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Abstract Cardiovascular disease and osteoporosis are

thought to share common risk factors, and metabolic syn-

drome (MS) is composed of major risk factors for cardio-

vascular disease. This study was performed to investigate

the relationships between specific MS components and

bone mineral density (BMD). BMD was measured at the

femoral neck of Korean men aged 40 years or more

(n = 1,780) and postmenopausal women (n = 1,108)

using dual-energy X-ray absorptiometry. We identified

subjects with MS as defined by two criteria, International

Diabetes Federation (IDF) and American Heart Associa-

tion/National Heart, Lung, and Blood Institute (AHA/

NHLBI). Body fat and lean mass were measured via

bioimpedance analysis. The prevalence of MS was 19.8%

and 7.7% in men and 20.8% and 11.6% in postmenopausal

women according to the AHA/NHLBI definition and the

IDF definition, respectively. After multivariate adjustment,

femoral neck BMD was significantly lower in subjects with

MS regardless of diagnostic criteria. BMD decreased as the

number of MS components increased (P \ 0.001 for trends

in both sexes). Among MS components, waist circumfer-

ence was the most important factor in this negative asso-

ciation. When multiple linear regression models were

applied to each 5-kg weight stratum to test for a linear

trend, waist circumference and fat mass were negatively

associated with BMD and lean mass was positively asso-

ciated with BMD in men but not in women. MS was

associated with a lower BMD in Korean men and post-

menopausal women, suggesting that visceral fat may lead

to bone loss, especially in men.

Keywords Bone mineral density � Metabolic syndrome �
Visceral fat

Introduction

Atherosclerotic cardiovascular disease and osteoporosis are

major contributors to morbidity and mortality among the

elderly. Several studies have demonstrated that men and

women with osteoporosis or higher bone resorption have a

higher risk of cardiovascular disease [1–4]. This is thought

to result from the common risk factors and pathophysio-

logic mechanisms between these two diseases, such as

smoking, sedentary lifestyle, sex hormone deficiency, low-

grade inflammation, and increased oxidative stress [5–8];

but the exact nature of the relationship between osteopo-

rosis and cardiovascular disease remains unclear.
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Metabolic syndrome (MS) is defined as a cluster of risk

factors for atherosclerosis, including abdominal obesity,

glucose intolerance, hypertension, and dyslipidemia. There-

fore, establishment of the exact relationship between MS and

osteoporosis would help to understand the role of common

risk factors in the link between atherosclerosis and osteo-

porosis. The association between each component of MS and

osteoporosis has been extensively studied, but the results of

these studies have been inconsistent. Obesity is the strongest

predictor of BMD in both men and women; however, studies

of the association between abdominal obesity and bone

mineral density (BMD) have been contradictory. Despite the

high risk of fracture among type 2 diabetic women, hyper-

insulinemia accompanied by MS increases BMD. Studies of

the relationships between BMD and high triglyceride levels,

low high-density lipoprotein (HDL) cholesterol levels, and

hypertension have also been contradictory.

Studies on the combined effects of MS on BMD are

extremely rare, and their results have been inconsistent. A

study conducted in the United States found that femoral neck

BMD was higher among subjects with MS after adjustment

for age, sex, and other covariates [9]. Another prospective

study showed that MS reduced the risk of nonvertebral

fractures, although the authors did not measure BMD [10]. In

contrast, men with MS had lower BMDs in the Rancho

Bernardo Study after adjustment for body mass index (BMI)

[11], and a recent study reported that women with MS also

had lower BMDs [12]. Differences in the characteristics of

the studied subjects (e.g., sex, age, and degree of obesity)

may contribute to these conflicting results. Analytical

methods also varied as some studies adjusted for BMI [9–11]

and others adjusted for weight [12]. In addition, ethnic dif-

ferences may influence the results. The capacity of insulin

secretion and the distribution of body fat differ in Asians and

Caucasians [13]. Asians are more prone than Caucasians to

develop abdominal obesity and insulin resistance, despite

similar rates of general obesity [14]. We performed a cross-

sectional study to assess whether MS is associated with BMD

in Korean adults. Furthermore, we attempted to determine

which component of MS was the most important factor in the

relationship between MS and osteoporosis.

Subjects and Methods

Subjects

The study population consisted of men older than 40 years

and postmenopausal women whose BMD was measured at

the Health Promotion Center of Asan Medical Center

(Seoul, Korea) between January 2005 and December 2006.

