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ABSTRACT 

This study compared bone mineral density of the radius, ulna, spine, 

and femur in healthy adults of varying activity levels. The sample included 

caucasian males (67) and females (82) ranging from 35 to 85 years. Males 

who were highly active in weight bearing activity had greater bone mineral 

density of the radius, ulna, femur neck and Ward's triangle of femur than 

those who were less active. Females who were highly active in high impact 

weight bearing activity and nonweight bearing activity had greater bone 

mineral density at the radius than females who were less active in these 

activities. Multiple regression revealed that weight bearing activity and age 

were fairly good predictors of radial bone mineral density in males aged 35-64 

years, and high impact weight bearing activity and age were fairly good 

predictors of radial bone mineral density in females aged 35-49 years. 
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1. INTRODUCTION 

Osteoporosis literally means "porous bones", and is characterized by 

both a loss of bone mineral and an increased risk of fracture. Osteoporosis 

is the most common skeletal disorder in humans (Sinaki & Offord, 1988), 

with approximately 1.2 million fractures each year attributed to 

osteoporosis (Johnston & Slemenda, 1987). 

Bone loss is a universal phenomenon: Americans, Europeans, and 

Central Americans experience similar rates of age-related bone loss 

(Montoye 1976). However, peak bone mass and the rate of bone loss does 

differ among ethnic groups. Blacks have a higher peak bone mass, lose 

bone at a slower rate, and have a lower risk of osteoporotic fracture than 

whites (Stillman 1983; Woolf & Dixon, 1988). The incidence of osteoporosis 

is higher in Anglo-Saxon, Japanese, and American females (Woolf & 

Dixon, 1988). Overall, women have a lower peak bone mass, begin losing 

bone at an earlier age, and lose bone at a faster rate than men. Women are 

therefore more susceptible to osteoporosis than men. 

Osteoporosis is a costly disease, in physical, emotional and economic 

terms. The fractures most commonly associated with osteoporosis include 

fractures at the radius, hip, and vertebrae. Approximately 210,000 hip 

fractures occur each year in the United States (Cummings et al. 1985), with 

over 70% of them occurring in people over age 65 (Melton & Riggs, 1983). Of 

women aged 65 and older, nearly one- third will suffer at least one vertebral 

fracture (Melton 1987). Fractures of the vertebrae and hip are the most 

debilitating. Vertebral fractures result in loss of stature, kyphosis, and 
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postural difficulties (Woolf & Dixon, 1988). Hip fractures usually require 

surgical intervention, and mortality is estimated at 50% (Smith et al. 1976). 

After hip fracture, women are 15-20% more likely to die within one year 

than age-matched women who do not experience hip fracture (Cummings 

1987). In addition, 15-25% of previously independent women with hip 

fractures will be placed in long term care facilities for at least one year 

(Cummings 1985). The yearly cost of hip fractures alone has been 

estimated to be $7.2 billion (Holbrook et al. 1985). 

The etiology of osteoporosis is complex and not well understood. 

Several risk factors for osteoporosis have been proposed. Primary risk 

factors include female sex, early menopause, slender body build, and white 

or Oriental race (Johnston & Slemenda 1987). Secondary risk factors 

include alcohol abuse, tobacco abuse, calcium deficiency, family history of 

osteoporosis, a sedentary life-style, and excessive drug use 

(anticonvulsants, thyroid hormone, corticosteroids) (Johnston & Slemenda, 

1987; Goodman 1985; Woolf & Dixon, 1988; Cummings et al. 1985). 

Heritability certainly plays an important role in terms of skeletal size, 

structure and mineralization. Females have a smaller skeletal frame, a 

lower peak bone mass, and lose bone at a faster rate than men. However, 

women who have had one or more children and women who have breastfed 

tend to have a greater bone mass than age-matched women who are 

nulliparous. This may be a combined result of hormonal effects and the 

additional weight bearing during and after pregnancy. Early menopause, 

due to a reduction in estrogen, leads to a more rapid decline in bone 

mineral. 
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While being underweight is a risk factor, obesity is protective. Bone 

mass is higher in the obese than non-obese, and conversion of 

androstenedione to oestrone in adipose tissue is four times more efficient in 

obese compared to normal weight females (Woolf & Dixon, 1988). Obesity 

certainly increases the weight-bearing load on the skeleton. 

Smoking is associated with a lower bone mass (Mazess & Barden, 

1991), and both rheumatoid arthritis and corticosteroids are associated with 

increased bone loss (Woolf & Dixon, 1988). Caffeine increases both urinary 

and fecal calcium losses (Woolf & Dixon, 1988). Alcohol is associated with 

decreased bone mass, increased bone resorption, calcium malabsorption, 

and a greater occurrence of falls and fractures in the elderly (Woolf & 

Dixon, 1988). 

Lack of physical activity has been implicated in bone loss (Sinaki & 

Offord, 1988). Cross-sectional studies of active versus sedentary men and 

women reveal that sedentary individuals have lower bone mineral content, 

lower total body calcium, and greater rates of bone loss than age-matched 

controls (Sinaki & Offord, 1988; Aloia, Cohn, & Ostini et al. 1978; Smith, 

Smith, Ensign, Shea, 1984; Nilsson & Westlin, 1971; Chow et al. 1986). 

Physical activity appears to be important in preventing bone loss in aging 

females (Smith, Smith, Ensign, Shea, 1984). 

Peak bone mass is thought to occur around 25-30 years of age, and is 

determined by a combination of genetics, nutrition (calcium, phosphorous, 

manganese, copper, zinc, boron, vitamin D, protein, fiber), an adequate 

hormonal milieu (androgens, estrogens, parathyroid hormone, calcitonin), 

and exercise (Woolf & Dixon, 1988, Heaney 1988). Bone is in a constant state 
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of remodeling; however, at about 30-40 years of age, bone resorption exceeds 

bone mineralization (Montoye 1976) and bone loss occurs. Both cortical 

(hard, compact bone) and trabecular (porous, spongy) bone are affected, 

although trabecular bone loss exceeds that of cortical bone (Cummings et 

al, 1985). This may be partly due to the higher rate of bone remodeling in 

trabecular bone (30-60% per year) compared to cortical bone (3% per year) 

(Woolf & Dixon, 1988). 

Estimates of bone loss vary. Men begin losing bone mineral in the 

fourth decade, at the rate of 0.4-0.5% per year (Smith & Raab, 1985). Women 

begin losing bone mineral in the third decade at the rate of 1% per year. At 

menopause, the rate of bone loss increases significantly to 2-4% per year, 

but then declines to the previous rate of 1% per year after approximately five 

years (Smith & Raab, 1985). The rate of trabecular versus cortical bone loss 

varies in women, as trabecular bone loss occurs at a linear rate, whereas 

cortical bone loss accelerates at menopause until about age 65, when the 

rate of bone loss slows to pre-menopausal levels (Riggs & Wahner, 1981; 

Chow et al. 1986; White et al. 1984). 

The results of cross-sectional studies suggest varying rates of 

trabecular bone loss from site-to-site, with a range of 6-8% bone loss per 

decade in males and females beginning in the third decade (Woolf & Dixon, 

1988). Longitudinal studies using computed tomography show a much 

greater variation of 3-10% bone loss per year in the lumbar spine of 

menopausal women (Krolner & Nielson 1982; Krolner et al. 1983; Mazess 

1982). Cummings also notes a 3-10% loss of trabecular bone per year in the 

first 3-5 years after menopause, after which time the rate of bone loss 
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decreases significantly. This change in bone mineral content is associated 

with an enlargement of the medullary cavity more so than a thinning of 

trabeculae (Mazess 1982). 

Cortical bone loss is estimated at 3% per decade starting in the fourth 

decade for both men and women (cross-sectional and longitudinal studies) 

(Woolf & Dixon, 1988). This loss increases to 9-10% per decade in 

menopausal women until age 75, when cortical losses decline to 3% per 

decade (Cummings, 1987; Woolf & Dixon, 1988). It is important to note that 

cortical bone comprises 80% of the human skeleton, while trabecular bone 

accounts for only 20%. However, trabecular bone loss has significant effects 

on skeletal strength, as sites high in trabecular bone are primary fracture 

sites. In addition, trabecular bone is more sensitive to hormonal change, 

and trabecular bone loss exceeds that of cortical bone. 

There are three main hypotheses to explain age-related bone loss in 

humans. One hypothesis is nutrition-related-that is, it is hypothesized 

that inadequate consumption, absorption, or utilization of calcium and 

other bone-related nutrients (phosphorus, manganese, copper, zinc, and 

vitamin D) will result in or predispose an individual to osteoporosis (Heaney 

1988). On this point, a high calcium intake over a lifetime has been 

associated with greater bone mass (Woolf & Dixon, 1988); however, studies 

of malnourished adults in third world countries do not support the 

hypothesis that low levels of calcium intake increases the risk of developing 

osteoporosis (Woolf & Dixon, 1988). This may be related to the low protein 

intake of this population and/or due to adaptations in absorption and 

utilization of available calcium. 
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The second hypothesis relates to hormonal aspects of bone 

regulation. Estrogens, androgens, calcitonin, parathyroid hormone, and 

l,25-(OH)-D all have important roles in maintaining a proper balance in the 

process of bone remodeling. An imbalance or decline in the production or 

effectiveness of any of these hormones could significantly affect 

maintenance of bone mineral. The decline in estrogen production in 

menopausal women is associated with a significant decline in bone 

mineral content (Chow et al. 1986). 

The third hypothesis, and the focus of this study, pertains to the effect 

of physical activity on bone mineral density and age-related bone loss. With 

age, there is a downward trend in level of physical activity, a decrease in 

muscle mass, and a decrease in bone mineral density (Doyle et al. 1970; 

Krolner et al. 1983). The mechanical force that an activity imposes on the 

skeletal system has a significant effect on bone mineral density (Sinaki & 

Offord, 1988). In particular, weight bearing activity is implicated as a 

positive stimulus for bone formation. High levels of weight bearing activity 

over a lifetime may contribute to an increased peak bone mass and a 

decrease in the rate of age-related bone loss. Higher bone mineral has been 

observed in female weight lifters and gymnasts, as compared to swimmers 

(Nilsson & Westlin, 1971). Although self selection may confound the results 

of cross-sectional studies, the greater bone mineralization in the dominant 

arms compared to the non dominant arms of young and old tennis players 

provides strong evidence that physical activity promotes bone 

mineralization (Priest, Jones et al. 1977; Montoye, Smith et al. 1980). 
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It seems apparent that none of the above three hypotheses can 

explain age related bone loss entirely. All three factors likely have effects 

that are interrelated. However, the potential beneficial effect of physical 

activity on bone mineral density, and the slowing (or reversing) of age 

related bone loss has not been investigated adequately. 

Purpose of the Study 

The purpose of this study was to examine the relationships between 

axial and appendicular bone mineral density and historical physical 

activity in healthy white males and females ages 35-85. The objective was to 

assess whether individuals who are physically active have greater bone 

mineral density than their sedentary counterparts. Furthermore, the effect 

of participation in weight bearing versus non-weight bearing, and 

locomotive versus non-locomotive, activities was assessed. 

Research Hypotheses: 

The specific hypotheses tested were as follows: 

1) Highly active healthy males and females, ages 35-85, will have a 

significantly higher bone mineral density than age-matched low active 

healthy adults. 

2) Healthy males and females (ages 35-85), who engage in regular weight 

bearing activity will have significantly higher bone mineral than healthy 

age-matched adults who engage in non- weight bearing activity. 
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3) Healthy older adults (ages 50-64 and 65-85), who are highly active (high 

overall and high weight bearing) will have bone mineral density closer to 

that of healthy sedentary younger adults (ages 35-49 and 50-64). 

Significance of the Study 

Physical activity is an important determinant of bone mineral 

content. Many experts also believe that physical activity has the potential 

effect of slowing age-related bone loss. However, there is inadequate 

evidence to answer the question of specifically which types of activities will 

have significant impact on age-related bone mineral content. 

Scope of the Study 

The subjects for the study were two hundred and fifteen healthy 

white male and female volunteers (110 female, 105 male), ages 35-85, 

recruited from Tucson and the surrounding areas. Bone mineral density 

of the proximal forearm (radius and ulna), femur, and lumbar spine (L2-

L4) was measured by single and dual photon absorptiometry. Physical 

activity was assessed by a self-administered questionnaire to determine 

scores for: 1) overall activity; 2) activity in non-weight bearing exercise; and 

3) activity in weight bearing exercise. Further, weight bearing activities 

were categorized into three groups: 3a) non-locomotive, 3b) locomotive, 

high impact, 3c) locomotive, low impact. Activities were categorized into 

the above groups, as determined by a separate survey completed by five 

knowledgeable persons. Activity scores (in METS) were calculated for 

lifetime activity. Anthropometric measures of height, weight, skeletal 
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widths, skinfolds, and hydrostatic weighing provided a physical description 

of the subjects. 

Limitations 

The major limitations of the study include the following: 

1) Subjects were volunteers, and were not randomly sampled. 

2) After instruction by an investigator, physical activity was assessed by a 

self-administered questionnaire. 

3) Subjects may have limited ability to accurately recall activity over the 

previous year and lifetime. 

4) Total body bone mineral was not measured; rather, four sites (both 

appendicular and axial) will be used to reflect, changes that may be 

occurring in other regions of the body. 

5) The physical activity questionnaire has not been validated (though it is 

similar to questionnaires used by several investigators that have been 

validated: Stillman 1983; Leon et al. 1987; Taylor 1978; Montoye & Taylor 

1984). 

6) The small sample sizes in each age group decrease the statistical power 

of this study. 

7) Extraneous factors not accounted for: caffeine, alcohol, dietary calcium, 

cigarettes, menopausal status, and estrogen use. 

Definition of Terms 

Key terms used in this study are defined below. 
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Physical Activity. The quantification of physical activity in this study was 

based on time spent in leisure activity. Five variables were calculated. 

WBNL. refers to weight bearing non-locomotive activity. 

WBLL. refers to weight bearing locomotive low-impact activity. 

WBLH. refers to weight bearing locomotive high-impact activity. 

NWB. refers to non-weight bearing activity. 

TOTAL, refers to the sum of all leisure-time physical activity. 

Bone Mineral Content. Bone mineral content is defined as grams of 

mineral ash per centimeter of bone. 

Bone Mineral Density. (BMD) The grams of mineral ash per square 

centimeter of bone (g/cm^). 

METS refers to metabolic equivalents, a reference value for the energy cost 

of a given activity, independent of body weight. 

Axial refers to lumbar vertebrae. 

Appendicular refers to radius, ulna, and femur. 
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2. LITERATURE REVIEW 

Measurement of Bone Mineral 

Several non-invasive techniques are available to measure bone 

mineral content, including radiography, photon absorptiometry, computed 

tomography, and neutron activation analysis. Earlier studies used x-rays 

to transmit photon beams through bone and on to radiographic film. Bone 

mineral content is qualitatively assessed by densitometric analysis of the 

film. However, this method is inadequate for assessing changes in bone 

mineral content, because of poor precision and accuracy. Changes must 

approach 20-30% before they can be seen on radiographs (Stillman 1983). 

Photon absorptiometry was introduced by Cameron and Sorenson in 

1963 (Stillman 1983). Single photon absorptiometry (SPA) utilizes a 

monochromatic, low energy photon source, and measurements are made 

with a collimated scintillation detector. SPA allows accurate measurement 

of the combined cortical and trabecular content of the forearm (mid-radius 

and distal radius), where very little soft tissue surrounds the bones. This 

method offers good precision and accuracy with low levels of radiation 

exposure to the subject. However, SPA is not useful for measuring the 

spine, a critical site of bone loss in osteoporosis. 

Dual photon absorptiometry (DPA) was introduced by Reed in 1966. 

This technique utilizes dichromatic gamma radiation to measure bones 

that are surrounded by soft tissue (e.g. spine and hip). Although this 

method is more expensive, it allows accurate measurement of both 

trabecular and cortical bone at axial sites. This is advantageous, since 
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correlations between axial and appendicular sites is low (Woolf & Dixon, 

1988). 

Computerized tomography (CT) was introduced in the early 1970's. 

Collimated beams of gamma rays are used to scan slices of tissue, and a 

computer analyzes the data. An advantage of CT is that it can measure the 

density of the entire bone, or of trabecular bone separately. However, 

variations in bone marrow fat can lead to underestimations of trabecular 

bone by 10-25% (Mazess 1982). Garn et al. (1969) reported that bone thins 

from the inside (endosteal surface) first, causing an enlargement of the 

medullary cavity. This enlargement can affect measurement of trabecular 

bone density. In addition, this method is more expensive and gives higher 

doses of radiation than SPA and DPA. Neutron activation analysis 

estimates total body calcium, of which approximately 99% is in bone. This 

method correlates well with SPA, and is useful for measuring changes in 

skeletal calcium. 

Age-Related Changes in Bone Mineral Content 

Estimates of age-related bone loss vary, depending on the sites of 

measurement (and therefore whether it is primarily cortical or trabecular 

bone), method of measurement, age and sex of the subject, and whether the 

data is obtained by cross-sectional or longitudinal investigation. In 

general, women begin losing bone earlier than men, and this rate of loss 

increases significantly after menopause. Women begin losing bone 

between thirty to forty years of age, while men begin losing bone between 40 

to 50 years of age (Smith 1982, Mazess 1982, Smith & Raab, 1985). Men, 
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because of a greater initial bone mass, do not generally reach the fracture 

threshold until the eighth decade, but for women, fractures of the distal 

radius and spine are fairly common after menopause (Mazess 1982). 

Investigations on the rate of cortical bone loss reveal an 

approximately 3-4% loss per decade from the shaft of the radius, beginning 

in the mid-thirties for women and the mid-forties for men (Mazess 1982). 

This rate appears to increase to 9% per decade in menopausal women until 

approximately 75 years of age, when the rate of loss again decreases to the 

previous rate of 3-4% per decade (Mazess 1982). These values are from 

cross-sectional data, however longitudinal studies have yielded similar 

rates of loss (Mazess 1982). Interestingly, premenopausal women have 15% 

less cortical bone than males, when bone mass is adjusted for bone size. 

The lower initial bone mass, combined with more rapid rates of bone loss 

over approximately 30 years helps to explain why women experience 

greater problems with bone loss. 

Investigations of trabecular bone loss have yielded more variable 

results, depending on the site and design of the study (longitudinal or cross-

sectional). Cross-sectional studies reveal a 4-10% loss of bone per decade 

from the iliac crest (Mazess 1982). Vertebral bone loss has been assessed 

fairly consistently at about 6% per decade in both males and females (cross-

sectional data) (Mazess 1982). The calcaneous and os calcis have also been 

studied, but Mazess suggests that these are not good choices for assessing 

overall trabecular losses, since estimates of loss for the calcaneous are 

highly variable, and those for the os calcis are poorly correlated with 

vertebral losses (Mazess 1982). Longitudinal studies using computed 
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tomography yielded about 5% loss per year from the vertebra of menopausal 

women, while DPA yielded a 3-6% loss per year (Mazess 1982). Overall, 

Mazess concludes that trabecular bone loss begins in the third decade, and 

progresses at about 6-8% per decade in both men and women. However, the 

enlargement of the medullary cavity and increase in marrow fat that 

occurs with age complicates the assessment of changes in overall bone 

mineral content, particularly when computed tomography or DPA are used 

to estimate BMC. Computed tomography will overestimate bone loss by 10% 

if bone marrow fat is increased by 25% (Mazess 1982). 

The human skeleton is composed of 80% cortical bone and 20% 

trabecular bone. Loss of trabecular bone might appear much less 

significant than that of cortical bone. However, the earliest consequences of 

osteoporosis appear to be fractures of bones containing predominantly 

trabecular bone, while fractures from sites high in cortical bone occur 

several years later (Mazess 1982). 

Peak bone mass is attained by approximately age 35 (White et al, 

1984). After this age, bone resorption begins to proceed at a faster rate than 

bone formation. This increased rate of bone resorption occurs at the 

endosteal surface of bone (Montoye 1976), resulting in an enlarged 

medullary cavity. Several factors contribute to the bone loss of aging: 

genetics, nutrition, hormones, and mechanical forces on bone (Smith 1982). 

The ultimate potential with regard to skeletal size, structure, and mineral 

content is genetically determined. Genetics also play a role in endocrine 

function and the age of onset of menopause in females. Several hormones 

including estrogens, androgens, calcitonin, parathyroid hormone, and 1,25 
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dihydroxy vitamin D all have important roles in the process of bone 

mineralization and remodeling. An imbalance in these important 

hormones can lead to a decline in bone mineral content. Two examples of 

this include : (1) menopausal women, where the sharp decline in estrogen 

production is associated with an accelerated loss of bone for approximately 

five years (Cummings 1987); and (2) amenorrheic female athletes, who 

have lower levels of serum estradiol and calcitriol, and lower bone mineral 

density in the lumbar spine than age-matched menstruating athletes. 

