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Abstract

Summary Associations of adiposity indices with bone mineral
density (BMD) and bone turnover markers were evaluated in
Chinese participants. Body mass index, fat mass, and lean
mass are positively related to BMD in both genders.
Subcutaneous fat area was proved to be negatively associated
with BMD and positively correlated with osteocalcin in post-
menopausal females.

Introduction Obesity is highly associated with osteoporosis,
but the effect of adipose tissue on bone is contradictory. Our
study aimed to assess the associations of adiposity indices
with bone mineral density (BMD) and bone turnover markers
(BTMs) in the Chinese population.

Methods Our study recruited 5215 participants from the
Shanghai area, evaluated related anthropometric and bio-
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chemical traits in all participants, tested serum BTMs, calcu-
lated fat distribution using magnetic resonance imaging (MRI)
images and image analysis software, and tested BMD with
dual-energy X-ray absorptiometry.

Results When controlled for age, all adiposity indices were pos-
itively correlated with BMD of all sites for both genders. As for
the stepwise regression analysis, body mass index (BMI), fat
mass, and lean mass were protective for BMD in both genders.
However, subcutaneous fat area (SFA) was detrimental for BMD
of the L1-4 and femoral neck (3 = SE —0.0742 + 0.0174;
p = 2.11E-05; 5 + SE —0.0612 + 0.0147; p = 3.07E-05).
Adiposity indices showed a negative correlation with BTMs
adjusting for age, especially with osteocalcin. In the stepwise
regression analysis, fat mass was negatively correlated with
osteocalcin (6 + SE —8.8712 + 1.4902; p = 4.17E—09) and lean
mass showed a negative correlation with N-terminal procollagen
of type I collagen (PINP) for males (3 + SE —0.3169 + 0.0917,;
=0.00006). In females, BMI and visceral fat area (VFA) were all
negatively associated with osteocalcin (8 + SE
—0.4423 + 0.0663; p = 2.85E-11; 5+ SE —7.1982 + 1.1094;
p = 9.95E-11), while SFA showed a positive correlation with
osteocalcin (6 = SE: 5.5993 + 1.1753; p = 1.98E—00).
Conclusion BMI, fat mass, and lean mass are proved to be
beneficial for BMD in both males and postmenopausal fe-
males. SFA is negatively associated with BMD and positively
correlated with osteocalcin in postmenopausal females.

Keywords Adiposity indices - Bone mineral density - Bone
turnover markers - Osteoporosis
Introduction

Osteoporosis is a systemic skeletal disorder characterized
by reduced bone mass, deteriorated bone structure,
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increased bone fragility, and fracture risk. Due to global
aging of the population, osteoporosis is becoming increas-
ingly prevalent worldwide [1, 2], causing increased health
and economic burdens. Many studies have attempted to
explore the mechanism of osteoporosis to determine po-
tent measures to retard its progression. Many factors
[3-5], including race, age, gender, family history of frac-
ture, hormonal factors, obesity, use of certain drugs (e.g.,
glucocorticoids), cigarette smoking, alcohol intake, phys-
ical activity, and serum vitamin D level, influent osteopo-
rosis; among which, obesity plays an important role in
bone metabolism [6] and interacts with other osteoporosis
risk factors.

Although various studies have tried to evaluate the
association between obesity and osteoporosis, the results
were proved to be equivocal. Some results [7] indicated
that body size was positively correlated with bone min-
eral density (BMD), while another study [8] found that
fat mass might be detrimental for osteoporosis when the
mechanical loading effect of body weight on bone mass
was adjusted for. Besides, it has been revealed that vis-
ceral adiposity was linked to decreased bone mass [9].
Possible reasons might be the mechanical stress of body
weight is beneficial for osteoporosis [10], but the pro-
inflammatory cytokines of the adipose tissues are proved
to be detrimental for bone metabolism [11]; it is hard to
say which role of adiposity is more predominant in oste-
oporosis, therefore, the effect of obesity on osteoporosis
remains complicated. Furthermore, recent studies [4, 9]
also found that, besides load bearing of body weight,
there are other factors such as adipocyte hormones in
fat mass which might involve the relationship between
obesity and osteoporosis. And it has been proved that
fat mass in different parts of the body might play distinct
roles in bone metabolism [12]. Although previous studies
[13, 14] have tried to clarify the association between fat
distribution and osteoporosis, the roles of fat mass in
bone metabolism are still controversial due to different
population, age, gender, or body size of the participants
and so on.

