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Abstract

Purpose—Racial/ethnic variation in fracture risk is well-documented, but the mechanisms by
which such heterogeneity arises are poorly understood. We analyzed data from black, Hispanic
and white men enrolled in the Boston Area Community Health/Bone (BACH/Bone) Survey to
determine the contributions of risk factors to racial/ethnic differences in bone mineral content
(BMC) and density (BMD).

Methods—In a population-based study, BMC, BMD and body composition were ascertained by
DXA. Socioeconomic status, health history and dietary intake were obtained via interview.
Hormones and markers of bone turnover were obtained from non-fasting blood samples.
Multivariate analyses measured percentage reductions in estimated racial/ethnic differences in
BMC/BMD accompanying the successive removal of covariates from linear regression models.

Results—Black men demonstrated greater BMC than their Hispanic and white counterparts. At
the femoral neck, adjustment for covariables was sufficient to reduce these differences by 46%
and 35%, respectively. While absolute differences in BMC were smaller at the distal radius than
femoral neck, the proportionate reductions in racial/ethnic differences after covariable adjustment
were comparable or greater. Multivariate models provided evidence that lean and fat mass, serum
25(0OH)D, osteocalcin, estradiol, and aspects of socioeconomic status influence the magnitude of
racial/ethnic differences in BMC, with lean and fat mass providing the strongest effects. Results
for BMD were similar but typically of lesser magnitude and statistical significance.

Conclusions—These cross-sectional analyses demonstrate that much of the racial/ethnic
heterogeneity in measures of bone mass and density can be accounted for through variation in
body composition, diet, and sociodemographic factors.
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Introduction

Methods

Design

Despite recent declines in the age-specific prevalence of osteoporosis, the aging of the U.S.
population [1], persistent disparities in socioeconomic status and access to health care, and
the explosive projected growth of the disease burden borne by minority populations [2]
underscore the importance of understanding racial and ethnic differences in bone fragility.
The existence of racial/ethnic heterogeneity in bone mineral density (BMD) and the risk of
osteoporotic fracture is well-established, particularly as it concerns black and white
American men and women [3-9]. Relative to their white counterparts, black Americans are
at decreased risk of fracture, exhibiting elevated BMD and lower rates of osteopenia and
osteoporosis. As protection against fracture, these would appear to overwhelm black
Americans’ seemingly disproportionate exposure to detrimental factors and increased risk of
syndromes of aging such as frailty [10]. Although some studies have indicated similarly
decreased risk of fracture among certain Hispanic subpopulations, the evidence concerning
the overall risk posed to Hispanic Americans is mixed [11-15], and existing large studies are
for the most part restricted to Mexican-American men and women.

Using data from the Boston Area Community Health/Bone (BACH/Bone) Survey, we have
previously demonstrated the existence of substantial racial/ethnic variation in bone mineral
content (BMC), bone mineral density (BMD), serum markers of bone turnover, and
proximal femur geometry among men living in greater Boston, MA, located in the northeast
United States [9,16,17]. While we have observed that aspects of body are influential in
determining BMC as well as geometric indices of hip strength and their attendant race/ethnic
variation [18-20], the relative importance of these parameters compared with other variables
- such as dietary intake and socioeconomic status - remains unknown.

To shed further light on the independent importance of these factors in accounting for racial/
ethnic heterogeneity in potential indicators of fracture risk, we conducted an analysis of the
BACH/Bone subjects’ femoral neck and distal radius BMC and BMD in the context of
multiple covariate groups, considered both singly and in concert. The goal of the analysis
was to determine the independent contributions of socioeconomic influences, health and
chronic illness, nutrition and health behaviors, bone formation and resorption, serum
androgen and estrogen, and body composition to age-adjusted racial/ethnic differences in
BMC and BMD.

The BACH/Bone Survey is a cross-sectional investigation of bone health in randomly-
sampled, community-dwelling men of age 30-79 y, with data obtained on a male subset of
subjects previously enrolled in the parent Boston Area Community Health (BACH) survey.
Full details of the BACH and BACH/Bone design and data collection have been previously
published [9,21]. In brief, BACH data collection consisted of early-morning in-home
interviews and blood draws. For BACH/Bone subjects, these measurements were
supplemented by an additional blood draw, and by dual energy X-ray absorptiometry (DXA)
performed at the Boston University School of Medicine (BUSM).

