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MTHFR C677T Polymorphism in Turkish Women
with Polycystic Ovary Syndrome

Polikistik Over Sendromlu Turk Kadinlarinda

MTHFR C677T Polimorfizmi
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Abstract

Objective: Polycystic ovary syndrome (PCOS) is one of the
most common endocrine-reproductive-metabolic disorders of
women at reproductive age, affecting 5-15% of the women
worldwide. Although the pathogenesis of PCOS is not well defi-
ned, it is associated with an increased risk of premature coro-
nary artery disease (CAD). Hyperhomocysteinemia (HHcy) is
associated with hyperlipidemia and is an independent risk fac-
tor for CAD. The most common cause of HHcy is related to the
deficiency of methylenetetrahydrofolate reductase (MTHFR).
This study aimed to investigate the relationship between diffe-
rent genotypes of MTHFR C677T and the risk of PCOS. Material
and Methods: Two hundred twenty voluntary premenopausal
women (110 healthy controls and 110 PCOS patients) were in-
cluded in the study. All the volunteers underwent a physical exa-
mination along with biochemical hormonal evaluation and
genetic analysis. Results: The genotyping analyses and gene-
tic model of inheritance analyses revealed that the frequencies
of CC, CT, and TT genotypes in the control and PCOS group to
be 51.8%, 45.5%, and 2.7% and 51.8%, 48.2%, and 0%, res-
pectively. The frequency of C and T alleles in the control and
PCOS group was determined to be 74% (C: 0.74/155) and 26%
(T: 0.26/53), and 75% (C: 0.75/167) and 25% (T: 0.25/53),
respectively. The “T” additive, “T” dominant, and “C” recessive
models it found that the CT vs. CC (OR:1.06 CI:0.62-1.83), CC
vs. TC+TT (OR: 0.99 Cl: 0.58-1.72), and TC+TT vs. CC (OR:
0.99 Cl: 0.58-1.70), respectively, did not show an increase in
the PCOS risk. Conclusion: Our findings indicated that the dif-
ferent genotypes of MTHFR C677T were not associated with the
risk of PCOS in Turkish women from Central Anatolia.
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Ozet

Amag: Ureme cagindaki kadinlarin en yaygin endokrin-iireme-
metabolik bozukluklarindan biri olan polikistik over sendromu
(PKOS) diinya genelinde kadinlarin %5-15'ini etkilemektedir.
PKOS patogenezi tam olarak tanimlanmamis olmasina ragmen,
PKOS'un artmis erken koroner arter hastaligi (KAH) riski ile ilis-
kili oldugu bilinmektedir. Hiperhomosistenemi (HHcy), KAH igin
bagimsiz bir risk faktori olan hiperlipidemi ile iliskili olup HHcy'in
en yaygin nedeni metilentetrahidrofolat rediktaz (MTHFR) ek-
sikligidir. Bu galisma ile MTHFR C677T polimorfizmi ve PKOS riski
arasindaki iliskinin arastiriimasi amaglanmistir. Gereg ve Yon-
temler: Calismaya benzer yasta iki ytz yirmi gonalli premeno-
pozal kadin (110 saglikli kontrol ve 110 PKOS hastasi) dahil
edilmistir. Tum gondllllere fiziksel muayene, biyokimyasal hor-
mon degerlendirme ve genetik analizler uygulanmistir. Bulgu-
lar: Genotipleme ve genetik kalitim model analizleri ile CC, CT
ve TT genotip sikliginin kontrol ve PKOS gruplarinda sirasiyla
%51,8, %45,5, %2,7 ve %51,8, %48,2 ve %0 olarak bulun-
mustur. C ve T allellerinin sikligi sirasiyla kontrol ve PKOS grup-
larinda %74 (C: 0,74/155), %26 (T: 0,26/53) ve %75 (C:
0,75/167), %25 (T: 0,25/53) olarak belirlenmistir. “T” editif mo-
delde CT'ye gore CC (OR: 1,06 Cl: 0,62-1,83), “T"” baskin mo-
delde CC'ye gore TC+TT (OR: 0,99 ClI: 0,58-1,72) ve “C" gekinik
modelde TC+TT'ye gére CC (OR: 0,99 Cl: 0,58-1,70) genotipine
sahip olmanin PKOS riskini arttirmadigi belirlenmistir. Sonug:
Mevcut galisma ile MTHFR C677T genotiplerinin ig anadolu bdl-
gesinde yasayan Turk kadinlarinda PKOS riski ile iligkili olmadigi
gOsterilmistir.

