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were positively associated with BMD, while HDL-C was 
negatively associated. We also found that an increase in 
the number of MetS components resulted in a significantly 
increased positive association with BMD, both before and 
after adjusting for age, in men but not in women, revealing 
a gender difference in the correlation between MetS com-
ponents and BMD.

Keywords  Metabolic syndrome · Bone mineral density · 
Metabolic components · Osteoporosis · Dual-energy X-ray 
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Introduction

Osteoporosis is a chronic skeletal disease and is one of the 
most prevalent public health problems in elderly popula-
tions, with higher fracture risk leading to higher morbidity 
and mortality [1]. With increased life expectancy and the 
corresponding expanding elderly population, the economic 
burden of osteoporosis is likely to rise. Some studies have 
shown that osteoporosis and atherosclerotic cardiovascular 
disease share risk factors and pathophysiological mecha-
nisms such as aging, smoking, sedentary lifestyle, pro-
inflammatory state, and increased oxidative stress [2–4].

Metabolic syndrome (MetS) is a complex disorder 
comprising central obesity, high blood pressure (BP), 
hyperglycemia, hypertriglyceridemia, and a low concen-
tration of high-density lipoprotein cholesterol (HDL-C). 
In addition to the association with cardiovascular disease 
and diabetes mellitus, MetS and its component elements 
have their own independent effects on bone metabolism. 
However, the studies of individual component or com-
bined effects of MetS on bone mass are inconsistent [5, 
6]. In a cross-sectional study of 2745 Korean women, the 
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mean vertebral bone mineral density (BMD) was signifi-
cantly lower in women with MetS [5]. However, another 
study showed that MetS was associated with higher BMD 
[6]. Based on these conflicting results, and given the 
increasing prevalence of osteoporosis, MetS, and obe-
sity in the aging Taiwanese population, we conducted a 
cross-sectional study to examine the association between 
MetS, its components, body mass index (BMI), and BMD 
among a healthy Taiwanese population.

Materials and methods

Subjects

From January 2014 to December 2014, 5444 subjects 
visited the health management and evaluation center of 
a tertiary medical care facility located in southern Tai-
wan for routine health examinations. Our center offers 
a variety of tests and procedures, including BMD meas-
ured by dual-energy X-ray absorptiometry (DEXA; Hol-
ogic QRD 2000, Hologic, Inc., Waltham, MA, USA). 
The majority of subjects underwent a self-paid physi-
cal check-up; others were employees coming for their 
regular medical check-up. Most of the subjects were 
free of symptoms and were not chronic alcohol drinkers. 
Of the 5444 subjects, 1162 who had undergone BMD 
measurement with complete data available and who 
were over 50  years of age were enrolled in this cross-
sectional study. The study was approved by the institu-
tional review board of the hospital in which the study 
was conducted.

Measurements of anthropometric parameters

Height was measured while subjects stood erect, bare-
foot, with feet together, looking forward. Weight was 
measured by an automatic scale, with subjects wear-
ing light clothes. BMI was then calculated as weight 
in kilograms divided by height in meters squared (kg/
m2). A normal BMI level was defined as 18.5–23.9  kg/
m2, according to the guidelines set forth by the Taiwan 
Department of Health. Waist circumference (WC) was 
measured at the mid-level between the iliac crest and 
the lower border of the 12th rib while the subject stood 
with feet 25–30 cm apart. A normal WC level in men and 
women was defined as 90 and 80 cm, respectively. BMD 
values were measured in g/cm2 by dual-energy X-ray 
absorptiometry (Lunar Prodigy Advance; GE Healthcare, 
Madison, WI, USA) at the lumbar spine, total femoral 
(total hip), femoral neck, and radius head.