Nutritional factors (Calories, protein, calcium, phosphorous, 

manganese, copper, zinc, boron, dietary fiber, and vitamin D) modify the 

genetic potential for skeletal development and degree to which peak bone 

mass is attained. Deficiency of vitamin D notably leads to rickets; protein-

calorie deficiency inhibits growth (with resulting smaller skeleton); zinc 

deficiency in maturing males negatively affects testosterone production, 

which results in stunted bone growth. Since calcium is the major mineral 

component of bone, it would seem to follow that calcium deficiency over a 

lifetime would lead to lower bone mineral content. Some studies support 

this hypothesis, most notably a study by (Matkovic et al. 1979), in which two 

communities in Yugoslavia with different calcium consumptions were 

studied. The low-calcium community had a significantly lower bone 

mineral content than the high calcium community. Indeed, a high 

calcium intake over a lifetime has been associated with greater bone mass 

(Woolf & Dixon, 1988). However, studies of malnourished adults in Third 

World countries do not support the hypothesis that low levels of calcium 

intake increases the risk of developing osteoporosis (Woolf & Dixon, 1988), 
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possibly related to low protein intake or due to adaptations in absorption and 

utilization of available calcium. 

Mechanical forces, arising from primarily muscular contraction 

and gravity, affect bone mineralization (Smith 1982). Bone mineral is 

affected by any modification (absence, increase, or decrease) of these forces. 

According to Woolfs Law (1892), mechanical stress applied to bone results 

in an architectural modification (bone remodeling) (Montoye 1976). 

Certainly the pull of muscles on bone is a stress which stimulates 

increased bone mineralization in response to the stress. Bassett and Becker 

(1962) hypothesized that piezoelectric-like currents control bone 

mineralization related to stress applied to the bone. They found that 

electrical current results from forces that bend bone. The concave side of 

the bone becomes negatively charged, and calcium and phosphorous 

accumulate as a result (Smith 1982). The force of gravity, which constantly 

stresses bones and muscles on earth, also serves to modify bone 

mineralization (Smith 1982). The observed bone mineral losses of 

astronauts illustrates the converse situation in which weightlessness and 

lack of gravity contribute to bone loss (Rambout 1987). As people age, they 

tend to be much more sedentary, therefore reducing the total daily 

mechanical forces acting on bone. In addition, muscle mass decreases 

with age, and this is also associated with a decrease in bone mineral 

content (Sinaki & Offord, 1988; Chow et. al., 1986). 
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Weightlessness and Immobilization Studies 

Early studies of astronauts returning from space flight revealed 

significant losses of bone mineral, as assessed by radiograph and calcium 

balance studies. Radiographs of the feet of the crews of the Gemini IV, V, 

and VII missions revealed bone losses ranging from 2.9-15.1% in the 

calcaneous (Mack et. al., 1967, Rambout 1987). However, other researchers 

have criticized these results, based on evidence that bone mineral 

measurements prior to space flight had great variance, some of this 

variance being greater than the observed changes attributed to space flight 

(Vose 1974; Rambout 1987). Urinary calcium loss studies were also 

conducted on the crew of Gemini VII. One of this crew experienced 

increased urinary calcium after almost eight days of flight (Rambout 1987). 

Other studies have confirmed increased urinary calcium excretion during 

space flight (Rambout 1987). 

Later studies used SPA to measure bone mineral changes in the 

crews of the Apollo 14, 15, and 16. The radius, ulna, and calcaneous were 

examined. Interestingly, no loss of bone was seen in the radius or ulna, 

and loss of mineral in the calcaneous (6.6% and 7.3%) occurred in only two 

crew men (Rambout 1987). More recently, metabolic-balance studies have 

been conducted on the crews of three skylab flights (1973-1974). These 

flights lasted from 28 to 84 days. Urinary calcium losses increased, and 

fecal calcium increased after an initial decrease. Overall, calcium losses 

averaged 50 mg/day for one month of flight, then increased to more than 200 

mg/day by two months of flight (Rambout 1987). Examination of bone 

mineral at 18 and 93 days post-flight revealed that re-mineralization was 
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not complete (Rambout 1987). It appears that some individuals respond 

well and re-gain bone fairly quickly, others more slowly, and still others 

show no signs of re-mineralization after five years (Mazess & Whedon, 

1983). Rates of remineralization vary, and researchers disagree as to 

whether all of the bone loss is reversible. 

Investigations on the effects of immobilization of a single limb or of 

total bed rest reveal significant losses of bone mineral and negative calcium 

balance. Studies involving bed rest ranging from 27 days to 36 weeks 

revealed: 0.9% loss per week from the lumbar vertebra after 27 days; 25.1-

44.5% loss of bone mass in the central os calcis after 18 weeks; and 4.2% loss 

of total body calcium after 36 weeks of bedrest (Smith & Raab, 1985). 

Adequate dietary calcium does not prevent this loss of bone, as 

demonstrated in a bed-rest study by Donaldson et. al. (1970). Smith and 

Raab state that "the amount of bone loss is specific to the immobilized 

area," giving an example of a man with polio who experienced severe bone 

loss in his legs after three months of bed rest. 

The potential for restoring bone mineral upon resumption of physical 

activity is variable. Young men subjected to bed rest were able to restore 

baseline mineral levels, over an extended period of time nearly equal to the 

bed rest (Donaldson et. al., 1970). However, another study of older subjects 

failed to show restoration of bone mineral (to adjusted values based on 

aging loss) after 15 weeks of activity (Krolner & Toft, 1983). Yet another 

investigation of immobilization in 13 adolescent girls immobilized for 

treatment of scoliosis revealed that only four subjects regained all bone 

mineral within five years, and five showed no improvement (Mazess & 
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Whedon, 1983). Mazess and Whedon reported on a consensus that was 

reached regarding bone losses secondary to immobilization and space flight 

as follows: (1) trabecular bone is lost at an average of 1% per week (with 

individual variation); (2) cortical bone is generally lost at less than 1% per 

month, but can be lost at high rates at specific sites (areas of muscle 

insertion); and (3) reversibility of bone loss is variable, and it may occur at a 

much slower rate than the original bone loss (Mazess & Whedon, 1983). 

Physical Activity and Bone Mineral 

Numerous cross-sectional studies have been conducted comparing 

the bone mineral content at specific sites (radius, calcaneous, etc.) in 

athletes versus non-athletes (Kriska et al. 1988; Stillman et al. 1986; 

Talmage et al. 1986; Dalen & Olssen, 1974; Jacobson et al. 1984; Chow et al. 

1986). The majority of these studies show that the skeleton of athletes has 

significantly greater bone mineral content (both cortical and trabecular) 

than in non-athletes. Some studies that did not show these results 

measured bone mineral at sites unrelated to the activity of the athlete (and 

therefore less likely to be affected by the activity), or used techniques 

inadequate to measure this magnitude of change in bone mineral content 

(e.g. radiographs). 

Dalen and Olsson (1974) compared 15 cross-country runners with 

age-matched controls, and found that the runners had greater bone 

mineral at trabecular sites, in particular, (calcaneous, head of humerus, 

distal radius, and ulna), with the greatest difference occurring at the shaft 

of the femur. Kriska and associates (1988) administered physical activity 
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questionnaires to 223 menopausal women, and measured cortical bone 

density and area of the radius with computerized tomography. They found 

a significant positive relationship between historical physical activity and 

bone mineral and, particularly, bone area. Stillman et. al. (1986) obtained 

similar results when they investigated the relationship between bone 

mineral and physical activity in pre- and post-menopausal women over age 

30. They used SPA to measure bone mineral content at the midshaft of the 

radius and ulna, and divided these values by bone width to correct for 

skeletal size. Talmage et. al. (1986) assessed bone mineral content of the 

mid- and distal radius by SPA, and the lumbar spine (by DPA), of both 

athletes and non-athletes (ages 18-98), concluding that athletes, in general, 

had higher bone mineral density at each of these sites. Chow et al. (1986) 

used neutron activation analysis to measure total calcium in the trunk and 

upper thighs of women ages 50-59, and found significantly higher bone 

mineral content in those women who were physically active versus those 

who were sedentary. (Physical activity over the previous five years was 

assessed, and fitness tests for V02 max and muscle strength were 

administered.) These investigators also suggested that there is a direct 

relationship between muscle mass and bone mineral content. Similar 

results have been reported in other studies supporting the hypothesis that 

those who are more physically active have higher bone mineral content 

(Jacobsen et. al., 1984, Williams et. al., 1984, Sinaki & Offord, 1988). 

Fewer longitudinal studies have been done to assess the effects of 

physical activity on bone mineral (Smith et. al., 1984; Smith et. al., 1981; 

Williams et. al., 1984; White et. al., 1984; Dalsky et. al., 1987). The results of 
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these studies have been mixed. Smith et. al. (1984) investigated the effect of 

three years of physical activity (aerobic dance years 1-3, plus upper body 

strength exercise years 2-3) on bone mineral content of 120 women aged 35-

65 years. Bone mineral content was measured at the distal one-third site of 

the radius and ulna, and midshaft of the humerus, using SPA. In the first 

year, the exercising women lost a significantly greater amount of bone 

mineral mass than the control group. However, in the second and third 

years, bone mineral content for the exercising women increased compared 

to the controls. Another three year study investigated the effect of exercise 

(45 minutes per day, three days per week) on bone mineral content of the 

one-third distal radius in 12 female nursing home residents (Smith et. al., 

1981). A significant increase in bone mineral content of 2.29%, as 

measured by SPA, was seen in the exercising women, whereas the control 

group had a 3.28% decline in bone mineral. 

Williams and colleagues (1984) investigated the effects of long

distance running on bone mineral content of the os calcis in 20 male 

volunteers, aged 38-68 years. Bone mineral content was measured by SPA 

at the beginning and end of a 9-month marathon training program. Bone 

mineral content for the running and control groups did not differ at the 

beginning or end of the study. However, the bone mineral content of the 

consistent runners (those who ran greater than 16 kilometers per month), 

was significantly greater than that of the controls by the end of the 9 months 

of training. 

White et. al. (1984) evaluated the effects of walking versus aerobic 

dancing on the bone mineral content in 96 white females aged 50-63 years. 
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Bone mineral content and bone width of the one-third distal radius was 

assessed at baseline and 6 months using SPA. Both the walking and 

control groups lost significant amounts of bone mineral content (1.6-1.7%), 

whereas the dancing group did not. However, both exercising groups 

significantly increased bone width (1.3-1.6%), while the control group did 

not. 

In general, longitudinal studies support the hypothesis that exercise 

contributes to the maintenance of and/or increase in bone mineral content. 

However, many of these studies suffer from methodological problems 

including: (1) inadequate time frame to see a significant change in bone 

mineral content that is outside the range of error for the method of 

measurement (Smith et. al., 1976); (2) small sample size; (3) inadequate 

control of confounding variables; and (4) measurement of bone mineral 

content at sites unrelated to the activity of the athlete (e.g. measuring the 

radius in a running program). 

Studies within athletic populations examining dominant versus non-

dominant limbs provide further evidence that the mechanical loading due 

to exercise stimulates bone mineral deposition (Priest et. al., 1977; Montoye 

et. al., 1980). Greater bone width of the radius and ulna in the dominant 

arm compared to the non-dominant arm in young professional and senior 

tennis players has been reported (Priest et. al., 1977; Montoye et. al., 1980). 

Dominant versus non-dominant limb studies provide a perfect control 

situation, eliminating the problem of self-selection found in cross-sectional 

studies. These studies consistently support the hypothesis that the stresses 

imposed by physical activity stimulate greater bone mineral deposition. 
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Assessment of Physical Activity bv Questionnaire 

Physical activity can be assessed by several different methods, 

including personal interview, large scale integrated activity monitors (LSI), 

physical activity logs, and questionnaire. Personal interviews require 

significant time and expense, as it is important to carefully train 

interviewers to prevent investigator bias. LSI monitors are worn by the 

subject and the monitor records body movements. Limitations of this 

method include possible modification of activities due to its presence, and 

inability to measure activity during water sports. Physical activity logs are 

useful in prospective studies and for investigating physical activity for 

shorter time frames, for example one day to one week. However, as with 

food diaries, subject compliance with accurate recording of activity is an 

important limitation, especially if great detail over many days is required. 

Questionnaires are the most practical for studying large populations, and 

several physical activity questionnaires have been validated against 

physical activity logs, LSI data, measures of physical fitness, and caloric 

intakes (Taylor, Coffey et. al., 1984; LaPorte, Sandler et. al., 1983; Kohl, 

Blair et. al., 1988; Taylor, Jacobs, et. al. 1978; Leon, Connett, Jacobs, 1987). 

Typically, questionnaires assess physical activity over a relatively short 

period of time, from one day to one year (Leon, Connett, Jacobs, 1987; 

Taylor, Jacobs et. al., 1978; Johansson, Rosengren et. al., 1988; Bouchard, 

Tremblay et. al., 1983; Taylor, Coffey et. al., 1984; LaPorte, Sandler et. al., 

1983; Montoye 1971; Slattery, Jacobs, Nichaman, 1989). Very few have 

examined lifetime leisure activity in detail (Kriska, Sandler et. al. 1988). 
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Earlier studies focused primarily on job titles and work-related 

physical activity, assuming that leisure time activity contributed little to 

overall physical activity. More recently, leisure time activity has been 

examined, as society moves towards increasingly more sedentary work, 

and leisure activity comprises a greater share of overall activity. 

Questionnaires have been developed to be administered in primarily 

three ways: self-administered, partially self-administered followed by 

review with a trained interviewer, and interviewer-administered. 

Questionnaires administered by an interviewer are considered to be more 

precise than those that are self-administered (Montoye & Taylor, 1984), 

however this method is too costly and time consuming for large population 

studies. Kohl et. al. (1988) feel that mail-surveys are less susceptible to 

subject anticipation of desirable answers and investigator bias. But two 

disadvantages of this method are the high number of non-responders and 

the lack of reliability and validity. Questionnaires that seek more detailed 

physical activity information over a one year period may have less than 

optimal repeatability. This is particularly a problem for activities that are 

engaged in less often (Montoye & Taylor, 1984). They conclude that such a 

questionnaire is not optimal for assessing physical activity of individuals, 

but is good for characterizing large groups. 

Quantification of Physical Activity 

Physical activity is usually quantified by converting time spent in 

each activity to calories expended (Kriska et. al., 1988; LaPorte, Sandler et. 

al., 1983; Bouchard et. al., 1983). Published values for the caloric cost of 
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each activity are multiplied by the time spent in that activity, then these 

values are summed for all activities to obtain a total caloric expenditure per 

unit time (day, week, month or year). Some questionnaires convert time 

spent in each activity to metabolic equivalents (METS), a ratio of work 

metabolic rate to basal metabolic rate (Montoye 1971; Kohl, Blair et. al., 

1988; Taylor, Coffey et. al., 1984). Although a heavier person will expend 

more calories performing a given activity than a lighter person, the use of 

METS assumes that the activity will raise the metabolic rate of the two 

individuals to the same extent (Montoye 1971). Converting activity to METS 

has the advantage of providing an activity index independent of subject 

weight. 
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3. METHODS 

The purpose of this study was to examine the relationships between 

axial and appendicular bone mineral density and historical leisure-time 

physical activity in healthy white males and females aged 35 to 85 years. 

The objective was to assess whether individuals who are physically active 

have greater bone mineral density than their sedentary counterparts. 

Furthermore, the effect of participation in weight-bearing versus non-

weight-bearing, and locomotive versus non-locomotive activities was 

assessed. 

Subjects 

Two hundred twenty healthy Caucasian males and females, ages 35-

85 years, were recruited from Tucson, AZ and the surrounding areas 

during the Fall of 1988 through the Fall of 1989. The selection criteria were 

as follows: willingness and ability to be tested; freedom from illness or 

medication that is known to modify body composition; completion of a 

health history questionnaire (appendix); and physical examination by a 

physician within the year preceding the study. One hundred forty nine 

(68%) of the volunteers comprising 67 males and 82 females were included 

in the analyses presented herein. Reasons for excluding subjects from the 

analyses included: 1) incomplete physical activity questionnaire (defined as 

information missing for >2 activities); 2) known diagnosis of osteoporosis; 3) 

corticosteroid medication; 4) incomplete bone mineral data. Of those 

subjects included in the analyses, 111 (74%) had at least a college education, 



110 (74%) had moderate to low activity at work, and 36 (24%) indicated high 

to very high activity at work. With regard to alcohol, caffeine, and nicotine 

intake: 124 (83%) drank two or fewer alcoholic beverages per day and 14 (9%) 

drank more than two per day; 80 (54%) had two or fewer servings of 

caffeine-containing beverages per day and 65 (44%) drank more than two 

per day; 61 (41%) never smoked, 30 (20%) smoked up to 15 years, and 55 

(37%) smoked 16 or more years. 22 of the subjects were on thyroid 

medication. Of the females, 34 (41%) had three or more children; 23 (28%) 

had had hysterectomies; and 24 (29%) were on estrogen. 

Research Design 

The research design was a cross-sectional, multi-factorial design. 

Subjects were grouped according to age, sex, and activity history. Activity 

level was assessed by a specially designed physical activity questionnaire 

(Appendix A) that elicits information on quantity of lifetime physical 

activity. A brief portion of the questionnaire assessed work-related physical 

activity. However, the focus of this study was to examine leisure-time 

physical activity, primarily because the majority of the American workforce 

has sedentary occupations; and therefore it is likely that leisure time 

activity contributes more to overall activity. All subjects were measured for 

bone mineral content of the spine and femur, and at the proximal (one-

third site) radius and ulna. In addition, skeletal widths, height, weight, 

and skinfolds were measured according to the procedures described below. 
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Procedures 

Bone Mineral 

Bone mineral content and density was measured in the forearm 

(radius and ulna) by single photon absorptiometry, and in the proximal 

femur and lumbar spine (L1-L4) by dual photon absorptiometry. 

Single photon absorptiometry. The single photon absorptiometric 

(SPA) technique involves passing a collimated, mono-energetic photon 

beam (125i) at uniform speed through tissue and bone. A Nal crystal 

detector measures transmitted radiation. The precision and accuracy 

errors of this method are generally less than 3% (Sorensen et al., 1967; 

Cameron et al., 1968; Mazess, Cameron, and Sorensen, 1970). 

A Lunar SP 2 Bone Mineral Densitometer (Lunar Radiation 

Corporation, Madison, WI) was used to scan the radius and ulna. This 

instrument measures both bone width (cm) and mineral content (gm/cm). 

Bone mineral content was divided by bone width to derive bone mineral 

density (BMD) in g/crcfi. Four scans were made in a rectilinear vaster 

pattern beginning at one-third the distance from the styloid process of the 

ulna to the olecranon process of the distal end of the humerus. The scan 

step was 1.5 mm. All measurements were done on the non-dominant arm. 

The radiation dose for this technique is significantly lower than that of a 

typical radiograph (4 millirems per scan for SPA versus 400 millirems per 

radiograph. 

Dual photon absorptiometry. Dual photon absorptiometry involves 

passing a collimated, dichromatic (44 and 100 KeV photo peaks), low 

energy photon beam (GD-153) at uniform speed through the designated 
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site. This technique minimizes errors related to variations in body shape 

and soft tissue composition, and allows a quantitative assessment of bone 

mineral at sites that are inaccessible by SPA. 

A Lunar DP3 bone mineral densitometer (Lunar Radiation Corp., 

Madison, WI) was used to measure BMD at the lumbar spine and proximal 

femur sites. Photon attenuation was recorded each second as the beam 

traveled 20 cm across the site at the spine or femur. A collimated Nal 

crystal detector records the transmitted radiation. Up to 40 scans, 4.5 mm 

apart, can be done to obtain the bone mineral content (grams) and area of a 

20 x 28 cm area. Total radiation is approximately 5-15 mRem (about one-

tenth of a standard chest x-ray). Bone mineral density (grams per 

centimeter squared) is derived as the quotient of BMC (grams) and bone 

area (cm2). 

Anthropometry 

Anthropometric measurements included body weight, standing 

height, skinfold thicknesses at five sites, and body density. The methods 

used were consistent with those set forth at the Arlie, Anthropometric 

Standardization Conference (year). 

Body Weight: The subjects were weighed on a counter balance scale 

(Accu-weigh, model 150 Tk) accurate to ± 50 gm. Subjects were in a 4 to 12 

hour postprandial state and clothed in a light nylon bathing suit. The 

criterion measurement of body weight was the mean of two measurements. 

Standing Height: The subjects stood erect with heels together, hands 

on hips, and eyes straight ahead. The measurement was taken with feet 

flat on the floor, after full inspiration, using a stadiometer that was read to 
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the nearest millimeter. The criterion measurement was the mean of two 

measurements. 