Anahtar kelimeler: Polikistik over sendromu;
metilentetrahidrofolat rediktaz geni;
polimorfizm, risk degerlendirmesi
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Polycystic ovary syndrome (PCOS) affects 5-
15% of women worldwide. It is one of the
most common endocrine- reproductive-
metabolic disorders and a major cause for
anovulatory infertility (1-3) PCOS is not a
local disease; it is a syndrome and a chronic
systemic disease. Although the pathogene-
sis of PCOS is not well defined, in most of
the cases, it is related to hyperandrogene-
mia, insulin resistance (IR), elevated risk of
type 2 diabetes (T2DM), dyslipidemia,
chronic inflammation, endometrial cancer,
and an elevated risk of premature coronary
artery disease (CAD) (4-6). The pathogene-
sis of PCOS remains unknown since it is a
complex disease with a multifactorial etiol-
ogy derived from the interactions between
diverse genetic and environmental factors
(1,7-9). In the last years, many studies
were performed to observe the contribution
of single nucleotide polymorphisms (SNPs)
in the PCOS etiology (10-15).

The C677T (rs1801133) polymorphism lo-
cated on the methylenetetrahydrofolate re-
ductase (MTHFR) gene encodes a variant,
where cytosine (C) is replaced with thymine
(T) at nucleotide 677, which leads to the
substitution of alanine (A) instead of valine
(V) at codon 222, resulting in the reduction
of enzyme activity in 30% to 70% of het-
erozygous and homozygous genotypes, re-
spectively (16). In the general population,
hyperhomocysteinemia (HHcy) reduces the
activity of MTHFR that results from the single
nucleotide polymorphism (SNP) (16). How-
ever, another factor for this can be an insuf-
ficient dietary intake of folate.

MTHFR regulates the metabolism of homo-
cysteine (Hcy) and methionine. It converts
5,10-methylenetetrahydrofolate  to 5-
methyltetrahydrofolate, which is the main
form of folate in the blood. The methyl group
acts as a donor for the production of me-
thionine from Hcy. HHcy is related to hyper-
lipidemia (17) and is an independent risk
factor for CAD (18). Laboratory findings sug-
gested that an elevated Hcy concentration is
both atherogenic and thrombogenic (19).
Several studies have shown that hyperinsu-
linemia and insulin resistance are positively
associated with HHcy (20-22). The changes
in the folate metabolism may disrupt the ho-
mocysteine-methionine equilibration and

maintenance of the methyl pool since folate,
and homocysteine-methionine cycles work in
connection (23).

In the late 1960s, the partly prevented ovu-
lation found in the immature super-ovulated
rats by an insufficient amount of folate raised
questions about the effects of folic acid on
ovarian function (24). HHcy caused by
MTHFR deficiency may lead to impairment of
the DNA methylation process (25). Incorpo-
rating a higher amount of uracil into the DNA
can activate repair mechanisms, resulting in
an increased risk of chromosomal breakage
(26), reduced nitric oxide formation (27), re-
duced reactive oxygen species elimination
(28), and increased proinflammatory cy-
tokine release (29). Also, folliculogenesis
and oogenesis are quite susceptible to the
above-mentioned environmental changes.
As shown by several experimental data, the
oocyte maturation, ovulation, proliferation,
and differentiation of granulosa cell and
steroid biosynthesis can be affected by HHcy
(24,30,31). Moreover, folate and DNA
methylation both are important in
Alzheimer’s disease, mental health, various
cancers, and neural tube defects. Addition-
ally, Hcy may play an important role in ox-
idative stress as well (25,32-35).

The contribution of the MTHFR C677T poly-
morphism in increasing the PCOS risk was
investigated in various populations with con-
tradictory results (36-38). However, there
was no study carried out on Turkish women
from the Central Anatolian region. Therefore,
the goals of our study were to determine
whether the C677T variant was related to in-
crease the PCOS risk among Turkish women
and also to evaluate any possible relation-
ship between the variant and the clinical and
biochemical parameters.

