Original Article
Genetics

Diabetes Metab J 2014;38:302-310
http://dx.doi.org/10.4093/dmj.2014.38.4.302

PISSN 2233-6079 - eISSN 2233-6087 DIABETES & METABOLISM JOURNAL

CrossMark

FTO Gene Variants Are Associated with PCOS
Susceptibility and Hyperandrogenemia in Young
Korean Women

Do Kyeong Song, Hyejin Lee, Jee-Young Oh, Young Sun Hong, Yeon-Ah Sung

Department of Internal Medicine, Ewha Womans University School of Medicine, Seoul, Korea

Background: The fat mass and obesity-associated (FTO) gene is associated with obesity and type 2 diabetes mellitus. Obesity
and insulin resistance are also common features of polycystic ovary syndrome (PCOS). Therefore, the FTO gene might be a can-
didate gene for PCOS susceptibility. The aim of the present study was to evaluate the effects of FTO gene variants on PCOS sus-
ceptibility and metabolic and reproductive hormonal parameters.

Methods: We recruited 432 women with PCOS (24+5 years) and 927 healthy women with regular menstrual cycles (27+5
years) and performed a case-control association study. We genotyped the single nucleotide polymorphisms rs1421085,
rs17817449, and rs8050136 in the FTO gene and collected metabolic and hormonal measurements.

Results: Logistic regression revealed that the G/G genotype (rs1421085, 1.6%), the C/C genotype (rs17817449, 1.6%), and the A/
A genotype (rs8050136, 1.6%) were strongly associated with an increased risk of PCOS (odds ratio, 2.551 to 2.559; all P<0.05).
The strengths of these associations were attenuated after adjusting for age and BMI. The women with these genotypes were more
obese and exhibited higher free androgen indices (P<0.05) and higher free testosterone levels (P=0.053 to 0.063) compared to
the other genotypes. However the significant differences disappeared after adjusting for body mass index (BMI). When we ana-
lyzed the women with PCOS and the control groups separately, there were no significant differences in the metabolic and repro-
ductive hormonal parameters according to the FTO gene variants.

Conclusion: The rs1421085, rs17817449, and rs8050136 variants of the FTO gene were associated with PCOS susceptibility and
hyperandrogenemia in young Korean women. These associations may be mediated through an effect of BML
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is the most common fe-
male endocrinopathy. PCOS affects between 6% and 10% of
premenopausal women [1,2] and is a heterogeneous disorder
with uncertain pathophysiology. Many women with PCOS
also exhibit insulin resistance and glucose intolerance [3].
Moreover, 38% to 88% of women with PCOS are overweight
or obese [4,5]. Several family and twin studies have indicated a

genetic contribution to the pathogenesis of PCOS [6,7].

A genome-wide association study led to the first major suc-
cess in the field of obesity genetics with the discovery of the fat
mass and obesity-associated (FTO) gene as an obesity-suscep-
tibility gene [8]. The FTO gene is a very large gene whose nine
exons span more than 400 kb on chromosome 16 [9]. The
FTO gene is strongly conserved across various vertebrate spe-
cies, is primarily expressed in the hypothalamus, and encodes
the 2-oxoglutarate-dependent nucleic acid demethylase [10].
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The association between PCOS and the FTO gene variant

The FTO gene is associated with obesity and type 2 diabetes
mellitus [11-13]. In a meta-analysis, two variants (rs9939609
and rs8050136) of the FTO gene were found to contribute to
obesity and type 2 diabetes mellitus in an Asian population
[11]. The roles of the A allele of the FTO rs9939609 variant in
the risks for obesity and type 2 diabetes mellitus were con-
firmed in the French MONICA Study [12]. A genome-wide
search for type 2 diabetes mellitus-susceptibility genes identi-
fied a common variant in the FTO gene that predisposes car-
ries to diabetes via an effect on body mass index (BMI) [14].
The FTO gene affects adiposity and the development of type
2 diabetes mellitus. Obesity and PCOS are closely related, and
type 2 diabetes mellitus and PCOS share common pathophysi-
ological and epidemiological features. Therefore, the FTO gene
variants might affect individuals’ risks of PCOS. Recently pub-
lished studies have shown that the FTO gene variants appear to
have greater effects on obesity, glucose intolerance, and insulin
resistance among those with PCOS phenotypes [15,16]. How-
ever, few studies have examined the associations of the FTO
gene with PCOS susceptibility and PCOS phenotypes in Asian
populations. The aim of the present study was to evaluate the
role of the FTO gene in PCOS susceptibility and metabolic and
reproductive hormonal parameters in Korean women.