All subjects visited our hospital for a routine health

examination spontaneously. The Health Promotion Center

is located in an urban area and open for everybody. Sub-

jects completed a questionnaire to determine their smoking

habits (current, past, or never), alcohol intake (units per

week), dairy product consumption (frequency per week),

physical exercise (more or less than three times per week),

medication history, and history of previous medical or

surgical diseases. Education was assessed by highest grade

of school completed, and income was assessed by house-

hold income. Korean census data (2005 census) were used

to investigate the average household income.

Postmenopausal status was defined as cessation of

menses for at least 1 year, which was confirmed by a serum

follicle-stimulating hormone concentration [30 IU/L.

Women were excluded if any information about meno-

pausal history was missing or if the subject had undergone

a hysterectomy prior to natural menopause.

Subjects were excluded from the study if they had taken

drugs (e.g., vitamin D, bisphosphonate, glucocorticoid, and

hormone-replacement therapy) that could affect bone

metabolism for more than 6 months or within the previous

12 months, if they had a disease that could affect bone

metabolism (e.g., malignancy, thyroid disease, infection,

and chronic inflammatory diseases), or if they had suffered

a stroke or dementia that limited their physical activity. In

addition, subjects were excluded if they had abnormal

findings on complete blood counts; tests of liver, kidney

and thyroid function; or serum concentrations of calcium,

phosphorus, and alkaline phosphatase (ALP).

The study protocol was approved by the Ethics Com-

mittee of Asan Medical Center.

Metabolic Syndrome

MS was defined according to two criteria. Abdominal

obesity was redefined on the basis of an Asian-specific cut-

off point in both criteria.

According to the American Heart Association/National

Heart, Lung, and Blood Institute (AHA/NHLBI) definition,

subjects were considered to have MS if they had three or

more of the following abnormalities: abdominal obesity (i.e.,

waist circumference C 90 cm for men and C 80 cm for

women), hypertriglyceridemia C 150 mg/dL (1.7 mmol/

L), low HDL cholesterol (\40 mg/dL [1.0 mmol/L] for men

and \50 mg/dL [1.3 mmol/L] for women), high blood

pressure (C 130/85 mm Hg) or use of antihypertensive

medication, and high fasting glucose (C 100 mg/dL

[5.6 mmol/L]) or use of antidiabetic medication (e.g., insulin

or an oral agent) [15].

According to the International Diabetes Federation

(IDF) definition, for subjects to be defined as having the

MS they must meet three criteria: central obesity defined

with ethnicity-specific values (C 90 cm in men and

C 80 cm in women) plus any two of the following four
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factors: hypertriglyceridemia (150 mg/dL [1.7 mmol/L] or

specific treatment of this lipid abnormality), low HDL cho-

lesterol (\40 mg/dL [1.0 mmol/L] for men and \50 mg/dL

[1.3 mmol/L] for women or specific treatment), hyperten-

sion (C 130/85 mm Hg or previous treatment), and fasting

hyperglycemia (C 100 mg/dL [5.6 mmol/L] or treated dia-

betes) [16].

Anthropometric Measurement

The height and weight of each subject were measured to

the nearest 0.1 cm or 0.1 kg while subjects were wearing a

light robe and no shoes. BMI was calculated as weight (kg)

divided by height squared (m2). Waist circumference was

measured from the narrowest point between the lower

border of the rib cage and the iliac crest. Blood pressure

was measured in a sitting position at least two times after

10 min of relaxation.

Body composition was assessed via bioimpedance

analysis, using eight tractile electrodes according to the

manufacturer‘s instructions (Inbody 3.0; Biospace, Seoul,

Korea). Fat mass (kg) and lean mass (kg) were measured.

Previous studies indicated a high correlation (0.94)

between dual-energy X-ray absorptiometry (DXA) and the

multifrequency bioimpedance method [17, 18]. The within-

day precision of Inbody 3.0 was B 2.0%.

Biochemical Measurements

Morning blood samples were obtained after 12 h of fasting.

The glucose oxidase–peroxidase colorimetry method (200

FR Autoanalyzer; Toshiba Medical System, Tokyo, Japan)

was used to measure blood glucose levels. The intra- and

interassay coefficients of variation (CVs) for this analysis

were \2%.

An enzymatic colorimetric method was used to measure

total cholesterol and triglyceride levels. The intra- and in-

terassay CVs were 0.8–1.5% and 1.7–1.8%, respectively.

