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Abstract

Summary With impressive economic development, obe-
sity has emerged as a critical public health issue in China.
Recently it was reported that obesity has taken an adverse
effect on osteoporosis. Because there is different body mass
index (BMI) for obesity globally, studies based on BMI
levels on association of obesity with osteoporosis were
quite few. Therefore, we discussed the relationship of body
composition with skeletal BMD according to WHO BMI
and BMI on Working Group on Obesity in China (WGOC).
Methods A total of 502 adult men aged 20-89 were
enrolled as healthy subjects for osteoporosis study at
Qianfoshan Hospital, Shandong University between
September 2008 and August 2010. According to WHO
BMI, all subjects were divided into three groups: nor-
mal weight (18.5 < BMI < 25 kg/m% n = 202), over-
weight (25 < BMI < 30 kg/m2, n = 242), and obesity
(BMI > 30 kg/mz, n = 58). According to WGOC BM]I,
normal weight (18.5 < BMI < 24 kg/mz, n = 137), over-
weight (24 < BMI < 28 kg/m?, n = 225), and obesity
(BMI > 28 kg/m? n = 140). Total body and regional
BMD, lean mass (LM), lean body mass index (LBMI), fat
mass (FM), percent body fat (%BF) and fat mass index
(FMI) were measured by dual-energy X-ray absorptiome-
try. Age-partial Pearson correlation analyses between body
composition-related parameters and BMD. Multiple regres-
sion analyses were performed to explore the associations of
BMD with LM, LBMI, FM, %BF and FMI.
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Results Fat mass (FM), %BF, FMI, LM and LBMI
were positively correlated with BMD at almost sites
(P < 0.001) in all subjects. However, the relationship was
not different among groups. LM, LBMI, FM and FMI
were positively correlated with BMD (P < 0.01) in nor-
mal weight. LM and LBMI appeared significantly positive
with BMD in overweight and obesity according to WHO
and WGOC criteria. %BF and FMI were negative signifi-
cance with BMD at total body and some regional BMD
according to WHO criteria in overweight (P < 0.05). In
two obese groups, %BF appeared negatively significant
with BMD (P < 0.05) according to WGOC criteria, and
%BF and FMI appeared negatively significant with BMD
(P < 0.05) according to WHO criteria. In regression of
independent variables as FM and LM, LM showed sta-
tistically positively significant relations with BMD at
almost sites (P < 0.05) in all groups. FM appeared posi-
tively significant with BMD in normal groups and over-
weight group according to WGOC criteria. In regression
of independent variables as %BF and FMI, %BF and FMI
appeared statistically negatively significant relations with
BMD in overweight and obesity, but %BF and FMI were
inconsistent in same site.

Conclusions Lean mass (LM) and LBMI could help to
determinant of BMD, and %BF and FMI were adverse to
BMD in overweight and obesity. Comparing with two cri-
teria, we found the differences in fat-related parameters and
BMD according to WHO criteria were more obvious than
that according to WGOC criteria. We also found that %BF
and FMI were useful to research the relationship between
osteoporosis and obesity at the same time.

Keywords Lean mass - Lean body mass index - Fat

mass - Fat mass index - Percent body fat - Bone mineral
density - Men—body mass index - Obesity
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Introduction

With impressive economic development and rapid urbani-
zation, Chinese people have experienced remarked changes
in widespread westernization of lifestyle in recent decades
[1-3]. Obesity has emerged as a critical public health issue
in China, for obesity could lead to many serious weight-
related disorders such as hypertension, diabetes melli-
tus, cardiovascular disease, certain forms of cancer [4-06].
Recently, Data from the Global Longitudinal Study of
Osteoporosis in Women confirmed the increased risk of
fracture in underweight women but showed no protective
effect of obesity [7]. Even more obesity is a risk factor of
osteoporosis and its related fracture: data from the Osteo-
porotic Fractures in Men Study showed obese men had a
significantly higher risk fracture than normal weight men
after adjusted for BMD, which was particularly obvious
with hip fracture [8—10]. Therefore, when we discussed the
relationship between obesity and osteoporosis, we should
explore the effect of the body composition such as FM,
%BF, FMI, LM and LBMI on BMD. As we all know, LM
was a determinant to BMD, and FM appeared controver-
sial. The reason could be due to BMI levels related to all
skeletal BMD. Clinical data confirmed low BMI (<18.5 kg/
m?) appeared to be one risk factor for osteoporosis and
its related fraction [11-14], and FM could be a protective
effect on BMD in underweight. Recent studies showed
contradict viewpoint by showing an inverse relationship
between FM and BMD in obesity [15-17].

