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Abstract

Summary We examined the relationships between bone
mineral density (BMD) and metabolic syndrome in 6,659
men and 7,826 women from South Korean. After adjusting
for age, body mass index (BMI), tobacco and alcohol use,
and regular exercise, low BMD is especially associated with
metabolic syndrome in South Korean men.

Purpose This study examined the relationships between
BMD and metabolic syndrome (MS) in South Korean adults.
Methods A total of 14,485 adults (6,659 men and 7,826 wom-
en) in the Korea National Health and Nutrition Examination
Survey conducted from 2008 to 2010 were analyzed. We used
multivariable regression models to examine the relationship
between low BMD and MS. We calculated homeostasis model
assessment and insulin resistance (HOMA-IR). MS was de-
fined according to AHA/NHLBI criteria for Asians. BMD was
measured at the lumbar spine (LS), femur neck (FN), total hip
(TH), trochanter, and intertrochanter.

Results After adjustment for age, BMI, tobacco and alcohol
use, and regular exercise, the TH and FN BMD were
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significantly lower in men with MS than in men without
MS (p<0.05). However, there were no differences in
premenopausal and postmenopausal women. In men, BMD
was positively correlated with BMI, and high density lipopro-
tein cholesterol, but was negatively correlated with insulin,
HOMA-IR, and triglyceride at all three sites (p<0.05). Along
with an increase of BMD (0.1 g/cm?), the odds ratios (ORs) for
obesity and abdominal obesity were all greater than 1 at all
sites in both genders. The ORs for hypertension and MS were
0.937 (0.879-0.998) and 0.899 (0.840-0.962), respectively at
FN, and the OR for diabetes mellitus was 1.103 (1.017-1.196)
at LS in men. In postmenopausal women, the OR for hyper-
tension was 1.133 (1.029-1.246) at LS.

Conclusions Low BMD was especially associated with MS
in South Korean men.

Keywords Bone mineral density - Metabolic syndrome -
Insulin resistance - Osteoporosis

Introduction

The risks of osteoporosis and cardiovascular disease in-
crease with age, and these conditions cause high levels of
morbidity and mortality in the elderly [1, 2].
Postmenopausal women are at high risk of osteoporosis
and cardiovascular disease due to decreases in hormones,
and it has been reported that 64 % of women who experi-
ence sudden death related to heart disease showed no prior
signs [3]. Also, patients with osteoporosis have no clear
symptoms until osteoporotic fractures develop. Therefore,
early diagnosis and prevention of osteoporosis and cardio-
vascular disease is an important health issue.
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Some studies have shown that low bone mineral density
(BMD) is related with the incidence of cardiovascular diseases
in postmenopausal women [4—6]. For example, there was a
study which showed that postmenopausal women with stroke
had low BMD at the femur neck [7]. Even in the Framingham
study, the BMD of women who had coronary heart disease
and stroke was typically low [8]. These cardiovascular dis-
eases are associated with risk factors such as abdominal obe-
sity, high blood pressure, and dyslipidemia, which make up
the definition of metabolic syndrome (MS) [9]. MS is known
to be the pre-condition before development of cardiovascular
diseases and diabetes mellitus [10, 11], and the prevalence of
MS is increasing. Currently, 25 % of the general population in
the USA has MS, and the prevalence among individuals who
are over 50 years of age is approximately 45 % [12, 13].
According to the 2005 Korea National Health and Nutrition
Examination Survey (KNHANES), 32.9 % of men and
31.8 % of women had MS [14].

There have also been some studies of the relationship
between MS and BMD [15-18]. According to the Camargo
cohort study, Caucasian postmenopausal women with MS had
higher BMD than postmenopausal women without MS at the
lumbar spine (LS), femoral neck (FN), and total hip (TH) after
adjusting for age, but there were no significant differences in
BMD in men with and without MS [15]. In the National Health
and Nutrition Examination Survey (NHANES) III, which en-
rolled 8,197 Americans, people with MS had higher FN BMD
than those without MS [16]. However, in the Rancho Bernardo
Study (RBS), which targeted Caucasian men and postmeno-
pausal women, men with MS showed distinctly lower BMD
than men without MS after adjustment with covariates [17].
Another study that targeted Koreans showed similar results.
MS had a negative association with FN BMD in men, but no
association was found in postmenopausal women [18]. The
results of these last two studies conflict with those of the two
aforementioned studies [15, 16]. In addition, some previous
studies that targeted Korean men and women did not coincide
in results [18, 19]. Therefore, we studied the relationship
between BMD and MS in Korean men and women, using data
from the Korean National Health Examination and Nutrition
Survey (KHNANES) conducted in 2008-2010.