METHODS

Subjects
The present study was conducted using data from the “biospec-
imen collection from women with PCOS and control of infer-
tility study” project. This study was performed at the Endocri-
nology Clinics at Ewha Womans University Mokdong Hospital
between December 2008 and October 2010. Volunteers were
recruited via local advertising. A trained nurse contacted the
eligible candidates by telephone to determine whether they
were both capable and willing to participate in the study. We
invited volunteers to visit our hospital on the morning of the
third day of their menstrual period following, an overnight fast
of at least 8 h. We explained the purpose and characteristics of
the study and obtained written informed consent. During this
period, we recruited 432 women with PCOS (24 +5 years) and
927 non-PCOS control women with regular menstrual cycles
(27 £5 years).

As proposed by the European Society for Human Reproduc-
tion and Embryology [17], PCOS was diagnosed when two or
more of the following three criteria were met: oligo- or anovu-
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lation, hyperandrogenism, and polycystic ovaries. Oligomen-
orrhea was defined as fewer than 10 menstrual cycles per year.
Biochemical hyperandrogenemia was defined as a total or free
testosterone level above the 95th percentile (total testosterone
>67 ng/dL or free testosterone >0.84 ng/dL) of the testoster-
one levels of 1,120 healthy, regular-cycling women [18]. Clini-
cal hyperandrogenism was defined as the presence of hirsut-
ism and a modified Ferriman-Gallwey score 28 [19]. The cri-
teria for the diagnosis of polycystic ovaries required the visu-
alization of >12 follicles/ovary that were 2 to 9 mm in diame-
ter or an ovarian volume >10 cm’ by transvaginal ultrasonog-
raphy or transabdominal ultrasonography with a distended
bladder for virginal women. Patients with similar clinical pre-
sentations, such as congenital adrenal hyperplasia, androgen-
secreting tumors, and Cushing syndrome, were excluded [17].
Written informed consent was obtained from all of the partici-
pants, and the institutional review board of Ewha Womans
University Mokdong Hospital approved this study.

Methods
The height and weight of all subjects were measured, and BMI
was calculated as weight (kg)/height (m)>. Waist circumfer-
ence was measured in a standing position at the point midway
between the lower costal margin and the iliac crest. Blood
pressure was calculated as the mean of two manual sphygmo-
manometer readings with the patient in the seated position.

On the third day of the follicular phase of the menstrual cy-
cle, a venous blood sample was taken from each subject after an
overnight fast of at least 8 hours. Total testosterone levels were
measured via the chemiluminescent immunoassay method us-
ing a commercially available kit (Siemens, New York, NY, USA;
the mean inter- and intraassay CVs were 4.4% and 6.2%, re-
spectively). Sex hormone-binding globulin (SHBG) levels were
measured by immunoradiometric assay using a commercially
available kit (DPC, Los Angeles, CA, USA; the mean inter- and
intraassay CV's were 7.9% and 5.3%, respectively). Free testos-
terone levels were calculated using the formula available on the
International Society for Study of the Aging Male website,
which is based on the total testosterone, SHBG, and albumin
levels in single samples from each subject [20]. The free andro-
gen index was calculated as testosterone (in nanomoles per li-
ter)/SHBG (in nanomoles per liter) x 100.

The 75-g oral glucose tolerance test (OGTT) was performed
in the morning after an overnight fast. After 30 minutes of su-
pine rest, venous blood samples were drawn at baseline, 90
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minutes, and 120 minutes after the administration of the 75-g
glucose load. Plasma glucose levels were measured via the glu-
cose oxidase method (Beckman Model Glucose Analyzer 2;
Beckman Instruments, Fullerton, CA, USA), and insulin levels
were measured by radioimmunoassay using a commercially
available kit (BioSource, Nivelles, Belgium). Fasting serum
levels of total cholesterol, triglyceride, and high density lipo-
protein cholesterol were measured using an enzymatic assay
on an automated analyzer (Hitachi 7150 Automatic Chemistry
Analyzer; Hitachi, Tokyo, Japan). Insulin sensitivity was as-
sessed as the insulin sensitivity index (ISI), which was calcu-
lated using the OGTT values [ISI (umol/kg/min).(pmol/L)*
=0.157-4.576x 10> x1120-0.00519 x G90-0.000299 x10] [21].