Body mass index (BMI) can be used as a predictor for
assessing obesity and related diseases, which shows good
resolution among different ages, genders, races, nation, and
economic development levels. Because of these reasons,
the BMI categories for obesity are quite different globally.
WHO international BMI categories for overweight and obe-
sity are 25 and 30 kg/m? respectively in Western countries
[18]. A WHO expert consultation proposed that the propor-
tion of Asian people with a high risk of type 2 diabetes and
cardiovascular disease was substantial at BMIs lower than
the existing WHO cut-off point for overweight (>25 kg/m?)
[19] The revised guidelines categorized overweight as a
BMI of 23.0-24.9 kg/m? and obesity as a BMI > 25 kg/m?
for Asian Indians [20]. The ethnicity-specific BMI catego-
ries for overweight and obesity are 24 and 28 kg/m? respec-
tively in China by Working Group on Obesity in China
(WGOC), which was based on surveys on 239,972 people,
aged 20-70 in 1990s covering 21 provinces [21-24]. The
BMI categories in different nation should be paid more
attention, because they are optimal cut-off points to prevent
some chronic diseases epidemic which could not compose
osteoporosis. In order to explore the association of obesity
with osteoporosis in Chinese, it is necessary to select WHO
BMI and WGOC BMI respectively and compare them each
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other. Perhaps a potentially important target on prevention
and treatment of osteoporosis and related fracture in Chi-
nese adult men was found.

Materials and methods
Subjects

A total of 515 adult men who were 20-89 years old were
enrolled as healthy subjects for bone studies at Qianfoshan
Hospital, Shandong University between September 2008
and August 2010. Subjects were recruited from the partici-
pants in a community-based osteoporosis prevention study.
The protocol was approved by the Ethics Committee, Qian-
foshan Hospital, Shandong University and informed con-
sent was obtained from each subjects.

Exclusion criteria included any history of diseases as
follows: history of metabolic bone diseases such as chronic
renal disease, liver disease, thyroid disease and rheuma-
toid arthritis; history of disease affecting body composi-
tion such as thyrotoxicosis and hypothyroidism; history of
having any medications likely to influence BMD and body
composition such as thyroid hormones, glucocorticoster-
oids, bisphosphonates and antiobesity drugs. Besides, five
men were excluded due to prostatectomy, and seven men
excluded due to BMD at any of regions (=Mean £ 3 SD).
One man was excluded due to incomplete BMD data. In
the end, 502 men were included in the analysis.

Each subject was required to finish a detailed question-
naire on demographic and lifestyle information about alco-
hol consumption, smoking, exercise outside, diet and medi-
cal history consisting of past illness and current medication.
In the questionnaire, there were two types of drinking:
drinkers and nondrinkers. Drinkers used to take an alco-
holic beverage about twice a week (alcohol intake <20 g/
day), and nondrinkers used to take no beer, wine, or hard
liquor. There were two types of smoking: smokers and non-
smokers. Smokers were defined as those who have smoked
at least 6 months consistently or cumulative, and whose
smoking index (amounts of cigarettes per day x years of
smoking) was less than 200, and nonsmokers were defined
as those who have never smoked.

