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Abstract
Summary Although obesity and osteoporosis are impor-
tant public health problems, the effect of fat mass on
bone mass remains controversial. This study demon-
strated that fat mass was inversely related to bone
mineral content, and abdominal obesity was significantly
associated with bone mineral content independent of
total fat mass.
Introduction Obesity and osteoporosis, two disorders of
body composition, have become increasingly important
public health problems throughout the world. However, the
effect of fat mass on bone mass remains controversial. This
study investigates the effect of fat mass and regional fat
distribution on bone mass within a community-dwelling
cohort.
Methods A total of 3,042 subjects (1,284 men, 362
premenopausal women, and 1,396 postmenopausal women)
were studied. Fat mass, percent fat mass, lean mass, percent
lean mass, and bone mineral content (BMC) were measured
by dual energy X-ray absorptiometry.

Results Fat mass and percent fat mass decreased significantly
across increasing tertiles of BMC in all three subgroups (men,
premenopausal and postmenopausal women). In contrast, lean
mass and percent lean mass increased significantly across
tertiles of BMC in men, and a similar trend was also identified
in postmenopausal women. Interestingly, although correlation
analysis showed a positive association between fat mass and
BMC (p<0.05), this association became negative after
controlling for age and weight (p<0.05). Finally, in
premenopausal and postmenopausal women, subjects with
the lowest waist circumference (WC) had the highest BMC
in the higher three quartiles of percent fat mass after
adjusting for age and weight (p<0.05), indicating that
abdominal obesity is associated with BMC independent of
total fat mass.
Conclusion This study demonstrated that fat mass was
inversely related to BMC after removing the mechanical
loading effect in Korean men and women. Moreover,
abdominal obesity as measured by WC was significantly
associated with BMC independent of total fat mass.
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Introduction

Obesity and osteoporosis, two disorders of body composition,
have become increasingly important public health problems
throughout the world, and Korea is no exception. According
to the Korean National Health and Nutrition Examination
Survey in 2008, the prevalence of obesity among Korean men
and women was 35.6% and 26.5%, respectively [1, 2]. We
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have previously reported that the crude prevalence of
osteoporosis according to the World Health Organization
(WHO) criteria [3] in a rural community in Korea (40–
79 years old) was 13.1% for men and 24.3% for women.
This finding is similar to the numbers reported from Western
countries [4, 5].

Although both obesity and osteoporosis generally become
more prevalent with advancing age, complex relationships
exist between these two conditions. Higher body weight or
body mass index (BMI) has been known to be a protective
factor against bone loss in both men and women [6–10]. In
contrast, a reduction in body weight causes bone loss,
although the mechanism of bone loss is not clear [11].
Increasing body weight imparts greater physical loading to
bone, which induces an anabolic effect on the bone
remodeling process. Indeed, higher mechanical loading has
been shown to activate osteocytes, dendritic resident cells,
which transduce the signal into anabolic responses, such as
the expression of c-fos, insulin-like growth factor-I (IGF-I),
and osteocalcin [12]. In this setting, the increasing body
weight seems to be protective against osteoporosis. However,
overweight status and obesity represent consequences of a
gain in fat mass as well as an increase in lean mass.
Identification of the specific roles fat mass plays in bone
mass regulation is important. Recent publications provided
evidence that fat tissue, once considered as a depot for
energy substrate, is a metabolically active organ. The fat cells
secrete cytokines that regulate a host of physiological
processes directly related to carbohydrate and fat metabolism
and to the development of cardiovascular disease (CVD) and
type 2 diabetes (DM) [12]. For instance, leptin, a key factor
regulating appetite and body weight, has been shown to
inhibit bone formation through hypothalamic relay of the
beta-adrenergic pathway [13]. In addition, adiponectin, an
emerging adipokine correlated with insulin sensitivity,
increased osteoblast proliferation and differentiation while
inhibiting osteoclastogenesis in vitro [14]. Therefore, an
increase in fat mass not only increases the risk of CVD but
can also negatively regulate bone metabolism. However,
these potentially unfavorable effects can be complicated by a
concomitant increase in mechanical loading, resulting in the
inconsistent results seen in many previous studies. A number
of studies have shown that both fat mass and lean mass can
contribute to an increase in bone mass, thereby reducing the
risk of fractures [10, 15, 16]; others have demonstrated a
detrimental effect of fat mass on bone mass after controlling
for body weight [12, 17, 18]. Additionally, when considering
total fat mass, subcutaneous fat was beneficial to bone mass,
whereas visceral fat was deleterious [19].

