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Abstract

Several studies have documented relationships between adipose tissue and bone mineral density
(BMD); however, the degree to which there are racial differences in this relationship is not known.
The purpose of this study was to examine the relationships between abdominal visceral adipose
tissue (VAT) and subcutaneous adipose tissue (SAT) and BMD among white and African
American adults. The sample included 330 white women, 328 African American women, 307
white men, and 116 African American men 18-74 years of age. Dual-energy X-ray absorptiometry
scans were used to measure BMD and computed tomography scans were used to measure
abdominal VAT and SAT. Linear regression was used to assess the relationships between
abdominal adiposity and BMD and to explore possible sex and race differences in the associations.
In the total sample as well as in all sex-by-race groups, VAT and SAT were negatively related to
BMD, after adjustment for lean body mass (LBM) and several covariates. The VAT model
(including covariates) explained 33.3% of the variance in BMD and the SAT model (including
covariates) explained 32.7% of the variance in BMD. Being African American, being male, and
having high LBM were all associated with higher BMD. Race and sex interactions were not
significant, indicating that the relationships were similar across race and sex groups. In
conclusion, BMD was inversely related to abdominal VAT and SAT in white and African
American adults after adjustment for LBM.
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Introduction

Recent population studies have shown that African Americans have higher bone mineral
density (BMD) and higher rates of obesity than white Americans [1,2]. Conversely, white
adults tend to have higher levels of abdominal visceral adipose tissue (VAT) than African
American adults [3]. Several studies have documented a negative relationship between VAT
and BMD [4-7]; however, the degree to which racial differences in BMD can be explained
by differences in total or depot-specific adiposity is not known. Thus, the purpose of this
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study was to examine the relationship between abdominal VAT and subcutaneous adipose
tissue (SAT) and BMD among white and African American men and women.

The Pennington Center Longitudinal Study (PCLS) is an ongoing investigation of obesity,
lifestyle, and the development of chronic diseases. The PCLS sample is comprised of
volunteers who have participated in a variety of clinical studies, including diet interventions,
weight loss, and other metabolic/physiologic studies conducted at the Pennington
Biomedical Research Center (PBRC) [3]. The present investigation is limited to cross-
sectional analyses of baseline data for participants who underwent whole-body dual-energy
X-ray absorptiometry (DXA) scans and computed tomography (CT) scans of the abdomen
over the period 2001-2010. In cases where participants had multiple baseline measurements,
the earliest complete record was used. All DXA and CT measurements were conducted
within 60 days of the initial screening visit (DXA mean, 20.9 days; CT mean, 25.6 days).
The total sample includes 1081 adults 18 to 74 years of age, including 330 white women,
328 African American women, 307 white men, and 116 African American men. All
procedures employed by the PCLS were approved by the PBRC Institutional Review Board,
and all participants provided written, informed consent.

Height was measured in duplicate using a wall-mounted stadiometer, and weight in
duplicate, using a digital scale after the volunteer removed outer clothing, heavy pocket
items, and shoes. The average of the two measurements was used in all analyses, and the
body mass index (BMI) was calculated as weight in kilograms per height in square meters.
Bone-free lean body mass (LBM) and total body BMD were estimated by DXA using a
Hologic QDR 4500A whole-body scanner (Bedford, MA, USA). In cases where the subject
was too large to capture both arms within the scanning area, the left arm was not scanned
and the right arm values were duplicated and substituted for the left arm. The results of a
reliability study on 88 subjects measured 14 days apart at PBRC demonstrated good test—
retest reliability for both total body BMD (mean CV+SD, 0.75%+0.52%) and LBM (mean
CV4SD, 1.2%+0.8%).

CT scans were performed with the participant lying in supine position with the arms over the
head. A cross-sectional axial image was obtained at the level of the L4-L5 intervertebral
space. The CT scans were performed at Baton Rouge General Medical Center, Baton Rouge,
Louisiana, using a GE computed tomography scanner. Two different machines have been
used over the course of data collection: GE LightSpeed Plus (2001-2007; n=976) and GE
LightSpeed VCT (2007-2010; n=105). The CT scanner is calibrated to air (HU=0) daily.
Image data were transferred to PBRC and commercially available software (Analyze;
Analyze Direct, Rochester, MN, USA) was used to electronically measure areas of adipose
tissue by selecting regions of interest defined by attenuation values (-30 to =190 HU for
adipose tissue). Abdominal VAT and SAT cross-sectional areas (cm?) were measured as
previously described [3,8].

