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Abstract

Summary We examined BMC and body composition in
1,209 black, Hispanic, and white men. Weight, BMI, waist
circumference, and fat mass were associated with BMC
only up to certain thresholds, whereas lean mass exhibited
more consistent associations. The protective influence of
increased weight appears to be driven by lean mass.
Introduction Reduced body size is associated with de-
creased bone mass and increased fracture risk, but
associations in men and racially/ethnically diverse popula-
tions remain understudied. We examined bone mineral
content (BMC) at the hip, spine, and forearm as a function
of body weight, body mass index (BMI), waist circumfer-
ence, fat mass (FM), and nonbone lean mass (LM).
Methods The design was cross-sectional; 363 non-Hispanic
black, 397 Hispanic, and 449 non-Hispanic white residents
of greater Boston participated (N=1,209, ages 30-79 y).
BMC, LM, and FM were measured by DXA. Multiple
linear regression was used to describe associations.
Results Weight, BMI, waist circumference, and FM were
associated with BMC only up to certain thresholds. LM, by
contrast, displayed strong and consistent associations; in
multivariate models, femoral neck BMC exhibited a 13%
increase per 10 kg cross-sectional increase in LM. In
models controlling for LM, positive associations between
BMC and other body composition measures were eliminat-
ed. Results did not vary by race/ethnicity.

Conclusions The protective effect of increased body size in
maintaining bone mass is likely due to the influence of lean
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tissue. These results suggest that maintenance of lean mass
is the most promising strategy in maintaining bone health
with advancing age.
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Introduction

Osteoporosis and related fractures have long been recog-
nized as substantial public health problems facing white
women. Recent years have witnessed their emergence as
concerns for male and racially/ethnically diverse popula-
tions as well [1-4], and emerging evidence suggests that
racial/ethnic variation in bone material and its rate of age-
related decline may partly explain corresponding differ-
ences in fracture risk [5-9]. Despite these advances,
however, the epidemiology of male osteoporosis and bone
fragility remains understudied [1, 10-12], and there remain
few comprehensive assessments in diverse male popula-
tions [13—16].

Abundant epidemiological evidence links body compo-
sition to bone mass in older adults [17-22], and increased
BMI has been linked to lower rates of osteoporosis and
fracture [23]. Likewise, prospective investigations have
demonstrated associations between declines in body size
and both bone loss and increases in fracture risk [24-26].
These investigations, however, are for the most part limited
either to racially/ethnically homogenous populations, to
specific skeletal sites, or to specific functions of body size
such as body mass index (BMI). In addition, closer
examination of the components of body composition has
not produced consensus; it remains unclear whether fat
mass or lean mass is more strongly associated with bone
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mass. While several studies imply that lean mass is of
greater importance [27-35], others are more equivocal, or
indicate that fat mass plays the more prominent role,
especially in women [22, 32, 33, 36-41].

To shed further light on these issues, we conducted a
study of the association between hip, spine, and forearm
bone mineral content (BMC) and several measures of body
composition (total weight, BMI, waist circumference, total
fat mass, and total and proportionate lean mass) among
Hispanic, non-Hispanic black, and non-Hispanic white men
living in Boston, MA, USA. The objective of the analysis
was to determine whether associations between body
composition and BMC were consistent at different skeletal
sites, for subjects of differing races/ethnicities, and across
the full range of body size parameters.

Methods
Study sample

We analyzed data on men enrolled in the BACH/Bone
study, a cross-sectional investigation of bone health in
aging men, with data obtained on subjects previously
enrolled in the parent Boston Area Community Health
(BACH) survey. The BACH survey employed a randomly
selected cohort of 5,506 male and female residents of
greater Boston, MA, with data collected between April

2002 and June 2005. Subjects’ ages ranged from 30 to 79 y.

BACH required that subjects be living in the community,
be of self-identified Hispanic ethnicity and/or black or
white race, and be fluent in English or Spanish. Potential
BACH subjects were identified using year 2000 U.S.
federal census records and contacted by phone screen and
field visits to determine eligibility and willingness to
participate. Data were collected during early-morning in-
home study visits. A total of 24,063 households were
contacted; approximately 275,400 phone calls and 74,300
field attempts were made by bilingual study staff. Addi-
tional details have been previously published [42].