In this community-based, cross-sectional study, we
investigated the effect of fat mass and regional fat
distribution on bone mass in a Korean population. Using
an approach to isolate the effects of fat mass, we found

that fat mass, especially abdominal fat mass, negatively
regulates bone mass.

Methods

Study population

The study population consisted of 1,564 men and 1,862
women >40 years old from a prospective community-based
cohort (Ansung cohort). The Ansung cohort was established
for the Korean Health and Genome Study in 2001 to
investigate the frequency and determinants of chronic diseases
in Korea. The Ansung cohort participants include residents in
a rural setting 100 km south of Seoul. The farming community
of Ansung had a population of 123,906 in 2000. Details of the
design of this cohort and the methods used have been
previously described [3]. Among the 5,018 subjects of the
Ansung cohort, 1,284 males, 362 premenopausal women,
and 1,396 postmenopausal females who completed a dual
energy X-ray absorptiometry (DXA) between 2006 and 2008
were included in the present study regardless of other
underlying co-morbidities. Subjects with a history of
estrogen use, glucocorticoid therapy, or medication use for
osteoporosis were excluded from the study. Trained staff
collected all data using standardized protocols. Study
procedures were in accordance with institutional guidelines
and approved by an institutional review board. Informed
consent was obtained from all study participants.

Measurements of body composition and anthropometric
parameters

Height and body weight were measured by standard methods
while wearing light clothing. BMI was calculated as weight
divided by height squared (kg/m2). Waist circumference (WC)
was measured at the narrowest point between the lower limit
of the ribcage and the iliac crest. Hip circumference was
measured as the maximal circumference over the buttocks.
Whole body bone mineral content (BMC, g), bone mineral
density (BMD, g/cm2) at the lumbar spine, femoral neck, and
total hip, lean mass, and fat mass were measured using DXA
(Lunar Prodigy, GE Medical System). The precision error (%
CV) was 1.7% for lumbar spine BMD, 1.8% for femoral
neck BMD, and 1.7% for total hip BMD. Percent fat mass
was calculated as fat mass divided by weight. The details of
the method have previously been described [3].

Biochemical parameters

Total cholesterol (TC), triglycerides (TG), high-density
lipoprotein (HDL), low-density lipoprotein (LDL), and
high-sensitivity C-reactive protein (hsCRP) were measured
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enzymatically using an autoanalyzer (ADVIA® 1650
Chemistry System; Siemens, Deerfield, IL, USA). The
coefficients of variation (%CV) for total cholesterol, HDL
cholesterol, LDL cholesterol, and triglyceride were 3.0%,
4.0%, 4.0%, and 5.0%. For the evaluation of glucose
metabolism, plasma glucose and insulin levels were measured
after a 12-h fast. Plasma glucose levels were determined using
the hexokinase method. Plasma insulin levels were measured
by radioimmunoassay (Linco Research, St Charles, MO,
USA). The coefficients of variation for glucose, hsCRP,
and insulin were 2.9%, 7.0%, and 10%. The homeostasis
model assessment of the insulin resistance (HOMA-IR) was
calculated and normalized by logarithmic transformation
owing to a skewed distribution.

Statistical analysis

All data were analyzed using SPSS for Windows (Version
16.0, SPSS, Chicago, IL, USA). The values of all variables
were presented as mean ± standard deviation (SD) or standard
error of the mean (SEM).We compared baseline characteristics
among men, premenopausal, and postmenopausal women

using analysis of variance (ANOVA). Comparisons of mean
values of variables among groups were performed with
analysis of covariance (ANCOVA) test adjusted for age and
weight. Multiple comparison analyses in each group were
performed with post hoc analyses, and the least significant
difference test using the t-test was applied in all the multiple
comparison analyses. Correlation analyses between body
composition parameters and BMC were performed with
Pearson’s correlation analysis and partial correlation analysis
controlled for age and weight. All tests were two-tailed, and
p<0.05 was considered significant.

