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ABSTRACT 

Introduction: Variations in fat mass and obesity associated (FTO) gene 

increased the risk of obesity in many European populations but with inconclusive 

results in other populations. There are no previous reports about polymorphism of 

FTO gene and its association with obesity in Egyptian Arab population.  

Aim of the study: this study was designed to investigate the allele frequency 

and genotype distribution of FTO gene rs9939609 and its association with obesity and 

insulin resistance (IR).  

Subjects and method 

102 obese (BMI ≥ 30) and 39 non-obese subjects were included. For all 

subjects rs9939609 of FTO gene was genotyped and other biochemical parameters 

were measured  

Results 

The overall minor allele frequency (A) was (0.4). There was significant 

difference in genotype distribution in obese vs non-obese group under recessive 

model, with an increased odds ratio (OR) for obesity (OR = 4, P = 0.04) 

Conclusions 

this study validated that homozygous variant of FTO gene rs9939609 is risk 

factor for obesity in our female subjects. Hopefully, this study can help to set 

personalized plans for prevention and treatment of obesity and obesity-related 

disorders in Egyptian population. 

Introduction 

Egypt now is one of the top ten countries in the prevalence of obesity and type 

2 diabetes mellitus (T2DM) (Martorell et al., 2000; IDF, 2013). About 22% of men 

and 48% of women are obese according to 2010 WHO estimates. There are many 

medical complications of obesity as IR, T2DM, fatty liver disease, dyslipidemia, 

cardiovascular complications, pulmonary diseases and some cancers(Antuna-Puente 

et al., 2008; Blüher, 2009). It is accepted that many environmental factors play a key 

role in increasing the susceptibility to obesity (Abelson and Kennedy, 2004; Keith et 

al., 2006). However, we respond differently indicating that genetic difference affect 

the outcome (Loos and Bouchard, 2008). From many genes linked to the risk of 

obesity, the fat mass- and obesity-associated (FTO) gene was one of the robust genes 
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that has possible link with obesity with genome wide association study based 

evidence (Frayling et al., 2007) .Human FTO is present on chromosome 16q12.2 and 

plays a key role in controlling energy homeostasis as being expressed specifically in 

the hypothalamus(Frayling et al., 2007; Gerken et al., 2007). Based on bioinformatics 

and in-vitro studies, FTO encodes a 2- oxoglutarate-dependent nucleic acid 

demethylase (Gerken et al., 2007). Studies have confirmed the FTO gene variants 

association with obesity in different populations especially in European countries 

(Frayling et al., 2007; Gonzalez-Sanchez et al., 2009; Zhang et al., 2010; Sentinelli et 

al., 2012). On the contrary, other studies failed to validate this association (Ohashi et 

al., 2007; Li et al., 2008; Hennig et al., 2009). To the best of our knowledge, there are 

no previous reports about polymorphism of FTO gene and its association with obesity 

in Egyptian Arab population. 

 Subjects and methods 

Study population: a random unrelated 141 female subjects were studied. 102 

were obese (BMI ≥ 30 kg/m2) and 39 were non-obese. There was a complete medical 

evaluation for each case with provided informed consent prior to inclusion in the 

study. Exclusion criteria included chronic viral hepatitis; malignant disease; acute 

infections; pituitary, adrenal, thyroid, pancreatic disease, or evidence for any other 

endocrine disorder; or prolonged use of corticosteroids as well as sex hormones were 

excluded. The Ethical Committee both of Faculty of Pharmacy/Medicine, Ain Shams 

University, Cairo, Egypt and the National Diabetes Institute approved this study. 

Moreover, the study was performed in adherence to the Declaration of Helsinki 

Guidelines. 

Blood sampling 

 Fasting blood samples were drawn and collected in separate vacutainer tubes. 

Disodium-ethlenediamine tetra-acetic acid (EDTA) containing vacutainer for whole 

blood collection required for the genotyping assay. A second vacutainer was fluoride 

containing one for fasting plasma glucose measuring. The third was plain vacutainer 

used for measuring serum lipid profile, aminotransferases and fasting insulin.  

