
Australian Journal of Basic and Applied Sciences, 8(13) August 2014, Pages: 98-104 

 

AENSI Journals 

Australian Journal of Basic and Applied Sciences 

 ISSN:1991-8178 

 

 

Journal home page: www.ajbasweb.com 

 

 

Corresponding Author: Ahmed M.A. El-Sokkary, Biochemistry Division, Department of Chemistry, Faculty of Science,  

E-mail: aelsokkary@mans.edu.eg 

A Study on Fat Mass and Obesity Associated (FTO) Gene rs9939609 Variant in 

Egyptian Women with Polycystic Ovarian Syndrome 

 
¹Hussein G. Osman, ²Abdel Aziz A. El-Refaeey, ¹Ahmed M.A. El-Sokkary, 3Mohamed M.A. El-Sokkary, ¹Rasha A. El-Saeed 
 
1Biochemistry Division, Department of Chemistry, Faculty of Science  
2Department of Obstetrics and Gynecology, Faculty of Medicine  
3Department of Microbiology, Faculty of Pharmacy, Mansoura University, Mansoura-Egypt 

 

A R T I C L E  I N F O  A B S T R A C T 

Article history: 
Received  25  June  2014 

Received in revised form 

8 July  2014 
Accepted  25 July 2014 

Available online 20 August 2014 

 

Keywords: 

FTO variants- obesity - polycystic 

ovarian syndrome - single nucleotide 
polymorphism 

 Variations in the fat mass and obesity associated (FTO) gene have recently been 

associated with obesity among different ethnic populations. Given that the phenotype of 

polycystic ovary syndrome (PCOS) overlaps with obesity, it has been hypothesized that 

the common rs9939609 variant of FTO gene may be related to PCOS susceptibility. We 
performed a case–control study on 50 women with PCOS, and 45 healthy women as the 

control group. The association between rs9939609 variant of FTO gene and PCOS 

susceptibility in Egyptian women was examined. The A allele was significantly more 
frequent among PCOS patients than in the control group (60% vs. 45.5%; A allele vs. T 

allele, OR = 2.37, P = 0.005). The A allele carrier genotype (AA and AT) frequencies 

were also significantly greater in PCOS patients than in the controls (82% vs. 64.4%; 
AT and AA vs. TT genotype, OR = 2.51, P = 0.049). In conclusions, the rs9939609 

variant in the FTO gene is associated with PCOS susceptibility in the Egyptian 

population, probably because of its effect on body mass index (BMI). 
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INTRODUCTION 

 

 Polycystic ovarian syndrome (PCOS) is the most common endocrine abnormality in reproductive-age 

women, its prevalence is estimated to be 5–10% in different ethnic populations and as much as 22% of women 

in general population have polycystic ovaries on ultrasound. It is a heterogeneous disorder, characterized by 

menstrual disturbances, clinical and biochemical manifestations of hyperandrogenism and polycystic ovaries 

(Gersak and Ferk, 2007 and Allahbadia and Merchant, 2011). 

 The etiologies of PCOS have not been fully elucidated, it originates in multiple genetic and environmental 

factors and its further development involves interaction of diverse organs or tissues (Wang and Zhu, 2012). 

Obesity plays a key role in the development of PCOS and affects about 40-60 % of women with PCOS 

depending on ethnicity. Both PCOS and obesity are considered highly heritable complex diseases (Wehr et al., 

2010).  

 Discovery of fat mass and obesity–associated (FTO) gene was the first major success in the field of obesity 

genetics (Frayling et al., 2007 and Scuteri et al., 2007). The human FTO gene is located on chromosome 16 and 

expressed in a wide range of tissues, including the adipose tissue and specific areas of the brain and muscles, 

suggesting its potential role in body weight regulation (Wehr et al., 2010). 

 The FTO gene is highly polymorphic, and several polymorphisms of the gene have been described. The 

variant FTO rs9939609, located within the first FTO intron has two alleles, A and T, the former has been linked 

to an increased risk for both obesity and type 2 diabetes mellitus (De Luis et al., 2013). 