The subjects included in this study were 220
voluntary premenopausal women (110
healthy controls and 110 PCOS patients) aged
between 18 and 50 years who were examined
in the endocrine clinic at Kayseri Training and
Research Hospital between January 2019 and
January 2020. The study was approved by
the Ethics Committee of Medical School at
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Erzincan University. The ethics committee de-
cision number and date were 33216249-
604.01.02 E.3294 and 15 January 2019,
respectively. All the volunteers provided writ-
ten informed consent and underwent a phys-
ical examination along with biochemical
hormonal evaluation. A medical history form
was filled, which contained information on hir-
sutism, menstrual cycle, reproductive and gy-
necological history, carbohydrate intolerance,
use of medication (oral contraceptive pills
(OCP)), and arterial hypertension. Ovarian
and adrenal ultrasonography was not applied
to all volunteers of control subjects in the
study designed on a voluntary basis.

The PCOS group included women diagnosed
with PCOS according to the criteria of the
Androgen Excess-PCOS Society (39).

The Control group included women who
were eligible for blood donation, had a nor-
mal menstrual cycle with no excess hair
growth nor any signs of hyperandrogene-
mia.

Women who used OCP and/or were diag-
nosed with acromegaly, Cushing’s syndrome,
thyroid dysfunction, hyperprolactinemia,
ovarian tumors, or adrenal tumors were ex-
cluded from the PCOS group.

Women who did not have a normal men-
strual cycle with excess hair growth and/or
any sign of hyperandrogenemia were ex-
cluded from the control group.

A modified Ferriman-Gallwey score (FGS) of
>8 was considered as hirsutism (40), where
FGS was evaluated by the same investiga-
tor (Y.S). The intermenstrual intervals of
longer than 35 days and shorter than 21
days were diagnosed as oligomenorrhea and
polymenorrhea, respectively. Androgen
value greater than the normal range was
identified as hyperandrogenemia. Serum
hormone levels were measured in the early
follicular phase of the menstrual cycle after
an overnight fast.

Prolactin, thyroid-stimulating hormone
(TSH), follicle-stimulating hormone (FSH),

progesterone, luteinizing hormone (LH),
estradiol (E2), dehydroepiandrosterone sul-
fate (DHEA-S), total testosterone (TT), and
insulin levels were analyzed using the
chemiluminescence immunoassay method
by Roche Elecsys Cobas E601 immunoassay
analyzer (Roche Diagnostics, Penzberg, Ger-
many). Glucose was analyzed using an en-
zymatic method by Roche Elecsys Cobas
C702 chemistry analyzer (Roche Diagnos-
tics, Penzberg, Germany).

The reference ranges for the TT, DHEA-S,
TSH, E2, LH, FSH, prolactin, progesterone,
and glucose were 0.084-0.481 pg/L, 350-
4070 (ng/mL), 0.27-4.2 puIU/mL, 12.4-233
pg/mL, 2.4-12.6 mIU/mL, 3.5-12.5
mIU/mL, 4.79-23.3ng/mL, 0.05-0.893
ng/mL, and 70-100 mg/dL, respectively. The
homeostatic model assessment for insulin
resistance (HOMA-IR) was used as insulin
resistance index (41).

