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 Abstract 
Introduction: Polycystic ovary syndrome (PCOS) is the most common endocrine disorder in women of 
reproductive age. PCOS is characterized by anovulation, polycystic ovaries,  hyperandrogenism leading to infertility, 
dermatological and psychological problems, as well as the risk of developing Metabolic Syndrome (MetS) and 
cardiovascular disease (CVD). The exact cause of PCOS remains unclear. Various biochemical and genetic markers 
have been implicated in predisposition to PCOS, but no single variant has been associated with the syndrome. 
Some authors connect hyperhomocysteinemia (HHcy) with MetS and its components. The MTHFR gene C677T 
polymorphism is a common genetic abnormality leading to hyperhomocysteinemia. 

Objectives: The aim of the study was to confirm the existence of a  possible correlation between metabolic 
disturbances in PCOS and the MTHFR C677T polymorphism. 

Material and methods: A total of 98 patients diagnosed with PCOS according to the Rotterdam criteria and 101 
age-matched healthy controls were included in the study. Genotyping of MTHFR C677T was performed by the real 
time PCR method.

Otrzymano: 28.12.2015
Zaakceptowano do druku: 10.02.2015

Corresponding author:  
Katarzyna Ożegowska
Department of Infertility and Reproductive Medicine
Poznan University of Medical Sciences
Polna 33, 60-535 Poznań, Poland
e-mail: k.ozegowska@gmail.com



©  P o l s k i e  T o w a r z y s t w o  G i n e k o l o g i c z n eNr 4/2016 247

P R A C E  O R Y G I N A L N E
  ginekologia  

Katarzyna Ozegowska et al. Is there an association between the development of Metabolic Syndrome in PCOS patients and the C677T MTHFR gene polymorphism?

�������	
���	�
���	���	�������	 DOI: 10.17772/gp/61751

Introduction
��������	�
 ���
�
 ����
���
 ������
 	�
 ���
����
 ������


�����
	��
�	��
��

	�
�����
��

��
�����	��
���
���
!"#
��

������


	����	�

��	������
���
�$���	���
�$��	��
�����

��
$�
%��
�����
�


	�
 ���
����������	�
 ��
����
 �&'("#
)�	�
 �
���
��
 ���	����
 	�


����
��
�
�	%���
��
�������
����������
��
*���$��	�
����
���


�*����
����
��
����
����	���
����	�	���	��
�$��	��
���
����
!


�	�$����
 ����	���
 �+*�
 ����	��
 ��
 �
�����
�
 ��
�	��������



�	�����
��.+�
�/04"#
)��
�5���
�����
��
����

���	��
������



���
	�
	�
$��	����
��
$�
����	�����
	��
0
�
���$	���	��
��
�����	�


$��%�
����
�	��
 ���
���	
��������
 �����
�
 ���
��
 	��	�	����


�����	���
 ����	��
��
�
�����
��
��

��
�����	��
���
����$��	�


�	��
��
�
 �
�������
 	�
 �����
 ������

 ��
 �	����
 ��
	���
 ���


�������	����
���

���������
$���
�����	����
�	��
���
����
���


�6'�!"#
*���
	�
��7���
��
�
������

��
����$��	�
�	���
$������


	�����	��
����
��
�$��	���
����	�	���	��
��������
$����
�
����
�


�8��
���
�	��
�������
�������
��	���
��&"#
*���
	�����
���
	��


����������
�
�
�����	����
�	��
	��
�����

	�%
��
+*
���
�.+�
��


����
��
�	��
�	���

��
���	��

�����(��/"#
)��

���
���
�
��������


��
����$��	�
����
���
	�
�����
�	��
����
��
	��
������	��
��


���
�
	��
	�
����
��
��7��
$����
����
���
����$��	�
����
����


���

�����
�
��
&9:
��
(;:
��<0!9"#


=��������	��
 �=���
 	�
 �
 �����
'�����	�	��
 ��	��
 ��	�


��
	���
 �
��
 ����	��	��
 ����$��	��
 �!�"#
)��
�
 �
�
 ����	��


�������	��
 ����
���������	���	�
 �==���
 ��
 *���
 ���
 	��


�����������
$������
	�
���
$���
�����	����
�	��
����
	����	���	�


���
 	����	�
 
��	������
 	�
 �
 ���$�

 ��
 ����	��
 �!!0!6"#
 )��


����
 ������
 �����
 ��
 ����
���������	���	�
 	�
 
������


���	�	��
��
������������
����
�������

��������
�*)=>?�
'
��


��@���

������	$��
��

���
������'���������

�'��������	��
��


���������	��
��
����	��	��
�&9'&�"#
)��
��7�	����
	�
*)=>?


