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Abstract: Loss o f bone density associated with increased risk o f fractures occurs in both sexes after the age 
o f 40 to 50 years. Because men attain a higher peak bone mass in young adulthood, they can sustain more bone 
loss than women before the risk offracture becomes significant. Moreover, women experience a period o f accel
erated loss at and immediately following the decline in estrogen synthesis characterizing menopause. 
Consequently, osteoporosis is an important health problem for postmenopausal women in the United States and 
in other industrialized countries. Women who are excessively slender, experience late menarche, remain child
less, and experience early menopause are generally at higher-than-average risk fo r osteoporosis. Because adipose 
fa t tissue plays a role in converting androgenic steroids to estrogen in postmenopausal women, it has been 
hypothesized that obesity may lower the risk o f  postmenopausal osteoporosis. On the other hand, the retention 
o f skeletal muscle mass into later life has also been associated with superior bone density and lower fracture risk. 
The data presented here support the contention that fat-free body mass has a greater influence on retention o f  
bone mass than does fat-mass in postmenopausal women. Men characteristically have greater lean body mass 
than women from adolescence into old age. Their higher bone mass provides additional evidence o f the impor
tant role played by skeletal muscle in the maintenance o f  bone density.

Key words: Postmenopausal osteoporosis; Body Mass Index, Fat Mass, Lean Tissue Mass, and bone Density 
Values.

Background

The predominant causes of mortality in industrialized nations remain cardiovascular dis
ease and cancer. Overweight has been implicated in both of these major causes of mortal
ity. Consequently, there is widespread interest in the formulation of recommendations for 
desirable weight for height and age. In a summary of current opinion on healthy body 
weight, Meisler and St. Jeor (1996), enumerate the recommendations of the expert panel 
of the round table on healthy weight sponsored by the American Health Foundation. Their 
first recommendation is that upon the attainment of full adult growth, (around the age of 
21 years), a body mass index (BMI) of less than 25 should be maintained. Second, when 
BMI exceeds 25, weight loss to reduce BMI by two units should be recommended. 
Additional weight loss should be attempted only after the new BMI level has proven sus
tainable for at least six months. Intrinsic in these recommendations is acknowledgment 
that weight loss achieved at the expense of lost skeletal muscle or bone mass does not 
improve an individual’s overall risk profile (see also Wardlaw, 1996).

Increased fracture risk due to low bone density is known to be associated with a number 
of other risk factors including low body weight and BMI, Wardlaw (1996), cites the occur
rence of low bone density associated with a BMI less than 22 when compared with bone 
densities of individuals whose BMI is greater than 28. The reasons for these associations 
in women, both before and after menopause may include increased estrogen production, 
storage, and release by adipose tissue, (Grodin, Siiteri and Macdonald, 1973; Reid, Plank 
and Evans 1992), as well as the mechanical effects of increased muscle mass and the stress-
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es generated by muscle contraction (Aloia et al.; Compston et al. 1992; Harris, Dallal, and 
Dawson-Hughes 1992; Kroger et al. 1994; Reid, Plank and Evans 1992; Reid et al. 1992).

Thus, both fatfree and fat mass may play a role in the retention of bone density. It has 
been shown that on the average, BMI is affected more by fat mass than by muscle mass. 
This is generally tme despite the fact that lean tissue has greater mass per volume than adi
pose fat, and that a very lean individual with substantial lean body mass will have a higher 
BMI than an individual of the same weight with more adipose fat (Ross et al. 1988). 
However, the error generated by this association is only likely to reach a significant level in 
athletes and others whose percent body fat is at the extreme low end of the range of varia
tion.

The study reported here focuses on the relationships between the BMI, total body fat, 
fatfree mass and several blood chemistry values with bone density in postmenopausal 
women.

Study Population and Methods

The subjects of the present study were 129 women aged 51 to 84 years (average age 71.32 
years), drawn from the participants of a wheat-bran fiber supplementation project being 
conducted as part of a Colon Cancer Prevention Program at the Arizona Cancer Center, 
(Principal Investigator, David Alberts, M.D.).

