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a  b  s  t  r  a  c  t

Objective:  The  purpose  of this  study  is  to  investigate  the  relationship  between  sex  hormones  and  metabolic
syndrome  independent  of  age  and  BMI  in  Korean  men.
Study  design:  We  conducted  a  cross-sectional  study  with  data  from  a  health  promotion  center  during  the
period  from  March  2007  to  February  2010.  2172  Korean  men  aged  21–79  were  enrolled.  Total  testos-
terone,  sex  hormone-binding  globulin  (SHBG),  high  density  lipoprotein  (HDL)  cholesterol,  triglyceride
(TG),  and  glucose  were  assessed  with  overnight  fasting  serum  samples.
Main  outcome  measures:  Sex  hormones  were  divided  into  quartiles;  odds  ratios  for  metabolic  syndrome
and each  component  were  analyzed.
Results:  Total  testosterone  showed  negative  associations  with  waist  circumference  (WC),  fasting  glucose,
TG, blood  pressure  and  body  mass  index  (BMI),  and a positive  relationship  with  HDL  cholesterol  (P  for
trend  <0.001,  respectively).  SHBG  was  negatively  associated  with  WC, fasting  glucose,  TG,  and  BMI,  and
positively  associated  with  total  testosterone  and  age.  Comparing  with  the  highest  quartile,  odds  ratios
of lowest  quartile  of total  testosterone  and  SHBG  for metabolic  syndrome  were  3.01  (95%  CI,  2.11–4.28)
and  6.34  (95%  CI,  2.29–17.58),  respectively,  after  adjusting  for age,  smoking  status,  alcohol  intake,  exer-
cise,  and  BMI.  Total  testosterone  was  significantly  associated  with  each  metabolic  component  and  SHBG
was associated  with  glucose  and  TG  after  adjustment  for age,  smoking  status,  alcohol  intake,  and  BMI.
Calculated  free  testosterone  had  no  significant  relationship  with  metabolic  syndrome  or  its  components.
Conclusion:  Total  testosterone  and  SHBG  are  negatively  associated  with  prevalence  of  metabolic  syndrome
independent  of  age  and  BMI  in Korean  men.

© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The prevalence of metabolic syndrome has been increasing in
many countries. In the U.S., the prevalence of metabolic syndrome
increased from 29.2 to 34.2% according to data comparing the Third
National Health and Nutrition Examination Survey (NHANES III,
1988–1994) with NHANES 1999–2006 [1].  Data from Asian-Pacific
countries showed increasing prevalence of metabolic syndrome [2].
In accordance with data from other countries, the prevalence of
metabolic syndrome in Korea has been increasing from 24.9% in
1998 to 31.3% in 2007 [3].

The close relationship of low total testosterone and sex
hormone-binding globulin (SHBG) levels with metabolic syndrome
has been founded in both cross-sectional studies [4,5] and longi-
tudinal studies [6,7]. Low total testosterone was associated with
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an increased risk of developing metabolic syndrome over time, in
non-overweight, middle-aged men  [8].  These studies led to clinical
implications that low sex hormone levels might be a risk factor for
metabolic syndrome.

It is well-known that low levels of total testosterone and SHBG
increase insulin resistance [9].  Inversely, high testosterone level
is independently associated with an increased insulin sensitivity
and a reduced risk of metabolic syndrome [4].  Recent studies have
showed that low testosterone and SHBG were strongly associated
with an increased likelihood of metabolic syndrome, independent
of traditional cardiovascular risk factors and insulin resistance
[10,11].

Total testosterone refers to the sum of SHBG-bound testosterone
with low affinity, albumin-bound testosterone with high affinity,
and free testosterone. However, it is not clear which component
of testosterone has a primary role for development of metabolic
syndrome. The association of free testosterone and metabolic syn-
drome has been inconsistent, whereas SHBG has demonstrated a
constant inverse relationship with metabolic syndrome [4,6,7,10].
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Many studies on sex hormones and metabolic syndrome have
been performed throughout the world, but relatively a few studies
have been conducted involving Asian subjects [11–13].  Definition
of metabolic syndrome for Asians differs from that of Caucasians
as cutoff points for central obesity is different [14]. The aim of
this large-scale cross-sectional study is to assess the significance
of sex hormones in relation to metabolic syndrome among healthy
Korean men.

2. Methods

2.1. Subjects

This study was a cross-sectional, single center study of 2874
men. We  reviewed data of subjects who visited Ajou University
Hospital during the period from March 2007 to February 2010
for their routine medical examination. Among these, men  who
were already receiving testosterone replacement therapy, or cor-
ticosteroid, had medical histories of malignancies or asthma, had
abnormal results of liver or thyroid function tests, and diagnosed
with liver cirrhosis were excluded. Participants with high testos-
terone above 35 nmol/L (age ≥50) and 45 nmol/L (age <50) were
excluded. Since routine examination was undertaken annually or
biannually, overlapped data were also excluded. The final analysis
for the study was performed in 2172 men. The present study was
approved by Institutional Review Board of Ajou University Hospi-
tal (AJIRB-MED-MDB-11-386) and written informed consent was
obtained from each individual.