���	�	��
 ���
 ����
 ��
 	���	
��
 +CD
 ��������	��
 �&!�
 &&"
 ���


Results: Statistically significant differences were observed between those two groups with regard to body mass 
index (BMI), waist circumference (WC), hip circumference (HC), fasting insulin, total cholesterol (TC), and triglycerides 
(TG). No significant differences in the prevalence of the genotypes of the MTHFR C677T gene polymorphism were 
found between the PCOS group and controls. Despite the lack of significant differences, we observed a tendency 
for a higher prevalence of the TT genotype in the PCOS group (p=0.06). No statistically significant differences were 
observed between the PCOS group and the control group in terms of the presence of the MetS components and 
the predisposition to develop MetS. 

Conclusions: Our study did not confirm an association between the MTHFR C677T gene polymorphism and the 
development of MetS in PCOS. Further studies with larger sample size might be useful to determine this association. 

 Key words: metabolic syndrome / gene polimorphism / polycystic ovary syndrome /  
        / metylenetetrahydrofolate reductase / 

 Streszczenie        
Wstęp: Zespól policystycznych jajników ( PCOS) jest najczęstszym zaburzeniem endokrynologicznym u kobiet 
w wieku rozrodczym, charakteryzującym się brakiem owulacji, jajnikami policystycznymi oraz hiperandrogenizmem, 
które prowadzą do niepłodności, problemów dermatologicznych i psychologicznych oraz zwiększają ryzyko rozwoju 
zespołu metabolicznego i  choroby sercowo-naczyniowej. Przebadano wiele biochemicznych i  genetycznych 
markerów, które mogłyby mieć wpływ na rozwój PCOS, jednak jak do tej pory nie udało się wskazać jednego 
pewnego czynnika. Istnieją badania łączące hiperhomocysteinemię z zespołem metabolicznym i jego składowymi. 
Częstym zaburzeniem genetycznym prowadzącym do hiperhomocysteinemi jest polimorfizm C677T genu reduktazy 
metylenotetrahydrofolianowej (MTHFR). 

Cel: Celem badania było zweryfikowanie związku zaburzeń metabolicznych w zespole policystycznych jajników 
z polimorfizmem genu C677T MTHFR. 

Materiał i metody: 98 pacjentek ze zdiagnozowanym PCOS na podstawie kryteriów Rotterdamskich zostało 
porównane ze 101 pacjentkami z grupy kontrolnej dobranej zgodnie wiekowo. Metoda real-time PCR została użyta 
do wykonania oznaczeń genetycznych. 

Wyniki: Istotne statystycznie różnice między grupami zauważono w  Body Mass Index (BMI), obwodzie talii, 
obwodzie bioder, poziomie insuliny na czczo, cholesterolu całkowitego, trójglicerydów. Nie zauważono istotnych 
statystycznie różnic w  występowaniu genotypów polimorfizmu C677T genu MTHFR między grupą badaną, 
a  kontrolną. Zaobserwowano jedynie tendencję do częstszego występowania genotypu TT w  grupie kobiet 
z PCOS (p=0,06). Nie zauważono różnic statystycznych między częstością występowania składowych zespołu 
metabolicznego oraz w rozwoju pełnoobjawowego zespołu metabolicznego między tymi grupami. 

Wnioski: Nasze badanie nie potwierdziło związku polimorfizmu genu C677T MTHFR z  rozwojem zespołu 
metabolicznego w PCOS. Dalsze badania na większej grupie pacjentek mogłyby być pomocne w ocenie tego 
związku. 

 Słowa kluczowe: poliformizm genetyczny / zespól metaboliczny / ��������	
��
��
���
���
        jajników / redukcja metylenotetrahydrofolianowa / 
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1. Material and methods 

1.1. Study subjects
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Inclusion criteria for selection of PCOS cases and controls:
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1.2. Patient evaluation
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1.3. Biochemical and hormonal analysis
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1.4. Molecular analysis
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1.5. Statistical Analysis
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2. Results
2.1. Demographic and clinical characteristics of 

study subjects 
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2.2. Genotypic and allelic frequencies
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2.3. Association between C667T gene 
polymorphism and metabolic syndrome 
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2.4.  Association between the C667T gene 
polymorphism with individual components of 
metabolic syndrome
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Table  I .  Demographic, anthropometric and biochemical parameters of the studied groups (PCOS cases and controls). 

