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Background: Insulin receptor substrate (IRS) molecules are key mediators in insulin signal-

ing. Several polymorphisms in the IRS genes have been identified, but only the Gly to Arg 972 

substitution of IRS-1 seems to have a pathogenic role in the development of type 2 diabetes 

mellitus (T2DM). Many polymorphisms described in IRS-1 gene, especially Gly972Arg sub-

stitution, are shown to be associated with insulin resistance (IR) in T2DM.

Subjects and methods: This prospective case–control study was performed during the 

period from November 2014 to May 2015. All patients were selected from the Department 

of Internal Medicine and were screened for eligibility for this study. Subjects were divided 

into two groups: first group consisted of 100 T2DM patients; second group consisted of 120 

nondiabetic controls. First group was further divided into two subgroups: 66 IR patients and 

34 insulin-sensitive (IS) patients (homeostatic model assessment [HOMA] was performed). 

Restriction fragment length polymorphism (RFLP) was performed using specific primers for 

scanning single-nucleotide polymorphisms (SNPs) such as Gly972Arg (rs1801278 SNP).

Results: Taking GG genotype and G allele as references, GA, GA+AA genotypes and A 

allele showed significantly higher frequency in the T2DM group when compared to the con-

trol group, with higher risk to develop T2DM in healthy controls. Taking GG as a reference, 

rs1801278GA+AA genotype and A allele showed significantly higher proportion in IR when 

compared to IS, with higher risk to develop IR in T2DM patients. Logistic regression analysis 

showed that higher FBG, fasting plasma insulin (FPI), HOMA-IR, GA+AA genotypes were 

associated with higher risk to develop IR in univariable analysis.

Conclusion: IRS-1 genetic factor may be a significant genetic determinant for IR in T2DM 

patients during severe/acute-phase hyperglycemia.

Keywords: T2DM, insulin receptor substrate, RFLP

Introduction
Type 2 diabetes mellitus (T2DM) comprises multiple metabolic dysfunctions leads 

to hyperglycaemia because of the mix of decreased insulin production and increased 

insulin resistance and abnormal glucagon metabolism.1 Insulin resistance (IR) is a 

condition in which the body’s cells get to be impervious to the effects of insulin, and 

therefore larger amounts of insulin are required to have its appropriate impacts. Along 

these lines, the pancreas repays by attempting to deliver more insulin. This resistance 

happens against body’s own particular insulin (endogenous) or against the insulin 

(exogenous). The pancreas creates more insulin until it stops delivering adequate insulin 
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for the body’s requests, then glucose rises. IR is a danger-

ous element for the improvement of diabetes and coronary 

illness.2 A great many people with IR do not know that they 

have it for a long time – until they get T2DM, a genuine, 

deep-rooted ailment. In case people learn they have insulin 

resistance immediately, they can  frequently avoid or  postpone 

diabetes by making improvements to their way of life.3

Insulin receptor substrate (IRS) particles is a key center 

receptor in insulin signaling and assume a focal part in keep-

ing up essential cell capacities, for example, development, 

survival, and digestion system. A few polymorphisms in the 

IRS qualities have been distinguished. However, the Gly to 

Arg 972 substitution of IRS-1, acting with natural elements, 

appears to have a pathogenic part in the advancement of 

T2DM.4 Many polymorphisms described in IRS-1 gene, 

located in 2q36-37, especially Gly972Arg substitution, are 

shown to be associated with IR in T2DM.5

IRS encodes a protein, which is phosphorylated by the 

insulin receptor tyrosine kinase. Mutations in this gene are 

associated with T2DM and susceptibility to IR.6

Previous studies of T2DM patients complicated with 

acute hyperglycemic attack discovered the possibility of 

genetic polymorphism that influences IR. While the IRS is 

an important intermediate in insulin signaling and plays a 

key role in maintaining the basic function of the cell, so any 

polymorphism in IRS genes acts as a competitive inhibitor of 

the insulin receptor. The identification of genetic predictors 

for increasing IR can help in the treatment of T2DM during 

the acute phase of hyperglycemia. The quantification of 

genomic DNA samples can be performed using polymerase 

chain reaction (PCR)–restriction fragment length polymor-

phism (RFLP) technique.7

Therefore, the genetic polymorphisms that may contribute 

to the worsening of IR in T2DM with severe hyperglycemia 

should be identified to optimize management and treatment.

Subjects and methods
subjects
This case–control study was conducted during the period 

from November 2014 to May 2015 in the Clinical Pathol-

ogy Department, Benha University, and all patients were 

selected from the Department of Internal Medicine at Benha 

University Hospital and were screened for eligibility for 

this study. This study was approved by an ethics committee 

according to World Medical Association Declaration of Hel-

sinki.8 Ethical approval was obtained from the ethical review 

board of Benha University. All the participants gave their 

informed written consent. Subjects were divided into two 

groups: the first group consisted of 100 T2DM patients; the 

second group consisted of 120 nondiabetic controls which 

matched with the first group in age, gender and body mass 

index (BMI). The first group was further divided into two 

subgroups: 66 people in insulin resistant and 34 people in 

insulin-sensitive (IS).

inclusion criteria
The inclusion criteria were as follows: T2DM patients who 

were diagnosed according to the American Diabetes Associa-

tion diagnostic criteria, patients who had the blood glucose 

level of >250 mg/dL (severe hyperglycemia) at admission, 

subjects aged over 30 years and patients who used only insulin 

during hospitalization.

exclusion criteria
The exclusion criteria were as follows: patients aged 

<30 years, patients who used oral hypoglycemic agents dur-

ing hospitalization, pregnant women, patients with critical 

illness or renal dysfunction, heart diseases and hypertension 

and patients who required corticosteroids.

