
INTRODUCTION

Metabolic syndrome (MetS) is one of the most rel-
evant issues in public health as it is associated with a 

three-times increased risk of cardiovascular disease [1] 
and five-times increased risk of type 2 diabetes melli-
tus (DM) [2]. Globally, the prevalence of MetS has been 
increasing. In the United States, the overall preva-
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Purpose: We evaluated the associations of metabolic syndrome (MetS) and its components with testosterone levels in the Ko-
rean population.
Materials and Methods: This cross-sectional study was performed among 6,967 adult (age≥20 years) men who attended 
health screening during 2006 to 2015. MetS was defined using the National Cholesterol Education Program Adult Treatment 
Panel III criteria. Associations were evaluated using unconditional logistic regression.
Results: The estimated age-adjusted prevalence of MetS in adult and middle-aged (≥40 years) Korean men was 27.5% and 
30.6%, respectively. Quartile analysis showed that high serum testosterone levels were significantly associated with a low 
risk of MetS (highest vs. lowest quartile, odds ratio=0.528; ptrend<0.001), with an approximately 13% reduction in MetS risk 
per 1 ng/mL increment of serum testosterone levels. After considering covariates such as age and body mass index (BMI), the 
reduction in MetS risk was attenuated but remained significant (7% reduced risk per 1 ng/mL). Testosterone levels were in-
versely correlated with all MetS components, including hyperglycemia (r=-0.041), increased body size (r=-0.093), increased 
triglyceride levels (r=-0.090), decreased high-density lipoprotein cholesterol levels (r=-0.030), and elevated blood pressure 
(r=-0.071, all p<0.05). Among them, elevated triglyceride levels and blood pressure were independently associated with low 
serum testosterone levels, even after adjustment for age and BMI.
Conclusions: Serum testosterone levels were inversely associated with MetS in Korean men. This association was attenuated 
after adjustment for age and BMI but remained significant. Among MetS components, increased triglyceride levels and el-
evated blood pressure were independently associated with testosterone levels, regardless of obesity.
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lence of MetS increased from 27.9% to 34.1%, accord-
ing to data from the National Health and Nutrition 
Examination Survey (NHANES) III in 1988 to 1994 
and NHANES 1999 to 2006 [3]. More recently, MetS 
prevalence reached a peak of 36.1% in 2007 to 2008, 
and plateaued at 34.7% during 2011 to 2012, accord-
ing to data from the NHANES 2003 to 2012 [4]. These 
increasing trends are also evident in countries in the 
Asia-Pacific region [5]. Consistent with data from other 
countries, the Korean National Health and Nutrition 
Examination Survey (KHANES) in 1998 to 2007 also 
demonstrated increasing trends of the age-adjusted 
prevalence of MetS, from 24.9% to 31.3% [6]. Given its 
growing impact on public health, understanding the 
underlying mechanisms or drivers of MetS is becoming 
increasingly important.

In western populations, accumulating evidence shows 
that low testosterone levels are associated with insu-
lin resistance [7], type 2 DM [8], hypertension [9], and 
increased risk of cardiovascular disease [10]. Moreover, 
close relationships between low testosterone levels and 
MetS have been observed in western cross-sectional 
studies [11,12], and a longitudinal cohort study demon-
strated that low testosterone levels are responsible for 
higher risks of MetS [13,14]. 

Data showing an association between serum testos-
terone level and MetS or its components among Asian 
men are limited. Recently, a meta-analysis investigat-
ing the correlation between serum testosterone level 
and MetS, including 20 observational studies among 
9,525 men, showed that serum testosterone level has 
an inverse association with MetS risk; however, the 
associations of testosterone levels with MetS vary ac-
cording to body mass index (BMI) and individual MetS 
components [15]. Moreover, among the 20 eligible stud-
ies, only 2 were performed in Asian countries (Japan 
and China), and had small-sized populations (194 and 
307 participants, respectively) [16,17]. Hence, further 
evidence on the relationship between testosterone lev-
els and MetS or its components in Asian populations is 
needed. To elucidate these associations, we conducted a 
large-scale cross-sectional study among healthy Korean 
men who participated in a routine health check-up 
program.