The BACH design implemented oversampling of self-identified black and Hispanic subjects,
so that the resulting study sample was approximately evenly divided by race/ethnicity.
BACH/Bone consisted of a subset of male BACH subjects (N=1,219; 367 black men, 401
Hispanic men, and 451 white men). Enrollment criteria stipulated that subjects weigh no
more than 300 Ibs. and be able to lift themselves onto the DXA scan table. DXA data are
available on 1,209 of 1,219 subjects.
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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 BUSM and NERI.

For this analysis, potential factors accounting for racial/ethnic differences in BMC or BMD
were chosen based on their availability in the BACH/Bone study and their observed
associations with bone mass and density in the literature. Preference was given to body
composition components obtained by DXA over more general measures of body mass and
size such as weight or waist circumference.

Measurement

BMC and BMD at the femoral neck and 1/3 distal radius, as well as total body (excluding
head) fat mass (FM) and nonfat mass, were measured using a QDR 4500W densitometer
(Hologic, Inc., Waltham, MA). The DXA system was monitored for drift, and measurements
were performed by technicians trained by Hologic and certified by the International Society
for Clinical Densitometry. The coefficients of variation for BMD at sites considered in this
report are less than 1.5% [22].

Total lean mass (LM) was obtained by subtracting total body BMC from total nonfat mass.
Subjects’ height was measured using a stadiometer. Race/ethnicity was determined via self-
identification according to federal guidelines [23]. Age, education and income, self-assessed
general health and history of diagnosed chronic illness, smoking status, daily alcohol
consumption, time spent outdoors each day, vitamin supplement use, and country of birth,
were obtained through self-report. Use of medications was obtained using a manual
inventory of subjects’ medication containers, from which the total number of medications
used was extracted as an index of cumulative drug exposure. Dietary intake was measured
using the validated Block Food Frequency Questionnaire [24].

Circulating hormone and turnover marker concentrations were obtained in separate venous
blood draws in the BACH and BACH/Bone Survey visits, respectively. Testosterone and
SHBG were measured at the Children’s Hospital Medical Center Research Laboratories
(Boston, MA) by competitive electrochemiluminescence immunoassays on the 2010 Elecsys
system (Roche Diagnostics, Indianapolis, IN). The lower limits of detection for testosterone
and sex hormone-binding globulin were 2 ng/dL (0.07 nmol/L) and 3 nmol/L, respectively.
The inter-assay coefficients of variation (CV) for testosterone at concentrations of 24-700
ng/dL (0.83-24.31 nmol/L) were 7.4-1.7% and 2.4-2.7% for sex hormone-binding globulin
at concentrations between 25-95 nmol/L. Estradiol was measured by the Mayo Clinic Core
Laboratory (Rochester, MN) with liquid chromatography-tandem mass spectrometry. The
lower limit of detection was 12.5 pg/mL (46 pmol/L). For reliable measurement of estradiol
levels in the low range, values less than 12.5 pg/mL (46 pmol/L) were calculated by manual
integration of chromatograms. The inter-assay CVs for estradiol concentrations 25-373 pg/
mL (92-1,369 pmol/L) ranged between 16.6%-9.3%. Free testosterone and estradiol
concentrations were calculated from total testosterone or estradiol and sex hormone-binding
globulin concentrations using mass action equations [25,26].

Serum measures obtained in BACH/Bone were performed at The Core Laboratory, BUSM.
Turnover markers included serum intact osteocalcin (OC), a marker of bone formation, and
serum C-terminal telopeptides of Type-1 collagen (CTx), a marker of bone resorption. OC
was measured in duplicate with the Nichols Advantage System (Nichols Institute
Diagnostics, San Clemente, CA). CTx was measured with Serum CrossLaps ELISA (Nordic
Bioscience Diagnostics, Herlev, Denmark). Inter-assay CVs for OC and CTx are less than
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10% and 8.1%, respectively. Serum 25-hydroxyvitamin D [25(OH)D] [25(OH)D, +
25(0OH)D3] concentration was measured in duplicate (the average of the two are presented)
at the Core Laboratory, BUSM, using a competitive binding protein (CPB) assay without
prior chromatography [27]. Inter-assay coefficients of variation are 10-15%. The reference
range is 20-100 ng/mL (50-250 nmol/L). The lower limit of detection (LLD) for the serum
25(0OH)D assay was 5 ng/mL (12.5 nmol/L); n = 21 men (16 black and 5 Hispanic men)
with values less than the LLD were coded to 5 ng/mL.

