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Introduction
According to Polycystic Ovary Syndrome (PCOS) Consensus 

Workshop Group criteria, PCOS is the most common heterogeneous 
endocrine disorder among women throughout the reproductive life in 
agreement with those of the National Institute of Health for diagnosis 
of PCOS, it is characterized by a confirmed hyperandrogenism by 
clinical, laboratory investigations and an ultrasound image revealing 
polycystic ovaries with the exclusion of the other pathologies having 
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Abstract
Background: Polycystic ovary syndrome (PCOS) is a common endocrine reproductive disorder, it can be identified by hyperandrogenism, oligomenorrhea or 
anovulation  and polycystic ovaries on ultrasound. Methylenetetrahydrofolate Reductase (MTHFR) C677T polymorphisms associated with hyperhomocysteinemia 
are among the risk factors for PCOS. 

Objective: The present case control study aims to explore the relationship between Methylenetetrahydrofolate Reductase (MTHFR) C677T polymorphisms as a risk 
factor and PCOS among Jordanian patients suffering from this disease. 

Methods: 306 subjects (146 PCOS patients and 160 healthy subjects as a control group) were enrolled in the study. DNA was extracted from venous blood sample 
withdrawn from each participant for analyzing MTHFR C677T polymorphisms using Polymerase Chain Reaction (PCR) in combination with restriction enzyme 
fragment length polymorphism (PCR-RFLP). Later, PCR-RFLP products were digested with hinfI enzyme, then, electrophoresed on a 2% agarose gel, stained and 
examined under UV light. Plasma homocysteine levels were assayed using ELISA method. 

Results: A significant difference was observed in plasma homocysteine levels among PCOS patients versus the control subjects and in between the different 
polymorphisms of PCOS patients. No significant difference was detected in the distribution and allelic frequency of MTHFR C677T polymorphisms in PCOS 
patients compared to the controls. 677/TT genotype and T allele were associated with 1.54 and 1.46 folds increase in the susceptibility for PCOS. 

Conclusion: The study has shown that MTHFR T677T polymorphism and T allele are possible risk factors for PCOS among Jordanian women and may play a role 
in the pathogenesis of the disease.
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similar characters, not having excess androgen secretion or those who 
are not showing typical ultrasonographic evidence of polycystic ovaries 
[1]. It is defined as a multifactorial disorder with various metabolic, 
endocrine, environmental and partly genetic factors. However, 
more than a hundred candidate genes have been investigated to play 
significant roles in the pathogenesis of PCOS on one hand and in 
improving the diagnosis and treatment of the disease on the other hand 
[2].
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The full manifestation of PCOS can be detected at adolescence when 
the hypothalamic-pituitary-gonadal axis becomes functioning, which 
is associated with some metabolic changes. The metabolic changes are 
associated with fat distribution within the body that increases insulin 
levels as a result of the increased impact of circulating androgens 
and stimulation of steroidogenesis in ovaries [3]. Such a condition of 
increased insulin in women with PCOS resulting in hyperandrogenism 
and anovulation. Overweight girls with insulin-resistance are subjected 
to early adrenal overactivity and PCOS at adulthood  [3].

PCOS is also known as a familial disorder to be inherited 
from one generation to the next one. The genetic effects on PCOS 
pathogenesis include those revealing high familial heritability of 
the disease [4]. Recently, various loci associated with PCOS risk had 
been identified by genome-wide association studies (GWASs) [5] that 
included; acute regulatory gene of steroidogenesis polymorphisms, 
gonadotropin-releasing hormone receptor gene polymorphisms, 
follicle-stimulating hormone receptor gene polymorphisms, insulin 
receptor polymorphisms, vitamin D3 receptor polymorphisms, 
methylenetetrahydrofolate reductase (MTHFR) C677T polymorphisms 
[6].

MTHFR is the enzyme that catalyzes the conversion of 5, 
10-methylenetetrahydrofolate into 5-methyltetrahydrofolate for the 
remethylation of homocysteine into methionine [7]. Few studies have 
investigated the effect of low folates levels in inhibiting the ovulation in 
immature super-ovulated rats and the degradation of Griffin follicles 
with an increased number of cystic follicles in female rhesus monkeys 
[8]. Among humans, PCOS and the high plasma homocysteine level 
are correlated, which can be corrected by supplementing the patients 
with folic acid [9].