MATERIALS AND METHODS

1. Ethical statements
The present study protocol was reviewed and ap-

proved by the Institutional Review Board of Asan Medi-
cal Center, Seoul, Korea (no. 2018-0157), which waived 
the requirement for informed consent because of the 
minimal risk of harm. All participants were anonymized 
before the analysis.

2. Study population
We obtained data from 17,153 healthy adult (age≥20 

years) men who attended the Health Screening and 
Promotion Center of Asan Medical Center for a rou-
tine health check-up between January 2006 and De-
cember 2015. Among them, 10,143 (59.1%) were excluded 
because their serum testosterone levels were not quan-
tified, and 43 (0.3%) were excluded because they had 
a past history of testosterone replacement therapy. 
Therefore, 6,967 men (40.6%) were enrolled in the final 
analysis.

3.  Measurements of metabolic risk factors 
and testosterone 

The health screening program provided by Asan Med-
ical Center has been described elsewhere [18]. Briefly, 
our health screening program routinely includes blood 
sampling and measurement of height, weight, waist cir-
cumference (WC), and blood pressure (BP). In this study, 
all participants were also requested to complete a ques-
tionnaire designed to assess comorbidities and current (or 
past) medications. Height, weight, and WC were mea-
sured using standard techniques, and BMI was calcu-
lated using the following equation: BMI (kg/m2)=weight 
(kg)/square of height (m2). BP was measured at least 
twice utilizing an automated electronic manometer 
(ACCUNIQ BP210; Selvas Healthcare, Daejeon, Korea). 
Blood samples were obtained using cubital vein punc-
ture in fasting state between 07:00 and 10:00 AM. Fast-
ing plasma glucose (FPG), serum cholesterol, triglyceride 
(TG), and high-density lipoprotein (HDL) levels were 
measured using enzymatic methods via a chemistry 
autoanalyzer (TBA-200FR; Toshiba, Tokyo, Japan). Se-
rum low-density lipoprotein (LDL) level was calculated 
using the following equation: LDL (mg/dL)=cholesterol 
(mg/dL)-(TG [mg/dL]/5)-HDL (mg/dL). The testosterone 
level was quantified on the date of sampling using a 
commercially available radioimmunoassay kit (TESTO-
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CT2; Cisbio Bioassays, Codolet, France).

4. Definition of metabolic syndrome
MetS was defined according to the 2005 revised Na-

tional Cholesterol Education Program Adult Treatment 
Panel III (NCEP-ATP III) criteria, proposed by the 
American Heart Association and the National Heart, 
Lung, and Blood Institute [19,20]. The diagnosis of MetS 
requires the presence of at least three of the following 
components: 1) hyperglycemia (FPG≥100 mg/dL or his-
tory of type 2 DM); 2) increased body size (WC≥90 cm 
for Asian men); 3) increased TG levels (TG≥150 mg/dL); 
4) decreased HDL cholesterol levels (HDL<40 mg/dL); 
and 5) elevated BP (systolic BP [sBP]≥130 mmHg, dia-
stolic BP [dBP]≥85 mmHg, or history of hypertension) 
[19,20].

5. Statistical analysis
We estimated the age-adjusted prevalence of MetS 

in the total population and among middle-aged Korean 
men (≥40 years) using data of the Korean Population 
Census 2010, provided by the Korea National Statis-
tical Office [21]. Clinical parameters were compared 
between men with and without MetS. Correlations 
between serum testosterone level and each component 
of MetS were analyzed using a Pearson’s correlation 
test. Associations between serum testosterone level and 
the number of MetS components were also evaluated 
in the same manner. Unconditional logistic regression 
was performed to estimate the odds ratios (ORs) and 
95% confidence intervals (CIs) for MetS, according to 
quartiles of serum testosterone levels. ORs with 95% 
CIs for each component of MetS were also estimated in 
a similar manner. Continuous parameters were com-
pared using the Mann–Whitney U-test. All tests were 

Table 1. Clinical characteristics of participants included in this study (n=6,967)