Genotyping analysis was applied to all the
volunteers. The Genomic DNA isolation kit
(Roche, Germany Genomic DNA) was used
to isolate the DNA from leukocytes. Poly-
merase chain reaction and restriction frag-
ment length polymorphism (PCR-RFLP)
method was used to analyze the MTHFR
C677T variant. The primer pairs used to am-
plify the C677T variant of the MTHFR gene
were 5'-GCTCAAGGCAGGACAGTG-3’ as the
forward primer and 5’-CTGGGAAGAACT
CAGCGAAC-3" as the reverse primer.
DreamTaq polymerase (5U/uL, Ther-
moFisher, USA) was used to perform the
PCR reaction. The PCR conditions were 30
cycles of 94°C for 1 min, 63°C for 30 s, and
72°C for 30 s. The obtained PCR fragment of
585 bp was digested using the Taql restric-
tion enzyme (ThermoFisher, USA) at 37°C
for 3 h. Agarose gel electrophoresis (2%)
was used to separate the digested PCR
product, which was then visualized under UV
illuminator with SafeRed staining (IntronBio,
Korea). In the TT homozygous mutant geno-
type, two fragments were obtained with a
size of 359 bp, and 226 bp whereas, in the
CT heterozygous mutant genotype, three
fragments with a size of 585 bp, 359 bp, and
226 bp were obtained while in the CC ho-
mozygous wild genotype, only one fragment
with a size of 585 bp was obtained.
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Results for the continuous variables were
reported as mean=xstandard deviation (SD)
and median (minimum-maximum) while n
(%) was used for the categorical variables.
The normality of variables was confirmed
using the Kolmogorov-Smirnov test. The
comparisons between the study groups
were performed using the Student’s t -test.
For the variables, which were not normally
distributed, the Mann-Whitney U test was
used. For determining genotype frequen-
cies of alleles between the study groups,
the Chi-square test was used. Logistic re-
gression analysis was applied to calculate
the odds ratios (OR) and to test the rela-
tive risk associated with the risk allele for
PCOS, confidence intervals (95% CI) were
used. The variables analysis of covariance
(ANCOVA) test was used to estimate the
differences between the study groups with
age and body mass index correction. P-val-
ues less than 0.05 were accepted as signif-
icant for all the tests. IBM SPSS 22 (IBM
Corp. Released 2010. IBM SPSS Statistics
for Windows, Version 22.0. Armonk, NY:
IBM Corp) was used to perform all statisti-
cal analyses.

Control
Age(year) 28 (18-49)
Height (cm) 162.8+5.2
Weight (kg) 65+11.9
BMI (kg/m2) 23.6 (17.6-45.4)
FGS 2 (0-7)

Glucose (mg/dL)
Insulin (PIU/mL)
HOMA-IR

TT (ug/L)
Prolactin (ng/mL)
DHEAS {(ng/mL)
LH (mIU/mL)
FSH (mIU/mL})
E2 (pg/mL)

TSH (pIU/mL)
Progesterone (ng/mL)

86.0 (70.3-110.0)
6.7 (2-34.5)
1.4 (0.36-7.92)
0.35 (0.12-0.47)
8.3 (2.3-33.62)
1781 (531.5-4048.2)
5.9 (1.8-30.0)
6.76 (2.1-17.5)
63.5 (11.2-331.3)
1.5 (£0.82)
0.36 (0.01-2.63)

The clinical and biochemical characteristics
of the control and patients groups are pre-
sented in Table 1. Compared to the control
group, the body mass index (BMI), weight,
Ferriman -Gallwey score (FGS), insulin,
HOMA-IR, TT, prolactin, DHEA-S, LH, and
TSH were found to be significantly higher in
the PCOS group, with age being significantly
reduced (p=<0.05).

To study the relationship between the
MTHFR C677T variant and the PCOS risk,
the genotype distribution and allele fre-
quency were determined for each group,
which is presented in Table 2.

The frequencies of CC, CT, and TT genotypes
were determined as 51.8%, 45.5%, and
2.7% in the control group, and 51.8%,
48.2%, and 0% in the PCOS group. The TT
genotype was not determined in the PCOS
group. The C and T allele frequencies were
determined as 74% (C: 0.74/164) and 26%
(T: 0.26/56) in the control group and 75%
(C: 0.75/167) and 25% (T: 0.25/53) in the

PCOS p value
22 (18-40) 0.000*
162.6 (£6.02) 0.808
71.3 (£15.9) 0.010%*
26.6 (17.1-41.2) 0.003*
10 (0-26) 0.000*
87.0 (58.0-107.0) 0.377
10 (2-66.2) 0.000*
2.2 (0.3-14.1) 0.001*
0.56 (0.09-1.51) 0.000*
12.7 (4.6-67.9) 0.000*
2898.0 (169.4-8799.0) 0.000*
9.5 (2.0-86.8) 0.001*
6.0 (1.1-19.5) 0.027*
57.9 (15.2-353.4) 0.924
1.93 (+1.16) 0.002*
0.6 (0.05-10.4) 0.005*

The results are presented as mean+standard deviation or median (minimum-maximum). * Shows a significant difference. BMI: Body
mass index; HOMA-IR: Homeostatic model assessment of insulin resistance; DHEA-S: Dehydroepiandrosterone sulfate; TT: Total
testosterone; TSH: Thyroid-stimulating hormone; FSH: Follicle-stimulating hormone; LH: Luteinizing hormone; E2: Estradiol; PCOS:

Polycystic ovary syndrome.
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Control n (%)
MTHFR C677T

Genotype
cc 57 (51.8)
CT 50 (45.5)
TT 3(2.7)
Allele
c 0.74 (164)
T 0.26 (56)

PCOS: Polycystic ovary syndrome.