Results

The baseline characteristics of the subjects are shown in
Table 1. The three groups (men, premenopausal women,
and postmenopausal women) have been separately analyzed
based on sex and menopausal status. Men exhibited a lower
fat mass and a higher lean mass compared to the
premenopausal and postmenopausal women. However, the
WC and waist-to-hip ratio for men were in between the

Table 1 Baseline characteristics of study population

Mean ± SD p value*

Men (n=1284) Premenopausal (n=362) Postmenopausal (n=1396)

Age (years) 62.0±8.7 50.7±2.8 65.0±7.4 a,b,c

Body mass index (kg/m2) 23.8±4.4 24.8±3.4 25.1±3.3 a,b,c

Weight (kg) 65.2±10.1 59.6±8.6 57.0±8.7 a,b,c

Total BMC (kg) 2.63±0.40 2.29±0.31 1.86±0.34 a,b,c

Lumbar spine BMD (T-score) −0.80±1.45 0.10±1.28 −1.61±1.36 a,b,c

Femur neck BMD (T-score) −0.39±1.09 0.17±0.99 −1.11±1.00 a,b,c

Total hip BMD (T-score) 0.19±1.10 0.42±1.05 −0.88±1.09 a,b,c

Fat mass (kg) 13.5±5.8 19.5±5.9 19.1±6.1 a,b

Percent fat mass (%) 19.9±6.6 32.4±5.9 32.9±6.7 a,b

Lean mass (kg) 49.7±6.0 37.4±3.8 35.7±3.8 a,b,c

Waist circumference (cm) 86.3±8.3 84.2±9.0 88.7±8.8 a,b,c

Waist-to-hip ratio 0.95±0.09 0.91±0.07 0.97±0.07 a,b,c

Total cholesterol (mg/dl) 180.0±34.1 180.7±30.6 195.4±34.1 b,c

HDL cholesterol (mg/dl) 42.3±10.6 45.2±10.2 43.7±9.5 a,b,c

Triglyceride (mg/dl) 156.3±144.5 106.8±63.3 142.4±90.7 a,b,c

LDL cholesterol (mg/dl) 112.3±39.4 115.0±27.0 125.7±32.0 b,c

Fasting plasma glucose (mg/dl) 94.9±16.0 90.2±13.2 92.4±14.1 a,b

HOMA-IR 1.70±1.13 1.82±0.95 1.87±1.01 a,b

hsCRP (mg/dl) 2.12±5.81 1.05±2.60 1.62±3.22 a,b

Data are means ± SD

BMC Bone mineral content, BMD bone mineral density, HDL high-density lipoprotein, LDL low-density lipoprotein, HOMA-IR homeostasis
model assessment estimate of insulin resistance, hsCRP high-sensitivity C-reactive protein, SD standard deviation

*Post hoc analysis by least significant difference t test (mean difference between two groups): a men vs. premenopausal women, b men vs.
postmenopausal women, c premenopausal vs. postmenopausal women. In all cases, p value<0.05
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premenopausal and postmenopausal women. Postmenopausal
women showed higher total cholesterol, LDL cholesterol, and
triglyceride levels than premenopausal women.Men were less
insulin-resistant than premenopausal or postmenopausal
women. No significant difference in insulin sensitivity was
identified between premenopausal and postmenopausal
women.

