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Abstract- Type 2 diabetes mellitus may happen under different causes, which may be detected 

by interactions between environment and genes. In this study we have explored the possible role 

of two single nucleotide polymorphisms in the 174 and 597 nucleotide positions at the promoter 

region of IL-6 gene as predictor for type 2 diabetes mellitus. The study population was included 

120 Iraqi patients with type 2 diabetes mellitus. The distribution frequency of patients according 

to gender revealed that the higher rates of patients were in male than female with a significant 

difference (P<0.05) between them. The estimated prevalence of type 2 diabetes mellitus 

increased in the third age group (47-56 years) but without a significant difference in comparison 

with the other groups. The results of serum sugar, creatinine, urea, cholesterol, triglyceride, and 

LDL estimation were showed significantly (p<0.05) higher serum levels when compared to their 

ranges in the controls, while the serum HDL levels  in patients  were lower than in controls but 

without a significant difference. Finally, the present study had found that the genotype 

distribution among Iraqi patients with type 2 diabetes mellitus was either GG or GC in the region 

of promoter of IL-6 gene at the nucleotide in the 174 position (-174G/C), with a significant 

difference between the allelic distribution of SNP in the regulatory promoter region of IL-6 gene 

of diabetic patients (GG: n= 101, 84.17%; GC: n=19, 15.83%; CC: n=0) and controls (GG: n= 

49, 98%; GC: n=1, 2%; CC: n=0). The -597G/A single nucleotide polymorphism of IL-6 gene 

had no significant association with type 2 diabetes mellitus among Iraqi study population. That 

means the SNP in the regulatory promoter region of IL-6 gene (-174G/C) may plays role in the 

prediction and progression of type 2 diabetes mellitus among Iraqi study population. 

 

INTRODUCTION 

Diabetes mellitus are conditions which 

characterized by high levels of sugar 

(glucose) in the blood. Type 2 diabetes is a 

progressive disease where caused by two 

conditions: either the islet β-cell of pancreas 

does not produce sufficient amount of the 

insulin hormone or the body cells have 

become resistance to this hormone action 

(Huang et al., 2006). 

Type 2 diabetes represents a hug health 

problem, affecting high percentage of people 

worldwide among countries (developed and 

developing) and caused high rates of 

morbidity and mortality (Wu et al., 2014).  

There is a strong association between type 

2 diabetes and many risk factors, such as, 

hypertension, obesity, and dyslipidaemia 

(referred to as metabolic syndrome) 

(Taskinen,2003; Bassuk& Manson, 2008; 

Chan et al., 2009). 
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Lifestyle, many environmental factor, and   

genetic components have an essential role in 

type 2 diabetes pathogenesis (Das & Elbein, 

2006). 

Diabetes is relating with developing long-

term complications, like ischemic heart 

disease, vascular disease, retinopathy, 

nephropathy neuropathies, and chronic 

kidney disease (Betônico et al., 2016; 

Serhiyenko & Serhiyenko, 2018). 

Many studies recorded that inflammation  

and its responses play a major role in 

development of type 2 diabetes (Wellen & 

Hotamisligil, 2005; Zozulinska  and Wierusz-

Wysocka, 2006; Hotamisligil and Erbay, 

2008; Donath and Shoelson , 2011; Goldfine 

and Shoelson, 2017). 

The inflammatory cytokines (especially 

Interleukin-6 (IL-6) and tumor necrosis factor 

(TNF)) have been found in the blood of type 

2 diabetes patients and related to its compli-

cations. The cytokines caused the secretion of 

C-reactive protein (CRP) as acute-phase 

protein (the most commonly used 

inflammation marker) from the hepatocytes 

to begin the immune response. In the cases of 

type 2 diabetes patients, inflammation 

markers and its increasing concentrations are 

strongly associated with this disease 

incidence (IL-6, plasminogen activator 

inhibitor 1, CRP, and white blood cells) 

(Ridker et al., 1997; Kumar and Clark, 2009; 

Emerging Risk Factors Collaboration et al., 

2010). 

IL-6 has been described as a good 

prognostic marker in type 2 diabetes patients 

and it implicated in the development of 

inflammation, β-cell dysfunction and the 

resistance to insulin (Akbari and Hassan-

Zadeh, 2018).  

Gene of IL-6 is located on 

7p21chromosome, and involved 5 axons and 

4 introns. IL-6 is produced by monocytes, 

adipocytes, fibroblasts, and mesangial cells 

of kidney (Abbas and Lichtman, 2003). 

IL-6 secretion converts B-lymphocytes to 

antibody-producing cells and plays very 

important role in the production of CRP 

(II’yasova et al., 2008; Yvan-Charvet et al., 

2009). IL-6 cause proliferation of kidney 

mesangial cells in stages of glomerulopathy 

(Horii et al., 1993). 

 The biological functions of IL-6 is 

numerous (pleiotropic) and varying between 

its contribution in host defense 

(hematopoietic and immune activities) and its 

ability to induce the acute phase response 

(which mean it has anti-inflammatory and 

pro-inflammatory actions) (Schett, 2018).  