We genotyped the single nucleotide polymorphisms rs-
1421085 (A/G), rs17817449 (A/C), and rs8050136 (C/A) in the
FTO gene. Manual genomic DNA extraction from the peripher-
al blood was performed. The FTO gene variants were genotyped
using Illumina Human Omnil Quad version 1 (Illumina, San
Diego, CA, USA). Genotyping, the success rates exceed 98%,
and there was no deviation from the Hardy-Weinberg equilib-
rium (P>0.05).

Statistical analyses

The statistical analyses were performed using the SPSS version
18.0 (IBM Co., Armonk, NY, USA). Quantitative variables are
reported as the means+the standard deviations. Comparisons
of the different parameters between the women with PCOS
and the controls were made using Student unpaired ¢-tests. Ge-
netic associations with PCOS susceptibility were analyzed with
alogistic regression analysis that was adjusted for age and BMI.
The results are expressed as nominal P, odds ratios (ORs), and
95% confidence intervals (Cls). In a subanalysis, the differences
in the metabolic and endocrine parameters between the sub-
jects with different FTO gene variants were analyzed by analy-
sis of variance followed by a Tukey honestly significant difter-
ence test for post hoc analysis. BMI was adjusted for with anal-
ysis of covariance (ANCOVA). P values <0.05 were considered
significant.

RESULTS

Table 1 shows the clinical and biochemical characteristics of
the women with PCOS and the controls. The women with
PCOS were younger and more obese than the controls (P<
0.05). The women with PCOS exhibited higher systolic blood

304

Table 1. Clinical and biochemical characteristics of the sub-
jects

Characteristic (5540382) ((r:l ingtgc;l) Pvalue
Age, yr 24+5 27+5 <0.001
BMI, kg/m’ 24.0+4.7 21.1+2.6  <0.001
WC, cm 79+11 73+7 <0.001
SBP, mm Hg 111+10 107+9 <0.001
DBP, mm Hg 72%9 70+8 <0.001
SHBG, nmol/L 45.8+22.8 108.5+62.2 <0.001
FT, ng/dL 1.20£0.43 0.40+0.20 <0.001
FAI 7.5£4.9 19+1.2  <0.001
TC, mg/dL 184+31 175+28 <0.001
TG, mg/dL 100+63 75+36 <0.001
HDL-C, mg/dL 50+14 50+11 0.924
LDL-C, mg/dL 114+28 110+24 0.009
Fasting glucose, mg/dL 87+16 85+7 0.006
Postload 2 hr glucose, mg/dL. ~ 112£40 96+19  <0.001
Fasting insulin, mIU/L 10.4£8.0 3.8+£4.0 <0.001
Postload 2 hr insulin, pgU/mL ~ 69.6£63.5 29.1+31.0 <0.001
ISI (umol/kg/min). (pmol/L)* 0.08+0.04  0.11£0.02 <0.001

Values are presented as mean +standard deviation.

PCOS, polycystic ovary syndrome; BMI, body mass index; WC, waist
circumference; SBP, systolic blood pressure; DBP, diastolic blood
pressure; SHBG, sex hormone-binding globulin; FT, free testoster-
one; FAI free androgen index; TC, total cholesterol; TG, triglycer-
ides; HDL-C, high density lipoprotein cholesterol; LDL-C, low densi-
ty lipoprotein cholesterol; ISI, insulin sensitivity index.

pressure, diastolic blood pressure, free testosterone, free an-
drogen index, total cholesterol, triglycerides, low density lipo-
protein cholesterol, fasting glucose, postload 2-hour glucose,
fasting insulin, and postload 2-hour insulin values (all P<
0.05) than did the controls. Moreover, the women with PCOS
exhibited lower SHBG values and insulin sensitivity indices
than did the controls.