Osteoporosis mainly depends on bone strength, which
includes BMD and bone quality, and osteopenia occurs
during the process of bone remodeling (bone resorption
and bone formation) and ultimately reflects on BMD
[15]. Therefore, evaluating the association of body com-
position with BMD and bone turnover markers (BTMs)
[16] may help to clarify the role of body fat distribution
in osteoporosis and develop new treatments for this
disease.

To clarify the association between adiposity and bone,
our study evaluated the association of adiposity indices
with BMD and BTMs in males and postmenopausal fe-
males separately.

@ Springer

Materials and methods
Ethics statement

This study was approved by the institutional review board of
the Shanghai Jiao Tong University Affiliated Sixth People’s
Hospital and is in strict accordance with the principles of the
Second Revision of the Declaration of Helsinki. Each partic-
ipant has signed a written informed consent form.

Participants

A total of 5404 participants aged from 26 to 81 years old were
recruited from the Nicheng community of Shanghai from
April 2013 to August 2014. All of them were unrelated sub-
jects with eastern Han Chinese ancestry and resided in
Shanghai. Participants with known cancer, hepatic disease,
kidney disease, or other coexisting bone illnesses were ex-
cluded, and patients using medications (e.g., diphosphonate,
glucocorticoids) that might influence bone metabolism were
excluded prior to study. Premenopausal participants (z = 189)
were also excluded. Finally, 5215 participants, including 949
males and 4266 postmenopausal females, were included for
the analysis.

Clinical measurements

Anthropometric and biochemical traits were evaluated in all
participants. Height (m) and weight (kg) were measured, and
body mass index (BMI) was calculated as weight divided by
height squared. Blood pressure (mmHg) was measured three
times with 3-min intervals, and the average of the three
measurements was separately retained for further analysis.
Waist circumference was measured midway between the
lowest rib and the iliac crest in the standing position.
Serum triglycerides, total cholesterol, low-density lipopro-
tein cholesterol, and high-density lipoprotein cholesterol
levels were measured fasting using a type 7600-020
Automated Analyzer (Hitachi, Tokyo, Japan). HbAlc values
were determined by high-performance liquid chromatogra-
phy using a Bio-Rad Variant II hemoglobin testing system
(Bio-Rad Laboratories, Hercules, CA, USA). Bone
metabolism-associated factors, including 3-cross-linked C-
telopeptide of type 1 collagen (3-CTX), osteocalcin in the
form of N-terminal osteocalcin molecules, N-terminal
procollagen of type 1 collagen (PINP), 25-hydroxy vitamin
D3 [25(OH)D3], and parathyroid hormone were measured
fasting with an automated Roche electrochemiluminescence
system (Roche Diagnostics Gmbh, Germany). The intra- and
inter-assay coefficients of variation (CVs) were 5.6 and
8.0% for 25(OH)D3, 2.9 and 4.0% for osteocalcin, 2.3 and
2.8% for PINP, and 2.5 and 3.5% for 3-CTX, respectively.
Body fat percentage was determined with BC-420 Tanita
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Body Composition Analyzer (Tanita, Tokyo, Japan) with the
subject standing with bare feet on the analyzer footpads, and
the impedance between the two feet was measured with an
alternating current passing through the lower body. Magnetic
resonance imaging (MRI) images of all the subjects were
obtained at the abdominal level between the fourth and fifth
lumbar vertebrae in the supine position using 3.0-T MRI
(Achieva; Philips, Best, The Netherlands), then abdominal
visceral fat area (VFA), subcutaneous fat area (SFA), and
lean mass were calculated by two trained observers who
were unaware of the experimental design using image anal-
ysis software (SLICEOMATIC, version 4.2; Tomo Vision
Inc., Montreal, QC, Canada). If the results of one subject
differed by more than 10%, a third observer reanalyzed the
image. Dual-energy X-ray absorptiometry (DEXA, Hologic
QDR-2000, Hologic Corporation, Waltham, MA) was per-
formed, and the BMD of the lumbar spine 1-4 (L1-4),
femoral neck, and total hip was determined in each subject.
The CV for the DXA measurements at L1-4, the total hip,
and the femoral neck were 1.39, 0.7, and 2.22%, respective-
ly. T-scores of L1-4, the femoral neck, and the total hip
were separately calculated, based on the BMD at each site,
using the formula: (Measured BMD — Young adult mean
BMD)/Young adult population SD [17].