The production of inflammatory cytokines 

is under control of genes by many of single 

nucleotide polymorphisms (SNPs) within 

these genes. These (SNPs) may be found in 

the exons, introns (non-coding regions) or in 

the region of gene promoter (Bidwell et al., 

1999). 

IL-6 gene has four genetic variants 

(polymorphisms) in the flanking or promoter 

region (634 C/G, -174 G/C, -572 G/C, and -

597 G/A) (Rao et al., 2007). Two of these 

polymorphisms (-174 G /C, and -597 G/A) 

had a strong effect on plasma level of IL-6 

because they controlled the level of IL-6 gene 

transcription (Brull et al., 2001). 

 Many studies had explored the associations 

between the genetic variants of IL-6 gene and 

arthritis (Fishman et al., 1998), 

cardiovascular disease (Rao et al., 2005), and 

diabetic renal disease (Kitamura et al., 2002) 

The aim of this study was to assess the 

diagnostic prevalence and prognostic 

significance of two genetic variants (-174 

G/C, and -597 G/A)) in the flanking or 

promoter region of IL-6 gene in Iraqi patients 

with type 2 diabetes mellitus. 

MATERIALS AND METHODS 

This study was carried out in Alsader 

Teaching Hospital in Al-Najaf province and 

laboratory of molecular biology in the 

Department of Biology in the Faculty of 
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Science-University of Kufa, during the 

period from June 2017 through September 

2018. 

2. Study and Control Subjects  
a) Study group: this group consists from 120 

patients. They were admitted to Alsader 

Specialized Center of diabetes. All the 

patients selected for the present study were 

having type 2 diabetes mellitus (Blood 

samples were obtained as part of the routine 

clinical protocol).  

b) Control group: It consists from 50 

healthy individuals; all were without any 

inflammatory disorders or clinical 

manifestation of any disease.  

3. Collection of Blood Samples  
Four ml of venous blood was collected from 

patients and control.  

a) Two ml was allowed to clot at room 

temperature then centrifuged at 3000 rpm for 

5 minutes the serum was used freshly for the 

biochemical tests of fasting sugar, creatinine, 

urea, cholesterol, triglyceride, HDL and 

LDL.  

b) Two ml was collected in EDTA tubes and 

store at 
-
20ᵒC until used for PCR test.  

4.  Biochemical Tests 

Fasting sugar, creatinine, urea, cholesterol, 

triglyceride, HDL and LDL tests were done 

by using Kits, which are products of 

BIOLABO REAGENT (Maizy, France). 

LDL level was measured by the formula 

(Friedewald et al., 1972): LDL = TC - HDL - 

TG/5.0 (mg/dL).  

 5. DNA extraction and Polymerase Chain 

Reaction (PCR):  

a) Genomic DNA extraction: DNA 

extraction was done by using protocol from 

Genomic DNA Mini Kit (Geneaid Biotech. 

Ltd., Taiwan Company, Cat. No. GB100, 

LOT. No. TJ21207), which designed for 

purifying genomic DNA from frozen samples 

of blood.  

b) Polymerase Chain Reaction (PCR): 

PCR amplification was achieved in 20 μl 

tube of PreMix PCR Reaction Mixture 

(Bioneer Corporation, USA) which 

containing 5 μl of extracted DNA (template), 

2 μl reaction buffer, 1 unit DNA polymerase, 

2 μl dNTPs, 2 μl loading-dye and stabilizer, 

and 2μl of each primer (that variant for each 

specific SNP) (2 μl forward and 2 μl reverse). 

Distilled water was added to the final volume 

of 20 μl.  

Amplification was performed in a thermal 

cycler (Multigene OptiMax Labnet 

International/USA) programmed for 40 

cycles of denaturation at 94°C for 30 

seconds, annealing at 66°C for 45 seconds, 

and extension at 72°C for 45 seconds, 

preceded by an initial denaturation of 10 min 

at 95°C. Final extension was for 7 min at 

72°C.  

1. SNP (−174 G/C) in the promoter region 

of gene IL-6: A sequence of SNP in the 174 

nucleotide at the promoter or flanking region 

of IL-6 gene (−174 G/C) was amplified by 

using polymerase chain reaction 

amplification of specific alleles which called 

amplification refractory mutation system 

(ARMS-PCR). ARMS-PCR was used to 

amplify the both alleles (G and C) of the 

promoter region in IL-6 gene in two PCR 

tubes for a single reaction; one for the wild 

type (WT) or normal sequence (N) and the 

other for the mutant one(M). This facilitate 

the determination of IL-6 genotyping (homo/ 

heterozygosity) 

The sequences of primers (synthesized by 

AccuOligo® Bioneer Corporation .USA) 

were published previously (Chua et al., 

2009). The primers pairs that used to amplify 

the sequence of SNP in the 174 nucleotide at 

the promoter or flanking region of IL-6 gene 

are: 

Forward Primer (G): 5’- 

GCACTTTTCCCCCTAGTTGTGTCTTAC

G -3’ 

Forward Primer (C): 5’-ATGACGACCT 

AAGCTTTACTTTTCCCCCTAGTTGTGT
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CTTGAC-3’ (the PCR product for the 

primers are 121 bp & 136 bp respectively) 

Reverse Primer: 5’-ATAAATCTTTGTTG 

GAGGGTGAGG-3’ 

2. SNP (−597 G/A) in the promoter region: A 

sequence of SNP in the 597 nucleotide at the 

flanking region of IL-6 gene (−597 G/A) was 

amplified by using primer-pairs synthesized 

by AccuOligo® Bioneer Corporation/ USA. 