Differences in the body composition and metabolic
profiles across tertiles of BMC were initially examined
(Table 2). The ANCOVA test adjusted for age and weight
revealed that fat mass and percent fat mass decreased
significantly across increasing tertiles of BMC in all three
groups. In contrast, lean mass and percent lean mass
increased significantly across increasing tertiles of BMC

in men. The 3rd tertile of BMC demonstrated the largest
lean mass and percent lean mass in postmenopausal
women. No significant difference was noted across tertiles
in premenopausal women. Notably, indices of abdominal
obesity (i.e., WC and waist-to-hip ratio) were lowest in the
3rd tertile of BMC in men and postmenopausal women.
HOMA-IR also decreased significantly in men and post-
menopausal women across the tertiles of BMC. However,
consistent changes in the inflammatory marker, hsCRP,
were only observed in postmenopausal women. Collectively,
these results suggest that gaining fat mass, abdominal obesity,
and increasing insulin resistance are associated with reduced
BMC, while the accumulation of lean mass is positively
associated with BMC.

Table 2 Comparisons of the
least squares means of body
composition according to BMC
tertiles adjusted for age and
weight

Data are mean ± SEM

FPG Fasting plasma glucose,
HOMA-IR homeostasis model
assessment estimate of insulin
resistance, TC total cholesterol,
HDL high-density lipoprotein,
hsCRP high-sensitivity
C-reactive protein, SEM
standard error of mean

*Post hoc analysis using the
least significant difference t test
(mean difference between two
groups): a1st vs. 2nd, b1st vs. 3rd,
c2nd vs. 3rd; all p values<0.05

BMC tertile 1st tertile 2nd tertile 3rd tertile p for trend p value*
Mean ± SEM Mean ± SEM Mean ± SEM