Characteristic Value

Demographic
    Age (y) 53.3±8.7/53.0 (48.0–59.0)
    Weight (kg) 71.7±9.8/71.2 (65.4–71.0)
    Height (cm) 170.0±6.4/170.0 (166.0–174.0)
    Waist circumference (WC; cm) 86.5±9.3/87.0 (82.0–91.5)
    Body mass index (kg/m2) 24.8±2.8/24.7 (23.0-26.4)
    Body fat percentage (%) 20.1±4.9/20.0 (17.0–23.1)
    Systolic blood pressure (sBP; mmHg) 122.2±14.1/121.0 (112.0–130.0)
    Diastolic blood pressure (dBP; mmHg) 78.1±10.1/78.0 (71.0-84.0)
    Fasting plasma glucose (FPG; mg/dL) 106.4±24.3/101.0 (94.0–110.0)
    Serum cholesterol (mg/dL) 194.2±34.8/193.0 (171.0–216.0)
    Serum triglyceride (TG; mg/dL) 143.8±90.9/122.0 (87.0-174.0)
    Serum low-density lipoprotein (mg/dL) 123.6±30.5/123.0 (103.0–143.0)
    Serum high-density lipoprotein (HDL; mg/dL) 51.4±12.4/50.0 (43.0–58.0)
    Testosterone (ng/mL) 4.5±1.8/4.2 (3.2–5.4)
Past medical history 
    Hypertension (HTN) 1,730 (24.8)
    Diabetes mellitus (DM) 640 (9.2)
    Dyslipidemia 1,216 (17.5)
Components of metabolic syndrome
    Hyperglycemia (FPG≥100 mg/dL or type 2 DM) 3,795 (54.5)
    Increased body size (WC≥90 cm) 2,371 (34.0)
    Increased triglyceride (TG≥150 mg/dL) 2,428 (34.9)
    Decreased HDL cholesterol (HDL<40 mg/dL) 1,079 (15.5)
    Elevated blood pressure (sBP≥130 mmHg, dBP≥85 mmHg, or HTN) 3,067 (44.0)
Prevalence of metabolic syndrome
    ≥3 of 5 components  2,098 (30.1)

Values are presented as mean±standard deviation/median (interquartile range) or number (%)
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two-tailed with a significance level of 0.05. All statisti-
cal analyses were performed using IBM SPSS® ver. 21.0 
(IBM Corp., Armonk, NY, USA).

RESULTS

1. Patient characteristics 
Table 1 shows the baseline characteristics of partici-

pants. The median serum testosterone level (interquar-
tile range) of the entire cohort was 4.2 ng/mL (3.2–5.4 
ng/mL). The prevalence of MetS in the entire cohort 
was 30.1% (2,098 of 6,967 participants). The criterion for 
hyperglycemia was met in 54.5% participants and this 
was the most common of the five MetS components, 
followed by elevated BP (44.0%), increased TG levels 
(34.9%), increased body size (34.0%), and decreased HDL 
cholesterol levels (15.5%; Table 1).

The prevalence of MetS according to age group is 
shown in Table 2. Overall, 95.2% of men (6,631 of 6,967 
participants) were middle-aged. The prevalence of MetS 
in young men (20-39 years) was 23.2% (78 of 336 par-
ticipants), lower than that in middle-aged men (30.5%; 
2,020 of 6,631 participants). The age-adjusted prevalence 
of MetS in adult (≥20 years) and middle-aged Korean 
men was estimated as 27.5% and 30.6%, respectively 
(Table 2).

2.  Association between serum testosterone 
level and metabolic syndrome

Clinical characteristics were compared between men 
with and without MetS (Table 3). The BMI (26.5 kg/m2 vs. 
24.0 kg/m2), WC (92.0 cm vs. 85.0 cm), sBP (127.0 mmHg 
vs. 119.0 mmHg), dBP (82.0 mmHg vs. 76.0 mmHg), serum 
FPG level (109.0 mg/dL vs. 97.0 mg/dL), and TG level (182.0 

Table 3. Comparison of clinical characteristic between participants with or without metabolic syndrome (MetS)