Anthropometry and body composition measurement

Dual-energy X-ray absorptiometry (DXA); software ver-
sion 11.40.004; GE-lunar, WI, USA) was used to meas-
ure LM, LBMI, FM, FMI, %BF, total body BMD (TB)
and regional BMD through whole-body scans. Regional
BMD consisted of arm leg, trunk, pelvis, spine, femo-
ral neck (FN), total femur (TF), and lumbar Spine BMD
(L1-L4). For ethical reasons, we did not make any
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further assessments of the precision error of this equip-
ment. According to the manufacturer brochure, this is a
standardized commercial machine with an in vivo precision
(%coefficient of variation) of <1 % for anterior—posterior
spinal, femoral, total body BMD and body composition.
DXA was calibrated using a standard phantom provided by
the manufacturer, performed daily and demonstrated long-
term (<2 years) CVs of <0.8 %.

Weight was measured to the nearest 0.1 kg with a cali-
brated standard balance beam scale. Height was measured
to the nearest 0.1 cm with a wall-mounted stadiometer. All
subjects wore light clothing and no shoes, while measured.
All values were recorded as the mean of three measures.
BMI was calculated as weight (kg)/height (m?). FMI was
calculated as fat mass (kg)/height (m2), and LBMI was cal-
culated as lean mass (kg)/height (m?).

We selected WHO BMI and WGOC BMI for obe-
sity to divide all subjects into three groups respectively.
According to WHO criteria, all subjects were divided into
normal weight (18.5 < BMI < 25 kg/mz, n = 202), over-
weight (25 < BMI < 30 kg/m?, n = 242), and obesity
(BMI > 30 kg/m2, n = 58). According to WGOC criteria,
normal weight (18.5 < BMI < 24 kg/mz, n = 137), over-
weight (24 < BMI < 28 kg/m?, n = 225), and obesity
(BMI > 28 kg/m?, n = 140).

Statistical analysis

Statistical analysis was performed using SPSS (version
16.0 for Windows, SPSS Inc., Chicago, IL, USA). Differ-
ences in means of continuous variables such as baseline
characteristics, body composition and BMD at total body
and regional sites (arm, leg, trunk, pelvis, spine, FN, TF
and L1-L4) were assessed by One ANOVA. Differences
in frequencies (drinker, nondrinker, smoker and non-
smoker) for categorical variables in groups were assessed
by Chi Square. Because age is a significantly determinant
to BMD, Age-adjusted Pearson correlation coefficients
were detected to assess linear relationships between body
composition-related parameters (LM, LBMI, FM, FMI,
%BF) and BMD at total body and regional sites among
groups. Because of a significant interaction between body
composition-related parameters and BMD, the regression
models evaluated, respectively, the associations of BMD
with FM and LM, and with %BF and FMI. Linear regres-
sion of BMD at sites evaluated the independent associa-
tions of FM, LM, age height, smoking and regular alcohol
consumption in one model. Linear regression of BMD at
sites evaluated the independent effects of %BF, FMI, age,
weight, height, smoking and regular alcohol consumption
in another model. Determination coefficients, SE of esti-
mate, beta coefficients and P value were calculated among
groups according to WHO BMI and WGOC.

Results
Descriptive statistics

The basic characteristics of the subjects are shown in
Table 1. Age and height appeared no significant differences
among groups. The percentages of normal, overweight and
obesity were 27.2, 44.8 and 28 % in adult men according
WGOC criteria, and 40.2, 48.2 and 11.6 % according WHO
criteria. The numbers of normal, overweight and obesity
appeared significantly different (P < 0.01). LM, LBMI,
FM, %BF and FMI were increased with increases in BMI.
According to WHO criteria, Comparisons of LM, LBMI,
FM, %BF, FMI among normal, overweight, and obesity
were significantly different (P < 0.001). Compared to nor-
mal weight, total body and regional BMD of overweight
and obesity were significantly higher (all P < 0.001). When
comparing overweight with obesity, it showed significant
difference (P < 0.05) except BMD at arm, leg, FN and TF.
According to WGOC criteria, Comparisons of LM, LBMI,
FM, %BF, FMI among normal, overweight, and obesity
were significantly different (P < 0.001). Compared to nor-
mal weight, total body and regional BMD of overweight
and obesity were significantly higher (all P < 0.001). When
comparing overweight with obesity, it showed no sig-
nificant difference except BMD at total body (P < 0.001),
trunk and pelvis (P < 0.01). The number of drinker and
smoker appeared not significantly different in groups.