Men

Fat mass (kg) 14.9±0.2 13.6±0.2 11.8±0.2 <0.001 a,b,c

Percent fat mass (%) 20.9±0.3 20.0±0.3 18.1±0.3 <0.001 a,b,c

Lean mass (kg) 48.4±0.2 49.6±0.2 51.0±0.2 <0.001 a,b,c

Percent lean mass (%) 75.8±0.4 76.5±0.3 78.1±0.4 <0.001 b,c

Waist circumference(cm) 86.3±0.4 86.6±0.4 84.9±0.4 0.048 b,c

Waist-to-hip ratio 0.96±0.01 0.96±0.01 0.94±0.01 0.040 b,c

FPG (mg/dl) 94.7±1.0 95.0±0.8 94.7±0.9 0.993

HOMA-IR 1.85±0.07 1.64±0.06 1.61±0.07 0.068 a,b

TC/HDL cholesterol 4.55±0.08 4.52±0.07 4.29±0.08 0.033 b,c

hsCRP (mg/dl) 1.92±0.38 2.06±0.33 2.19±0.38 0.946

Premenopausal women

Fat mass (kg) 20.1±0.3 19.4±0.2 18.8±0.3 0.001 a,b

Percent fat mass (%) 33.2±0.5 32.5±0.4 31.1±0.5 0.003 b,c

Lean mass (kg) 36.7±0.3 37.2±0.2 37.7±0.3 0.015 b

Percent lean mass (%) 63.1±0.5 63.4±0.4 64.5±0.5 0.051

Waist circumference(cm) 85.3±0.7 83.9±0.6 83.4±0.7 0.073

Waist-to-hip ratio 0.92±0.01 0.91±0.01 0.90±0.01 0.050

FPG (mg/dl) 89.1±1.1 90.8±1.0 89.4±1.2 0.891

HOMA-IR 1.68±0.09 1.77±0.08 1.97±0.10 0.226

TC/HDL cholesterol 4.16±0.10 4.17±0.09 3.98±0.11 0.312

hsCRP (mg/dl) 1.35±0.29 0.84±0.27 0.86±0.30 0.388

Postmenopausal women

Fat mass (kg) 19.3±0.2 19.2±0.1 18.5±0.1 <0.001 b,c

Percent fat mass (%) 32.8±0.3 33.4±0.2 31.8±0.3 <0.001 b,c

Lean mass (kg) 35.6±0.2 35.5±0.1 36.0±0.2 0.002 c

Percent lean mass (%) 63.7±0.3 62.8±0.2 64.1±0.3 0.026 b,c

Waist circumference (cm) 89.6±0.4 89.0±0.4 86.7±0.4 <0.001 b,c

Waist-to-hip ratio 0.98±0.01 0.98±0.01 0.96±0.01 <0.001 b,c

FPG (mg/dl) 93.4±0.9 92.5±0.8 91.2±0.9 0.079

HOMA-IR 2.05±0.07 1.93±0.05 1.71±0.06 <0.001 b,c

TC/HDL cholesterol 4.67±0.07 4.66±0.05 4.51±0.06 0.099

hsCRP (mg/dl) 2.17±0.22 1.45±0.18 1.16±0.21 0.005 b,c
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To further explore the interaction of fat mass and bone
mass, Pearson’s correlation analysis and partial correlation
analysis were performed to determine if variables were
significantly related with BMC before and after adjusting
for age and weight. As shown in Table 3, both lean mass
and fat mass were positively associated with BMC in all
three groups. However, after controlling for age and weight,
the relationship between fat mass and BMC changed from a
positive association to a negative association still with
statistical significance. This result suggests that fat mass,
which apparently affects BMC in a positive way, actually
negatively regulates BMC after removing the physical
effect of loading. However, partial correlation analyses
between fat mass and BMD failed to show an inverse
relationship in women (data not shown). In men, fat mass
was negatively correlated with femoral neck and total hip
BMD (r=−0.130 and −0.112, respectively). WC and waist-
to-hip ratio also exhibited negative correlations with BMD
after adjusted for age and weight (data not shown).

HOMA-IR was negatively associated with total BMC in
men and postmenopausal women after controlling for age
and weight. The total cholesterol to HDL cholesterol ratio,
suggested as one component of the Framingham risk score
(FRS) [20], was also inversely associated with total BMC
in men and premenopausal women after adjusting for age
and weight. In premenopausal women, the HDL cholesterol
and TG have a positive and negative association with
BMC, respectively, after adjusting for age and weight. In

both premenopausal and postmenopausal women, hsCRP
was negatively associated with BMC after adjustment for
age and weight (Table 3).

Having identified a negative role of fat mass on BMC,
we then studied whether abdominal obesity measured by
WC or truncal fat was related to BMC in groups stratified
by percent fat mass after controlling for age and weight. In
men, within a given quartile of percent fat mass, the BMC
did not differ within the tertiles of WC (Fig. 1a). However,
in women, negative association between WC and BMC was
observed within the 1st and 2nd quartiles or higher three
quartiles of percent fat mass in premenopausal (Fig. 1b) or
postmenopausal women (Fig. 1c), respectively. Similar
associations were also observed when we stratified by
truncal fat obtained from DXA instead of WC. As shown in
Fig. 1d, within the given stratum except the 2nd quartile,
men with the highest truncal fat mass had the lowest BMC.
Postmenopausal women with the highest truncal fat mass
also showed the lowest BMC within the 3rd and 4th
quartiles (Fig. 1f), although we were unable to find similar
association in premenopausal women (Fig. 1e). These
results suggest that within a given fat mass, the higher
abdominal fat plays an important role in negatively regulating
bone mass, especially in postmenopausal women.

Finally, the lack of significant association between BMD
and fat mass in women prompted us to study whether the
bone area is related with body size or body composition
parameters, thereby masking the effects of fat mass on bone

Table 3 Sex-specific correlation coefficients between bone mineral content (BMC) and body composition and metabolic parameters before and
after adjustment for age and weight

Men Premenopausal women Postmenopausal women

Before
adjustment

After adjustment
for age and weight

Before
adjustment

After adjustment
for age and weight

Before
adjustment

After adjustment
for age and weight

Age (years) −0.231* – −0.128* – −0.408* –

Weight (kg) 0.726* – 0.674* – 0.685* –

Fat mass (kg) 0.473* −0.402* 0.545* −0.235* 0.589* −0.110*
Lean mass (kg) 0.730* 0.328* 0.589* 0.157* 0.570* 0.086*