Subjects and methods
Subjects

We used data from the KNHANES conducted between 2008
and 2010 by the Korea Centers for Disease Control and
Prevention and the Korean Ministry of Health and
Welfare. A total of 21,811 subjects (12,417 men and
13,487 women) between the ages of 20 and 85 were includ-
ed in the KNHANES. The survey was made up of three
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parts: a health interview survey, a health examination sur-
vey, and a nutrition survey. KNHANES represents a nation-
wide study of non-institutionalized civilians and used a
stratified and multistage probability sampling design with
a rolling survey-sampling model. The sampling units were
based on household unit data from the 2005 National
Census Registry, which includes age, sex, and geographic
area. Using a structured questionnaire, trained interviewers
conducted face-to-face interviews.

Only subjects who were measured for BMD were included
in the present analysis. Subjects who presented with thyroid
disease (n=342), chronic hepatitis B or C (n=122), liver
cirrhosis (n=34), chronic kidney disease (n=49), cancer (n=
276), pregnancy (n=133), or pulmonary and extrapulmonary
tuberculosis (n=29) were excluded. Subjects who had histo-
ries of osteoporosis treatment (#=438), hormone replacement
therapy (n=616), or hysterectomy (n=404) were also exclud-
ed. Those who did not answer questions about past medical
histories (n=153) and those who had not fasted for more than
8 h before measurement (n=870) were also excluded. A total
of 14,485 subjects were finally included in the present study.

The subjects were divided into three groups by gender
and menopause status: 6,659 men, 4,547 premenopausal
women, and 3,279 postmenopausal women. Subjects were
surveyed regarding age, physical activities, and current
smoking and drinking statuses. We surveyed physical activ-
ities using the International Physical Activity Questionnaire
[20]. Subjects were divided into either exercise group or
non-exercise group. Regular exercise group includes sub-
jects who exercised moderately more than five times a week
for more than 30 min per one session or subjects who
exercised intensively more than three times a week for more
than 20 min per one session. Postmenopausal status was
defined by the absence of menses for at least 1 year. The
study protocol was approved by the Korean Ministry of
Health and Welfare, and the study was conducted according
to the Ethical Principles for Medical Research Involving
Human Subjects as defined by the Helsinki Declaration.
All subjects provided written consent.

Anthropometric measurements

A trained staff member took measurements of the subjects.
Waist circumference (WC) was measured to the nearest 0.1 cm
on a horizontal plane at the midpoint level between the iliac
crest and the costal margin at the end of normal expiration. The
heights (centimeters) and weights (kilograms) of the subjects
were measured to the nearest 0.1 cm and 0.1 kg, respectively,
with light clothing on and shoes removed. Body mass index
(BMI) was calculated by dividing weight (kilograms) by the
square of height (square meters). Systolic blood pressure
(SBP) and diastolic blood pressure (DBP) were measured three
times using a mercury sphygmomanometer (Baumanometer;
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W. A. Baum Co., Inc., Copiague, NY, USA). Each subject was
seated and rested for at least 5 min before BP was measured.
The final BP value was calculated by taking the average of the
second and third measurements. We used average BP values
for statistical analysis.

Biochemical measurements

Blood samples were taken after a minimum of 8 h of fasting.
Serum insulin levels were measured by immunoradiometric
assay using the 1470 Wizard Gamma Counter (PerkinElmer,
Turku, Finland). The coefficient of variation of the assays
for serum insulin was 1.2 %. The serum levels of fasting
blood glucose (FBG), total cholesterol (TC), high-density
lipoprotein-cholesterol (HDL-C), triglyceride (TG), low-
density lipoprotein-cholesterol (LDL-C), white blood cell
(WBC) count, aspartate aminotransferase (AST), and ala-
nine aminotransferase (ALT) were measured enzymatically
using a Hitachi Automatic Analyzer 7600 (Hitachi, Tokyo,
Japan) after delivering the samples to the Central Testing
Institute in Seoul, Korea. Insulin resistance was calculated
using the Homeostasis Model Assessment of estimated in-
sulin resistance (HOMA-IR) which was obtained by the
following formula: fasting insulin [microunits per millili-
ter] x fasting glucose [milligramse per deciliter]/405 [21].