The skinfolds were measured on the right side of the body. Skinfold 

measurements were made with a Harpenden caliper, to the nearest 0.1 

mm, according to the techniques described by Brozek (1960). Three 

measurements were taken at each site, and the mean of the three 

measurements was used as the criterion score for each site. The sites and 

definitions of sites for skinfold measurements were as follows: 

Triceps. Vertical fold raised midway between the olecranon and 

acromion processes on the posterior of the brachium. 

Subscapular. A diagonal skinfold one cm below the inferior angle of 

the scapula (angled according to the natural cleavage of the skin). 

Midaxillarv. Vertical fold taken on the midaxillary line at the level of 

the fifth and sixth ribs. 

Abdominal. Vertical fold 2 cm to the right of the umbilicus. 

Thigh. Vertical fold midway between the greater trochanter and the 

top of the patella, on the anterior thigh. 

Medial Calf. Vertical skinfold on the medial calf, just above the 

maximal calf girth. 

Assessment of Physical Activity 

Physical activity was assessed by self-administered physical activity 

questionnaires (see appendix A). The questionnaire was designed to 

assess lifetime physical activity in each of 71 listed activities. In addition, 

questions were included to elicit historical occupational activity level. All 
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subjects were instructed on how to complete the questionnaire during their 

visit to the laboratory for the other measurements, provided with a postage-

paid, addressed envelope, and asked to return the questionnaire by mail 

after completing it at home. Subjects were asked to call for assistance if any 

questions arose regarding the questionnaire. 

Lifetime physical activity was quantified for each subject, and for 

every activity in which the subject participated, on the basis of the number 

of minutes spent in each activity per session, sessions per month, months 

per year, and number of years. Total time (minutes) spent in each activity 

was converted to energy cost in metabolic equivalents using a MET value 

based on an average of published values from up to eight sources (Appendix 

C) (Astrand & Rodahl, 1977; Durnin 1982; Folsom et al. 1985; Durnin & 

Passmore, 1967; Karvonen & Barry, 1967; Passmore & Durnin, 1955; Sinaki 

& Offord, 1988; Taylor, et. al., 1978; Wilson, et. al., 1986). Total metabolic 

cost per activity was computed as follows: 

1. (Minutes/session) x (sessions/month) x (months/year) x (number 

of years) x (METS) = total METS for each activity. 

For each subject, total METS for each activity were summed to obtain 

a grand total of METS expended in leisure-time activity over their lifetime. 

Also, total activity for each subject was divided into four additional indices 

of lifetime physical activity: 1) METS expended in non-weight bearing 

physical activity (NWB); 2) METS expended in non-locomotive weight 

bearing physical activity (WBNL); 3) METS expended in low-impact 

locomotive physical activity (WBLL); and 4) METS expended in high-impact 

locomotive physical activity (WBLH). 
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The activities listed in the physical activity questionnaire were 

assigned one of the above categories (1-4) based on a survey completed by five 

knowledgeable exercise scientists (Appendix D). A listing of activities, MET 

value and activity category is presented in Appendix B. These 

classifications of activity were designed to allow an analysis of the 

relationship between energy expended in specific types of activity and the 

potential effects on bone mineralization. To facilitate a comparison of 

physical activtiy scores across age groups, all five activity scores were 

normalized by dividing by the subject's age. The resulting numbers are 

average MET values per year for each of the five activity categories. 

Analysis of Data 

The purpose of this study was to examine the relationships between 

axial and appendicular bone mineral content and historical physical 

activity in healthy white males and females ages 35-85. The hypotheses that 

were tested include the following: 

1) Highly active healthy males and females, ages 35-85, will have a 

significantly higher bone density than age-matched inactive healthy adults. 

2) Healthy males and females (ages 35-85), who engage in regular weight 

bearing activity will have significantly higher bone mineral density than 

healthy age-matched adults who engage in non-weight bearing activity. 

3) Healthy older adults (ages 50-64 and 65-85), who are highly active (higher 

overall and high weight bearing) will have bone mineral density closer to 

that of healthy sedentary younger adults (ages 35-49 and 50-64). 

The data were analyzed as follows: 
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1) Means and standard deviations were calculated for the variables of 

age, physical activity scores, bone mineral density, height, weight, 

skinfolds, and % body fat. 

2) Pearson product moment correlation coefficients were calculated 

to assess the relationships among the variables of age, five activity scores, 

and lumbar spine, proximal femur and forearm bone mineral density. 

3) Multiple regression (step-up) was used to determine the degree to 

which bone mineral density between age and bone mineral content, 

physical activity and bone mineral density, and physical activity and age. 

4) Multifactorial analysis of variance (ANOVA). 

5) Physical activity variables were divided into tertiles of low, 

moderate, or high activity for the purpose of statistical analysis. Multiple 

regression analysis and ANOVA were applied to these variables to examine 

the relationships between activity levels, age, and bone mineral density. 
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4. RESULTS AND DISCUSSION 

Physical Characteristics of Subjects 

Measurements of height, weight, skinfolds, body density, skeletal 

widths, and bone mineral content of the spine, femur, and one-third site of 

the radius and ulna were made to describe the physical characteristics of 

the subjects. The means and standard deviations for these variables are 

g i v e n  b y  s e x  a n d  a g e  g r o u p s  i n  T a b l e s  1 - 4 .  

Most indices of bone mineral density were lower in age group 3 (ages 

65 to 85) compared to age group 1 (ages 35-49), while bone width of the 

radius and ulna was greater in age group 3 compared to age group 1. In 

males, radial bone mineral density (BMD) was 0.828 + .096 g/cm2 in age 

group 1 and 0.756 ± .077 g/cm2 in age group 3, a significant (p<.05, 

Duncan's multiple range test) difference of 8.7%. (Table 3) In females, 

radial BMD equaled 0.690 ± .062 g/cm2 in age group 1 and 0.564 ± .093 g/cm2 

in age group 3, a significant (pc.OOl, Duncan's multiple range test) 

difference of 18.3%. (Table 4) Percent body fat from hydrostatic weighing 

was higher in both older males and females compared to their younger 

counterparts. Body fat equaled 22.3 ± 8.2% in age group 1 compared to 28.9 

+ 3.8% in age group 3 in males (significant, p<.05), and equaled 31.2 £ 6.8% 

in age group 1 versus 42.5 ± 6% in age group 3 in females (significant, p< 

.001). (Tables 1 & 2) The sum of five skinfolds was slightly, but not 

significantly (ns), higher in males in the third age group compared to the 

first age group (71.47 ± 27.9 mm to 79.5 ± 22.9 mm), and higher in females 

in age group 2 versus 1 (128 + 31 mm to 104.4 + 29.6 mm), (significant, p< 
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Table 1. Body Composition in Males. 

Body Composition 

MALES 

Ages 
35-49 
N = 15 

S.D. 

Ages 
50-64 
N = 28 

S.D. 

Ages 
65+ 
N = 24 

S.D. 

All 
Males 
N = 67 

S.D. 

HT,cm 176.2 7.2 176.1 7.0 175.8 6.0 176.0 6.6 

WT,kg 

TRISKF 
(mm) 

SUBSKF 
(mm) 

ABSKF 
(mm) 

82.79 11.31 76.82 13.78 79.13 10.95 78.99 12.32 

11.2 

15.3 

2 0 . 6  

SUPRASKF 19.0 
(mm) 

THIGHSKF 15.2 
(mm) 

MCALFSKF 9.1 
(mm) 

4.5 

5.7 

8.7 

8.4 

6.9 

4.8 

SUM5SKF 71.5 27.9 
(mm) 

% FAT 22.30 8.20 
< c )  

BD 1.0483 .0180 
(g/ml) (c) 

12.5 4.3 

15.1 5.0 

20.1 9.2 

16.8 5.3 

13.3 7.3 

8.3 3.6 

71.3 24.9 

25.30 6.50 
( c )  

1.0417 .0143 
(c) 

13.4 3.7 

18.0 5.8 

22.7 9.1 

17.9 6.3 

15.9 5.7 

9.5 3.6 

79.5 22.9 

28.90 3.80 
(a,b) 

1.0337 .0081 
(a,b) 

12.5 4.2 

15.5 7.8 

22.0 9.0 

17.7 6.4 

14.6 6.7 

8.9 3.9 

74.3 24.8 

25.90 6.50 

1.0403 .0144 

a = significantly different from age group 1, p < .05 
b = significantly different from age group 2, p < .05 
c = significantly different from age group 3, p < .05 
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Table 2. Body Composition in Females. 

Body Composition 

FEMALES 

Ages 
35-49 
N = 22 

S.D. 

Ages 
50-64 
N = 38 

Ages 
65+ 
N = 22 

S.D. S.D. 

All 
Females 
N = 82 

S.D. 

HT,cm 165.5 5.9 160.8 6.8 161.9 6.5 162.4 
(b,c) (a) (a) 

6.7 

WT, kg 63.54 7.44 63.81 13.89 64.99 9.66 64.05 11.27 

TRISKF 
(mm) 

SUBSKF 
(mm) 

ABSKF 
(mm) 

19.0 4.8 

15.5 7.8 

23.7 10.0 

SUPRASKF 16.2 6.9 
(mm) 

THXGHSKF 27.2 8.2 
(mm) 

MCALFSKF 18.9 6.5 
(mm) 

SUM5SKF 104.4 29.6 
(mm) (b) 

% FAT 

BD 
(g/ml) 

31.20 6.80 
(b,c) 

1.0289 .0145 
(b,c) 

23.7 5.6 

17.9 7.6 

32.2 7.7 

2 0 . 6  8 . 6  

32.2 9.2 

22.0 7.4 

128.0 
(a) 

40.10 
(a) 

22.6 5.7 

16.8 6.7 

29.8 8.9 

17.3 7.4 

30.9 8.2 

21.7 7.7 

22.2 5.7 

17.0 7.4 

29.3 9.3 

18.5 8.0 

30.5 8.8 

21.1 7.3 

31.0 121.8 29.0 120.0 31.4 

7.20 42.50 6.00 38.30 8.10 

1.0103 .0150 
(a) 

42.50 
(a) 

1.0052 
(a) 

.0123 1.0141 .0169 

a = significantly different from age group 1, p < .05 
b = significantly different from age group 2, p < .05 
c = significantly different from age group 3, p < .05 
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Table 3. Bone Mineral Density in Males. 

Bone Mineral Density, a/cm 2  

MALES 

Ages 
35-49 
N = 15 

S.D. 

Ages 
50-64 
N = 28 

S.D. 

Ages 
65+ 
N = 24. . 

S.D. 

All 
Males 
N = 67 

S.D. 

RBMC 
(g/cm) 

RW 

RADIUS 

UBMC 
(g/cm) 

UW 

ULNA 

L234 

FN 

FT 

FW 

1.257 .152 1.232 .137 1.220 .139 

1.525 
( c )  

.828 
(c) 

1.023 

.984 
(c) 

.819 
(C) 

.157 

.096 

.118 

.742 .063 

.138 

.853 .128 

.187 

1.520 
(c) 

.811 
(c) 

1.002 

.130 

.068 

.122 

1.377 .093 1.393 .115 

.719 .055 

.916 .119 

.819 .102 

.741 
( c )  

.126 

1.615 
(a,b) 

.756 
(a,b) 

.940 

1.431 

.867 
(a) 

.115 

.077 

.140 

.127 

.705 .210 

1.326 .179 1.313 .227 1.370 .232 

.122 

.850 .113 

.665 .104 
(a,b) 

1.233 .140 

1.556 .137 

.795 .083 

.985 .130 

1.402 .115 

.720 .131 

1.337 .218 

.914 .130 

.838 .111 

.731 .145 

a = significantly different from age group 1, p < .05 
b = significantly different from age group 2, p < .05 
c = significantly different from age group 3, p < .05 
RBMC = radius, bone mineral content 
RW = radius, width 
RADIUS = radius, bone mineral density (BMD) 
UBMC = ulna, bone mineral content 
UW = ulna, width 
ULNA = ulna, BMD 
L234 = lumbar vertebrae, BMD 
FN = femur neck, BMD 
FT = femur trochanter, BMD 
FW = Ward's triangle of femur, BMD 
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Table 4. Bone Mineral Density in Females. 

Bone Mineral Density. g/cma 

FEMALES 

Ages 
35-49 
N = 22 

X S.D. 

Ages 
50-64 
N = 38 

S.D. 

Ages 
65+ 
N = 22 

S.D. 

All 
Females 
N = 82 

S.D. 

RBMC 
(g/cm) 

RW 

.872 .120 .774 .145 .721 .132 

1.262 .102 1.261 .131 1.278 .104 

.786 .145 

1.266 .115 

RADIUS 

UBMC 
(g/cm) 

UW 

ULNA 

L234 

FN 

FT 

FW 

.690 
(b/C) 

.677 
(c) 

1.156 

.586 
(b,c) 

1.312 
(b,c) 

.879 
(b,c) 

.717 
(b,c) 

.781 
(b,c) 

.062 

.105 

.124 

.065 

.173 

.122 

.081 

. 157 

.614 
(a, c) 

. 622  

1.155 

.527 
(a,c) 

1.097 
(a) 

.764 
(a) 

.651 
(a) 

.607 
(a) 

.095 

.105 

.172 

.086 

.182 

.114 

.083 

.115 

.564 
(a,b) 

.590 
(a) 

1.221 

.482 
(a,b) 

1.112 
(a) 

.730 
(a) 

.624 
(a) 

.558 
(a) 

.093 .621 .098 

.120 .629 .113 

.130 1.173 .150 

.075 .532 .086 

.211 1.156 .207 

.103 .786 .125 

.124 .661 .101 

.128 .641 .157 

a = significantly different from age group 1, p < .05 
b = significantly different from age group 2, p < .05 
c = significantly different from age group 3, p < .05 
RBMC = radius, bone mineral content 
RW = radius, width 
RADIUS = radius, bone mineral density (BMD) 
UBMC = ulna, bone mineral content 
UW = ulna, width 
ULNA = ulna, BMD 
L234 = lumbar vertebrae, BMD 
FN = femur neck, BMD 
FT = femur trochanter, BMD 
FW = Ward's triangle of femur, BMD 
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.05). (Table 1) Height was slightly, but (ns), lower in age group 3 compared 

to age groups 1 and 2 in males. Height in females was similar in age 

groups 2 and 3, and significantly (p<.05) lower than in age group 1 (Table 1). 

(165.5 ± 5.9 cm in age group 1, 160.81 ± 6.8 cm in age group 2, 161.9 ± 6.5 cm 

in age group 3). Body weight was slightly, but (ns) lower in age groups 2 

and 3 compared to age group 1 in males (Table 1). Body weight was slightly, 

but (ns) greater in age group 2 and 3 compared to age group 1 in females 

(Table 2). 

Descriptive statistics for the physical activity scores representing 

energy expended in weight-bearing non-locomotive (WBNL), weight-

bearing locomotive low impact (WBLL), weight-bearing locomotive high 

impact (WBLH), non weight-bearing (NWB) activity, and total activity are 

given for males and females in table 5. Descriptive statistics for physical 

activity scores within sex and age groups are also given in table 5. Scores 

for all five physical activity variables in females were consistently lower 

than those in males. Some interesting trends in type of activity occurred 

between age groups. Overall, physical activity variables were lower in age 

group 3 compared to age groups 2 and 1. Mean total activity for males in 

age group 2 was greater, but (ns) than both age group 1 and age group 3. 

Mean TOTAL activity for females in age group 1, 83274 ± 88900 METS, was 

greater than both that in age group 2, 34262 + 44888 METS, and in age group 

3, 31297 ± 30589 METS (significant p<.05). Participation in high impact 

weight-bearing activity (WBLH) was much lower in age group 3 compared 

to age groups 1 and 2 for both males and females. The greatest difference in 

WBLH occurred between age groups 2 and 3 for males (45523 ± 44720 METS 
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Table 5. Lifetime Leisure Physical Activity in Males and Females 

Physical Activity Scores, METS 

Ages 
35-49 

N = 15 

S.D. 

MALES 
Ages 
50-64 

N = 28 

S.D. 

Ages 
65+ 
N = 24 

S.D. 

All 
Males 
N = 67 

S.D. 

WBNL 8379 14967 3784 7663 2508 5679 4356 9372 

WBLL 44546 76345 69663 101307 64420 75535 62162 86716 

WBLH 

NWB 

51907 72958 45523 44720 14819 22524 35954 48818 
(c) (c) (a,b) 

24631 29489 13126 13213 19581 33687 18014 25930 

TOTAL 129462 143140 131199 138101 91402 95514 116555 125245 

AGE 42 58 69 59 11 

Ages 
35-49 
N = 22 

S.D. 

FEMALES 

Ages 
50-64 
N = 38 

S.D. 

Ages 
65+ 
N = 22 

S.D. 

All 
Females 
N = 82 

S.D. 

WBNL 1778 3202 391 1064 1780 3781 436 2714 

WBLL 25132 33514 13238 14489 13194 11844 16417 21252 

WBLH 

NWB 

29255 48905 6399 11851 4476 10334 12015 28685 
(b,c) (a) ( a )  

27110 39633 14234 36347 11847 20504 17048 34034 

TOTAL 83274 88900 34262 44888 31297 30589 46616 60928 
(a) 

AGE 

(b|C) 

41 

(a) 

59 69 58 11 

a = significantly different 
b = significantly different 
c = significantly different 

from age group 1, p < .05 
from age group 2, p < .05 
from age group 3, p < .05 
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in age group 2; 14819 ± 22524 METS in age group 3), (significant p<.05), and 

between age groups 1 and 2 for females (29255 ± 48905 METS in age group 1; 

6399 ± 11851 METS in age group 2) (significant p<.05). 

Pearson correlation coefficients were significant (p< .001) between 

WBLH and age in both males (r= -0.39) and females (r= -0.30), (Table 6). 

TOTAL METS physical activity in females was inversely correlated to age (r 

= -0.34; p< .001). Pearson correlation coefficients were significant (p< .05) 

between WBNL and age in males (r = -0.26) and between WBLL and age in 

females (r= -0.27), (Table 6). There were only three activity variables that 

were higher in an older age group compared to a younger age group, and 

these differences were not significant. The variables included: 1) WBLL in 

males between age groups 1 and 2 (44546 + 76354 METS to 69663 ± 101307 

METS); 2) NWB in males between age groups 2 and 3 (13126 ± 13213 METS to 

19581 ± 33687 METS); and 3) WBNL in females between age groups 2 and 3 

(391 + 1064 METS to 1780 ± 3781 METS). In females, the biggest decline in 

activity occurred between age groups 1 and 2 (all activity variables); 

whereas in males, WBLH and TOTAL declined the most between age 

groups 2 and 3. An unexpected, but interesting finding was the large 

variation in activity level within age groups, that is the standard deviation 

was greater than the mean in all but four cases (WBLH in age group 2 in 

males, Total in age group 2 in males, WBLL in age group 3 in females, and 

Total in age group 3 in females). 

Bone Mineral Density in Different Age Groups 

Changes in bone mineral density between age groups were 

calculated using mean values of age group 1 as the reference values. 
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Table 6. Pearson Correlation Coefficients. 
Relationship Between Bone Mineral Density and Physical 
Activity. 

ALL MALES 

RADIUS ULNA L234 FN FT FW AGE 

WBNL -.12 -.10 -.17 -.01 -.16 -.03 -.26* 

WBLL .15 .38** -.01 .09 .03 -.00 .03 

WBLH .09 .00 -.10 .22 .04 . .28* -.39** 

NWB .09 -.01 -.05 .06 .00 -.02 -.14 

TOTAL .21 .02 -.03 .19 .03 .14 -.22 

AGE -.33** -.07 .07 -.32** .05 -.37** 1.00 

ALL FEMALES 

RADIUS ULNA L234 FN FT FW AGE 

WBNL -.01 -.07 -.07 -.04 -.05 -.07 -.08 

WBLL .06 .03 .07 .20 .10 .17 -.27* 

WBLH .14 .12 .06 .16 .12 .13 -.30** 

NWB .25* .15 .10 .26* .18 .24* -.18 

TOTAL .23* .15 .10 .29** .19 .26* -.34** 

AGE -.56** -.49** -.45** -.51** -.39** -.61** 1.00 

* significant at p < .05 
** significant at p < .001 

L234 = Lumbar vertebrae 
FN = Femoral neck 
FT = Femur trochanter 
FW = Ward's triangle of femur 
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Bone Sites 

Proximal Radius. Radial BMD (RADIUS) in males ranged from 

0.828 ± 0.096 g/cm2 in age group 1 to 0.811 ± 0.068 g/cm2 in age group 2 to 

0.756 ± 0.077 g/cm2 in age group 3. (Table 3) The mean RADIUS value in 

age group 2 was 2.1% lower (ns) than in age group 1; the mean RADIUS 

value in age group 3 was 6.8% lower than in age group 2 and 8.7% lower 

than in age group 1 (both significant, p<.05). These changes suggest a loss 

of 1.3%/decade between age groups 1 and 2, a 6.2%/decade decrease between 

age groups 2 and 3, and a 3.2%/decade decrease between age groups 1 and 

3. Age was inversely correlated with RADIUS in males (r= -0.33, p< .001). 

(Table 6). RADIUS in females ranged from 0.690 ± 0.062 g/cm2 in age group 

1 to 0.614 + 0.095 g/cm2 in age group 2 to 0.564 + 0.093 g/cm2 in age group 3 

(Table 4). The mean RADIUS value in age group 2 was 11% lower than in 

age group 1; the mean RADIUS value in age group 3 was 8.1% lower than 

in age group 2 and 18.3% lower than in age group 1 (all three significant, 

p<.05). These changes suggest a 6.2%/decade decrease between age group 1 

and 2, a 8.1%/decade decrease between age group 2 and 3, and a 

6.5%/decade decrease between age groups 1 and 3. Age was negatively 

correlated with RADIUS in females (r= -0.56, p< .001) (Table 6). 

