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Abstract

Summary We examined ethnic difference in the association of
body fat and trunk fat with bone mineral density (BMD)
among Chinese, white, and black subjects. We found that,
with greater body and trunk fat, both white and black subjects
were more likely to have a low BMD than Chinese subjects.

Introduction Ethnic differences in body fat, abdominal fat
distribution, and BMD have been found in previous studies

H. Lu and X. Fu contributed equally to this study.

H. Lu- X. Fu-W. He - S. Zhu (2<)

Obesity and Body Composition Research Center,
Zhejiang University School of Public Health,
388 Yu-hang-tang Road,

Hangzhou, Zhejiang 310058, China

e-mail: zsk@zju.edu.cn

X. Ma
Injury Research Center, Medical College of Wisconsin,
Milwaukee, WI, USA

Z. Wu

Department of Orthopedics,

Peking Union Medical College Hospital,
Beijing, China

Z. Wang

Obesity Research Center, St. Luke’s-Roosevelt Hospital,
Columbia University College of Physicians and Surgeons,
New York, NY, USA

D. B. Allison

Department of Nutrition Sciences and the Clinical Nutrition
Research Center, University of Alabama at Birmingham,
Birmingham, AL, USA

S. B. Heymsfield
Merck & Co.,

126 E. Lincoln Ave,
Rahway, NJ, USA

between Chinese and white subjects. However, the associ-
ations of body fat and abdominal fat distribution with BMD
have not been studied, and whether the ethnic differences
have an effect on these associations is unclear.

Methods We evaluated 1,147 subjects aged >18 years (805
Chinese, 193 whites, and 149 blacks). Percent body fat (%
BF), percent trunk fat (%TF), and total and regional BMD
including that of head, arm, leg, trunk, rib, spine, and pelvis
were measured by dual-energy X-ray absorptiometry.
Linear regression models were developed to test the
association of ethnicity, %BF, and interaction between
ethnicity and %BF with BMD. The models were repeated
again, replacing %BF with %TF.

Results Chinese subjects showed lower BMD in total and
most regions compared with black and white subjects;
however, these differences were eliminated between Chinese
and whites within both sexes and between Chinese and black
men when age, weight, height, and %BF were added. %BF
and %TF were negatively associated with most regional body
BMD. The interactions between %BF, %TF, and ethnicity
were found in most regional body BMD among Chinese,
white, and black subjects for both men and women.
Conclusion Both %BF and %TF have negative associations
with BMD. With greater accumulation of %BF and %TF,
both white and black subjects may experience a higher risk
of low BMD than Chinese subjects.

Keywords Bone mineral density - Ethnicity - Percent body
fat - Percent trunk fat

Introduction

Osteoporosis and fractures have become a major public health
concern worldwide [1, 2]. Low bone mineral density (BMD)
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has been identified as an important risk factor for fracture
and osteoporosis. Body fat (BF) was found to be strongly
associated with BMD [3]. Some studies reported that BF was
positively related to BMD [4-7], while others revealed an
opposite relationship after body weight was considered [8,
9], and moreover, the effect of BF on low BMD was found
to be independent of lean mass and physical activity [10,
11]. In addition, abdominal fat accumulation was considered
to be independently associated with bone mineral content
(BMC) in prepubertal children [12]. A recent epidemiologic
study using waist circumference as the index of abdominal
fat showed a negative association between abdominal fat
accumulation and BMD [13]. Furthermore, a newly pub-
lished study divided abdominal fat into visceral and
subcutaneous adiposity and found a negative correlation
between visceral adiposity and BMD [14]. However, the
evidence of the association between BMD and abdominal fat
distribution was still limited.

Compared with white and black subjects, Asians such as
Chinese, Japanese, and Singaporeans were reported to be
thinner but with higher percent body fat (%BF) levels and
more abdominal fat [15-22]. Some studies reported that there
was no significant difference in BMD between Chinese and
white subjects when body size was taken into account [23—
25]. In addition, the prevalence of osteoporosis and fractures
in some body regions in Chinese people was even lower than
that in whites [1, 26]. To our knowledge, no study has
investigated the ethnic differences in the relationship of %BF
and abdominal fat distribution with BMD.

