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Purpose: In epidemiological studies, there are various associations of androgen receptor (AR) CAG with several diseases or 

phenotypes. However, the relationship between CAG repeat length and metabolic syndrome (MS) remains unclear, especially 

in Asian populations. This study was designed to evaluate the relationship between AR CAG repeat length polymorphism and 

MS in a Korean male population.

Materials and Methods: We explored the relationship between AR CAG repeat length polymorphism and MS in a Korean male 

population (n=337) from 2013 to 2014. AR CAG repeat were determined by microsatellite fragment sizing. Components of MS 

and laboratory data (lipid profile, fasting glucose, and glycated hemoglobin [HbA1c]) were analyzed with AR CAG repeat length. 

Results: The mean AR CAG repeat length was 22.3±4.7. Sixty-nine men (20.5%) were diagnosed with MS. Men with MS showed 

significantly longer AR CAG repeat lengths compared with men without MS (26.2 vs. 21.4, p＜0.001). With increasing CAG 

repeat, the number of components meeting the NCEP criteria increased significantly. AR CAG repeat length was associated 

significantly with high density lipoprotein (HDL), triglyceride, and HbA1c levels. In the multivariate analysis, CAG repeat length, 

waist circumference, and levels of HDL were independently associated with MS. (odds ratio (OR)=1.37, 1.19 and 0.90, p

＜0.001, 0.045, and 0.001, respectively).

Conclusions: AR CAG repeat length was associated with MS and laboratory test results, such as those for HDL, triglycerides, and 

HbA1c, in Korean males. Longer CAG repeat length was identified as a risk factor for MS in Korean males.
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INTRODUCTION

The effects of androgen are mediated by activation of 
the androgen receptor (AR). The X-chromosomal AR gene 
is located on Xq11-12 and comprises eight exons. It con-
tains a highly polymorphic region in exon 1 with a varia-

ble number of CAG repeats, (CAG)n, which encodes a 
polyglutamine tract in the N-terminal transactivation do-
main of the AR [1-4].

The trinucleotide (CAG)n repeat polymorphism is 
thought to regulate AR activity, with longer alleles confer-
ring reduced receptor activity [5,6]. Thus, it is commonly 

pISSN: 2287-4208 / eISSN: 2287-4690

World J Mens Health 2018 January 36(1): 73-78
https://doi.org/10.5534/wjmh.17029

http://crossmark.crossref.org/dialog/?doi=10.5534/wjmh.17029&domain=pdf&date_stamp=2018-01-02


74   World J Mens Health Vol. 36, No. 1, January 2018

supposed that there is a negative association between 
CAG repeat length and AR activity. 

The length of CAG repeats is about 10 to 30 iterations, 
and in the Caucasian population it is repeated 22 times on 
average [7]. However, there are significant ethnic varia-
tions in allele distribution of the AR (CAG)n repeats [2-5]. 
Unfortunately, there are few studies on CAG repeat length 
in Asian male populations. 

Metabolic syndrome (MS) is a combination of metabol-
ic disturbances. The core components of MS include obe-
sity, insulin resistance, dyslipidemia, and hypertension 
[8]. In recent studies, testosterone level seems to be asso-
ciated with the components of MS and MS itself [9,10]. 
However, there are several limitations to measuring tes-
tosterone precisely, and sometimes testosterone does not 
correlate with clinical symptoms. Most androgen related 
effects are mediated thorough the AR; therefore, MS has 
been hypothesized to be associated with CAG repeat 
length polymorphisms rather than testosterone [9].

However, the relationship between CAG repeat and MS 
remains unclear and research is insufficient in Asian 
populations. In this study, we investigated the relationship 
between CAG repeats and MS in a Korean male 
population.

MATERIALS AND METHODS
1. Ethics statement

A cross-sectional study was carried out at the Korea 
University Guro Hospital, Seoul, Korea from June 2013 to 
May 2014. The study protocol was reviewed and approved 
by the institutional review board of Korea University Gur 
Hospital. We recruited Korean men over the age of 40 
years. Many of the subjects were recruited from a benign 
prostate hyperplasia/lower urinary tract symptoms screen-
ing program. At the time of recruitment, informed consent 
was obtained and the details of patients’ characteristics, 
medical histories, and drug histories were recorded.