Bone density values were obtained at the distal one-third and ultradistal sites on the left 
radius using the Lunar Radiation SP-2 photon absorptiometer. Body composition values 
were obtained using bioelectric impedance to determine total body water, total fat mass, 
and total fatfree mass. Annual bioelectric impedance and bone density measurements are 
taken at the same session as the height and weight measurements used to calculate BMI. 
Blood samples for analysis of blood chemistry values are drawn during separate examina
tions. All obtained values are entered in central data files at the Biometry Division at the 
Arizona Cancer Center. Analysis of data for the present study was conducted at the 
Laboratory of Biological Anthropology using computing facilities maintained there as well 
as through the local area network of the Department of Anthropology. Statistical analysis 
using EP16 and SPSSPC+ provided the regression and correlation values reported here.

Results

Bone density values for the distal one-third site of the radius are shown in table 1. 
Included in table 1 are data from the Tucson-Sun City longitudinal study for males and 
females of the same age groups as the study sample. The sharp differences between male 
and female bone densities are seen consistently through all of the age groups compared 
here. Also of interest is the sex difference in average rate of decline in bone density char
acterizing these age groups when compared cross-sectionally.

While the male average declines about 4.4% between the 50-59 year and the 60-69 year 
categories, the female values decline 11.8% in the large study and 7,9% in the sample report
ed here. Male bone density declines an additional 2.2% in the next decade (70-79) and 5.9% 
in the 80-89 decade. Average female values decline an additional 8.6% and 8.4% respec
tively in the large study and in the colon cancer prevention study during the 70-79 year 
decade and 8.6% and 7.2% during the 80-89 year decade. The average cumulative decline in
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women is 26% in the large population and 22% in the colon cancer prevention study sub
jects.

Table 2: Arizona bone density values Sun City and Tucson 1996

A ge
M ale

B M D n

S ex
F em ale

B M D n

< 50 0.7703 (27) 0.6648 (276)
50 -54 0.7598 (18) 0.6573 ( 111)
55 -59 0.7437 (14) 0.6272 (113)
6 0 -6 4 0.7426 (62) 0.5942 (280)
6 5 -6 9 0.7311 (128) 0.5527 (585)
70-74 0.7163 (181) 0.5324 (663)
7 5 -7 9 0.7166 (188) 0.4919 (557)
80 -84 0.6778 (143) 0.4769 (390)
8 5 -8 9 0.6475 (57) 0.4510 (189)

> 90 0.5567 (13) 0.4118 (59)

Total 831 3 2 2 3

BMD = Grams of Bone mineral / square centimeter

The average cumulative decline for men is 12.3%. While these are cross sectional data, 
results of longitudinal comparisons confirm the sex differences in bone densities and rates 
of decline. When the results of males and females for whom five consecutive annual bone 
scans were recorded it was found that the annual rate of loss of bone mineral content and 
percent coritcal area, (PCA) at the distal one-third site was as follows:

AGE GROUP
60-70 YEARS 70-80 YEARS 80-90 YEARS

MALE FEMALE MALE FEMALE MALE FEMALE
BONE MINERAL A -.0058 -.0061 -.0037 -.0052 -.0071 -.0079
PCA A -.6750 -.9374 -.5266 -.7367 -.7127 -.9918

Of particular interest in this comparison of male and female bone density loss is the 
degree to which PCA (percent cortical area, a measure of the thickness of the radial cor
tex), declines in females. Our longitudinal results indicate that this decline, which substan
tially enhances the risk of long bone fracture, is the result of both bone mineral loss and 
remodeling (Stini, et al„ 1992).

Body Mass Index, Fat Mass, Lean Tissue Mass, and Bone Density Values

Although the mechanisms underlying these sex difference in bone remodeling are still 
poorly understood, an association with greater lean body mass and weight-bearing stress on 
bone in males up to advanced old age has the potential to produce differences of the sort
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seen in this sample. Table 2 provides age and sex comparisons of BMI and PCA values with 
increasing age in for participants in the Sun City and Tucson Longitudinal Bone Density 
Study.

Table 2: Percent cortical area (PCA) as related to body mass index (B M I)  
for Arizona males and females ages 60 to 90 years.