The present study was designed to examine the
relationship of %BF and percent trunk fat (%TF) with
BMD. We are particularly interested to learn whether ethnic
differences in %BF and %TF may influence BMD among
Chinese, black, and white subjects.

Methods
Subjects

This study included 1,029 Chinese (403 men and 626 women),
207 white (89 men and 118 women), and 152 black (73 men
and 79 women) subjects aged 18-87 years old. Chinese
participants were voluntarily enrolled between November
2008 and May 2009 through leaflets and posters provided by
the local department of the Center for Disease Control and
Prevention in Hangzhou, China. The data on blacks and whites
were obtained between August 1998 and January 2001 from St.
Luke’s-Roosevelt Hospital Center, Columbia University in the
city of New York, USA. Details of the measurements from the
USA were previously published [16]. Subjects who had
missing information on dual-energy X-ray absorptiometry
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(DXA) (n=47) and menopausal status in women (n=27) were
excluded from the analysis. We also excluded subjects who
had conditions known to affect bone mass (n=167), such as
diseases of the thyroid, diabetes mellitus, and previous bone
fractures. A total of 468 men (323 Chinese, 75 white, and 70
black subjects) and 679 women (482 Chinese, 118 white, and
79 black subjects) were included in the analysis. The subjects
who were excluded from the study were not significantly
different from subjects who met the inclusion criteria in age,
weight, and height, except that the Chinese men excluded
from the study were older than the Chinese men who
remained in the study. Each participant gave informed consent
in writing. The study was approved by the internal review
boards of the Second Affiliated Hospital of Zhejiang
University School of Medicine and St. Luke's-Roosevelt
Hospital Center in New York, USA.

Anthropometry

Weight and height were measured with subjects dressed in light
clothes. Body weight was measured to the nearest 0.1 kg
(Detecto, USA). Body height was measured with a hypsometer
to the nearest 0.1 cm. Body mass index (BMI) was calculated
as weight in kilograms divided by height in meters squared.

DXA measures

Total and body regional BMD, i.e., head, arm, leg, trunk,
rib, spine, and pelvis, were measured by DXA (software
version 11.40.004; Lunar Prodigy, WI, USA). Regional fat
mass and whole-body fat mass were also measured. %BF
was calculated as (BF in kilogram/body weight in kilo-
gram). %TF, which was considered to represent the
abdominal fat distribution, was calculated as (trunk fat
(TF) in kilogram/body weight in kilogram). DXA was
standardized daily against a phantom, with the manufac-
turer’s precision standards 0f<0.8% for BMD and BF in
Chinese and approximately 1.5% for BMD and 3~4% for
BF in black and white subjects in the Obesity Research
Center at Columbia University.

Statistical methods

Variables were presented as means+standard deviations
(SD) by sex and ethnicity. Comparisons of BMD, %BF, and
%TF among the three ethnicities by sex were carried out
using analysis of variance. The p values of the multiple
comparisons between each pair of these three ethnicities
were calculated using Fisher’s least significant difference
(LSD) method [27].

Two sets of multiple linear regression models, a main
model and an interaction model, were developed to test the
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associations of total and body regional BMD with ethnicity,
%BF, and %TF. Due to high collinearity between %BF and
%TF (variance inflation factor between %BF and %TF was
approximately 13 in men and 9 in women), the effects of %
BF and %TF on total and body regional BMD were
examined separately in the regression models. In the main
model, ethnicity, age, weight, height, %BF, and menopausal
status in women were considered as independent variables,
total and each body regional BMD were considered as the
dependent variables. In the interaction model, the interac-
tion between ethnicity and %BF was added into the main
model. The main model and interaction model were
repeated, replacing %BF with %TF. Sensitivity analysis
was done using BMC subtracted from weight as the
denominator to calculate %BF and 9%TF. The Chinese
subjects were set as the reference group for ethnic
comparisons in each model. Both main and interaction
regression models were repeated which set white subjects
as the reference group.

Statistical significance level was set at p<0.05
(two-tailed). All analyses were performed using SPSS
(version 16.0, SPSS Inc., Chicago, IL).