Demographic Without MetS (n=4,869) With MetS (n=2,098) p-valuea

Age (y) 53.0 (48.0–59.0) 53.0 (48.0–59.0) 0.092
Weight (kg) 69.1 (63.6–74.3) 77.1 (71.1–83.2) <0.001*
Height (cm) 170.0 (166.0–174.0) 170.7 (167.0–174.5) <0.001*
Waist circumference (cm) 85.0 (80.0–88.0) 92.0 (89.0–96.0) <0.001*
Body mass index (kg/m2) 24.0 (22.4–25.5) 26.5 (25.0–28.1) <0.001*
Body fat percentage (%) 18.9 (16.1–21.8) 22.6 (20.0–25.5) <0.001*
Systolic blood pressure (mmHg) 119.0 (111.0–128.0) 127.0 (118.0–136.0) <0.001*
Diastolic blood pressure (mmHg) 76.0 (70.0–82.0) 82.0 (75.0–89.0) <0.001*
Fasting plasma glucose (mg/dL) 97.0 (92.0–105.0) 109.0 (101.0–123.0) <0.001*
Serum cholesterol (mg/dL) 193.0 (171.0–214.0) 195.0 (171.0–220.0) 0.008*
Serum triglyceride (mg/dL) 105.0 (79.0–139.0) 182.0 (145.0–236.3) <0.001*
Serum low-density lipoprotein (mg/dL) 123.0 (103.0–142.0) 123.0 (103.0–145.0) 0.370
Serum high-density lipoprotein (mg/dL) 52.0 (45.0–61.0) 44.0 (38.0–51.0) <0.001*
Testosterone (ng/mL) 4.3 (3.3–5.6) 4.0 (3.1–5.0) <0.001*

Values are presented as median (interquartile range). *p<0.05.
aCompared using the Mann–Whitney U-test. 

Table 2. Prevalence of metabolic syndrome (MetS) according to age group 

Age group (y)
Proportional ratio  
in our cohort (%)

Prevalence of MetS  
in our cohort (%)

Proportional ratio 
from 2010 census (%)a

Age-adjusted 
prevalence of MetS in 
middle-aged men (%)

Age-adjusted 
prevalence of MetS in 
total population (%)

20–39 4.8 23.2 40.9 - -
40–49 27.8 30.6 22.9 - -
50–59 44.6 29.6 18.1 - -
60–69 18.8 32.5 10.5 - -
≥70 3.9 29.5 7.6 - -
Middle-aged men (≥40 y) 95.2 30.5 59.1 30.6 -
Total population (≥20 y) 100 30.1 100 - 27.5

aData from the Korean Population Census 2010 [21].
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mg/dL vs. 105.0 mg/dL) were significantly higher in men 
with MetS than in those without MetS, but serum HDL 
cholesterol levels were significantly lower (44.0 mg/dL vs. 
52.0 mg/dL; Table 3). Additionally, men with MetS had 
significantly lower levels of serum testosterone (4.0 ng/
mL vs. 4.3 ng/mL; Table 3). 

In the quartile analysis (Table 4), high serum tes-
tosterone level was significantly associated with a low 
risk of MetS (highest vs. lowest quartile, OR=0.528; 
ptrend<0.001). Our data demonstrated an approximately 
13% reduction in risk of MetS per 1 ng/mL increment 
in serum testosterone levels (Table 4). The association 
between serum testosterone level and MetS was atten-
uated after adjustment for age and BMI but remained 
significant (approximately 7% reduction in MetS risk 
per 1 ng/mL; Table 4). 

3.  Association between serum testosterone 
level and components of metabolic syndrome

Serum testosterone level was inversely correlated with 
all MetS components, including hyperglycemia (r=-0.041, 
p=0.001), increased body size (r=-0.093, p<0.001), increased 
TG levels (r=-0.090, p<0.001), decreased HDL cholesterol 
levels (r=-0.030, p=0.013), and elevated BP (r=-0.071, 
p<0.001; Table 5). All MetS components were also sig-
nificantly associated with each other, but there was no 

association between hyperglycemia and decreased HDL 
cholesterol levels (p=0.158; Table 5).