 Several studies were set out to establish whether FTO variants also impact on the individual risk of PCOS, 

however controversial results were obtained. Barber et al. (2008) and Yan et al. (2009) reported an association 

between the FTO single nucleotide polymorphism (SNP) rs9939609 and PCOS. On the other hand, studies of 

Tan et al. (2010), Wehr et al. (2010) and Ewens et al. (2011) showed no association between SNPs in FTO and 

PCOS phenotype. However, it is still unclear how this variation of FTO gene influences adiposity and body 

weight (Wehr et al, 2010). Moreover, data regarding these associations with PCOS in Egyptian population have 

not been studied before. 
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 In the current study, the genotypes of the rs9939609 polymorphism of FTO in Egyptian PCOS patients and 

their association with PCOS susceptibility have been investigated. Also, the influence of these genetic variants 

on some biochemical parameters has been examined. 

 

Subjects and methods: 

 This study was done between August 2011 and April 2013, and included two groups of women. The first 

group was the PCOS group which included 50 women with PCOS, recruited from the outpatient clinic of 

Obstetrics and Gynecology department, Mansoura university hospitals, Egypt. Diagnosis of PCOS was made 

according to the 2003 Rotterdam ESHRE/ASRM PCOS Consensus Workshop Group’s diagnostic criteria. This 

proposes a diagnosis of PCOS when a patient meets two of the following three criteria: (i) oligomenorrhea or 

amenorrhea for at least 6 months; (ii) clinical and/or biochemical signs of hyperandrogenism; (iii) polycystic 

ovaries on ultrasound (Rotterdam ESHRE/ASRM PCOS Consensus Workshop Group, 2004). 

 Oligomenorrhea was defined as a reduction in the frequency of menses with intervals between 40 days and 

6 months and hyperandrogenism was defined as serum testosterone > 0.6 ng/ml, finally, polycystic ovaries were 

defined as the presence of 12 or more follicles in each ovary measuring 2-9 mm in diameter and/or increased 

ovarian volume (10 mm) (Gu et al., 2010). 

 The criteria for inclusion were that: patients were in their reproductive age and none of them were on 

hypoglycemic agents (including metformin) or hormonal therapy (including oral contraceptives) or undergone 

ovulation induction for at least 3 months before entering the study. Exclusion criteria included other causes of 

hyperandrogenism, as (androgen-secreting tumors, nonclassical adrenal hyperplasia, and cushing's syndrome), 

hyperprolactinemia, diabetes, hypertension, thyroid disease, and renal diseases. 

 The second group was the control group, which included 45-age and BMI matched healthy women with 

regular menstrual cycles, no clinical appearance of hirsutism, acne, alopecia, endocrinopathies, or other chronic 

illness and none of the control group had PCO picture on ultrasound. They were recruited in the follicular phase 

of menstrual cycles and BMI of each patient defined as weight (kg)/height (m
2
) was calculated. Written 

informed consent was obtained from each participant, and the study protocol was approved by Mansoura ethical 

committee. 

 

Collection of blood samples: 

 Fasting whole blood samples (5ml) were collected by vein puncture. The blood was divided into two parts, 

3 ml were placed into plain tubes and allowed to clot for 10-15 minutes, centrifuged and the separated serum 

was stored at -80 ºC for further measurement of the biochemical parameters. The other 2 ml of the whole blood 

were taken in EDTA coated tubes for extraction of DNA and performing genotyping working. 

 

Biochemical Parameters: 

 Serum concentrations of total testosterone were measured by a microplate chemiluminescence 

immunoassay (Monbind Inc., Lake Forest, USA). Serum levels of total cholesterol, triglycerides, and high 

density lipoprotein (HDL) cholesterol were measured by a commercially available kit (Spinreact Co., Spain). 

Low density lipoprotein (LDL) cholesterol and very low density lipoprotein (VLDL) cholesterol levels were 

calculated using the formulae of Tunali and Yanardag (2006).  