2. Subjects

Clinical and biochemical assessments of the patients 
were made using a questionnaire and by laboratory tests. 
Exclusion criteria included the presence of Klinefelter syn-
drome, Kallmann syndrome, primary hypogonadism, hy-

pogonadotropic hypogonadism, and previous medical 
use of testosterone or androgen products.

3. Assessments

To minimize the alteration of circadian variations, blood 
samples were collected between 8 AM and 11 AM from all 
patients. Concentrations of total testosterone and free tes-
tosterone were measured using radioimmunoassay kits 
(Testo-RIA-CT; DIAsource ImmunoAssays, Nivelles, Belgium 
and Coat-A-Count Free Testosterone; Diagnostic Products 
Corporation, Los Angeles, CA, USA, respectively). Height 
and weight were checked and the body mass index (BMI) 
is calculated as weight in kilograms divided by the square 
of height in meters (kg/m2). Waist circumference was meas-
ured with a tape measure at the level midway between the 
lowest rib margin and the iliac crest.

MS was diagnosed according to the National Cholesterol 
Education Program-Adult Treatment Panel III criteria. It re-
quires the presence of 3 or more of the following compo-
nents: central obesity (waist circumference＞90 cm), high 
density lipoprotein (HDL) cholesterol＜40 mg/dL, trigly-
cerides≥150 mg/dL, fasting glucose≥100 mg/dL, or blood 
pressure≥130/85 mmHg (or taking antihypertensive drug 
treatment) [11].

4. Genotyping

Microsatellite fragment sizing was performed to meas-
ure CAG repeats, according to the method of Stanworth et 
al [12,13]. Genomic DNA was extracted from peripheral 
blood and polymerase chain reaction (PCR) was per-
formed to amplify the region of the AR gene that included 
CAG. The DNA was stored at −80°C until analysis. DNA 
was amplified by PCR using PCR master mix (ABGene, 
Epsom, UK). Amplification was carried out using an auto-
matic thermal cycler applying the following PCR con-
ditions: 94°C for 5 minutes; followed by 32 cycles of 
94°C for 1 minute, 58°C for 1 minute and 72°C for 1 mi-
nute; followed by final extension at 72°C for 7 minutes 
and denaturation at 96°C for 5 minutes. After magnetic 
separation of the PCR products, each sample was ana-
lyzed using a capillary-based AB 3730 automated se-
quencer (Applied Biosystems, Warrington, UK) which 
produces an electropherogram from which the DNA se-
quence can be derived [12,13].
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Table 1. Baseline characteristics of the study subjects

Patient characteristic (n=337) Value

Age (y) 58.7±11.0
Height (cm) 168.5±6.0
Weight (kg) 69.0±9.0
BMI (kg/m2) 24.3±2.7
Waist circumference (cm) 85.4±4.1
Total testosterone (ng/mL) 5.3±2.2
Total cholesterol (mg/dL) 13.0±68.6
HDL (mg/dL) 48.8±11.3
LDL (mg/dL) 109.8±35.9
Triglyceride (mg/dL) 140.1±88.7
Fasting glucose (mg/dL) 113.1±36.2
HbA1c (%) 5.7±1.3

Values are presented as the mean±standard deviation. 
BMI: body mass index, HDL: high density lipoprotein, LDL: 
low density lipoprotein, HbA1c: glycated hemoglobin.

Fig. 1. Distribution of the number of androgen receptor CAG 
repeats in our population.

Table 2. Comparison of demographic characteristics and 
laboratory data between men with MS and without MS

Variable MS (–)
(n=268)

MS (+)
(n=69) p-value

Age (y) 58.0±11.2 62.0±9.3 0.04*
CAG repeat length 21.4±4.4 26.2±4.0 ＜0.001*
Height (cm) 168.5±6.1 168.5±5.6 0.992
Weight (kg) 68.1±8.7 73.1±9.6 ＜0.001*
BMI (kg/m2) 24.0±2.6 25.8±2.8 ＜0.001*
Waist circumference
(cm)

85.1±4.1 87.9±3.8 ＜0.001*

Total testosterone
(ng/mL)

4.7±1.5 5.4±2.3 0.065

Total cholesterol
(mg/dL)

179.8±36.3 174.2±38.9 0.289

HDL (mg/dL) 50.7±11.1 40.3±8.0 ＜0.001*
LDL (mg/dL) 110.5±36.3 106.5±31.2 0.432
Triglyceride (mg/dL) 127.8±86.6 197.5±76.4 ＜0.001*
Fasting glucose
(mg/dL)

110.1±29.5 126.7±56.0 0.001*

HbA1c (%) 5.8±0.9 6.4±2.0 0.003*

Data are expressed as the mean±standard deviation. 
MS: metabolic syndrome, BMI: body mass index, HDL: high 
density lipoprotein, LDL: low density lipoprotein, HbA1c: 
glycated hemoglobin. 
*p-values ＜0.05 were considered statistically significant.