MTHFR C677T polymorphism (cytosine to thymine transition 
at nucleotide 677 resulting in an alanine to valine substitution at 
codon 222) are involved in regulating folate metabolism and affecting 
homocysteine pathway, furthermore was associated with 50% decrease 
in the activity of the enzyme (thermolabile MTHFR) and elevated levels 
of plasma homocysteine [10]. 

This is suggesting MTHFR as a candidate gene for increasing the 
risk for PCOS [11]. Homocysteine is a cysteine homolog, which can 
be converted into methionine or cysteine for the reactions that require 
B-complex vitamins especially B6. There is an inverse relationship 
between high plasma and follicular fluid levels of homocysteine, oocyte, 
and embryo quality, suppressing the expression of the gene encoding 
for elongation factor 2 (E2) which participates in the elongation stage 
of protein synthesis resulting in impaired follicle growth and oocyte 
maturation among the PCOS patients [12].

More recently, a meta-analysis was performed to evaluate the 
effect of MTHFR C677T polymorphisms as risk factors for PCOS, the 
results obtained from the analysis of 1478 PCOS cases from 16 different 
ethnicities showed that the MTHFR C667T genotypes had variable 
effects that may lead to increase the risk of PCOS [13].

The present study aims to explore the possible correlation between 
MTHFR C677T polymorphisms as a risk factor and PCOS among the 
Jordanian women having the disease. To the best of our knowledge, 
this is the first time for such a study to be conducted in Jordan.

Methodology
Subject

A case-control study was conducted on 146 Jordanian patients with 

PCOS, who attended the Gynecology and Obstetrics outpatient clinics 
of the Health center, Mutah University, and Al-Karak Governmental 
Hospital, Jordan. Rotterdam consensus criteria [14] was applied to 
confirm the diagnosis of PCOS. 160 normal healthy women, age-
matched, free of menstrual cycle disturbances with no PCOS symptoms, 
no history of autoimmune or endocrine disorders and no surgery in the 
pelvis were enrolled in the study as a control group.

Exclusion criteria

All patients with diabetes mellitus, hypertension, thyroid 
diseases, Cushing,s syndrome, ovarian tumors, acromegaly, and oral 
contraceptive pills use during the last 6 months prior to the study were 
excluded. 

Blood sampling

A 5 ml venous blood sample was withdrawn from each participant 
in the study in EDTA treated tubes after overnight fasting. Plasma was 
separated immediately by centrifugation at 1800 xg for 15 minutes, 
then stored at -20°C for homocysteine assay. The whole EDTA blood 
was used for DNA extraction.

Assay of plasma homocysteine concentration 

It was done by commercially Enzyme-Linked Immunosorbent 
Assay (ELISA) supplied by Diagnostic Automation/USA according to 
the method of Engvall E, et al. (1977) [15].

Analysis of MTHFR C677T polymorphisms 

DNA was extracted from all samples using the method of Sambrook 
J, et al. (2006) [16]. They were analyzed by the PCR method coupled 
with the restriction enzyme fragment length polymorphism (PCR-
RFLP) as described by Jacques PF, et al. (1996) (17). The sequences of 
primers for MTHFR C677T polymorphisms were as follows: sense-5’- 
TGA AGG AGA AGG TGT CTG CGG GA -3’ and antisense-5’- AGG 
ACG GTG CGG TGA GAG TG -3’. These primers amplified 198 bp 
fragment of DNA. The PCR began with an initial denaturation at 94°C 
for two minutes, then, 35 cycles of denaturation at 94°C for one minute, 
annealing at 62°C for one minute, and extension at 72°C for one 
minute. The final extension was at 72°C for 10 minutes. The amplicons 
were digested with 5 units of hinfI restriction enzyme (Promega, 
Madison, WI, USA) at 37°C for two hours. The digested amplicons 
were separated by electrophoresis on 2% agarose gel, stained with 
ethidium bromide. Later, the amplicons were visualized using a UV 
transilluminator, which resulted in a 198 bp band for the homozygous 
wild type (C677C), 175 bp and 23 bp bands for the heterozygous 
mutants (C677T), and 198, 175 and 23 bp bands for the homozygous 
mutants (T677T) of MTHFR C677T polymorphisms. The 23 bp band 
was not seen because of its small size.

Statistical analysis

Data were analyzed using SPSS statistics version 21 software (IBM 
Corp. Armonk, NY). The numerical data were expressed as mean ± 
SD and the difference between groups was assessed using ANOVA. 
The qualitative data were expressed as frequency, percentage, and odds 
ratio. The possible connection between the two variables was assessed 
using Pearson’s χ2. Allele and genotype frequencies were determined 
by allele counting. The concordance of the polymorphisms frequencies 
with the Hardy-Weinberg equilibrium was evaluated using Pearson’s χ2.