Age-adjusted partial correlation analysis

Age-adjusted partial correlation analyses body composi-
tion-related parameters and BMD are provided in Tables 2
and 3. LM, LBMI, FM, %BF, FMI, were positively cor-
related with BMD at almost sites (r = 0.193-0.504;
P <0.001) in all subjects.

In normal weight, LM was positively correlated with
BMD at trunk, pelvis and spine sites (r = 0.258-0.282;
P < 0.01), and FM was positively correlated with trunk
BMD (r = 0.232; P < 0.01) according to WGOC criteria.
LM and LBMI were positively correlated with BMD at
almost sites (r = 0.159-0.350; P < 0.01). FM and FMI had
positive associations with BMD at trunk, pelvis, spine and
FN (r = 0.199-0.309; P < 0.01) according to WHO criteria.

In overweight, LM and LBMI were positively corre-
lated with BMD at almost sites (r = 0.179-0.369; P < 0.01)
according to WGOC criteria. LM and LBMI appeared signif-
icantly positive with BMD at almost sites (r = 0.173-0.432;
P <0.01), but %BF and FMI were negative significance with
BMD at total body, arm, leg, spine and FN (r = negative
0.141-0.279; P < 0.05) according to WHO criteria.

In obesity, LM and LBMI were positively signifi-
cant with BMD at total body and almost regional sites
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Table 1 Characteristics of the subjects by different BMI levels for obesity

All subjects Normal Overweight Obese Normal Overweight Obese
(18.5-23.9 kg/m?) (24-279kg/m?) (>28kg/m?)  (18.5-24.9 kg/m?) (25-29.9 kg/m?) (=30 kg/m?)
n (% of all case) 502 (100) 137 (27.2) 225 (44.8) 140 (28) 202 (40.2) 242 (48.2) 58 (11.6)
Age (years) 62.2 +£16.0 64.7+17.1 61.4+16.2 612+ 14.5 64.0 £ 16.9 61.1 £15.7 60.9 + 13.8
Height (cm) 1.69 £+ 0.07 1.68 £ 0.07 1.69 + 0.06 1.68 £ 0.07 1.69 + 0.07 1.69 + 0.06 1.69 £ 0.07
Weight (kg) 73.8 £ 11.1 62.0 £ 6.6 740+£6.3 84.9 + 8.6 648 +75 778 £73 89.1 £8.1
LBMI (kg/m?)  17.0+ 1.8 156 £ 1.4 170+ 1.3 18.6 + 1.4 159+ 14 175+ 1.3 192+ 14
FMI (kg/m?) 77+£23 49+ 14 72+14 9.7+1.7 53+1.6 8.1+14 10.6 £ 1.6
Body composition measures
FM (kg) 20.6 £ 6.6 13.7 £ 4.1 20.7 £4.2 272 +4.38 15.0 £4.7 23.1 £4.1 29.7 £ 4.6
LM (kg) 435+ 6.5 442 +5.7 48.7+53 525+6.5 454+59 499 +£5.8 540+ 64
9%BF (%) 293 £ 6.6 23.6 £ 6.1 29.8+£5.2 34.1 £4.38 247 +6.3 31.6 £4.6 355+4.6
Body mineral density measures (g/cm?)
TB 1.158 £ 0.100 1.090 %+ 0.091 1.173 £0.092  1.198 £ 0.099 1.114 £ 0.098 1.180 £0.089  1.217 £ 0.086
Arm 0.869 £ 0.094 0.823 £ 0.088 0.880 £0.088  0.898 & 0.094 0.835 £ 0.091 0.887 £0.088  0.913 £ 0.093
Leg 1.224 +£0.124 1.156 +0.121 1.242+0.116  1.261 £0.114 1.180 £ 0.126 1.246 £ 0.115  1.284 £ 0.109
Trunk 0.960 +0.104 0.878 + 0.094 0.978 £ 0.091 1.001 £ 0.086 0.903 = 0.101 0.991 £0.087  1.024 £ 0.087
Pelvis 1.117 £0.136  1.012 £ 0.126 1.139 £ 0.116  1.185£0.115 1.044 £0.131 1.158 £0.113 1.203 £ 0.123
Spine 1.133 £ 0.100 1.017 +£0.133 1.138 + 0.141 1.166 = 0.132 1.048 £ 0.142 1.148 £0.134  1.190 £ 0.141
FN 0911 +£0.138 0.838 +0.142 0934 +£0.131 0.946 £0.118 0.862 £ 0.148 0.941 £0.120  0.959 £ 0.123
TF 0.981 £ 0.145 0.892 + 0.150 1.006 + 0.131 1.029 £ 0.121 0.925 + 0.156 1.012+0.124  1.049 £0.117
L1-L4 1.093 £ 0.164 1.031 £ 0.154 1.115+0.168  1.119 £0.151 1.054 £0.165 1.109 £ 0.157  1.163 £ 0.154
Drinkers (%) 91 (18.1) 31 (22.6) 37 (16.4) 23 (16.4) 42 (20.5) 40 (16.4) 9 (15.5)
Smokers (%) 225 (44.8) 63 (45.9) 101 (44.9) 61 (43.6) 92 (45.5) 95 (44.9) 38 (42.6)