5. Statistical analysis

Data are expressed as the mean±standard deviation or 
number (percentage). The p-values＜0.05 were consid-
ered statistically significant. Statistical analyses were per-
formed using IBM SPSS software ver. 20.0 (IBM Co., 
Armonk, NY, USA). 

Pearson’s correlation coefficients (r) were calculated to 
study the associations among clinical factors (MS, age, 
height, weight, BMI, waist circumference, fasting blood 
sugar, total cholesterol, HDL, low density lipoprotein 
[LDL], triglyceride, glycated hemoglobin [HbA1c]). 
Univariate and multivariate regression analyses were 
completed to assess the independent associations among 
the factors.

RESULTS

A total of 376 Korean men were recruited, 21 men with-
drew consent, and 18 men were excluded by exclusion 
criteria (previous testosterone use). Therefore, 337 Korean 
men were enrolled in the study. The mean age of the sub-
jects was 58.7±11.0 years (range, 40∼90 years). The 
mean BMI was 24.3±2.7 kg/m2 (range, 17.1∼35.1 kg/m2) 
(Table 1). The mean AR CAG repeat length was 22.3±4.7 
(Fig. 1). Sixty-nine men (20.5%) were diagnosed with MS. 
A comparison of the demographic characteristics and lab-

oratory data between the men with MS and those without 
MS showed significant differences in age, CAG repeat 
length, weight, BMI, waist circumference, and levels of 
HDL, triglyceride, fasting glucose, and HbA1c. 

Men with MS showed significantly longer AR CAG re-
peat lengths than men without MS (26.2 vs. 21.4, p＜ 
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Fig. 3. Androgen receptor CAG repeat length showed a significant association with high density lipoprotein (HDL) (r=−0.244, p＜
0.001), triglyceride (r=0.276, p＜0.001), and glycated hemoglobin (HbA1c) (r=0.201, p＜0.001) levels.

Fig. 2. Association and correlation analysis between androgen 
receptor CAG repeat length and metabolic syndrome. As the 
CAG repeat length increased, the number of components from 
the National Cholesterol Education Program-Adult Treatment 
Panel (NCEP) criteria increased significantly (R2=0.119, p= 
0.001).

Table 3. Multivariate analysis associated with prevalence of metabolic syndrome 

Variables B SE p-value Exp(B) 95% CI for Exp(B)

Age 0.021 0.026 0.420 1.02 0.97∼1.08
CAG repeat length 0.318 0.085 ＜0.001* 1.37 1.16∼1.62
Weight −0.020 0.158 0.678 0.98 0.89∼1.08
BMI 0.206 0.158 0.192 1.23 0.90∼1.67
Waist circumference 0.169 0.085 0.045* 1.19 1.00∼1.40
HDL −0.106 0.031 0.001* 0.90 0.85∼0.96
Triglyceride 0.004 0.003 0.180 1.00 0.99∼1.01
Fasting glucose 0.016 0.009 0.079 1.01 0.99∼1.04
HbA1c 0.285 0.189 0.131 1.33 0.92∼1.93

B: regression coefficient, SE: standard error, Exp (B): odds ratio, CI: confidence interval, BMI: body mass index, HDL: high 
density lipoprotein, LDL: low density lipoprotein, HbA1c: glycated hemoglobin. 
*p-values ＜0.05 were considered statistically significant. 

0.001; Table 2). The number of MS criteria increased 
meaningfully as CAG repeat length increased (R2=0.119, 
p=0.001; Fig. 2). 