Statistical analysis

Data were analyzed using SAS 9.2. Normality testing
was performed, and variables with skewed distributions
were log transformed for further analysis. Means + SD or
medians (interquartile range) were used for continuous
variables. The differences in the clinical characteristics
of patients were determined with the Kruskal-Wallis test
for continuous variables and the y” test for categorical
variables. Pearson correlation was performed to evaluate
the inter-correlations between adiposity indices. Multiple
linear regression analysis and stepwise regression analy-
sis were performed to evaluate the association of adipos-
ity indices with BTMs and BMD. Considering multiple
traits (six adiposity indices, three BMDs of different
places, and three BTMs) were analyzed in two genders
separately in the current study, Bonferroni correction was
done for multiple tests. A p value <0.0007 [0.05 /
(6 x 6 x 2)] was considered statistically significant,
which was used in the multiple regression analysis, as
well as the inclusion and exclusion criteria in the step-
wise regression analysis.

For the influence degree of different adiposity indices on
bone density, z-scores of the adiposity indices were calculated
to eliminate the influence of unit, and associations of adiposity
z-scores with BMD were evaluated by multiple linear
regression.

Results
Descriptive statistics

The basic characteristics of the participants are summarized in
Table 1. The BMI, blood lipids, body fat percentage, fat mass,
and SFA were significantly lower in males than those in fe-
males; while waist circumference, lean mass, VFA, the BMD
of L1-4, the femoral neck, and the total hip were significantly
higher in males than those in females. As shown in
Supplementary Table 1, all these adiposity indices were highly
inter-correlated with each other.

Associations between adiposity indices and BMD

As shown in Table 2, BMI, body fat percentage, fat mass, lean
mass, VFA, and SFA were all positively correlated with BMD
of all sites when controlled for age in both genders. Then, we
did stepwise regression analysis of the adiposity indices with
BMD. For males, BMI was correlated with the BMD of the
total hip (6 + SE 0.0163 = 0.0014; p = 2.70E—28). Fat mass
was significantly associated with the BMD of the L1-4 and
femoral neck (5 + SE 0.3773 £0.0332; p = 1.41E-27; 3+ SE
0.2212 £ 0.0310; p = 2.55E—12). Lean mass was correlated
with the BMD of the femoral neck (3 + SE 0.2703 + 0.0792;
p = 6.78E—4). The stepwise regression analysis of adiposity
indices with BMD for females is shown in Table 3. BMD of
all sites decreased significantly with age, and fat mass and lean
mass were positively correlated with BMD. However, SFA
was negatively associated with BMD of the L1—4 and femoral
neck. As shown in Supplementary Table 2, for the associa-
tions between adiposity z-scores and BMD, the influence of
different adiposity indices on BMD was all significantly pos-
itive. BMI, fat mass, and lean mass were more influential than
the other adiposity indices in males, while only fat mass was
more influential than others in females.