Definition of metabolic syndrome and osteoporosis

In this study, MetS was defined according to the modified 
National Cholesterol Education Program Adult Treat-
ment Panel III (NCEP-ATP III) for Asian populations. 
The WC cutoff measurement was adjusted according to 
the criteria of the Bureau of Health Promotion, Depart-
ment of Health, because the absolute risk of diabetes and 
cardiovascular disease is greater in Asians with a lower 
degree of obesity [7, 8]. MetS was diagnosed when at 
least three of the following five components were found: 
(1) WC ≥90  cm for men and ≥80  cm for women; (2) 
high BP (systolic pressure ≧130 mmHg and/or diastolic 
pressure ≧85  mmHg, under treatment, or previously 
diagnosed with hypertension); (3) high serum triglycer-
ide (≧150 mg/dL); (4) decreased HDL-C (<40 mg/dL for 
men and <50  mg/dL for women); (5) high fasting glu-
cose (FG) ≧100  mg/dL, under treatment, or previously 
diagnosed with diabetes mellitus). Cardiovascular risk, 
which is determined by a ratio of total cholesterol (TC) 
to HDL-C >5 and correlates significantly with the risk for 
cardiovascular events [9].

The estimated glomerular filtration rate (eGFR) was 
calculated using the abbreviated Modification of Diet 
in Renal Disease (MDRD) study equation: eGFR (mL/
min/1.73  m2) =  186 ×  (serum creatinine [mg/dL[) −  1.
154  ×  age  −  0.203  (×  0.742 if female) [12]. Subjects 
were divided into three groups with respect to eGFR: 
≥90  mL/min/1.73 m2 or more, 60–90  mL/min/1.73 m2 
and <60 mL/min/1.73 m2. Chronic kidney disease (CKD) 
was defined as an eGFR <60 mL/min/1.73 m2.

The diagnosis of osteoporosis was defined accord-
ing to the World Health Organization (WHO) definition. 
The T-score was calculated automatically, and the low-
est value was chosen for the diagnosis of osteoporosis. 
Osteoporosis was defined as T-score ≤−2.5; osteope-
nia as −2.5  < T-score  <−  1, normal as ≥−1. The defi-
nition of decreased BMD included both osteopenia and 
osteoporosis.

Statistical analyses

The characteristics of subjects are presented as mean ± SD 
for continuous variables and as frequencies for categorical 
variables. Differences between groups were compared by 
the χ2 test for categorical variables and Student’s t test for 
continuous variables. Odds ratios (OR) for subjects with 
decreased BMD were analyzed by simple and multiple 
logistic regression analyses. All statistical analyses were 
performed using SPSS version 19.0 software (IBM Corp., 
Armonk, NY, USA). A two-tailed p value <0.05 was con-
sidered statistically significant.
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Results

Prevalence of osteoporosis and MetS

Among 1162 subjects in the study, the mean age was 
59.9 ±  7.3  years (range 50–90), and 59.5% were men. 
The mean age was 59.9 ± 6.9 for women and 60.1 ± 7.5 
for men. The overall prevalence of MetS was 34.2%: 
32.1% in women and 35.6% in men. The overall preva-
lence of osteoporosis was 19.6%: 27.4% in women and 
14.3% in men. Other baseline characteristics of subjects 
stratified by sex are summarized in Table 1.

Characteristics of subjects with normal and decreased 
BMD

The differences between women and men with nor-
mal and decreased BMD are shown in Table  2. When 
compared with those with normal BMD, women with 
decreased BMD were older, had higher BMI, WC, hip 
circumference, and systolic and diastolic BP, and a higher 
percentage of MetS, and had significantly lower values 
of height and weight and HDL-C levels. (all p  <  0.001, 
except systolic and diastolic BP).

When compared with those with normal BMD, men 
with decreased BMD were older and had higher HDL-C 
levels, and had significantly lower height, weight, BMI, 
WC, hip circumference, and fasting glucose values and a 
lower percentage of MetS.

Simple and multiple stepwise logistic regression 
analyses of variables associated with decreased BMD

The results from the simple and multiple stepwise logis-
tic regression analyses in women and men are show in 
Tables 3 and 4. In simple logistic regression analysis of 
women, height (OR = 0.88; 95% CI 0.84–0.92), weight 
(OR = 0.93; 95% CI 0.91–0.95), and HDL-C (OR = 0.98; 
95% CI 0.97–0.99) were positively associated with 
BMD, while age (OR =  1.17; 95% CI 1.11–1.23), BMI 
(OR = 1.24; 95% CI 1.15–1.35), WC (OR = 1.06; 95% 
CI 1.03–1.09), hip circumference (OR =  1.08; 95% CI 
1.04–1.12), systolic BP (OR = 1.02; 95% CI 1.01–1.03), 
and diastolic BP (OR =  1.04; 95% CI 1.02–1.06) were 
negatively associated with BMD. In multiple logis-
tic regression analysis in women, height (OR  =  0.95; 
95% CI 0.90–0.998) and weight (OR  =  0.93; 95% CI 
0.90–0.96) were independent positively associated with 
BMD, while age (OR  =  1.15; 95% CI 1.09–1.22) and 
BMI (OR = 1.17; 95% CI 1.06–1.29) were independent 

negatively associated with BMD. In simple logistic 
regression analysis in men, height (OR =  0.94; 95% CI 
0.92–0.97), weight (OR = 0.95; 95% CI 0.93–0.96),