 

Genotype analysis: 

 Genomic DNA was isolated from blood samples using a DNA purification kit (Fermentas, Germany). The 

FTO SNP rs9939609 was genotyped using ARMS-PCR. Primers were derived from genomic entry 

AC007909.8; rs9939609 Fout: 5'-TGG CTC TTG AAT GAA ATA GGA TTC AGA A-3'; Rout: 5'-AGC CTC 

TCT ACC ATC TTA TGT CCA AAC A-3', Fin: 5'-TAG GTT CCT TGC GAC TGC TGT GAA TAT A-3', 

Rin: 5'-GAG TAA CAG AGA CTA TCC AAG TGC ATC TCA-3' (product size outer primers: 321 bp, T-allele: 

178 bp, A-allele: 201 bp) (Müller et al, 2008). PCR was carried out in a 25 μl mixture containing: 2.5 μl 1x PCR 

buffer, 0.75 μl MgCl2, 1 μl DNTP mixture, 0.35 μl of each primer, 0.5 μl Taq DNA polymerase, 13.85 μl 

ddH2O, and 5 μl genomic DNA. PCR products were resolved by electrophoresis in agarose gel and revealed by 

ethidium bromide. For validity of genotypes, alleles were rated independently by at least two experienced 

individuals.  

 

Statistical analyses: 

 Statistical analyses were carried out via Statistical Package for Social Science (SPSS) version 17 program 

on windows XP. Qualitative data were represented in the form of number and frequency, while quantitative data 

were represented in the form of mean ± standard deviation (mean ± SD). 

 Kolmogrov-smirnov test was used to test normality of quantitative data. Pearson-product correlation was 

used to test for linear relationship between different variables. χ2 and Fisher exact tests were used to examine 

qualitative data. Whereas, ANOVA and Kruskal–Wallis tests were used for normally and non-normally 
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distributed quantitative data. Genetic association was performed by logistic regression. Results were expressed 

as nominal P, odds ratio (OR) and 95% confidence interval (CI). Results were considered significant if P value 

is ≤ 0.05. 

 

Results: 

 In table 1, women with PCOS had significantly higher levels of total testosterone (P < 0.001). Also, 

significantly higher levels of total cholesterol, triglycerides, LDL cholesterol and VLDL cholesterol were 

observed in PCOS group compared to controls (P ≤ 0.001). No significant difference was observed in levels of 

HDL cholesterol between the studied groups (P = 0.259). 

 Table 2 shows that a statistically significant negative correlation was observed between age of PCOS group 

and levels of HDL cholesterol (P = 0.019). Also, there was a statistically significant positive correlation between 

levels of total cholesterol and levels of triglycerides, LDL cholesterol, and VLDL cholesterol (P = 0.028, P < 

0.001, P = 0.028, respectively). Moreover, a statistically significant positive correlation was observed between 

levels of triglycerides and levels of VLDL cholesterol (P < 0.001). 

 The observed genotype distributions were consistent with hardy Weinberg equilibrium, both in patients and 

controls (P = 0.56, P = 0.11, respectively, data not shown). In Table 3, the A allele was significantly more 

frequent in PCOS patients than in the controls [60% vs. 45.6%; A allele vs. T allele, OR = 2.37, 95% CI = 1.24-

4.54, P = 0.005], however, the strength of this association was attenuated after adjustment of BMI (OR = 1.05, 

95% CI = 0.09-11.36, P = 0.98). 

 The AA genotype was present in 38% (n = 19) of PCOS women, the frequency of the AT genotype was 

44% (n = 22) in PCOS women, and 18% (n = 9) of PCOS women were TT. The frequency of genotypes in the 

control group was: AA; 26.7% (n = 12); AT; 37.8% (n = 17); and TT; 35.6% (n = 16). 

 The A allele carrier genotype (AA+AT genotypes) frequencies were also significantly greater in PCOS 

patients compared to the controls [82% vs.64.4%; AT and AA vs. TT genotype, OR = 2.51, 95% CI = 0.89-7.21, 

P = 0.049). Also, the strength of this association was attenuated after adjustment of BMI (OR = 1.1, 95% CI = 

0.13-8.18, P = 0.92). 