Anthropometric and biochemical measurements 

Body mass index (BMI) (Kg/m
2
) and waist circumference (WC) (cm) were 

measured for all subjects. Biochemical measurements included plasma glucose, serum 

total cholesterol (TC), triacylglycerol (TAG), high-density lipoprotein (HDL) 

cholesterol, aspartate aminotransferase (AST) and alanine aminotransferase (ALT) 

were determined by enzymatic methods using autoanalyser (Beckman synchron cx 

systems) and Dimension RxL analyzer (Dade Behring, Newark, DE). Low-density 

lipoprotein (LDL) cholesterol was calculated by the Friedewald formula(Friedewald 

et al., 1972). Serum insulin was measured using commercially available ELISA kit 

(Immunospec
®
 kit, provided from Immunospec Corporation, Canoga Park, CA, 

USA). Homeostasis model assessment (HOMA-IR) calculated as: [(FBG X fasting 

insulin)/405](Matthews et al., 1985) and Quantitative insulin sensitivity check index 

(QUICKI) calculated as : 1/[log FI (µIU/ml) + log FBG (mg/dl)](Katz et al., 2000) 

were used as a measure of IR. 

Genotyping 

Genomic DNA was extracted from blood using QIAamp DNA Mini Kit 

protocol (QIAGEN, Santa Clarita, CA).  
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FTO gene genotyping rs9939609 was performed by TaqMan SNP Genotyping 

Assays using Assays-by-Design supplied by Applied Biosystems International (ABI; 

Applied Biosystems, Foster City, CA) and using The Applied Biosystems® Step One 

Plus™  

Real-Time PCR System  

Statistical Analysis 

 Data were collected, recorded and tabulated. Afterwards, statistical analyses 

were performed using windows based Statistical Package for Social Sciences (SPSS
®
)  

Table 1. Characteristics of studied groups 

computer database version 17.0 and Microsoft Excel
®
 version 2010 Data were 

described as mean and standard deviation for numeric variables, or median and range 

for numeric nonparametric variables, and number and percentage (%) for categorical 

variables The difference between 2 groups was analyzed using an independent 

Student’s t-test (for numeric parametric variables), Mann-Whitney’s U-test (for 

numeric nonparametric variables) or Chi-squared (χ2) test (for categorical variables). 

The Chi-squared (χ2) test  was utilized to test deviation or accordance with the Hardy–

Weinberg Equilibrium (HWE) using an online calculator(Rodriguez et al., 2009) (The 

online encyclopedia for genetic human epidemiology studies, 2008). The same 

statistical test was used to estimate the genetic association of the investigated SNP 

with obesity and diabetes by estimating the differences in genotype distributions 

between case and control groups For estimating the association between measured 

variables binary logistic regression (using 95% confidence interval) analyses; were 

performed Significance level was set at 0.05. 

RESULTS 

As shown in table (1), the anthropometric and biochemical measurements 

differed significantly between the cases and controls The distribution of genotype for 

rs 9939609 variant in the whole population and in the study groups came in agreement 

with Hardy–Weinberg equilibrium (P > 0.05). The minor allelic frequency (MAF) of 

the risk allele A was (0.4). The genotype distribution differed significantly between 

group/parameter Non-obese (n=39) Obese (n=102) 
P-value 

Age(years) 

Weight (kg) 
41.1 ± 5.4 65.2 ± 8.9 

44.1 ± 10.2 

95.2 ± 15.7 
0.086 <0.001 

Height (cm) 163.6 ± 8.6 159.1 ± 6.9 0.002 

BMI (kg/m2) 24.3 ± 1.8 37.6 ± 5.5 <0.001 

<0.001 WC(Cm) 84.3 ± 4.2 119.1 ± 10.9 

TC (mg/dL) 156 ± 19 
107 ± 20 

181 ± 41 
164 ± 78 

<0.001 

TG (mg/dL) <0.001 

HDL-C (mg/dL) 45 ± 7 38 ± 9 <0.001 

LDL-C (mg/dL) 90 ± 18 111 ± 38 0.002 

FPG (mg/dL) 87 (71-110) 158.5 (60-361) <0.001 

FSI (�IU/mL) 10.2 ( 1 -18) 12.5(2.9-30.3) 0.003 

HOMA-IR 1.9 (0.2 - 4.8) 4.2 (0.4 - 23.9) <0.001 

QUICKI 0.35 ± 0.06 0.31 ± 0.04 <0.001 

AST (U/L) 8(4 – 12) 19(10-60) <0.001 

ALT (U/L) 7 (4 -12) 18.5 (6 -58) <0.001 
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obese and non-obese individuals under the recessive model with increased significant 

odds ratio with obesity (OR = 4.2, P = 0.04) table (2). 