Percent cortical area (PCA) by age sex and body mass index (B M I)  
Sun City and Tucson males and females aged 60-90 years

S ite
M a le

S u n  C ity
F e m a le M a le

T u cso n

F e m a le

Age 60-70 60-70
BM I 27.01 (54) 25.09 (150) 26.94 (76) 25.78 (356)
PCA 45 (54) 44 (150) 46 (76) 44 (356)
HPCA* 46 (16) 45 (34) 49 (24) 46 ( 1 0 0 )
LPCA** 43 ( 1 ) 40 ( 10) 41 (3) 39 (32)

Age 70-80 70-80
B M I 25.99 ( 1 2 2 ) 24.74 (252) 25.87 (145) 25.70 (468)
PCA 46 ( 1 2 2 ) 40 (252) 45 (145) 40 (468)
HPC* 46 (33) 41 (51) 46 (45) 41 (117)
LPCA** 45 (3) 37 (29) 43 (7) 37 (34)

Age 80-90 80-90
BM I 25.14 (54) 23.73 (81) 24.55 (6 6 ) 24.53 (251)
PCA 43 (54) 37 (81) 42 (6 6 ) 36 (251)
HPCA* 43 ( 11) 39 ( 1 0 ) 42 (5) 39 (41)
LPCA** 27 ( 1) 35 (14) 32 (3) 33 (29)

* HPCA = PCA for subjects whose B M I is > 28 
** LPCA = PCA for subjects whose B M I is < 20

In can be seen in table 2 that BMI declines with age in both sexes along with PCA. 
However, the decline in PCA is greatest where BMI is lowest, and male PCA exceeds 
female PCA at all represented ages. Table 3 shows the relationships of both PCA and BMI 
to the ratio of current bone density to peak bone density, (a normative value representing 
maximum bone density attained in young adulthood, designated “percent young normal”, 
and abbreviated to PCTY). Table 3 also shows the relationship of age and sex-matched val
ues, (PTA), to PCA, BMI, and PCTY.

From the foregoing, it is clearly evident that there is an association between the com
ponents of BMI and bone density. However, since BMI reflects both fat-free and fat mass, 
it is of interest to examine the relationships between these compartments and bone densi
ty values. Table 4 shows the correlations between fat-free body mass and other body mass 
and bone density values obtained from a sample of 146 males and 71 females aged 60 to 
84 years. In addition to the bone density values taken at the distal 1/3 site of the radius, 
this table includes ultradistal radius values. The ultradistal site differs from the distal 1/3
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site in containing upwards of 80% trabecular bone in contrast to the preponderance of cor
tical bone characterizing the distal 1/3 site. While the correlations shown in table 4 are all 
significant at the (p<.01) level, the correlations for females are consistently higher.

Table 3: Percent cortical area at the distal one-third radius site as related to body mass index (BMI) 
in Arizona populations of both sexes.

Bone cross-sectional characteristics as related to body mass index

Sample
< 20

Body Mass Index 
20-25 25-28 >28

Tucson women
Cortex 0 .6 8 0.81 0.91 0.93
Medullary cavity 1.03 1.02 1 .00 0,99
Percent cortical area 39.80 44.00 47.60 48.40

Sun City women
Cortex 0.77 0 .8 8 0.91 0.99
Medullary cavity 1.02 0,97 1.05 0.93
Percent cortical area 43.00 47.60 46.40 51.60

Tucson men
Cortex 0.94 1,00 1.01 1.00
Medullary cavity 1.41 1.38 1.17 1.25
Percent cortical area 40.00 42.00 46.30 44.40

Sun City men
Cortex 1 .00 1.00 1 .00 1.00
Medullary cavity 1 .00 1.17 1.17 1.34
Percent cortical area 50.00 46.00 46.00 42.70

Table 4: Correlations of fatfree body mass and other body mass 
and bone density values: sexes compared*

C orrelation  w ith C orrelation  w ith

fatfree m ass fatfree m ass

Value m ales (n = 1 4 6 ) fem a les (n = 7 1 )

Body Mass Index .657 .662
Total Body Fat .587 .656
Age -.400 -.374
Distal 1/3 BMC .491 .711
Ultradistal BMC .409 .557
Distal 1/3 density .352 .512
Ultradistal density .292 .480
% Age & sex matched* .235 .401
% Peak bone density** .282 .498

* Average age of males and females = 71.8 years
** Average of density at both distal 1/3 and ultradistal sites 

Note: all correlations significant at p < . 001
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When the correlations of fat-free body mass with other BMI components and with bone 
density for all postmenopausal women in the Wheat-fiber study are examined in table 5, it 
can be seen that all correlations are highly significant. As in table 4, correlations with the 
density values taken at the distal 1/3 site, where cortical bone predominates, are higher 
than those taken at the ultradistal site which is predominantly composed of trabecular 
bone.