Results
The results have shown significant difference between the mean 
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values of plasma homocysteine level in the group of PCOS patients 
when compared to the control subjects (Table 1). The distribution of 
MTHFR C677T polymorphisms and the frequency of C and T alleles 
have been shown in (Table 2).

Regarding the prevalence of MTHFR C677T polymorphisms, there 
was no significant difference between PCOS patients compared to the 
control subjects, there was an increased prevalence of the heterozygous 
polymorphism (677/CT) in the PCOS group. No statistically significant 
association between the different polymorphisms was detected in 
PCOS patients; however, the homozygous genotype (677/TT) and 
T allele were associated with increased risk for PCOS (OR=1.54 and 
1.46, respectively) (Table 3). A statistically significant association was 
found between the mean homocysteine level of PCOS patients with the 
different MTHFR C677T polymorphisms (p=0.039).

Discussion 
PCOS is the most prevalent multifactorial endocrine pathology, 

associated with infertility, obesity, and insulin resistance caused 
by complex interactions between environmental and predisposing 
polygenic background [18]. However, the heterogeneity and the 
inability to realize the exact etiology and pathophysiology of PCOS have 
made it difficult to identify the candidate genes with understandable 
clinical significance involved in causing PCOS [19]. HapMap project 
of the human genome was used to describe the pattern of human 
genetic variation, especially those affecting health. Several candidate 

genes play a role in PCOS development, including genes involved in 
homocysteine-methionine metabolism particularly, the MTHFR gene 
[20].

The present study has investigated the level of plasma homocysteine 
as a consequence for MTHFR C677T polymorphisms resulting in 
a reduction of enzyme activity among the patients with PCOS. The 
results have revealed a statistically significant difference in plasma 
homocysteine levels among PCOS patients as compared to the control 
subjects. Hyperhomocysteinemia is associated with atherogenesis 
and chronic vascular damage leading to arterial stiffness [21], which 
could be a risk factor for PCOS. Li D, et al. (2018) showed that serum 
homocysteine levels were greater among PCOS patients as compared 
to control subjects, which provides evidence for playing the role 
of impaired liver function in PCOS [22-24] have shown that the 
mean homocysteine levels were significantly higher among PCOS 
patients as compared to the healthy control subjects. The treatment 
of hyperhomocysteinemia in those patients is essential to improve 
reproductive functions. Gallardo T, et al. (2007) reported an increase 
in the levels of homocysteine in PCOS patients, which is negatively 
associated with the levels of folic acid [25].

In the present study, the comparison of homocysteine levels 
of PCOS patients within different MTHFR C677T polymorphisms 
revealed a statistically significant difference (p=0.039), which is 
confirmed by the study of  [26]. The genetic variants of MTHFR could 
affect the metabolism of folate and homocysteine resulting in elevated 
plasma levels of homocysteine, and playing an important role in PCOS 
pathogenesis [27]. Reported in a study including women with PCOS 
and healthy controls that the polymorphisms of MTHFR C677T do not 
influence the serum levels of homocysteine and PCOS development 
[28].

The evaluation of MTHFR C677T polymorphisms frequency 
between the two study groups in our study revealed no statistically 
significant difference. In the PCOS group, there was an increased 
frequency of the heterozygous polymorphism (677C/T), but no 
statistically significant association between C677T genotype and the 
increase in the susceptibility for PCOS (OR=0.78). The homozygous 
genotype (T677T) and T allele had elevated risk of PCOS when 
compared to the other genotypes (C677T and C677C) and C allele 
(OR=1.54 and 1.46, respectively). Those findings are consistent with the 
results of [10], who reported statistically insignificant difference among 
the different MTHFR C677T polymorphisms in PCOS patients with 
a slightly higher prevalence of heterozygous (C677T) polymorphism 
among the women with PCOS.

The genetic association studies are essential as they provide 
a clear idea about the role MTHFR C677T polymorphism in the 
pathogenesis of PCOS [29]. An Indian study shows a relative risk of 
PCOS (OR=1.32) for the heterozygous (C677T) genotype. Another 
study found a relatively high risk for PCOS [30]. The majority of the 
studies did not find any significant association between PCOS and 
MTHFR C677T polymorphisms [28]. It was noticed that high plasma 
levels of homocysteine were observed among PCOS patients; however, 
the presence of MTHFR C677T polymorphisms was not found to 
affect the high levels of homocysteine [30]. Palep-Singh M, et al. (2001) 
found that Caucasian women with PCOS had higher plasma levels 
of homocysteine and a 1.9 times higher frequency of the T allele as 
compared to the South Asian PCOS group [31].