Mean = standard deviation or number (%)

LBMI lean body mass index, FMI fat body mass index, BMI body mass index, FM fat mass, LM lean mass, %BF percent body fat, 7B total body,

FN femoral neck, TF total femur

Table 2 Age-adjusted partial
correlation between body
composition-related parameters
and BMD

FM fat mass, %BF percent body
fat, LM lean mass FMI Fat body
mass index, LBMI lean body
mass index, 7B total body, FN
femoral neck, TF total femur

* Statistical significance

(P < 0.05); ** Statistical
significance (P < 0.01);

*#% Statistical significance

(P <0.001)
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TB Arm Leg Trunk Pelvis Spine FN TF L1-L4
All subjects
FM 0.361%5% (023445 (0 26]%%+(0,458%%% (. 468%** () 373%k% () 264%k% ()303%%* () 236%%*
%BF  0.207*%* (0.081 0.102% 0.304%% (0,308%** 0.246%** (.153%% (.190%*  (.133%*
FMI  0.306%%% .177%%% (.193%#%( 399%%% () 407%*#% (32]%k% (2]3%%* (264%%k (),]93%k
LM 0.4447%50%  (0.423%#% (). 443%54%() 489%%% (), 504%%% (.406%** (.362%%% (.362%*% (278%%*
LBMI  0.382%%% (.366%+% 0.340%%0.414%% (.423%¥% (334%%% (287+% (.325%%*k () 203+
Normal (18.5-23.9 kg/m?)
FM 0.053 0.052 0.029  0.232%%% 0220%  0211*  0.188*  0.131 0.030
%BF —0.022 —0.035 —0.082 0.108 0.110 0.094 0.097 0.062  —0.025
FMI  0.023 0.024 —0.042 0.177%  0.159 0.163 0.137 0.095 0.001
LM 0.185%  0.192*%  0.208%* 0.282%* (.258%* 0.263** 0217* 0.171*  0.117*
LBMI 0.147 0.161 0.150  0.199*  0.136 0.192*%  0.132 0.114 0.073
Normal (18.5-24.9 kg/m?)
FM 0.180*  0.093 0.117  0.306%#*% 0.300%#* (273*%* (.,199%% (.182*  0.098
%BF 0063 —0.011 —0.015 0.164* 0.165%* 0.150%*  0.088 0.086 0.027
FMI  0.132 0.052 0.047  0.247%%% 0241%%% 0.222%% 0.140%  0.150%*  0.065
LM 0.264%  0.245%%% (.350%#%0 334%%% () 340%*% () 285%k* (279%** (0239%*  (.162%
LBMI  0.191%% 0.191%% 0.197*%* 0.226** 0.197** 0.193%** 0.167*  0.159**  0.102
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Table 3 Age-adjusted partial correlation between body composition-related parameters and BMD