BACH enrollment was divided into five groups or
“batches” of subjects [42]; male enrollees in all but the first
batch were considered for enrollment in BACH/Bone,
yielding a pool of 1,948 potential BACH/Bone subjects.
Enrollment in BACH/Bone required that subjects weigh no
more than 300 Ibs, be able to travel to the Boston University
School of Medicine (BUSM), consent to a dual energy X-
ray absorptiometry (DXA) scan and additional measure-
ments, and be able to lift themselves onto the scan table.

Forty subjects were excluded because their weight
exceeded 300 Ibs., 17 because they were unable to lift
themselves onto the scan table, six because they had
recently moved, and an additional eight for other reasons.
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Of the remaining 1,877 eligible subjects, 1,219 (65%)
agreed to enroll in BACH/Bone; DXA scans were obtained
on the 1,209 subjects whose data are presented here.
Additional details have been published elsewhere [13].
Written informed consent was obtained from each subject
(independently for both BACH and BACH/Bone), and
study subjects received $100 and $75 remuneration for
participation in BACH and BACH/Bone, respectively. The
BACH protocol was approved by the Institutional Review
Board (IRB) of New England Research Institutes (NERI),
and the BACH/Bone protocol was approved by IRBs at
NERI and BUSM.

Data collection

During BACH data collection, each subject’s age, self-
assessed general health, smoking history and alcohol
consumption were obtained through self-report. Physical
activity was measured using the Physical Activity Scale for
the Elderly (PASE) [43]. Waist circumference was obtained
using a 200 cm measuring tape.

Data collection for BACH/Bone occurred at the BUSM
General Clinical Research Center (GCRC). Subjects exe-
cuted a written informed consent and GCRC staff admin-
istered a brief questionnaire concerning general bone
health. Subjects’ height (to the nearest 0.1 cm) and weight
(to the nearest 0.1 kg) were obtained using a stadiometer
and digital scale. Strength and physical function were
assessed using the seven-item physical performance test
(PPT) score [44] and the repeated chair stands test [45], and
grip strength was measured using a hydraulic hand
dynamometer (Sammons Preston, Bolingbrook, Illinois).

The median time between BACH and BACH/Bone data
collection visits was 36 days.

DXA

BMC, bone mineral density (BMD), and total body
(excluding head) fat and nonfat mass were measured by
DXA using a QDR 4500 W densitometer (Hologic, Inc.,
Waltham, MA). For the purposes of this report, we focus on
the femoral neck, L1-L4, and 1/3 distal radius, although
results for other sites are similar. The DXA system was
calibrated daily. Total lean mass was obtained by subtracting
total body BMC from total body nonfat mass (each excluding
the head). Proportionate lean mass was defined as the total
lean mass divided by the sum of total lean and total fat mass.

Race/ethnicity
Race/ethnicity was determined via self-identification

according to U.S. Office of Management and Budget
guidelines [46].
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Analysis sample and statistical methodology

Nine forearm, 16 hip, and 21 lumbar spine measurements
could not be obtained for reasons such as the presence of
artifacts or subject discomfort, leaving 1,200 forearm, 1,193
hip, and 1,188 lumbar spine values for study. The BACH
survey employed a multistage stratified cluster random
sampling scheme [42], with sampling probabilities adjusted
to insure nearly equal numbers of subjects by race/ethnicity

and four age groups (30-39 y, 40-49 y, 50-59 y, 60-79 y).
Each subject’s data were, therefore, assigned analytic
weight in inverse proportion to that subject’s combined
probability of sampling and subsequent enrollment in
BACH/Bone, so that summary statistics, such as means,
standard deviations (SD), and sample proportions, as well
as regression results, are representative of the greater
Boston population. (Though we did not hypothesize that
the associations under study would be influenced by

Table 1 BACH/Bone study sample characteristics, overall and by race/ethnicity (N=1,209)

Mean + standard deviation®, or percent®

Variable Overall Black (N=363; 30%")  Hispanic (N=397; 33%")  White (N=449; 37%")
Age, y 47.7+12.8 48.0+12.4 44.6+11.0 48.3+13.2
Education, y 15.1+4.1 13.4+3.0 12.1+4.9 16.4+3.7
Household income