 For further analysis, patients with PCOS were divided into two subgroups according to FTO genotypes 

(Table 4). PCOS women carrying the A allele had significantly higher levels of total cholesterol and LDL 

cholesterol than non-carriers (P = 0.015, P = 0.027, respectively). No significant association was observed 

between different FTO genotypes and HDL cholesterol, VLDL cholesterol, triglycerides, or total testosterone 

levels. 

 

Discussion: 

 In the present study, PCOS women had significantly higher levels of total testosterone compared to 

controls. This may be attributed to increased synthesis of testosterone precursors due to a dysregulation of 

cytochrome P450, (P450c17α), the rate-limiting enzyme in androgen biosynthesis in the theca cells of the ovary 

in PCOS. Hyperandrogenemia was detected in around 60% to 80% of PCOS cases and results in the common 

symptoms of androgen excess in PCOS women, as hirsutism, acne and alopecia (Allahbadia and Merchant, 

2011). 

 Also, in the current study, PCOS women had significantly higher levels of total cholesterol, triglyceides, 

LDL cholesterol and VLDL cholesterol compared to controls (table 1). The etiology of this dyslipidemia in 

women with PCOS may be related to other factors that can influence lipid metabolism as (excess androgen, 

insulin resistance, variable amounts of estrogen exposure, and some environmental factors (Wild, 2012). 

 Although most studies suggest an association between dyslipidemia and PCOS, results are conflicting. Most 

studies suggest that PCOS patients are hyperlipidemic (Orio et al., 2004 and Wild, 2012). On the other hand, 

Bickerton et al. (2005) found no significant differences in lipids or lipoprotein concentrations between PCOS 

patients and weight matched controls. These conflicting results may be related to different ethnicity with 

different dietary habits.  

 Table 2 shows that there was a statistically significant negative correlation between age of PCOS group and 

levels of HDL cholesterol, this finding agrees with that shown by Schaefer et al. (1994). Also, Wakabayashi 

(2012) suggested that HDL cholesterol levels tend to be lower by increasing age. 

 Furthermore, there was a statistically significant positive correlation between levels of total cholesterol and 

levels of triglycerides, LDL cholesterol, and VLDL cholesterol, these results are consistent with the results of 

El-Hazmi et al. (1999).  Moreover, a statistically significant positive correlation was observed between levels of 

triglycerides and levels of VLDL cholesterol, this finding is consistent with the results of Sommariva et al. 

(1988), which suggested that as serum triglyceride levels increase, VLDL cholesterol levels rise and become 

enriched in triglycerides. 

 In the present work, we studied the frequency distributions of the different genotypes of rs9939609 

polymorphism of FTO gene in PCOS patients and controls. The A allele was significantly more frequent in 

PCOS patients than in the controls (60% vs. 45.6%; A allele vs. T allele, P = 0.005).  
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 The A allele carrier genotypes (AA and AT genotypes) frequency was also slightly significantly greater in 

PCOS patients compared to the controls (82% vs. 64.4%; AT and AA vs. TT genotype, P = 0.049). These 

results were in agreement with that reported by other investigators (Al-Attar et al., 2008; Villalobos-Comparan 

et al., 2008;  Hassanein et al., 2010; Li et al., 2012 and Wojciechowski et al., 2012). 

 Up to the best of our knowledge, this is the first report of the association between FTO rs9939609 variant 

with PCOS status in Egyptian women. The mechanism by which the rs9939609 variant affects body size and 

predicts the risk of PCOS is not probably known.  It may be related to one or more of the following factors: (1) 

multiple human studies suggest a link between various FTO risk alleles and increased energy intake, patients 

with at least one FTO risk allele reported a greater intake of food, impaired satiety responsiveness and more 

frequent loss of eating control than did those homozygous for the non-risk allele (Larder et al., 2011).  Also, AA 

homozygotic white women were on average 3 kg heavier, with an increased BMI of about 0.8 kg/m2, than those 

without the risk allele (Wojciechowski et al., 2012).  

 (2) It has been shown that FTO gene encodes a 2-oxoglutarate–dependent nucleic acid demethylase 

involved in diverse processes, including DNA repair, fatty acid metabolism, and posttranslational modifications. 