The minor allele frequency of rs1421085, rs17817449, and
rs8050136 was 1.6%. The logistic regression analysis demon-
strated that rs1421085, rs17817449, and rs8050136 were strong-
ly associated with an increased risk of PCOS (ORs 2.559, 2.554,
and 2.551, respectively; all P<0.05). The strengths of associa-
tions were attenuated and no longer significant after adjusting
for age and BMI (ORs 1.711, 1.706, and 1.706, respectively)
(Table 2).

In all subjects, the women with the G/G genotype (rs-
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Table 2. Association analyses of the FTO gene variant and PCOS susceptibility

SNP Risk/nonrisk allele MAE % OR 95% CI Pvalue
rs1421085 G/A 1.6 2.559 1.094-5.982 0.030
Adjusted for age, BMI 1.711 0.632-4.634 0.291
rs17817449 C/A 1.6 2.554 1.093-5.972 0.030
Adjusted for age, BMI 1.706 0.630-4.622 0.293
rs8050136 A/C 1.6 2.551 1.091-5.964 0.031
Adjusted for age, BMI 1.706 0.630-4.620 0.294

FTO, fat mass and obesity-associated; PCOS, polycystic ovary syndrome; SNP, single nucleotide polymorphism; MAF, minor allele frequency;
OR, odds ratio; CI, confidence interval; BMI, body mass index.

Table 3. Comparison of the clinical and biochemical parameters between the different FTO rs1421085 genotypes

Total PCOS Control
Parameter A/A GA G/G A/A GA G/G A/A GA G/G
(n=945) (n=269) (n=21) (n=333) (n=87) (n=12) (n=710) (n=207) (n=10)
Age, yr 265 265 24+7 24+5 24+5 215 27+5 26+4 28+6
BMI, kg/m* 22.0+£3.7¢  21.9+3.5° 24.0+4.5 23.9+4.7 23.8+4.6 25.5+4.8 21.1+£2.6 21.0+2.6 22.2+34
WC, cm 7519 7419 78+10 7911 7912 82+12 737 727 758
SBP, mm Hg 108+9 109£10 113+9 11010 112+11 115+9 1079 1079 110+9
DBP, mm Hg 70+£8* 70£8 74+2 72£9 73£10 75+8 70£8 69+7 74+7
SHBG, nmol/L 87.8£63.0 83.2+484 73.3+£504 46.1%+22.6 44.8+22.8 43.8+29.6 110.5+£66.2 101.5+£46.6 112.7+£46.0
FT, ng/dL 0.64+0.42 0.64+£0.43" 0.84+0.55 1.19+042 1.20+0.43 1.32+0.53 0.40+0.20 041+£0.19 0.39£0.18
FAI 3.8+4.0° 3.7+3.9* 6.0£5.9 7.4£5.0 7.4+4.1 9.2£6.0 1.9+1.2 1.9+1.1 1.7£0.9
TC, mg/dL 178+29 178+29 184+28 183+31 186+33 190£31 175£28 17327 177+24
TG, mg/dL 82+44 85156 104+67 98+58 108+79 110£55 7535 73133 97+£82
HDL-C, mg/dL 50+11 46+13 46+12 5013 50+17 49+15 50+11 50+11 43+8
LDL-C, mg/dL 112+25 111£25 11726 114+28 114+28 120£30 111+24 109+24 115+21
Fasting glucose, 86+11 85+9 86+8 87+17 87+13 87+8 85+7 85+7 85+8
mg/dL
Postload 2 hr 101+29 100+27 104+27 112+41 113+36 113+29 96+19 95+19 93+21
glucose, mg/dL
Fasting insulin, 7.8+ 7.6 7.2+ 6.8 8.3+ 6.4 10.5+8.4 10.4+7.1 8.9+ 6.2 4.0+ 4.0 32+ 3.8 0.0+£0.0
mIU/L
Postload 2 hr 52.3+56.3 52.2+548 61.5£564 69.5t64.7 70.8+60.4 64.7+57.6 293+31.1 28.7+31.0 22.1+£0.0
insulin, pU/mL
ISI (umol/kg/ 0.09+0.04 0.09+£0.04 0.08+0.04 0.08+0.04 0.08+0.04 0.08+0.04 0.11+0.02 0.11£0.02 0.13+£0.00

min). (pmol/L)*

Values are presented as mean +standard deviation.