Variable Correlation

Body Mass Index
Weight
Fatmass
Distal 1/3 radius density 
Ultradistal radius density 
% Peak distal 1/3 density 
% Peak ultradistal density 
% Age-matched distal 1/3 density 
% Age-matched ultradistal density

.6556*

.8264*

.6672*

.4602*

.4084*

.4604*

.4045*

.3515*

.3196*

* 1-tailed significance <.001

Blood C hem istry Values

Table 7 shows the values for a number of bone density, body composition and blood 
chemistry variables for postmenopausal women of low (<22) and high (>28) BMI. The 
expected strong relationship of BMI with both fatfree mass and total body fat is clearly evi
dent when the high BMI women are compared to the low BMI as does serum creatinine, 
triglyceride, glucose, urea nitrogen and iron levels.

Variable Correlation

Body Mass Index 
Weight
Fatfree body mass 
Distal 1/3 radius density 
Ultradistal radius density 
% Peak distal 1/3 density 
% Peak ultradistal density 
% Age-matched 1/3 density 
% Age-matched ultradistal density

.9324*

.9586*
.6591*
.0443
.1833
.0471
.1818
.0066
.1619

* 1-tailed significance <.001
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Table 6: Correlations of total body fat with bone density values 
for postmenopausal women (n= 125)

Table 5: Correlations of fatfree body mass with bone density values 
for postmenopausal women (n=125)



Table 7: Comparisons of bone density body composition, and blood chemistry values 
for postmenopausal women with Body Mass Index less than 22 and more than 28

B M I

V ariable < 2 2  (2 6 ) > 28  (3 6 )

Fatfree mass 75.37 97.58
Total body water 62.96 83.99
Fatmass 39.36 94.86
Distal 1/3 radius density .5110 .5811
Ultradistal radius density .2123 .2671
% Peak distal 1/3 density 71.85 81.80
% Peak ultradistal density 63.73

90.92
76.15

% Age-matched 1/3 density 99.10
% Age-matched ultradistal density 80.69 96.74
% Cortical area distal 1/3 49.57 49.89
Cortial area ultradistal 6.08 7.56
Serum creatinine .9385 .9850
Serum triglycerides 118.50 214.80
Serum glucose 91.86 123.40
Serum urea nitrogen 13.91 16.68
Serum iron 86.36 96.00

Discussion

The data reported in the preceding results provide a useful basis from which to address 
the question of which soft tissue values bear the closest relationship to bone density values 
during aging. A general decrease in lean body mass appears to be a part of the aging 
process. This decrease is reflected in a reduction in energy requirements although not nec
essarily in proportion to requirements for all nutrients, (Stini, 1993, 1995). Moreover, 
reduction in lean body mass includes loss of both skeletal muscle, which has stringent 
requirements for both energy and amino acids, and loss of bone, which shares the need for 
amino acids to sustain collagen synthesis but also requires substantial amounts of calcium 
and phosphorus to maintain the balance of bone mineral turnover. Loss of bone mass, par
ticularly in the more-dense cortical compartment has the potential to affect measures of 
body composition to a greater extent than is usually acknowledged.

The increased BMI values which usually occur with increasing age therefore reflect the 
acquisition of more body fat than simple serial comparisons of BMI would indicate. In 
healthy, normal females, fat mass increases while muscle and bone mass decrease after 
menopause (Cohn et al. 1976; Evans 1992; Wang et al. 1994). However, overall body weight 
is positively related to bone mass and its retention over time. (Aloia et al. 1991; Liel et al. 
1988; Ribot et al. 1988; Bevier et al. 1988; Pocock, Eisman and Gwinn 1989; De Simone 
et al. 1989). This relationship is thought to be the consequence of mechanical forces asso
ciated with weight-bearing and other stresses related to muscular activity. (Smith and 
Gilligan 1989; Slemenda 1995)

Both body fat mass and fatfree mass have been shown to be positively correlated with 
bone mass by a number of investigators, (Aloia et. al. 1995; Bevier et al. 1988; Compston 
et al. 1992; Reid, Plank and Evans 1992; Reid et al. 1992; Reid et al. 1995). Some investi
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gators suggest that fat mass is a better predictor of bone mass than fatfree mass, (Reid, 
Plank and Evans 1992; Reid et al. 1992; Compston et al. 1992). However, in a more recent 
study, Reid et al. (1995), report higher correlations of fatfree mass with bone mass in post
menopausal women, with the correlation being higher in women who regularly exercise.