The quartile analyses (Table 6) showed that high 
serum testosterone level was significantly associ-
ated with a low risk of  hyperglycemia (OR=0.881; 
ptrend=0.001), increased body size (OR=0.587; ptrend<0.001), 
increased TG levels (OR=0.571; ptrend<0.001), decreased 
HDL cholesterol levels (OR=0.779; ptrend=0.013), and 
elevated BP (OR=0.641; ptrend<0.001). We observed a 
4%, 11%, 11%, 5%, and 8% reduction in the risk of hy-
perglycemia, increased body size, increased TG levels, 
decreased HDL cholesterol levels, and elevated BP 
per 1 ng/mL increment of serum testosterone levels, 
respectively (Table 6). Therefore, as shown in Fig. 1, se-
rum testosterone levels showed an inverse association 
with the total number of MetS components (r=-0.121, 
p<0.001). Interestingly, hyperglycemia (ptrend=0.281), 
increased body size (ptrend=0.711), and decreased HDL 
cholesterol levels (ptrend=0.431) showed no significant 
association with serum testosterone levels, after adjust-
ment for age and BMI (Table 6). However, increased 
TG (OR=0.632; ptrend<0.001) and elevated BP (OR=0.798; 
ptrend=0.015) were independently associated with low 
serum testosterone level, even after adjustment for age 
and BMI (Table 6).

Table 5. Correlations of serum testosterone level with components of metabolic syndromea

Variable Hyperglycemia
Increased  
body size

Increased 
triglyceride

Decreased HDL 
cholesterol

Elevated blood 
pressure

Testosterone (ng/mL) -0.041** -0.093** -0.090** -0.030* -0.071**
Hyperglycemia - 0.144** 0.138** 0.017 0.146**
Increased body size - - 0.176** 0.110** 0.178**
Increased triglyceride - - - 0.218** 0.107**
Decreased HDL cholesterol - - - - 0.026*

*p<0.05, **p<0.01.
HDL: high-density lipoprotein. 
aPearson’s correlation analysis.

Table 4. Odds ratios for metabolic syndrome, according to quartiles of serum testosterone level

Metabolic  
syndrome

Testosterone quartilea

Continuous variable  
(per 1 ng/mL)

p-value1Q
(<3.2 ng/mL)

2Q  
(3.2–4.2 ng/mL)

3Q  
(4.2–5.4 ng/mL)

4Q  
(≥5.4 ng/mL)

Crude 1.0 (ref ) 0.958 (0.831–1.104) 0.858 (0.743–0.990) 0.528 (0.453–0.615) 0.874 (0.848–0.902) <0.001*
Age adjusted 1.0 (ref ) 0.962 (0.834–1.109) 0.866 (0.750–1.000) 0.532 (0.457–0.620) 0.876 (0.849–0.903) <0.001*
Age and BMI adjusted 1.0 (ref ) 1.002 (0.853–1.178) 0.993 (0.843–1.168) 0.716 (0.603–0.850) 0.935 (0.903–0.968) <0.001*

*p<0.05.
BMI: body mass index. 
aOdds ratio (95% confidence interval).
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DISCUSSION

As mentioned, the prevalence of  MetS in Asian 
countries is increasing similar to that in western coun-

tries [5,6]. According to KHANES 1998 to 2007 data 
(n=6,907; men, 45.5%), the age-adjusted prevalence of 
MetS among adult Korean men, according to NCEP-
ATP III criteria, gradually increased from 26.9% in 
2001 to 29.0% in 2007 [6]. In our cohort comprising 6,967 
healthy adult Korean men recruited during 2006 to 
2015, using the same diagnostic criteria, the estimated 
age-adjusted prevalence of MetS was 27.5% (Table 2). 
Our results are generally consistent with previous 
KHANES 1998 to 2007 data [6]. 

However, considering that our participants were 
recruited later than participants in KHANES 1998 to 
2007, our estimated prevalence is somewhat lower than 
that in that study [6]. The bias in the characteristics of 
our participants, most of whom (95.2%; Table 2) were 
middle-aged, is thought to contribute these findings. In 
our study, the age-adjusted prevalence of MetS among 
middle-aged men was 30.6% (Table 2). This rate was 
significantly higher than that noted in another study 
(n=5,330; men, 41.2%) reporting an MetS prevalence of 

Table 6. Odds ratios for each component of metabolic syndrome, according to quartiles of serum testosterone level

Variable
Testosterone quartilea

Continuous variable 
(per 1 ng/mL)

p-value1Q  
(<3.2 ng/mL)