Results
Descriptive statistics

Table 1 shows the sex- and ethnicity-specific character-
istics of the study subjects. In our sample, Chinese
men were older than white and black men. In both
sexes, the Chinese subjects had the lowest weight,
height, and BMI compared with white and black
subjects. In men, there was no difference in %BF
among the three ethnicities, whereas Chinese men
showed a significantly higher %TF than black men.
In women, the Chinese subjects had a much lower %
BF than black subjects and a significantly higher %TF
than white subjects.

The means and SD of the total and each body
regional BMD are also presented by ethnicity and sex in
Table 1. For men, Chinese subjects showed lower BMD
in total and all body regions except for head compared
with black and white subjects. For women, Chinese
subjects had the lowest BMD in total and all body
regions among three ethnicities.

Table 1 Characteristics and bone mineral density of the study subjects by ethnicity and sex

Sex Men Women

Ethnicity Black Chinese White Black Chinese White
Sample size (n) 70 323 75 79 482 118

Age (year) 40.6 (11.8)* 48.1 (14.2)° 44.1 (14.9) 48.0 (15.7) 46.5 (13.1) 45.7 (16.5)

Anthropometric measure
Weight (kg) 79.91 (12.34)*
Height (cm) 177.21 (6.26)*

65.47 (10.10)°
167.51 (6.02)°

82.62 (11.73)
178.48 (7.05)

74.00 (15.43)°
162.81 (7.06)*

56.67 (8.43)°
156.54 (6.51)°

67.92 (16.62)°
162.99 (7.01)

BMI (kg/cm?) 25.98 (3.88)" 23.29 (3.08)° 25.40 (3.44) 2791 (5.57)* 2322 (4.51)° 25.62 (6.04)°
%BF (%) 18.37 (7.54) 19.88 (7.50) 20.91 (8.70) 36.48 (10.32) 31.10 (5.93) 32.45 (10.67)°
%TF (%) 10.29 (4.28)° 12.47 (5.15) 11.44 (5.14)° 16.86 (5.24) 17.26 (4.14)° 14.84 (5.72)°
Bone mineral density (g/cm?)

Total 1.24 (0.11)* 1.15 (0.09)° 1.24 (1.11) 1.22 (0.11)* 1.08 (0.10)° 1.15 (0.11)°
Head 2.24 (0.22)* 2.10 (0.26) 2.16 (0.20)° 2.43 (0.22)* 2.17 (0.31)° 2.25 (0.22)°
Arm 1.01 (0.12)* 0.93 (0.08)" 1.01 (0.13) 0.91 (0.09)* 0.80 (0.08)° 0.84 (0.11)°
Leg 1.38 (0.12)* 1.29 (0.12)° 1.42 (0.15)° 1.26 (0.12)* 1.15 (0.11)° 1.20 (0.14)°
Trunk 0.97 (0.11) 0.90 (0.08)° 0.97 (0.11) 0.97 (0.09)* 0.86 (0.11)° 0.90 (0.10)°
Rib 0.76 (0.08)" 0.68 (0.06)° 0.75 (0.08) 0.70 (0.07)* 0.62 (0.06)° 0.65 (0.07)°
Spine 1.08 (0.15)* 1.03 (0.13)° 1.13 (0.16) 1.14 (0.16)" 0.10 (0.01)° 1.08 (0.16)°
Pelvic 1.18 (0.14)* 1.08 (0.11)° 1.19 (0.15) 1.18 (0.14)* 1.05 (0.11)° 1.09 (0.13)°

Fisher’s LSD was applied for all multiple comparisons

BMI body mass index, %BF percent body fat, %7TF percent trunk fat
# Statistically significant difference between Chinese and black

b Statistically significant difference between Chinese and white

¢ Statistically significant difference between black and white
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Multiply linear regression model
Main model

The (3 coefficients of each independent variable for BMD in
total and all body regions from linear regression models are
summarized in Table 2. After adjusting for age, weight,
height, and %BF, Chinese men showed a higher level of
head, arm, and trunk BMD than white men (p<0.05) and a
higher level of spine BMD than black men (p<0.05).
Chinese women showed a lower level of BMD in all
regions, except for leg, than black women (p<0.05). %BF
was negatively associated with BMD in total and all body
regions except head for men and head and spine for
women.