BMI (OR = 0.87; 95% CI 0.83–0.92), WC (OR = 0.97; 
95% CI 0.95–0.98), hip circumference (OR = 0.93; 95% CI 
0.91–0.96), and fasting glucose (OR = 0.99; 95% CI 0.99–
0.994) were positively associated with BMD, while age 
(OR = 1.03; 95% CI 1.01–1.06) and HDL-C (OR = 1.02; 
95% CI 1.00–1.03) were negatively associated. In mul-
tiple logistic regression analysis in men, fasting glucose 
(OR = 0.99; 95% CI 0.99–1.00) and weight (OR = 0.90; 
95% CI 0.88–0.93) were independent positively associated 
with BMD, while WC (OR = 1.06; 95% CI 1.03–1.10) was 
independently negatively associated.

Association between MetS, MetS components, 
and BMD

We analyzed the OR of the number of MetS components 
for decreased BMD. Table 5 shows that in women, the OR 
for decreased BMD was progressively increased with the 
number of MetS components in unadjusted and adjusted 
models. Table 6 shows that in men, the OR for decreased 
BMD was progressively decreased with the number of 
MetS components. MetS (MetS components ≥3) was posi-
tively associated with BMD in men, while in women MetS 
was negatively associated with BMD.

Discussion

The prevalence of MetS in this study was 34.2%, with a higher 
rate in men than women (35.6% in men; 32.1% in women), 
according to the NCEP-ATP III definition. This prevalence is 
higher than in the general population of Taiwan, which was 
only 15.5% in men and 10.5% in women in a 2004 survey 
[10]. The overall prevalence of osteoporosis was 19.6%, with 
more women affected than men (27.4% in women, and 14.3% 
in men).This prevalence was higher than that in a 2004 sur-
vey by Yang et al. [11], who reported only 10.08 and 7.45% in 
lumbar vertebrae and femoral neck, respectively.

Data from previous studies regarding the relationship 
between MetS, its components, and osteoporosis is contro-
versial. A meta-analysis by Zhou et al. [12] showed a nega-
tive effect of MetS on BMD in men but not in women. In 
another meta-analysis, Xue et  al. [13] reported that MetS 
may have a beneficial influence on BMD in white popula-
tions. A cross-sectional study by Tseng et al. [14] found no 
association between MetS and bone mineral loss in either 
sex. Our study showed that MetS was positively associated 
with BMD in men, but negatively associated with BMD in 
women. We also found that an increase in the number of 
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MetS components resulted in a significantly increased posi-
tive association with BMD, both before and after adjusting 
for age, in men (Table 6) but not in women (Table 5), thus 
revealing a gender difference in the correlation between 
MetS components and BMD. This means that, although 

age, MetS, and its components have a significant effect on 
BMD, sex is a major risk factor for osteoporosis.

There is strong evidence that patients with type 1 dia-
betes show decreased BMD [15–17]. The relation between 
type 2 diabetes and osteoporosis remains controversial. 

Table 1   Baseline 
characteristics for participants

BMI body mass index, BP blood pressure, HDL-C high-density lipoprotein cholesterol, TC total choles-
terol, eGFR estimated glomerular filtration rate, BMD bone mineral density
a   Categorical variables were compared by χ2 test and continuous variables by Student’s t test