FTO, fat mass and obesity-associated; PCOS, polycystic ovary syndrome; BMI, body mass index; WC, waist circumference; SBP, systolic blood
pressure; DBP, diastolic blood pressure; SHBG, sex hormone-binding globulin; FT, free testosterone; FAI, free androgen index; TC, total cho-
lesterol; TG, triglycerides; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; ISI, insulin sensitivity in-
dex.

#P<0.05vs. G/G.

1421085), the C/C genotype (rs17817449), and the A/A geno-  androgen indices (P<0.05), and higher free testosterone levels
type (rs8050136) exhibited higher BMIs (P<0.05), higher free ~ (P=0.041 to 0.065) compared to the women with the other
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Table 4. Comparison of the clinical and biochemical parameters of the different FTO rs17817449 genotypes

Total PCOS Control
Parameter A/A CA C/C A/A CA C/C A/A CA C/C
(n=945)  (n=268)  (n=21) (n=334) (n=86) (n=12) (n=711)  (n=206) (n=10)
Age, yr 26+5 265 24+7 24+5 24+5 215 27+5 26+4 2816
BMI, kg/m® 22.0+3.7*  21.9+£3.5* 24.0x4.5 23.9+4.7 23.8+4.6 25.5+4.8 21.1+2.6 21.0+2.6 22.2+3.4
WC, cm 75+9 74£9 78+10 79+11 79£12 82+12 73£7 7217 75+8
SBP, mm Hg 108+10 109+10 113+9 11010 112+11 115+9 107+£9 1079 110£9
DBP, mm Hg 70+8° 70+8 757 72%9 73+10 758 70+8 69+7 747
SHBG, nmol/L 87.8£63.0 83.4+483 733+504 46.1£22.6 44.8+22.8 43.8+29.6 110.5+66.2 101.5+46.6 112.7+46.0
FT, ng/dL 0.64+0.43 0.63+0.41° 0.84+0.56 1.20+0.43 1.18+0.39 1.32+0.53 0.40+0.20 0.41+0.19 0.39£0.18
FAI 3.8+4.1* 3.6+ 3.6 6.0+ 5.9 7.4+ 5.0 74+ 4.1 9.2+ 6.0 1.9+ 1.2 1.9+ 1.1 1.7+0.9
TC, mg/dL 178+29 177+30 184+28 183+31 186+33 190+31 175+28 173+27 177+24
TG, mg/dL 82+45 83+53 104+67 98+ 58 108£79 110£55 7535 73+33 97182
HDL-C, mg/dL 50+11 50+13 46+12 5013 5017 49+15 50£11 50+11 43+8
LDL-C, mg/dL 112+25 111+25 117+26 114+28 114+28 120+30 111+24 109+24 115+£21
Fasting glucose, 86+11 85+9 86+8 87+17 87+13 87+8 85+7 85+7 85+8
mg/dL
Postload 2 hr 10129 10027 104£27 112+41 113+36 11329 96+19 95+19 93+21
glucose, mg/dL
Fasting insulin, 7.8£7.6 7.1£6.8 8.3+6.4 10.5+£8.4 10.4+7.1 8.91£6.2 4.0+4.0 3.2+3.8 0.0£0.0
mlIU/L
Postload 2 hr 52.5+56.7 51.3+£53.2 61.5+564 69.5+64.7 70.8£60.4 64.7+57.6 29.3%+31.1 28.7+£31.0 22.1+0.0
insulin, uU/mL
ISI (umol/kg/ 0.09+£0.04 0.09£0.03 0.08+0.04 0.08+£0.04 0.08+0.04 0.08£0.04 0.11+£0.02 0.11£0.02 0.13+£0.00

min) . (pmol/L)™

Values are presented as mean + standard deviation.