Values are x ± SD for parametric variables or median (range) for nonparametric 

variables. 

BMI: body mass index, WC: waist circumference, T.C: total cholesterol, 

TAG: triacylglycerol, HDL-C: high density lipoprotein-cholesterol, LDL-C: low 

density lipoprotein-cholesterol, FPG: fasting plasma glucose, FSI: fasting serum 

insulin, AST: aspartate aminotransferase, ALT: alanine aminotransferase. 

Table 2: Genotype distribution of the rs9939609 variant of FTO gene and its risk with 

obesity. 

model Genotype n (% ) Non-obese (n= 39) 
Obese 

(n= 102) 
(χ2)/P/OR 

Additive model 

(TT) 

(TA) 

(AA) 

16(41%) 

21(53.8%) 

2(5.1%) 

33(32.4%) 

50(49%) 

19(18.6%) 

4/0.12/---- 

 

Dominant model 
(TT) 

(TA+AA) 

16(41%) 

23(59%) 

33(32.4%) 

69(67.6%) 
0.9/0.3/1.5 

Recessive model 
(TT+TA) 

(AA) 

37(94.9%) 

2(5.1%) 

83(81.4%) 

19(18.6%) 
4.1/0.04/4 

Pa : p- value adjusted for age, OR : odds ratio 

There was no significant difference in BMI, WC and other biochemical measurements 

among the different genotypes (data not shown). 

Discussion 

Regarding our subjects in the current study, we aimed to investigate the 

genetic risk specifically in cohort of female subjects. The reason for that is the high 

prevalence of obesity in Egyptian female population that exceeded the males and 

reaching alarming level (Badran and Laher, 2011; Ng et al., 2014). Regarding the 

allele frequency and genotype distribution in the current study, this is the first study to 

investigate the allele frequency and genotype distribution of FTO gene rs9939609 in 

Egyptian population. In the current study, the overall MAF was (0.4). In comparison 

with HapMap data (http://hapmap.org), it comes in agreement with the allele 

frequency of CEPH Europeans (Utah residents with ancestry from northern and 

western Europe) (0·45), higher than in the HapMap CHB (Han Chinese in Beijing, 

China) (0·12) and JPT (Japanese in Tokyo, Japan) samples (0·17), but lower than in 

HapMap YRI (Yoruba in Ibadan, Nigeria) population (0·49). 

The genotypes distribution with obesity was unique. The association of the 

FTO variant with obesity in our population fitted more to the recessive model. In the 

context of FTO association with obesity, this is the first study that investigated the 

association between FTO and obesity in Egyptian population. In the current study the 

homozygous variant of FTO increases the risk for obesity under the recessive model. 

This came in agreement with other studies in different populations mainly of 

European descent (Scuteri et al., 2007; Peeters et al., 2008; Gonzalez-Sanchez et al., 
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2009; Zhang et al., 2010; Sentinelli et al., 2012). Of particular interest, this  is in 

contrast with other studies in which the FTO variants do not seem to affect BMI or the 

risk of obesity consistently as in African Americans (Scuteri et al., 2007), Chinese 

Hans (Li et al., 2008), Japanese (Horikoshi et al., 2007) or Oceanic populations 

(Ohashi et al., 2007). This difference may be due to ethnic difference and different 

study design. Many possible mechanisms may be possible for FTO gene association 

with obesity as in our results. Subjects homozygous for the A risk allele of rs9939609 

eat significantly more (Speakman et al., 2008; Wardle et al., 2009), have reduced 

satiety (den Hoed et al., 2009; Tanofsky-Kraff et al., 2009; Wardle et al., 2009), prefer 

higher caloric food and have a higher fat mass (Cecil et al., 2008; Timpson et al., 

2008) than subjects homozygous for the T allele. The association of FTO SNPs with 

energy intake is seen even in small sample sizes (Speakman et al., 2008). Therefore, 

FTO risk alleles are unequivocally associated with increased food intake and 

appetitive behavior (Cheung and Yeo, 2011), which may be responsible for 

association with obesity in our results. 