<$10 k 14.7 24.8 23.5 8.9
$10k-29,9 k 22.5 25.6 28.9 19.9

$30 k—69,9 k 32.6 333 32.5 324

>$70 k 30.2 16.4 15.2 38.8
Marital status

Married 434 354 55.0 44.1

Live with partner 7.6 6.6 11.4 7.3
Divorced/separated 14.1 19.9 18.8 10.8
Widowed 2.8 2.4 0.9 33
Single, never married 32.1 35.8 14.0 345
Height, cm 175.8+7.4 174.9+7.3 169.6+6.1 177.4+6.9
Weight, kg 87.8+15.6 87.8£17.0 81.5+£14.5 89.2+14.9
Body mass index, kg/m? 28.4+4.7 28.7+5.1 28.3+4.8 28.3+4.5
Waist circumference, cm 97.4+£12.3 95.8+13.1 94.9+11.7 98.6+11.9
Fat mass, kg 22.0£8.6 20.6£8.9 19.74£7.4 23.1£8.5
Lean mass, kg 55.2+7.7 56.3+8.8 51.8+7.2 55.4+7.1
Proportionate lean mass, % 72.3+£6.8 74.3+7.6 73.1+6.1 71.3+£6.5
General health, self-assessed

Excellent 20.2 16.0 16.5 22.6

Very good 35.7 28.5 22.5 41.4
Good 30.1 379 349 259

Fair / Poor 14.1 17.7 26.1 10.1
Cigarette smoking, pack yr 17.3+£24.2 14.1+19.1 13.3+28.1 19.5+25.2
Alcohol, drinks/day

None 25.8 33.8 34.7 20.7

<1 38.0 314 39.0 40.5

1-3 27.0 21.0 19.3 31.0

>3 9.2 139 7.0 7.8
Physical performance test (PPT) 25.5+2.7 24.8+3.0 24.9+2.7 25.9+£2.5
Physical activity scale for the elderly (PASE)  186.1£109.0  188.4+113.4 189.9£110.1 184.3£107.2
Time to 5 chair stands, s

<11.1 20.5 14.6 18.4 233
11.2-13.5 26.2 29.6 31.2 23.7
13.6-16.7 30.1 27.6 24.5 323
>16.7 20.1 22.0 22.6 18.8
Unable to complete 3.1 6.2 33 1.8
Grip strength, Ibs 37.0+10.9 38.0+11.9 34.9+9.2 37.0£10.7

* Estimates weighted to be representative of greater Boston population (see Methods)
" Hispanic and Black subpopulations oversampled. Weighted (representative) proportions: Black 25%, Hispanic 13%, White 62%
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sampling weights, we include them here for consistency
with the study design and to enhance the applicability of the
findings to the community-dwelling population [42]. We
note, in addition, that this treatment of the data enforces a
higher bar for statistical significance of results, as acknowl-
edging sampling weights increases estimates of variance
[47]). Weighted statistical analyses were conducted using
SUDAAN 9.0.1 (Research Triangle Institute, Research
Triangle Park, NC, USA). Visual data displays presented
here were constructed using Splus version 7.0 (Insightful
Corp., Seattle, WA, USA).

Because the distribution of BMC displayed mild right-
skew, we employed linear regression analysis of log (base
e) transformed BMC on covariates, yield weighted regres-
sion estimates (G*. Percent differences in BMC associated
with differences in covariates were estimated using the
monotonic transformation [exp (B*) — 1] x 100, and with
corresponding 95% confidence intervals (CI). Results were
considered statistically significant if appropriate null hy-
potheses could be rejected at the 0.05 level and/or Cls
indicated that data were incompatible with null values. The
statistical significance of regression effects was determined
using Cls and Wald-type test statistics.

Results

Sample characteristics are presented in Table 1. The mean
(SD) subject age was 47.7 (12.8) years; the sample was
comprised of 363 black men, 397 Hispanic men, and 449
white men. Overall, white subjects displayed the greatest
mean weight, height, waist circumference, and total fat
mass, whereas black subjects displayed the greatest mean
total and proportionate lean mass.

BMC is displayed by age and race/ethnicity in Table 2. As
has been reported elsewhere [13], we observed substantial
age-associated decreases in BMC at the femoral neck and

distal radius, and while black male subjects exhibited the
highest mean BMC at all sites, the steepest age-related
trends were observed in the Hispanic subsample.

Exploratory analyses

Graphical displays were employed to assess associations
between BMC and the body composition variables. Results
for BMI and total lean mass are presented in Fig. 1. We
observe positive associations between BMI and BMC
among the majority of subjects (left panels). However,
among the subjects with the greatest BMI, the association is
attenuated, so that a nonparametric fit [48] drawn through
the data indicates no positive association between BMC and
BMI above approximately 35 kg/m?. This threshold
phenomenon was consistent across race/ethnicity (not
shown). By contrast, there was a consistent linear associ-
ation between BMC and lean mass (right panels); this too
was consistent across race/ethnicity.