HDL cholesterol and low-density lipoprotein (LDL) cho-

lesterol levels were directly determined by a-cyclodextrin

and the non-ionic surfactant method. The intra- and inter-

assay CVs for these analyses were \5%.

Serum ALP concentration was measured at 37�C using

the Bowers and McComb method with AMP buffer. Serum

calcium was measured using the cresolphthalein com-

plexone method, and serum phosphorus was measured

using the phosphomolybdate ultraviolet method. The intra-

and interassay CVs for these analyses were \3.5%.

BMD Measurements

Areal BMD (g/cm2) was measured at the nondominant

femoral neck using DXA (Expert XL with software version

1.90; Lunar, Madison, WI), calibrated daily using a stan-

dard phantom provided by the manufacturer. The in vivo

precision of the machine was 1.12% for the femoral neck.

Analyses

All data are presented as means ± standard deviations

(SDs) or as numbers and percentages. The baseline char-

acteristics of controls and subjects with MS were compared

using Student’s t-test for continuous variables and Pear-

son’s v2 test for categorical variables.

Correlation analyses of BMD with known BMD

covariates were performed with Pearson’s correlation

analyses. Analysis of covariance (ANCOVA) was used to

compare the BMD levels of subjects with and without MS

at the femoral neck after adjusting for significant BMD

covariates including age, height, weight, current smoking

status, and physical exercise. BMDs were compared

according to the number of MS components present.

Multiple regression models were used to examine the

relationship between BMD and each component of MS.

Age, weight, height, current smoking status, and frequency

of physical activity were included with the Enter method

and the components of MS were included with the Stepwise

method as continuous variables. The collinearity diagnos-

tics method was used to avoid the problem of collinearity.

To assess the effects of abdominal obesity on BMD

independently from the effects of body weight, BMD was

plotted against the quartile of waist circumference, fat

mass, and lean mass in 5-kg strata of weight. For maximal

statistical power, only strata with [100 persons were

included. Multiple linear regression models adjusted for

age, height, current smoking, and physical exercise were

used in each stratum to test for a linear trend in the rela-

tionship BMD with waist circumference, fat mass, and lean

mass.

All statistical tests were two-tailed, and statistical sig-

nificance was defined as P \ 0.05. The SPSS software

package version 10.0 (SPSS, Inc., Chicago, IL) was used

for all analyses.

Results

Among the 4,601 participants whose BMD was measured

in the health examination, 2,888 (1,108 postmenopausal

women and 1,780 men [40 years old) were deemed eli-

gible for and included in the study. The baseline charac-

teristics of subjects are presented in Table 1.

Men over 40 years were younger and had greater BMI,

lean mass, waist circumference, and serum concentrations

of fasting glucose and triglycerides. On average, men had

more years of education and higher income than women.
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The prevalence of MS was 19.8% in men and 20.8% in

postmenopausal women according to the AHA/NHLBI

definition and 7.7% in men and 11.6% in postmenopausal

women according to the IDF definition. Compared with

subjects without MS, those with MS were older and had

greater weight, BMI, fat mass, lean mass, waist circum-

ference, blood pressure, and serum concentrations of fast-

ing glucose and triglycerides, while they had lower serum

HDL cholesterol concentrations. Serum concentrations of

corrected calcium were similar except in men with MS

according to the IDF definition, and phosphorus was lower

in subjects with MS. Serum ALP activity was higher only

in postmenopausal women with MS. There were no sig-

nificant differences in smoking status and exercise habits

between the two groups (Table 2).

When correlation analyses between femoral neck BMD

and the known BMD covariates were performed, weight

and physical exercise showed a positive correlation and age

and height showed a negative correlation with BMD in

both sexes. Smoking showed a negative correlation with

BMD only in men (Table 3). When we performed multiple

regression analysis, femoral neck BMD was associated

with age, weight, height, physical exercise, and smoking

independently (data not shown).

Table 4 shows the adjusted femoral neck BMD values in

men and postmenopausal women with and without MS.

When we used the IDF criteria, age-adjusted BMD values

were decreased in men. According to the AHA/NHLBI

criteria, the BMD values were similar in groups with and

without MS in an age-adjusted model. However, after

adjustment for body weight, the BMD values were signif-

icantly lower in subjects with MS regardless of diagnostic

criteria. The differences remained after all confounding

variables were taken into account. Figure 1 shows the

BMD values according to the number of MS components.