FTO, fat mass and obesity-associated; PCOS, polycystic ovary syndrome; BMI, body mass index; WC, waist circumference; SBP, systolic blood
pressure; DBP, diastolic blood pressure; SHBG, sex hormone-binding globulin; FT, free testosterone; FAL free androgen index; TC, total cho-
lesterol; TG, triglycerides; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; IS, insulin sensitivity in-

dex.
*P<0.05vs. C/C.

genotypes (Tables 3-5). However, the significant differences in
the free androgen index and free testosterone level according
to FTO genotype disappeared after adjusting for BMI via AN-
COVA (P=0.356, P=0.319, and P=0.319, respectively).

The metabolic and endocrine parameters according to the
FTO gene variants were analyzed separately for the women
with PCOS and the controls. There were no significant differ-
ences in the metabolic or endocrine parameters according to
the FTO gene variants in this subanalysis (Tables 3-5).

DISCUSSION
In this study, the rs1421085, rs17817449, and rs8050136 vari-
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ants of the FTO gene were associated with increased suscepti-
bility to PCOS and hyperandrogenemia in young Korean
women. Moreover, these effects might have been mediated by
an effect of BML

There are few studies of the relationships between FTO gene
variants and PCOS susceptibility. The rs9939609 variant of the
FTO gene was reported to be associated with PCOS suscepti-
bility in the UK [22] and the Chinese populations [23]. In our
study, the rs1421085, rs17817449, and rs8050136 variants of
the FTO gene were associated with increased susceptibility to
PCOS. The results of the present study conflict with the results
of a previously reported study in which the rs1421085 variant
of the FTO gene was not a determinant of the development of
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Total PCOS Control
Parameter C/C A/C A/A C/C A/C A/A C/C A/C A/A
(n=946) (n=268)  (n=21) (n=334) (n=86) (n=12) (n=710)  (n=207) (n=10)
Age, yr 26+5 26+5 24+7 24+5 24+5 21+5 27+5 26+4 28+6
BMI, kg/m? 22.0+3.70  21.9£3.5" 24.0+4.5 23.9+4.7 23.8+4.6 25.5+4.8 21.1+2.6 21.0+2.6 22.2+34
WC, cm 759 74+9 78+10 79+11 79+12 82+12 73+7 7247 75+8
SBP, mm Hg 108+10 109£10 113+9 110£10 112+11 115+9 107+9 107+9 110£9
DBP, mm Hg 70+£8° 70+8 75+7 7249 73+10 75+8 70+8 69+7 74+7
SHBG, nmol/L 87.8£63.0 83.4%483 733+504 46.1+22.6 44.8+22.8 43.8+29.6 110.5+66.2 101.5+46.6 112.7+46.0
FT, ng/dL 0.64+0.43 0.63+0.41" 0.84+0.55 1.20+043 1.18+0.39 1.32+0.53 0.40+0.20 0.41+0.19 0.39%0.18
FAI 3.8+4.1° 3.6+3.6° 6.0+5.9 7.4%5.0 7.4+4.1 9.2+6.0 1.9+1.2 1.9+1.1 1.7+0.9
TC, mg/dL 178+29 177+30 184+28 183+31 186+33 190+31 175+28 174+28 177+24
TG, mg/dL 82+44 84+56 104+67 98+58 108+79 110£55 75+33 74+40 97+82
HDL-C, mg/dL 50+11 50+13 46+12 50+13 50+17 49+15 50+11 50+11 43+8
LDL-C, mg/dL 112£25 111£25 11726 114+28 114+28 120£30 111+24 109+24 115+21
Fasting glucose, 86+11 85+9 86+8 87+17 87+13 8748 85+7 85+7 85+8
mg/dL
Postload 2 hr 101£29 10027 104+27 112+41 113+36 113£29 96+19 95+19 93+21
glucose, mg/dL
Fasting insulin, 7.8+ 7.6 7.1+6.8 83+ 6.4 10.5+8.4 10.4+7.1 8.9%6.2 4.0+4.0 3.2+3.8 0.0+0.0
mlIU/L
Postload 2 hr 52.5£56.7 51.3+53.2 61.5+564 69.5+64.7 70.8+60.4 64.7+57.6 29.3+31.1 28.7+31.0 22.1+0.0
insulin, pU/mL
ISI (umol/kg/ 0.09+0.04 0.09+0.03 0.08+0.04 0.08+0.04 0.08+0.04 0.08+0.04 0.11+0.02 0.11+0.02 0.13+0.00

min) . (pmol/L)*

Values are presented as mean + standard deviation.