Definition of metabolic syndrome

MS was defined according to the American Heart
Association/National Heart, Lung, and Blood Institute
Scientific Statement (AHA/NHLBI) criteria for Asians
[10]. For the diagnosis of MS, three or more of the
following criteria must be fulfilled: WC>90 cm in men
and >80 cm in women, fasting TG>150 mg/dL or use
of lipid-lowering medication, HDL-C<40 mg/dL in men
and <50 mg/dL in women or use of medication, BP>
130/85 mmHg or use of antihypertensive medication,
and FBG>100 mg/dL or current use of anti-diabetes
medication.

BMD measurement

In the KNHANES, whole body dual-energy X-ray absorp-
tiometry (DXA) was performed with a QDR Discovery
(formerly known as the QDR 4500A) fan beam densitome-
ter (Hologic, Inc., Bedford, MA, USA) following proce-
dures recommended by the manufacturer. All subjects
were dressed in light clothing and removed all jewelry and
other items that could hinder the examination. BMD were
measured at LS, FN, TH, trochanter, and intertrochanter
sites. The results of DXA were analyzed using the standard
techniques of the Korean Society of Osteoporosis and
Hologic Discovery software (version 13.1).

Statistical analyses

Data are presented as either means+standard errors (SEs) or as
percentages (SE). In order to compare baseline characteristics,
the chi-square test was used for categorical variables and
analysis of variables (ANOVA) was used for continuous vari-
ables. Analysis of covariance (ANCOVA) was used to com-
pare the BMD levels of subjects with and without MS at the
LS, FN, and TH after adjusting for covariates. ANCOVA was
also used to compare the BMD at the LS, FN, and TH after
adjusting for covariates according to the number of MS com-
ponents. The covariates included age, BMI, current smoking
and alcohol statuses, and regular physical exercise. Age-
adjusted linear regressions were used to examine the relation-
ships between BMD and cardiometabolic risk factors. Using
multivariable logistic regression analysis, odds ratio (OR) and
95 % confidence interval (CI) of an increase in BMD
(0.1 g/em?) for major cardiometabolic risk factors were
obtained. All statistical tests were two-tailed, and statistical
significance was defined as p<0.05. The SAS software pack-
age version 9.2 for Windows (SAS institute, Cary, NC, USA)
was used for all analyses.

Results

There are differences in all baseline characteristics such as
anthropometric measurements, biochemical indexes, and
BMD among men, premenopausal, and postmenopausal wom-
en (Table 1). On average, men have higher percentage of
current smoking, alcohol drinking, and higher levels of regular
physical exercise than women. Although premenopausal
women have lower WC (74.85+£0.21 cm), BMI (22.54+
0.07 kg/m?), TG (93.59+1.30 mg/dL), and MS (11.73+
0.60 %), the HDL-C level (57.01£0.23 mg/dL) of this group
is higher than those of the other two groups.

Table 2 shows the differences in BMD according to MS in
both genders. For men, the BMD of the MS (+) group is
significantly lower than that of the MS () group after
adjusting for covariates at TH and FN (p=0.030 and p<
0.001, respectively). On the other hand, premenopausal wom-
en with MS have significantly lower BMD than those without
MS, at all sites, before adjustment. However, there is no
difference in BMD according to MS after adjustment with
covariates in premenopausal and postmenopausal women.

We analyzed the changes in BMD according to the number
of MS components at the LS, TH, and FN (Table 3). In men,
as the number of components increased, BMD decreases
significantly after adjusting for covariates at FN and TH.
Unlike men, premenopausal and postmenopausal women do
not show any significant change in BMD at any site.

Table 4 shows the association of LS, TH, and FN BMD
with cardiometabolic risk factors by multivariable-adjusted
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Table 1 General characteristics
of Korean adults in KNHANES
2008-2010

Data are presented as mean+SE
or percentages (SE)

KNHANES Korean National
Health and Nutrition
Examination Survey, BMI body
mass index, SBP systolic blood
pressure, DBP diastolic blood
pressure, HDL high density
lipoprotein, HOMA-IR
homeostasis model assessment
of insulin resistance, AST
aspartate aminotransferase,