Statistical Analysis

Results

Racial/ethnic variation in bone parameters was assumed to be expressed via mean
differences between subjects of differing race/ethnicity. Data analyses described here
therefore focused specifically on measuring the relative contributions of multiple covariate
groupings to these differences. Analyses involved a multi-step process. In Step 1, covariates
were tested for unadjusted association with race/ethnicity via ANOVA and Wald tests using
all available data, with a generous threshold of p < 0.20 employed as a marker of
preliminary evidence in favor of association. Variables not meeting this preliminary
threshold were removed, while those meeting the threshold were organized into subgroups
corresponding to potential domains of influence over racial/ethnic heterogeneity in BMC/
BMD. A separate “base” group of explanatory factors included age and height in addition to
race/ethnicity. In Step 2, linear regression models containing all factors retained from Step 1
(in addition to the base group of age and height) were constructed for each covariate
subgroup and outcome independently. Beginning with a “full” model incorporating all
covariates, each covariate in that subgroup was removed individually in a backwards-
stepwise fashion. If in removing that covariate the estimated difference between black vs.
white, Hispanic vs. white, or Hispanic vs. black subgroups was changed by a factor of 10%
or more, the variable was returned to the subgroup model. If, however, none of those
estimated differences changed by at least 10%, the relevant covariate was removed from
consideration. Using this “change-in-estimates” approach [28] each of the covariate groups
was reduced to a more parsimonious subset. In order to facilitate a fair “apples-to-apples”
comparison of the influence of individual covariables on racial/ethnic differences, these
estimates were restricted to complete case analysis of subjects with available data on all (see
derivation of analytic samples described in Results). In Step 3, the remaining covariates
were considered in a combined multivariate model for each outcome. The same backwards-
stepwise change-in-estimates approach was used to reach the most parsimonious subset of
covariates for all four outcomes. Finally, all covariates remaining in any of the four final
models were used in a final multivariate model for each outcome.

All statistical analyses were probability weighted to accommodate the complex sampling
design of BACH/Bone, and are therefore referenced to the greater Boston population [21].
Analyses were conducted using SUDAAN version 9.0.1 (RTI International, Research
Triangle Park, NC, USA). Estimates of covariate effects and reduction in apparent racial/
ethnic differences were obtained from multiple linear regression models with BMC and
BMD at the femoral neck and 1/3 distal radius as outcome variables.

For reporting purposes, estimates were considered statistically significant if corresponding
null hypotheses could be rejected at the 0.05 level.

Sample characteristics are presented in Table 1. Substantial racial/ethnic variation in
numerous factors was observed. While the vast majority of black or white subjects were
born in the United States, for instance, over three quarters of Hispanic subjects were not.
White subjects were slightly taller and displayed greater total fat mass and lesser total lean
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mass than their black counterparts, while Hispanic subjects generally had the shortest
stature, and were slightly younger than other subjects. Greater proportions of black and
Hispanic subjects than white subjects reported a diagnosis of either Type 1 or Type 2
diabetes.

Unadjusted association of covariates with race/ethnicity

Variables that did not evidence marginal association with race/ethnicity (p > .20) are shaded
in gray in Table 1, and were excluded in subsequent analyses. As described above, the
remaining covariates were divided into groups and analyzed in sub-models. Reduction of
groups to those included within the final models then proceeded as described above.

Age and height-adjusted racial/ethnic differences in BMC/BMD

As noted above, estimation of the proportion of racial/ethnic variation explained by each
covariate was performed using the subset of subjects with data available on all candidate
covariables. Table 2 presents the cumulative effect of missing records on data available for
estimation in final multivariate regression models. Comparisons of subjects included in
analytic samples (described in Table 2) with BACH/Bone subjects not included in the
analytic samples are presented in Table 3, indicating general comparability between those
included and not included in the analytic samples.

Age and height adjusted (“base’) racial/ethnic differences are presented at the top of Table 4.
Results indicate statistically significant age and height-adjusted differences between black
and white, and black and Hispanic, subsamples in all bone outcomes, but that Hispanic vs.
white differences are statistically insignificant except in the case of BMD at the femoral
neck.

Reduction of racial/ethnic differences by control for external covariates

Final model estimates are presented below the base models in Table 4. The substantial
reduction in the number of covariates listed (in comparison to Table 1) is indicative of the
number of covariates that were unable to account for a meaningful proportion of mean
racial/ethnic differences in any outcome. For instance, none of the variables listed in the
health/comorbidity subgroup in Table 1 altered the estimates of unadjusted racial/ethnic
differences by more than 10% when entered sequentially into models for each outcome, and
hence they were eliminated during the model-reduction method described above.

