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 Type 2 diabetes mellitus (T2DM) and obesity were chronic metabolic 

disease and the main cause of other disease such as heart disease and 

cancer. Previous studies have proven the role of the FTO gene in the 

development of obesity. Ninety Iraqi women aged from 25-45 years 

were enrolled as a samples in this study collected from teaching hospital 

and the women and children hospital of Al-Diwaniyah province from 

October to December 2020. Sixty women were suffered from obesity 

and T2DM and 30 were apparently healthy considered as a control. 

Tetra- ARMS molecular technique was used to detect the rs17817449 

genotypes and allele frequency. Study data to analyzed by Chi-square, 

Odds Ratio (OR), LSD, P-value and Duncan multiple ranges test used to 

detect the significance of the means. The results showed significant 

decreasing in HOMO-IR and Uric acid values in obesity study group 

compared with control (2.00 ±0.19 versus 4.43 ±2.19; P-value =0.0456) , 

(4.78 ±0.25 versus 5.37 ±0.18; P-value =0.0044) respectively. While the 

HBA1c values was increased significantly in obesity + diabetic group 

compared with control (7.56 ±0.38 versus 4.32 ±0.15; P-value =0.0001). 

Genotype results of rs17817449 TG heterozygous was associated with 

diabetes compared with control (66.66 versus 40% ; χ2 = 4.28 ) for TG. 

The results of this study concluded rs17817449 TG  heterozygous  was 

associated with incidence of diabetes in  Iraqi patient women. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Diabetes Mellitus (DM) is one of the important public health issues worldwide [1]. Recently, diabetes 

affects about 387 million people all over the world (International diabetes federation, 2014) Type 2 diabetes 

has a significant morbidity and mortality rate, and its incidence is rising worldwide, including among the 

population of Iraq [2], [3]. This leads to a decrease in the quality of life [4- 6]. Therefore, studies must be 

ongoing to reduce, prevent and treat this disease. Recent studies related to T2D indicate the importance of 

genetic and environmental factors in society, such as lifestyle and obesity, which are among the main 

factors for the occurrence of T2D. Another serious disease is obesity, which is one of the main causes in 

many diseases such as diabetes and heart disease [7]. The FTO gene, which is located on Chromosome 

16q12, has been associated to obesity and fat mass, according to genome-wide association studies (GWAS). 
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2 plays a significant part in the incidence and progression of obesity [8], [9]. Through its impact on obesity 

and body mass index (BMI), several GWAS studies in T2D have shown that the FTO gene plays a 

significant role in the development of insulin resistance and T2D. [10], [11].The variation in SNPs in the 

FTO gene has been improved to correlate with T2D and obesity in ethnic groups, for example Europe, but 

this consistency is controversial in Asian populations, so there have been few studies in the Iraqi population 

on the effect of FTO gene on the development of T2D disease in obese patients. The results of [12] show 

that the FTO gene polymorphism (17817449, 9939609) serves as a predictor of T2D disease in the Iraqi 

obese population. Initially, diabetes was diagnosed according Observation of individual symptoms of 

diabetes patients with fasting plasma glucose concentration (FPG) equal or more than 126 mg/dL, plasma 

glucose concentration equal or more than 200 mg/dL (11.1 mmol/L), 2-hour post-load glucose 200 mg/dL, 

or the levels of HbA1c equal or more than 6.5 percent should be reported to the American Diabetes 

Association (APA) [13]. The Cut-off values of triglycerides-glucose index for metabolic syndrome 

associated with type2 diabetes mellitus. Numerous single nucleotide polymorphism sites were proved in 

association to obesity such as rs7202116, rs9930506, rs1421085, rs3751812, rs9939609 and rs17817449). 

The aim of this study was aimed to identify the association of rs17817449 with the occurrence of type 2 

diabetes and obesity in Iraqi patients women. 

 

2. MATERIALS & METHODS 

 

2.1 Samples collection 

The study is a correlational analysis that was carried out by collecting data from the teaching hospital and 

the women and children hospital besides several medical labs in the Al-Diwaniyah provinces, between the 

period from October to December 2020. The samples of study groups aged from (25-45) years, which 

included 30 apparently healthy women and 90 patient women suffered from obesity and diabetes. Study 

parameters included age, family history of obesity and diabetes, height, weight, BMI, total fat, blood 

pressure, HOMA, HOMA-IR, in addition to biochemical levels (insulin, leptin, total cholesterol, 

triglyceride, VLDL, HDL, LDL, HbA1c, FBS, creatinine). 

 

2.2 Blood collection 

The work was started by collecting 5ml of blood through a puncture in the vein and then dividing it into two 

tubes, the first containing EDTA and the second without EDTA after obtaining the patient’s consent 

 

2.3 Serology test 

Starting with the analysis of seroimmunity by separating the serum to detect leptin and insulin in the blood 

serum by ELISA technique kit (BT Lab, China) according to the manufacturing instructions. 