Conclusions 

This study validated the association of the homozygous mutant (AA) of FTO 

gene rs9939609 with increased risk for obesity in Egyptians. Hopefully, this study 

may help to set personalized treatment for obesity in our population Conflict of 
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 الملخص العربي

 دور تعذد الأشكال الجيىيت للجيه المرتبط بالسمىت وكتلت الذهون فى المصرييه البذواء

 للسادة الذكاترة
يُٛب ععذ ٔدٚع خهّ
1
َبدٚخ حًذ٘ انحفُٙ ،

1
، أششف اعًبعٛم أيٍٛ
2

، ْبنخ عضًبٌ انًغهًٙ
1  

 مـــــــــــــــه
1
انعجبعٛخ انقبْشح -كهٛخ انظٛذنخ عبيعخ عٍٛ شًظ -قغى انكًٛٛبء انحٕٛٚخ 

 

 

2
 انًعٓذ انقٕيٙ لأيشاع انغكش ٔ انغذد انظًبء -قغى انجبصٕنٕعٛب الاكهُٛٛكٛخ ٔ انزحبنٛم انطجٛخ

انًزضاٚذحانزٕٛطهزئنىًغزٕٚبرخطٛشحٔرغددبًْفٛضٚبدحيعذلاربلاعزونٕانٕاٛبرفٛغًٛعحَحبءانعبنى   انظدحٛخ خدبؽشانً يددٍ رعدذ انغدًُخ

 انطجٛدخ انًؼدبعفبد يدٍ الاعدبط نهعذٚدذ ْدٗ انغدًُخ  رعدذ انغدًُخ اَزشدبس ادٙ دٔل عشدش أكجدش يدٍ ٔاحذح اٌٜ يظش ٔرعزجش

انجٛئٛدخ  انعٕايم يٍ انذيٕٚخ  اٌ انعذٚذ ٔالأٔعٛخ انغزائٙ)يزوصيخ الأٚغ( ٔيؼبعفبد اعزولانقهت انزًضٛم يزوصيخ ٔخبطخ

يخزهفدخ ركدٌٕ اعدزغبثزُب نزهد   ٔساصٛدخ خهفٛدخ لأٌ كدم يُدب ندّ َٔظدشا رند  ثبنغدًُخ،ٔيع نضٚدبدح انعشػدخ نوطدبثخا اعدبط رعذ

انُزٛغدخ انُٓبئٛخ نقدذ أسرجطدذ اخزوادبد الأشدكبل انغُٛٛدخ  صشعهٗردؤ انغُٛٛدخ لاخزوادبد أَدب ٚؤكدذ انعٕايم انجٛئٛدخ يخزهفدخ  ْدزا

ثضٚددبدح خطددٕسح الأطددبثخ ثًددشع انغددًُخ اددٗ انعذٚددذ يددٍ انشددعٕة  FTO gene)نهغددٍٛ انًددشرجؾ ثبنغددًُخ ٔكزهددخ انددذٌْٕ )

ل انغُٛٛدخ الأشدكب رعدذد عدٍ عدبثقخ رقدبسٚش الأخدشٖ  اندٗ حدذ الاٌ،لارٕعدذ انشعٕة اٙ حبعًخ غٛش َزبئظ يع الأسٔثٛخ، نكٍ

 انًظش٘  انشعت اٙ ثبنغًُخ ٔاسرجبؽFTO geneّ)نهغٍٛ انًشرجؾ ثبنغًُخ ٔكزهخ انذٌْٕ )

 FTO)نهغٍٛ انًشرجؾ ثبنغًُخ ٔكزهخ انذٌْٕ ) انغُٛٙ انًُؾ الأنٛهٕ دساعخ رٕصٚع إنٗ ٔ نزن  اعزٓذاُب يٍ خول ْزِ انذساعخ

gene rs9939609ٙيذٖ  عبثقب  ٔأخٛشا،دساعخ انشعٕة انزٗ رى دساعزٓب يٍ ْى ثغٛش انًقبسَخ انًظشٚبد  ثبلاػباخ انٗ ا