PCOS groups. Both the genotype distribu-
tion and allele frequencies were not signifi-
cant between the study groups (p=<0.05).

C677T variant was further analyzed using
genotyping test models “dominant/reces-
sive/additive” to have a better understand-
ing of the genotype-phenotype association
between the genes and PCOS (Table 3).
Since the “"TT” genotype was not determined
in the PCOS group, “C” additive, "C" domi-
nant, and “T” recessive models could not be
applied.

In the “T” additive, “T"” dominant, and “C”
recessive models, it was found that CT vs.
CC (OR: 1.06 95% CI: 0.62-1.83), CC vs.
TC+TT (OR: 0.99 95% CI: 0.58-1.72), and
TC+TT vs. CC (OR: 0.99, 95% CI: 0.58-
1.70), respectively, did not increase the
PCOS risk.

The genotypes of C677T were compared
with the hormonal and clinical data of the
PCOS and control group. The data of the
analysis is presented in Table 4. The “TT”
genotype was determined in only three vol-
unteers; therefore, it could not be included
in the statistical analysis (due to the num-
bers being less than five).

Our results found no significant difference
between the C677T genotypes and the clin-
ical and hormonal data from each genotype
(p=<0.05). Similarly, even when the volun-
teers were not separated based on groups
and analyzed only based on genotype, no

PCOS n (%) p value
57 (51.8) 0.194
53 (48.2)

0 (0)
0.75 (167) 0.198
0.25 (53)

MTHFR C677T OR (95% CI) p value

“T” Additive model ccC Ref. 0.972
TC 1.06(0.62-1.83)
TT ND
“T” Dominant Model CC Ref. 0.988
TC+TT 0.99 (0.58-1.70)

TC+TT Ref. 0.988
cc 0.99 (0.58-1.72)

“C"” Recessive Model

ND: Not determined.

significant differences were found between
the C677T genotypes and the clinical and
hormonal data of the volunteers (Table 5).

PCOS is not a local disease; it is a syndrome
and chronic systemic disease with a highly
strong inheritance of up to 70% (9). More-
over, it has a multifactorial and polygenic
etiology. Multifactorial diseases are probably
related to the effects of multiple genes
(often the genes are larger in quantity but
smaller in effect) in combination along with
lifestyle and environmental factors.