 

2.4 DNA extraction 

The process of extracting DNA (Favor Prep) Korea from blood is carried out according to manufacturing 

procedures. Then, save the DNA at -20 ° C for further analysis, then use UV spectrophotometer analysis 

(Nano drop-Germany) for the purpose of measuring the concentration and purity of the DNA. 

 

2.5 Genetic test 

Tetra-ARMS primers used to identify the rs17817449 of FTO gene by amplification of the mutated (T) 

allele and the normal (G) allele (Table 1). 

 

Table 1. The primers used in the rs17817449 
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2.6 Allele-specific PCR protocol 

The process is done by preparing 2 tubes for each sample, one of them symbolized by the symbol M and the 

other N for each patient and the control group, then adding 7.5 μl of DNA and 12.5 μl of Master Mix 

nuclease-free water 3μl and 2μl of RO were added to each tube while 2μl of RF, and 2μl of RI in (M) tube 

and just 2μl of FI in (N) tube. 10μl of PCR product were taken and electrophoresed in 1.3% agarose 

concentration at 75V for 55min the UVP trans illuminator device observes the DNA bands and captures the 

gel images. 

 

Program of allele-specific PCR system: 

The amplification cycles were used to detect rs17817449 in FTO as in the following:  2minutes at 94C°, 30 

seconds at 94 C°, 30 seconds at 55 C°, 1 minutes at 72C° (steps 2 to 4, 35 times), 2 minutes at 72°C. 

 

Detection of rs17817449 T>G: 

The gel electrophoresis of rs17817449 yields the bands 568bp and 489bp to mutant GG homozygous, 

568bp,489bp and 128bp to TG heterozygous, while TT homozygous yields 568bp and 128bp bands 

(Figure1). 

 

 
Figure 1 PCR product of rs17817449 electrophoresed at %1.3 agarose gel.; Lanes 1,3,5,7,8 (GG) mutant 

homozygous; Lanes 2,6(TG) heterozygous; Lanes 4,9(TT) wild type homozygous. 

Length Tm Primers SNP 

28 66.6 FO:  5'-ACGGTGAAGAGGAGGAGATTGTGTAACT -3'  

Rs17817449 

T>G 
28 58.7 RO: 3'-TGTAGTAGTAGTGACAGAAGTGGAGAAA -5 

24 55.4 FI:  5'-GTTTCAGCTTGGCACACAGAATCG -3' 

26 66.5 RI: 3'-AGGAGCGGGACTGTTAAATTAAAGCA -5' 

TT normal  genotype : 568bp;  128bp 

TG heterozygous  568bp;  489bp;  128bp 

GG mutant homozygous :  568bp ; 489bp      
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2.7 Statistical analysis 

The results data were analyzed using SAS statistical program 2012. The significance was determined when 

the P-value less than 0.05. Chi-square, Odd Ratio (OR), LSD tests were used to analyze the data. Duncan 

multiple ranges test were used to detect the significance of the means.  

 

3. Results 

The data of HOMA-IR and FBS for control, Diabetes, obesity and obesity with T2DM groups in this study 

are presented in (table 2). The values of FBS were non significantly higher in diabetes + obesity, obesity 

and diabetes compared with control subjects (82.55, 81.17, 84.80 versus 76.63 mmol/l; P-value 0.329) 

respectively. While the HOMA-IR values were significantly (p<0.05) decreases in diabetes + obesity, 

obesity and diabetes compared with control subjects (1.74, 2.00, 1.77 versus 4.43; P -value 0.0456) 

respectively. 

 

Table 2. HOMA-IR, Fasting blood sugar (FBS) in study groups (Mean ± SE) 

 

Study groups 

Parameters 

HOMA-IR F.B.S 
(mmol\l) 

Control 4.43 ±2.19 a 76.63 ±5.37 
a 

Diabetes 1.77 ±0.33 b 84.80 ±1.59 
a 

Obesity 2.00 ±0.19 b 81.17 ±2.97 
a 

Diabetes + Obesity 1.74 ±0.08 b 82.55 ±2.40 
a 

LSD value 1.812 * 8.846 

P-value 0.0456 0.329 

Means having the different letters in same column differed significantly (P≤0.05)*. 

 

Insuline and leptin data for control, Diabetes, obesity and obesity with T2DM groups in this study are 

presented in (table 3). The insulin and leptin values were non significantly higher in diabetes + obesity, 

obesity and diabetes study groups compared with control subjects (8.99, 13.58, 9.88 versus 8.71 µIU\ml ; P- 

value 0.161), and ( 1.30, 2.06, 1.67 versus 1.29 pg\ml ; P-value 0.252) respectively. 

 

Table 3. Insuline, Leptain in study groups (Mean ± SE). 