ALT alanine aminotransferase,
WBC white blood cell, BMD
bone mineral density

4P values were obtained by Chi-
square test and ANOVA and
were all <0.001

Parameters® Men Premenopausal women  Postmenopausal women
Unweighted n 6,659 4,547 3,279
Age (years) 43.62+0.3 35.15+0.19 63.17+0.26
Height (m) 1.71£0.001 1.60+0.001 1.53+0.001
Weight (kg) 70.18+0.18 57.38+0.16 56.72+0.17
BMI (kg/m?) 24.03+0.05 22.54+0.07 24.16+0.07
Waist circumference (cm) 84.25+0.35 74.85+0.2 82.33+£0.23
SBP (mmHg) 117.62+0.27 106.88+0.26 126.11+0.43
DBP (mmHg) 77.21+0.21 70.24+0.21 76.33+0.23
Fasting blood glucose (mg/dL) 97.97+0.35 91.20+0.28 100.81+0.51
Total cholesterol (mg/dL) 186.4+0.58 177.07+0.6 202.19+0.83
HDL cholesterol (mg/dL) 49.47+0.19 57.01+0.23 52.34+0.28
Triglyceride (mg/dL) 156.85+2.1 93.59+1.3 139.07+1.97
WBC (x10°/uL) 6.53+0.03 5.69+0.03 5.78+0.04
AST (IU/L) 24.77+0.23 18.07+0.12 22.75+0.18
ALT (IU/L) 27.37+0.34 15.34+0.21 19.91+0.26
Insulin (mIU/L) 9.85+0.09 9.65+0.08 10.28+0.14
HOMA-IR 2.41+0.02 2.2+0.02 2.65+0.06
Alcohol use (yes, %) 86.77(0.47) 77.85(0.83) 47.93(1.12)
Current smoker (yves, %) 45.52(0.73) 6.81(0.49) 5.62(0.57)
Regular physical exercise (yes, %)  27.67(0.71) 22.76(0.82) 22.02(1.07)
Metabolic syndrome (yes, %) 27.69(0.71) 11.73(0.6) 51.52(1.12)
BMD (g/cm?)
Lumbar spine 0.975+0.002  0.984+0.002 0.805+0.003
Total hip 0.980+0.002  0.902+0.002 0.772+0.003
Femoral neck 0.829+0.002  0.766+0.002 0.623+0.003
Trochanteric 0.691+£0.002  0.652+0.002 0.561+0.002
Intertrochanteric 1.176+0.003 1.083+0.003 0.934+0.004

linear regression. In men, BMD shows positive correlations
with BMI and HDL-C. Meanwhile, BMD is negatively
correlated with insulin, HOMA-IR, TG, AST, and ALT at

all three sites (p<0.05). WBC count is also negatively
correlated with TH and FN (8=-0.81, —0.69; both p<
0.001 for TH, FN, respectively). The correlation between

Table 2 Comparison of BMD between subjects with and without metabolic syndrome

Skeletal site  Men Premenopausal women Postmenopausal women
MS? (+) MS? (-) p MS? (+) MS? () p MS? (+) MS* (-) p
LS BMD 0.970+0.002  0.989+0.004  <0.001  0.977+0.002  1.037£0.006  <0.001  0.806+0.005  0.813+£0.004  0.264
Adjusted” 0.967+0.004  0.969+0.003  0.658 0.980+0.008  0.984+0.004  0.602 0.800+0.006  0.788+0.006  0.056
TH BMD 0.978+0.003  0.989+0.004  0.007 0.893+0.002  0.965+0.006  <0.001  0.782+0.004  0.773+0.004  0.078
Adjusted” 0.962+0.004  0.971+0.003  0.030 0.903+0.007  0.904+0.004  0.973 0.762+0.005  0.759+0.005  0.428
FN BMD 0.834+0.003  0.818+0.004  <0.001  0.761£0.002  0.808+0.005  <0.001  0.635+0.004  0.620+0.003  0.001
Adjusted” 0.801+0.004  0.814+0.003  <0.001  0.764+0.007  0.764+0.004  0.999 0.615+0.004  0.613+0.005  0.555

Data are presented as mean+SE of the population. P values were obtained by ANCOVA

BMD bone mineral density, LS lumbar spine, 7H total hip, FN femur neck, MS metabolic syndrome

?Data are defined as American Heart Association/National Heart, Lung, and Blood Institute Scientific Statement (AHA/NHLBI) criteria, in which
the criteria for abdominal obesity were specified in an Asian population

® Adjusted by age, BMI, smoking, alcohol use, and regular exercise
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Table 3 BMD and numbers of

components for metabolic Skeletal site Numbers of components for metabolic syndrome p
syndrome
0 1-2 >3
Men