2Q  
(3.2–4.2 ng/mL)

3Q  
(4.2–5.4 ng/mL)

4Q  
(≥5.4 ng/mL)

Hyperglycemia (FPG≥100 mg/dL, or type 2 DM)
   Crude 1.0 (ref ) 1.116 (0.975–1.279) 0.997 (0.871–1.141) 0.881 (0.769–1.009) 0.955 (0.930–0.980) 0.001*
   Age adjusted 1.0 (ref ) 1.137 (0.992–1.303) 1.035 (0.903–1.185) 0.910 (0.794–1.042) 0.960 (0.935–0.986) 0.003*
   Age and BMI adjusted 1.0 (ref ) 1.159 (1.009–1.331) 1.085 (0.945–1.246) 1.029 (0.895–1.182) 0.985 (0.959–1.012) 0.281
Increased body size (WC≥90 cm)
   Crude 1.0 (ref ) 0.983 (0.855–1.129) 0.871 (0.758–1.102) 0.587 (0.507–0.801) 0.890 (0.864–0.916) <0.001*
   Crude 1.0 (ref ) 0.983 (0.855–1.129) 0.871 (0.758–1.102) 0.587 (0.507–0.801) 0.890 (0.864–0.916) <0.001*
   Age and BMI adjusted 1.0 (ref ) 1.050 (0.859–1.282) 1.107 (0.904–1.356) 0.971 (0.788–1.197) 0.992 (0.951–1.035) 0.711
Increased triglyceride (TG≥150 mg/dL)
   Crude 1.0 (ref ) 0.894 (0.778–1.027) 0.871 (0.758–1.001) 0.571 (0.494–0.660) 0.894 (0.869–0.921) <0.001*
   Age adjusted 1.0 (ref ) 0.874 (0.760–1.005) 0.831 (0.722–0.955) 0.545 (0.471–0.631) 0.886 (0.860–0.913) <0.001*
   Age and BMI adjusted 1.0 (ref ) 0.886 (0.768–1.023) 0.879 (0.761–1.015) 0.632 (0.544–0.735) 0.916 (0.889–0.944) <0.001*
Decreased HDL cholesterol (HDL<40 mg/dL)
   Crude 1.0 (ref ) 0.929 (0.772–1.117) 1.074 (0.897–1.286) 0.779 (0.644–0.944) 0.953 (0.918–0.990) 0.013*
   Age adjusted 1.0 (ref ) 0.928 (0.771–1.116) 1.070 (0.893–1.282) 0.777 (0.642–0.941) 0.953 (0.917–0.990) 0.012*
   Age and BMI adjusted 1.0 (ref ) 0.952 (0.790–1.148) 1.143 (0.951–1.373) 0.907 (0.746–1.103) 0.985 (0.947–1.023) 0.431
Elevated blood pressure (sBP≥130 mmHg, dBP≥85 mmHg, or HTN)
   Crude 1.0 (ref ) 0.860 (0.751–0.984) 0.792 (0.692–0.907) 0.641 (0.559–0.735) 0.921 (0.896–0.946) <0.001*
   Age adjusted 1.0 (ref ) 0.890 (0.775–1.021) 0.858 (0.747–0.984) 0.680 (0.591–0.782) 0.931 (0.906–0.958) <0.001*
   Age and BMI adjusted 1.0 (ref ) 0.905 (0.786–1.043) 0.911 (0.791–1.050) 0.798 (0.691–0.922) 0.965 (0.938–0.993) 0.015*

*p<0.05.
FPG: fasting plasma glucose, DM: diabetes mellitus, BMI: body mass index, WC: waist circumference, TG: triglyceride, HDL: high-density lipopro-
tein, sBP: systolic blood pressure, dBP: diastolic blood pressure, HTN: hypertension. 
aOdds ratio (95% confidence interval).

Fig. 1. Scatterplot and regression line (dotted line) showing the cor-
relation between serum testosterone level and number of metabolic 
syndrome components.
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26.3% according to NCEP-ATP III criteria in middle-
aged men during 2003 to 2004 [22]. These results sug-
gest that the prevalence of MetS has continued to 
increase in Asian countries, particularly in Korea, 
almost reaching western levels [3,4]. Given the increas-
ing prevalence and growing disease burden of MetS in 
Asian countries, understanding the underlying mecha-
nisms is increasingly important, including among 
Asians.