Associations between adiposity indices and BTMs

The associations of adiposity indices with BMTs are shown in
Table 4. In males, adiposity indices including BMI, body fat
percentage, fat mass, VFA, and SFA were negatively correlat-
ed with BTMs, especially with osteocalcin adjusted for age,
but in the stepwise regression analysis, only fat mass showed a
negative correlation with osteocalcin (8 £ SE
—8.8712 £ 1.4902; p = 4.17E-09), and lean mass was nega-
tively correlated with PINP (5 + SE —0.3169 + 0.0917,
p=0.0006). Similar results were observed in females for body
fat percentage, fat mass, SFA, and VFA, and lean mass was
correlated with osteocalcin adjusting for age. In the stepwise
regression analysis, BMI and VFA were all negatively corre-
lated with osteocalcin (5 + SE —0.4423 + 0.0663; p = 2.85E
—11; g+ SE —7.1982 £ 1.1094; p = 9.95E—11), while SFA
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Table 1 Clinical characteristics
of the study samples

Total Male Female p value

Sample () 5215 949 4266

Age (years) 62.8+44 672+2.1 61.8+42 <0.0001
BMI (kg/m?) 250+3.4 247+33 25.0+3.4 0.0492
WC (cm) 84 (78, 90) 87 (80, 93) 84 (77, 90) <0.0001
HbAlc (%) 5.7(5.5,6.1) 5.7(54,6.1) 5.7(5.5,6.1) 0.0093
SBP (mmHg) 133 (124, 144) 133 (125, 145) 133 (124, 144) 0.1487
DBP (mmHg) 82 (79, 88) 82 (79, 89) 82 (79, 88) 0.3264
Total cholesterol (mmol/L)  5.22 (4.62, 5.92) 4.86 (4.33,5.53) 5.30 (4.69, 5.98) <0.0001
Triglyceride (mmol/L) 1.36 (0.96, 1.98) 1.16 (0.82, 1.71) 1.40 (0.99, 2.02) <0.0001
LDL-c (mmol/L) 3.14 (2.63,3.71) 2.92 (2.44, 3.40) 3.20 (2.68, 3.76) <0.0001
HDL-c (mmol/L) 1.32 (1.12, 1.56) 1.24 (1.05, 1.46) 1.34 (1.14, 1.58) <0.0001
Body fat percentage (%) 34.1 (28.4,28.4) 23.2(19.4,26.4) 35.5(31.7,39.1) <0.0001
Fat mass (kg) 20.6 (16.3,25.1) 16 (11.95, 19.55) 21.5(17.5,25.8) <0.0001
Lean mass (kg) 40 (37.3,43.7) 52.7(49.2, 56.6) 39.1 (36.8, 41.35) <0.0001
VFA (cm?) 114 (86, 143.6) 119.1 (84.8,156.6) 113 (86.4, 140.9) 0.0049
SFA (cm?) 151.4 (115.6,193.9) 120 (90.7, 151.1) 158.6 (124,201.3)  <0.0001
L1-4 BMD (g/em?) 0.83 (0.74, 0.93) 0.99 (0.88, 1.09) 0.81 (0.72, 0.89) <0.0001
Neck BMD (g/cm?) 0.72 (0.65, 0.80) 0.81 (0.74, 0.90) 0.70 (0.63, 0.77) <0.0001
Hip BMD (g/cm?) 0.83 (0.75, 0.92) 0.94 (0.87, 1.03) 0.81 (0.74, 0.89) <0.0001

Data are shown as means + SD or medians (interquartile range). The differences in the clinical characteristics of
the patients were determined with the Kruskal-Wallis test for continuous variables

BMD bone mineral density, BMI body mass index, WC waist circumference, SBP systolic blood pressure, DBP
diastolic blood pressure, LDL-c low-density lipoprotein cholesterol, HDL-c¢ high-density lipoprotein cholesterol,
VFA visceral fat area, SFA subcutaneous fat area

turned out to be positively correlated with osteocalcin (G + SE
5.5993 £ 1.1753; p = 1.98E—06). While no significant associ-
ation of adiposity indices with PINP and (3-CTX for females
was observed.