To understand the etiology and genetic basis
of PCOS, case-control studies were carried
out, which were related to the genes in-
volved in different mechanisms, including
adrenal and ovarian steroidogenesis (STAR,
CYP11B1, CYP21A2, CYP19A1, CYP17A1,
and VDR), the function of steroid hormones
(AR, SHBG), function and regulation of go-
nadotropin (FSHR, LHR, GnRHR), function
and secretion of insulin (INS, INSR, IRS-1,
IRS-2, INSL3, and CAPN10), energy home-
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MTHFR 677 Control PCOS
Genotypes CC CT TT CC CT TT
Age (year) 27 (18-49) 28 (18-49) 30 (28-32) 22 (18-40) 22 (18-37) na
Height (cm) 161.5+5.3 162+5.2 167+1.4 161.5+5.5 161.7+6.6 na
Weight (kg) 64.9+12.3 63.4+11.8 57.5+0.7 71.7+15.4 68.8+16.3) na
BMI (kg/m2) 24 (17.6-45.4) 23.5 (18.8-34.3) 20.6 (20.2-21.1) 27 (17.8-41.2)  26.3(17.1-39.1) na
FGS 2 (0-7) 3 (0-8) 3 (0-6) 10 (0-22) 11 (0-26) na
Glucose (mg/dL) 86 (70.3-110) 85 (73-110) 78 (78-78) 89 (58-107) 83 (59-106) na
Insulin (MIU/mL) 6.9%3.9 9.2+6.7 3.2+1.7 13.6+11.2 10.4+9.1 na
5.7 (2-20.7) 8.1 (2-34.5) 3.2 (2-4.5) 11.6 (2-66.2) 8.59 (2-51.9)
HOMA-IR 1.4 (0.36-4.3) 1.6 (0.36-7.92) 0.86 (0.86-0.86) 2.4 (0.41-14.1) 1.75(0.3-11.5) na
TT (pg/L) 0.34 (0.12-0.47) 0.36 (0.19-0.70) 0.36 (0.34-0.38)  0.58 (0.18-1.27) 0.5 (0.09-1.51) na
Prolactin (ng/mL) 7.3 (2.3-33.6) 8.8 (3.5-26.8) 8.2 (7.9-8.5) 13.7 (4.7-67.9) 10.7 (4.6-30.2) na
DHEAS (ng/mL) 1825.8 1635 1567.4 2900.3 2889.3
(585.9-4048.2) (531.5-3952.4) (1207.0-1927.7)  (1001.0-8799.0)  (169.4-8050.0) na
LH (mIU/mL) 4.9 (2.1-30.0) 6.9 (1.8-22) 10.5 (10.5-10.5) 10 (2.6-86.8) 8.1 (2.1-32.5) na
FSH (mIU/mL) 6.7 (2.1-17.5) 6.8 (3.46-12.3) 7.8 (7.8-7.8) 6 (1.6-19.5) 6.1 (1.1-15.1) na
E2 (pg/mL) 69.1 (19.6-331.3) 60.6 (11.2-244.5)  55.5 (55.5-55.5) 56.8 (15.2-300.1) 58.4 (18.7-353.4) na
TSH (pIU/mL) 1.4 (£0.7) 1.4 (£0.9) 2.4%1.7 1.7+1.03 2.1£1.3 na

Progesterone

0.35 (0.01-2.63)

0.39 (0.08-0.57)

0.34 (0.34-0.34)

0.58 (0.09-8.91)

0.63 (0.05-10.45)

na

(ng/mL)

The results are presented as mean+standard deviation or median (minimum-maximum). BMI: Body mass index; FGS: Ferriman-
Gallwey score; HOMA-IR: Homeostatic model assessment of insulin resistance; DHEA-S: Dehydroepiandrosterone sulfate; TT: Total
testosterone; TSH: Thyroid-stimulating hormone; FSH: Follicle-stimulating hormone; LH: Luteinizing hormone; E2: Estradiol; PCOS:

polycystic ovary syndrome. NA: not applicable.

ostasis (FTO, PPARG), chronic inflammation
(TNF-a, TNF-B1, IL6, IFN-y, and IL10), ox-
idative stress (SOD1, SOD2, GPx, and CAT),
and cardiovascular risk factors (PAI-1 and
MTHFR) (9-15,42). However, incompatible
results stemmed from these studies and
also the populations from which the study
groups were formed (9,37,43-46). A lack of
globally accepted diagnostic criteria of PCOS
and incomplete knowledge of its pathophys-
iology may be the additional reasons for the
inconsistency.

In humans, the MTHFR gene is located on
chromosome 1 and consists of 12 exons. It
has three transcripts with the sizes of 2.2kb,
7.5kb, and 9.5 kb (47). This gene has four-
teen nucleotide polymorphisms associated
with the enzymatic deficiency (48), out of
which, C677T and A1298C (rs1801131) are
the most commonly reported variants that
can reduce the MTHFR activity by various
degrees. As opposed to the C677T variant,
although the A1298C reduces the MTHFR
activity, it is not related to HHcy or a low-

ered plasma folate concentration, neither in
the homozygous nor heterozygous state
(33). PCOS women are more susceptible to
CAD, and HHcy is an independent risk factor
for CAD. Insufficient activity of 5,10-MTHFR
is one of the most common causes for a high
amount of plasma levels of Hcy (16,49). The
frequency of the variant differs significantly
based on the population from different geo-
graphic regions (50,51). Almost 17% of the
subjects with cardiovascular disease (CVD)
(52) and 28% of the subjects with HHcy and
premature vascular disease (53) were found
to have C677T polymorphism.