 الأَغٕنٍٛ  ٔيقبٔيخ ثبنغًُخ اسرجبؽ ْزا انزعذد انشكهٗ انغُٛٗ

 شخظب يٍ الاَبصزى رقغًٛٓى عهٗ انُحٕ انزبنٙ:141ٔ نزحقٛق ْزِ الأْذاف اقذ اشزًهذ ْزِ انذساعخ عهٗ 

 انغٛش ثذَبء بديٍ الاَبس انًزطٕع 33انًغًٕعخ انؼبثطخ: ٔ رزكٌٕ يٍ 

 يٍ الاَبس انجذَبء102يغًٕعخ الأشخبص انجذَبء: ٔ رزكٌٕ يٍ 

ٔقذ خؼع كم انًشبسكٍٛ ثبنذساعخ نقٛبط عذد يٍ انًؤششاد انًشرجطدخ ثبنغدًُخ  ْدزا ثبلاػدباخ إندٗ قٛدبط يغدزٕٖ كدم يدٍ 

 FTO gene rs9939609)الأَغٕنٍٛ، ٔرحذٚذ انًُؾ انغُٛٗ نهغٍٛ انًشرجؾ ثبنغًُخ ٔكزهخ انذٌْٕ )

 ًٔٚكٍ رهخٛض َزبئظ انذساعخ كًب ٚهٙ:

أظٓشد انُزبئظ ٔعٕد صٚدبداد راد دلاندخ إحظدبئٛخ ادٙ يغدزٕٖ كدم يدٍ انغدكش، الأَغدٕنٍٛ ادٙ يظدم اندذو، يؤشدش يقبٔيدخ 

ْشيٌٕ الأَغدٕنٍٛ، كًدب حدذس اػدطشاة ثبندذٌْٕ، ثبلاػدباخ إندٗ ٔعدٕد اَخفدبع ثًؤشدش قٛدبط انحغبعدٛخ ن َغدٕنٍٛ ادٙ 

 يقبسَخ ثبنًغًٕعخ انؼبثطخ انجذَبء  يغًٕعخ

رٔ دلاندخ  اخدزوف ُْدب  اٌ عبء ْزا انزشدد ن نٛم يًدبصو نزٕصٚدع ْدبسدٖ ُٔٚجدشط  0 4( ْٕ Aٚبنعبو ) الأنٛونضبَٕ رشدد كبٌ

 انًزُحدٙ انًُدٕرط اٛطدبس اد انجدذٍٚ غٛدش يغًٕعدخ يقبثدم انغدًُخ ادٙ انغُٛٛدخ()رٕصٚع الاًَبؽ انٕساصٙ انزٕصٚع اٙ احظبئٛخ

 انجذَبء  غٛش الأاشاد يٍ انغًُخ اٙ رٕارشا أكضش يهحٕظ ثشكمAA   انغُٛٙ انًُؾ ٌكب ،حٛش

 انًزُحٙ  انًُٕرط إؽبس اٙ ( نهغًُخodds ratioالأسعحٛخ ) َغجخ اٙ كجٛشح صٚبدحAA انغُٛٙ انًُؾ أظٓش

 FTO)خ ٔكزهخ انذٌْٕ )( نهغٍٛ انًشرجؾ ثبنغAAًُانغُٛٙ ) اٙ اؽبس يبعجق ًٚكٍ انقٕل أٌ انجحش قذ خهض إنٗ أٌ انًُؾ

gene rs9939609 ْٕ يغدزقجهٛخ شخظٛخ الإَبس انًظشٚبد  َحيم،أٌ رجُٗ خطؾ اٙ ثبنغًُخ انخطش نوطبثخ عٕايم أحذ 

 انذساعخ     ْزِ أعبط عهٗ انًظش٘ انًغزًع اٙ ٔغٛشْب يٍ الأيشاع انًشرجطخ ثبنغًُخ انغًُخ يٍ ٔانعوط نهٕقبٚخ