Age was computed from birth and observation dates. Self-reported smoking status was
determined from questionnaire responses during screening, and participants were
categorized as non-smokers, current smokers, or former smokers. Menopausal status (pre-
menopausal/post-menopausal) was determined in women from their age and responses to
questions regarding their reproductive history. Women aged 55+ years of age or those who
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indicated that they can no longer have children because of achieving menopause were
considered to be post-menopausal.

All continuous variables were normally distributed, with the exception of VAT, which was
log-transformed prior to analysis. Associations among the independent variables were
explored using Pearson correlations. Linear regression was used to assess the relationships
between abdominal adiposity and BMD and to explore possible sex and race differences in
the associations. Models included age, sex, and menopausal status (women only) as
appropriate. Smoking status was initially included as a covariate; however, it was not a
significant predictor in any models so it was dropped from subsequent analyses. Interaction
effects were tested by including sex*VVAT (or SAT), race*VAT (or SAT), and age*VVAT (or
SAT) terms in the models.

Table 1 presents the descriptive statistics for the sample. The average age of the sample was
42.1 years (range, 18-74 years) and the average BMI was 31 kg/m? (range, 17-45 kg/m?).
Among the 4 sex-by-race groups, the correlations among the body composition variables
ranged between 0.45 and 0.67 (all, p<0.0001) for SAT and VAT, between 0.37 and 0.51 (all,
p<0.0001) for VAT and LBM, and between 0.47 and 0.67 (all, p<0.0001) for SAT and
LBM. The results of the regression analyses for the prediction of BMD from VAT are
presented in Table 2 and the results for SAT are presented in Table 3. In the total sample as
well as in all sex-by-race groups, VAT was negatively related to BMD, after adjustment for
several covariates (Model 1), with the exception of African American women (p =0.06).
After further adjustment for SAT, VAT was no longer a significant predictor of BMD in
white men (p=0.18). SAT was negatively associated with BMD in all groups except African
American men (p=0.11). After further adjustment for VAT, SAT was no longer significantly
associated with BMD in any group except for women (p=0.04).

In the total sample, the VAT model (including covariates) explained 33.3% of the variance
in BMD (33.5% with the additional inclusion of SAT). Similarly, the SAT model (including
covariates) explained 32.7% of the variance in BMD (33.5% with the additional inclusion of
VAT). The variance explained in the 4 sex-by-race groups was lower, ranging from 13.9%
to 21.0%. The variance in BMD explained by VAT (Table 2) ranged from 0.8% to 5.7%,
which was reduced after the inclusion of SAT in the models (0.3% to 3.7%). The variance in
BMD explained by SAT (Table 3) ranged from 0.9% to 2.0%, which was reduced after the
inclusion of VAT in the models (<0.1% to 0.7%).

LBM, sex, and race were significant predictors of BMD, such that being African American
(/=0.04; p<0.0001), male ($=0.04; p=0.0008), and having high LBM (/=0.0064; p<0.0001)
were positively associated with BMD, taking into account all other variables in the fully
adjusted model. The race-by-VAT (or SAT) and sex-by-VAT (or SAT) interaction terms
were not significant, and their inclusion in the models did not change the results. The
interaction between age and SAT was not significant (p=0.98); however, the interaction
between age and VAT was significant (p=0.009). The analysis was repeated in 2 age groups
(<45 years and =45 years). VAT was negatively associated with BMD in the younger age
group (/=-0.054; p<0.0001) but not in the older age group (/=—0.002; p=0.86).

Discussion

In this study, BMD was inversely related to abdominal VAT and SAT in white and African
American adults after adjustment for LBM. Total body fat mass has been found to be
positively associated with BMD in a limited number of studies [9]. However, a negative
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relationship between VAT and BMD has also been demonstrated in other studies [4—
7,10,11]. Our results confirm these latter findings in a large biracial cohort and demonstrate
that the negative relationship between VAT and BMD is similar in white and African
American men and women. Although the results are statistically significant, the magnitude
of the association is relatively small as 0.8% to 5.7% of the variation in BMD was explained
by VAT (Table 2).

The negative relationship between SAT and BMD in this study contrasts with studies that
found a positive relationship [4,12-16]. However, these studies did not control for total body
mass or LBM. Similar to our analysis, an inverse relationship between SAT and BMD was
reported in postmenopausal women with type 2 diabetes after adjustment for body mass
[11]. Thus, SAT may have an independent negative association with BMD after accounting
for differences in total fat or overall body size.