It was suggested that it might regulate the expression of genes involved in metabolism and that dysregulation of 

this process might lead to obesity (Wehr et al, 2010). 

 (3) A direct effect of FTO variants on the development of PCOS, independent of the effects on fat mass 

may be present as reported by ( Barber et al., 2008). (4) Recently, it has been suggested that the role of FTO in 

the regulation of food intake is also linked to its function in the sensing of amino acids. FTO is most highly 

expressed in the hypothalamus, where the sensing of amino acid levels has been demonstrated to affect 

pathways controlling food intake. It was suggested that the risk alleles result in subtle variations in the 

expression of FTO in key appetite control centers within the brain, which are likely to influence the way in 

which we sense and therefore respond to amino acid levels (Gulati and Yeo, 2013). 

 In the current study, no association was observed between FTO rs9939609 variant and BMI. These results 

are consistent with the results of Yan et al. (2009) and Kowalska et al. (2012), who found no significant 

differences in BMI between different FTO rs9939609 variants in PCOS subjects. On the other hand, other 

studies showed that FTO risk allele was associated with a significant increase in BMI among PCOS women 

(Tan et al., 2010; Wehr et al., 2010 and Ewens et al. 2011). This discrepancy between results could be due to 

inadequate power; evidence shows that the case–control association is far weaker when restricted to the non-

obese PCOS patients. 

 To the extent that adjustment for BMI diminishes the PCOS association, our data suggests that the effect of 

FTO on PCOS susceptibility is mediated through its effect on fat mass and the risk of obesity, in a fashion 

analogous to the relationship between FTO variation and predisposition to type 2 diabetes mellitus (Frayling et 

al., 2007).  

 These findings are consistent with the study of Yan et al. (2009) in China and Barber et al. (2008) in UK.   

On the other hand, our results are not in line with the results of Tan et al. (2010), Wehr et al. (2010) and Ewens 

et al. (2011). These conflicting results might be attributed to differences in ethnicity, environmental,   criteria in 

selecting cases and controls and effects of the SNPs in the genes. 

 Also, in the present work, the association of FTO rs9939609 with clinical and biochemical parameters in 

PCOS women was examined. PCOS women carrying at least one copy of A allele had significantly higher 

levels of total cholesterol and LDL cholesterol than non carriers (Table 3). The exact pathophysiology of these 

findings was not probably unknown, some studies suggest that the increase in consumed kilojoules of energy in 

risk allele carriers was due to an increased preference for energy-dense foods, specifically those with a higher 

fat content, rather than a general increase in the amount of food consumed (Cecil et al., 2008 and Timpson et al., 

2008). Other investigators, including, Wehr et al. (2010); Kowalska et al. (2009) and Kowalska et al. (2012) 

found no significant association between FTO rs9939609 different genotypes and any of the lipid profile 

parameters.  

 In conclusion, our results demonstrate that the common rs9939609 variant in the FTO gene is associated 

with PCOS. 
 

Table 1: Clinical and some biochemical variables of PCOS patients and controls. 

 

 

PCOS Patients 

(50 cases) 

Controls 

(45 cases) 

P – value 

Age (Years) 

BMI (Kg/m2) 

Total testosterone (ng/ml) 
Total cholesterol (mg/dl) 

Triglycerides (mg/dl) 

HDL-cholesterol (mg/dl) 
LDL-cholesterol (mg/dl) 

VLDL-cholesterol (mg/dl) 

25.78 ± 4.53 

29.80 ± 6.12 

0.86 ± 0.27 
284.12 ± 137.55 

168.55 ± 110.41 

58.30 ± 24.33 
195.99 ± 135.93 

33.69 ± 22.08 

25.09 ± 4.81 

27.12 ± 5.43 

0.48 ± 0.21 
171.57 ± 31.71 

70.18 ± 49.83 

64.47 ± 12.22 
95.75 ± 30.44 

14.03 ± 9.96 

0.310 

0.072 

<0.001 
<0.001 

<0.001 

0.259 
0.001 

<0.001 

* Values are expressed as mean ± SD; Statistical significance, P ≤ 0.05. 
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Table 2: Pearson's correlation between age, BMI, and biochemical parameters among PCOS patients. 