Waist circumference (cm) 0.313* −0.119* 0.300* −0.275* 0.292* −0.153*
Waist-to-hip ratio 0.064* −0.099* 0.066 −0.271* 0.038 −0.127*
FPG (mg/dl) 0.104* 0.016 0.170* 0.028 0.008 −0.024
HOMA-IR 0.119* −0.074* 0.255* 0.048 0.110* −0.076*
TC/HDL cholesterol 0.131* −0.066* −0.015 −0.118* 0.059* −0.032
Total cholesterol (mg/dl) 0.066* −0.052 0.026 0.022 0.072* −0.012
HDL cholesterol (mg/dl) −0.113* 0.045 0.031 0.132* −0.005 0.027

Triglyceride (mg/dl) 0.063* −0.060 0.002 −0.150* 0.042 −0.022
LDL cholesterol (mg/dl) 0.050* −0.059 0.013 0.010 0.061* −0.011
hsCRP (mg/dl) −0.113* −0.045 −0.013 −0.116* −0.085* −0.089*

FPG Fasting plasma glucose, HOMA-IR homeostasis model assessment estimate of insulin resistance, TC total cholesterol, HDL high-density
lipoprotein, LDL low-density lipoprotein, hsCRP high-sensitivity C-reactive protein

*p Value<0.05
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mass. As shown in Table 4, when we evaluated the
correlation between whole body bone area obtained from
DXA and height or BMI as a surrogate for body size, we
found a positive correlation between these parameters. In
addition, bone area is also significantly correlated with
body composition parameters including fat mass and bone
mass (Table 4).

Discussion

In a Korean community-based, cross-sectional study, we
demonstrated that in the absence of its physical loading effect,
fat mass has a negative association with BMC. Additionally,
we found that among the fat mass, abdominal fat plays an
important role in negatively regulating bone mass.
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Fig. 1 Least squares means
of total bone mineral contents
(BMC) adjusted for age and
weight in tertiles of waist
circumference and truncal fat
mass stratified by percent
fat mass in a, d men, b,
e premenopausal women,
and c, f postmenopausal
women (*p value<0.05)

Table 4 Correlation coefficients
between whole body bone
area and body size or body
composition parameters in men,
premenopausal women, and
postmenopausal women

*p Value<0.01

Men Premenopausal women Postmenopausal women

Height 0.777* 0.719* 0.727*

Body mass index 0.342* 0.298* 0.348*

Fat mass 0.483* 0.578* 0.610*

Lean mass 0.778* 0.612* 0.640*
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In an analysis that compared the mean values of fat and
lean body mass across tertiles of BMC, both the fat mass and
percent fat mass decreased as the BMC increased after
adjusting for age and weight. The interaction between
adiposity and bone mass has long been the subject of interest
in epidemiological studies. In one study on a cohort of 140
healthy postmenopausal women, a real BMD at any site was
positively related to weight, BMI, and fat mass (r≈0.5) and
less closely related to lean mass (r≈0.2) [10]. The same
group reported that BMD was dependent on both fat and
lean mass in premenopausal women; however, male BMD
was related only to lean mass [15]. Furthermore, baseline fat
mass and changes in fat mass were predictive of changes in
BMD over 10 years in postmenopausal women [21].
Another study on 921 African–American, Asian, Latino,
and Caucasian women 20 to 25 years old found that fat mass
was positively correlated with BMD at all skeletal sites [22].
The early postmenopausal intervention cohort (EPIC) study
has also shown that fat mass is the principal soft tissue
determinant of BMD at baseline and the determinant for the
rate of change in BMD over 2 years [8]. It has been
suggested that fat mass exerts an anabolic effect on bone, in
addition to skeletal loading, which is associated with increased
concentrations of free sex hormones, and increased insulin,
amylin, and leptin levels [23–25].

These results contradict our study results that demonstrated
a negative role of fat mass on BMC. This discrepancy might
originate from the interference of the mechanical loading effect
of fat tissue on the bone mass, which was not completely
excluded in the previous studies. Indeed, it is difficult to
exclude and control the effect of weight in these studies due to
the strong collinearity between fat mass and body weight. To
overcome this limitation, we carried out ANCOVA test
analyzed with a general linear model using age and body
weight as a covariate, whereas other previous studies used
multivariable linear regression analyses. Using this approach,
we demonstrated that the positive relationship between fat
mass and bone mass became negative after adjusting for age
and weight. Lean mass, however, maintains a positive
relationship with bone mass after adjusting for age and weight.
Our results are supported by a previous study by Zhao et al.
[18] who also demonstrated an inverse relationship between
fat mass and total BMC, lumbar spine, or femoral neck BMD
by multivariate linear regression analyses after incorporating
body weight as a covariate in both Chinese and Caucasians.
In another study of a large cohort of Chinese by Hsu et al.
[17], a negative relationship between percent fat mass and
total hip BMC was identified, and the risks of osteoporosis,
osteopenia, and nonspine fractures were significantly higher
for subjects with higher percents of fat mass, independent of
body weight.