Proximal Ulna. Ulnar BMD (ULNA) for males ranged from 0.742 + 

0.063 g/cm2 in age group 1 to 0.719 ± 0.055 g/cm2 in age group 2 to 0.705 ± 

0.210 g/cm2 in age group 3 (Table 3). The mean ULNA value was 3.1% 

lower in age group 2 compared to age group 1, 1.9% lower in age group 3 

compared to age group 2, and 5.0% lower in age group 3 compared to age 

group 1. These changes suggest a 1.9%/decade decrease between age 
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groups 1 and 2, a 1.7%/decade decrease between age groups 2 and 3, and a 

1.9%/decade decrease from age group 1 to 3 (not significant). Ulnar BMD 

for females ranged from 0.586 ± 0.065 g/cm2 in age group 1 to 0.527 ± 0.086 

g/cm2 in age group 2 to 0.482 ± 0.075 g/cm2 in age group 3 (Table 4). The 

mean ULNA value was 10.1% lower in age group 2 compared to age group 

1, 8.5% lower in age group 3 compared to age group 2, and 17.7% lower in 

age group 3 compared to age group 1. These changes suggest a 

5.6%/decade decrease from age group 1-2, a 8.5%/decade decrease from age 

group 2-3, and a mean bone loss per decade of 6.3% (all significant, p<.001). 

Age was negatively correlated with ULNA for females (r=-0.49, pc.OOl), 

Table 6. 

Lumbar Vertebrae. Lumbar BMD (L234) for males ranged from a 

low of 1.313 ± 0.227 g/cm2 in age group 2, to 1.326 ± 0.179 g/cm2 in age group 

1 to a high of 1.370 + 0.232 g/cm2 in age group 3 (Table 3). These values are 

not significantly different. Lumbar BMD (L234) for females ranged from a 

low of 1.097 ± 0.182 g/cm2 in age group 2 to 1.112 + 0.211 g/cm2 in age group 

3 to a high of 1.312 ± 0.173 g/cm2 in age group 1 (Table 4). The mean L234 

value was 16.4% lower in age group 2 compared to age group 1 (significant, 

p<.001), 1.4% higher in age group 3 compared to age group 2 (not 

significant), and 15.2% lower in age group 3 compared to age group 1 

(significant, p<.001). These changes suggest a 9.1% per decade loss 

between age groups 1 and 2 (mean ages 41 and 59), an insignificant 

increase between age groups 2 and 3, and an overall bone loss of 5.4% per 

decade. Age was negatively correlated with L234 for females (r=-0.45, 

pc.OOl), Table 6. 



5 5  

Femoral Neck. Femur neck BMD (FN) for males ranged from a low 

of 0.867 ± 0.122 g/cm2 in age group 3, to 0.916 ± 0.119 g/cm2 in age group 2, to 

a high of 0.984 ± 0.138 g/cm2 in age group 1. The mean FN value was 7% 

lower in age group 2 compared to age group 1 (not significant), 5.1% lower 

in age group 3 compared to age group 2 (not significant), and 11.9% lower in 

age group 3 compared to age group 1 (significant, p<.05). The mean 

difference in FN between age groups 1 and 3 suggests a loss of 4.4% per 

decade in femur neck BMD in males. Age was negatively correlated with 

FN for males (r=-0.32, p<.001), Table 6. Femur neck BMD (FN) in females 

ranged from a low of 0.730 + 0.103 g/cm2 in age group 3, to 0.764 ±0.114 

g/cm2 in age group 2, to a high of 0.879 ± 0.122 g/cm2 in age group 1. The 

mean FN value was 13.1% lower in age group 2 compared to age group 1 

(significant, pc.OOl), 4.5% lower in age group 3 compared to age group 2 

(not significant), and 17% lower in age group 3 compared to age group 1 

(significant, p<.001). The mean difference in FN between age groups 1 and 

3 suggests a loss of 6.1% per decade in femur neck BMD in females. Age 

was negatively correlated with FN for females (r=-0.55, pc.OOl) (Table 6). 

Femur(trochanter). Femur trochanteric BMD (FT) for males ranged 

from a low of 0.819 ± 0.102 g/cm2 in age group 2, to 0.850 + 0.113 g/cm2 in 

age group 3, to a high of 0.853 + 0.128 g/cm2 in age group 1. These 

differences were not significant, suggesting that overall FT did not change 

with age in males. FT for females ranged from a low of 0.624 ± 0.124 g/cm2 

in age group 3, to 0.651 ± 0.083 g/cm2 in age group 2, to a high of 0.717 + 

0.081 g/cm2 in age group 1. The mean FT value was 9.2% lower in age 

group 2 compared to age group 1 (significant, pc.OOl), 4.1% lower in age 
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group 3 compared to age group 2 (not significant), and 13% lower in age 

group 3 compared to age group 1 (significant, pc.OOl). These differences 

suggest a 5.1% per decade loss between age groups 1 and 2, a 4.1% per 

decade loss between age groups 2 and 3, and an overall loss of 4.6% per 

decade. Age was negatively correlated with FT for females (r=-0.39, p<.001) 

(Table 6). 

Femur (Ward's triangle). BMD of the Ward's triangle of the femur 

(FW) for males ranged from a low of 0.665 ± 0.104 g/cm2 in age group 3, to 

0.741 ± 0.126 g/cm? in age group 2, to a high of 0.819 ± 0.187 g/cm2 in age 

group 1. The mean FW value was 9.5% lower in age group 2 compared to 

age group 1 (not significant), 10.3% lower in age group 3 compared to age 

group 2 (significant, p<.05), and 18.8% lower in age group 3 compared to 

age group 1 (significant, p<.05). These changes suggest a 5.9%/decade 

decrease in FW for males between age groups 1 and 2, a 9.4%/decade 

decrease in FW between and groups 2 and 3, and a 7%/decade decrease in 

FW for males from age group 1 to age group 3. Age was negatively 

correlated with FW for males (r=-0.37, pc.OOl), (Table 6). FW for females 

ranged from a low of 0.558 + 0.128 g/cm2 in age group 3, to 0.607 ±0.115 

g/cm2 in age group 2, to a high of 0.781 ± 0.157 g/cm2 in age group 1. The 

mean FW value was 22.3% lower in age group 2 compared to age group 1 

(significant, pc.OOl), 8.1% lower in age group 3 compared to age group 2 

(not significant), and 28.6% lower in age group 3 compared to age group 1 

(significant, pc.OOl). These changes suggest a 12.4%/decade decrease in 

FW for females between age groups 1 and 2, an 8.1%/decade decrease in FW 

between age groups 2 and 3, and a 10.2%/decade decrease in FW between 
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age groups 1 and 3. Age was negatively correlated with FW for females (r=-

0.61, pc.001), (Table 6). 

Relationship of Age to Bone Mineral Density 

In males (Table 6) age was inversely correlated with radius BMD (r= 

-0.33), femur neck BMD (r=-0.32), and Ward's triangle of femur (r=-0.37, p< 

.001). In females (table 6) age was inversely (pc.001) correlated with radius 

BMD (r= -0.56), ulna BMD (r=-0.49), L234 BMD (r=-.45), FN BMD (r=-0.51), 

FT BMD (r=-0.39), and FW BMD (r= -0.61). The correlations between age 

and BMD in both males and females, as expected, were always negative. 

Pearson correlation coefficients were calculated within sex and age 

group classifications and are presented in Tables 7 & 8. Age was not 

significantly correlated with BMD at any site within any of the age groups 

in males. In fact, age was only significantly correlated with BMD in age 

group 2 for females, yielding significant (p< .001) negative correlations for 

RADIUS (r= -0.55), ULNA (-0.44), L234 (-0.55), FN (-0.44); and FW (r= -0.42, 

p< .05). 

One way ANOVA to determine significant differences in BMD across 

age groups within males and females revealed statistical significance for 

four bone mineral variables in males (pc.05) and seven bone mineral 

variables in females (p<.001) (Tables 3 & 4). For males: 1) Radial width 

(RW) was significantly lower in age groups 1 and 2 versus age group 3. 2) 

RADIUS was significantly lower in age group 3 versus age groups 1 and 2. 

3) FN was significantly lower in age group 3 versus age group 1. 4) FW was 

significantly lower in age group 3 versus age groups 1 and 2. For females: 
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Table 7. Pearson Correlation Coefficients. 
Relationship, Between Bone Mineral Density and Physical 
Activity in Males by Age Group. 

MALES bv AGE GROUP 

Age Group 1 (n=15) 

RADIUS ULNA L234 FN FT FW AGE 

WBNL -.34 -.50 -.43 -.19 -.13 -.26 -.08 
WBLL .59* .45 -.01 .37 .12 .23 -.26 
WBLH -.23 -.19 -.27 -.02 .03 -.04 -.45 
NWB .08 .15 -.11 .02 .05 -.02 -.25 
TOTAL .18 .12 -.21 .17 .08 .07 -.43 
AGE .27 .25 .33 .17 .42 .11 1.00 

Age Group 2 (n=28) 

RADIUS ULNA L234 FN FT FW AGE 

WBNL -.03 .08 .02 .06 -.lS ' .09 -.19 
WBLL -.01 -.06 .13 .04 .01 -.05 -.22 
WBLH .42* .44* .05 .42* -.01 .51** -.32 
NWB -.08 -.18 -.19 -.27 -.23 -.29 -.13 
TOTAL .17 .12 .10 .15 -.02 .11 -.29 
AGE -.14 -.07 .07 -.03 .18 -.03 1.00 

Age Group 3 (n=24) 

RADIUS ULNA L234 FN FT FW AGE 

WBNL -.20 -.28 -.22 -.19 -.34 -.23 -.14 
WBLL .10 .67** -.22 .08 .05 -.03 .11 
WBLH -.32 -.22 -.10 -.11 -.15 .09 -.27 
NWB .19 -.17 .00 .19 .02 .07 -.32 
TOTAL .19 -.15 -.08 .18 .10 .13 -.22 
AGE -.21 .15 -.29 -.15 -.07 -.09 1.00 

* significant at p < .05 
** significant at p < .001 
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Table 8. Pearson Correlation Coefficients. 
Relationship Between Bone Mineral Density and Physical 
Activity in Females by Age Group. 

FEMALES by AGE GROUP 

Age Group 1 (n=22) 

RADIUS ULNA L234 FN FT FW AGE 

WBNL -.14 -.11 -.10 .09 -.02 -.04 -.11 
WBLL -.17 -.24 -.05 .23 .25 .09 -.19 
WBLH -.46* -.37 -.39 -.17 -.15 -.30 .30 
NWB -.13 -.16 -.16 .35 .40 .31 -.08 
TOTAL -.38 -.37 -.31 .15 .19 .01 .05 
AGE .24 .10 -.27 -.15 -.31 -.36 1.00 

Age Group 2 (n=38) 

RADIUS ULNA L234 FN FT FW AGE 

WBNL .27 .14 .11 .16 .02 .15 -.15 
WBLL .17 .22 .24 .16 .05 .17 -.12 
WBLH .35* .36* .12 .22 .10 .30 -.28 
NWB .23 .13 .08 .16 .02 .13 -.01 
TOTAL .34* .28 .18 .24 .06 .25 -.13 
AGE -.55** -.44* -.55** -.44** -.19 -.42* 1.00 

Age Group 3 (n=22) 
• • 

RADIUS ULNA L234 FN FT FW AGE 

WBNL -.12 -.25 -.40 -.44* -.17 -.43* -.09 
WBLL -.36 -.44* -.63** -.41 -.43** -.39 -.21 
WBLH .47* -.44* .11 .37 .29 .26 -.09 
NWB .54** .37 .13 .02 .09 .02 -.09 
TOTAL .37 .20 -.22 -.08 -.03 -.11 -.18 
AGE -.38 -.11 .24 -.01 -.08 -.06 1.00 

* significant at p < .05 
** significant at p < .001 
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1) RADIUS was significantly lower in age group 2 versus age group 1, and 

significantly lower in age group 3 versus age group 2. 2) ULNA was 

significantly lower in age group 3 versus age group 1. 3) ULNA was 

significantly lower in age group 3 versus age groups 1 and 2, and 

significantly lower in age group 2 versus age group 1. 4) L234 was 

significantly lower in age groups 2 and 3 compared to age group 1. 5) FN 

was significantly lower in age groups 2 and 3 compared to age group 1. 6) 

FT was significantly lower in age groups 2 and 3 compared to age group 1. 

7) FW was significantly lower in age groups 2 and 3 compared to age group 

1. 

Relationship of Age to Physical Activity 

Significant negative correlations were observed in males and females 

between age and activity (Table 6). Among males, physical activity 

variables WBNL and WBLH were inversely correlated with Age (r=-0.26, p< 

.05, and r= -0.39, p< .001). Among females, three physical activity variables 

were inversely correlated with age: WBLL (r= -0.27, p< .05), WBLH (r=-0.30, 

pc.OOl) and Total (r= -0.34, p< .001). Further examination of correlations 

between age and activity within age groups did not yield any significance 

(Tables 7 and 8). The one activity variable that was consistently lower from 

younger to older age groups in both males and females was WBLH. 

One-way ANOVA revealed significantly (p<.05) lower WBLH activity 

in age group 3 (14819 ± 22524 METS) versus age group 1 (51907 ± 72958 

METS) and age group 2 (45523 ± 44720 METS) in males. (Table 5). In 

females, one-way ANOVA revealed significantly (p<.05) lower WBLH 
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activity in age group 3 (4476 ± 48905 METS) and age group 2 (6399 ± 11851 

METS) versus age group 1 (29255 ± 48905 METS); and significantly (p<.05) 

lower TOTAL activity in age group 3 (31297 ± 30589 METS) and age group 2 

(34262 ± 44888 METS) versus age group 1 (83274 ± 88900 METS), (Table 5). 

Relationship of Activity to Bone 

Pearson product moment correlation coefficients were calculated to 

determine the zero-order relationships among the five physical activity 

variables and bone mineral density. The correlation coefficients for males 

and females are given in Table 6. In males, a significant (p< .001) 

relationship (r=.38) was seen between WBLL activity and proximal ulna 

BMD. WBLH was also significantly related to Ward's triangle of femur (r= 

.28, p< .05). In females, significant (p<.05) relationships were seen among 

NWB activity and RADIUS (r= .25), FN (r=.26), and FW (r=.24). In females, 

TOTAL activity was significantly correlated with RADIUS (r=.23, p<.05), 

FN (r=.29, p<.001), and FW (r=.26, p<.05). 

To further examine the relationship between activity and bone, 

subjects were subdivided into 3 age groups (35-49, 50-64, 65+), and the 

correlations between activity variables and BMD were calculated within 

these age groups for both males and females. The coefficients are given in 

tables 7-8. WBLL was significantly correlated to proximal radius bone 

mineral in males in age group 1 (r=0.59, p<.05) and proximal ulna in age 

group 3 (r=0.67, p<.001). WBLH activity was significantly related to bone 

mineral density in males in age group 2 for RADIUS (r=0.42), ULNA 

(r=0.44), FN (r=0.42), and FW (r=0.51) (p<.05). For females, WBLH activity 

was significantly related to RADIUS in all three age groups (r= -.46 in age 
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group 1, r= .35 in age group 2, r= .47 in age group 3, p<.05). WBLH was also 

significantly related to ULNA in age groups 2 (r= .36) and 3 (r= -.44) (p<.05). 

NWB activity was significantly related to RADIUS in females in age group 3 

(r= .54, pc.OOl). Surprisingly, significant negative correlations were seen 

between bone mineral and WBNL, WBLL, and WBLH in age group 3 for 

females (p<.05). A significant negative correlation was seen between 

WBLH and RADIUS in age group 1 for females (p<.05). These results are 

contrary to the hypothesis that greater energy expenditure in weight 

bearing activities would be related to greater bone mineral. 

One-way ANOVA and post hoc tests (Duncan's multiple range test) 

within activity tertiles by sex and age group revealed non significant 

differences in mean BMD in males (Tables 9-13), and significant (p<.05) 

differences in mean BMD in females (Tables 14-19). In females, within 

activity tertiles for WBLL (Table 15): 1) the mean L234 BMD was 

significantly different in each activity tertile (age group 3); 2) mean FN 

BMD was significantly lower in activity tertile 2 compared to activity tertiles 

1 and 3 (age group 1); and 3) the mean ULNA in activity tertile 3 was 

significantly different than the mean ULNA in activity tertiles 1 and 3 (age 

group 1). Within activity tertiles for WBLH (Table 16): 1) mean FN BMD 

was significantly lower in activity tertile 2 versus tertile 3 (age groups 2 and 

3); 2) mean FW BMD was significantly greater in activity tertile 3 versus 

tertiles 1 and 2 (age group 2); 3) mean RADIUS was significantly greater in 

tertile 3 versus tertile 1 (age group 2), and significantly greater in tertile 3 

versus tertiles 1 and 2 (age group 3); and 4) mean ULNA was significantly 

greater in activity tertile 3 versus tertiles 1 and 2 (age group 3). Within 



activity tertiles for TOTAL, mean RADIUS was significantly higher in 

tertile 3 versus tertile 2 (age group 3). Also worth noting is that the mean 

age of females in age group 3 differed significantly by TOTAL activity 

tertiles, with a higher age in tertile 2 versus tertiles 1 and 2 (Table 18). 
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Table 9. Bone Mineral Density by Age Group and Tertlle of WBNL 
In Males. 

Tertile 

MALES 

Age Group 1 Age Group 2 

X S.D. N X S.D. N 

Age Group 3 

X S.D. N 

AGE 1 
2 
3 

45 

41 

4 

4 

4 

11 

59 

57 

4 

4 

9 

19 

68 

69 

9 

15 

L234 1 
2 
3 

1.372 

1.307 

.233 4 

.165 10 

1.250 

1.344 

.264 9 

.208 19 

1.440 

1.328 

.287 9 

.192 15 

FN 1.025 

.969 

,101 4 

,150 11 

.916 

.917 

.166 9 

.094 19 

.946 .150 9 

.819 .072 15 

FT 1 
2 
3 

.910 

.833 

.121 4 

.129 11 

.803 

.826  

.134 9 

.086 19 

.890 .146 9 

.827 .084 15 

FW 1 
2 
3 

.918 

.783 

.199 4 

.178 11 

.756 

.734 

.167 9 

.107 19 

.717 

.633 

.128 9 

.074 15 

RADIUS 1 
2 
3 

.839 

.824 

.037 4 

.112 11 

,812 

.810 

.086 9 

.060 18 

.796 .057 9 

.732 .078 15 

ULNA .773 

.731 

.042 4 

.068 11 

,712 

,722 

.079 9 

.042 16 

,690 

,714 

.048 9 

.268 13 



Table 10. Bone Mineral Density by Age Group and Tertile of WBLL 
in Males. 

Tertile 

Age Group 

X S.D. 

1 

N 

MALES 

Age 

X 

Group 

S.D. 

2 

N 

Age 

X 

Group 

S.D. 

3 

N 

AGE 1 43 5 9 59 2 6 68 2 7 
2 43 4 2 57 5 14 69 3 7 
3 40 2 4 58 5 8 69 5 10 

L234 1 1.372 .160 8 1.252 .165 6 1.466 .319 7 
2 1.281 .054 2 1.330 .249 14 1.314 .208 7 
3 1.255 .255 4 1.330 .244 8 1.343 .176 10 

FN 1 .993 .107 9 .903 .152 6 .870 .153 7 
2 .835 .049 2 .934 .125 14. . .833 .116 7 
3 1.038 .195 4 .896 .088 8 .888 .109 10 

FT 1 .863 .117 9 .828 .105 6 .837 .150 7 
2 .785 .106 2 .815 .116 14 .836 .140 7 
3 .865 .180 4 .819 .083 8 .870 .061 10 

FW 1 .838 .179 9 .752 .152 6 .654 .107 7 
2 .660 .028 2 .761 .135 14 .643 .123 7 
3 .855 .241 4 .698 .090 8 .687 .093 10 

RADIUS 1 .808 .060 9 .827 .109 6 .765 .050 7 
2 .855 .055 2 .807 .060 14 .733 .060 7 
3 .858 .172 4 .805 .044 7 .766 .102 10 

ULNA 1 .737 .059 9 .708 .082 5 .702 .054 7 
2 .735 .011 2 .729 .054 12 .605 .100 6 
3 .758 .096 4 .708 .037 7 .783 .317 8 



Table 11. Bone Mineral Density by Age Group and Tertile of WBLH 
in Males. 