TB Arm Leg Trunk Pelvis Spine FN TF L1-L4
Overweight (24-27.9 kg/m?)
FM 0.092 0.007 0.034 0.140%* 0.163* 0.104 0.040 0.009 0.067
%BF  —0.066 —0.164* —0.120* —0.033 —0.015 —0.039 —0.080 —0.097 —0.036
FMI —0.012 —0.106 —0.076 0.025 0.052 0.003 —0.056 —0.069 0.006
LM 0.32] % 0.356% % 0.326% 0.363%#* 0.369% 0.308* 0.274% % 0.245%%%  (,224%%
LBMI  0.166* 0.252% 0.171 0.179%** 0.189%** 0.145%* 0.122 0.135% 0.118*
Overweight (25-29.9 kg/m?)
FM 0.064 0.068 —0.002 0.134* 0.173%% 0.063 —0.007 0.042 0.032
%BF  —0.141* —0.279% —0.203%* —0.106 —0.081 —0.129* —0.163* —0.109 —0.111
FMI —0.072 —0.209%* —0.147* —0.027 0.013 —0.073#* —0.138* —0.072 —0.084
LM 0.357%%* 0.386%** 0.358 % 0.416%** 0.432% % 0.338:# %+ 0.281## 0.266%*%  0.246%+*
LBMI  0.209%* 0.279%#* 0.209%* 0.222%* 0.247# % 0.173%* 0.133* 0.131%* 0.095
Obese (>28 kg/m?)
FM 0.148 0.013 0.073 0.192* 0.196* 0.156 0.073 0.087 0.288%*
%BF  —0.105* —0.227%% —0.191* —0.038 —0.069 —0.019 —0.132 —0.087 0.089
EMI —0.014 —0.145 —0.101 0.013 —0.001 0.016 —0.069 —0.024 0.154
LM 0.411%%* 0.395%# 0.436%#* 0.375%% 0.445%%% 0.269%* 0.30 1% 0.286%*  0.284*
LBMI  0.254%* 0.289% 0.293 % 0.147 0.213% 0.088 0.204* 0.201* 0.094
Obese (>30 kg/mz)
FM 0.101 —0.002 0.042 0.049 0.018 0.060 —0.097 —0.121 0.245
%BF  —0.202 —0.259* —0.276* —0.160 —0.215 —0.101 —0.250* —0.337%* 0.075
FMI —0.112 —0.207 —0.214 —0.142 —0.168 —0.112 —0.187 —0.248* 0.091
LM 0.487+% 0.434%* 0.526% 0.326* 0.378** 0.251 0.247 0.360%*  0.235
LBMI  0.261% 0.235%* 0.241 %% 0.084 0.173 0.008 0.210 0.325% 0.027

FM fat mass, %BF percent body fat, LM lean mass, FMI Fat body mass index, LBMI Lean body mass index, 7B total body, FN femoral neck, TF

total femur

* Statistical significance (P < 0.05); ** Statistical significance (P < 0.01); *** Statistical significance (P < 0.001)

(r = 0.235-0.526; P < 0.01) by WHO and WGOC crite-
ria. %BF appeared negatively significant with total body,
arm and leg BMD (r = negative 0.105-0.227; P < 0.05)
by WGOC criteria, however, %BF and FMI appeared
negatively significant with BMD at arm, leg, FN and TF
(r = negative 0.248-0.337; P < 0.05) by WHO criteria.

Multiple regression analysis

Tables 4 and 6 showed determination coefficients and
regression coefficients for FM and LM. In normal weight,
there was 16.5-42.1 % of BMD variability at almost sites
according to WGOC criteria, 16.8-35.7 % according to
WHO criteria. In overweight, there was 10.4-20.9 % of
BMD variability at almost sites according to WGOC cri-
teria, 12.1-29.5 % according to WHO criteria. In obe-
sity, there was 14.3-36.7 % of BMD variability at almost
sites in obesity according to WGOC criteria, 15.0-44.7 %
according to WHO criteria.