Discussion

Our study involved 5215 participants (949 males and 4266
postmenopausal females) from the Shanghai area and mainly
evaluated the association of adiposity indices with BMD and
BTMs. When controlled for age, adiposity indices including
body fat percentage, fat mass, lean mass, VFA, and SFA were
all positively correlated with BMD of all sites. In the stepwise
regression analysis, BMI, fat mass, and lean mass were proved
to be beneficial for BMD in both genders. However, SFA was
detrimental for BMD of the L1-4 and femoral neck in post-
menopausal females. Adiposity indices showed negative cor-
relation with BTMs, especially with osteocalcin when adjust-
ed for age. In the stepwise regression analysis, fat mass was
negatively associated with osteocalcin, and lean mass was
negatively correlated with PINP for males. As to the stepwise
regression analysis in females, BMI and VFA were all nega-
tively correlated with osteocalcin, while SFA was significantly
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correlated with osteocalcin, and no significant association of
adiposity indices with PINP and 3-CTX was observed.

Proper load bearing is traditionally viewed to be beneficial
for bone strength due to the positive mechanical loading effect
on bone formation conferred by body weight [10]. In this
study, body fat percentage, fat mass, lean mass, VFA, and
SFA were positively correlated with BMD and negatively cor-
related with osteocalcin controlled for age in both genders,
suggesting that mechanical loading effect is beneficial for
bone. For stepwise regression analysis, BMI, fat mass, and
lean mass were shown to be positively correlated with BMD
for both genders. As to the associations between adiposity z-
scores and BMD, after eliminating the influence of unit, BMI,
fat mass, and lean mass were more influential on BMD than
the other adiposity indices in males, due to their mechanical
loading effect on bone [14, 18]. However, only fat mass was
more predictive than others in females. We also observed fe-
males had higher fat mass and lower lean mass compared with
males, which might induce a more predominant effect of fat
mass on BMD in females. These results are consistent with
those of previous researches [10, 14, 18] and confirmed the
positive mechanical loading effect of body weight (BMI, fat
mass, and lean mass) on bone strength.

For stepwise regression analysis in females, SFA was in-
versely correlated with the BMD of the .14 and the femoral
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Table 2 Association of adiposity indices with BMD in both genders
Male Female
[ value SE p value [ value SE p value
L1-4 BMD (g/cm?) BMI (kg/m?) 0.0185 0.0015 6.94E-33 0.0122 0.0005 5.99E-108
25(OH)D3 (ng/ml) —0.0082 0.0597 0.8903 —0.0277 0.0141 0.0494
Body fat percentage (%) 0.3895 0.0410 2.11E-20 0.4314 0.0238 1.22E-70
Fat mass (kg) 0.3271 0.0278 7.72E-30 0.3141 0.0136 1.06E-110
Lean mass (kg) 0.7098 0.0844 1.65E-16 0.5058 0.0318 3.11E-55
VFA (cm?) 0.2058 0.0238 3.28E-17 0.1845 0.0119 1.83E-52
SFA (cm?) 0.2693 0.0294 4.33E-19 0.1448 0.0127 1.08E—29
Neck BMD (g/cm?) BMI (kg/m?) 0.0119 0.0013 1.37E-19 0.0093 0.0005 2.07E—88
25(OH)D3 (ng/ml) 0.0298 0.0450 0.5086 —0.0141 0.0119 0.2378
Body fat percentage (%) 0.2703 0.0343 8.98E—-15 0.3253 0.0202 8.29E-57
Fat mass (kg) 0.2252 0.0234 5.70E—21 0.2432 0.0116 2.42E-93
Lean mass (kg) 0.5268 0.0700 1.30E-13 0.3935 0.0268 1.98E—47
VFA (cm?) 0.1104 0.0207 1.34E-07 0.1233 0.0101 3.23E-33
SFA (cm?) 0.1654 0.0255 1.56E-10 0.1023 0.0108 3.07E-21
Hip BMD (g/cm?) BMI (kg/m?) 0.0158 0.0012 3.51E-37 0.0132 0.0005 4.54E-158
25(OH)D3 (ng/ml) 0.0280 0.0442 0.5261 —0.0081 0.0128 0.5232
Body fat percentage (%) 0.3376 0.0322 1.45E-22 0.4599 0.0211 3.46E-99
Fat mass (kg) 0.2712 0.0218 7.84E-33 0.3209 0.0121 1.06E—143
Lean mass (kg) 0.5779 0.0667 2.24E-17 0.4422 0.0288 9.11E-52
VFA (cm?) 0.1517 0.0196 4.00E-14 0.1702 0.0108 2.02E-54
SFA (cm?) 0.2048 0.0242 1.16E—-16 0.1545 0.0114 6.88E—41