All adjusted femoral neck BMDs significantly decreased

with increasing MS components in both sexes (all

P \ 0.001 for trend).

Multiple regression analyses were performed to examine

the association of each component of MS with femoral

neck BMD after adjusting for confounding variables. To

avoid the problem of collinearity, we performed collin-

earity diagnostics in the SPSS program. The tolerance of

all variables was [0.1 and the variance inflation factor

(VIF) was \10. As shown in Table 5, waist circumference

showed an independent negative association with BMD

values in both sexes. Serum triglyceride concentration was

negatively associated with BMD in postmenopausal

women. There were no significant associations between

other components (i.e., systolic blood pressure and serum

concentrations of fasting glucose and HDL cholesterol).

We further investigated the relationship between body

composition and BMD in subjects matched by body

weight. We divided the subjects into 5-kg strata according

to body weight. Six strata for men (55.0–84.9 kg) and five

strata for postmenopausal women (45.0–69.9 kg) were

identified, with each stratum having more than 100 sub-

jects. For each stratum, we stratified each component—fat

mass, lean mass, and waist circumference—into quartiles.

Among the components, waist circumference exhibited

significantly negative associations in all strata of men

(Fig. 2a) and in one stratum of women (Fig. 2b). In addi-

tion, fat mass showed a negative association in three strata

of men (Fig. 2c), and lean mass showed a positive asso-

ciation in four strata of men (Fig. 2e). In women, we did

not observe a significant relationship between fat mass and

lean mass with BMD (Fig. 2d, f).

Discussion

The present study demonstrated that men over 40 years and

postmenopausal women with MS have significantly lower

BMD after adjusting for confounding variables. Further-

more, our findings reveal that BMD decreased with

Table 1 Baseline characteristics of subjects

Men

(C40 years)

Postmenopausal

women

Age (years) 55.7 ± 8.1 57.1 ± 6.7

Weight (kg) 70.1 ± 8.7 57.7 ± 7.4

Height (cm) 169.0 ± 5.8 155.8 ± 5.2

BMI (kg/m2) 24.5 ± 2.5 23.8 ± 2.9

Fat mass (kg) 14.0 ± 4.1 16.5 ± 4.8

Lean mass (kg) 56.1 ± 6.1 41.2 ± 4.0

Waist circumference (cm) 90.9 ± 14.2 85.5 ± 18.0

SBP (mm Hg) 123.0 ± 14.5 122.1 ± 16.5

DBP (mm Hg) 76.8 ± 8.6 76.0 ± 9.5

Glucose (mmol/L) 5.8 ± 1.3 5.4 ± 1.0

Cholesterol (mmol/L) 4.9 ± 0.8 5.2 ± 0.9

Triglyceride (mmol/L) 1.6 ± 0.9 1.4 ± 0.8

HDL cholesterol (mmol/L) 1.4 ± 0.3 1.6 ± 0.4

LDL cholesterol (mmol/L) 3.2 ± 0.7 3.4 ± 0.8

Corrected calcium (mmol/L) 0.2 ± 0.0 0.2 ± 0.0

Phosphorus (mmol/L) 1.2 ± 0.1 1.4 ± 0.1

ALP (ukat/L) 1.1 ± 0.2 1.3 ± 0.3

%

Current smoker 32.0 2.8

Exercise [3/week 53.6 47.1

Less than high school 15.6 41.5

Less than average income 18.9 51.1

Values are presented as mean ± SD. SBP systolic blood pressure,

DBP diastolic blood pressure
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increasing numbers of MS components. Both body weight

and BMI are strong protective factors for bone loss. BMI,

an index of generalized obesity, can be regarded as one

component of MS, whereas body weight is a principal

factor that reflects mechanical loading. Therefore, our data

were adjusted for body weight rather than BMI. In addi-

tion, waist circumference was the most important factor

underlying this negative association. The association was

particularly noted in men in all subgroups divided by 5-kg

weight strata, further demonstrating its independence from

body weight.