There are several mechanisms that may explain the observed associations. The sheer weight
of excess adiposity creates a mechanical load that is associated with increased BMD, which
may explain the positive association between total body fat and BMD in several studies [9].
However, the results of this study and others that have examined associations with depot-
specific body fat indicate that the relationship between adiposity and BMD is more
complicated. There is substantial evidence that both bone remodeling and the distribution of
adipose tissue are regulated through the hypothalamus and sympathetic nervous system [17].
Adipose tissue-derived hormones, including adiponectin, leptin, insulin/amylin/preptin, and
adipocytic estrogens, appear to influence BMD [9]. In addition, obesity and its co-
morbidities have been associated with sterile inflammation and the infiltration of myeloid
and lymphoid cells [18,19]. Chronic inflammation in fat plays a crucial role in the
development of obesity-related insulin resistance [20]. The systemic release of inflammatory
cytokines, such as interleukin 6, by adipose depots could contribute to bone loss and reduced
BMD [21]. Finally, there is substantial evidence that mesenchymal stromal/stem cells
(MSC) exhibit an inverse relationship with respect to adipocytic and osteoblast commitment
[22]. The same mechanisms regulating MSC differentiation locally within the marrow
microenvironment may act systemically between peripheral adipose depots and trabecular
and cortical bone under conditions of subcutaneous or visceral obesity.

The strengths and limitations of this study warrant discussion. A major strength is the large
biracial sample which includes quantitative measurements of BMD as well as direct
measurement of abdominal obesity from CT. Furthermore, the sample is not limited to a
narrow age range or to single sex or race which increases the ability to extrapolate the
results. Similar to other studies, African Americans in this sample have higher BMD and
lower levels of VAT than the white subjects. However, the sample is not representative of
the general population as it is composed of research volunteers. Although the relationship
between VAT and BMD was consistent across most race-by-sex groups, further research is
required to determine the generalizability of the results reported in this study. Unfortunately,
data on physical activity, dietary intake, socioeconomic status, and hormone replacement
therapy use were not available, so the influence of these variables on the observed
relationships could not be explored, and the cross-sectional nature of the analysis limits
inferences about causality. The inclusion of information on these covariates would allow for
the refinement of the relationships presented here. Finally, site-specific BMD measurements
were not available, so the analysis relied on total body BMD. The hypothesized mechanisms
suggest that the relationship between adipose tissue and bone may be due to systemic
factors; however, differences in mechanical loading across different sites may influence the
observed relationships. Future studies should examine site-specific BMD measurements to
examine if these relationships are region-dependent.
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In conclusion, BMD was inversely related to abdominal VAT and SAT in African American
and white men and women and the relationships did not differ by race or sex. Investigating
potential biological and hormonal mechanisms by which adipose tissue influences BMD
may provide insight into these observed clinical differences. Future research should examine
how abdominal fat influences BMD in specific skeletal regions susceptible to fracture, such
as femoral neck, lumbar spine, and hip. Clinical trials examining how change in abdominal
fat alters BMD may reveal whether BMD loss can be attenuated with weight loss, especially
in vulnerable populations including white adults and postmenopausal women. Exercise has
been shown to reduce VAT in the absence of weight loss [23,24] and thus may be an
important modality for improving outcomes in at-risk populations.
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Table 1

Descriptive characteristics of 1081 white and African American adults from the Pennington Center
Longitudinal Study. Results are presented as means (SD).

Whitewomen  African American women White men African American men
N 330 328 307 116
Age (y) 46.6 (13.0) 38.9 (11.9) 43.0 (14.4)" 36.2 (13.9)" "
Body mass index (kg/m?) 315 (4.7) 30.9 (5.3) 31.2(5.1) 29.3 (4.8) "
Fat mass (kg) 345 (8.5) 32.0 (9.6)" 28.3(10.1)"* 21.4 (9.5)" "
Lean body mass (kg) 47.2 (6.0) 48.4 (6.9)* 67.2 (8.3)** 68.2 (8.8)**
Visceral adipose tissue (cm?) 1447 (71.7) 93.3 (52.4)" 160.3 (81.5)"" 94.6 (63.0)"
Subcutaneous adipose tissue (cm2) ~ 463.6 (127.1) 448.9 (146.9) 351.3 (145.5)"" 283.8 (154.1)" "
Bone mineral density (g/cm?) 1.083 (0.093) 1.136 (0.097)" 1.169 (0.099)" 1.240 (0.098)"**

*
Significant race difference, within sex (p<0.05).

* %
Significant sex difference, within race (p<0.05).
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