* Indicates a significant difference, p < 0.05

All (n = 1162) Men (n = 691) Women (n = 471) p valuea

Age, years 59.9 ± 7.3 60.1 ± 7.5 59.9 ± 6.9 0.815

Height, cm 163. 6 ± 8.2 168.4 ± 6.0 156.5 ± 5.3 <0.001*

Weight, kg 66.0 ± 11.7 71.1 ± 10.4 58.4 ± 9.0 <0.001*

BMI, kg/m2 24.6 ± 3.5 25.1 ± 3.3 23.9 ± 3.8 <0.001*

Waist circumference, cm 84.6 ± 10.4 88.2 ± 9.4 79.3 ± 9.5 <0.001*

Hip circumference, cm 94.6 ± 7.1 94.9 ± 6.7 94.1 ± 7.7 0.057*

ratio of waist/hip circumference 0.89 ± 0.08 0.93 ± 0.06 0.84 ± 0.07 <0.001*

Blood pressure (BP) mmHg

 Systolic BP 134 ± 20.7 134.5 ± 19.8 133.3 ± 21.9 0.315

 Diastolic BP 85.6 ± 11.5 88.1 ± 11.0 81.7 ± 11.1 <0.001*

Fasting glucose, mg/dL 103.8 ± 27.2 106.3 ± 29.4 100 ± 23.1 <0.001*

Total cholesterol, mg/dL 197.9 ± 37.5 191.9 ± 36.8 206.8 ± 36.8 <0.001*

HDL-cholesterol, mg/dL 56..3 ± 15.1 52.1 ± 13.5 62.5 ± 15.3 <0.001*

Triglycerides, mg/dL 127.8 ± 83.3 137.9 ± 87.5 112.9 ± 74.2 <0.001*

TC/HDL 1.13 ± 0.33 1.15 ± 0.36 1.08 ± 0.28 <0.001*

Uric acid, mg/dL 6.21 ± 1.53 6.69 ± 1.46 5.51 ± 1.35 <0.001*

Creatinine, mg/dL 0.86 ± 0.32 0.99 ± 0.34 0.68 ± 0.18 <0.001*

Metabolic syndrome, n (%) 397 (34.2) 246 (35.6) 151 (32.1) <0.001*

Number of metabolic components, n (%)

 1 305 (26.2) 179 (25.9) 126 (26.8) 0.747

 2 300 (25.8) 197 (28.5) 103 (21.9) <0.001*

 ≥3 397 (34.2) 246 (35.6) 151 (32.1) <0.001*

eGFR, mL/min/1.73 m2 87.4 ± 20.4 83.2 ± 18.4 93.6 ± 21.7 <0.001*

Groups of eGFR, n (%)

 ≥90 478 (41.1) 229 (33.1) 249 (52.1) <0.001*

 60–89 612 (52.7) 404 (58.8) 208 (44.2) <0.001*

 <60 72 (6.2) 58 (8.4) 14 (3.0) <0.001*

Decreased BMD, n (%)

 Osteopenia 618 (53.2) 368 (53.3) 250 (53.1) 0.953

 Osteoporosis 228 (19.6) 99 (14.3) 129 (27.4) <0.001*

Physiological BMD, g/cm2

 Lumbar-spine 1.13 ± 0.19 1.18 ± 0.18 1.05 ± 0.17 <0.001*

 Femoral neck 0.86 ± 0.13 0.90 ± 0.13 0.80 ± 0.12 <0.001*

 Femoral total (total hip) 0.95 ± 0.14 0.99 ± 0.13 0.90 ± 0.13 <0.001*

 Forearm 0.86 ± 0.13 0.89 ± 0.89 0.80 ± 0.79 <0.001*

 Lumbar spine T-Score −0.70 ± 1.50 −0.40 ± 1.48 −1.13 ± 1.42 <0.001*

 Femoral neck T-Score −1.45 ± 0.97 −1.30 ± 0.99 −1.67 ± 0.89 <0.001*

 Femoral total T-Score −0.79 ± 0.97 −0.73 ± 0.92 −0.88 ± 1.03 0.014*

 Forearm T-Score −1.44 ± 0.97 −1.30 ± 0.99 −1.66 ± 0.90 <0.001*
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Table 2   Comparison between normal and decreased bone mineral density (BMD) in men and women

BMI body mass index, BP blood pressure, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, TC total cho-
lesterol, eGFR estimated glomerular filtration rate, MetS metabolic syndrome, CKD chronic kidney disease

* Indicates a significant difference, p < 0.05

Normal
(n = 224)

Men
decreased BMD
(n = 467)

p value Normal
(n = 92)