Our data showed that femoral neck BMD decreased in

men over 40 years and postmenopausal women with MS

after adjusting for body weight or all confounders. In the

age-adjusted model, there was a difference between the

diagnostic criteria. According to IDF criteria, all subjects

with MS had abdominal obesity. Men over 40 years with

MS according to IDF criteria had lower femoral neck BMD

in the age-adjusted model. These findings are consistent

with other studies of Asian populations. Although the

mechanism underlying this relationship is not clear, the

finding that waist circumference is a major contributor to

this association suggests that visceral fat may be harmful to

bone. The negative association between fat mass and BMD

further supports this hypothesis, especially in men, con-

sistent with other studies [19, 20]. It has been widely

accepted that visceral fat is not only specialized with

regard to the storage and mobilization of lipids but also a

remarkable endocrine organ that releases adipokines and

cytokines, including proinflammatory molecules such as

Table 3 Correlation analysis between femoral neck BMD and clin-

ical profiles

Clinical

profiles

Men (C40 years) Postmenopausal women

Pearson

correlation

P Pearson

correlation

P

Age (years) -0.16 \0.001 -0.35 \0.001

Weight (kg) 0.31 \0.001 0.23 \0.001

Height (cm) 0.15 \0.001 0.25 \0.001

Smoking -0.05 0.050 0.03 0.420

Alcohol 0.00 0.883 0.03 0.637

Exercise 0.06 0.011 0.10 0.002

Dairy product -0.02 0.620 0.03 0.334

Table 4 Mean BMD by MS status

Men (C40 years) Postmenopausal women

Without MS MS P Without MS MS P

AHA/NHLBI criteria

Crude 0.834 ± 0.004 0.826 ± 0.007 0.394 0.726 ± 0.004 0.689 ± 0.008 \0.001

Age-adjusted 0.833 ± 0.004 0.829 ± 0.007 0.682 0.721 ± 0.004 0.708 ± 0.008 0.152

Age- and weight-adjusted 0.837 ± 0.004 0.812 ± 0.007 0.002 0.726 ± 0.004 0.691 ± 0.008 \0.001

All adjusteda 0.839 ± 0.004 0.813 ± 0.008 0.002 0.721 ± 0.004 0.684 ± 0.008 \0.001

IDF criteria

Crude 0.835 ± 0.003 0.792 ± 0.012 \0.001 0.723 ± 0.004 0.685 ± 0.011 0.001

Age-adjusted 0.835 ± 0.003 0.794 ± 0.012 0.001 0.720 ± 0.004 0.708 ± 0.010 0.281

Age- and weight-adjusted 0.837 ± 0.003 0.773 ± 0.011 \0.001 0.724 ± 0.004 0.679 ± 0.010 \0.001

All adjusteda 0.839 ± 0.003 0.766 ± 0.012 \0.001 0.719 ± 0.004 0.675 ± 0.011 \0.001

Values are presented as mean ± SD
a Adjusted for age, weight, height, current smoking, and physical exercise

Fig. 1 Femoral neck BMD for subjects with different numbers of

components of MS. Femoral neck BMD adjusted for age, weight,

height, current smoking, and physical exercise. 1, no component; 2,

two or fewer components; 3, three to five components
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IL-6 and TNF-a [21, 22]. Many studies have shown that

inflammatory cytokines play an important role in osteo-

clastic bone resorption and in the pathogenesis of osteo-

porosis [23–26]. The production of IL-1, IL-6, and/or TNF-

a is positively correlated with bone loss in healthy pre-

menopausal [27] and/or postmenopausal [7, 28, 29]

women. Thus, it is feasible that low-grade inflammation

derived by visceral adiposity in MS patients may be

associated with bone loss, aside from the protective effects

of general obesity.

General obesity and body weight are the strongest pro-

tectors against bone loss [10]. Our data suggest that lean

mass size may explain this effect, especially in men.

Increased lean mass exerts mechanistic stimuli on bone,

resulting in the stimulation of bone formation. In reverse,

increased lean mass may occur as a result of exercise.

However, we did not observe any trends between fat mass/

lean mass and BMD in postmenopausal women. This

inconsistency may reflect sexual differences in the distri-

bution of abdominal adipose tissue. Previous studies have

reported that, for a given waist circumference, men have

significantly higher amounts of visceral fat than do women

[30–32]. In fact, our male subjects had higher waist cir-

cumferences. In addition, men in our study had higher lean

mass than postmenopausal women. Therefore, the effects

of visceral adiposity and lean mass on BMD may be

emphasized in men.