Exploratory results for all other parameters were similar to
those for BMI. The association between BMC and body size
was attenuated above approximately 105 kg (weight), 110 cm
(waist circumference), 30 kg (total fat mass), and 70%
(proportionate lean mass). We also observed that the associ-
ation between lean mass and other parameters tended to be
stronger below the relevant thresholds than above; for instance,
the age-adjusted partial correlation between lean mass and
BMI was approximately 0.64 among subjects with BMI <
35 kg/m?, but only 0.33 for subjects with BMI > 35 kg/m?.

Multiple regression analyses

Because, in prior BACH/Bone analyses, age-related
declines in bone mass appeared to be steeper among
Hispanic than non-Hispanic subjects [13], we included
main effects for age and race/ethnicity as well as their two-
way interactions in all regression models.

Table 2 Summary bone mineral content by age, race/ethnicity, and skeletal site

Mean + standard deviation®

Femoral neck

Lumbar spine 1/3 distal radius

Age

30-39 y 5.04+0.80
40-49 y 4.83+0.75
50-59 y 4.68+0.90
60-69 y 4.55+0.69
70-79 y 4.44+0.75
Race/Ethnicity

Black men 5.05+0.88
Hispanic men 4.65+0.79
White men 4.76+0.78

70.04+12.47 2.39+0.42
70.96+13.82 2.38+0.27
71.02+15.44 2.37+0.31
72.05+14.47 2.32+0.31
75.12+£16.42 2.294+0.31
73.52+14.60 2.51+0.31
63.80+11.94 2.20+0.26
71.62+13.63 2.35+0.36

 Estimates weighted to be representative of greater Boston population (see Methods)
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Fig. 1 Bone mineral content 8.0 8.0
(BMC) versus body mass index 60 60
(BMI) and lean mass, by skele-
tal site. Semlparametrllc scatter- 40 40
plot smooths (black lines)
indicate that BMI displays a 80 80
positive association with BMC 2 ; . . . — ; . . ,
up to approximately 35 kg/m?, 9 15 25 35 45 35 40 50 60 70 80
whereas the association between % 130 L1—-L4 130
total lean mass and BMC is s 110
positive over the entire range of (f) 80 80
lean mass values. The associa- -
tion between BMC and body fe} 50 5
composition is weaker at the S
wrist than at other sites ~
(©]
=
m 40 40
3.0 3.0
2.0 20
15 1.5
T T T 1 T T T T T 1
15 25 35 45 35 40 50 60 70 80
BMI (kg/m?) Lean Mass (kg)

We approximated the trends in mean BMC versus body
size variables with linear splines, using single knots at the
threshold values given above. Figure 2 indicates that, for
femoral neck BMC, the resulting estimated trends agree
closely with nonparametric estimates, while a linear
regression (with no knot) is appropriate to describe the
association between BMC and total lean mass. Results for
other sites were similar.

The left-hand columns of Table 3 provide the resulting
estimated trends in mean BMC as a function of body shape

Fig. 2 Femoral neck BMC ver-
sus body shape and composi-
tion. Unadjusted associations
(black lines, estimated using
semiparametric scatterplot
smooths) are well approximated
by linear spline models (gray
lines) with single knots at 35 kg/
m?, 110 cm, 30 kg for BMI,

60 80

25

and composition, adjusted for age, race/ethnicity, and all
other covariates. Taking the first row of the table as an
example, we observe that models estimate a 16.5%
positive cross-sectional trend in mean femoral neck
BMC per 10 kg/m? increase in BMI up to 35 kg/m?,
while above 35 kg/m’ there is a statistically significant
negative trend of -9.2% femoral neck BMC per 10 kg/m?
increase in BMI (the significance of the latter estimate is
indicated by the corresponding confidence interval’s
disinclusion of the zero value). The data constitute highly

6.0 80

4.0

25

waist circumference, and fat
mass, respectively. A single lin-
ear trend accurately describes
the association between total
lean mass and BMC (lower right
panel)

15 25

Femoral Neck BMC (g)

6.0 8.0

25

BMI (kg/m?)

1 r T

T T
35 45 70 90 110
Waist (cm)

1
130

6.0 8.0

4.0
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5 15 25
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35 45 55 35 50 65 a0
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significant evidence of a difference in cross-sectional BMI /
femoral neck BMC associations between subjects whose
BMI is below the 35 kg/m? threshold and those whose BMI
is above that value, as indicated by the significance test and
associated p-value reported to the right of the regression
estimates.