The sequences of primers were published 

previously (Hongmei et al., 2016). The 

primers-pairs sequences are:  

Forward Primer: 5’- CTCCTCTAAGTGGG 

CTGAAG -3’ 

Reverse Primer: 5’- CAAGCCTGGGATTAT 

GAAGA -3’ 

Polymerase chain reaction-restriction 

fragment length polymorphism (PCR-RFLP) 

has been used. The 412-bp PCR product was 

digested overnight with one unit of RsaI 

restriction enzyme (Source: 

Rhodopseudomonas sphaeroides Rf.) at 37°C 

(synthesized by Fermentas Corporation, 

USA, Cat. No. ER1124). After the digestion, 

we had one of these results for each sample: 

1) Two 412-bp fragments for allele G.  

2) 236 and 176-bp for allele A (Mutant 

homozygous AA).  

3) 236 and 176-bp and 412-bp for 

heterozygous genotype (GA). 

Finally, the gel electrophoresis method was 

done according to Sambrook and Russell 

(2001), and 5 μl of each samples was loaded 

onto 2% agarose gel. 

6. Statistical Analysis: Statistical analyses of 

the results were achieved with the help of 

Statistical Package for Social Science 

software (SPSS, version 17) and Microsoft 

office Excel 2010. Data are reported as 

(range or percentage) mean± standard 

deviation (SD). The test of Chi square has 

been adopted for the statistical analysis of 

association among the study variables studied 

(P value was considered significant at level 

less than 0.05). Data are reported as 

percentages and mean± standard deviation 

(SD). 

RESULTS 

    The study population was included 120 

Iraqi patients with type 2 diabetes mellitus. 

The assessment of study population 

according to gender revealed that the higher 

rates of patients were in male (62%) than 

female (38%). There was a significant 

difference (P< 0.05) between them. 

Assessment of age presentation of patients 

revealed that 19(15.83%) in age group 27-36 

years, 28(23.33%) in age group 37-46 years, 

30(25%) in age group 47-56 years, 

23(19.17%) in age group 57-66 years, and 20 

(16.67%) in age group 67-76 years. Their 

ages ranged from 27 to 76 years, with a mean 

age of 46.5±9.24 years. The estimated 

incidence of type 2 diabetes increased in the 

third age group but without a significant 

difference in comparison with the other 

groups. 

The results of serum fasting sugar, 

creatinine, urea, cholesterol, triglyceride, 

HDL and LDL (Table 1) were showed 

(except HDL) a significantly (p<0.05) higher 

serum Fasting sugar, creatinine, urea, 

cholesterol, triglyceride, and LDL levels 

when compared to the normal ranges in the 

blood of patients and controls, while the 

serum HDL in patients was lower than in 

controls but without a significant difference. 

 

Table 1. Biochemical parameters (Fasting 

sugar, creatinine, urea, cholesterol, 

triglyceride, HDL, and LDL tests of diabetic 

patients and controls. 

Parameter Diabetic 

patients  

Controls 

 

Fasting sugar 

(mg/dl) 

Creatinine 

(mg/dl) 

193±8.4* 

 

5.751±1.7* 

98±4.1* 

 

1.1±1.02 

Urea (mg/dl) 83.26 ± 7.3 * 39.25±2.6  
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Cholesterol 

(mg/dl) 

193.65 ± 4.26* 145.08±1.17 

Triglyceride 

(mg/dl) 

HDL (mg/dl) 

LDL (mg/dl)  

209.63 ± 4.2* 

 

38.66 ± 3.7  

192.45 ± 9.2 * 

113.72±1.06 

 

40.25±6.3 

102.13±5.2 

*p< 0.05 significant (values were expressed 

as mean± SD). 

The results of molecular experiences showed 

that:  

1. SNP (−174 G/C) in the promoter region of 

IL-6 gene: 

a) Healthy controls: 49(98%) healthy persons 

had contained an amplified product in the 

PCR tubes for the normal sequence, and one 

(2%) has an amplified product in both PCR 

tubes; for the mutant and normal sequence 

(Table 2 & Figure 1).  

b) Diabetic patients: The genotypic 

distribution among patients (120) was: 101 

(84.17%) had an amplified product in the in 

the PCR tubes for the normal sequence which 

indicating to the normal homozygous 

genotype, 19 (15.83%) contain an amplified 

product in both normal and mutant PCR 

tubes; assigning those individual to 

heterozygous genotype. While there was no 

patient had amplified product in the mutant 

PCR tubes indicating to the homozygous 

genotype (Table 2 & Figure 1), which mean 

that Iraqi patients with type 2 diabetes 

mellitus has either GG or GC genotype in the 

region of promoter of IL-6 gene (with a 

significant difference with control persons 

(p<0.05)).  

 

 

Table 2. Genotypic distribution of the polymorphic variants in the promoter region of IL-6 gene 

(-174 G/C and-597 G/A). 