We obtained some contradictory results regarding the

association of MS and its components with bone. The

negative association between MS and BMD noted in this

study differs from the results of studies in Caucasians

[9, 10], perhaps because the effects of abdominal obesity or

visceral adiposity are reinforced in Koreans. Visceral adi-

posity has been linked to reduced bone mass [33], and

Asians have more visceral adiposity than do Caucasians,

despite a similar rate of general obesity [13, 14]. Therefore,

general obesity and body weight, the strongest protective

factors of bone loss [10], may exert a greater influence on

Caucasians with MS, whereas Asians with MS may be

more influenced by visceral adiposity. In relation to other

components of MS—blood pressure, serum concentrations

of glucose, triglyceride, and HDL cholesterol—there have

been many conflicting results [11, 33–36]. In our study,

triglyceride levels were negatively associated with femoral

neck BMD only in postmenopausal women, and we did not

observe a significant relationship between other compo-

nents and femoral neck BMD. Our results suggest that MS

components except waist circumference may not be an

important factor for BMD.

Several potential limitations should be considered in the

interpretation of our data. First, our study population was

restricted to persons who underwent a private health

examination in a university hospital. These subjects may

not be representative of the general population, possibly

contributing to selection bias. To minimize the possibility

of bias, we applied strict exclusion criteria based on

medical history and routine lab findings. Second, we used

waist circumference as a surrogate for visceral obesity

instead of directly measuring visceral fat. For a given waist

circumference, body fat distribution differs significantly

according to gender, menopausal status, and age. Subcu-

taneous fat is more common than abdominal visceral fat

[37], particularly in premenopausal women; thus, waist

circumferences may overestimate visceral obesity. How-

ever, a curvilinear relationship between waist circumfer-

ence and visceral fat has been reported in older men and

women [31]. Therefore, it is preferable to use waist cir-

cumference to evaluate visceral obesity in postmenopausal

women and men older than 40 years. Third, we analyzed

only femoral neck BMD. We do not have results for tro-

chanter, total hip, and nonfemoral bone. It is possible that

the effects of MS on BMD vary by anatomic site. Finally,

because this was cross-sectional study, we could assess

only the temporal relationship between MS and femoral

neck BMD. Further prospective studies should be per-

formed to determine a causal relationship between these

variables.

In summary, our findings reveal that healthy Korean

men older than 40 years and postmenopausal women with

MS had lower BMD after adjusting for body weight. Waist

circumference is the most important factor in this associ-

ation, suggesting that inflammatory cytokines secreted

from visceral fat might be an important factor in bone loss.

Table 5 Multiple linear regression between femoral neck BMD and

each MS component

Men (C40 years) Postmenopausal women

Standardized ß P Standardized ß P

Age (years) -0.085 \0.001 -0.349 \0.001

Height (cm) -0.122 \0.001 0.000 0.990

Weight (kg) 0.480 \0.001 0.324 \0.001

Current smoking -0.043 0.060 -0.022 0.450

Physical exercise 0.048 0.040 0.097 0.001

Waist

circumference

-0.250 \0.001 -0.138 \0.001

SBP 0.020 0.410 0.019 0.550

Glucose 0.043 0.060 -0.037 0.220

Triglyceride -0.033 0.170 -0.097 0.001

HDL cholesterol 0.032 0.180 0.058 0.100

SBP systolic blood pressure

356 H. Y. Kim et al.: Metabolic Syndrome and BMD in Koreans

123



Acknowledgements This work was supported by funding from

Novartis as well as grants from the Korea Healthcare Technology

R&D Project and the Ministry for Health, Welfare, and Family

Affairs, Republic of Korea (project A080256).

References

1. Schulz E, Arfai K, Liu X, Sayre J, Gilsanz V (2004) Aortic

calcification and the risk of osteoporosis and fractures. J Clin

Endocrinol Metab 89:4246–4253

2. Samelson EJ, Kiel DP, Broe KE, Zhang Y, Cupples LA, Hannan

MT, Wilson PW, Levy D, Williams SA, Vaccarino V (2004)