Tertile 

Age 

X 

Group 

S.D. 

1 

N 

MALES 

Age 

X 

Group 

S.D. 

2 

N 

Age 

X 

Group 

S.D. 

3 

N 

AGE 1 43 4 6 59 3 4 69 5 12 
2 43 5 3 58 5 11 69 2 9 
3 41 4 6 57 4 13 66 1 3 

L234 1 1.276 .136 5 1.302 .255 4 1.408 .236 12 
2 1.432 .171 3 1.270 .280 11 1.334 .272 9 
3 1.314 .219 6 1.354 .175 13 1.330 .034 3 

FN 1 .930 .101 6 .885 .154 4 .853 .088 12 
2 1.007 .180 3 .865 .107 11 .897 .170 9 
3 1.027 .155 6 .970 .103 13 .833 .068 3 

FT 1 .802 .070 6 .848 .111 4 .847 .071 12 
2 .897 .185 3 .790 .090 11 .864 .169 9 
3 .883 .147 6 .835 .110 13 .823 .051 3 

FW 1 .730 .117 6 .690 .149 4" " .652 .072 12 
2 .933 .266 3 .674 .087 11 .680 . 150 9 
3 .850 .193 6 .813 .116 13 .670 .052 3 

RADIUS 1 .813 .066 6 .802 .079 4 .751 .073 12 
2 .837 .018 3 .792 .062 11 .784 .074 9 
3 .838 .145 6 .831 .069 12 .693 .083 3 

ULNA 1 .718 .047 6 .688 .033 3 .750 .257 12 
2 .784 .037 3 .694 .056 10 .654 .113 8 
3 .745 .082 6 .750 .045 11 .569 - 1 
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Table 12. Bone Mineral Density by Age Group and Tertile of NWB 
in Males. 

Tertile 

Age Group 1 

X S.D. N 

MALES 

Age Group 2 

X S.D. N 

Age Group 3 

X S.D. N 

AGE 1 44 5 7 59 3 8 70 5 7 
2 38 - l 58 5 10. . 69 3 12 
3 41 3 7 56 4 10 67 2 5 

L234 1 1.359 .167 7 1.425 .253 8 1.340 .265 7 
2 1.468 1 1.278 .247 10 1.352 .238 12 
3 1.263 .199 6 1.260 .167 10 1.457 .194 5 

FN 1 .997 .117 7 .979 .093 8 .879 .165 7 
2 1.050 1 .910 .123 10 .845 .098 12 
3 .961 .170 7 .873 .123 10 .902 .122 5 

FT 1 .856 .123 7 .856 .098 8 .844 .154 7 
2 .980 - i .820 .103 10 .849 .111 12 
3 .833 .140 7 .788 .103 10 .862 .060 5 

FW 1 .847 .194 7 .817 .093 8 .664 .120 7 
2 .920 - 1 .719 .135 10 .646 .098 12 
3 .776 .198 7 .701 .125 10 .710 . 100 5 

RADIUS 1 .827 .053 7 .823 .094 8 .793 .085 7 
2 .723 1 .806 .054 10 .723 .067 12 
3 .843 .129 7 .806 .061 9 .783 .064 5 

ULNA 1 .750 .059 7 .713 .060 7 .706 .069 7 
2 .673 1 .732 .044 10 .712 .289 11 
3 .744 .071 7 .704 .068 7 .675 .072 3 
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Table 13. Bone Mineral Density by Age Group and Tertile of TOTAL 
in Males. 

Tertile 

Age Group 1 

X S.D. N 

MALES 

Age 

X 

Group 

S.D. 

2 

N 

Age 

X 

Group 

S.D. 

3 

N 

AGE 1 43 5 6 60 3 7 68 3 9 
2 45 4 4 56 5 10 71(c) 5 9 
3 39 2 5 57 5 11 66(b) 1 6 

L234 1 1.353 .183 6 1.227 .243 7 1.431 .306 9 
2 1.318 .076 3 1.330 .221 10 1.329 .233 9 
3 1.298 .241 5 1.354 .229 11 1.343 .044 6 

FN 1 1.003 .126 6 .876 .149 .859 .137 9 
2 .885 .068 4 .913 .121 10 .867 .136 9 
3 1.040 .169 5 .945 .099 11 .878 .092 6 

FT 1 .855 . 135 6 .823 .110 7 .832 .135 9 
2 .808 .071 4 .814 .119 10 .867 .126 9 
3 .888 .164 5 .821 .088 11 .853 .050 6 

FW 1 .862 .209 6 .697 .131 7 .647 .100 9 
2 .693 .050 4 .730 .114 10 .677 .140 9 
3 .868 .211 5 .778 .135 11 .673 .034 6 

RADIUS 1 .820 .054 6 .766 .058 7 .750 .055 9 
2 .836 .060 4 .816 .055 10 .766 .092 9 
3 .831 .161 5 .838 .075 10 .751 .092 6 

ULNA 1 .748 .065 6 .712 .049 7 .784 .290 9 
2 .736 .025 4 .713 .071 8 .643 .105 9 
3 .741 .091 5 .728 .049 9 .650 .097 3 

a = significantly different 
b = significantly different 
c = significantly different 

from 
from 
from 

tertile 
tertile 
tertile 

1/ 
2, 
3, 

P < • 
P < • 
P < • 

05 
05* 
05 



Table 14. Bone Mineral Density by Age Group and Tertile of WBNL 
in Females. 

Tertile 

Age 

X 

Group 

S.D. 

1 

N 

FEMALES 

Age 

X 

Group 

S.D. 

2 

N 

Age 

X 

Group 

S.D. 

3 

N 

AGE 1 40 4 8 59 5 20 70 5 7 
2 43 6 4 60 3 10 69 3 5 
3 41 4 10 58 3 7 69 4 10 

L234 1 1.304 .194 7 1.097 .204 20 1.171 .284 7 
2 1.255 .130 4 1.093 .168 10 1.183 .144 5 
3 1.343 .184 9 1.104 .153 7 1.027 .161 10 

FN 1 .861 .144 8 .755 .124 20 .779 .107 7 
2 .848 .048 4 .978 .102 10 .730 .047 5 
3 .905 .129 10 .773 .094 7 .696 .115 10 

FT 1 .703 .082 8 .648 .089 20 .649 .152 7 
2 .715 .047 4 .672 .082 10 .638 .119 5 
3 .729 .096 10 .630 .070 7 .599 .115 10 

FW 1 .768 .168 8 .599 .126 20 .620 .144 7 
2 .768 .043 4 .615 .118 10 .564 .050 5 
3 .798 .186 10 .620 .091 7 .512 .133 10 

RADIUS 1 .676 .088 8 .601 .104 20 .556 .091 7 
2 .736 .035 4 .622 .095 10 .568 .079 5 
3 .683 .036 10 .641 .064 7 .568 .109 10 

ULNA 1 .592 .066 8 .519 .095 18 .482 .083 7 
2 .619 .036 4 .536 .096 10 .493 .063 5 
3 .568 .072 10 .538 .039 6 .476 .082 10 
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Table 15. Bone Mineral Density by Age Group and Tertile of WBLL 
in Females. 

FEMALES 

Tertile 

Age 

X 

Group 

S.D. 

1 

N 

Age 

X 

Group 

S.D. 

2 

N 

Age 

X 

Group 

S.D. 

3 

N 

AGE 1 42 3 7 60 4 15- • 71 6 5 
2 40 6 7 59 5 10 69 4 11 
3 41 4 8 58 4 13 69 2 6 

L234 1 1 .393 .155 7 1.043 .207 15 1.358b,c .138 5 
2 1 .228 .153 6 1.135 .210 9 1.107",c .172 11 
3 1 .302 .191 7 1.135 .114 13 . 916",b .050 6 

FN 1 ,924b .092 7 .744 .135 15 .812 .094 5 
2 .787" .085 7 .764 .097 9 .713 .103 11 
3 .919b .138 8 .788 .090 13 .693 .088 6 

FT 1 .733 .058 7 .650 .104 15 .708 .115 5 
2 .671 .060 7 .641 .065 9 .603 .123 11 
3 .743 .104 8 .659 .072 13 .592 .122 6 

FW 1 .821 .129 7 .571 .153 15 .666 .147 5 
2 .713 .101 7 .637 .080 9 . 533 .107 11 
3 .806 .210 8 .628 .075 13 .515 .115 6 

RADIUS 1 .731 .070 7 .584 .118 15 .594 .090 5 
2 .667 .060 7 .615 .076 9. . .577 .107 11 
3 .674 .043 8 .648 .066 13 .516 .053 6 

ULNA 1 . 637c .062 7 .489 .101 14 .527 .079 5 
2 . 563c .036 7 .543 .075 8 .488 .079 11 
3 . 561',b .067 8 .561 .059 12 .433 .035 6 

a = significantly different from tertile 1, p < .05 
b = significantly different from tertile 2, p < .05 
c = significantly different from tertile 3, p < .05 
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Table 16. Bone Mineral Density by Age Group and Tertile of WBLH 
in Females. 

Tertile 

Age Group 

X S.D. 

1 

N 

FEMALES 

Age 

X 

Group 

S.D. 

2 

N 

Age 

X 

Group 

S.D. 

3 

N 

AGE 1 * . * * 60 4 15 70 5 12 
2 40 4 7 60 4 14 68 1 7 
3 41 4 15 56 3 9 69 3 3 

L234 1 * * * 1.074 .181 15 1.151 .233 12 
2 1.360 .192 6 1.076 .195 13 .961 .097 7 
3 1.291 .167 14 1.167 .165 9 1.258 .110 3 

FN 1 •k * * .765 .109 15 .734 .104 12 
2 .887 .122 7 .717c .111 13 . 673c .084 7 
3 .875 .126 15 .832" .085 9 . 847b .006 3 

FT 1 * * it .640 .082 15 .653 . 125 12 
2 .727 .056 7 .634 .086 13 .541 .095 7 
3 .712 .092 15 .694 .074 9 .700 .114 3 

FW 1 * • * . 597c .105 15 .558 .145 12 
2 .833 .128 7 . 562c .117 13 .517 .111 7 
3 .757 .168 15 . 688,,b .096 9 .653 .015 3 

RADIUS 1 * * * .579° .105 15 .556° .077 12 
2 .726 .070 7 .609 .084 13 .528° .095 7 
3 .673 .052 15 .680' .055 9 . 683",b .073 3 

ULNA 1 * * * .504 .094 14 . 477c .059 12 
2 .592 .074 7 .515 .074 13 . 439c .055 7 
3 .583 .063 15 .595 .062 7 . 600",b .048 3 

a = significantly different from tertile 1, p < .05 
b = significantly different from tertile 2, p < .05 
c = significantly different from tertile 3, p < .05 
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Table 17. Bone Mineral Density by Age Group and Tertile of NWB 
in Females. * • 

Tertile 

Age 

X 

Group 

S.D. 

1 

N 

FEMALES 

Age Group 

X S.D. 

2 

N 

Age 

X 

Group 

S.D. 

3 

N 

AGE 1 42 3 4 58 5 15 70 4 8 
2 40 4 10 60 3 10 68 2 8 
3 42 5 8 60 4 13 70 5 6 

L234 1 1.319 .173 4 1.136 .184 15 1.173 .244 8 
2 1.343 .174 9 1.002 .171 9 1.022 .185 8 
3 1.268 .189 7 1.119 .176 13 1.159 .178 6 

FN 1 .893 .134 4 .782 .107 15 .721 .121 8 
2 .848 .110 10 .774 .111 9 .715 .088 8 
3 .910 .138 8 .737 .119 13 .762 . 109 6 

FT 1 .703 .071 4 .659 .080 15 .609 .147 8 
2 .705 .066 10 .651 .091 9 .610 .118 8 
3 .739 .106 8 .642 .087 13- • .662 .113 6 

FW 1 .788 .192 4 .618 .118 15 .549 .165 8 
2 .779 .111 10 .609 .126 9 .528 .086 8 
3 .781 .207 8 .593 .112 13 .612 .124 6 

RADIUS 1 .662 .073 4 .615 .113 15 .544 .084 8 
2 .712 .066 10 .606 .090 9 .557 .075 8 
3 .677 .047 8 .618 .081 13 .602 .127 6 

ULNA 1 .590 .074 4 .531 .103 13 .476 .078 8 
2 .602 .059 10 .534 .090 9 .473 .075 8 
3 .564 .071 8 .517 .067 12 .501 .082 6 
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Table 18. Bone Mineral Density by Age Group and Tertile of TOTAL 
in Females. 

Tertile 

Age 

X 

Group 

S.D. 

1 

N 

FEMALES 

Age 

X 

Group 

S.D. 

2 

N 

Age 

X 

Group 

S.D. 

3 

N 

AGE 1 42 3 5 60 4 13 68b 2 9 
2 38 3 7 59 4 14 72,,c 5 7 
3 42 5 10 59 4 11 67b 2 6 

L234 1 1.439 .137 4 1.053 .185 13 1.209 .213 9 
2 1.291 .142 7 1.100 .213 14 1.058 .201 7 
3 1.272 .197 9 1.148 .134 11 1.013 .179 6 

FN 1 .914 .134 5 .758 .124 13 .767 .094 9 
2 .834 .104 7 .761 .116 14 .711 .097 7 
3 .892 .131 10 .775 .098 11 .697 .124 6 

FT 1 .732 .063 5 .657 .096 13 .649 .135 9 
2 .700 .068 7 .648 .092 14 .621 .087 7 
3 .721 .101 10 .647 .059 11 . 588 .155 6 

FW 1 .850 .148 5 .591 .132 13 .604 .125 9 
2 .767 .109 7 .607 .121 14 .529 .140 7 
3 .757 .191 10 .626 .093 11 .523 .117 6 

RADIUS 1 .744 .075 5 .576 .114 13. - .588 .074 9 
2 .681 .048 7 .624 .079 14 . 49 6C .034 7 
3 .669 .052 10 .648 .075 11 . 609b .127 6 

ULNA 1 .607 .080 5 .493 .100 13 .510 .068 9 
2 .589 .043 7 .538 .082 14 .426 .033 7 
3 .573 .073 10 .555 .065 11 .496 .092 6 

a = significantly different from tertile 1, p < .05 
b = significantly different from tertile 2, p < .05 
c = significantly different from tertile 3, p < .05 
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Discussion 

The results of the study are discussed in the following order: bone 

mineral density in different age groups, bone mineral density-comparison 

to published values, the relationship of age to bone mineral density, the 

relationship of age to physical activity, the relationship of activity to bone, 

and the prediction of bone mineral density from physical activity variables. 

Bone Mineral Density in Different Age Groups 

Most indices of bone mineral were lower in age group 3 compared to 

age group 1 in both males and females. This was not surprising, since 

bone loss generally begins in the third decade for females and in the fourth 

decade for males (Smith 1982; Mazess 1982; Smith & Raab, 1985). Taking 

the mean value of age group 1 as the "maximum" reference value, the 

percent differences from age group 1 to 2 and age group 1 to 3 were 

calculated. The mean value of age group 2 was used as a reference to 

calculate the percent difference from age group 2 to 3. The percent 

difference in mean BMD between age groups was divided by the difference 

in mean ages between age groups, then multiplied by ten to yield an 

estimate of the percent per decade decrease in BMD. Because this was a 

cross-sectional study, the differences in bone mineral between age groups 

does not truly represent age-related bone loss. However, the differences in 

bone mineral between age groups do suggest age-related bone loss. The 

calculated differences in bone mineral density from age group 1 to age 

group 3 were as follows: radius- 3.2%/decade in males, 6.5%/decade in 

females; ulna- no significant change in males, 6.3%/decade in females; 
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lumbar- no significant change in males, 5.4%/decade in females; femur 

neck- 4.4%/decade in males, 6.1%/decade in females; femur trochanter- no 

significant change in males, 4.6%/decade in females; Ward's triangle of 

femur- 7%/decade in males, 10.2%/decade in females. 

There were non significant differences in height and weight across 

age groups in males, and non significant differences in weight across age 

groups in females. Height was 2.8% lower in age group 2 and 2.2% lower in 

age group 3 compared to age group 1 in females (p<.05). The lower height 

seen in older females may be related to several factors: height has steadily 

increased in younger generations due to improved nutrition; height is 

known to decrease with age due to vertebral bone loss; and height may be 

lower due to variations in sample selection. 

Bone Sites 

Proximal Radius. Radial BMD was inversely correlated with age in 

both males (r--0.33) and females (r=-0.56, pc.001) Table 6. In males for 

RADIUS the calculated differences, 6.8% between age groups 2 and 3, and 

8.7% between age groups 1 and 3, suggest a 6.2%/decade decrease in 

RADIUS between age group 2 and 3, and an overall 3.2%/decade decrease 

in RADIUS between age group 1 and 3. The overall rate of estimated radial 

bone loss in males was within the average 3-4% loss per decade noted in the 

literature (Mazess 1982). 

The mean values for RADIUS in females were significantly lower in 

the older age groups, compared to the younger age groups (p<.05, Table 4). 

The mean RADIUS value in age group 2 was 11% lower than the mean 

value in age group 1, the mean RADIUS value in age group 3 was 8.1% 
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lower than in age group 2 and 18.3% lower than in age group 1. These 

differences suggest a 6.2%/decade decrease between age groups 1 and 2, an 

8.1%/decade decrease between age groups 2 and 3, and a 6.5%/decade 

decrease between age groups 1 and 3. The estimated rates of bone loss for 

females in this study were similar to published values (3-4%/decade and up 

to 9%/decade) from cross-sectional studies (Mazess 1982). 

Comparing the rate of bone loss in females in this study to published 

values is not a simple matter, since subjects were not classified according 

to menopausal status. The average rate of cortical bone loss in females has 

been reported to be 3-4% per decade prior to menopause, and up to 9% per 

decade after menopause until age 75 (Mazess 1982). The difference between 

age groups 1 and 2 in radius BMD (x age = 41 + 4 and 59 + 4 respectively) 

suggests women lost 6.2% per decade in radius BMD. This rate of loss is 

between the 3-4% and 9% rates reported in the literature, possibly because of 

the inclusion of menopausal and pre-menopausal women in the same age 

group. The mean difference between age groups 2 and 3 (x age = 59 + 4 and 

69 ± 4 respectively) suggests women lost 8.1% per decade in radius BMD. 

This value is close to the 9% per decade loss noted in the literature for 

menopausal women up to age 75 (Mazess 1982), probably because both 

groups include predominantly menopausal females. 

Proximal Ulna. Ulnar BMD was not significantly correlated with 

age for males, but was inversely correlated with age for females (r= -0.49, 

p<.001, Table 6). The differences in mean BMD between age groups were 

not significant in males, but were significant in females (pc.OOl, Table 4). 

For females, the mean ULNA value was 10.1% lower in age group 2 
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compared to age group 1, 8.5% lower in age group 3 compared to age group 

2, and 17.7% lower in age group 3 compared to age group 1. These 

differences suggest a 5.6%/decade decrease from age group 1 to 2, an 

8.5%/decade decrease from age group 2 to 3, and a 6.3%/decade decrease 

from age group 1 to 3. As with radial bone mineral, these estimated rates of 

bone loss are between the 3-4% and 9% rates reported in the literature 

(Mazess 1982), and are affected by the inclusion of menopausal and pre

menopausal women in the same age group. 

Lumbar Vertebrae. Lumbar vertebrae (L234) bone mineral did not 

differ significantly between age groups in males (Table 3). This is 

surprising, since cross-sectional studies suggest vertebral bone loss occurs 

at approximately 6% per decade in both males and females (Mazess 1982). 

Lack of significant change in L234 for males in this study is likely due to 

sample selection. 

Lumbar BMD (L234) was significantly correlated with age for 

females (r= -0.45, pc.OOl, Table 6). The mean L234 value was 16.4% lower in 

age group 2 compared to age group 1 and 15.2% (pc.OOl) lower in age group 

3 compared to age group 1. The difference between age groups 2 and 3 was 

not significant. These differences suggest a 9.1%/decade decrease between 

age groups 1 and 2, and a 5.4%/decade decrease between age groups 1 and 

3. This overall estimated rate of bone loss between age groups 1 and 3 

compares well with published results of 6% per decade for vertebral bone 

loss (Mazess 1982). 

Femur Neck. Femur neck BMD was inversely and significantly 

correlated with age in both males (r= -0.32) and females (r= -0.51, p<.001, 
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Table 6). For males, the mean FN BMD value was significantly different 

only between age groups 1 and 3, with a difference of 11.9%. This suggests 

a 4.4%/decade decrease in FN between age groups 1 and 3 in males. This 

estimated rate of bone loss compares well with published values of 3-4% per 

decade loss of cortical bone beginning in the fourth decade for males 

(Mazess 1982). 