2.2. Anthropometry and data collection

Current and past medical conditions were obtained from
self-report questionnaires. Height and weight (0.1 kg units) mea-
surements were taken with light clothes on. BMI  was  calculated
with measured height and weight (kg/m2). Waist circumference
was measured at the central part between the 12th rib and iliac
crest by trained personnel. Blood pressure was  measured after
10 min  of rest in a sitting position using an automatic sphygmo-
manometer (TM-2655P, P.M.S. (Instruments) Ltd., Berkshire, U.K.).
Overnight fasting blood samples were drawn from the antecu-
bital area. Glucose, triglyceride (TG), high density lipoprotein (HDL)
cholesterol were measured using an automatic analyzer (Toshiba
TBA 200FR, Toshiba Medical Systems Co. Ltd., Tokyo, Japan). Total
testosterone was measured by radioimmunoassay using Coat-a-
Count Total Testosterone (Siemens Healthcare Diagnostic Inc., NY,
USA). SHBG was determined by radioimmunoassay using SHBG
IRMA kit (Beckman Coulter Inc., CA, USA). Free testosterone was
calculated from serum total testosterone, SHBG and albumin con-
centrations using the method proposed by Vermeulen et al. [15].
Current smoker was defined as an individual who regularly smoked
at least one cigarette a day. Alcohol user included a social drinker
except a person who never drank in the past 3 months. Exercise
meant exercise was done at least once a week on a regular basis.

2.3. Metabolic syndrome

The definition of metabolic syndrome according to the National
Cholesterol Education Program Adult Treatment Panel III (ATP NCEP
III) criteria for Asians was defined as the presence of three of
more of the following: (1) waist circumference more than 90 cm;
(2) systolic blood pressure at least 130 mmHg  or diastolic blood
pressure at least 85 mmHg  or antihypertensive medication use;
(3) high-density lipoprotein cholesterol less than 40 mg/dl or lipid
medication use; (4) triglyceride more than 150 mg/dl; and (5)

Table 1
General characteristics of the study subjects.

Adult men  aged 21–79

n 2172
Age (years) 49.4 ± 8.8
Waist circumference (cm) 85.6 ± 7.6
Fasting glucose (mmol/L) 5.07 ± 1.32
Triglyceride (mmol/L) 1.52 ± 1.05
HDL cholesterol (mmol/L) 1.29 ± 0.30
Systolic blood pressure (mmHg) 121.5 ± 13.9
Diastolic blood pressure (mmHg) 81.6 ± 10.3
Body mass index (kg/m2) 24.5 ± 2.9
Total testosterone (nmol/L) 16.92 ± 5.30
SHBG (nmol/L)a 52.8 ± 19.3
Free testosterone (pmol/L)a 262.6 ± 80.3
Number of metabolic syndrome components 1.5 ± 1.2
Metabolic syndrome prevalence (%) 20.4
AST (U/L) 25.4 ± 9.1
ALT (U/L) 29.9 ± 15.7
Current smoker (%) 43.7
Alcohol use (%) 77.2
Exercise (%) 48.6

Data are mean ± standard deviation unless otherwise indicated. HDL: high density
lipoprotein; SHBG: sex hormone-binding globulin; AST: aspartate aminotrans-
ferase; ALT: alanine aminotransferase.

a n = 273.

elevated fasting blood glucose more than 110 mg/dl or taking hypo-
glycemic agents.

2.4. Statistical analysis

The values were expressed as mean ± standard deviation or %
for descriptive statistics. Mean differences of total testosterone
between metabolic syndrome group and reference group were
assessed with independent t-test. Testosterone, sex hormone-
binding globulin, and calculated free testosterone were divided into
quartiles; the divided groups were compared by ANOVA test. Dif-
ferent metabolic syndrome prevalence according to quartiles was
calculated by chi-square test considering linear by linear associa-
tion. The relationship between total testosterone, SHBG, calculated
free testosterone quartiles and metabolic syndrome were assessed
with logistic regression analysis after adjusting for age, BMI, smok-
ing status, alcohol intake, and exercise. OR and 95% CI were assessed
for metabolic syndrome and each metabolic syndrome component.
Statistical data were analyzed using SPSS for Windows version 18
(SPSS Inc., Chicago, IL, USA). A P-value <0.05 was considered signif-
icant.

3. Results

The mean age of the subjects was 49.4 ± 8.8 yr and the
prevalence of metabolic syndrome was 20.4%. The mean
total testosterone, SHBG, calculated free testosterone were
16.92 ± 5.30 nmol/L, 52.8 ± 19.3 nmol/L, 262.6 ± 80.3 pmol/L,
respectively (Table 1). The mean total testosterone of metabolic
syndrome group was lower than that of non-metabolic syndrome
group (15.22 ± 4.42 nmol/L vs. 17.36 ± 5.42 nmol/L, P < 0.001, data
not shown).

3.1. Parameters of metabolic syndrome according to sex hormone
quartiles

Total testosterone, SHBG, and calculated free testosterone were
divided into quartiles. Mean values of metabolic syndrome com-
ponents for each quartile are presented in Table 2. Mean values
of waist circumference, fasting glucose, TG, systolic/diastolic blood
pressure, BMI, and the number of metabolic syndrome components
decreased while HDL cholesterol increased significantly as total
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