LS BMD 0.978+0.005 0.966+0.004 0.967+0.004 0.037

TH BMD 0.981+0.004 0.967+0.003 0.961+0.004 <0.001

FN BMD 0.827+0.004 0.809+0.003 0.799+0.004 <0.001
Data are presented as mean+SE Premenopausal women
of the popu]ation. P values were LS BMD 0.977+0.005 0.988+0.004 0.982+0.008 0.015
obtained by ANCOVA, and were TH BMD 0.902:£0.004 0.906:£0.004 0.906:£0.007 0.560
adjusted by age, BMI, smoking, gy gy 0.763+0.004 0.765+0.004 0.766+0.007 0.836
alcohol use, and regular
exercise. Postmenopausal women
BMD bone mass density, Ls  LSBMD 0.7910.011 0.785+0.006 0.799+0.006 0.100
lumbar spine, FN femur neck, TH BMD 0.760+0.009 0.759+0.005 0.762+0.005 0.750
TH total hip, MS metabolic FN BMD 0.623+0.008 0.612+0.005 0.614+0.004 0.276

syndrome

BMD and WC is negative only at the TH (=-2.41; p=
0.007). Similarly to the results seen in men, BMI shows a
positive correlation with BMD at all three sites in pre- and
postmenopausal women. In premenopausal women, BMD is
negatively correlated with HOMA-IR at TH and FN, but not
LS (8=-0.37, —0.33; p=0.034, 0.036 for TH, FN, respec-
tively). In postmenopausal women, the correlation between
BMD and cardiometabolic risk factor is not consistent
except for WBC count at TH and FN (5=-1.45, —1.61;
all p<0.001, for TH, FN, respectively).

Table 5 shows the ORs (95 % CI) of every increment of
0.1 g/cm2 in LS, TH, and FN BMD for each cardiometabolic
risk factor after adjusting for covariates. The ORs for obe-
sity and abdominal obesity are all greater than 1 at all sites
in both genders. In men, the ORs for hypertension (HTN)
and MS are 0.937 (0.879-0.998) and 0.899 (0.840-0.962),
respectively, at FN. DM is only associated with an increase of
LS BMD (OR=1.103, 95 % CI 1.017-1.196). In postmeno-
pausal women, an increase in LS BMD is associated with a
higher OR of HTN (OR=1.133, 95 % CI 1.029-1.246).

Discussion

In this study, we found that men with MS had lower BMD
than men without MS. In addition, low BMD was associated
with a prevalence of cardiometabolic risk factors and a
number of MS components, especially in men. The relation-
ship between BMD and cardiometabolic risk factors in
women was not consistent with results in men.
Cardiometabolic risk factors such as abdominal obesity,
insulin resistance, hypertension, and dyslipidemia are includ-
ed in the definition of MS [22]. Recently, many studies have
found that components of MS, such as hypertriglyceridemia,
low HDL-C, and abdominal obesity, are related to low BMD

in postmenopausal women and men [15-17]. Although the
mechanism governing the relationship between MS and low
BMD is unclear, it is worthy to note that adipose cells and
osteoblasts originate from the same mesenchymal stem cells
[23]. Also, the fact that many types of cytokines and peroxi-
some proliferator-activated receptor-y have effects in the dif-
ferentiation and growth of the two cell types can explain the
relationship as well [24]. This finding suggests a linkage
between the two diseases.

Generally, people with high BMI have high BMD com-
pared to people with low BMI because high weight causes
mechanical stress on the bone, which is leading to bone
hardness [25]. So, men with MS may have high possibility
to have a higher BMD than men without MS. However, this
assumption was not consistent in the many studies that ana-
lyzed BMD according to gender and MS. In the Camargo
cohort study, which was conducted in 495 Caucasian men and
1,013 Caucasian postmenopausal women, postmenopausal
women with MS had higher BMD than the control group at
LS, FN, and TH after adjusting for age, but there were no
significant differences in men [15]. Kinjo et al. found that both
genders with MS had higher FN BMD than those without MS
in the NHANES III study, which enrolled 8,197 Americans
[16]. These two studies showed positive correlations between
MS and BMD. But some other studies showed opposite re-
sults. In the RBS, which included 417 Caucasian men and 671
postmenopausal Caucasian women, men with MS had lower
FN BMD than men without MS, but there was no relationship
between BMD and MS in postmenopausal women after ad-
justment for all covariates [17]. Also, in a French cohort study
(the MINOS study) that included 762 men, the group with MS
had lower BMD than the group without MS [26]. Like the
present study, Kim et al. studied 1,780 Korean men and 1,108
postmenopausal Korean women and found similar results
only in men with MS at FN BMD [18].
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Table 4 Multivariable-adjusted
linear regression between BMD
and cardiometabolic risk factors