Polymorphic 

Variants 

Subjects PCR results Total 

N M N&M 

-174 G/C 

 

Healthy controls 49 (98%) 0  1(2%) 50 (29.41%) 

Diabetic patients 101 (84.17%) 0  

 

19(15.83%)* 120(70.59%) 

Total 150(88.2%) 0 

 

20(11.7%) 170 (100%) 

-597 G/A Healthy controls 50 (100%) 0 0 50 (29.41%) 

Diabetic patients 120 (100%) 0 

 

0 

 

120(70.59%) 

Total 170 (100%) 0 

 

0 

 

170 (100%) 

Keys: N= Normal homozygous individuals, M= Mutant homozygous individuals, N&M= 

Heterozygous individuals (Normal and Mutant alleles); values were expressed as number of 

participants and their percentages. 

 

2. SNP (−597 G/A) in the promoter region of 

IL-6 gene:  

a) Healthy controls: all the 50 healthy 

persons had found as homozygous wild (GG, 

normal alleles) (Table 2). 

b) Diabetic patients: All the 120 patients had 

found as homozygous wild (GG, normal 

alleles) (there was no significant difference 

between patients and control persons 

(p˃0.05)) (Table 2).  
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Figure 1. PCR amplified products of IL-6 

promoter polymorphism (-174 G/C). Lane1: 

50 bp DNA ladder. Lane 2&3: Heterozygous 

G/C (121 and 136 bp). Lane 4&5: 

Homozygous G (121 bp). 

DISCUSSION 

Type 2 diabetes is a complex disease that 

may happen under different causes, which 

may be detected by interactions between 

genetic and environmental factors. While the 

environmental factors, obesity and activity 

state, are well studied, identification of the 

genetic causes has been a challenge. 

However, recent years have seen the 

explosion of genetic variants in danger and 

protection T2D due to the technical evolution 

that allowed for genome-wide and next-

generation sequencing studies (Prasad & 

Groop, 2015). 

In this study we have explored the possible 

role of IL-6 genetic polymorphisms as 

predictor for type 2 diabetes and severity of 

pro-inflammatory responses.  

 The study population was included 120 

Type 2 diabetes patients. The distribution 

frequency of the patients according to gender 

revealed that the higher rates of patients were 

in male than female with a significant 

difference (P< 0.05) between them). 

Recently, male sex has been reported as a 

risk factor for the development of type 2 

diabetes (Tracey et al., 2016). 

Obesity in combination with a parent's 

history of diabetes may be particularly 

dangerous in men as it is observed that these 

two factors increase the risk of type 2 

diabetes in men (Wikner et al., 2013). 

Men tend to have more visceral and hepatic 

adipose tissue than women, whereas women 

have more subcutaneous fat. In contrast to 

visceral fat, subcutaneous fat is associated 

with improved insulin sensitivity and is 

therefore protective against type 2 diabetes 

(Geer& Shen, 2009). 

Thus, the fact that men are diagnosed with 

diabetes at a lower BMI can be explained by 

the fact that men have more visceral fat for a 

particular body mass index than women and 

therefore a relatively higher risk of 

developing type 2 diabetes than body mass 

index (Logue et al., 2011 ; Nordström et al., 

2016). 

Central obesity has also been found to be a 

greater risk factor for glucose intolerance, 

insulin resistance, metabolic disorders than 

body mass index (Wiklund et al., 2008 ; 

Chandra et al., 2014). 

The estimated incidence of type 2 diabetes 

increased in the third age group(47-56 years) 

but without a significant difference in 

comparison with the other groups. 

The incidence of diabetes increases with 

age until about 65 years, after which it 

appears that, the rate of infection and spread 

has stopped. As a result, elderly people with 

diabetes may have either an accident 

(diagnosed after age 65) or long-term 

diabetes with onset in middle age or before 

(Selvin et al., 2006). 

 Finally, the present study had investigated 

the role of two genetic polymorphisms in the 

promoter region of IL-6 genes in incidence 
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and prevalence of type 2 diabetes mellitus 

patients. 

Several studies have documented the 

association of genetic polymorphisms at 

cytokine genes with the development and 

severity of various inflammatory diseases 

(Shu et al., 2000; Hoffmanna et al., 2002; 

Spriewald et al., 2005). 

In this study, the genotype distribution 

among Iraqi patients with type 2 diabetes 

mellitus was either GG or GC in the region of 

promoter of IL-6 gene at the 174 nucleotide 

(-174G/C), with a significant difference 

between the allelic distribution of SNP in the 

regulatory promoter region of IL-6 gene of 

diabetic patients and controls. That means the 

SNP in the regulatory promoter region of IL-

6 gene (-174G/C) may plays role in the 

prediction and progression of type 2 diabetes 

mellitus among Iraqi study population. 

The [-597G/A] gene polymorphisms had no 

significant association with type 2 diabetes 

mellitus among Iraqi study population. 

Many studies had reported that the C 

substitution in174 position (GC and CC 

genotype) is strongly associated with 

cardiovascular disease (Aker et al., 2009), 

higher diastolic blood pressure and left 

ventricular thickness (Losito et al., 2003), 

and impaired renal function in type 2 diabetic 

patients (Ng et al., 2008).  