Metacarpal cortical area and risk of coronary heart disease: the

Framingham Study. Am J Epidemiol 159:589–595

3. Tanko LB, Christiansen C, Cox DA, Geiger MJ, McNabb MA,

Cummings SR (2005) Relationship between osteoporosis and

cardiovascular disease in postmenopausal women. J Bone Miner

Res 20:1912–1920

4. Szulc P, Samelson EJ, Kiel DP, Delmas PD (2009) Increased

bone resorption is associated with increased risk of cardiovas-

cular events in men—the MINOS Study. J Bone Miner Res

24:2023–2031

5. Szulc P, Garnero P, Claustrat B, Marchand F, Duboeuf F, Delmas

PD (2002) Increased bone resorption in moderate smokers with

low body weight: the Minos study. J Clin Endocrinol Metab

87:666–674

6. Fink HA, Ewing SK, Ensrud KE, Barrett-Connor E, Taylor BC,

Cauley JA, Orwoll ES (2006) Association of testosterone and

estradiol deficiency with osteoporosis and rapid bone loss in older

men. J Clin Endocrinol Metab 91:3908–3915

7. Ding C, Parameswaran V, Udayan R, Burgess J, Jones G (2008)

Circulating levels of inflammatory markers predict change in

bone mineral density and resorption in older adults: a longitudinal

study. J Clin Endocrinol Metab 93:1952–1958

Fig. 2 Mean femoral neck

BMD by quartile of waist

circumference (a, b), fat mass

(c, d), and lean mass (e, f) in 5-

kg strata of body weight in men

and postmenopausal women.

Femoral neck BMD adjusted for

age, height, current smoking,

and physical exercise

H. Y. Kim et al.: Metabolic Syndrome and BMD in Koreans 357

123



8. Almeida M, Han L, Martin-Millan M, Plotkin LI, Stewart SA,

Roberson PK, Kousteni S, O’Brien CA, Bellido T, Parfitt AM,

Weinstein RS, Jilka RL, Manolagas SC (2007) Skeletal involu-

tion by age-associated oxidative stress and its acceleration by loss

of sex steroids. J Biol Chem 282:27285–27297

9. Kinjo M, Setoguchi S, Solomon DH (2007) Bone mineral density

in adults with the metabolic syndrome: analysis in a population-

based U.S. sample. J Clin Endocrinol Metab 92:4161–4164

10. Ahmed LA, Schirmer H, Berntsen GK, Fonnebo V, Joakimsen

RM (2006) Features of the metabolic syndrome and the risk of

non-vertebral fractures: the Tromso study. Osteoporos Int

17:426–432

11. von Muhlen D, Safii S, Jassal SK, Svartberg J, Barrett-Connor E

(2007) Associations between the metabolic syndrome and bone

health in older men and women: the Rancho Bernardo Study.