The regression analysis was done between each adiposity index and BMD adjusted for age. All adiposity indices were analyzed after log transformation
BMD bone mineral density, BMI body mass index, 25(OH)D3 25-hydroxy vitamin D3, VFA visceral fat area, SFA subcutaneous fat area

neck. Besides, SFA was significantly correlated with
osteocalcin, suggesting that SFA was related to a high bone
turnover rate. Because bone loss was caused by the imbalance
between bone formation and resorption, which occurs during
the bone turnover process and results in a decrease in BMD;
therefore, the results that SFA was inversely correlated with

BMD and positively correlated with osteocalcin are logical in
suggesting that SFA has a negative effect on bone metabolism.
Although SFA has been considered to be protective or neutral
in bone health [12, 19], the role of SFA is still ambiguous. In
this study, the SFA in females was significantly higher than
that in males, as estrogen differentially augments the

Table 3  Stepwise regression analyses of adiposity indices with BMD in females

L1-4 BMD (g/em?) Neck BMD (g/em?) Hip BMD (g/cm?)

[ value SE p value [ value SE p value (3 value SE p value
Age (years) —0.0049 0.0005 7.04E-23 —0.0064 0.0004 3.93E-50 —0.0054 0.0004 1.17E-34
BMI (kg/m?) - - - - - - 0.0117 0.0006 3.18E—88
Fat mass (kg) 0.1995 0.0346 8.78E-09 0.2519 0.0183 4.66E—42 - - -
Lean mass (kg) 0.2704 0.0362 9.00E-14 0.1964 0.0309 2.47E-10 0.2001 0.0315 2.28E-10
VFA (cm?) - - - - - - - - -
SFA (cm?) —0.0742 0.0174 2.11E-05 —0.0612 0.0147 3.07E-05 - - -

Stepwise regression analyses were performed to evaluate the association of adiposity indices with BMD in females, and indices retained in the regression
model were shown in this table. p value of <0.0007 was considered statistically significant. All adiposity indices were analyzed after log transformation

BMD bone mineral density, BMI body mass index, VFA visceral fat area, SFA subcutaneous fat area

@ Springer
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Table 4  Association of adiposity indices with BTMs in both genders

Male Female
[ value SE p value [ value SE p value
Osteocalcin (ng/mL) BMI (kg/m?) —0.4900 0.0661 2.70E-13 —0.5259 0.0381 1.59E—42
25(0H)D3 (ng/ml) 2.1925 2.1982 0.3194 —-1.1657 1.0118 0.2494
Body fat percentage (%) —14.1784 1.7544 2.15E-15 —21.7027 1.6533 1.40E-38
Fat mass (kg) —9.4051 1.2200 3.00E-14 —12.7366 0.9673 8.45E-39
Lean mass (kg) —6.2126 3.7023 0.0937 —11.2355 2.2597 6.98E-07
VFA (cm?) —6.0552 1.0409 8.82E-09 —10.6304 0.8220 2.06E-37
SFA (cm?) —6.7062 1.2939 2.81E-07 —4.4804 0.8785 3.57E-07
PINP (ng/mL) BMI (kg/m?) —0.3202 0.3228 0.3220 —0.5124 0.1845 0.0055
25(OH)D3 (ng/ml) 20.9806 6.3963 0.0012 0.4672 3.1783 0.8831
Body fat percentage (%) —16.1552 7.6220 0.0349 —23.6485 7.9955 0.0031
Fat mass (kg) —9.8460 5.5051 0.0747 —12.9315 4.7474 0.0065
Lean mass (kg) —24.1932 12.3902 0.0518 —11.8887 11.4212 0.2980
VFA (cm?) —7.2372 5.5327 0.1921 —11.8120 4.1736 0.0047
SFA (cm?) —6.8590 6.1711 0.2674 —2.0050 4.4087 0.6493
3-CTX (ng/mL) BMI (kg/m?) —0.0007 0.0024 0.7877 —0.0037 0.0011 0.0004
25(0OH)D3 (ng/ml) 0.0371 0.0492 0.4508 0.0086 0.0181 0.6365
Body fat percentage (%) —0.0555 0.0585 0.3429 —0.1794 0.0455 8.48E-05
Fat mass (kg) —0.0395 0.0421 0.3489 —0.0992 0.0270 0.0003
Lean mass (kg) —0.3028 0.0934 0.0013 —0.0815 0.0652 0.2113
VFA (cm?) —0.0582 0.0385 0.1317 —0.0652 0.0233 0.0052
SFA (cm?) —0.0582 0.0429 0.1760 —0.0480 0.0246 0.0513