Lean mass (LM) showed statistically positively signifi-
cant relations with BMD at almost sites (all P < 0.05) in all

groups. Only in normal weight and overweight by WGOC
criteria, FM appeared positively significant with BMD at
almost sites.

Tables 5 and 6 showed determination coefficients and
regression coefficients for %BF and FMI. In overweight,
there was 9.5-23.6 % of BMD variability at almost sites in
overweight according to WGOC criteria, and 11.3-30.8 %
according to WHO criteria. In obesity, there was 19.0—
36.7 % of BMD variability at almost sites according to
WGOC criteria and 16.5-44.1 % according to WHO criteria.
9%BF and FMI appeared insignificant related to BMD in nor-
mal groups. %BF and FMI appeared statistically negatively
significant relations with BMD at almost sites in overweight
and obesity. However, they were inconsistent in same site.

Discussion
The present results of our research showed that the percent-

age of obesity in adult men was different by two criteria
for obesity: that of normal weight, overweight and obesity
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Table 4 Determination coefficients for FM, LM to BMD

Normal Overweight Obese

(18.5-23.9kg/m?)  (18.5-249kg/m?)  (24-27.9 kg/m?) (25-29.9 kg/m?) (>28 kg/m?) (>30 kg/m?)

R? SE of esti- R? SE of esti- R? SE of esti- R? SE of esti- R? SE of esti- R? SE of

mate mate mate mate mate estimate

TB 0203 0.082 0.198  0.088 0.108  0.087 0.135  0.083 0235  0.076 0.361  0.069
Arm 0282  0.075 0216  0.081 0.209  0.078 0295  0.074 0352 0.076 0.359  0.075
Leg 0.258  0.105 0206  0.112 0.124  0.109 0.166  0.103 0.302  0.095 0.447  0.081
Trunk 0315  0.079 0.290  0.086 0.157  0.084 0.189  0.079 0.165  0.078 0.150  0.081
Pelvis  0.394  0.099 0.357  0.105 0.176  0.105 0210  0.101 0.254  0.098 0254  0.107
Spine 0.165  0.122 0.168  0.130 0.141  0.131 0.136  0.125 0.079  0.126 0.178  0.134
FN 0.421  0.109 0.300  0.125 0.104  0.125 0.150  0.111 0331  0.098 0.369  0.099
TF 0329  0.124 0.244  0.136 0.067  0.127 0.092  0.119 0209  0.108 0.301  0.099
L1-L4  0.091  0.147 0.050  0.162 0.106  0.157 0.121  0.148 0.143  0.141 0.168  0.149

BMD bone mineral density, 7B total body, FN femoral neck, TF total femur Dependent variables as BMD; independent variables as FM, LM and

age

Table 5 Determination coefficients for %BF, FMI to BMD

Normal

Overweight

Obese

(18.5-23.9 kg/m?)

(18.5-24.9 kg/m?)

(24-27.9 kg/m?)

(25-29.9 kg/m?)

(> 28 kg/m?)

(= 30 kg/m?)

R SE of esti- R SE of esti- R’ SE of esti- R® SE of esti- R SE of esti- R SE of
mate mate mate mate mate estimate

TB 0.175  0.083 0211  0.086 0.149  0.085 0.147  0.082 0241 0.076 0360  0.070
Arm 0255  0.077 0221 0.081 0236 0.077 0308  0.074 0367  0.076 0441 0.074
Leg 0237 0.106 0238  0.110 0.160  0.107 0.184  0.104 0313 0.095 0476 0.080
Trunk 0293 0.080 0304  0.085 0.196  0.082 0.191  0.079 0.160  0.079 0.165  0.081
Pelvis 0380  0.100 0371 0.104 0.198  0.104 0216  0.100 0259  0.099 0259  0.108
Spine  0.138  0.124 0.176  0.130 0.155  0.130 0.142  0.125 0.085  0.127 0.122  0.136
FN 0419 0.109 0316  0.123 0.149  0.122 0.171  0.109 0315 0.098 0369  0.099
TF 0339  0.124 0252 0.135 0095  0.125 0.113  0.118 0.190  0.110 0326 0.098
LI-L4 0091  0.147 0.065  0.160 0.117  0.158 0.113  0.149 0.137  0.142 0.111  0.151