Women
decreased BMD
(n = 379)

p value

Age (years, mean ± SD) 58.9 ± 6.8 60.5 ± 7.8 0.007* 55.8 ± 5.4 60.9 ± 6.9 <0.001*

Height (cm) 169.8 ± 5.4 167.8 ± 6.2 <0.001* 159.3 ± 5.3 155.8 ± 5.1 <0.001*

Weight (kg) 75.1 ± 9.5 69.2 ± 10.3 <0.001* 63.5 ± 9.0 57.2 ± 8.6 <0.001*

BMI (kg/m2) 26.0 ± 3.1 24.6 ± 3.3 <0.001* 22 ± 2.0 24.3 ± 3.9 <0.001*

Waist circumference (cm) 90.2 ± 8.7 87.3 ± 9.5 <0.001* 75.5 ± 6.3 80.2 ± 9.9 <0.001*

Hip circumference (cm) 96.9 ± 6.5 93.9 ± 6.5 <0.001* 90.9 ± 6.1 94.9 ± 7.8 <0.001*

Ratio of waist to hip circumference 0.93 ± 0.57 0.93 ± 0.61 0.683 0.83 ± 0.05 0.84 ± 0.08 0.183

Systolic BP (mmHg) 134.6 ± 19.7 134.5 ± 19.9 0.962 127.3 ± 18.8 134.7 ± 22.4 0.003*

Diastolic BP (mmHg) 88.7 ± 10.5 88.0 ± 11.2 0.444 78.2 ± 10.7 82.5 ± 11.0 0.001*

Fasting glucose (mg/dL) 110.6 ± 32.8 104.3 ± 27.4 0.008* 96.5 ± 24.5 100.8 ± 22.8 0.113

Total cholesterol (mg/dL) 191.1 ± 36.1 192.3 ± 37.2 0.697 207.3 ± 35.6 206.7 ± 37.1 0.893

Triglycerides (mg/dL) 144.2 ± 93.6 134.9 ± 84.4 0.192 106.1 ± 62.8 114.6 ± 76.7 0.325

HDL-C (mg/dL) 50.3 ± 13.3 52.9 ± 13.5 0.017* 66.5 ± 15.0 61.5 ± 15.2 0.005*

TC/HDL-C 1.17 ± 0.38 1.15 ± 0.35 0.333 1.05 ± 0.23 1.09 ± 0.29 0.242

Uric acid (mg/dL) 6.72 ± 1.45 6.68 ± 1.46 0.761 5.47 ± 1.33 5.52 ± 1.35 0.748

eGFR (mL/min/1.73 m2) 83.0 ± 17.7 83.3 ± 18.7 0.846 94.6 ± 22.0 93.4 ± 21.6 0.644

Creatinine (mg/dL) 0.98 ± 0.29 0.99 ± 0.36 0.885 0.69 ± 0.25 0.68 ± 0.16 0.589

MetS, n (%) 93 (41.5) 153 (32.8) 0.024* 15 (16.3) 136 (35.9) <0.001*

CKD, n (%) 18 (8.0) 40 (8.6) 0.814 3 (3.3) 11 (2.9) 0.982

Table 3   Simple and multiple stepwise logistic regression analysis of variables relevant to decreased bone mineral density for women

* Variables showing a significant effect (p < 0.05) on decreased bone mineral density were included in the multiple stepwise logistic regression