P values were obtained by linear
regression analysis and all data
except BMI were adjusted for
age, BMI, smoking, alcohol use,
and regular exercise. BMI data
were adjusted for age, smoking,
alcohol use, and regular exercise

BMI body mass index, SBP sys-
tolic blood pressure, DBP diastol-
ic blood pressure, HOMA-IR
homeostasis model assessment of
insulin resistance, HDL high den-
sity lipoprotein, WBC white blood
cell, AST aspartate aminotransfer-
ase, ALT alanine aminotransferase

Parameter Men Premenopausal Postmenopausal
women women
B p 5 P B p
Lumbar spine BMD
BMI (kg/m?) 6.99 <0.001 10.20 <0.001 7.44 <0.001
Waist circumference (cm) —1.46 0.238 1.41 0.064 0.15 0.872
SBP (mmHg) 2.34 0.139 -1.99 0.298 4.03 0.210
DBP (mmHg) -1.94 0.112 —0.61 0.670 -1.90 0.315
Fasting blood glucose (mg/dL) 6.44 0.058 —-1.00 0.703 3.90 0.316
Insulin (mIU/L) —2.53 <0.001 —0.60 0.320 0.06 0.946
HOMA-IR -0.49 0.008 —-0.16 0.352 0.20 0.482
Total cholesterol (mg/dL) —16.68 <0.001 —11.25 0.037 -3.56 0.567
HDL-C (mg/dL) 3.19 0.015 —6.08 0.002 —-1.11 0.597
Triglyceride (mg/dL) —70.91 <0.001 6.52 0.570 3.40 0.800
WBC (x10°/uL) —-0.33 0.066 -0.25 0.195 —0.18 0.516
AST (IU/L) —4.64 0.004 —2.24 0.041 0.75 0.543
ALT (IU/L) -9.50 <0.001 -2.30 0.211 1.36 0.423
Total hip BMD
BMI (kg/m?) 10.33 <0.001 14.57 <0.001 11.11 <0.001
Waist circumference (cm) —2.41 0.007 -0.61 0.470 —-1.08 0.341
SBP (mmHg) —1.88 0.294 -1.31 0.574 0.50 0.897
DBP (mmHg) —-1.65 0.249 0.78 0.625 —-1.89 0.409
Fasting blood glucose (mg/dL) 3.91 0.239 0.87 0.684 —-0.53 0.913
Insulin (mIU/L) —4.58 <0.001 -1.74 0.009 —0.74 0.490
HOMA-IR -1.11 <0.001 -0.37 0.034 0.03 0.940
Total cholesterol (mg/dL) —8.32 0.058 —8.71 0.097 -4.90 0.564
HDL-C (mg/dL) 4.81 0.002 -2.58 0.248 —0.18 0.945
Triglyceride (mg/dL) —78.88 <0.001 2.26 0.848 6.78 0.680
WBC (x10%/uL) —0.81 <0.001 —0.28 0.212 —-1.45 <0.001
AST (IU/L) —4.14 0.021 —0.16 0.880 2.01 0.235
ALT (IU/L) —-10.14 <0.001 0.24 0.899 3.86 0.070
Femur neck BMD
BMI (kg/m?) 8.55 <0.001 12.39 <0.001 10.31 <0.001
Waist circumference (cm) -1.50 0.123 2.13 0.007 1.41 0.254
SBP (mmHg) -1.70 0.350 0.01 0.996 —4.38 0.344
DBP (mmHg) —4.50 0.001 1.09 0.493 -3.52 0.195
Fasting blood glucose (mg/dL) —0.56 0.862 -2.52 0.236 —4.52 0.418
Insulin (mIU/L) -4.16 <0.001 -1.12 0.073 —2.64 0.063
HOMA-IR —-1.09 <0.001 —0.33 0.036 —0.45 0.409
Total cholesterol (mg/dL) —15.23 0.001 —8.18 0.130 -11.86 0.210
HDL-C (mg/dL) 5.65 0.002 0.19 0.934 3.30 0.284
Triglyceride (mg/dL) -115.25 <0.001 —6.55 0.582 -36.07 0.066
WBC (x10°/uL) —0.69 0.001 -0.42 0.065 -1.61 <0.001
AST (IU/L) -3.63 0.037 —-0.67 0.554 -3.31 0.089
ALT (IU/L) -11.30 <0.001 -0.23 0.907 —4.23 0.103