Feng et al. (2017) explained that 

heterogeneity among studies (by a meta-

analysis may have possible reasons: the 

difference in the features of research 

populations, methods of diagnosis, methods 

of allele’s investigation, and environment. 

The levels of inflammatory markers such as 

C-reactive protein, salic acid, and interleukin-

6 (IL-6) are independent predictors of the 

future development of diabetes (Pickup et al., 

2000). 

Another studies had found that a 

polymorphism (a G/C change in position 

174) affect plasma levels of IL-6 (Humphries 

et al., 2001; Popko et al., 2010) and in a 

report by Duncan and his colleagues (2003), 

IL-6 was strongly linked to glucose levels 

and was a strong indicator of diabetes in 

individuals at risk. 

Mirza and his colleagues (2011) 

demonstrated that IL-6 levels were 

significantly and positively affected by 

diabetes 

In a study on the possibility of whether 

SNP in the regulatory promoter region of IL-

6 gene plays a role in T2DM in the 

population of northern India, Saxena et al. 

(2014) indicate that IL-6 gene 

polymorphisms play a prominent role in 

T2DM sensitivity. 

Kubaszek et al. (2003) explored the role of 

IL-6 gene polymorphism in the development 

of obesity and type 2 diabetes showed that 

the CC genotype had more insulin resistance, 

high serum glucose concentration, and BMI 

is slightly higher than the subjects that carry 

G allele. 

The study conducted by Möhlig et al. 

(2004) in the German population showed an 

increased likelihood of developing Type 2 

diabetes in the CC genotype. 

On the other hand, Fishman and his 

colleagues (1998) discovered that the C allele 

(in CC genotype) caused lower expression of 

IL-6 gene as compared with the allele G (in 

GG and GC genotype because that 

substitution had an ability to create binding 

site for a transcriptional repressor (of gene 

expression). Also, another study in the 

Finnish population has failed to show any 

direct association between the 

polymorphisms and susceptibility to diabetes. 

However, it has been shown that the CC 

genotype significantly increases the risk of 

diabetes in patients with a diagnosis of 

glucose intolerance (Fernández-Real et al., 

2000). 

 

CONCLUSION 
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In this study, The genotype distribution 

among Iraqi patients with type 2 diabetes 

mellitus was either GG or GC in the 

promoter region of IL-6 gene at the 

nucleotide in the 174 position. That means 

The C substitution in -174 position at the 

promoter promoter region of IL-6 gene (-

174G/C) may plays role in the prediction and 

progression of type 2 diabetes mellitus, and it 

is associated with type 2 diabetes mellitus  

long-term complications like impaired renal 

function and dyslipidemia. While The -

597G/A single nucleotide polymorphism of 

IL-6 gene had no significant association with 

type 2 diabetes mellitus among Iraqi study 

population. 

 

 

 

REFERENCES 

 

Abbas, A.K. & Lichtman, A.H. (2003). 

Cellular and Molecular Immunology. 5th 

ed. Philadelphia: Saunders, Elsevier 

Science. p. 243-74: Cytokines. 

Akbari, M., & Hassan-Zadeh, V. (2018). IL-6 

signalling pathways and the development 

of type 2 diabetes. 

Inflammopharmacology, 26(3): 685-698. 

Aker, S., Bantis, C., Reis, P., Kuhr, 

N., Schwandt, C., Grabensee, B., 

Heering, P. and Ivens, K. (2009). 

Influence of interleukin-6 G-174C gene 

polymorphism on coronary artery disease, 

cardiovascular complications and 

mortality in dialysis patients. Nephrol 

Dial Transplant, 24:2847–2851. 

 Bassuk, S.S., & Manson, J.E.(2008). 

Lifestyle and risk of cardiovascular 

disease and type 2 diabetes in women: A 

review of the epidemiologic evidence. 

Am J Lifestyle Med, 2(3):191-213. 

Betônico, C.C., Titan, S.M., Correa-

Giannella, M.L., Nery, M., & Queiroz, 

M. (2016). Management of diabetes 

mellitus in individuals with chronic 

kidney disease: therapeutic perspectives 

and glycemic control. Clinics (Sao 

Paulo), 71(1):47-53. 

Bidwell, J., Keen, L., Gallagher, G., 

Kimberly, R., Huizinga, T., McDermott, 

M.F., Oksenberg, J., McNicholl, J., 

Pociot, F., Hardt, C., & D'Alfonso, S. 

(1999). Cytokine gene polymorphism in 

human disease: on-line database. Gene 

Immun, 1:3–19. 

Brull, D.J., Montgomery, H.E., Sanders, J. 

Dhamrait, S., Luong, L., Rumley, 

A., Lowe, G.D. & Humphries, S.E. 

(2001). Interleukin-6 gene-174 G/C and -

572 G/C promoter polymorphisms are 

strong predictors of plasma interleukin-6 

levels after coronary artery bypass 

surgery. Arterioscler Thromb Vasc Biol., 

21: 1458–1463. 

Chan, J.C., Malik, V., Jia, W., Kadowaki, T., 

Yajnik, C.S., Yoon, K.H., & Hu, F.B. 