 

Study groups 

Parameters 

Insulin (µIU\ml) Leptin 

(pg\ml) 
Control 8.71 ±0.72 1.29 ±0.02 

Diabetes 9.88 ±1.56 1.67 ±0.30 

Obesity 13.58 ±2.58 2.06 ±0.45 

Diabetes + Obesity 8.99 ±0.53 1.30 ±0.08 

LSD value 4.916 0.893 

P-value 0.161 0.252 

Means having with the different letters in same column differed significantly. (P≤0.05) *, (P≤0.01) **. 

 

The data of Uric acid, HBA1c and Creatinine for control, Diabetes, obesity and obesity + T2DM groups in 

this study are presented in (table 4). The uric acid values were high significantly (p<0.01) decreases in 
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diabetes + obesity, obesity and diabetes compared with control subjects (4.46, 4.78, 5.49 versus 5.37; P-

value 0.0044) respectively. On the other hand the HBA1c values were high significantly (p<0.01) increased 

in diabetes+ obesity, obesity and diabetes compared with control subjects (7.56, 4.45, 4.35 versus 4.32; P-

value 0.0001) respectively; while the creatinine values were non significantly differed in obesity+ Diabetes, 

diabetes and obesity compared with control. 

 

Table 4. Uric acid, HBA1c and createnine in study groups (Mean ± SE). 

Study group Parameters 

Uric acid HBA1c Creatinine 

Control 5.37 ±0.18 ab 4.32 ±0.15 

b 

0.756 ±0.10 

Diabetes 5.49 ±0.18 a 4.35 ±0.19 

b 

0.933 ±0.07 

Obesity 4.78 ±0.25 bc 4.45 ±0.18 

b 

0.786 ±0.08 

Diabetes + 

Obesity 

4.46 ±0.26 c 7.56 ±0.38 

a 

0.756 ±0.06 

LSD value 0.633 ** 0.694 ** 0.233 

P-value 0.0044 0.0001 0.380 

Means having with the different letters in same column differed significantly.  (P≤0.01) **. 

 

The data presented in table 5 explain the association of study parameters with the rs17817449 genotypes of 

FTO. The values related to HOMA-IR, insulin, FBS and leptin were non significantly decreased in GG and 

TG genotypes compared with TT wild type (2.5, 2.11 versus 2.20; P-value 0.807), (11.13, 10.35 versus  

10.63; 

 

P-value 0.539) and (85.94, 82.11,versus  83.47; P-value 0.898) and (1.55,1.45 versus 1.70 ; P-value 0.733) 

respectively.  

 

Table 5. The relationship between study parameters and rs17817449 (Mean ± SE). 

           Genotype: 

sr49 SNP 

Mean ± SE 

HOMA-IR F.B.S (mmol\l) Insulin (µIU\ml) Leptin (pg\ml) 

GG 2.20 ±0.53 83.47 ±1.54  10.63 ±1.28 1.70 ±0.23 

TG 2.11 ±0.27 82.11 ±1.78 10.35 ±0.85 1.45 ±0.13 

TT 2.25 ±0.17 85.94 ±2.13 11.13 ±1.52 1.55 ±0.26 

P-value 0.807 NS 0.898 NS 0.539 NS 0.733 NS 

NS: Non-Significant. 

Means having with the different letters in same column differed significantly.  ** (P≤0.01). 

 

Data presented in (table 6) showed the association of rs17817449 allele and genotype frequencies with 

study groups. The frequency of TG genotypes observed there were association with diabetes group, which 

was increased significantly (p<0.05) in diabetes group compared with control (66.66 versus 40% ; χ2  = 

4.28). On the other hands, regarding GG mutant homozygous and TT homozygous were not observed 

significant differences in study groups compared with control; and the values of rs17817449 allele 

frequency went in the same direction of GG and TT genotypes with study groups. 
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Table 6. Association of rs17817449genotypes with study groups. 

 

Groups 

Frequency No. (%) G1 versus G2 G1 versus G3 G1 versus G4 

G1 

Control 

 

N=30 

G2 

Diabete

s 

 

N=30 

G3 

Obesity 

 

N=30 

G4 

Diabete

s + 

obesity 

N=30 

OR χ2 OR χ2 OR χ2 

Genoty

pe 

  

TT 15(50) 8(26.66) 12(40) 13(43.3

3) 

0.363

6 

3.45,0.6

3* 

0.666

7 

2.89, 

0.08* 

0.892

2 

0.26, 

0.6* 

TG 12(40) 20(66.6

6) 

13(43.3

3) 

11(36.6

7) 

3 4.28, 

0.03** 

1.14 0.06, 

0.79* 

0.789

5 

0.07, 

0.79* 

GG 3(10) 2(6.66) 5(16.66) 6(20) 0.642
9 

0.21, 
0.64* 

0.689
4 

0.57,0.4
4* 

1.916
7 

1.17,0.2
7* 

χ2 11.7,0.003

** 

25.2, 

0** 

5.7, 

0.058* 

3.9, 

0.14* 

 