VLDL 

cholesterol 

LDL 

Cholesterol 

HDL 

cholesterol 

Triglycerides Total 

cholesterol 

BMI Age  

R r r R r r R 

0.274 

P = 0.028 

0.958 

P < 0.001 

-0.089 0.274 

P = 0.028 

1.000 0.044 0.174 Total cholesterol 

1.000 
P < 0.001 

0.102 0.093 1.000 0.274 
P = 0.028 

0.207 0.155 Triglycerides 

0.093 -0.246 1.000 0.093 -0.089 -0.174 -0.292 

P = 0.019 

HDL cholesterol 

0.102 1.000 -0.246 0.102 0.958 
P < 0.001 

0.077 0.207 LDL cholesterol 

1.000 0.102 0.093 1.000 

P < 0.001 

0.274 

P = 0.028 

0.206 0.155 VLDL 

cholesterol 

0.039 -0.121 0.100 0.039 -0.076 0.128 -0.185 Total 
Testosterone 

 
Table 3: Allele frequencies and genotypes of the FTO polymorphism among women with PCOS and healthy control women. 

OR (95% CI) 
 

Pa 
value 

P value Controls 
(n=45) 

PCOS 
(n=50) 

 

 

2.37  (1.24-4.54) 

1.00 (Reference) 

 

 

0.98 

 

 

0.005 

 

41 (45.6%) 

49 (54.4%) 

 

60 (60%) 

40 (40%) 

Allele frequency 

A 

T 

 

2.82 (0.83-9.77) 

2.30 (0.73-7.4) 
1.00 (Reference) 

 

 

 
0.96 

0.89 

 

 

 
0.06 

0.18 

 

12 (26.7%) 

17 (37.8%) 
16 (35.5%) 

 

 

19 (38%) 

22 (44%) 
9 (18%) 

 

General genotypes 

AA 

AT 
TT 

 

 
 

2.51 (0.89-7.21) 

1.00 (Reference) 

 
 

0.92 

 
 

0.049 

 
29 (64.4%) 

16 (35.6%) 

 
41(82%) 

9 (18%) 

Dominant genotype 
AT+AA 

TT 

 
 

1.00 (Reference) 

1.69  (0.65-4.43) 

 
 

0.96 

 
 

0.24 

 

 
33(73.3%) 

12 (26.7%) 

 
31 (62%) 

19 (38%) 

Recessive genotype 
AT+TT 

AA 

Notes: - values are given as numbers (percent). OR = odds ratio; CI = confidence interval. 

            - Pa value: BMI adjusted P value 

 
Table 4: Clinical and biochemical variables of PCOS patients according to FTO genotypes. 

P-value Carriers of TT 

Genotype 

(n = 9) 

Carriers of AT or AA 

Genotype 

(n = 41) 

 

0.227 
0.954 

0.910 

0.015 
0.393 

0.414 

0.027 
0.395 

26.18 ± 3.28 
29.18 ± 5.28 

0.79 ± 0.23 

170.09 ± 128.8 
119.81 ± 121.6 

52.80 ± 16.22 

97.64 ± 112.4 
23.96 ± 24.31 

25.31 ±  4.95 
29.3 ± 6.31 

0.78  ± 0.34 

280.79  ± 134.5 
145.47  ± 82.33 

59.09  ± 24.15 

196.47 ± 134.6 
29.08 ± 16.46 

Age (Years) 
BMI (Kg/m2) 

Total testosterone (ng/ml) 

Total cholesterol (mg/dl) 
Triglycerides (mg/dl) 

HDL cholesterol (mg/dl) 

LDL cholesterol (mg/dl) 
VLDL cholesterol (mg/dl) 

 

 
 

Fig. 1: Detection of rs9939609 gene polymorphism by ARMS-PCR. PCR products of nine different individuals  

with three possible genotypes (AT, AA, or TT). 
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