For females, the mean FN value was 13.1% (p < .001) lower in age 

group 2 compared to age group 1, and 17% (p < .001) lower in age group 3 

compared to age group 1 (Table 4). The mean FN value was not 

significantly different between age groups 2 and 3. These differences 

suggest a 7.3%/decade decrease in FN between age groups 1 and 2, and a 

6.1%/decade decrease in FN between age groups 1 and 3. These estimated 

rates of bone loss are between the published values of 3-4% per decade for 

pre-menopausal women and 9% per decade for menopausal women 

(Mazess 1982). 

Femur Trochanter. Femur trochanter (FT) bone mineral density 

was not significantly correlated with age for males, suggesting that overall 

FT did not change with age in males. For females, FT was significantly 

correlated with age (r= -0.39, pc.OOl) (Table 6). The mean FT value was 

9.2% (p < .001) lower in age group 2 compared to age group 1, and 13% (p < 

.001) lower in age group 3 compared to age group 1. The difference in FT 

between age groups 2 and 3 was not significant. These differences suggest 

a 5.1%/decade decrease in FT between age groups 1 and 2, and a 

4.6%/decade decrease in FT between age groups 1 and 3. 
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Femur (Ward's Triangle). FW bone mineral was significantly 

correlated with age in both males (r= -0.37, pc.OOl) and females (r= -0.61, 

pc.OOl) (Table 6). For males, the mean FW value was 10.3% (p<.05) lower in 

age group 3 compared to age group 2, and 18.8% (p<.05) lower in age group 

3 compared to age group 1 (Table 3). The mean FW value was not 

significantly different between age groups 1 and 2. These differences 

suggest a 9.4%/decade decrease in FW between age groups 2 and 3, and a 

7%/decade decrease in FW between age groups 1 and 3. For females, the 

mean FW value was 22.3% (p<.001) lower in age group 2 compared to age 

group 1, and 28.6% (p<.001) lower in age group 3 compared to age group 1. 

The mean FW value was not significantly different between age groups 2 

and 3. These changes suggest a 12.4%/decade decrease in FW for females 

between age groups 1 and 2, and a 10.2%/decade decrease in FW between 

age groups 1 and 3. 

Comparison of Bone Mineral Density to Published Values 

The majority of studies examining the effects of physical activity on 

BMD have assessed female subjects, likely due to the greater incidence of 

osteoporosis in females, and therefore greater interest in the potentially 

beneficial effects of exercise. There has been limited research on BMD in 

males, therefore the following comparisons with published data are 

presented for female subjects only (Table 19). 

Bone Sites 

Proximal Radius. In the present study, the mean ( x ± SD) BMD 

value for females for the radius within age group 1, ages 41 + 4 years (.690 ± 



Table 19. Bone Mineral Indices from Other Studies. 

Age L234 (g/cm^) 

(years) 

Jacobson 20-40 C 1.219 ± .031 (n = 28) 
et al. 1984 A 1.357 ± .055 (n = 17) 

40-55 C 1.252 + .021 (n = 29) 
A 1.386 + .053 (n = 19) 

55-75 C 1.195 ± .042 (n = 19) 
A 1.341 ± .083 (n = 8) 

FN FT FW Distal Radius 

(g/cm^) (g/cm^) (g/cm^) (g/cm^) 

.697 + .007 (n = 67) 

.727 + .010 (n = 30) 

.727 + .006 (n = 74) 

.737 + .008 (n = 39) 

.619 + .008 (n = 115) 

.716 ± .012 (n = 17) 

Stillman 
et al. 1986 51.5 ± 14.4 

53.2 + 14.2 

43.1 +9.8 

Sinaki & 
Offord 1988 5 6 

Mazess, 

Barden 
1991 

35-39 

low active 

moderate 

high 

1.06 + .18 

1.28 +.14 .96 + .12 .77 + .13 .88 + .15 

.619 ± .074 (n = 19) 

.633 + .096 (n = 36) 

.708 + .069 (n = 28) 

.71 + .05 

Aloia, Cohn, 5 3 
Ostuni, et. al. 
1978 

.688 + .053 (n = 9) 

Note: C = Control subjects; A = Active subjects 

CD 
o 
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.062 g/cm^) was similar to that of the high active females, ages 43.1 ± 9.8 

years (.708 ± .069 g/cm^) studied by Stillman et al. 1986, the control subjects 

ages 20-40 years (.697 ± .007 g/cm^) studied by Jacobson et al. 1984, subjects 

aged 35-39 years studied by Mazess & Barden, 1991 (.71 ± .05 g/cm^) and 

menopausal subjects mean age 53 years reported by Aloia, Cohn, Ostuni, et 

al. 1978 (.688 ± .053 g/cm^ before exercise, .689 ±.048 g/cm^ after exercise). 

The mean BMD value for females in age group 2, ages 59 ± 4 years (.614 ± 

.095 g/cm^) was similar to the low active females ages 51.5 ± 14.4 years 

(.619 ± .074 g/cm^) studied by Stillman et al. 1986 and low active females, 

ages 55-75 years (.619 ± .074 g/cm^) reported by Jacobson et al. 1984 (Table 

19). The mean BMD for females age group 3 ages 69 ± 4 years was less than 

the value for low active females ages 55-75 years (.619 ± .008 g/cm^) reported 

by Jacobson et al. 1984. 

Lumbar Vertebrae. The mean (x ± SD) lumbar BMD for women in 

age group 1 (1.312 ± .173 g/cm^) was comparable to the mean value for 

women aged 35-39 years (1.28 + .14 g/cm^) presented by Mazess and Barden 

(1991), and fell between the mean values for controls (1.252 ± .021 g/cm^) 

and active women (1.386 ± .053 g/cm^), ages 40-55 reported by Jacobson et al. 

1984. The mean lumbar BMD in age group 2 (1.097 ± .182 g/cm^) and age 

group 3 (1.112 ± .211 g/cm^) were comparable to the mean lumbar BMD in 

women, with average age 56 years (1.06 + .18 g/cm^) (Sinaki et al. 1988) and 

lower than the mean lumbar BMD for control subjects, ages 55-75 (1.195 ± 

.142 g/cm^) (Jacobson et al. 1984). 

Femur Neck. The mean femoral neck BMD in age group 1 (.879 ± 

.122 g/cm^) was lower than the mean BMD for women aged 35-39 (.96 ± .12 
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g/cm^) (Mazess & Barden, 1991). The lower value in the present study is 

likely due to an older mean sample age (41 ± 4 years) in age group 1. 

Femur Trochanter. The mean femur trochanter BMD in age group 1 

(.717 ± .081 g/cm^) was lower than the mean BMD in women ages 35-39 (.77 

± .13 g/cm^) reported by Mazess & Barden (1991). The lower value in the 

present study is likely related to the age difference. 

Femur (Ward's Triangle). The mean FW BMD in age group 1 (.781 ± 

.157 g/cm^) was lower than the mean BMD for women aged 35-39 (.88 ± .15 

g/cm^) reported by Mazess & Barden (1991). The lower value in the present 

study is likely related to age differences in the subjects. 

Relationship of Age to Bone Mineral Density 

Age was inversely correlated with BMD for males at 3 sites (radius, 

femur neck, and Ward's triangle of femur), (pc.OOl, Table 6). It is 

interesting that not all bone indices were significantly lower in older versus 

younger age groups in males. Lack of significantly lower BMD for the ulna 

is likely due to sample selection, since cortical bone loss typically occurs at 

3-4% per decade in males beginning in the 4th decade (Mazess 1982). Lack 

of significantly lower BMD for the femur trochanter may be related to 

sampling and site (50% trabecular bone), as there is wide biological 

variation in trabecular bone density (Riggs et al. 1981). Onset of trabecular 

bone loss in males varies from 20-45 years, and the rate of loss varies from 

2-6% (Haasner et al. 1967, Riggs et al. 1981). Bone width is known to 

increase with age (Garn et al. 1967), and the results of this study suggest 
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increased radial bone width with increasing age in males. Ulnar bone 

width was not significantly different between age groups 1 and 3. 

Age was negatively (p<.001) correlated with BMD for females at all 6 

sites (radius, ulna, lumbar vertebrae, femur neck, femur trochanter, and 

Ward's triangle of femur) (Table 6). Within age group 2, age was negatively 

(pc.OOl) correlated with BMD for females at 5 sites (radius, ulna, lumbar 

vertebrae, femur neck, and Ward's triangle of femur). These correlations 

ranged from - .42 to - .55, and compare well with the correlation between 

BMD and age (- .44) reported for menopausal women ages 57.6 ± 4.2 years 

(Kriska et al. 1988). One way ANOVA of BMD versus age for females 

revealed significant differences (pc.OOl) at six sites (radius, ulna, lumbar 

vertebrae, femur neck, femur trochanter, and Ward's triangle of femur). 

Relationship of Age to Physical Activity 

Significant negative correlations were observed in both males and 

females between age and weight-bearing physical activity. For males, non-

locomotive and high impact activities were both inversely correlated with 

age (r= - .26, - .39 respectively). For females, low impact, high impact, and 

total activity were all inversely correlated with age (r= - .27, - .30, - .34 

respectively). Lamb & Brodie (1991) reported a correlation of - .29 between 

total activity and age for females, but non-significant correlations between 

age and activity for males. A one way ANOVA revealed significantly lower 

mean scores for high impact activity in both males and females in older age 

groups compared to younger age groups, and significantly lower mean total 

activity in older age groups compared to the youngest age group for 

females. The calculated differences in physical activity between age groups 
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were as follows: males in age group 3 reported 67% less WBLH activity 

than males in age group 2 and 71% less activity than males in age group 1; 

females in age groups 2 and 3 reported 78% and 85% less WBLH activity 

than females in age group 1; females in age groups 2 and 3 reported 59% 

and 62% lower TOTAL activity than females in age group 1. These results 

are in accordance with observations by Folsom et al. (1985) that as people 

age, they tend to expend less energy, particularly in high intensity 

activities. 

Relationship of Activity to Bone 

The purpose of this study was to examine the effect of physical 

activity on bone mineral density and age-related bone loss. In general, with 

increasing age there is a downward trend in level of physical activity, a 

decrease in muscle mass, and a decrease in bone mineral (Schoetens et al. 

1989; Chow et al. 1986). Body weight was not significantly different between 

older and younger age groups. Body fat was significantly higher in older 

versus younger age groups, therefore muscle mass was significantly lower. 

This lower muscle mass for older age groups might be associated with the 

lower levels of physical activity seen in the older age groups. 

Pearson correlations for all males and females, and pearson 

correlations within age groups for males and females revealed numerous 

significant relationships between activity scores and bone mineral density. 

In males, higher levels of weight-bearing activity were associated with 

greater BMD at the ulna (WBLH: age group 2, and WBLL: age group 3) and 

Ward's triangle of femur (WBLH: age group 2) (Table 6). Low impact 
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weight bearing locomotive (WBLL) activities included bowling, golf, 

hunting, lawn/yardwork, and construction, all of which involve stress on 

the forearm, thereby contributing to bone mineral deposition according to 

Woolfs Law (1892). Within age group categories, higher scores for WBLL 

and WBLH were associated with greater BMD. Higher scores for WBLL 

were associated with greater BMD of the radius (age group 1), and ulna 

(age group 3). Higher scores for WBLH were associated with greater BMD 

at the radius, ulna, femur neck, and Ward's triangle of femur in age group 

2. WBLH activities included basketball, baseball, aerobics, running, 

volleyball, football, and racquetball all of which stress the femur through 

running and most of which also stress the forearm. In females, higher 

levels of non-weight-bearing and total physical activity were associated with 

greater BMD at the radius, femur neck, and Ward's triangle of femur. 

NWB activities included bicycling, fishing, canoeing, rowing, and 

swimming. Bicycling and swimming were the most commonly performed 

NWB activities, both of which put stress on the forearm (arm stroke in 

swimming, balance/support in cycling) and femur (pedal stroke in cycling, 

kicking action in swimming). Within age group categories, greater mean 

scores for WBLH were associated with greater BMD at the radius (all age 

groups), and ulna (age groups 2 and 3). Higher scores for NWB were 

associated with greater BMD at the radius (age group 3). 

In a cross-sectional study, Jacobson et al. (1989) found that the radial 

bone density of athletic women (age > 55 years) was significantly higher 

than age-matched controls. Lumbar bone density was not significantly 

different between the two groups. The authors point out that the higher 
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BMD in the athletic population may be due to better health and genetic 

predisposition. Kriska et al. (1988) found significant correlations between 

historical physical activity and BMD of the radius, particularly for physical 

activity between ages 22-34 (r = .14, p<.05), and between ages 35-50 (r = .17, 

p<.001). Total historical activity was significantly correlated with BMD 

(r=.16, p<.05) (Kriska et al. 1988). Cheng et al. (1991) reported a correlation 

of .291 (p < .001) between total physical activity and BMD in women aged 50-

60 years. In the present study, total physical activity was non significantly 

correlated with BMD in males, and positively correlated (r= .34, p < .05) 

with radial BMD in females, age group 2. Stillman et al. (1986) found 

significantly higher radial BMD in highly active adult women (ages 30-85) 

compared to low active women. Sinaki et al. (1988) reported a linear 

correlation (r= .24, p<.05) between lumbar BMD and level of physical activity 

in 68 women (ages 49-65, x = 56 years). Talmage et al. (1986) assessed radial 

and lumbar BMD in 1105 non-athletic and 124 athletic females (ages 18-98), 

and concluded that the athletes generally had greater BMD at each site. 

Prediction of Bone Mineral 

Multiple regression was used to analyze the relationships among the 

following variables: age, physical activity scores, and BMD. Table 20 lists 

predictive variables, standard error of estimate (SEE), adjusted squared 

variance (R^), and SEE/x . In males in age group 1, WBLL, WBNL and age 

(combined) were all fairly good predictors of RADIUS (SEE = 0.052, adjusted 

R2 = .701, SEE/x = 6.4%). WBLL alone, and WBLL plus WBNL were also 

predictors of RADIUS in males, age group 1. In males (age group 2) WBLH 



Table 20. Multiple Regression Statistics 

Dependent Variable Independent Variables SEE 

Males (Age group 1) 

Radius WBLL .080 

WBLL + WBNL .067 

WBLL + WBNL + Age .052 

Males (Age group 2) 

Radius WBLH .063 

Ulna WBLH .051 

Femur Neck WBLH .110 

Femur (Ward's) WBLH .111 

WBLH + NWB .103 

Ulna WBLL 

WBLL + NWB 

Males (Age group 3) 

.160 

.118 

Adjusted R2. SEE/X 

.303 

.513 

.701 

.142 

.153 

.142 

.228 

.336 

.420 

.685 

9.7% 

8.7% 

6.4% 

7.8% 

7.1% 

12% 

15% 

13.9% 

22.6% 

16.7% 



Table 20. Multiple Regression Statistics, continued 

Dependent Variable Independent Variables SEE Adjusted R2. SEE/x 

Females (Age group 1) 

Radius WBLH * .056 .175 8.2% 

WBLH + Age * .052 .304 7.5% 

Females (Age group 2) 

Radius Total .090 .088 14.7 7. 

WBLH .090 .095 14.6% 

Age * .080 .277 13.1% 

Ulna WBLH .082 .103 15-5% 

Age * .078 . 1 7 1  14.9% 

L234 Age * . 1 5 3  .288 14% 

Femur Neck Age * . 1 0 1  . 1 7 2  13.2% 

Femur (Ward's) Age * . 1 0 6  . 1 4 9  17.5% 

* Inverse relationship 



Table 20. Multiple Regression Statistics, continued 

Dependent Variable Independent Variables SEE Adjusted R2. SEE/X 

Females (Age group 3) 

Radius NWB .080 .260 14.2% 

Ulna WBLH * .069 . 1 5 1  14.3% 

WBLH + WBLL* .063 .298 13% 

L234 WBLL* . 1 6 7  .370 15% 

Femur Neck WBNL* .095 . 1 5 3  13% 

Femur Trochanter WBLL* . 1 1 5  . 1 4 8  18.4% 

Femur (Ward s) WBNL* . 1 1 9  . 1 4 0  21.3% 

* Inverse relationship 
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was a fairly good predictor of RADIUS (SEE = 0.063) and ULNA (SEE = 

0.051); and a weak predictor of FN (SEE = 0.110) and FW (SEE = 0.111). In 

addition, WBLH and NWB were weak predictors of FW (SEE = 0.103). In 

males (age group 3) WBLL and NWB combined were weak predictors of 

ULNA (SEE = 0.118). 

In females (age group 1) WBLH and age were fairly good predictors of 

RADIUS (SEE = 0.052). In females (age group 2) TOTAL and WBLH were 

each weak predictors of RADIUS (SEE = 0.090 for each). WBLH was also a 

weak predictor of ULNA (SEE = 0.082). In females (age group 2) age was a 

weak predictor for each of the following bone mineral indices: RADIUS 

(SEE = 0.080), ULNA (SEE = 0.078), L234 (SEE = 0.153), FN (SEE = 0.101), and 

FW (SEE = 0.106). In females (age group 3) NWB was a weak predictor of 

RADIUS (SEE = 0.080), WBLH and WBLL combined were weak predictors of 

ULNA (SEE = 0.063), WBLL was a weak predictor of both L234 (SEE = 0.167) 

and FT (SEE = 0.115), and WBNL was a weak predictor both of FN (SEE = 

0.095) and FW (SEE = 0.119). 

Kriska et al. (1988) studied 223 menopausal women (x = 57.6 years) 

and found age, weight, and historical physical activity were 

significant predictors of radial BMD using stepwise multiple regression. 

Sinaki et al. (1988) found that age and height were significant predictors 

(p<.01) of vertebral BMD in 68 women (ages 49-65). 

Discussion of Results in Relation to Hypotheses 

1. In general, those subjects who were more active had greater BMD 

than those subjects who were sedentary. In particular, increased activity 
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in WBLL and WBLH was associated with greater bone mineral density in 

males; increased NWB and TOTAL was associated with greater bone 

mineral density at the radius, femur neck, and Ward's triangle of femur in 

females. 

2. The results of this study suggest that greater weight bearing 

activity may be associated with greater BMD in males. Those males who 

were more active in WBLL and WBLH had increased ulna BMD and FW. 

The hypothesis was not supported in females, since increased NWB activity 

was associated with increased BMD. This may be related to the choices of 

activities in each category and the tendency of women to participate in 

individual (swimming, stationary bicycle) and dual activities more so than 

team activities, which made up most of the WBLH and WBLL selections. 

Within age groups, the following associations between weight 

bearing activity and BMD were seen: 1) For males, WBLL was correlated 

with BMD in age groups 1 and 3; and WBLH was correlated with BMD in 

age group 2. 2) For females, WBLH was correlated with BMD in age 

groups 2 and 3; yet WBLH was negatively correlated with radial BMD in age 

group 1; WBLL was negatively correlated with ulna, L234, and FT BMD in 

age group 3; WBNL was negatively correlated with FN and FW BMD in age 

group 3; and greater NWB activity actually related to increased radial BMD 

in age group 3. 

3. Interestingly, increased level of activity within WBNL, WBLL, and 

TOTAL activity was associated with lower BMD in females in age group 3. 

Increased level of activity in WBLH and NWB (females, age group 3) was 
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associated with BMD similar to or greater than BMD of women in age 

group 2. 

Confounding variables which were not controlled in this study 

include: diet, alcohol, caffeine, nicotine, estrogen and thyroid medication. 

Most menopausal women would be within age group 2 (ages 50-64 years) 

and age group 3 (ages 65-85 years), however it is possible that some women 

within age group 1 were menopausal. With regard to alcohol, caffeine, and 

nicotine intake: 83% drank two or fewer alcoholic beverages per day, 54% 

drank two or fewer caffeine-containing beverages per day, and 41% never 

smoked. Thyroid medication was used by 22 subjects, and 29% of female 

subjects were on estrogen. 
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5. SUMMARY AND CONCLUSIONS 

Summary 

The purpose of this study was to examine the relationships between 

axial and appendicular bone mineral density (BMD) and lifetime leisure 

activity in healthy white males and females ages 35 to 85. The objective was 

to assess whether individuals who are physically active have greater bone 

mineral density than their sedentary counterparts. Furthermore, the effect 

of participation in weight-bearing versus non-weight-bearing, and 

locomotive versus non-locomotive activities was assessed. 

One hundred forty nine volunteers comprising 67 males and 82 

females were included in the analysis. The majority of the subjects (74%) 

had at least a college education and reported moderate to low activity at 

work. Eighty three percent of subjects drank two or fewer alcoholic 

beverages per day, 54% drank 2 or fewer caffeine-containing beverages per 

day, and 41% never smoked. Subjects were grouped by age into three age 

groups for the purpose of statistical analysis: age group 1 (ages 35-49), age 

group 2 (ages 50-64), and age group 3 (ages 65-85). 