In examining the left-hand side of Table 3, some
overarching trends may be noted. First, unadjusted trends
produced in exploratory analyses (Fig. 1) are consistent
with estimates obtained in models controlling for all
covariates (Table 3). Second, cross-sectional increases in
BMC associated with increasing body size measures are
consistently strongest at the femoral neck and weakest at
the forearm; moreover, evidence suggesting differences in
trends above versus below threshold values is insignificant
at the forearm but significant at the load-bearing sites.
Third, site-specific cross-sectional increases in BMC
associated with 10 kg increases in total body lean mass
are more than double those associated with 10 kg increases
in overall weight (below the 105 kg threshold), while
increases in BMC associated with increasing total fat mass
are substantially smaller that those associated with lean
mass. Collectively, these results suggest the primary
importance of total lean mass in determining BMC.

Further illustrations of the relative importance of lean
mass are provided in comparisons of the left-hand to the
right-hand columns of Table 3. When the effects of total
lean mass are taken into account, increases in BMC
associated with increases in other body shape variables
are sharply reduced, and in most cases reversed, so that no
other body shape measure retains a significant positive
association with BMC once lean mass is taken into account.
On the other hand, the cross-sectional associations between
lean mass and BMC are largely robust to control for the
other parameters. In Table 3, we observe that while the
cross-sectional increase in BMC associated with a 10 kg/m?
increase (up to 35 kg/m?) in BMI is 16.5% when lean mass
is not considered, it is -0.6% when lean mass is taken into
account. Thus controlling for lean mass constitutes a total
removal of the apparent effect of BMI on femoral neck
BMC. By contrast, the cross-sectional trend in BMC
associated with a 10 kg increase in lean mass is 12.9%
when BMI is not considered, and is 14.3% when BMI is
controlled for (not shown in the table), an 11% increase in
the apparent effect of total lean mass on BMC when BMI is
taken into account.

The finding that lean mass is strongly associated with
BMC when BMI is held fixed is consistent with the
hypothesis that proportionate lean mass is associated will
be positively associated with BMC among subjects of
similar body size. Additional analyses confirm this conjec-
ture. For instance, when attention is restricted to subjects
with BMI in a specific range, one observes a strong positive

association between BMC and proportionate lean mass,
even though, overall, the marginal relation between BMC
and proportionate lean mass (unadjusted for height or any
other measure of body size) is relatively weak (Fig. 3).
Results are similar when weight or waist circumference is
substituted for BMI, and hold at other skeletal sites.

To assess whether the observed associations were robust
to considerations of skeletal size, we conducted two
sensitivity analyses. The first, suggested by Reid et al.
[32], replaced BMC with the ratio of BMC to height, as
indices of height-independent bone mass, and obtained
results similar to those reported above. The second
examined lean and fat mass independently and jointly as
predictors, treating height as a covariate in multiple
regression (in addition to the other covariates described
above) and obtained results very close to those reported in
Table 3.

Bone mineral density

We replicated exploratory and formal analyses described
above substituting BMD for BMC, and found both similar
threshold associations to those reported above and that the
relative importance of lean mass was preserved. These
analyses indicated that the proportionate trend in BMD
associated with cross-sectional increases in total lean mass
was of slightly smaller magnitude than the corresponding
trend in BMC.

We observed that controlling for lean mass was
sometimes less decisive in removing associations of other
body shape parameters with BMD than with BMC. For
instance, when lean mass was controlled for, the increase in

8.0 1 M

6.0 - BMI > 30
@ 25 <BMI<30
o <~~~ 20<BMI<25
=
m
x
[5}
2404 I
s BMI < 20
<] .
g -
()
w -

25-

r T T T 1
55 65 75 85 95

Proportionate Lean Mass (%)
Fig. 3 Femoral neck BMC versus proportionate lean mass. There is
little marginal association (thick line). However, when subjects are
grouped according to BMI (kg/m?), the sharper association between
lean mass and BMC becomes clear (thin lines)
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femoral neck BMD associated with an increase in BMI
(below the 35 kg/m? threshold) was sharply reduced
(results not shown), but not completely removed, as was
the case with BMC (Table 3). Additionally, controlling for
BMI was sufficient to induce a mild reduction in the
magnitude of association between lean mass and BMD,
whereas the association between lean mass and BMC
increased with BMI held constant. As with BMC, there
was little evidence that the association between lean or fat
mass and BMD differed by race/ethnicity.