Most studies commented that the major cause of the
negative association between BMD and MS in men was
abdominal obesity, which is representative of insulin resis-
tance. In the present study, WC had a negative correlation
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with TH BMD, and HOMA-IR was negatively associated
with LS, TH, and FN BMD in men with MS (Table 4).
Many cytokines, derived from adipose tissue, can contribute
to an increase in insulin resistance. Adipokines, such as
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Table 5 Multivariable- adjusted odds ratio and 95 % Cls of major cardiovascular risk factors for every increment of 0.1 g/em? in LS, TH, and FN BMD

Parameter Men Premenopausal women Postmenopausal women
OR 95 % CI P OR 95 % CI P OR 95 % CI p
Lumbar spine
Obesity® 1.393 1.330-1.458 <0.001 1.696 1.572-1.830 <0.001 1.512 1.394-1.640 <0.001
Abdiminal obesity® 1.339 1.271-1.410 <0.001 1.606 1.504-1.714 <0.001 1.349 1.241-1.467 <0.001
Hypertension® 1.028 0.975-1.085 0.307 1.007 0.915-1.108 0.888 1.133 1.029-1.246 0.011
Diabetes mellitus 1.103 1.017-1.196 0.018 0.988 0.785-1.244 0.918 1.077 0.973-1.193 0.154
Low HDL-cholesterol® 0.998 0.948-1.052 0.948 1.145 1.071-1.224 <0.001 0.985 0.904-1.074 0.733
High triglyceride" 0.927 0.865-0.994 0.033 1.143 0.990-1.319 0.069 1.004 0.907-1.112 0.932
Metabolic syndrome® 1.026 0.970-1.084 0.371 1.066 0.947-1.200 0.287 1.089 0.997-1.190 0.059
Total hip
Obesity® 1.734 1.628-1.847 <0.001 2214 2.033-2.412 <0.001 1.850 1.665-2.056 <0.001
Abdiminal obesity® 1.471 1.378-1.569 <0.001 1.971 1.833-2.119 <0.001 1.651 1.487-1.833 <0.001
Hypertension® 1.004 0.944-1.068 0.897 1.121 0.965-1.302 0.134 0.998 0.905-1.101 0.976
Diabetes mellitus® 1.084 0.979-1.199 0.120 1.118 0.907-1.378 0.296 0.993 0.875-1.126 0.909
Low HDL-cholesterol® 0.976 0.919-1.036 0.420 1.086 1.007-1.171 0.032 0.997 0.900-1.105 0.954
High triglyceride 0.922 0.854-0.994 0.035 1.230 1.033-1.465 0.020 1.022 0.889-1.174 0.759
Metabolic syndrome® 0.964 0.898-1.035 0.311 1.071 0.922-1.244 0.370 1.022 0.921-1.133 0.685
Femoral neck
Obesity® 1.559 1.467-1.657 <0.001 1.939 1.776-2.117 <0.001 1.751 1.558-1.968 <0.001
Abdiminal obesity® 1.438 1.347-1.534 <0.001 1.802 1.677-1.936 <0.001 1.606 1.426-1.809 <0.001
Hypertension® 0.937 0.879-0.998 0.043 1.089 0.947-1.253 0.233 0.947 0.850-1.055 0.322
Diabetes mellitus* 1.010 0.915-1.115 0.844 0.993 0.790-1.249 0.953 0.983 0.847-1.141 0.824
Low HDL-cholesterol® 0.957 0.901-1.017 0.157 1.064 0.989-1.145 0.095 0.959 0.851-1.081 0.493
High triglyceride 0.862 0.798-0.932 <0.001 1.244 1.040-1.488 0.017 0.878 0.755-1.020 0.090
Metabolic syndrome® 0.899 0.840-0.962 0.002 1.037 0.902-1.192 0.608 1.003 0.900-1.117 0.957

P values were obtained by multivariable logistic regression analysis and all data except obesity and abdominal obesity were adjusted for age, BMI,
smoking, alcohol use, and regular exercise. Obesity and abdominal obesity were adjusted for age, smoking, alcohol use, and regular exercise

OR odds ratio, CI confidence interval, HDL high density lipoprotein
*Body mass index >25 kg/m?