A cross-sectional, multi-factorial design was used to analyze the 

data. Lifetime leisure activity was assessed by a specially designed physical 

activity questionnaire (Appendix A). Bone mineral density was measured 

in the non dominant forearm (proximal radius and ulna) by single photon 

absorptiometry using a Lunar SP 2 bone mineral densitometer and 125j 

radionuclide, and in the proximal femur and lumbar spine (L234) by dual 

photon absorptiometry using a Lunar DP3 bone mineral densitometer with 
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a 1^3 Qd radionuclide. Anthropometric measurements included body 

weight, standing height and skinfold thicknesses at five sites. Body density 

was assessed by hydrostatic weighing. Lifetime physical activity was 

quantified for each subject in four activity categories: 1) weight-bearing, 

non-locomotive (WBNL), 2) weight-bearing, locomotive low impact (WBLL), 

3) weight-bearing locomotive high impact (WBLH), and 4) non-weight-

bearing (NWB). Total minutes spent in each activity was converted to 

energy cost in metabolic equivalents using published values for the 

metabolic cost of the various activities comprising the questionnaire 

(Appendix C). To facilitate a comparison of physical activity scores across 

age groups, all four activity scores (and total activity scores) were 

normalized by dividing by the subject's age. 

Descriptive statistics were calculated for the variables of age, 

physical activity scores, bone mineral density, height, weight, skinfolds, 

and percent body fat. Pearson product moment correlation coefficients 

were calculated to assess the relationships among the variables of age, 

activity scores, lumbar spine, proximal femur and forearm bone mineral 

density. One-way analysis of variance with Duncan's multiple range post 

hoc test were used to compare differences in bone mineral indices among 

age groups and activity tertiles. Step-wise multiple regression was used to 

determine the degree to which bone mineral density could be predicted by 

physical activity variables and age. 

Summary of Findings 

The major findings of the study are summarized below: 
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Subject Characteristics 

Height, weight, and sum of 5 skinfolds were not significantly 

different among age groups in males. Body density was lower and percent 

body fat was higher in age group 3 compared to age groups 1 and 2 in 

males. Weight was not significantly different among age groups in 

females. Height and body density were lower and percent body fat was 

higher in age groups 2 and 3 compared to age group 1 in females. Sum of 5 

skinfolds was higher in age group 2 compared to age group 1 in females. 

Bone Mineral Density Related to Age 

Bone mineral indices were generally lower in older versus younger 

age groups in both males and females. In males the radius, femur neck, 

and Ward's triangle of femur BMD were significantly lower in age group 3 

(ages 65-85) compared to age group 1 (ages 35-49). The greatest decrease in 

BMD occurred between age groups 1 and 2 for both the radius and Ward's 

triangle of femur. In females ulna BMD, lumbar vertebrae, femur neck, 

femur trochanter, and Ward's triangle of femur BMD were all significantly 

lower in age groups 2 and 3 compared to age group 1. In the radius and 

ulna, BMD was significantly different among all three age groups (with a 

trend of lower BMD with increasing age). 

Physical Activity Related to Age 

Physical activity variables were consistently lower in females 

compared to males. In addition, most activity variables were lower in older 

age groups compared to younger age groups. High impact weight-bearing 
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activity particularly decreased with age in both males and females. In 

males, both weight-bearing non-locomotive and weight-bearing high 

impact activities were inversely correlated with age. In females, weight-

bearing low impact and high impact activities, and total activity were all 

inversely correlated with age. Physical activity was highly variable among 

subjects within age groups, as evidenced by large standard deviations 

(standard deviation greater than the mean) for the physical activity 

variables. 

Relationship of Activity to Bone 

In males (age groups combined), greater weight bearing low impact 

activity was correlated with higher ulna BMD, and greater weight bearing 

high impact activity was correlated with higher BMD at Ward's triangle of 

the femur. In females (age groups combined), greater non-weight bearing 

activity and greater total activity were correlated with higher BMD at the 

radius, femur neck, and Ward's triangle of femur. 

Relationship of Activity to Bone within Age Groups 

In males, greater weight bearing low impact activity was associated 

with higher radius BMD in age group 1 and higher ulna BMD in age group 

3. Greater weight bearing high impact activity was associated with higher 

radius, ulna, femur neck, and Ward's triangle of femur BMD in males, age 

group 2. 

In females, greater weight bearing non-locomotive activity in age 

group 3 was inversely correlated with femur neck BMD. Greater weight 
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bearing low impact activity in age group 3 was inversely correlated with 

BMD at the ulna, lumbar vertebrae, and femur trochanter. Greater weight 

bearing high impact activity was associated with higher BMD at the radius 

and ulna (age group 2), and lower BMD in the radius (age group 1) and 

ulna (age group 3). Greater non-weight, bearing activity was associated 

with higher radius BMD in females, age group 3. Greater total activity in 

age group 2 was associated with higher radial BMD. 

Prediction of Bone Mineral 

Males. Age group 1: Weight bearing low impact activity alone, 

WBLL plus weight bearing non locomotive activity, and WBLL, WBNL, and 

age combined were fairly good predictors of radius BMD. 

Age group 2: Weight bearing high impact activity was a fairly good 

predictor of BMD at the radius and ulna, and a weak predictor of BMD at 

the femur neck, and Ward's triangle of femur. Weight bearing high 

impact activity alone, and combined with non-weight bearing activity was a 

weak predictor of ulna BMD. 

Age group 3: Weight bearing low impact and non-weight bearing 

activities combined were weak predictors of ulna BMD. 

Females. Age group 1: Weight bearing high impact activity alone, 

and WBLH plus age were fairly good predictors of radius BMD. 

Age group 2: Weight bearing high impact activity, total activity, and 

age were each separate and weak predictors of radius BMD. Weight 

bearing high impact activity and age were each separate and weak 
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predictors of ulna BMD. Age was a weak predictor of BMD at the lumbar 

vertebrae, femur neck, and Ward's triangle of femur. 

Age group 3: Non-weight bearing activity was a weak predictor of 

radius BMD. Weight bearing high impact and low impact activities 

combined were weak predictors of ulna BMD. Weight bearing low impact 

activity was a weak predictor of BMD at the lumbar vertebrae and femur 

trochanter. Weight bearing non-locomotive activity was a weak predictor of 

BMD at the femur neck and Ward's triangle of femur. 

Conclusions 

Based upon the results of this study the following conclusions were 

drawn relative to each hypothesis: 

1. It was hypothesized that highly active males and females would 

have significantly higher bone mineral density than age-matched low 

active adults. This hypothesis was not supported in males. Greater total 

activity in males was not significantly correlated with BMD in any of the 

three age groups. One way ANOVA with post-hoc tests did not reveal any 

significant differences in mean BMD for males within age groups and 

tertiles of activity. In females, increased total activity was positively 

correlated with radial BMD in age group 2. One way ANOVA with post hoc 

tests revealed that mean radial BMD was 23% greater in total activity tertile 

3 compared to total activity tertile 2 in age group 3. However, these two 

cases are not adequate evidence to support the hypothesis. 

2. It was hypothesized that males and females who engaged in 

greater levels of weight bearing activity would have significantly higher 
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bone mineral density than age-matched adults who engaged in non-weight 

bearing activity. The results of this study do not support the hypothesis in 

males, as only 6 correlations of 90 were significant. Those males who were 

more active in WBLL and WBLH had increased BMD at the radius, ulna, 

femur neck and Ward's triangle of femur (varied by age group). The 

hypothesis was not supported in females, as there were more negative than 

positive correlations between weight bearing activity and BMD, especially in 

age group 3. There were four positive correlations between weight bearing 

activity and either radius or ulna BMD in age groups 2 and 3, yet in age 

groups 1 and 3, weight bearing activity was negatively correlated with the 

radius, ulna, lumbar vertebrae, femur neck, femur trochanter, and Ward's 

triangle of femur. In addition, greater NWB activity was correlated with 

increased radial BMD in age group 3. 

3. It was hypothesized that older adults (ages 50-64 and 65-85) who 

are highly active would have bone mineral density closer to that of healthy 

sedentary younger adults (ages 35-49 and 50-64). 

This hypothesis was not consistently supported, as increased activity was in 

several cases correlated with lower BMD. Multiple regression analysis 

revealed that weight bearing activity and age were fairly good predictors of 

radial bone mineral density in males (age groups 1 and 2), and females (age 

group 1). All other physical activity variables were either weak predictors 

or non significant. Despite higher activity levels, older adults still lose bone 

and generally have lower BMD than younger adults. 
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Recommendations for Future Study 

1. Simplify the physical activity questionnaire by limiting activities to those 

that are most common. 

2. Include sedentary activities (e.g. watching T.V.) to get a better overall 

picture of activity level. 

3. Investigator assisted completion of questionnaire. 

4. Review questionnaires as they are returned, then contact subjects 

immediately if information is incomplete or unclear. 

5. Include general questions related to childhood activity rather than 

specific recall of time spent in various activities. 

6. Evaluate dietary calcium intake more specifically (e.g. number of 

servings per day or week of milk, cheese, yogurt, fish with bones, and 

cooked greens.) 

7. Computer-readable questionnaire to reduce the time intensity of 

quantifying data. 

8. Seek out subjects with either very high or very low activity levels to 

maximize potential effects. 

9. Separate female subjects by menopausal status and estrogen 

supplementation. 

10. Recruit a greater number of subjects and either exclude, or analyze 

separately those subjects who consume more than moderate amounts of 

nicotine, caffeine, and alcohol. Exclude subjects who are on thyroid 

medication. 
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APPENDIX A. 

BODY aCMPOSXTICN IABCRfilCHY 
RESEARCH SUBJECT INVUNKKY 

Your participation as a subject in the research of the Body Oaiposition Laboratory is ap
preciated. The information requested in the inventories which follow is important to inter
pret the results of testing. Please cccplete the written inventories thoughtfully and care
fully, giving all additional information you believe helpful. Use the back of the forms as 
needed. The information provided will be treated in the strictest confidence. If for sane 
reason you wish not to provide certain information, please write in the respective item the 
word omit. This will indicate to us that the emission is intentional and not an oversight. 
Thank you. 

A. GENERAL BACKGROUND INVENTORY 

Name 
Last First Middle 

Address and Telephone Number 

Today' s Date (mo/date/year) / 

Sex Male Female 

Birth Date (mo/date/year) / 

Age Last Birthday years 

Marital Status: Married Widowed Single 

Retired (1) Yes ; (2) No 

Occupation (s). List all occupations you have had, starting with current and working back 
over time. Indicate if full or part time, years, and give an estimate of amount of physical 
activity involved using a scale of 1-5 with 1 very little and 5 very much. 

Full Fart Fhysical Activity 
Occupation Time Time Years 1 2 3 4 5 

Very Sane Moder- Very High 
little ate High 

a. 
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Education 

a. Encircle and write in space to right the number indicating terminal level of schooling. 

Elementary Jr. Hi. Sr. Hi. College Graduate 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

b. Highest attained degree. Encircle and write number in space to right. 
Fh.D. 

Elementary Jr. Hi. Sr. Hi. Jr. College College Masters Ed.D. 
.1 2 3 4 5 6 7 

Other (specify) 
8 

B. MEDICAL INVENTORY 

Medical background is important to interpreting one's fitness level. Please provide the 
information requested, as conplete as possible. 

Allergies 

1. Do you have any allergies such as asthma or reactions to any drugs? 
(1) none (2) yes 

If yes, please list: 

Medication 

2. Do you take any medicines on a regular basis? (1) none (2) yes 

If yes, specify: Medicine Purpose 

Surgery 

3. Have you had surgery performed? (1) none (2) yes 

If yes, specify: type of Surgery Year Age 



103 

Hospitalizations 

4. Have'you been hospitalized for reasons other than surgery? 
(1) reave (2) yes 

If yes, specify: Reason Year Age 

Illness 

5. Have you had any of the following illnesses? For those ves. provide information 
requested. 

Year Additional 
Year arrested (if Information (if 

No Yes Diagnosed appropriate) Appropriate) 

6. Diabetes 
7. Cancer 
8. Oolitis 
9. Anemia 
10. Asthma 
11. Gout 
12. Pancreatitis 
13. Pneumonia 
14. Thyroid 

Disorder 
15. Rheumatic 

Feyer 
16. Tuberculosis 
17. Stomach 

Ulcer 
18. Duodenal 

Ulcer 
19. Kidney 

Disorder 
20. Cirrhosis 

of liver 
21. Enphysema 
22. Chronic 

Bronchitis 
23. Hernia 
24. Blood 

Disorders 
25. Alcoholism 
26. Other 

If 24 or 26 are checked, please specify: 



104 

Injuries 

26. Have you had any injuries which required surgery, hospitalization or caused per
manent limitation? (1) none (2) yes 

If yes, specify: nature year age 

chronic Symptoms; Which of the following synptans have you had on a reccuring basis. 

No yes 
Year 

Diagnosed 

27. 

28. 

29. 

30. 

31. 

32. 

33. 
34. 

35. 

Fainting, convul
sions, or dizzy 
spells 
Lymph glands: 
pain or enlarge
ment of any glands, 
in neck, groin, or 
underarm 
Abdominal (or 
stomach): burning 
pain, nausea, 
vomiting, diarrhea, 
blackish or bloody 
stools 
Urine: any blood, 
pus, sugar or 
praters? 
Urination: 
Hesitancy, burning 
urgency or excessive 
frequency? 
Pain or swelling of 
any joint 
•Pain in low back? 
Pain, cramping, 
weakness, or 
numbness in the 
arms or hands? 
Pain, cramping, 
weakness, or numb
ness in the legs or 
feet? 

Year 
arrested (if 
appropriate) 

Additional 
information (if 
appropriate) 



Pulmonary Function 
No 

36. Coughing: periodic 
coughing spasms 
persistent cough 

37. Shortness of breath when: 
jogging, climbing stairs 
8'-10' 

working in the yard 

housework 

talking 

lying down 

other 

specify 

Cardiac History No 

38. Have you ever had 
or been told by a 
physician that you 
had any of the 
following conditions: 

heart attack 

coronary thrombosis 
or occlusion 

heart murmur 

leaky heart 

enlarged heart 

heart failure 

Yes (describe) 

Yes Date (describe) 

abnormal 
electrocardiogram (EKG) 
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39. Are ycu ever conscious of ycur heart beating excessively feist, irregularly or abnor
mally? No Yes 

No Yes Describe (if appropriate) 

heart often "skips" 
beats 

"turns" in chest 

heart beats very fast 
occasionally with sudden 
onset and offset 

heart beats fast all 
the time 

heart beats slowly 

other: specify 

40. In the past year have you had any recurring discomfort, pain, pressure, tightness or 
heaviness in your chest, jaw or left arm? (1) No (2) yes 

If no, go to question 38 
If yes, describe the location and general feeling 

middle of chest under breastbone 

only on the left side of body 

only on the right side of body 

radiates to the chin or jaw 

radiates to one or both arms 

other describe: 
If yes, describe when and what seems to bring on the synptom. Write more than one if 
applicable. 

sitting or lying 

awakening from sleep 

emotions or stress 

climbing stairs 

walking uphill or fast 

cold weather 

sexual relations 
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eating 

arm motion or exercise 

other describe: 

If yes, describe what relieves the synfiton. 

resting for a few minutes 

rubbing the chest 

walking 

nitroglycerin under the torque 

milk or antacids 

charging position 

other describe: 

Blood Pressure 

41. Have you ever been told your blood pressure was hi<£i, borderline or low, and if 
known, indicate if it was the systolic or diastolic pressure or both. 

High blood pressure No Yes Systolic Diastolic Both 

Borderline No Yes Systolic Diastolic Both 

Low blood pressure No Yes Systolic Diastolic Both 

Indicate level of most recent readings and dates of readings: 

systolic diastolic date 

Environmental factors 

42. How much emotional stress do ycu encounter in your occupation? Rating 
1 2 3 4 5 
none some moderate much very much 

43. How much emotional stress do you encounter while other than at work? 
Rating 

1 2 3 4 5 
none some moderate much very much 
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44. Duripg a typical work day list the hours of time you spend doing these 3 activities: 

sitting hours 

standing hours 

walking hours 

total hcwrs 

45. Are you frequently exposed to any extreme environmental conditions? 
No Yes 

If yes, specify: 
cold 

heat 

humidity 

air or environmental pollutants 

Family History 
46. Indicate if any have had heart disease, hi^i blood pressure, diabetes, and obesity. 

For those who have passed away, indicate causes with particular concern for sudden 
deaths. 

If living Age (s) 
Age at death Diseases 

Father 

Mother 

Brother (s) 

Sister(s) 

Children 

Sleep-Rest-Relaxation 

47. How many hours of sleep do you normally get each night? hours 

48. Do you have a regular nap during the day? No Yes 

49. Do you sleep well at nicfrit? Pate on a 1-5 scale. Rating 
1 2 3 4 5 
Very Restless OK Well Very Well 

Restless 

50. How do you feel on awakening; tired, ok or refreshed? Rating 
1 2 3 4 5 

Very tired tired OK refreshed very well 
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51. Do you fall asleep unintentionally often during the day, at the desk, etc.? 
Rating 

1 2 3 4 5 
Never Sane On occasion frequently very frequently 

52. In the evening do you fall asleep before bed time, e.g., watching t.v.? 
Rating 

1 2 3 4 5 
never sere regularly 

Tobacco intake 

53. Have you used tobacco in any of the following forms? 
No Yes Times per day Inclusive dates number yrs. 

cigarettes 

cigar 

pipe 

chewing 
tobacco 

snuff 

Nutrition-diet 

54. What is your present weight? pounds 

55. Indicate for each period of your life your highest weight and your body structure. 
Indicate weight in pounds and body structure using a 1-5 scale frcm very thin to 
rotund, as shewn. 

1 2 3 4 5 
very thin thin average chubby rotund 

a. Childhood, age 8-14 yrs. wt. lbs. Structure rating 

b. Young adult, age 20-30 yrs. wt. lbs. Structure rating 

c. Middle-age, 40-50 yrs. wt. lbs. Structure rating 

d. Older adult, 60-70+ yrs. wt. lbs. Structure rating 

56. Have you within the past year been on any kind of special diet? no yes 

57. Do you drink any caffeine drink and if so hew much no yes 

coffee cups/day 

tea cups/day 

cola cups/day 
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58. Encircle, and place in space to the right, the nurtoer of days per week you consume 
soma food from each of the following food groups. 

Days per week 

Milk: milk, cheese, yogurt, butter 01234567 
and other milk made foods 

Meats: beef, pork, pail try, eggs 
and dry beans, peas, nuts, 
beans 01234567 

Vegetables: dark green, light 
green, yellow, potatoes 01234567 

Fruits: citrus fruits, apples, juices 
tomatoes 01234567 

Breads and bread cereals: bran flakes 
oatmeal,etc. 

59. Do you consume on a regular basis candy, cake, pie, white sugar, etc. If yes, indi
cate kind and amount on a daily or weekly basis. No Yes 

Kind Amount 
per day per week 

60. Do you consume alcohol, and if so, please indicate kind and amount on a daily or 
wppklv hasis. No Yes weekly basis. No Yes 

Kind Amcunt 
per day per week 

General Health Rating 

Rate yourself on a one (1) to five (5) scale on the follcwing items with one indicating poor 
or undesirable rating and five (5) the best or most desirable condition. Write the appro
priate number in the space on the right margin. 
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61. Do you frequently feel tired without cause? Rating 
1 2 3 4 5 
very frequent sane seldan never 

frequently 

62. Are you underweight, overweight or just right? Rating 
1 2 3 4 5 
very under right above much 
under above 

63. In general, what do you feel is your health stats? Rating 
1 2 3 4 5 
poor below average above excellent 

average average 

64. For a person your age, how do you view your activity level? Rating 
1 2 3 4 5 
very low average above very 
low average high 

65. Relative to your age, hew do you rate your physical fitness? Rating 
1 2 3 4 5 
poor below average above excellent 

average average 

66. How inportant to your health is physical activity in your daily life? 
Rating 
1 2 3 4 5 
not somewhat beneficial inportant very 

iirportant inportant inportant 

67. Additional Comments 

Please provide any additional information regarding your health which has been overlook
ed. Use back of page if necessary. 



INVENTORY D - PHYSICAL ACTIVITY - SPORT HISTORY 

This is an inventory of your physical activity and sport involvement from the earliest years to the 
present. Your memory may be hazy, at points, but give the best estimate possible. Where there is seri 
ous doubt, place a question mark after the information given. Also, add comments and explanatory state 
ments as needed. 