The cumulative influence of all covariates on estimated racial/ethnic heterogeneity in BMC
and BMD is illustrated in comparisons of the regression estimates corresponding to race and
ethnicity between the base and final models. These indicate that while the mean BMC
differences between black and white subsamples remain statistically significant after
adjustment for all relevant covariates, they are substantially reduced. For instance, black
versus white differences in mean femoral neck BMC and BMD were reduced by
approximately 46% (from 0.54 g to 0.29 g) and 29% (from 0.14 g/cm? to 0.10 g/cm?),
respectively, in the final vis-a-vis the ‘base’ models. The base differences between black and
Hispanic men in BMC were similarly reduced at both femoral neck and distal radius.

Independent changes in estimated racial/ethnic differences associated with individual

covariates

Figure 1 presents change-in-estimates results for final model components in models of
femoral neck and distal radius BMC. Each bar shown represents the independent
contribution of each covariate to the overall, full model reduction in racial/ethnic differences
described above and displayed in Table 4 (comparisons of white and Hispanic subjects are
not shown as these differences are much less significant than the others; see Table 4). These
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results demonstrate the powerful ability of body composition parameters (lean and fat mass)
to independently account for a great deal of racial/ethnic variation in BMC, with less
substantial but consistent influences of caffeine intake and osteocalcin. Comparisons of left
panel to right panel indicate that the influence of lean mass is greater than that of fat mass at
the femoral neck, but that the two are essentially identically important at the distal radius.

Discussion

In these cross-sectional analyses, we demonstrate that control for six categories of covariates
was sufficient to account for the majority of racial/ethnic variation in age and height-
adjusted BMC, and a substantial proportion of the corresponding differences in BMD. In
particular, the largest differences (between black and white subjects) in BMC were reduced
by 60-70% through statistical adjustment in a multivariate regression model. We observed,
however, that of the numerous covariates that have potential importance in explaining racial/
ethnic differences in BMC/BMD, many exhibited no ability to account for those differences
in sub-models controlling for the other factors included within the same covariate group.

The dominant influence of fat mass and lean mass on BMC is consistent with data from
many studies, and with our published analyses of BMC and proximal femur geometry in this
population [18,19]. As we have previously observed in data from this cohort, increased FM
is associated with decreased BMC once LM is held constant (this is indicated by the
negative coefficients associated with FM in Table 4). In the models presented here,
however, both LM and FM appeared to contribute substantially to estimated racial/ethnic
differences in BMC/BMD, implying that both FM and LM may be important in accounting
for the difference between (for instance) black and white subjects’ risk of osteoporotic
fracture. Thus, while racial/ethnic differences in total body LM and FM do not, individually,
appear to be very large (Table 1), the presence of both elevated fat mass and reduced LM in
white subjects may be critical to racial/ethnic differences in BMC, despite the role of obesity
in fracture risk itself remaining unclear [29]. That lean mass would display a stronger
association with racial/ethnic differences at a load-bearing (femoral neck) vs. non-load-
bearing (distal radius) site, as indicated by Figure 1, accords with intuition.

In general, the covariable factors considered were more successful in accounting for racial/
ethnic differences in BMC than in BMD, and we have previously observed [18] that BMC is
more tightly associated with the other body composition components (fat and lean body
mass) than is BMD. It is possible that racial/ethnic variation in bone size (of which BMD is
a function) in part accounts for this discrepancy.

While the models described here suggest that body composition exercises the strongest
proximal influence over racial/ethnic heterogeneity in BMC and BMD, lack of longitudinal
data makes it difficult to diagnose the indirect effects that may be embedded in the apparent
association between BMC/BMD and the other body composition compartments. It should
again be emphasized that the analyses described here were primarily intended to account for
racial/ethnic variation in BMC/BMD, and covariates presented in the final model were
included because they demonstrated the potential to do that for at least one of the outcome
variables, the statistical significance (or lack thereof) of their overall association with BMC/
BMD notwithstanding.

In these analyses we observed certain differences in results according to whether
observations were obtained at the distal radius or the femoral neck, in that the magnitude of
reductions in racial/ethnic differences in BMC displayed limited evidence of variation by
site (Figure 1), for instance in the lean and fat mass contributions as described above. These
sites differ in the relative proportion of trabecular or cancellous bone; at the femoral neck
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site, approximately 25% of the bone is trabecular, whereas in the distal radius, up to 10% is
trabecular [30]. Because trabecular bone is thought to be more metabolically active than
compact bone, it is conceivable that BMC/BMD in the femoral neck would demonstrate
stronger associations with covariables lying along metabolic pathways leading to
osteogenesis and turnover than would BMC/BMD at the radius. Our cross-sectional results
seem to support this interpretation in a limited sense, as vitamin D and caffeine intake
appear to generate greater independent contributions to racial/ethnic differences in BMC at
the femoral neck than the distal radius (Figure 1). This is consistent with previous research,
where, for instance, supplemental vitamin D was associated with relatively large effects on
the more trabecular-rich lumbar spine [31]. However, it should yet again be noted that
because this analysis targets reduction in racial/ethnic differences (rather than pure strength
of association with BMC or BMD), it should be interpreted in that light; a hypothetical
covariate of critical importance to BMC or BMD but that displays no racial/ethnic variation
would be removed from consideration in these analyses, by design.