Parameter PCOS Control P value 

Age (yrs) 27.2 ±4.5 28.1± 3,5 0.08

BMI (kg/m2) 23.7±5.4 21.7±2,8 0.00001*

WC (cm) 80.7±12.8 71.6±12.8 0.00001*

HC (cm) 101.1±11.3 97.5±7.4 0.02*

WHR 0.79±0.1 0.73±0.1 0.06

Fasting glucose (mg/dl) 88.3±9.9 89.58±9.8 0.13

Fasting insulin  (μU/ml) 9.4±7.8 6.5±3.3 0.00001*

TC(mg/dl) 189.2±32.5 169.7±16.0 0.00005*

TG (mg/dl) 89.8±52.5 87.9±15.5 0.00015*

LDL-C (mg/dl) 86.7±13.9 79.4±9.5 0.43

HDL-C (mg/dl) 62.4±17.8 59.2±6.6 0.44

Chol/HDL 3.2±1.1 3.2±0.8 0.86

SBP 114.0±15.0 112.0±10.2 0.2

DBP 70.2±11.1 71.3±8.9 0.34

Abbrev iat ions:  
BMI – body mass index; WC – waist circumference; HC – hip circumference; WHR – waist to hip ratio; TC – total cholesterol; TG – triglycerides; 
LDL-C – low density lipoprotein cholesterol; HDL-C – high density lipoprotein cholesterol; VAI – visceral adiposity index; SBP – systolic blood pressure;  
DBP – diastolic blood pressure
* P<0,05 was considered statistically significant  +Mann Whitney U test was used
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Table  I I .  Patients with metabolic parameters fullfilling IDF MetS criteria

Parameter IDF criteria PCOS
N=164

Controls
N=108 p

NO 50 27 <0,09

�BP ���������	��

�� 63 42 =0,47

 �WC �	��
�
�� 82 17 <0,00001

 ��BMI >25 kg/m2
82 12 <0,00001

 �TG �����
�
�� 8 0 <0,02

 ��HDL-C <50 mg/dl 39 38 =0,4

 �FG �����
�
�� 15 11 =0,8

Abbrev iat ions:  BMI – body mass index; WC – waist circumference; WHR – waist to hip ratio; TC – total cholesterol; TG – triglycerides;
HDL-C – high density lipoprotein cholesterol; BP – blood pressure; * P<0,05 was considered statistically significant  Chi2
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Table  I I I .  Genotype distribution and allele frequency of MTHFR C677T polymorphism in the studied population ( PCOS women and Control Group). 

Polymorphism PCOS
(N=164) (%)*

Control
(N=108) (%) OR (95% CI) P value

CC 87 (51.8) 53(53.5) 0.93 (0.5668 - 1.5332) 0.7822

CT 52 (30,9) 37(37.4) 0.75 (0.4456-1.2664) 0.2829

TT 29 (17.3) 9 (9.1) 2.09 (0.9436- 4.6131) 0.0693

C 226 (67.3) 143 (72.2) 0.93 (0.7086-1.2240) 0.6099

T 110 (32.7) 55(27.8) 1.18 (0.8155-1.7033) 0.3818

* Values are given as number (%)

Table  IV.   Association of MTHFR C677T gene polymorphism with single component of MetS. 

Genetic Model High WC* High BP High FBG High TG Low HDL-C

Homozygous 
codominant (TT/CC)

1.0  
(0.15-6.53)

0.33   
(0.02-7.14)

0.8 
(0.04-17.2)

1.0 
(0.01-255.6)

9.5  
(0.83-109.2)

Heterozygous 
codominant (CT/CC)

1.67 
(0.29-9.45)

0.04 
(0.01-0.62)

0.4 
(0.05-3.42)

3.0 
(0.09-473.1)

1.22 
(0.31-4.84)

Dominant 
(TT+CT/CC)

1.33 
(0.32-5.64)

0.09  
 (0.01-1.00)

0.5  
(0.07-3.35)

3.0 
(0.09-473.1)

1.81     
( 0.51-6.4)

Recessive 
(TT/ CT+CC)

0.85 
 (0.14-5.07)

1.64  
(0.14-19.4)

1.14 
(0.06-21.9)

0.33 
(0.01-52.6)

8.73 
(0.82-92.9)

Allelic 
(T/C)

1.11 
(0.38-3.25)

0.4 
(0.11-1.51)

0.67 
(0.15-2.98)

1.0 
(0.01-92.4)

2.20 
(0.85-5.70)

Abbrev iat ions:  MTHFR – methylenetetrahydrofolate reductase; MTRR – methionine synthase reductase; OR – odds ratio; CI – confidence interval;  
BP – blood pressure; FBG – fasting blood pressure; TG – triglycerides; HDL-C – high density lipoprotein cholesterol; WC – waist circumference. 
Chi2 test was used.

Table .  V.   MTHFR C677T polymorphisms and the number of MetS components. 

Genetic Model  1 Components ��������	
	��

Homozygous codominant
(TT/CC)

0.7 
( 0.1-4.2)

1.3
(0.5-3.3)

Heterozygous codominant
(CT/CC)

1.2 
(0.4-3.5)

0.7
( 0.4-1.4)

Dominant
(TT+CT / CC)

1.1
(0.4-3.0)

0.8 
( 0.5-1.5)

Recessive
(TT/ CT+CC)

0.6 
(0.1-3.6)

1.5
( 0.6-3.6)

Allelic
(T/C)

0.9
(0.4-2.1)

0.9
( 0.6-1.3)

 
   Chi2 test was used.
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