The obtained results in the present study revealed that the frequency 
was higher for the heterozygous model C677T than the other two models 

 

Figure 1: PCOS patients with the different MTHFR C677T polymorphisms.

  PCOS patients (no. 
146)

Control group (no. 160) P value

Age 26.1 ± 2.34 26.9 ± 3.01 0.655
Homocysteine (μmol/l)    23.2 ± 0.877 6.42 ± 0.532 <0.001*

Table 1: Mean value ± SD of the age and the plasma homocysteine level among PCOS 
patients and the controls.

*P<0.001 is significant versus the control subjects.

Polymorphism/
allele

PCOS patients (no. 
146)

 Control (no. 160) OR (95% CI)    P vaule

T677T 49 (33.56) 78 (48.75) 1.54 (1.11-2.56) 0.43
C677T 67 (45.89) 52 (32.50) 0.78 (0.89-1.78) 0.66
C677C 30 (20.55) 30 (18.75) 0.72 (0.91-1.74) 0.71

C 127 (43.49) 124 (38.75) 0.89 (0.87-1.94) 0.86
T 165 (56.51) 196 (61.25) 1.46 (1.13-1.91) 0.39

Table 2: MTHFR C677T polymorphisms distribution and allele frequency between PCOS 
patients and the controls.

Polymorphisms Plasma homocysteine level (μmol/l) (Mean ± SD) P value
677/CC          18.32 ± 2.01  -
677/CT                                                        24.31 ± 1.93 0.039*

677/TT 18.73 ± 1.66  -

Table 3: Association between the mean values of plasma homocysteine levels among 
PCOS patients with the different types of MTHFR C677T polymorphisms.
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C677C and T677T which is inconsistent with the results obtained by 
Naghavi A, et al. (2015)  who reported that the homozygous model 
C677C was higher in prevalence among Iranian patients with PCOS 
when compared to the other two models [18]. Wang L, et al. (2017)  
studied the association between MTHFR C677T polymorphisms and 
the risk of PCOS, the study results revealed that the T allele was not 
significantly associated with the risk of PCOS [13]. The analysis of the 
association by ethnicity showed that the T allele significantly increases 
the risk of PCOS among the Asian population. There was no association 
for the Middle Eastern population and interestingly the T allele was 
found to be protective against PCOS among the Caucasian population. 
Moreover, the combined genotypes form (CT+TT) was significantly 
associated with increased risk of PCOS among the Asian and Middle 
Eastern populations.

The results of the study of Carlus SJ, et al. (2016) had shown 
no association between MTHFR C667T polymorphisms and the 
susceptibility of PCOS [32]. which was inconsistent with the obtained 
results of Fu L, et al. (2014) who reported C667T polymorphism as a 
risk factor for PCOS [33]. Qi Q, et al. (2015) found that MTHFR C677T 
genetic mutation could influence the occurrence of PCOS risk among 
the Chinese population [34]. Jain M, et al. (2012) stated that the CT 
genotype of MTHFR C677T was associated with a 1.32-fold increase in 
the risk of developing PCOS [10]. Choi SW, et al. (2009) indicated that 
there was no correlation between the MTHFR C677T polymorphism 
and PCOS among the Korean population [29]. Among the Turkish 
population, Karadeniz M, et al. (2010) reported that MTHFR C677T 
gene variants have no effect on plasma homocysteine levels in PCOS 
patients [30]. The inconsistency of these results may be due to 
differences in ethnicities, selection of study subjects, and sample size.

Limitations of the study 

The current findings mare limited by the relatively small study 
subjects, other factors that may play various roles in developing the 
disease including the environment, behavior, and diet were not 
evaluated, also, PCOS patients and the controls were selected from a 
health center and a hospital. Therefore multicenter studies should be 
included with recruiting more study subjects for verifying the obtained 
results in the current study and environmental-genetic interactions 
should be considered.

Conclusion
The study has investigated the correlation between MTHFR C677T 

polymorphisms as risk factors and PCOS among Jordanian patients 
suffering from this disease. There was a statistically significant difference 
(p=0.039) in homocysteine levels of PCOS patients with different 
genotypes. The results showed the association between homozygote 
mutant (TT) and T allele of MTHFR C677T polymorphism and 
increasing the susceptibility for PCOS among Jordanian women.
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