Previous studies in western countries have reported 
an inverse correlation between serum testosterone 
levels and MetS risk [11-14], but there is little such 
evidence in Asian populations. Akishita et al [16] per-
formed a cross-sectional study among 194 middle-aged 
Japanese men and concluded that low testosterone 
level is associated with MetS (hazard ratio by quartile 
decline of testosterone=2.02). Similarly, a Chinese cross-
sectional study including 304 middle-aged men found 
that low testosterone level was associated with MetS 
(OR by tertile decline of testosterone level=2.40) only 
in men with a familial history of DM [17]. These some-
what contradictory findings can be attributed to the 
small-sized population in these studies [16,17]. 

Recently, a Japanese cross-sectional study with a 
large population (n=1,150) reported that higher levels 
of serum testosterone were independently associated 
with a lower risk of MetS (OR per standard deviation 
decrement of testosterone level=2.30) [23]. These re-
cent results are consistent with previous results from 
western studies [11-14], but more evidence is needed re-
garding the association between testosterone level and 
risk of MetS in Asians. To our knowledge, our study 
is the largest (n=6,967) to investigate the relationship 
between testosterone levels and MetS in an Asian pop-
ulation. Our results clearly showed that serum testos-
terone level has an inverse association with the risk of 
MetS (OR=0.528; ptrend <0.001; Table 4). Our results are 
in accordance with those of the above Japanese study 
[23], and confirm that low serum testosterone level is 
also a relevant risk factor for MetS in Asian popula-
tions.

It is important to identify the components of MetS 
associated with serum testosterone levels, as this as-
sociation can provide important clues in understanding 
the underlying mechanisms or drivers of MetS. Previ-
ous studies have reported relatively consistent associa-
tions between testosterone level and MetS risk; howev-
er, there is much disagreement as to which components 

are related to testosterone levels [15]. Our results 
clearly showed that serum testosterone level is signifi-
cantly associated with all MetS components, including 
hyperglycemia (r=-0.041), increased body size (r=-0.093), 
increased TG levels (r=-0.090), decreased HDL choles-
terol levels (r=-0.030), and elevated BP (r=-0.071; Table 
5). Our quartile analyses demonstrated similar results 
(Table 6); therefore, serum testosterone level showed 
an inverse association with the total number of MetS 
components (r=-0.121, p<0.001; Fig. 1). 

Our results are in accordance with a previous Japa-
nese study by Akishita et al [16] that demonstrated a 
correlation between testosterone levels and the number 
of MetS components. However, our result that testos-
terone level is related to all MetS components is some-
what different from the findings of Tsujimura et al 
[23], who showed that testosterone level is not related 
to hyperglycemia (age-adjusted OR=1.7, p=0.146). This 
difference may be because the previous study was un-
derpowered, with a relatively small number of partici-
pants (n=1,150) [23]. Moreover, in a previous study, only 
41.2% (474 of 1,150 participants) had measured plasma 
glucose levels; among them, only 2.1% (10 of the 474 
participants) met the hyperglycemia criterion (FPG≥100 
mg/dL) [23]. This unusual distribution might have bi-
ased the results of the relationship between testoster-
one level and hypoglycemia. In contrast, in our study, 
all 6,967 participants had measured FPG and 54.5% of 
men had FPG ≥100 mg/dL or a history type 2 DM, with 
the highest prevalence among MetS components (Table 
1). This rate was somewhat higher, but generally simi-
lar, when compared with the study by Akishita et al [16] 
reporting the prevalence of hyperglycemia (FPG≥100 
mg/dL) as 38.0%. This difference is thought to have 
contributed to the differing results. 