(2009). Diabetes in Asia: epidemiology, 

risk factors, and pathophysiology. JAMA, 

301:2129-40. 

Chandra, A., Neeland, I.J., Berry, J.D., 

Ayers, C.R., Rohatgi, A., Das, S.R., 

Khera, A., McGuire, D.K., de Lemos, 

J.A., & Turer, A.T.( 2014). The 

relationship of body mass and fat 

distribution with incident hypertension: 

observations from the Dallas Heart Study. 

J Am Coll Cardiol , 64:997–1002. 

Chua, K.H., Kee, B.P., Tan, S.Y., & Lian, 

L.H. (2009). Interleukin-6 promoter 

polymorphisms (-174 G/C) in Malaysian 

patients with systemic lupus 

erythematosus. Braz J Med Biol Res, 42: 

551-555.  

Das, S. K., & Elbein, S. C. (2006). The 

Genetic Basis of Type 2 Diabetes. 

Cellscience, 2(4), 100–131. 

159



 2019(1)لدّراساث العليا ملحق علميّت محكمّت دوريت تصدر عن عمادة البحث العلميّ وا مجلت،  مجلت جامعت الحسين بن طلال للبحو ث                    

 

 
 

Donath, M.Y., Shoelson, S.E. ( 2011). Type 2 

diabetes as an inflammatory disease. Nat 

Rev Immunol, 11( 2): 98– 107.  

Duncan, B.B., Schmidt, M.I., Pankow, J.S., 

Ballantyne, C.M., Couper, D., Vigo, A., 

Hoogeveen, R., Folsom, A.R., & Heiss, 

G.(2003). Low-grade systemic 

inflammation and the development of 

type 2 diabetes: the atherosclerosis risk in 

communities study. Diabetes, 52:1799–

1805. 

Emerging Risk Factors Collaboration, 

Kaptoge, S., Di Angelantonio, E., Lowe, 

G., Pepys, M. B., Thompson, S. G., 

Collins, R., & Danesh, J. (2010). C-

reactive protein concentration and risk of 

coronary heart disease, stroke, and 

mortality: an individual participant meta-

analysis. Lancet (London, England), 

375(9709), 132–140.  

Feng, Y., Tang, Y., Zhou, H., & Xie, K. 

(2017). A meta-analysis on correlation 

between interleukin-6 -174G/C 

polymorphism and end-stage renal 

disease. Renal failure, 39(1), 350–356.  

Fernández-Real, J.M., Broch, M., Vendrell, 

J., Gutiérrez, C., Casamitjana, R., Pugeat, 

M., Richart, C.,& Ricart, W. (2000). 

Interleukin-6 gene polymorphism and 

insulin sensitivity. Diabetes,49(3):517-20. 

Fishman, D., Faulds, G., Jeffery, R., 

Mohamed-Ali, V., Yudkin, J. S., 

Humphries, S., & Woo, P. (1998). The 

effect of novel polymorphisms in the 

interleukin-6 (IL-6) gene on IL-6 

transcription and plasma IL-6 levels, and 

an association with systemic-onset 

juvenile chronic arthritis. The Journal of 

clinical investigation, 102(7), 1369–1376.  

Friedewald, W.T., Levy, R.I., & Fredrickson, 

D.S. (1972). Estimation of the 

concentration of low-density lipoprotein 

cholesterol in plasma, without use of the 

preparative ultracentrifuge. Clin Chem., 

18(6):499–502. 

Geer, E. B., & Shen, W. (2009). Gender 

differences in insulin resistance, body 

composition, and energy balance. Gender 

medicine, 6 Suppl 1(Suppl 1), 60–75. 

Goldfine, A.B., & Shoelson, S.E. (2017) 

Therapeutic approaches targeting 

inflammation for diabetes and associated 

cardiovascular risk. J Clin Invest. 

3;127(1):83-93. 

Hoffmanna, S.C., Stanley E.M., Cox E.D., 

DiMercurio, B.S., Koziol, D.E., Harlan, 

D.M., Kirk, A.D. & Blair, P.J. (2002). 

Ethnicity greatly influences cytokine 

gene polymorphism distribution. Am J 

Transplant. 2:560–7. 

Hongmei, Y., Yongping, J., & Jiyuan, L. 

(2016). Interleukin-6 polymorphisms and 

risk of coronary artery diseases in 

a Chinese population: A case-control 

study. Pak J Med Sci. 32(4):880-5. 

Horii, Y., Iwano, M., Hirata, E., Shiiki, M., 

Fujii, Y., Dohi, K., & Ishikawa, H. 

(1993). Role of interleukin-6 in the 

progression of mesangial proliferative 

glomerulonephritis. Kidney Int Suppl. 

39(Suppl): S71-5. 

Hotamisligil, G.S., & Erbay, E. (2008). 

Nutrient sensing and inflammation in 

metabolic diseases. Nat Rev Immunol., 

8(12): 923– 934. 

Huang, Q.Y., Cheng, M.R., & Ji, S.L. (2006). 

Linkage and association studies of the 

susceptibility genes for type 2 diabetes.Yi 

Chuan Xue Bao., 33(7):573-89. 