Allele  

T 42(70) 36(60) 37(61.6

6) 

 

37(61.6

7) 

0.642

9 

1.17, 

0.27** 

0.689

4 

0.80, 

0.36* 

0.781

4 

0.92, 

0.33* 

G 18(30) 24(40) 23(38.3

3) 

23(38.3

3) 

1.55 1.17, 

0.27** 

1.45 0.80, 

0.36* 

1.279

8 

0.92, 

0.33* 

OR= odd ratio; χ²=chi square.   * No significant difference ** significant difference at P<0.05 

 

4. DISCUSSION 

The current study's objective was to look into the relationship between the FTO gene at rs17817449 and the 

prevalence of Type 2 diabetes mellitus and obesity in Iraqi women. In Poland, obesity affects 20% of adult 

males and 18% of adult females, making it one of the most common health issues [13]. It shares a close 

relationship with several illnesses common to modern society, such as insulin resistance, type 2 diabetes, 

arterial hypertension, and coronary artery disease [14]. Understanding the connection between type 2 

diabetes, the metabolic syndrome, and cardiovascular disease. S635–S653 in American Journal of Managed 

Care, 8(20; SUPP). GWAS revealed that the FTO gene may contribute to the development of obesity [12]. 

Indeed, it has been shown in multiple studies that genetic variations in the FTO gene are connected to 

elevated BMI and signs of metabolic diseases. According to [15], the data on the association between FTO 

rs17817449 and rising obesity are equivocal and dependent on the study population. Western European, 

North American, and Korean populations were shown to have an increased BMI in relation to the GG 

genotype and the G allele of the FTO variation rs17817449 [16- 18]. Contrarily, no evidence of such a 

connection was found in communities of Chinese, Japanese, or African Americans [19], [20]. As far as we 

are aware, this study is the first to look into how the FTO variant rs17817449 affects obesity in Iraqi 

women. Recent research highlights the involvement of environmental and genetic factors, such as increased 

body mass and poor eating habits, in the development of type 2 diabetes [21]. The risk of insulin resistance 

and type 2 diabetes is directly increased by the genes linked to obesity, which are among the many genes 

whose changes appear to increase susceptibility to the disease [22]. Since it was discovered that the FTO 

gene may contribute to the development of obesity, multiple research sought to clarify the impact of various 

FTO SNPs on type 2 diabetes. Populations of Egypt, the UK, France, Canada, and European Americans 

reported making these observations [23], [24]. In the Czech population, those with type 2 diabetes were 

considerably more likely to have the GG genotype of the FTO variation rs17817449 [25]. Additionally, 

having the GG genotype raised your risk of developing diabetic nephropathy and neuropathy [26]. In the 
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investigation by [27]. The indices of dyslipidemia and glycemic control were both considerably impacted 

by the FTO rs17817449 [28]. In obese type 2 diabetic patients and in a control group, the impact of 

rs17817449 on cholesterol, triglycerides, VLDL, LDL, HDL, and fasting plasma insulin was examined [12] 

Studies conducted in vitro have demonstrated that variations in the FTO gene, which catalyze the 

demethylation of 3-methylthymine from single-stranded DNA (M 6 A) to 3-methyl uracil (M 6 U) in RNA, 

are the root cause of gene downregulation at the RNA level in people. [29] and nuclear RNA N6-methyl 

adenosine, these interactions cause obesity, insulin resistance, and type 2 diabetes (T2D) [30]. The FTO 

gene is expressed in nearly all human tissues' cell nuclei [16]. and the brain's arcuate nucleus in the 

hypothalamus, where it is expressed at its highest levels, making it the primary regulator of eating habits 

and energy production [10]. Recent years have revealed the availability of a variety of foods in Iraq. This 

variety of foods encourages the excessive expression of the FTO gene, which results in the deposition of fat 

in abnormal body locations, which causes obesity and an elevated body mass index, which impairs the 

proper functioning of insulin (insulin resistance), which is a known cause of the emergence of T2D and 

metabolic syndrome [31]. The distribution of genotypes among obese patients in Poland showed no 

statistically significant differences. [15] discovered that the GT genotype was significantly associated but 

not the GG genotype. As a result, the FTO polymorphism at rs17817449 does not seem to be linked to an 

elevated risk of T2D and obesity, but the TG genotypes in our study were strongly linked to affected 

women. 

 

5. Conclusion 

The frequency of TG genotype was observed an association with diabetes group. The values of HOMA-IR 

and uric acid were significantly (p<0.05) decreases in study groups compared with control. HBA1c values 

were increased significantly in study groups (p<0.05) compared with control. 
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