The information requested is as follows: 

a. Participation: Indicate by checking yes those activities in which you have participated on more 
than an exploratory basis, i.e., more than a dozen times over a period of several weeks. Check no 
to those activities never engaged in or only briefly. 

b. Level of participation: Indicate if participation was organized competition, such as, interscholas 
tic, intercollegiate, little league, or was participation other, i.e., recreation or work. 

c. Amount of participation: Indicate the amount of involvement in an activity by giving the duration 
in minutes of a typical daily session, the number of sessions per month, number of months per year, 
and number of years. 

d. Aae at time of participation: Indicate your age in years covering the time of participation, e.g., 
if you played Softball from 12 years of age to age 40 indicate 12-40 in the aae column. 

ACTIVITY PARTICIPATION LEVEL AMOUNT OF PARTICIPATION AGE 
Minutes Sessions Months Number 

Organized per per per of 
No Yes League Other session month Year Years From To 

Archery 

Badminton 
Baseball 
(hardball) 
Baseball 
(softball) 

Basketball 
Bicycling 
(2-3 wheel) 
Bicycling 
(stat. exer. 

Billiards 

Bowling 

Boxing 

Cfl1i sthenics 



ACTIVITY PARTICIPATION LEVEL AMOUNT OF PARTICIPATION AGE 
Minutes Sessions Months Number 

Organized per per per of 
No Yes League Other session month Year Years From To 

Cricket 

Croquet _ 
Dancing 
(aerobic) _ 
Dancing (ballet, 
modern, etc. _ 
Dancing, 
social, round, 
western) _ 

Diving (sky) _ 

Diving (water _ 
Exercise 
(relaxation) _ 
Exercise (stretching, 
flexibility) _ 
Fencing 
(foil, etc.) _ 
Fishing 
(boat, bank) _ 
Fishing 
(creek, bank _ 
Football (Amer. 
Tackle) _ 
Football 
(touch-flag) _ 

Golf 

Gynmnastics 
Handball 
(American) 
Handball 
(German) 
Hiking 
(backpacking 
Hiking 
(3-8 hr. 
walks) 



ACTIVITY PARTICIPATION LEVEL AMOUNT OF PARTICIPATION AGE 
Minutes Sessions Months Number 

Organized per per per of 
No Yes League Other session month Year Years From To 

Hockey (Ice) 

Horseshoes 
Hunting (sm. 
Ii lg. game) 

Jai Alai 

Karate 

Lacrosse 
Mountain 
climbing 

Music (drums 
Music (wind 
instruments) 

Polo (horses 

Polo (water) 

Racquetball 

Riflery 
(marks
manship) 
Riding 
(horseback) 

Riding(rodeo 

Rowing 
Running 
(distance} 
Running 
(jogging) 
Running 
(speed, 
sprints) 



ACTIVITY 

Sailing 
(boat) 

PARTICIPATION 

No Yes 

LEVEL 

Organized 
League Other 

AMOUNT OF PARTICIPATION AGE 
Minutes Sessions Months Number 
per per per of 
session month Year Years From To 

Shuffleboard 

Skating 
(ice) 
Skating 
(roller) 
Skiing 
(downhill) 
Skiing 
(x-country) 

Skiing 
(water) 

Soccer 

Spelunking 

Squash 

Swimming 

Tennis (lawn 
Tennis 
(table) 
Track (field 
events, shot, 
discus, jumps, 
etc.) 
Volleyball 
(gym) 
Volleyball 
(water) 
Weightlifting 
(conditioning, 
body building, 
etc.) 
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APPENDIX B. 

MET VALUES OF ACTIVITIES 

Activity MET Value Weight Beariner Category 

Archery 3.74 WBNL 

Badminton 6.11 WBLL 

Baseball 4.43 WBLH 

Softball 5.5 WBLH 

Basketball 7.48 WBLH 

Bicycling 5.96 NWB 

Bicycling (stationary) 5.7 NWB 

Billiards 2.34 WBNL 

Bowling 3.89 WBLL 

Boxing 8.23 WBLH 

Calisthenics 6.83 WBLL 

Canoeing 5.32 NWB 

Cricket 4.16 WBLL 

Croquet 3.3 WBLL 

Dancing (aerobics) 6.4 WBLH 

Dancing (ballet) 5.96 WBLH 

Dancing (social) 4.75 WBLL 

Diving (water) 4.0 WBLL 

Exercise (relaxation) 1.0 NWB 

Exercise (stretching) 1.5 WBNL 

Fencing 7.61 WBLL 

Fishing (boat/bank) 3.35 NWB 

Fishing (creek) 5.18 WBNL 



Activity METS Weight bearing category 

Football (tackle) 6.49 WBLH 

Football (touch) 7.85 WBLH 

Golf 4.12 WBLL 

Gymnastics 4.47 WBLH 

Handball 10.05 WBLH 

Hiking (backpacking) 6.36 WBLL 

Hiking (3-8 hours) 6.0 WBLL 

Hockey (field) 8.28 WBLH 

Hockey (ice) 8.6 WBLH 

Horshoes 3.24 WBNL 

Hunting 4.83 WBLL 

Karate 9.47 WBLL 

Lacrosse 8.0 WBLH 

Mountain climbing 7.77 WBLL 

Music (drums) 3.79 NWB 

Music (wind) 1.82 NWB 

Polo (horse) 6.0 NWB 

Polo (water) 8.0 NWB 

Raquetball 8.84 WBLH 

Riflery 2.5 WBNL 

Riding (horse) 4.52 NWB 

Riding (rodeo) 8.0 NWB 

Rowing 7.3 NWB 

Running (distance) 11.77 WBLH 
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Activity METS Weight bearing category 

Running (jogging) 10.6 WBLH 

Running (sprint) 15.65 WBLH 

Sailing 2.9 NWB 

Shuffleboard 2.9 WBNL 

Skating (ice) 6.48 WBLL 

Skating (roller) 6.85 WBLL 

Skiing (downhill) 8.35 WBLL 

Skiing (cross country) 9.28 WBLL 

Skiing (water) 6.18 WBLL 

Soccer 10.86 WBLH 

Spelunking 6.0 WBLL 

Squash 10.23 WBLH 

Swimming 6.56 NWB 

Tennis (lawn) 6.15 WBLH 

Tennis (table) 3.69 WBNL 

Track (field) 7.0 WBLH 

Volleyball 4.55 WBLH 

Volleyball (water) 3.12 WBLL 

Walking 4.07 WBLL 

Weight lifting 5.74 WBNL 

Work (lawn/garden) 5.29 WBLL 

Work (farm) 5.86 WBLL 

Wrestling 11.38 WBLL 

Yoga 1.5 NWB 



APPENDIX C. MET VALUES FROM VARIOUS SOURCES 

ACTIVITY/LEVEL PASSMORE DURNIN AU.SEN MCCARDLE WILSON FOI-SOM TAYLOR KARVONEN MEAN 

ARCHERY 

BADMINTON 
recreation 
competition 

BASEBALL(H) 
player 
pitcher 

BASEBALL (S) 
BASKETBALL 

172 court 
moderate 
competition 

BICYCLING 
own pace 
5.5 mph 
9.4 mph 
12 mph 
13 mph 
13.1 mph 
racing 

BILLIARDS 
BOWLING 
BOXING 

in ring 
sparring 

CALISTHENICS 
timed 

CANOEING 
leisure 
2.5 mph 
4 mph 
racing 
competition 

CRICKET 
fielding 
bowling 
batting 

CROQUET 

(1955) 

4.31 

6.79 
3.62 
5.63 

8.93 

3.12 
6.23 

2.52 
5.88 

3.10 
4.13 
4.76 

(1967) 

3.12 

5.19 

6.23 

5.19 

3.12 
5.55 

5.19 

3.12 

3.12 

(1980) 

4.31 

4.64 
8.20 

3.89 
4.97 

4.06 
5.88 
8.28 

4.22 

8.94 

1.49 

4.22 
4.22 
12.26 

2.48 
5.88 

(1981) 

3.71 

7.89 

3.66 
5.71 

9.66 
2.40 

12.69 
7.89 
4.00 

2.51 

5.89 

5.14 
4.74 
3.37 

(1986) 

5.50 

3.70 
5.70 

9.70 

10.10 

2.50 

(1985) 

3.00 

(1978) 

7.00 

5.00 
8.00 

4.00 

3.00 

3.50 

12.00 

(1967) 

4.00 

4.00 

3.50 

12.00 

3.74 

6.11 

4.43 
6.00 6.50 
12.00 

7.48 

3.40 

6.96 
2.34 
3.89 

8.23 

6.83 

5.32 

4.16 
3.30 



APPENDIX C. MET VALUES FROM VARIOUS SOURCES 

ACTIVITY/LEVEL PASSMORE DURNIN ALLSEN MCCARDLE WILSON FOLSOM TAYLOR KARVONEN MEAN 
(1955) (1967) (1980) (1981) (1986) (1985) (1978) (1967) 

DANCING (aerobic) 6.00 6.00 
moderate 5.89 
intense 7.71 6.40 

DANCING (ballet) 9.60 6.00 6.00 
moderate 3.48 
vigorous 4.72 6.96 

DANCING (soaal.Western) 5.19 2.91 6.50 5.00 
light 2.90 
hard 5.50 
foxtrot 3.71 3.73 
petronella 3.89 
waltz 4.29 4.31 
rumba 5.80 5.80 
square 5.71 
8-some reel 6.71 4.75 

FENCING 10.00 
moderate 4.22 
vigorous 8.61 7.61 

FISHING (boat) 3.54 3.50 3.00 3.35 
FISHING (creek) 3.54 6.00 6.00 5.18 
FOOTBALL (tackle). 7.48 6.23 7.54 

moderate 4.22 
vigorous 6.96 6.49 

FOOTBALL (flag) 7.54 8.00 8.00 7.85 
GOLF 4.54 3.12 4.86 

2-some 4.55 
4-some 3.40 
w/cart 2.60 3.60 3.50 
no cart 4.90 6.50 5.00 4.12 

GYMNASTICS 6.19 3.77 3.80 10.00 
balancing 2.10 
abdominal 2.62 
trunk 2.94 
arms/hopping 5.46 • 4.47 

HANDBALL 8.20 10.00 10.00 12.00 10.05 
HIKING (backpacking) 5.71 7.00 6.36 
HIKING (3-8 hr.) 6.00 6.00 6.00 
HOCKEY (field) 6.19 7.66 12.00 8.28 
HOCKEY (ice) 5.19 12.00 8.60 



APPENDIX C. MET VALUES FROM VARIOUS SOURCES 

ACTIVITY/LEVEL PASSMORB DURNIN ALLSEN MCCARDLE L WILSON FOLSOM TAYLOR KARVONEN MEAN 
(1985) (1978) (1967) 

3.50 3.24 
3.00 5.50 6.00 4.83 

9.47 
8.00 8.00 

7.77 
3.79 

1.82 
10.00 7.00 8.84 
2.50 2.50 
3.50 3.50 

4.50 

(1955) (1967) (1980) (1981) (1986) 

HORSHOES 2.98 
HUNTING 
KARATE 10.77 11.14 6.50 
MTN CLIMBING 6.23 8.36 

no load 6.91 
5 kg 7.37 
10 kg 8.00 
20 kg 8.40 

MUSIC (drums) 3.77 3.80 
MUSIC (wind) flute 2.00 2.00 

horn 1.66 1.70 
trumpet 1.77 1.80 

RACQUETBALL 8.20 10.17 
RIFLERY 
RIDING (horse) 5.19 

light 2.30 
walk 2.35 2.73 2.34 
trot 6.26 5.63 6.29 
gallop 7.83 7.83 
moderate 3.00 

ROWING 6.23 
recreation 4.22 
machine 11.43 

RUNNING (distance) 9.32 6.23 9.31 
5.5 mph 8.94 
6 mph 10.20 
6.7 mph 11.03 
7 mph 11.68 11.70 
7.5 mph 11.89 
8 mph 13.30 
9 mph 13.00 13.03 14.80 
10 mph 14.40 
11 mphj 16.51 
12 mph 16.48 

RUNNING (jog) 
5.2 mph 7.71 
5.5 mph 8.94 
6 mph 10.20 
6.7 mph 11.03 
7 mph 11.68 11.70 

7.30 
12.00 8.00 

11.77 
7.00 6.00 



APPENDIX C. MET VALUES FROM VARIOUS SOURCES 

ACTIVITY/LEVEL PASSMORE DIJRNIN ALLSEN MCCARDLR WILSON FOLSOM TAYLOR KARVQNEN MEAK 
(1955) (1967) (1980) (1981) (1986) (1985) (1978) (1967) 

7.5 mph 11.89 
8 mph 13.30 
9 mph 13.00 13.03 14.80 10.79 

RUNNING (sprint) 19.30 12.00 16.65 
SAILING 3.12 2.48 3.00 3.00 2.90 
SKATING (ice) 5.50 7.00 

moderate 4.80 
vigorous 8.61 6.48 

SKATING (roller) 7.00 7.00 
moderate 4.80 
vigorous 8.61 6.85 

SKIING (downhill) 6.19 8.12 6.97 7.00 10.00 
racing 13.83 8.35 

SKIING (cross-country) 5.19 5.97 8.00 
moderate 10.83 6.80 
walking 8.17 
5 mph 9.77 
6 km/hr 6.82 
uphill, fast 15.63 15.66 9.28 

SKIING (water) 6.54 6.00 6.00 6.18 
SOCCER 7.45 12.00 12.00 12.00 

10.86 
SQUASH 8.70 6.23 8.70 12.11 12.10 10.00 12.00 12.00 10.23 
SWIMMING 5.19 5.05 7.00 6.00 

swimmer 7.00 
non-swimmer 4.00 
sidestroke 6.98 6.97 
crawl-slow 7.31 
crawl-20 yd/min 4.06 
craw.-45 yd/min 7.30 7.29 
crawl-50 yd/min 8.86 
crawl-65 yd/min 8.89 
crawl-fast 8.91 
breastroke 9.24 9.26 

20 yd/min 4.02 4.06 
30 yd/min 6.04 6.05 
40 yd/min 8.05 8.03 

backstroke 9.66 9.66 
20 yd/min 3.23 

ro r\) 



APPENDIX C. MET VALUES PROM VARIOUS SOURCES 

ACTIVITY/LEVEL PASSMORE DURNIN ALLSEN MCCARDLE W1I.SON FOLSOM TAYLOR KARVONEN MEAN 
(1955) (1967) (1980) (1981) (1986) (1985) (1978) (1967) 

25 yd/min 3.17 
30 yd/min 4.44 4.47 
35 yd/min 5.71 
40 yd/min 6.98 7.04 6.56 

TENNIS (lawn) 5.80 6.19 6.80 6.23 6.00 7.00 7.00 6.16 
TENNIS (table) 3.12 3.23 3.89 3.90 4.00 4.00 3.69 
VOLLEYBALL 2.86 4.00 

light 2.90 
moderate 4.80 
vigorous 8.20 
4.55 

VOLLEYBALL (water) 3.12 3.12 
WALKING 3.75 4.00 

2 mph 2.90 2.50 
4 mph 3.30 
4.5 mph 6.60 
normal pace 4.67 
hard 6.00 4.07 

WEIGHT LIFTING 6.64 6.00 3.00 6.00 
free weights 4.91 
nautilus 5.26 
universal 6.63 
hydra-fitness 7.54 5.74 

WORK (lawn,garden) S.19 4.75 5.00 
raking 3.09 3.10 
hedging 4.40 4.40 
mowing 6.40 
digging 7.80 7.20 7.20 
weeding 4.92 5.29 

WORK (farm) 5.00 
milk machine 3.04 1.31 
milk hand 4.20 3.09 
harvestor 2.29 
tractor 2.11 
feed animals 3.71 
shovel grain 4.86 
bam cleaning 7.71 
forking bales 7.89 
weeding 4.11 
power sawing 4.29 ^ 

N> 
VjJ 

i 



APPENDIX C. MET VALUES PROM VARIOUS SOURCES 

ACTIVITY/LEVEL PASSMQRE DURNIN ALLSEN MCCARDLE WILSON FOLSOM TAYLOR KARVONEN MEAN 
(1955) (1967) (1980) (1981) (1986) (1985) (1978) (1967) 

ax chopping 4.81 4.86 
chopping,fast 16.79 16.97 
hoeing 6.14 5.20 
planting 3.16 6.23 
sawing 6.97 
falling 7.54 
carrying 3.63 10.63 6.86 

WRESTLING 10.77 12.00 11.38 
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APPENDIX D. WEIGHT BEARING SURVEY 

WEIGHT BEARING INDEX SURVEY 

INSTRUCTIONS: Read through the following list of activities and 
place a check in the column titled "Non-Weight 
Bearing" if you consider the activity to be non
weight bearing. For activities that are weight 
bearing, place a checkmark indicating whether the 
activity is non-locomotive, locomotive-low impact, 
or locomotive-high impact. The results of this 
survey will be used in a qualitative analysis of 
physical activity questionnaires. 

Weight Bearing Non-Weight 
Bearing 

Non-
Locomotive 

Locomotive 
Low Impact 

Locomotive 
Hich Impact 

Archerv 

Badminton 

Basebal1: Hard 

Soft 

Basketbal1 

Bicvclino 

Bicvclino-stationarv 

Billiards 

Bowlino 

Boxina 

Calisthenics 

Canoeina 

Cricket 

Croquet 

Dancina: 

Aerobic 

Bal1et/Modern 

Social/Round/Western 

Divino 

Exercise: 

Relaxation 

St ret china/Flex 
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Weight Bearing Non-Weight 
Bearing 

Non-
Locomotive 

Locomotive 
Low Imnact 

Locomotive 
Hioh Impact 

Non-Weight 
Bearing 

Fencina 

Pishina: 

Boat/Bank 

Creek/Stream 

Footbal1: 

Tackle 

F1aq/Touch 

Golf 

Gvmnasti cs 

Handbal1: 

American 

German 

Hikinq: 

Backoackina 

3-8 hr walks 

Hockev: 

Pield 

Ice 

Horshoes 

Huntino 

Karate 

Lacrosse 

Mtn Climbino 

Music: 

Drums 

Mind Instrument 

Pol o: 

Horse 

Water 

Raeauetbal1 

Riflerv 



12? 

Weight Bearing Non-Weight 
Bearing 

Won-
Locomotive 

Locomotive 
Low Impact 

Locomotive 
Hioh Impact 

Non-Weight 
Bearing 

Ridinq: 

Horse 

Rodeo 

Rowino 

Runnino: 

Distance 

Jooaino 

Speed/Sprints 

Sailing (Boat) 

Shuff1eboard 

Skatincr: 

Ice 

Roller 

Skiinc: 

Downhi11 

Cross Country 

Water 

Soccer 

Spelunckino-cave 

Sauash 

Tennis: 

Lawn 

Tabl e 

Track (field) 

Vol 1evbal1: 

Gvm 

Water 

Walkina 

Weiaht Lifting 
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Height Bearing Non-Weight 
Bearing 

Non-
Locomotive 

Locomotive 
Lou Impact 

Locomotive 
Hiah Impact 

Non-Weight 
Bearing 

Work: 

Lawn/Garden 

Farm/Forest/ 
Construction 

Wrestlino 

Yocja 

OTHER 

Frisbee 

Jumcroue 

Scubadivino 
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JULY 1989 . 
APPENDIX E. HUMAN SUBJECTS .APPROVAL 

HUMAN SUBJECTS COMMITTEE 
Periodic Review 

Scott Going/Exercise & Sport Sciences/A86.31/Fat and Fat-Free Composition of 

Older Men and Women 
(TMtorfopOMQ 

1. What is the present state of this project? 

yS^Cantinuing • Closed to New Subjects •Concluded 

• Not Begun • Not Funded 

• Other* 

2. Is the consent form as approved by theHwpan Subjects Committee still being used? (if not, please explain 
and submit a copy of the new form.) ^Yes • No 

3. Have any problems arisenjn regard to the participation and safety of the people used as subjects in this 
project? • Yes ^^No 

4. Have there been any psychological or physical injury to any subject O Yes JXTNO 
arf.iitrKr.cC  ̂

5. Where are the signed consent tam&p&teniftieing fifed? - -^ -Room # /3 
01 inosaty chtck wift your D«pnn«nl knflpi«c».'| 

6. Have any protocol changes been matte thathavermt Lxwiidujuuwaby the Human Subjects Committee? (If 
yes, please submit a copy of the changes.) • Yes ^Q^No 

This periodic review is required by Department of Health and Human Services regulations. Both the in
vestigator's signature and that of tho Chairman-uf UIH Departmental Review Committee is required. (The 
Departmental Review Committee is responsible to the Department Head for the surveillance of the ongoing 
project) 

Thank you for verifying that the procedures in the above named project have not 
changed since last approval and that no physical or psychological harm has corae 
to any participating subjects. This project is reapproved as of the date 
stamped below. Reapproval is granted with the understanding that no changes 
will be itade to' the project's procedures or consent form(s) without the knowledge 
and approval of this Coandttee and the College or Departmental Review Ooranittee. 
Any physical or psychological harm to any subject must also be reported to each 
coranittee. 

JUN 2 7 1989 Milan Novak, M.D., Ph.D. (Chairman) 
REAFPROVAL DATE: 
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