The main model was repeated with %TF instead of %BF
(Table 3). Chinese men showed a higher level of head, arm,

and trunk BMD than did white men (p<0.05) and a higher
level of arm, leg, and spine BMD than did black men (p<
0.05). Chinese women showed a higher level of arm BMD
than did white women and a lower level of BMD at all
regions except for head and leg than black women (p<
0.05). In men, %TF was negatively associated with BMD
in all body regions (p<0.05) except for spine and pelvic. In
women, %TF was negatively associated with total, arm,
leg, and pelvic BMD (p<0.05).

Interaction model

Interactions between ethnicity and %BF (Table 2), or
ethnicity and %TF (Table 3), were included in the
interaction models to test for ethnic differences in associ-
ations. In men, the interactions between ethnicity and %BF
were significant in all regions except for head between

Table 2 The regression model results of the relationship of ethnicity and %BF with BMD by sex

Linear regression Total BMD Head BMD Arm BMD Leg BMD Trunk BMD Rib BMD Spine BMD Pelvic BMD
Men

Main model

White —-0.013 —0.115%* —0.032%* —0.002 —0.029* 0.000 —0.028 —-0.021
Black —-0.010 —0.023 —0.026 —0.035 —0.025 0.015 —0.053** —0.025
Age 0.000 0.000 —0.001* —0.001** —0.000 0.000 0.001 —0.001**
Weight 0.006** 0.008%* 0.007%** 0.007** 0.006** 0.005%* 0.007** 0.007**
Height 0.000 0.004 —0.001 0.000 —0.000 0.000 0.001 0.000

% BF —0.005%* —0.004 —0.01%* —0.006** —0.003** —0.002%* —0.003* —0.003**
Interaction model

White x %BF —0.004** —-0.010 —0.004** —0.008%* —0.008** —0.005%* —0.010%* —0.009**
Black x%BF —0.002 —0.004 0.001 —0.003 —0.006%* —0.003** —0.008%* —0.006**
Women

Main model

White 0.009 —0.037 —0.009 -0.013 —0.008 —0.002 0.025 —-0.022
Black 0.055%* 0.098* 0.041%* 0.023 0.041** 0.032%* 0.062** 0.046%*
Age —0.001** —0.000 —0.001** —0.001%* —0.001* —0.001** —0.000 —0.001**
Weight 0.005%* 0.010%* 0.005%%* 0.006** 0.005** 0.003** 0.006** 0.005%*
Height 0.000 0.002 0.000 0.000 0.000 0.000 0.001 0.001*
Menopause —0.053** —0.173** —0.039%** —0.049%* —0.048** —0.028** —0.083** —0.056**
%BF —0.003** —0.003 —0.003** —0.003*%* —0.002%* —0.001** —0.001 —-0.002*
Interaction model

White x %BF —0.002 —0.005 —0.001 —0.003* —0.002%* —0.003** —0.004* —0.000
Black x %BF 0.000 0.001 —0.001 —0.003 —0.002%* —0.004** —0.002 —0.003

Values in the table were 3 coefficients for each variable. In the main regression model, the total and each body regional BMD were dependent
variables, and age, weight, height, ethnicity, %BF, and menopausal status in women were independent variables; in the interaction regression
model, the total and each body regional BMD were dependent variables, and age, weight, height, ethnicity, %BF, interaction between %BF and
ethnicity, and menopausal status in women were independent variables. Chinese subjects were set as the reference group. In order to eliminate the
effect of hormone replacement therapy (HRT) on BMD, we excluded the subjects who had been receiving HRT (five black women and 16 white

women) from the regression models
%BF percent body fat, BMD bone mineral density
*p<0.05; **p<0.01

@ Springer



Osteoporos Int (2011) 22:3029-3035 3033

Table 3 The regression model results of the relationship of ethnicity and %TF with BMD by sex

Linear regression Total BMD Head BMD Arm BMD Leg BMD Trunk BMD Rib BMD Spine BMD Pelvic BMD
Men