In the correlation analysis between CAG and compo-
nents of MS, AR CAG repeat length was not associated 
with fasting glucose, LDL, or total cholesterol levels 
(p=0.224, 0.496, and 0.339, respectively). However, 
CAG repeat revealed a significant association with HDL 
(r=−0.244, p＜0.001), triglyceride (r=0.276, p＜ 

0.001), and HbA1c (r=0.201, p＜0.001) levels (Fig. 3). 
Univariate analysis revealed that MS was significantly 

influenced by age, CAG repeat length, weight, BMI, waist 
circumference, levels of HDL, triglyceride, fasting glu-
cose, and HbA1c. In the multivariate analysis of these fac-
tors, CAG repeat length, waist circumference, and levels 
of HDL were independently associated with MS (odds ra-
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tio=1.37, 1.19, and 0.90; p＜0.001, 0.045, and 0.001, re-
spectively) (Table 3). 

DISCUSSION 

Androgens mediate their effects primarily through acti-
vation of the AR [14]. The N-terminal domain, which con-
tains the transactivating capacity, contains a glutamine re-
peat, commonly referred to as the CAG repeat poly-
morphism [9]. The length of the CAG repeat is thought to 
regulate AR activity; longer CAG repeat lengths lead to 
lower AR activity. 

The mean number of CAG repeats in the present study 
was 22.3±4.7, which is slightly higher than that in 
Caucasians [15]. The only previous study on AR CAG re-
peat length in Korean men determined the mean number 
repeats to be 23; however, that study assessed only 42 hy-
pogonadal men [16]. Therefore, our study is meaningful in 
that it presents the mean number of AR CAG repeats of a 
larger group of Korean male patients. More studies are 
needed to determine the mean AR CAG repeat length of 
Korean men. 

MS includes a cluster of metabolic disturbances, specifi-
cally, obesity, hypertension, diabetes, low HDL cholester-
ol, and hypertriglyceridemia [8,10]. Recently, the relation-
ship between MS and testosterone deficiency syndrome 
has become a research focus [17,18]. Low testosterone 
levels have been associated with the components of MS 
and MS itself [9,10].

Therefore, AR polymorphisms could adjust the associa-
tion between MS and testosterone. Indeed, several recent 
studies presented data on the relevance between CAG re-
peats and the components of MS [4,19,20]. However, pre-
vious reports on the association of AR gene polymorphism 
with MS are contradictory [9].

Our study showed an association between CAG repeat 
length and MS. In addition, as the CAG repeat length in-
creased, the number of the components of MS increased 
significantly. Furthermore, AR CAG repeat length showed 
a significant association with HbA1c levels. This was sim-
ilar to the results of Zitzmann et al [4], who demonstrated 
a positive independent correlation of the CAG repeat num-
ber with body fat content, leptin, and insulin. They sug-
gested the possible mechanism that longer CAG repeat 

length caused MS. CAG repeat length showed a modu-
latory influence on body fat and a low CAG repeat number 
is related to low body fat mass. The number of CAG also 
showed a positive relationship with the level of insulin [4]. 
These results propose that a lower number of CAG repeats 
is helpful to metabolic parameters [4]. Similarly, Stanworth 
et al [13] showed a negative association of testosterone, 
and a positive association of CAG with obesity and leptin. 
The associations of AR CAG with leptin and obesity were 
independent of levels of testosterone, estradiol, gonado-
tropins, and age [13]. However, Skjaerpe et al [9] reported 
conflicting results: an inverse association between CAG re-
peat length and the number of components of MS in elderly 
men. Skjaerpe’s study [9] had a limited number of subjects 
(172 patients), and most of them were elderly patients. 
There was a difference in the CAG repeat length according 
to the number of components of MS; however, there was 
no difference according to the presence of MS. Thus, it is 
difficult to generalize from the results of their study. 

Our study had several limitations. First, the study had a 
small sample size and was performed in a single center; 
therefore, our results need to be confirmed in larger 
studies. Second, although the age of the subjects varied 
widely, they might not have represented the general 
population. 

Despite these limitations, our study is meaningful be-
cause it demonstrated associations between CAG repeats 
and MS. In the multivariate analysis, a longer CAG repeat 
length was an independent risk factor for MS. To the best 
of our knowledge, this is the first time that such an associa-
tion between CAG repeats and MS has been identified in 
an Asian population. Further prospective studies with larg-
er sample sizes and involving other centers with con-
trolled environmental variables are warranted.

CONCLUSIONS 

CAG repeat length was related to MS and laboratory test 
results, such as those for HDL, TG, and HbA1c in a Korean 
male population. Longer CAG repeat length was recog-
nized as an independent risk factor for MS in Korean males. 
Further studies with larger sample sizes are required to de-
termine the clinical significance of the correlation between 
AR CAG repeat length and MS in Korean males.
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