Certain limitations of these analyses should be noted. Among these is the unavoidable
reality of the cross-sectional study design, preventing the examination of change with time
in both racial/ethnic differences in bone mass and density, and the observation of
contributions of alterations in potential explanatory factors to those changes. An additional
limitation is the inability of this study of adult men to account for developmental variation in
skeletal health. To the degree that later life manifestations of racial/ethnic variations in
BMC/BMD reflect variation in exposures earlier in life, they cannot be addressed by the
analyses described here. Finally, the inclusion of numerous covariate factors on which it is
possible for subjects to have missing records insures that some subjects are not considered in
certain analyses. Table 3 indicates, however, that the subjects excluded from the analysis
samples are for the most part quite similar to those included in the analysis samples.

These results strongly suggest that much of the racial/ethnic variation in adult male fracture
risk is mediated by the joint influences of numerous factors, with body composition, bone
formation, and caffeine intake acting as powerful proximal indicators of racial/ethnic
differences in BMC and BMD. Given the aging of the U.S. population and the accelerating
epidemics of obesity and diabetes, the role of body composition in fall and fracture risk
demands increased attention.
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Figure 1. Change in model-based estimates of mean racial/ethnic differences in BMC resulting
from excluding individual factors from multivariate models

For each panel, the length of the horizontal bars measures the ratio of (a) the difference
between the full model and the full model excluding the relevant covariate (listed vertically
on left) to (b) the difference between the full model and a model including only age and
height as covariates. Thus each bar depicts the independent contribution of each factor to the
overall reduction in racial/ethnic differences achieved by the total model, excluding the
changes due to any other factors. Results underscore the dominant independent role of body
mass; at both the femoral neck and distal radius, failure to consider lean mass alone would
result in increases of over 75% in the adjusted mean difference in BMC between black and
white subsamples. Results lying to the left of the vertical gray lines indicate that including
the relevant covariate in the full model serves to increase the estimated racial/ethnic
differences.
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Table 2

Derivation of analytic sample. Numbers of subjects not included in final estimation due to exclusions or to
missing data are listed sequentially.

Total BACH/Bone Sample 1,219
Taking exclusionary medications™ 22
Missing DXA -32
Base Analytic Sample 1,165
Missing lean mass/fat mass -34
Missing country of birth -1
Missing estradiol =313
Missing osteocalcin -29
Missing 25(OH)D -7
Missing caffeine intake -126
Missing calorie intake -89
Missing household income -23
Analytic Sample Size 543

*
Exclusionary medications: GnRH agonists and antagonists, androgens, estrogens, progestins, 5-a-reductase inhibitors, drospirenone,
ketoconazole, danazol, and clomiphine
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Comparison of subjects in the analytic sample to subjects excluded from the analytic sample.

Table 3

Included in/Excluded from Analytic Sample Percent or Mean + SD (N = 543/676)

Race/ethnicity
Black
Hispanic
White
Age,y
Height, cm
Household income
< $10k
$10k-29,9k
$30k-69,9k
>=$70k
SES
Born inside U.S. (%Yes)
Smoking status
Never
Former
Current
Caffeine, mg/day
Calories, kcal/day
Estradiol, pg/mL
Osteocalcin, ng/mL
25(0OH)D, ng/mL
Lean mass, kg

Fat mass, kg

20.9%/29.5%
11.7%/14.4%
67.4%/56.1%
47.4+12.6/48.1£12.9
176 + 7/176 + 8

16.7%/12.8%
25.5%/19.5%
29.0%/36.7%
28.9%/31.1%
58.2 +10.5/58.8 + 10.0
83.2%/75.8%

41.7%/47.8%
29.4%/29.4%
28.9%/22.8%

216 + 157/185 + 154
1949 + 648/1919 + 698
23.9£8.7/23.4+9.9
4.88 +3.78/4.57 £ 2.64
33.4+14.9/345+157
54.8 +£7.4/55.6 + 8.0
22.4+8.5/21.6 +8.6

SES: Socioeconomic status
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