BMD bone mineral density, 7B total body, FN fermoral neck, TF total femur Dependent variables as BMD; independent variables as %BF, FMI,

weight and age

were 27.2, 44.8 and 28 % according to WGOC criteria,
and 40.2, 48.2 and 11.6 % according to WHO criteria. The
numbers of overweight were more than other groups. The
results suggested the percentages of overweight and obesity
were high, as Hou et al. [25] reported recently the preva-
lence of combined overweight and obesity was significantly
increased in Chinese men. The body composition-related
parameters (FM, %BF, FMI, LM and LBMI) and BMD
at total body and regional sites gradually significantly
increased among normal weight, overweight and obesity.
When the subjects were divided into normal weight, over-
weight and obesity, the body composition-related param-
eters appeared different effect on BMD. Not only by WHO
BMI but also by WGOC BMI for obesity, LM and LBMI
could always help to determinant of BMD at total body and

@ Springer

regional sites in adult men, which means that LM and LBMI
were strongest predictors of BMD. The results suggested
that the future intervention studies to prevent loss of bone
mass should focus on strategies to increase or maintain LM
and LBMI. Many reports showed continent opinion [26].
According to WGOC criteria, FM appeared significantly
positive with BMD at trunk, pelvis, spine, femur and L1-L4
but no significant with BMD at arm and leg. %BF appeared
significantly negative with BMD in total body, arm and leg
in overweight and obesity, but FMI showed no significance
with BMD. According to WHO criteria, the relationships of
%BF and FMI with BMD at trunk, pelvis, and femur were
positive in normal weight, however, which appeared signifi-
cantly negative with BMD at total body and arm, leg, femur
in overweight and obesity. FM showed no significance.
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Therefore, %BF and FMI were adverse to overweight and
obesity in adult Chinese men. It was consistent with the
finding that the risks of osteoporosis, non-spine fractures
were significantly higher for subjects with a higher percent-
age body fat in a study of a large cohort of Chinese subjects
[27]. Other researches provided further evidence that FM
may have no beneficial effect on bone [28-31].

So as to research the correlation of FM and LM to BMD,
the regression model was established. The results showed
LM was a determinant to BMD and FM was significantly
positive to BMD in normal weight and overweight by
WGOC criteria and only in normal weight by WHO criteria.
Because there was inconsistent in fat-related parameters and
BMD, we explored the effect of %BF and FMI on BMD.
The results showed that %BF and FMI were not related to
BMD in normal weight, and which were adverse to total
body and regional BMD in overweight and obesity. Compar-
ing with two criteria, we found the differences in fat-related
parameters and BMD according to WHO criteria were more
obvious than that according to WGOC criteria. We also
found that %BF and FMI were useful to research the rela-
tionship between osteoporosis and obesity at the same time.

The outcomes based on the WHO and WGOC categories
were interesting. Among northern Chinese men, Both LM
and LBMI were strong predictors of BMD, but fat-related
parameters showed significant differences: positively asso-
ciations in normal, and negatively associations in overweight
and obesity. It suggested that any of body composition was
vital to conserve normal weight, and it was quite necessary
to control overweight and obesity, especially %BF and FMI,
and to increase and maintain LM and LBMI at the same time.
The strength of this paper was that it was based on WHO and
WGOC BMI categories, and based on adopted lean-related
parameters such as LM and LBMI, and fat-related param-
eters such as FM, %BF and FMI. But it was under-estimated
optimal cut-off values of parameters. Perhaps it would be a
target to discuss relationship between obesity and osteoporo-
sis and prevent osteoporosis and related fracture.
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