Discussion

The results presented here confirm that body size param-
eters, such as weight, BMI, waist circumference, and total
fat mass, are positively associated with bone mineral
content at the hip, lumbar spine, and forearm, but indicate
that these associations hold only up to certain body size
thresholds. Total lean mass, by contrast, displays a
consistent association with BMC at all sites and over the
entire range of mass values, an association that is
particularly strong at load-bearing sites. When the effects
of lean mass are taken into account, the positive associa-
tions between other body size parameters and BMC are
removed while, conversely, the effect of lean mass is robust
to statistical control of other factors such as BMI. The
contribution of lean mass to other body size parameters,
such as BMI, appears to be greater at values below the
relevant thresholds than above. Additionally, among men of
similar overall weight or BMI, proportionate lean mass is
strongly and positively associated with BMC. Results are
similar when BMC is replaced by BMD and consistent
across race/ethnicity. These results indicate that lean mass is
likely the most important factor among those considered in
mediating the biomechanical association between body size
and bone mass.

The degree to which total lean mass acts as the driver of
other body size parameters may indicate the degree to
which increased body size can be thought to confer a
protective effect on bone and fracture risk. The observation
that bone content is strongly adapted to lean mass is not a
novel one, but it is not without controversy; debates over
whether lean or fat mass is more important in determining
BMC and whether those associations are primarily hor-
monally or mechanically determined are not yet fully
resolved. The fact that our results are robust to control for
height, and are similar for both BMC and BMD, would
appear to contradict the assertion that associations between
BMD and lean mass in men represent only a artifactual
correlation dictated by skeletal size [22]. Our finding that,
in men, lean mass has greater importance than fat mass as a
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correlate of BMC is seemingly in agreement with others
indicating that total fat mass may play a lesser role in
maintenance of bone in men than in women [19, 21, 22].
However, existing research has also indicated that the
importance of total lean mass may exceed that of fat mass
in women as well [40], while at the same time the relative
importance of lean versus fat mass in cross-sectional evalu-
ations may not mirror those in longitudinal follow-up [49].

That the BACH/Bone data support the primary impor-
tance of lean mass in predicting BMC and indicate that the
strength of the association between body size parameters
and BMC is strongest at load-bearing sites coincides with
the well-established mechanostat hypothesis of negative
feedback between strain and bone mass [50, 51]. However,
while black subjects exhibited both the greatest BMC and
total and proportionate lean mass values, analyses indicate
that observed differences in body shape and composition
are insufficient to completely explain racial/ethnic differ-
ences in BMC [13]. Further investigation is necessary to
determine whether these differences may be explained by
nutritional or hormonal factors [2, 3, 11]; detailed evalua-
tions of lean mass and muscle strength in the context of
physical activity, physical function, and socioeconomic
status will also be informative.

Our results indicate that, above certain thresholds, the
associations between body size parameters (e.g., BMI) and
BMC are reduced and may even be negative. Because of
the interrelatedness of lean mass, fat mass, and the other
parameters, these results must be interpreted with care. It
should be noted, for instance, that when lean mass is held
constant, increases in BMI directly imply increased fat
mass. The model may, therefore, be interpreted as implying
that BMC decreases in relation to that portion of weight
that is donated to the total by lean tissue. This interpretation
is consistent with the curvilinear (unadjusted) trend of
BMC with increasing BMI, as, in general, a greater
proportion of BMI is donated by lean mass among subjects
whose BMI is lower.

Some limitations of this work should be acknowledged.
DXA measures areal and not volumetric bone density, and
as such is subject to certain shortcomings [52], such as
artifactual increases in apparent BMD with body size as a
function of the increased BMC in bones of greater depth.
Although the sensitivity analyses described above indicate
that our results were not spurious associations induced
through variation in subjects’ height, the possibility of
artifactual associations [53, 54] between aspects of body
composition (particularly fat mass) and DXA measurements
cannot be discounted.

If lean and not fat mass is most important in predicting
BMC and fracture risk, then the supposed benefits
conferred in the form of decreased fracture risk cannot be
interpreted as a silver lining accompanying increased
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adiposity. At the same time, to the degree that weight loss is
harmful to older men [55], conferring, with other ill effects,
lower bone mass and consequent increased risk of fracture,
these results support the contention that sarcopenia and loss
of lean muscle mass is a critical factor. Endeavoring to
maintain absolute and proportional lean mass appears to be
the best strategy in preserving bone mass and density in
aging men.
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