Main model
White —0.024 —0.130%* —0.047%* -0.014 —0.030%* 0.000 —0.032 —0.022
Black —-0.017 —-0.035 —0.037%* —0.043* —0.023 0.017 —0.054* —-0.022
Age 0.000 0.001 —0.000 0.000 —0.000 0.000%** 0.001 —0.001**
Weight 0.006%* 0.008** 0.007%%* 0.007** 0.006** 0.004** 0.006** 0.006**
Height 0.000 0.003 —0.001 0.001 0.000 0.000 0.002 0.001

% TF —0.007** —0.075%* —0.010%* —0.010** —0.003%** —0.002* —0.003 —0.003
Interaction model

Whitex %TF —0.009%* -0.010 —0.008%** —0.014** —0.013%* —0.009%** —0.019%* —0.015%*
Blackx%TF —0.011%** —0.019%* —0.007** —0.014** —0.014%* —0.009%** —0.022%%* —0.016**
Women

Main model

White 0.003 —0.054 —-0.020%* -0.018 —0.004 0.008 0.026 —-0.017
Black 0.048** —0.080 0.030%* 0.018 0.046** 0.043** 0.071** 0.052%**
Age —0.001** —0.000 —0.001** —0.001%* —0.001* —0.001** 0.000 —0.001%*
Weight 0.005%* 0.010%* 0.005%* 0.005** 0.004** 0.002** 0.005** 0.004**
Height 0.000 0.002 0.000 0.001 0.001* 0.000 0.001 0.002*
Menopause —0.055%* —0.176** —0.041%* —0.053%* —0.052%%* —0.032%%* —0.086** —0.059**
%TF —0.003* —0.006 —0.004** —0.003* —0.000 0.001 0.000 —0.000%*
Interaction model

Whitex %TF —0.004* -0.012* —0.004%** —0.007** —0.004%** —0.004%** —0.006* —0.000
Blackx%TF —0.003 —0.003 —0.004%** —0.006* —0.006** —0.008** —0.006* —-0.005

Values in the table were 3 coefficients for each variable. In the main regression model, the total and each body regional BMD were dependent
variables, and age, weight, height, ethnicity, %TF, and menopausal status in women were independent variables; in the interaction regression
model, the total and each body regional BMD were dependent variables, and age, weight, height, ethnicity, %TF, interaction between %TF and
ethnicity, and menopausal status in women were independent variables. Chinese subjects were set as the reference group. In order to eliminate the
effect of hormone replacement therapy (HRT) on BMD, we excluded the subjects who had been receiving HRT (five black women and 16 white

women) from the regression models
%TF percent trunk fat, BMD bone mineral density
*p<0.05; **p<0.01

Chinese and white subjects and in trunk, rib, spine, and
pelvic BMD between Chinese and black subjects, while in
women, the interactions were found to be significant in leg,
trunk, rib, and spine BMD between Chinese and white
subjects and in trunk and rib BMD between Chinese and
black subjects.

The interactions between ethnicity and %TF are shown
in Table 3. In men, the interaction terms were significant in
all regional BMD except for head between Chinese and
white subjects and in all regional BMD between Chinese
and black subjects. In women, the interactions between
ethnicity and %TF were significant in all regional BMD
except for pelvic BMD between Chinese and white subjects
and in arm, leg, trunk, rib, and spine BMD between
Chinese and black subjects. Sensitivity analysis was done
using BMC subtracted from weight as the denominator to
calculate %BF and %TF; the results remained identical.

When white subjects were set as reference group, both
main and interaction models were repeated. The result showed
that the ethnic differences in the association of %BF and %TF
with BMD between white and black subjects were not
significant, whereas the differences between Chinese and
white subjects remained significant (data not shown).

Discussion

The present study indicates that both %BF and %TF
were negatively associated with total and most body
regional BMD. This adverse association was independent
of age, ethnicity, height, and weight. Compared with
white and black subjects, both Chinese men and women
have a lower decrement of BMD with increasing %BF
and %TF. In addition, the ethnic differences in the
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associations between %TF and BMD can be found in
more body regions than that between %BF and BMD.