Humphries, S. E., Luong, L. A., Ogg, M.S., 

Hawe, E. & Miller, G. J. (2001). The 

interleukin-6 174 G/C polymorphism is 

associated with risk of coronary heart 

disease and systolic blood pressure in 

healthy men. Eur Heart J.,22:2219–2220. 

II’yasova, D., Ivanova, A., Morrow, J.D., 

Cesari, M. & Pahor, M. (2008). 

Correlation between two markers of 

inflammation, serum C-reactive protein 

and interleukin 6, and indices of oxidative 

160



 2019(1)لدّراساث العليا ملحق علميّت محكمّت دوريت تصدر عن عمادة البحث العلميّ وا مجلت،  مجلت جامعت الحسين بن طلال للبحو ث                    

 

 
 

stress in patients with high risk of 

cardiovascular disease. Biomarkers, 13: 

41-51. 

 Kitamura, A., Hasegawa, G., Obayashi, H., 

Kamiuchi, K., Ishii, M., Yano, M., 

Tanaka, T., Yamaguchi, M., Shigeta, H., 

Ogata, M., Nakamura, N.,& Yoshikawa, 

T. (2002). Interleukin-6 polymorphism (-

634C/G) in the promotor region and the 

progression of diabetic nephropathy in 

type 2 diabetes. Diabet Med., 19: 1000–

1005. 

Kumar, P.J. , & Clark, M.L. (2009). Kumar 

and Clark’s Clinical Medicine, Saunders 

Elsevier, Edinburgh, UK, 7
th

 edition. 

Kubaszek, A., Pihlajamaki, J., Komarovski, 

V., Lindi, V., Lindstrom, J., Eriksson, J., 

Valle, T.T., Hamalainen, H., Ilanne-

Parikka, P., Keinanen-Kiukaanniemi, S., 

Tuomilehto, J., Uusitupa, M., & Laakso, 

M. (2003). Promoter polymorphisms of 

the TNF-alpha (G-308A) and IL-6 (C-

174G) genes predict the conversion from 

impaired glucose tolerance to type 2 

diabetes: The Finnish Diabetes 

Prevention Study. Diabetes, 52:1872–6. 

Logue, J., Walker, J. J., Colhoun, H. M., 

Leese, G. P., Lindsay, R. S., McKnight, J. 

A., Morris, A.D., Pearson, D.W., Petrie, 

J.R., Philip, S., Wild, S.H., Sattar, N; 

Scottish Diabetes Research Network 

Epidemiology Group. (2011). Do men 

develop type 2 diabetes at lower body 

mass indices than women?. Diabetologia, 

54(12), 3003–3006.  

Losito, A., Kalidas, K., Santoni, S., & 

Jeffery, S. (2003). Association of 

interleukin-6 -174G/C promoter 

polymorphism with hypertension and left 

ventricular hypertrophy in dialysis 

patients. Kidney Int. 64:616–622. 

Mirza, S., Hossain, M., Mathews, C., 

Martinez, P., Pino, P., Gay, J. L., Rentfro 

A, McCormick JB, Fisher-Hoch, S. P. 

(2011). Type 2-diabetes is associated 

with elevated levels of TNF-alpha, IL-6 

and adiponectin and low levels of leptin 

in a population of Mexican Americans: a 

cross-sectional study. Cytokine, 57(1), 

136–142.  

Möhlig, M., Boeing, H., Spranger, J., 

Osterhoff, M., Kroke, A., Fisher, E., 

Bergmann, M.M., Ristow, M., Hoffmann, 

K., & Pfeiffer, A.F.(2004). Body mass 

index and C-174G interleukin-6 promoter 

polymorphism interact in predicting type 

2 diabetes. J Clin Endocrinol Metab., 

89:1885–90. 

Ng, D.P., Nurbaya, S., Ye, S.H. & 

Krolewski, A.S. (2008). An IL-6 

haplotype on human chromosome 7p21 

confers risk for impaired renal function in 

type 2 diabetic patients. Kidney Int. 

74:521–527. 

Nordström, A., Hadrévi, J., Olsson, T., 

Franks, P.W., & Nordström, P. (2016) 

Higher Prevalence of Type 2 Diabetes in 

Men Than in Women Is Associated With 

Differences in Visceral Fat Mass. J Clin 

Endocrinol Metab.,101(10):3740-3746. 

Pickup, J.C., Chusney, G.D., Thomas, S.M., 

& Burt, D. (2000). Plasma interleukin-6, 

tumour necrosis factor alpha and blood 

cytokine production in type 2 diabetes. 

Life Sci., 67:291–300. 

Popko, K., Gorska, E., & Demkow, U. 

(2010). Influence of interleukin-6 and 

G174C polymorphism in IL-6 gene on 

obesity and energy balance. European 

journal of medical research, 15 Suppl 

2(Suppl 2), 123–127. 

Prasad, R.B., & Groop, L. (2015). Genetics 

of Type 2 Diabetes—Pitfalls and 

Possibilities. Genes, 6, 87-123. 

Rao, M., Guo, D., Perianayagam, M.C., 

Tighiouart, H., Jaber, B.L., Pereira, B.J., 

& Balakrishnan, V.S. (2005). Plasma 

interleukin-6 predicts cardiovascular 

mortality in hemodialysis patients. Am J 

Kidney Dis. 45: 324–333. 

