postmenopausal osteoporosis: a comparative study of exercise, calcium 
supplementation, and hormone-replacement therapy. N Eng! J Med 1991; 17:1189-95. 

Prior J C. Progesterone as a bone-trophic hormone. Endocr Rev 1990; 11(2):386-98. 

Prior J C, Vigna Y M, Mckay D W. Reproduction for the atheletic women: new 
understandings of physiology and management. Sports Medicine 1992; 14(3):190-9. 

226 

Raisz L G. Cellular basis for bone turnover. In Avioli L V, Krane S M (ed.): Metabolic 
bone disease. WB Saunders Company 1990; 1-41. 

RDA. Recommended dietary allowances. Washingtone, D.C.: National Academy Press, 
1989. 

Reid IR, Plank LD, Evans MC. Fat mass is an important determinant of whole body 
bone density in premenopausal women but not in men. J Clin Endocrinol Metab 1992a; 
75:779-82. 

Reid I R, Ames R, Evans M C, Sharpe S, Gamble G, France J T, Lim T M T, Cundy T F. 
Determinants of total body and regional bone mineral density in normal postmenopausal 

women--a key role for fat mass. J Clin Endocrinol Metab 1992b; 75:45-51. 

Reid I R, Legge M, Stapleton J P, Evans M C, Grey A B. Reular exercise dissociates fat 
mass and bone density in premenopausal women. J Clin Endocrinal Metab 1995; 
80:1764-8. 

Ribot C, Tremollieres F, Poouilles J M, Bonneu M, Germain F, Louvet J P. Obesity and 
postmenopausal bone loss: the influence of obesity on vertebral density and bone turnover 
in postmenopausal women. Bone 1988; 8:327-31. 

Rico H, Revilla M, Hernandez E R, Villa L F, Alvarez del Buergo M. Total and regional 
bone mineral content inrelation to menopause. Maturitas 1992; 15(3):233-40. 



227 

Rico H, Revilla M, Villa L F, Buergo MAD, Ardbas I. Longitudinal study of the effect 
of calcium pidolate on bone mass in eugonadal women. CalcifTissue Int 1994a; 
54:477-80. 

Rico H, Gonzalez-Riola J, Revilla M, Villa L F, Gomez-Castresana F, Escribano J. 
Cortical versus trabecular bone mass: influence of activity on both bone components. 
CalcifTissue Int 1994b; 54:470-2. 

Rico H, Revilla M, Cardenas J L, Villa L F, Fraile E, Martin F J, Arribas I. Influence of 
weight and seasonal changes on radiogrammetry and bone densitometry. CalcifTissue Int 
1994c; 54:385-8. 

Rico H, Revilla M. Bone mass, body weight, and seasonal bone changes. Calc if Tissue 
Int 1994; 54:523-4. 

Riggs B L, Melvin L J. Involutional osteoporosis. N Engl J Med 1986; 314: 1676-84. 

Riggs B L, Wahner H W, Dunn W L, Mazess R B, Offord K P, Melton L J. Differential 
changes in bone mineral density of the appendicular and axial skeleton with aging. J Clin 
Invest 1980; 67:328-35. 

Riggs B L, Melton L J. Involutional osteoporosis. New Eng J Med 1986; 314: 1676-86. 

Riggs B L. Overview of osteoporosis. West J Med 1991; 154:63-77. 

Ross P D, Davis J W, Wasnich R D, Vogel J M. The clinical application of serial bone 
mass measurements. Bone Miner 1991; 12:189-99. 

Rose D P, Goldman M, Connolly J M, Strong L E. High-fiber diet reduces serum 
estrogen concentrations in premenopausal women. Am J Clin Nutr 1991 ;54:520-5. 

RoubenoffR, Kehayias J T, Dawson-Hughes B, Heymsfield S B. Use of dual-energy 
x-ray absorptiometry in body composition studies: not yet a 'gold standard'. Am J Clin 
Nutr 1993; 58:589-91. 

Roughead Z K, Kunkel M E. Effect of diet on bone matrix constituents. J Am Colle Nutr 
1991; 1 0:242-6. 

Rubin C T, McLeod K J, Bain S D. Functional strains and cortical bone adaptation: 
epigenetic assurance of skeletal integrity. J Biomech 1990; 23(1 S):43-54. 



228 

Rude R K, Adams J S, Ryzen E, Endres D B, Niimi Horst R L, Haddad Jr J G, Singer. 
Low serum concentrations of 1,25-dihydroxyvitamin D in human magnesium deficiency. 
J Clin Endocrinol Metab 1985; 61 :933-40. 

Rudman D, Feller A G, Nagraj H S, Gergans G A, Lalitha P Y, Goldberg A F, Schlenker 
R A, Cohn L, Rudman I W, Mattson D E. Effects of human growth hormone in men over 
60 years old. N Engl JMed 1990; 323(1):1-5. 