FTO, fat mass and obesity-associated; PCOS, polycystic ovary syndrome; BMI, body mass index; WC, waist circumference; SBP, systolic blood
pressure; DBP, diastolic blood pressure; SHBG, sex hormone-binding globulin; FT, free testosterone; FAI, free androgen index; TC, total cho-
lesterol; TG, triglycerides; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; ISI, insulin sensitivity in-

dex.
2P<0.05vs. A/A.

PCOS in a Korean population [24]. In the logistic regression
analysis, the associations of the rs1421085, rs17817449, and
rs8050136 variants of the FTO gene with the risk of PCOS
were attenuated and not significant after adjusting for BMI.
These findings suggest that the FTO gene variants might have
a positive effect on the development of PCOS via the mecha-
nism of increased adiposity.

Several studies have examined the relationships of the FTO
gene with other PCOS-associated-phenotypes, including obe-
sity, glucose intolerance, and insulin resistance [15,16]. How-
ever, the association between the FTO gene and hyperandro-
genemia remains controversial. In a study of women from a
UK population, no relationship between FTO genotype and

http://e-dmj.org ~ Diabetes Metab J 2014;38:302-310

androgen levels was observed [22]. Moreover, in a Polish popu-
lation, there were no differences in testosterone, SHBG, and
free androgen index values according to the various genotypes
[16]. However, in one study of 288 European women with
PCOS, the rs9939609 variant of the FTO gene was reported to
be associated with hyperandrogenemia [25]. In our study, the
rs1421085, rs17817449, and rs8050136 variants of the FTO
gene were associated with hyperandrogenemia. However, these
associations were no longer significant after adjusting for BMI.
These findings suggest that these FTO gene variants might pos-
itively affect hyperandrogenemia by a mechanism that is me-
diated through increased adiposity.

In a study of PCOS women from a Central European popu-
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lation, the FTO gene was found to be strongly influential on
PCOS and to be correlated with various components of meta-
bolic syndrome including obesity, impaired fasting glucose,
glucose intolerance, and insulin resistance [15]. In a meta-
analysis based on eight distinct cohorts, the effects of the FT'O
gene variants on obesity-related traits in PCOS seemed to be
more than two times greater than those that had previously
been reported in large population-based studies [26]. Several
reports have demonstrated an association between BMI and
rs9939609 in women with PCOS [25,27,28]. In our study, the
FTO gene variants were associated with obesity, but there were
no relationships between the FTO gene variants and insulin
resistance or glucose intolerance in young Korean women.
The results of the present study accord with those of an earlier
study in a Korean population that reported that the rs734312
variant of the FTO gene is not related to the risk of type 2 dia-
betes mellitus [29]. These findings suggest that FT'O gene vari-
ants might act differently according to the ethnicity.

In our study, we found no significant differences in meta-
bolic or endocrine parameters according to the rs1421085, rs-
17817449, and rs8050136 variants of the FTO gene when these
parameters were analyzed separately for the women with
PCOS and the controls. In contrast to the results of our study,
previous studies of European and Polish women with PCOS
have found significant associations of the A allele of rs9939609
with increased BMI and impaired glucose tolerance [16,25].
Further studies in various ethnic groups are needed to deter-
mine the relationships of the variants of the FTO gene to the
metabolic and endocrine parameters of women with PCOS.

The present study is the first to report a positive association
between the FTO gene variants and PCOS susceptibility in
Korean women. Moreover, the strength of our study is the rel-
ative large sample size.

The subjects of our study were younger (from 15 to 39 years
old) than those of other studies of the general female popula-
tion. Therefore, it is possible that some metabolic abnormali-
ties had not been expressed in our population. Further studies
of various age groups are needed to generalize the results of
our study.

In summary, we found that there are significant associations
between the rs1421085, rs17817449, and rs8050136 variants of
the FTO gene and PCOS susceptibility and hyperandrogen-
emia in young Korean women and that these results were like-
ly caused by the effects of obesity. To further confirm this as-
sociation, additional studies in various age groups should be
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performed to elucidate the role of FTO gene variants in PCOS
susceptibility and phenotypes.
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