Variables Simple Multiple*

Beta value OR (95% CI) p value Beta value OR (95% CI) p value

Age 0.156 1.17 (1.11–1.23) <0.0001* 0.142 1.15 (1.09–1.22) <0.0001

Height −0.130 0.88 (0.84–0.92) <0.0001* −0.056 0.95 (0.90–0.998) 0.041

Weight −0.075 0.93 (0.91–0.95) <0.0001* −0.078 0.93 (0.90–0.96) <0.0001

BMI 0.219 1.24 (1.15–1.35) <0.0001* 0.154 1.17 (1.06–1.29) 0.002

Waist circumference 0.060 1.06 (1.03–1.09) <0.0001*

Hip circumference 0.076 1.08 (1.04–1.02) <0.0001*

Systolic BP 0.017 1.02 (1.01–1.03) 0.004*

Diastolic BP 0.036 1.04 (1.02–1.06) 0.001*

Fasting glucose 0.010 1.01 (1.00–1.02) 0.115

Total cholesterol −0.0004 1.00 (0.99–1.01) 0.892

HDL −0.021 0.98 (0.97–0.99) 0.005*

TG 0.002 1.00 (0.998–1.01) 0.323

TC/HDL-C 0.571 1.77 (0.67–4.65) 0.247

Uric acid 0.028 1.03 (0.87–1.22) 0.748

eGFR −0.002 1.00 (0.99–1.01) 0.643

Creatinine −0.321 0.73 (0.23–2.33) 0.591

CKD 0.228 1.26 (0.83–1.91) 0.288
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Tseng et al. [14] found no significant association between 
fasting glucose and BMD. Previous cross-sectional studies 
have shown that patients with type 2 diabetes had higher 
BMD [18, 19]. The study by Muka et al. [20] also showed 
that the glucose component (unrelated to diabetes status) 
was positively associated with femoral neck BMD in both 
men and women. Although meta-analyses from Esposito 
et al. [21] and Yang et al. [22] have shown that the exist-
ence of MetS is associated with less fracture risk, Oz et al. 
[23] found that increased fasting glucose, a component of 
MetS, may lower bone turnover but increase skeletal fragil-
ity, which results in increased fracture risk despite a higher 
BMD. Our study showed that fasting glucose was indepen-
dently positively associated with BMD in men but not in 
women; however, the prevalence of fracture was not con-
sidered, and thus the relationship between MetS and frac-
ture could not be determined.

The relationship between central obesity and BMD is 
inconsistent. Some studies have shown a significant asso-
ciation between central obesity and low bone mass [20, 
24–27], while others have reached the opposite conclu-
sion [28, 29]. Several studies have found high BMI to 
be a protective factor against excessive bone loss [30–
33]. The present results showed a significant positive 

Table 4   Simple and multiple stepwise logistic regression analysis of variables relevant to decreased bone mineral density for men

* Variables showing a significant effect (p < 0.05) on decreased bone mineral density were included in the multiple stepwise logistic regression

Variables Simple Multiple*

Beta value OR (95% CI) p value Beta value OR (95% CI) p value

Age 0.031 1.03 (1.01–1.06) 0.008*

Height −0.058 0.94 (0.92–0.97) <0.0001*

Weight −0.057 0.95 (0.93–0.96) <0.0001* −0.101 0.90 (0.88–0.93) <0.0001

BMI −0.137 0.87 (0.83–0.92) <0.0001*

Waist circumference −0.033 0.97 (0.95–0.98) 0.0001* 0.062 1.06 (1.03–1.10) 0.0002