The latest meta-analysis was performed
with 21 articles published between the
years 1995 and 2020, where the authors
found that the T allele was related to an in-
creased risk of PCOS compared to the C al-
lele. The result indicated that C677T
polymorphism was related to an elevated
risk of PCOS in both homozygous and het-
erozygous mutant genotypes. Ethnicity de-
pendent subgroup analyses showed that the
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Genotypes
Genotypes CC CT TT
Age (year) 23 (18-49) 24 (18-49) 30 (28-32)
Height (cm) 161.5+5.4 161.9%5.9 167+1.4
Weight (kg) 68.4+£14.4 66.4£17.7 57.5+0.7
BMI (kg/m?) 25.6 (17.6-45.4) 24 (17.1-39.1) 20.6 (20.2-21.1)
FGS 4 (0-22) 5 (0-26) 3 (0-6)
Glucose (mg/dL) 87 (58-110) 83 (59-110) 78 (78-78)
Insulin (pIU/mL) 7.9 (2-66.2) 8.5 (2-51.9) 3.2 (2-4.5)
HOMA-IR 1.67 (0.36-14.1) 1.7 (0.3-11.5) 0.86 (0.86-0.86)
TT (ug/L) 0.42 (0.12-1.27) 0.41 (0.09-1.51) 0.36 (0.34-0.38)

Prolactin (ng/mL)
DHEAS (ng/mL)

11.28 (2.3-67.9)
2253.5 (585.9-8799)

10.3 (3.5-30.2)
2151.0 (169.4-8050.0)

8.2 (7.9-8.5)
1567.4 (1207.0-1927.7)

LH (mIU/mL) 7.5 (2.1-86.8) 7.8 (1.8-32.5) 10.5 (10.5-10.5)
FSH (mIU/mL) 6.3 (1.6-19.5) 6.5 (1.1-15.1) 7.8 (7.8-7.8)
E2 (pg/mL) 59.1 (15.2-331.3) 58.4 (11.2-353.4) 55.5 (55.5-55.5)
TSH (uIU/mL) 1.5£0.89 1.7£1.1 2.4+1.7

Progesterone (ng/mL) 0.45 (0.05-8.91)

0.5 (0.05-10.45)

0.34 (0.34-0.34)

The results are presented as mean+standard deviation or median (minimum-maximum). BMI: Body mass index; FGS: Ferriman-

Gallwey score; HOMA-IR: Homeostatic model assessment of insulin

resistance; DHEA-S: Dehydroepiandrosterone sulfate; TT: Total

testosterone; TSH: Thyroid-stimulating hormone; FSH: Follicle-stimulating hormone; LH: Luteinizing hormone; E2: Estradiol; PCOS:
polycystic ovary syndrome. “TT” genotype was determined in only three volunteers (less than 5), so it is not included in the statis-

tical analysis.

C677T mutant in the Middle Eastern popu-
lation showed greater PCOS risk (TT+CT vs.
CC: OR: 2.66, 95% CI: 1.54-4.58; CT vs.
CC+TT: OR: 2.64, 95% CI: 1.27-5.49; TT
vs. CC: OR: 2.21,95% CI: 1.16-4.21; T vs.
C: OR: 1.82,95% CI: 1.39-2.37). However,
such risk was not found in the Asian or Cau-
casian population (34). The analysis also
showed that ethnicity played a significant
role in the etiology of PCOS in terms of ge-
netics. The author concluded that further
studies need to be performed to explore the
contribution of MTHFR C677T polymorphism
toward the PCOS risk in the Turkish popula-
tion since only one study was performed on
the Turkish population till then. In our
study, we did not find any correlation be-
tween PCOS and C677T genotype (CT vs.
CC OR: 1.06 95% CI: 0.62-1.83, CC vs.
TC+TT OR: 0.99 95% Cl: 0.58-1.72, TC+TT
vs. CC OR: 0.99, 95% CI: 0.58-170). On
the contrary to our findings, Karadeniz et al.
found that women with PCOS had four
times the higher CT genotype, statistically
higher frequency of the T allele, and a sta-
tistically higher level of Hcy compared to