Similarly, Aloia et al. (1995) found a stronger relationship between fatfree mass and 
bone mass than between fatmass and bone mass in both pre- and post-menopausal women, 
although the relationship between fatmass and bone mass became stronger after 
menopause. The stronger association of fatmass with bone mass after menopause may 
derive from the role that adipose fat plays in the conversion of androgen to estrogen, a role 
of increased significance to bone metabolism after menopause. The results reported here 
suggest that despite the important endocrinological role of fat in postmenopausal life, fat
free body mass continues to be superior to fatmass as a predictor of bone mass.

The values for PCA, (percent cortical area), in table 2 show the relationship between 
BMI and cortical bone density in both sexes in age groups from 60 to 90 years. While there 
is a progressive decrease in average BMI in both sexes, the reduction in average PCA is 
most notable in women in both the Sun City and Tucson samples. The difference between 
women whose BMI was less than 20 and those whose BMI was greater than 28 is especially 
notable in all age groups. The strong positive relationship between BMI and PCA reflects 
bone density loss of greater magnitude in women with lower BMI along with enhanced 
remodeling producing a thinner cortex and higher risk of Fracture.

The relationship between loss of bone, reduced PCA and BMI is further explored in 
table 3 where the proportion of age- and sex-matched standards for bone density are com
pared for both men and women from the ages of 50 to 94 years. Peak BMI is attained by 
both sexes between the ages of 50 and 59 with a steady decline thereafter. Some caution is 
advised in interpreting BMI values in these age groups because of the loss of stature, which 
averages 0.41 cm/year in women and 0.50 cm/year in men. These estimates are based on 
serial measurements taken on at least 5 occasions and as many as 13 for 842 women and 
364 women between 1982 and 1995.

The comparisons of correlations of fatfree mass with BMI, total body fat, age and sev
eral measures of bone density in table 4 highlight the close relationship between lean tis
sue mass and bone mass and density. The correlations are in all instances higher in women 
than in men in this subsample of subjects participating in the wheat bran fiber project, but 
they are all highly significant, (p<.001). Table 5 lists the correlations of fatfree mass with 
bone density values for a sample of 125 postmenopausal women and table 6 lists the cor
relations of total body fat with the same values. Comparison of the values in these two 
tables shows the greater influence of total body fat on both weight and BMI when com
pared to fatfree mass in postmenopausal women. However, while fatfree mass is highly cor
related with all bone density values, total body fat yielded no significant correlations.

It is of interest that, although none of the bone density values reported here are signifi
cantly correlated with total body fat, the highest correlations were with densities measured 
at the ultradistal site, an area of the radius where trabecular bone predominates whereas 
cortical bone is predominant at the distal one-third site. At the latter site, correlations of 
fatfree mass with bone density are higher. These relationships would suggest that cortical 
bone density is more influenced by muscle mass than trabecular bone is in later life, 
although this may not be the case during growth and young adulthood.
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The comparisons of averages for body composition compartments, bone densities, and 
serum creatinine, triglyceride, glucose, urea nitrogen and iron for subjects with BMI values 
less than 22 and those with BMI values greater than 28 reveal that with the exception of 
PCA at the distal one-third site, higher BMI values are consistently associated with higher 
bone densities and blood chemistry values. The exception of the distal one-third PCA value, 
which is virtually identical in both high and low BMI samples may derive from the degree 
of remodeling experienced by the heavier women whose radial diameters exceed those of 
the more-slender women and for whom the additional cross-sectional area of the bone at 
this site may still reflect an earlier response to greater torsional stress, (Lazenby, 1990a, b; 
Stini et al. 1992).

Summary

Concerns for the risk factors associated with overweight have led to increased attention 
to the need for lifelong attention to weight control. The resultant widespread concern has 
undoubtedly had beneficial effects, among which may be included the reduction of the mor
tality rate for cardiovascular disease in recent years. It may also have helped to moderate 
the increases in moralities due to cancer, diabetes and certain related conditions. However, 
recommendations concerning what is a healthy body weight must take factors such as the 
relationship between body weight and bone density into consideration. This is particularly 
important in the population of postmenopausal women where the risk of bone fractures 
associated with low bone density is highest. The factors associated with low bone density 
in this population include low weight, and especially, low fatfree mass. It has become 
increasingly realized that weight loss resulting in reduced lean body mass has little to rec
ommend it. While loss of fat may affect bone density in postmenopausal women, largely 
due to its potential to reduce conversion of androgens to estrogen, the risk engendered by 
loss of lean tissue appears to be much higher.
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