There are discrepancies in the results on the relationship
between BF and BMD. Our study showed that %BF was
negatively correlated with BMD at most body regions
independent of body weight, which was consistent with
some of the previous studies [8, 9]. The effect of %BF on
BMD can be separated into biomechanical and biochemical
ways. After mechanical loading, which can be a function of
body weight, was controlled, the negative correlation
between BMD and %BF implied that the excessive BF
may not have a beneficial effect on BMD, and an
adipocytes-derived bone active hormone, such as leptin
and adiponectin [28], may have a detrimental effect on
bone mass [5].

Abdominal fat distribution is a well-known risk for
metabolic diseases, such as metabolic syndrome, diabetes,
and cardiovascular diseases [29-31]. Recent studies
showed a strong relationship between BMD and abdominal
fat distribution; however, these results are inconsistent [13,
14, 32], and how abdominal fat influences bone metabolism
is not clear. An effect of abdominal fat distribution on BMD
may be caused by the secretions from the abdominal adipocyte
and, additionally, obesity-related metabolic diseases also
associated with BMD [32]. Our study found that %TF was
negatively correlated with most body regional BMD, and %
TF showed a stronger relationship with BMD than %BF. It
may be considered that compared with %BF, the pattern of fat
distribution may have a closer relationship with BMD.

To our knowledge, there was no study investigating the
ethnic differences in the relationship of %BF and %TF with
body regional BMD. The major strength of this study was
that it found a significant difference between Chinese and
other ethnicities in the relationship of %BF and %TF with
BMD within both sexes. The ethnic differences in the
associations between %TF and BMD were found in total
and more regions than that between %BF and BMD. It may
suggest that %TF plays a more important role in predicting
ethnic differences in BMD than %BF. The ethnic difference
in the relationship between %TF and BMD may be due to
the reciprocal effect of visceral and subcutaneous fat
masses on BMD [14]. With the same increment of BF,
Chinese people were reported to have more subcutaneous
fat accumulated compared with their European counterparts
[21], and the positive correlation between subcutaneous fat
and BMD was found to be slightly stronger than the
negative correlation between visceral fat and BMD [14].
The opposite associations between subcutaneous fat and
visceral fat with BMD are mainly due to the different
expressions of biochemical factors. Leptin and aromatase
were reported to be the protective factors on BMD which
were secreted more in subcutaneous than in visceral
adipose tissue [33, 34]. The factors secreted by visceral
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adipose tissue may easily cause insulin resistance, which is
detrimental to BMD [35]. These may partially explain the
lower decrement of BMD in Chinese subjects than in white
and black subjects for the same increment of %TF.

The results of this study should be interpreted in light of
several limitations. First, cross-validation of the DXA
measurements was not performed at the Zhejiang Univer-
sity and the Columbia University. However, both of the two
study centers used the same DXA scanners (Lunar Prodigy,
WI, USA) and followed the same standardized measure-
ment procedure, which may technically reduce the bias
from scanner difference as far as possible. Second, due to
the lack of data, we did not adjust for lifestyle factors, such
as physical activity and dietary habits. These factors may
play an important role in body regional BMD and should be
taken into account in future studies. Third, the current DXA
technique does not allow the separation of TF into visceral
and subcutaneous compartments. Because the biochemical
factors secreted by visceral and subcutaneous adipocytes
may have different effects on BMD, further studies are
encouraged to address the different metabolic effects of
visceral and subcutaneous fat on BMD. Forth, the present
study did not measure the femoral neck or lumbar spine
BMD to define the diagnosis of osteoporosis. However,
mean BMD can also be used to test the relationship
between body composition and osteoporosis [36, 37].

Conclusion

Increased %BF and %TF appear to be related to decreased
BMD even after controlling for age, ethnicity, height, and
weight. With an increase in %BF and %TF, both white and
black subjects were more likely to decrease their BMD than
Chinese subjects within both sexes. In addition, the ethnic
differences between %TF and BMD were observed in more
body regions than that between %BF and BMD. This study
enhanced our understanding of the relationship of %TF and
%BF with total and body regional BMD and the effect of
ethnic differences of this association.

Conflicts of interest None.
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