the healthy control although the Hcy level
was not correlated with the C677T geno-
type. Therefore, the authors concluded that
the MTHFR genotypes did not affect the
plasma Hcy levels in patients with PCOS in
Turkey (54). Van der Put et al. found that
the C677T genotypes were associated with
reduced folate and higher Hcy levels (33).
The previous meta-analysis by Zhu et al.
performed using 21 articles, available from
the inception till 17 June 2019, found that
the T allele in MTHFR C677T polymorphism
could be a genetic risk factor for PCOS, es-
pecially in the Asian population (TT+CT vs.
CC OR: 1.47 95% CI: 1.12-1.94, TT vs.
CT+CCOR: 1.5095% Cl: 1.25-1.81). How-
ever, the evidence did not support the same
association in the Caucasians (TT+CT vs.
CC OR: 1.30 95% CI: 0.78-2.61, TT vs.
CT+CC OR: 1.01 95% CI: 0.68-1.50) (37).
Another meta-analysis by Wang et al. per-
formed using 16 studies published before
December 2016 found that the T allele was
not a risk factor for PCOS (OR: 1.08; 95%
CI: 0.96-1.21). Upon ethnicity-based analy-
sis, an increased risk was found in the PCOS
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in the Asian population because of the T al-
lele (OR: 1.31; 95% CI: 1.09-1.58), but
such results were not found in the Middle
Eastern population (OR:1.26; 95% CI: 0.96-
1.67). The authors claimed that the T allele
had a protective effect against PCOS in the
Caucasian population (OR: 0.82; 95% CI:
0.68-0.99). Additionally, they concluded
that MTHFR C677T polymorphism might be
providing diverging effects on the PCOS eti-
ology depending on the ethnicity. HHcy can
not only be seen in the case of genetic de-
fects, but it can also be due to nutritional
deficiencies (insufficient dietary intake of fo-
late), which can be the reason for the dis-
cordant results besides ethnicity.

PCOS women from different ethnicity were
presented with different clinical appear-
ances of the syndrome. Therefore, differ-
ences in ethnicity seem to have an
important effect on the disease etiology.
Different genetic components may con-
tribute differently to the disease pheno-
type. For instance, Caucasian patients with
PCOS were unlikely to have diabetes when
compared to East Asian patients (55), or
the European and Maori women were more
prone to hirsutism compared to the other
ethnic groups (56).

No correlation was observed between the
MTHFR C677T genotype and the PCOS risk
in our study. Moreover, even in the current
literature, there were discordant results.
Clinical studies showed that HHcy levels in
PCOS patients returned to normal levels
upon folic acid supplementation (21,57).
Therefore, in the PCOS treatment, folic
acid supplementation may be considered to
lower the Hcy levels, considering the pos-
sibility of HHcy in PCOS patients. The in-
teractions between gene-environment,
gene-gene, and even different alleles of
the same gene may modulate PCOS risk.
Hence, the investigation of polymorphisms
on other genes involved in the folate me-
tabolism may be of great importance to
understand the role of folate metabolism in
PCOS etiology. On the other hand, to avoid
dietary interference in women who partici-
pate in such studies, it might be better to
consider folate intake while designing the
study. Additionally, some genes are known
to have altered expression levels in PCOS
(9). Since the MTHFR deficiency may cause

impairment in the DNA methylation
process, which is also one of the most im-
portant mechanisms in the regulation of
gene expression (25), MTHFR genotypes
and folate mechanisms may be considered
to have an indirect effect on PCOS etiology.
However, laboratory studies are needed to
support this hypothesis.

The study has several limitations; firstly TT
genotypes were identified only in three vol-
unteers. Secondly, there was a lack of infor-
mation about Hcy and folic acid levels in the
blood. Thirdly, the study group was formed
with volunteers from the Central Anatolia re-
gion of Turkey.

This study demonstrated that neither T nor
C allele of MTHFR C677T polymorphism con-
tributed to PCOS risk in our study popula-
tion. Further studies are required to
conclude the impact of folate metabolism on
PCOS etiology more accurately using a
larger study group and detailed individual
data.

The study was approved by the Ethics Com-
mittee of Medical School at Erzincan Univer-
sity. All procedures performed in the study
involving human participants were in accor-
dance with the ethical standards of the in-
stitutional and/or national research
committee and with the 1964 Helsinki dec-
laration and its later amendments or com-
parable ethical standards.
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this study.
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