Osteoporos Int 18:1337–1344

12. Hwang DK, Choi HJ (2010) The relationship between low bone

mass and metabolic syndrome in Korean women. Osteoporos Int

21:425–431

13. Fujimoto WY (1996) Overview of non-insulin-dependent diabe-

tes mellitus (NIDDM) in different population groups. Diabet Med

13:S7–S10

14. Abate N, Chandalia M (2003) The impact of ethnicity on type 2

diabetes. J Diabetes Complications 17:39–58

15. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH,

Franklin BA, Gordon DJ, Krauss RM, Savage PJ, Smith SC Jr,

Spertus JA, Costa F (2005) Diagnosis and management of the

metabolic syndrome: an American Heart Association/National

Heart, Lung, and Blood Institute Scientific Statement. Circulation

112:2735–2752

16. Alberti KG, Zimmet P, Shaw J (2005) The metabolic syndrome—

a new worldwide definition. Lancet 366:1059–1062

17. Jukka AS (2003) Body composition assessment with segmental

multifrequency bioimpedance method. J Sports Sci Med 2(suppl

3):1–29

18. Malavolti M, Mussi C, Poli M, Fantuzzi AL, Salvioli G, Battistini

N, Bedogni G (2003) Cross-calibration of eight-polar bioelectri-

cal impedance analysis versus dual-energy X-ray absorptiometry

for the assessment of total and appendicular body composition in

healthy subjects aged 21–82 years. Ann Hum Biol 30:380–391

19. Zhao LJ, Liu YJ, Liu PY, Hamilton J, Recker RR, Deng HW

(2007) Relationship of obesity with osteoporosis. J Clin Endo-

crinol Metab 92:1640–1646

20. Hsu YH, Venners SA, Terwedow HA, Feng Y, Niu T, Li Z, Laird

N, Brain JD, Cummings SR, Bouxsein ML, Rosen CJ, Xu X

(2006) Relation of body composition, fat mass, and serum lipids

to osteoporotic fractures and bone mineral density in Chinese

men and women. Am J Clin Nutr 83:146–154

21. Kern PA, Ranganathan S, Li C, Wood L, Ranganathan G (2001)

Adipose tissue tumor necrosis factor and interleukin-6 expression

in human obesity and insulin resistance. Am J Physiol Endocrinol

Metab 280:E745–E751

22. Berg AH, Scherer PE (2005) Adipose tissue, inflammation, and

cardiovascular disease. Circ Res 96:939–949

23. Jilka RL, Hangoc G, Girasole G, Passeri G, Williams DC, Ab-

rams JS, Boyce B, Broxmeyer H, Manolagas SC (1992) Increased

osteoclast development after estrogen loss: mediation by inter-

leukin-6. Science 257:88–91

24. Manolagas SC, Jilka RL (1995) Bone marrow, cytokines, and

bone remodeling. Emerging insights into the pathophysiology of

osteoporosis. N Engl J Med 332:305–311

25. Nanes MS (2003) Tumor necrosis factor-alpha: molecular and

cellular mechanisms in skeletal pathology. Gene 321:1–15

26. Bertolini DR, Nedwin GE, Bringman TS, Smith DD, Mundy GR

(1986) Stimulation of bone resorption and inhibition of bone

formation in vitro by human tumour necrosis factors. Nature

319:516–518

27. Salamone LM, Whiteside T, Friberg D, Epstein RS, Kuller LH,

Cauley JA (1998) Cytokine production and bone mineral density

at the lumbar spine and femoral neck in premenopausal women.

Calcif Tissue Int 63:466–470

28. Cohen-Solal ME, Graulet AM, Denne MA, Gueris J, Baylink D,

de Vernejoul MC (1993) Peripheral monocyte culture superna-

tants of menopausal women can induce bone resorption:

involvement of cytokines. J Clin Endocrinol Metab 77:1648–1653

29. Scheidt-Nave C, Bismar H, Leidig-Bruckner G, Woitge H, Seibel

MJ, Ziegler R, Pfeilschifter J (2001) Serum interleukin 6 is a

major predictor of bone loss in women specific to the first decade

past menopause. J Clin Endocrinol Metab 86:2032–2042

30. Kuk JL, Lee S, Heymsfield SB, Ross R (2005) Waist circum-

ference and abdominal adipose tissue distribution: influence of

age and sex. Am J Clin Nutr 81:1330–1334

31. Schreiner PJ, Terry JG, Evans GW, Hinson WH, Crouse JR 3rd,

Heiss G (1996) Sex-specific associations of magnetic resonance

imaging-derived intra-abdominal and subcutaneous fat areas with

conventional anthropometric indices. The Atherosclerosis Risk in

Communities Study. Am J Epidemiol 144:335–345

32. Lemieux S, Prud’homme D, Bouchard C, Tremblay A, Despres

JP (1993) Sex differences in the relation of visceral adipose tissue

accumulation to total body fatness. Am J Clin Nutr 58:463–467

33. Jankowska EA, Rogucka E, Medras M (2001) Are general

obesity and visceral adiposity in men linked to reduced bone

mineral content resulting from normal ageing? A population-

based study. Andrologia 33:384–389

34. Cui LH, Shin MH, Kweon SS, Park KS, Lee YH, Chung EK,

Nam HS, Choi JS (2007) Relative contribution of body compo-

sition to bone mineral density at different sites in men and women

of South Korea. J Bone Miner Metab 25:165–171

35. Blaauw R, Albertse EC, Hough S (1996) Body fat distribution as

a risk factor for osteoporosis. S Afr Med J 86:1081–1084

36. Hanley DA, Brown JP, Tenenhouse A, Olszynski WP, Ioannidis

G, Berger C, Prior JC, Pickard L, Murray TM, Anastassiades T,

Kirkland S, Joyce C, Joseph L, Papaioannou A, Jackson SA,

Poliquin S, Adachi JD (2003) Associations among disease con-

ditions, bone mineral density, and prevalent vertebral deformities

in men and women 50 years of age and older: cross-sectional

results from the Canadian Multicentre Osteoporosis Study. J

Bone Miner Res 18:784–790

37. Enzi G, Gasparo M, Biondetti PR, Fiore D, Semisa M, Zurlo F

(1986) Subcutaneous and visceral fat distribution according to

sex, age, and overweight, evaluated by computed tomography.

Am J Clin Nutr 44:739–746

358 H. Y. Kim et al.: Metabolic Syndrome and BMD in Koreans

123


	Negative Association between Metabolic Syndrome and Bone Mineral Density in Koreans, Especially in Men
	Abstract
	Introduction
	Subjects and Methods
	Subjects
	Metabolic Syndrome
	Anthropometric Measurement
	Biochemical Measurements
	BMD Measurements
	Analyses

	Results
	Discussion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