The main mechanism underlying the association be-
tween testosterone level and MetS has been suggested 
to be the causal relationship between low testosterone 
level and obesity. Exogenous testosterone replacement 
in obese middle-aged men substantially diminishes 
visceral obesity, and the activation of lipoprotein lipase 
and lipolysis represents the key role of testosterone in 
adipose tissue [24]. Previous epidemiologic studies have 
shown a significant correlation between testosterone 
level and MetS, but corrections for obesity parameters 
weaken the correlation [11-14,16,23]. Moreover, the sig-
nificant associations of testosterone level with HDL 
cholesterol, free fatty acids, hemoglobin A1c, insulin, 
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and adiponectin levels were attenuated after adjust-
ment for age and WC in the study by Akishita et al [16]. 
These findings strongly indicate that obesity is an im-
portant contributor to the association between low tes-
tosterone level and MetS. Our results also showed that 
the relationship between testosterone level and MetS 
(13% reduction in MetS risk per 1 ng/mL) is weakened 
with adjustment for age and BMI (approximately 7% 
reduction in of MetS risk per 1 ng/mL; Table 4), similar 
to a previous study [16].

Another interesting finding is that testosterone 
level still independently affects MetS risk, although 
it is attenuated, after adjusting for BMI (Table 4). 
This suggests that although testosterone is involved 
in the pathogenesis of MetS through pathways as-
sociated with obesity, other pathways affect MetS as 
well. Among the MetS components, our findings that 
increased TG (OR=0.632; ptrend<0.001) and elevated BP 
(OR=0.798; ptrend=0.015) were independently associated 
with testosterone level, after adjustment for age and 
BMI (Table 6), support this hypothesis. Our results con-
firmed the findings of previous studies showing that 
testosterone level is still associated with sBP (r=-0.169) 
and TG levels (r=-0.182) after adjusting for age and WC 
[16]. 

Regarding hypertension, a previous study reported 
that men with low testosterone concentrations had an 
increased risk of incident hypertension (OR by quar-
tile decline of testosterone=1.19) [25]. Moreover, direct 
vasodilating effects of testosterone on vascular smooth 
muscle [26], mediated by inhibition of L-type calcium 
channels [27] or androgen receptors in vascular smooth 
muscle cells [26] have been suggested as potential 
mechanisms for this relationship. Similarly, it has been 
proven that testosterone deficiency independently pro-
motes the absorption and storage of TG in a rat model 
[28]. Additionally, testosterone deficiency lowers the 
activity of lipoprotein lipase and hepatic lipase [29], 
consequently inhibiting TG degradation in the blood-
stream [28]. In a large cohort from the fourth Tromsø 
study (n=1,274), a negative association between testos-
terone level and non-fasting TG (r=-0.193, p<0.001) was 
proven [30]. Taken together, these results suggest that 
testosterone level independently affects MetS compo-
nents, such as increased TG levels or elevated BP, in 
addition to component clusters associated with obesity, 
such as increased body size, hyperglycemia, and de-
creased HDL cholesterol levels (Fig. 2).

The current study had some limitations. First, most 
participants (95.2%) were middle-aged men because of 
the nature of the health examination data. Thus, our 
findings represent the characteristics of middle-aged 
men rather than the entire population of Korea. To 
overcome this bias, we used contemporary Korean cen-
sus data [21] and provided age-adjusted values for all 
results. Second, as sex hormone-binding globulin, which 
determines the bioavailability of testosterone, was not 
routinely measured during health screening, the cor-
relation between testosterone bioavailability and MetS 
could not be analyzed. Lastly, because of the cross-
sectional nature of this study, although a relationship 
between testosterone level and MetS was confirmed, 
the temporal causal relationship between these two 
factors could not be determined. Research to overcome 
these limitations is needed in the future.

CONCLUSIONS

Serum testosterone level was inversely associated 
with MetS in Korean men. This association was atten-
uated after adjustment for age and BMI, but remained 
significant. Among MetS components, increased TG 
and elevated BP were independently associated with 
testosterone level regardless of obesity. This suggests 
that although testosterone is involved mainly in the 
pathogenesis of MetS through pathways associated 

Fig. 2. Hypothesis for complex multidirectional interactions between 
testosterone deficiency and metabolic syndrome. HDL: high density 
lipoprotein, TG: triglyceride, AR: androgen receptor, FFA: free fatty ac-
ids, PAI-1: plasminogen activator inhibitor-1, LPL: lipoprotein lipase, 
HL: hepatic lipase.
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with obesity, other pathways affect MetS as well.
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