® Waist circumference =90 c¢m in men or =80 ¢m in women

¢ Systolic blood pressure 2140 mmHg or diastolic blood pressure 290 mmHg or use of antihypertensive medications

4 Fasting blood glucose 2126 mg/dL or use of oral hypoglycemic agents or insulin

¢ HDL-cholesterol<40 mg/dL in men or<50 mg/dL in women
" Triglyceride 2200 mg/dL

€The American Heart Association/National Heart, Lung, and Blood Institute Scientific Statement (AHA/NHLBI), in which the criteria for

abdominal obesity were specified in an Asian population

leptin and adiponectin, have been associated with MS and
central obesity [27]. Increased levels of leptin stimulate
proinflammatory cytokines including interleukins 6 and
18, and tumor necrosis factor-« in people with abdominal
obesity, and these cytokines promote bone resorption [28,
29]. Furthermore, numerous studies have revealed that these
adipokines are negatively associated with BMD [30, 31].
However, in the present study, such association is not found
in postmenopausal women. The difference in association
between BMD and MS by gender can be partially explained
by the different fat distribution in men and women [32, 33].

Caucasian men with MS have higher visceral fat than wom-
en with MS even at the same WC [34, 35]. Korean men with
MS are also likely to have a higher visceral/subcutaneous
adipose tissue ratio than women with MS [36]. Compared to
Caucasians, Asians tend to have higher levels of visceral fat
at the same BMI [37], and therefore, we postulated that
Korean men with MS may be more prone to low BMD than
women with MS.

Another explanation for this different association by gen-
der is hormonal dysregulation. Jankowska et al. [38] exam-
ined the hormonal effects of adipose tissue on BMD and

@ Springer
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reported that adipose tissue in postmenopausal women was a
source of extra-ovarian estrogen that protected against bone
loss. Meanwhile, visceral adipose tissue could cause several
hormonal and metabolic dysregulation by an increase in es-
trogen levels [39], and a decrease of androgen and growth
hormone levels in men [40]. Generally, levels of testosterone,
which stimulates bone formation, were decreased in men with
MS [41]. Therefore, we suppose that the negative effects of
increased insulin resistance and hormonal dysregulation on
BMD are greater than the positive effects of weight on BMD
in men with MS. But more precise and prospective studies are
needed to confirm these results.

This study revealed a negative association between TG
and BMD in men, but not in postmenopausal women. In
contrast, Kim et al.[18] did not find a relationship between
FN BMD and TG in men, but found that FN BMD was
negatively correlated with TG in postmenopausal women
(8=—0.097, p=0.001). Many other studies, however, found
that TG was positively associated with BMD. Brownbill et
al. [42] found that TG and TC were positively correlated
with the femoral shaft and total body BMD, respectively, in
Caucasian postmenopausal women. Furthermore, Adami et
al. [43] found that TG and LDL-C levels were positively
correlated with the BMDs of the hip and LS in 746 Italian
men and women. In addition, Turkish postmenopausal
women with spinal fractures had lower levels of TG, TC,
and LDL-C than those without fractures [44]. There is a
hypothesis that explains the relationship between lipid and
BMD involving the oxidization of lipid. Oxidized lipids
enhance the inflammatory process of the arterial wall and
the formation of atherosclerotic plaques, but inhibit the
calcification and differentiation of osteoblasts [45].
However, this mechanism was only suitable for men in our
study. Since the results on the relationship between TG and
BMD are very controversial, further evaluations to investi-
gate the mechanism are needed.

The present study does have several limitations. First, it
was impossible to reveal a causal relationship between low
BMD and MS in this cross-sectional study. Therefore,
prospective studies are needed. Second, we did not analyze
data regarding the duration of menopause in postmeno-
pausal women. Last, we only checked WC for abdominal
obesity. A more accurate method such as abdominal com-
puted tomography (CT) would be preferable for the mea-
surement of visceral fat, but that is costly and would
require radiation exposure. Although the AHA/NHLBI
criteria for MS include WC, abdominal CT can be a more
precise method to clarify the role of subcutaneous and
visceral fat in the relationship between BMD and cardio-
vascular risk factors.

Despite these limitations, there are several strengths to
our study. This is the first study to examine the association
between MS and BMD at multiple sites (LS, TH, and FN)

@ Springer

using a sample population representative of Korean adults.
Previous Korean studies only examined either FN or verte-
bral BMD and included subjects who had undergone a
private health examination in a university hospital [18,
19]. Those studies were not representative of the whole
Korean population and might have selection bias.

In conclusion, low BMD is related to MS after adjusting
for covariates, and this trend is more prominent in Korean
men than in Korean women. We recommend careful exam-
inations for cardiometabolic risk factors in men with low
BMD. In addition, since low BMD is related to insulin
resistance in Korean men, further prospective studies will
be required to reveal any causal relationships between
osteoporosis and cardiovascular events.
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