Interestingly, we found sex difference in many of the
correlations. It has been well established that for a given

BMI, men have more lean mass, whereas women have
higher adiposity [26]. In addition, men have more visceral
adipose tissue, while women have more peripheral or
subcutaneous adipose tissue. These differences, as well as
differences in sex hormones and adipokines, may contribute
to the gender difference in insulin resistance [26]. We
speculate that this differential fat distribution depending on
gender may have resulted in sex difference in many of the
correlations.

In this study, the total BMC was analyzed according to
tertiles of WC stratified by percent fat mass after controlling
for age and weight. Women with higher WC demonstrated
lower BMC. Truncal fat mass obtained from DXA was also
negatively associated with BMC in men and postmenopausal
women. These results suggests that within a given fat mass,
higher abdominal fat is important in negatively regulating
bone mass, which is particularly important in postmenopausal
women. It has been known that abdominal obesity is highly
associated with insulin resistance and metabolic syndrome
[27]. In support of this notion, we were also able to find
a negative relationship between BMC and HOMA-IR.
Abdominal fat is comprised of visceral and subcutaneous fat.
Although we have not evaluated the composition of visceral
vs. subcutaneous fat in this study, previous studies have
demonstrated that visceral fat has been shown to be distinct
from subcutaneous fat in its effect on bone metabolism [29,
30]. Indeed, Gilsanz et al. [19] found that the visceral fat
exerts negative effects on femoral bone mass and strength,
while the subcutaneous fat has positive effects. In another
study conducted in 461 healthy Korean subjects, the visceral
fat area on abdominal computed tomography scan was
inversely associated with BMD, whereas the subcutaneous
fat area showed no significant association [28]. The relative
role of visceral vs. subcutaneous fat in the regulation of bone
mass should be further studied.

In this study, BMC was used as a dependent variable for
bone mass instead of BMD. Although BMD has been
widely accepted as a surrogate measure for osteopenia and
osteoporosis, it does not provide adequate correction for the
bone and body size [31]. Since DXA measures areal, not
volumetric, BMD, it may artificially overestimate the relative
bone mass for people with bones larger than average and
underestimate bone mass for those with smaller bones [31].
Moreover, the negative correlation between fat mass and
BMC disappeared when we substituted BMD for BMC in
women. The latter finding seems to result from the fact that
bone area is highly correlated with body size as measured by
height or BMI (Table 4), thereby obliterating the correlation
between fat mass and bone mass. In addition, the bone area
is also significantly correlated with fat mass or lean mass.
Therefore, we suggest that it would be more reasonable to
use BMC for the analysis of the interactions between body
composition parameters and bone mass.
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The present study cannot overcome the limitation of its
cross-sectional nature, and therefore, the inverse relationship
between bone mass and fat mass or abdominal fat in this study
could not be interpreted as a causal relationship. In addition,
this study was conducted within a single community, and
therefore it cannot be generalized for the whole Korean
population. Future longitudinal studies will be helpful in
clarifying the relationship regarding changes in bonemass and
fat mass.

Our findings have clinical implications suggesting that
gaining fat mass may not be protective in the maintenance
of bone mass and that losing fat mass may not increase the
risk for osteoporosis. In conclusion, fat mass was inversely
correlated to bone mass after removing the mechanical
loading effect in both men and women within a Korean
community-based-cohort. Furthermore, in women, a high
WC, as a surrogate for abdominal obesity, has an additional
impact on bone mass in subjects with high fat mass.
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