Hip circumference −0.069 0.93 (0.91–0.96) <0.0001*

Systolic BP −0.0002 1.00 (0.99–1.01) 0.962

Diastolic BP −0.006 0.99 (0.98–1.01) 0.443

Fasting glucose −0.007 0.99 (0.99–0.994) 0.010* −0.006 0.99 (0.99–1.00) 0.048

Total cholesterol 0.0009 1.00 (0.997–1.005) 0.696

HDL 0.015 1.02 (1.003–1.03) 0.017*

TG −0.001 1.00 (0.997–1.001) 0.194

TC/HDL-C −0.213 0.81 (0.53–1.24) 0.333

Uric acid −0.017 0.98 (0.88–1.10) 0.761

eGFR 0.0009 1.00 (0.99–1.01) 0.845

Creatinine 0.035 1.04 (0.64–1.67) 0.887

CKD 0.011 1.01 (0.77–1.32) 0.938

Table 5   Odds ratio (OR) for decreased bone mineral density (BMD) 
in women

a   Adjusted by age

* Indicates a significant difference, p < 0.05

Variables Simple Adjusteda

OR (95% CI) p value OR (95% CI) p value

Number of metabolic components

 1 1.01 (0.55–1.86) 0.976 0.67 (0.34–1.31) 0.245

 2 1.49 (0.76–2.92) 0.250 1.17 (0.58–2.36) 0.666

 ≥3 3.25 (1.60–6.60) 0.001* 2.24 (1.06–4.69) 0.034*

Table 6   Odds ratio (OR) for decreased bone mineral density (BMD) 
in men

a   Adjusted by age

* Indicates a significant difference, p < 0.05

Variables Simple Adjusteda

OR (95% CI) p value OR (95% CI) p value

Number of metabolic components

 1 0.53 (0.26–1.07) 0.075 0.53 (0.26–1.07) 0.078

 2 0.40 (0.20–0.80) 0.009* 0.40 (0.20–0.97) 0.009*

 ≥3 0.35 (0.18–0.68) 0.002* 0.35 (0.18–0.68) 0.002*
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association between WC (central obesity), BMI, body 
weight, and BMD in men, but in women, only weight 
was positively associated with BMD, while WC and BMI 
were negatively associated. Some researchers have sug-
gested that higher BMD with MetS is largely determined 
by abdominal obesity, and that the protective effects of 
fat mass may promote bone formation via high mechani-
cal loading [34]. However, the answer to why there are 
differences between men and women with regard to the 
association of WC and BMI with BMD requires further 
prospective study.

Some studies have reported that hypertension is related 
to low bone mass due to the changes in serum intact para-
thyroid hormone (PTH) concentration or urinary calcium 
excretion [35, 36], but the results are inconsistent. Hanley 
et al. [37] found an independent association between hyper-
tension and higher BMD for both genders, while Mussolino 
and Gillum [38] found no significant relation between 
BP and BMD at any bone site. Tseng et  al. [14] showed 
no significant association between systolic BP and BMD 
in either sex, although there was a strong inverse relation-
ship between diastolic BP and bone mineral loss in both 
men and women. Yang et al. [39] showed that women with 
hypertension had lower BMD at the femoral neck, whereas 
hypertension in men was associated with higher femo-
ral neck BMD. Hypertension is associated with increased 
fracture risk in women, and the association is independent 
of BMD, but there is no significant association between 
hypertension and fracture risk in men. Our results showed 
that systolic and diastolic BP were not significantly associ-
ated with BMD in men, but a significant negative relation-
ship was found in women.

The relationship between dyslipidemia and osteoporo-
sis is also controversial. One study showed a significant 
positive correlation between BMD and serum lipids, espe-
cially HDL-C in postmenopausal women [40]. However, 
other studies have found BMD to be negatively associated 
with HDL-C and positively associated with total choles-
terol (TC), triglyceride (TG), and LDL-C [14, 41–43]. Our 
study also showed a positive correlation between BMD 
and HDL-C in women, but a negative correlation between 
BMD and HDL-C in men, and there was no significant 
association of TC and TG with BMD.

Oxidative stress has been implicated in the pathogenesis 
of osteoporosis. Uric acid, a potent antioxidant, has been 
associated with BMD, but previous studies have yielded 
conflicting results. Ishii et al. and Makovay et al. [44, 45] 
demonstrated a positive association between uric acid and 
BMD in peri- and postmenopausal women. Our study did 
not show a significant association between uric acid and 
BMD in either sex. Simple logistic regression analysis 
showed that hip circumference had a positive association 
with BMD in men but a negative association in women, but 

we found no independent significant association with BMD 
in multiple logistic regression analysis. This may indicate 
that MetS components have a greater effect than hip cir-
cumference on BMD.

Shin et al. [46] showed that BMD was negatively related 
to CKD in women before adjusting for age, and was posi-
tively related to CKD in men. Kong et al. [47] showed that 
mild-to-moderate CKD was not independently associated 
with decreased BMD. In our study, eGFR and CKD were 
not significantly associated with decreased BMD.

The present study has several limitations. First, the study 
population comprised self-referred participants who vis-
ited a health promotion center, and they may not be rep-
resentative of the general population. Second, it is a cross-
sectional study, and the cause-and-effect relationship of 
BMD with MetS should be clarified by a prospective study. 
Lastly, the study population was exclusively Taiwanese, 
and therefore we cannot be certain that our results can be 
extrapolated to other populations.

In conclusion, through this retrospective cross-sectional 
study, we found that MetS (MetS components ≧3) was 
positively associated with BMD in men, while in women, 
MetS was negatively associated with BMD. Moreover, in 
women, MetS components such as WC and systolic and 
diastolic BP were negatively associated with BMD, while 
HDL-C was positively associated. In men, WC and fast-
ing glucose were positively associated with BMD, while 
HDL-C was negatively associated. We also found that an 
increase in the number of MetS components had a sig-
nificantly increased positive association with BMD, both 
before and after adjusting for age, in men but not in women.
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