Regression analysis was adjusted for age. p value of <0.0007 was considered statistically significant. All adiposity indices were analyzed after log

transformation

BTM bone turnover marker, PINP N-terminal procollagen of type I collagen, 3-CTX {3-cross-linked C-telopeptide of type I collagen, BMI body mass
index, 25(OH)D3 25-hydroxy vitamin D3, VFA visceral fat area, SFA subcutaneous fat area

sympathetic tone to adipose tissue between genders, which
prompts lipid accumulation in the subcutaneous area in wom-
en and visceral fat deposition in men [20]. Furthermore, the
total estrogen produced postmenopause is far less than that
during pre-menopausal period, and it has been well-
documented that estrogen deficiency can cause accelerated
bone loss [21, 22]. Therefore, only in postmenopausal fe-
males, SFA was associated with a higher bone turnover rate
and had an adverse effect on bone metabolism due to attenu-
ation of estrogen protection.

VFA showed negative association with osteocalcin and
positive correlation with BMD in both genders adjusting for
age. While in the stepwise regression model, VFA was only
negatively associated with osteocalcin in postmenopausal fe-
males, which was protective against bone loss, although no
significant association of VFA with BMD was observed. This
phenomenon is inconsistent with that of some previous studies
for the following reasons. First, the bone mechanism charac-
teristics differ depending on age, gender, or body size [23-25],
and our study focused on postmenopausal females and older
males (67.2 + 2.1 years), while most previous research [12,
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26] has focused on young participants with a limited sample
size. Second, although VFA was negatively associated with
osteocalcin and positively correlated with BMD adjusting for
age, in the stepwise regression analysis, this association dis-
appeared and VFA was only negatively correlated with
osteocalcin in postmenopausal females, prompting that the
effect of VFA on bone metabolism might be weaker than the
mechanical loading effect of other adiposity indices.
Additional research is needed to validate the function of
VFA in bone metabolism.

Although we took gender, age, and menopausal status in
consideration and measured the BMD of different sites, there
are several limitations of our study. First, our study was a
cross-sectional observational study, and we did not test the
serum adipocyte cytokines which might play a key role in
the link between adiposity and bone metabolism. The impact
of adipose tissue on bone metabolism is only a phenomenon
based on our results, and further prospective studies contain-
ing adipocyte cytokines measurement are needed to clarify the
role of adipose tissue in bone metabolism. Second, although
we set a more strict criteria (p < 0.0007) in the stepwise
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regression analysis, our study includes many tests and thus
there might be a risk of spurious associations; therefore, fur-
ther studies with larger samples are needed to certify the as-
sociation of body composition with bone metabolism. Third,
as the fat-related variables (body fat percentage, fat mass, lean
mass, VFA, and SFA) evaluate adiposity from different as-
pects and they were closely interrelated with each other, we
used stepwise regression analysis for the associations of adi-
posity indices with BMD and BTMs, trying to find the more
predictive adiposity indices for bone density. However, it
turned out to be hard to tell which one of them was signifi-
cantly more predictive than others for bone density in the
present study. Further researches are needed to figure out
which adiposity index is the main determinant of bone density.
In summary, BMI, fat mass, and lean mass are positively
correlated with BMD in both males and postmenopausal fe-
males. SFA is negatively associated with BMD and positively
correlated with osteocalcin in postmenopausal females.
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