Sandler R B, Slemenda C W, LaPorte R E, Cauley J A, Schramm M M, Barresi M L, 
Kriska A M. Postmenopausal bone density and milk consumption in childhood and 
adolescence. Am J Clin Nutr 1985; 42:270-4. 

Sandor T, Felsenberg D, Walender W A, Clain A, Brown E. Compact and trabecular 
components of the spine using quantitative computed tomography. CalcifTissue Int 
1992; 50(6):502-6. 

Schapric D. Physical exercise in the prevention and treatment of osteoporosis: a review. J 
Royal Soc Med 1988; 81:461-3. 

Scheffe H. The analysis of variance 1959; New York: John Wiley and Sons. 

Schlenker R A, Von Seggen W W. The distribution of cortical and trabecular bone mass 
along the lengths of the radius and ulna and the implications for in vivo bone mass 
measurements. Calcif Tiss Res 1970; 20:41. 

Schindler A E, Ebert A, Friedrich E. Conversion of anderstenedione to estrone by fat 
tissue. J Clin Endocrinol Metab 1972;35:627-630. 

Serdula M, Coates R, Mokdad A, Jewell S, Chavez N, Mares-Pedman J, Newcomb P, 
Ritenbaugh C, Treiber F, Block G. Evaluation of a brief telephone questionnaire to 
estimate fruit and vegetable consumption in diverse study populations. Epidemiol 1993; 
4:445-63. 

Shires R, Avioli L V, Bergfeld M A, Fallon M D, Slatopolsky E, Teitelbaum S L. Effects 
of semistarvation on skeletal homeostasis. Endocrinol 1980; 1530-4. 

Shultz T D, Howie B J. In vitro binding of steroid hormones by natural and purified 
fibers. Nutr Cancer 1986; 8:141-7. 

Schuette S A, Hegsted M, Zemel M B, Linksmiler H M. Renal acid urinary cyclic AMP 
and hydroxyproline excretion as affected by level of protein, suffer amino acids and 
phosphorus intake. J Nutr 1981; 111 (12):2106-16. 



Sinaki M. Exercise and osteoporosis. Arch Phys Med Rehabil 1989;70:220-9. 

Simkin A, Ayalon J, Leicher I. Increased trabecular bone density due to bone-loading 
exercise in postmenopausal osteoporotic women. CalcifTissue Int 1987; 40:59-63. 

229 

Slemenda C W, Hui S L, Williams C J, Christian J C, Heaney F J, Johnston C C Jr. Bone 
mass and anthropometric measurements in adult females. Bone Mined 1990; 11 (1) 1 0 1-9. 

Smith E L, Smith P E, Ensign C J, Shed M M. Bone involution decrease in exercising 
middle-aged women. CalcifTissue Int 1984; 36:S 129-38. 

Smith E L, Gillgan C. Mechanical forces and bone. Bone Miner Res 1989; 6: 139-73. 

Smith E L, Gilligan C, McAdam M, Ensign C P, Smith P E. Deterring bone loss by 
exercise intervention in premenopausal and postmenopausal women. CalcifTissue Int 
1989; 44:312-21. 

Smith Jr E L, Reddan W, Smith P E. Physical activity and calcium modalities for bone 
mineral increase in aged women. Med Sci Sports Exerc 1981; 13(1 ):60-4. 

Snead D B, Stubbs C C, Weltman J Y, Evans W S, Veldhuis J D, Rogol A D, Teates C D, 
Weltman A. Dietary patterns, eating behaviors, and bone mineral density in women 
runners. Am J Clin Nutr 1992; 56:705-11. 

Snow-Harter C, Bouxsein M L, Lewis B T, Carter D R, Marcus R. Effects of resistance 
and endurance exercise on bone mineral status of young women: a randomized exercise 
intervention trial. 1 Bone Miner Res 1992; 7:761-9. 

Somjen D, Binderman I, Berger E, Harell A. Bone remodeling induced by physical stress 
is prostaglandin E mediated. Bioch Biophys Acta 1980; 627:91-100. 

Sowers M R, Wallace R B, Hollis B R. The relationship of 1,25-dihydroxyvitamin D and 
radial bone mass. Bone Miner 1990; 1 0: 139-48. 

Sower M, Clark K, Wallace R, lannush M, Lemke 1. Prospective study of radial bone 
mineral density in a geographically defined population of postmenopausal caucasian 
women. Calcif Tissue Int 1991 ;48:232-9. 

Stem PH. Cellular physiology of bone. In metabolic bone and mineral disorders. 
Manolagos S C, Olefsky 1 M (ed.) 1988. New York: Churchill Living Stone: 1-12. 