161



 2019(1)لدّراساث العليا ملحق علميّت محكمّت دوريت تصدر عن عمادة البحث العلميّ وا مجلت،  مجلت جامعت الحسين بن طلال للبحو ث                    

 

 
 

Rao, M., Wong, C., Kanetsky, P., Girndt, M., 

Stenvinkel, P., Reilly, M., & Raj, D.S. 

(2007). Cytokine gene polymorphism and 

progression of renal and cardiovascular 

diseases. Kidney Int. 72:549-556. 

Ridker, .P. M., Cushman,  M., Stampfer, 

M.J., Tracy, R.P., & Hennekens, C.H. 

(1997). Inflammation, aspirin, and the 

risk of cardiovascular disease in 

apparently healthy men. N Engl J Med.; 

336(14):973–979. 

Sambrook, J.,& Russell, D.(2001). Molecular 

cloning a Laboratory Manual. 3
rd 

Edition. 

Cold Spring Harbor Laboratory press. 

New York, USA. pp. 2275. 

Saxena, M., Agrawal, C. G., Srivastava, N., 

& Banerjee, M. (2014). Interleukin-6 (IL-

6)-597 A/G (rs1800797) & -174 G/C 

(rs1800795) gene polymorphisms in type 

2 diabetes. The Indian journal of medical 

research, 140(1), 60–68. 

Schett, G. (2018). Physiological effects of 

modulating the interleukin-6 axis 

Rheumatology. 57 (2): ii43-ii50 

Selvin, E., Coresh, J., & Brancati, F.L. 

(2006). The burden and treatment of 

diabetes in elderly individuals in the U.S. 

Diabetes Care,29:2415–2419 

Shu, K.H., Lee, S.H., Cheng, C.H., Wu, M.J. 

& Lian, J.D. (2000). Impact of 

interleukin-1 receptor antagonist and 

tumor necrosis factor a gene 

polymorphism on IgA nephropathy. 

Kidney Int. 58:783–9. 

Spriewald, B.M., Witzke, O., Wassmuth, R., 

Wenzel, R.R., Arnold, M.L., Philipp, T. 

& Kalden, J.R. (2005). Distinct tumour 

necrosis factor a, interferon c, interleukin 

10, and cytotoxic T cell antigen 4 gene 

polymorphisms in disease occurrence and 

end stage renal disease in Wegener’s 

granulomatosis. Ann Rheum Dis. 64:457–

61. 

Serhiyenko, V. A., & Serhiyenko, A. A. 

(2018). Cardiac autonomic neuropathy: 

Risk factors, diagnosis and treatment. 

World journal of diabetes, 9(1), 1–24.  

Tracey, M.L., McHugh, S.M., Buckley, 

C,M., Canavan, R.J., Fitzgerald, A.P., & 

Kearney, P.M. (2016). The prevalence of 

Type 2 diabetes and related complications 

in a nationally representative sample of 

adults aged 50 and over in the Republic 

of Ireland. Diabet Med ., 33(4):441–445. 

Taskinen, M. R. (2003). Diabetic 

dyslipidaemia: from basic research to 

clinical practice. Diabetologia; 46(6):733-

49. 

Wellen, K. E., & Hotamisligil, G. S. (2005). 

Inflammation, stress, and diabetes. The 

Journal of clinical investigation, 115(5), 

1111–1119. 

Wiklund, P., Toss, F., Weinehall, L., 

Hallmans, G., Franks, P.W., Nordström, 

A., & Nordström, P. (2008). Abdominal 

and gynoid fat mass are associated with 

cardiovascular risk factors in men and 

women. J Clin Endocrinol Metab., 

93:4360–4366. 

Wikner, C., Gigante, B., Hellénius, M.L., de 

Faire, U., & Leander, K.(2013).The risk 

of type 2 diabetes in men is 

synergistically affected by parental 

history of diabetes and overweight. PLoS 

One, 22;8(4): e61763. 

Wu, Y.; Ding, Y.; Tanaka, Y.; Zhang, W. 

(2014). Risk factors contributing to type 2 

diabetes and recent advances in the 

treatment and prevention. Int J Med Sci., 

11(11):1185-200. 

Yvan-Charvet, L., Massiéra, F., Lamandé, 

N., Ailhaud, G., Teboul, M., Moustaid-

Moussa, N., Gasc, J. M. & Quignard-

Boulangé, A.(2009).Deficiency of 

angiotensin type 2 receptor rescues 

obesity but not hypertension induced by 

overexpression of angiotensinogen in 

adipose tissue.Endocrinology,150:1421-

8. 

162



 2019(1)لدّراساث العليا ملحق علميّت محكمّت دوريت تصدر عن عمادة البحث العلميّ وا مجلت،  مجلت جامعت الحسين بن طلال للبحو ث                    

 

 
 

 Zozulinska, D., Wierusz-Wysocka, B. 

(2006). Type 2 diabetes mellitus as 

inflammatory disease. Diabetes Res Clin 

Pract, 74: S12– S16. 

  

 

163