Steen B. Body composition and aging. Nutr Rev 1988; 46(2):45-51. 



230 

Stein J. Hochberg A M, Lazetawsky L. Quantitative digital radiography for bone mineral 
analysis. In Dequeker J V, Geusens P, Wahner HW (ed.): Bone mineral measurements by 
photon absorptiometry: methodological problems. Louvain, Belgium: Leuven University 
Press 1987; 411-4. 

Stevenson J C, Banks L M, Spinks T J, Freemantle C, Macintyre I, Hesp R, Lane G, 
Endacott J A, Padmick M, Whitehead M I. Regional and total skeletal measurements in 
the early menopause. J Clin Inves 1987; 80:258-62. 

Stillman R J, Lolunan T G, Slaughter M H, Massey B H. Physical activity and bone 
mineral content in women aged 30 to 85 years. Med Sci Sports Exerc 1986; 18:576-80. 

Stini W A. "Osteoporosis": etiologies, prevention and treatment. Yearbook Physi Anthro 
1990. 

Stini W A, Stein P, Chen Z. Bone remodeling in old age: longitudinal monitoring in 
Arizona. Am J Hum BioI 1992; 4:47-55. 

Stini W A. Osteoporosis in biocultural perspective. 1995 (in process). 

Svanberg M, Knuuttila M. Dietary xylitol prevents ovariectomy induced changes of bone 
inorganic fraction in rats. Bone Miner 1994; 26:81-8. 

Svendsen 0 L, Hoarbo J, Heitmann B L, Gottredsen A, Christiansen C. Measurement of 
body fat in elderly subjects by dual-energy x-ray absorptiometry, bioelectrical impedance, 
and anthropometry. Am J Clin Nutr 1991; 53: 1117-23. 

Svendsen 0 L, Haorbo J, Hassager C, Christianseh C. Accuracy of measurements of 
body composition by dual-energy x-ray absorptiometry in vivo. Am J Clin Nutr 1993; 
57:605-8. 

Svendson 0 L, Hassager C, Christianson C. Six months' follow-up on exercise added to 
a short-term diet in overweight postmenopausal women - effects on body composition, 
resting metabolite rate, cardiovascular risk factors and bone. Int J Obesity 1994; 
18:692-8. 

Thompson F E, Byers T. Dietary assessment resource manual. J Nutri 1994; 
124( 11 S):224SS-2317S. 

Tschope W, Ritz E. Sulfur-containing amino acids are a major determinant of urinary 
calcium. Miner Electrolyte Metab 1985; 11:137-9. 



Tylavsky F A, Anderson J B. Dietary factors in bone health of elderly 
lacto-ovovegetarian and omnivorous women~ Am J Clin Nutr 1988; 48:842-9. 

231 

Vander-Veen EA, Netelenbos JC. Growth hormone (replacement) therapy in adults bone 
and calcium metabolism. Horm Res 1990;33(S4):65-8. 

Walden 0 W. The relationship of dietary and supplemental calcium intake to bone loss 
and osteoporosis. J Am Diet Assoc 1989; 89:397-400. 

Wang Q, Hassager C, Ravn P, Wang S, Christiansen C. Total and regional 
body-composition changes in early postmenopausal women: age-related or 
menopause-related. Am J Clin Nutr 1994; 60:843-8. 

Wardlaw G M, Pike A M. The effect oflactation on peak adult shaft and ultra-distal 
forearm bone mass in women. Am J Clin Nutr 1986; 44:283-6. 

Whitten C G, Shultz T D. Binding of steroid hormone in vitro by water-insoluble dietary 
fiber. F ASEB J 1988; 1 :A862(abstr). 

Winer B J. Statistical principles in experimental design. New York: McGraw-Hill 1971. 

Wolff J. Das gesetz der transformation der knochen 1892. A. Hirchwald, Berlin. 

Yano K, Heibrun L K, Wasnich R D, Hankin J N, Vogel J M. The relationship between 
diet and bone mineral content of multiple skeletal sites in elderly Japanese-American men 
and women living in Hawaii. Am J Clin Nutr 1985; 42:877-88. 

Zarkadis M, Gougeon-Rayburn R, Marliss E B. Sodium chloride supplementation and 
urinary calcium excretion in postmenopausal women. Am J Clin Nutr 1989; 50: 1 088-94. 

Zemel M B, Schuette S A, Hegsted M, Linkswiler H M. Role of the sulfur-containing 
amino acids in protein-induced hypercalcemia in men. J Nutr 1981; 111 :545-52. 

Zheng M H, Nicholson G C, Warton A, Papadimitriou J M. What's new in osteoclast 
ontogeny? Pathol Res Pract 1991; 187:117-25. 