Methods
sampling
Participants discontinued insulin for 12 hours before their 

blood samples were taken. Eight milliliters of venous blood 

was withdrawn under aseptic precautions after fasting for 

10 hours and distributed as follows:

1. Two milliliters of whole blood was put into EDTA vacu-

tainer (violet cap) and mixed up and down gently and 

then used to measure the complete blood count (CBC) 

and to identify single-nucleotide polymorphism (SNP) 

by PCR/RFLP method.

2. Two milliliters of whole blood was put into Na fluo-

ride serum test tubes and centrifuged at 1,500 rpm for 

10  minutes. The separated serum was used for the assay 

of fasting blood sugar.

3. 1.5 mL of blood was put in a plain test tube without anti-

coagulant. The plain test tubes were left till coagulation. 

After coagulation, samples were centrifuged at 1,500 rpm 

for 15 minutes. The separated serum was used for the 

assay of lipid profile.

4. The remaining blood volume was put into plain tube (red 

cap), left to clot and then centrifuged at 2,000 rpm for 

10 minutes for the assay of insulin.
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A. Fasting blood sugar was found by glucose enzymatic 

colorimetric method.

B. Lipid profile, such as total cholesterol, high-density 

lipoprotein cholesterol (HDL-C) and triglycerides, 

was found by colorimetric method. Low-density lipo-

protein cholesterol (LDL-C) was calculated according 

to Friedewald’s equation as follows:

 LDL-C = total cholesterol–(HDL-C+TG/5).

 All biochemical tests were performed using Biosys-

tem A15 auto-analyzer (Bardelona, Spain).

C. Glycated HB was performed by Stanbio Glycohemo-

globin Procedure (catalog number: 0350; lot number: 

26121). 

D. Fasting insulin level was found by using Calbiotech 

(Spring Valley, CA, USA) kit for the determination 

of human insulin in human serum or plasma using 

the ELISA technique. For IR measurement, homeo-

static model assessment (HOMA) was performed 

and HOMA-IR (HOMA of IR) was calculated using 

the following equation: HOMA-IR = fasting glucose 

(mg/dL) × fasting insulin (IU/mL)/405. Cutoff point 

to define IR was ≥3.8.

E. Genetic study was performed using specific prim-

ers for scanning SNPs such as Gly972Arg. The 

forward and reverse primers were 5′AGTCTGGC-

TACTTGTCTGGC3′ and 5′ATGAGTTGTCCCC-

GTCAGA3′, respectively (Thermofisher Scientific, 

Waltham, MA, USA).

DnA extraction method
The genomic DNA was separated utilizing Thermo Sci-

entific Gene-JET entire blood genomic DNA filtration 

(Waltham, MA, USA); specimens were processed with 

proteinase K in lysis arrangement; the lysate was blended 

with ethanol and stacked into purging section, where the 

DNA tied to the silica film. Contamination was adequately 

uprooted by washing the section. Genomic DNA was then 

eluted under a low ionic strength condition with the elution 

under the elution buffer.

DNA quantification
A total of 10 µL of DNA solution was diluted with 990 µL 

of high-grade water. The absorbance (OD) of the DNA solu-

tion was measured at wavelengths of 260 and 280 nm using 

an ultraviolet (UV) spectrophotometer, and the OD
260

/OD
280

 

ratio was determined. A ratio of 1.8–2.0 indicated the range 

of UV absorbance due to nucleic acids. The amount of DNA 

(in µg/mL) was determined according to the equation: DNA 

concentration = A×100×50 µg/mL/100, etc.

rFlP
Thermo Scientific Taq green master mix containing Taq 

DNA polymerase, optimized buffer, MgCl
2
 and dNTPs was 

supplemented with two tracking dyes that did not interfere 

with PCR performance and compatibility with the down-

stream application. The dyes have absorption peaks at 424 

and 615 nm.

First Dream Taq master mix was thawed, vortexed and 

centrifuged; then, thin-walled PCR tube was placed on ice. 

Twenty-five Ul of master mix, 1 mM forward and reverse 

primers, 1 µg template DNA, then completed to 50 Ul by 

nuclease free water, then samples were vortexed and spinned 

down, and the reaction mixture was covered by 25 mL mineral 

oil. PCR thermal cycling conditions were as follows: initial 

denaturation: 95°C, 2 minutes; denaturation: 95°C, 30 sec-

onds, annealing: 30 seconds; extension: 72°C, 10 minutes 

for 40 cycles; then, 10 mL of PCR mixture was loaded on 

the gel. The resultant restriction fragments were ascertained 

on a 3% agarose gel. PCR amplification products were 

digested with BstNI restriction enzyme for the IRS-1 gene: 

a solution of 10 µL containing 7 µL of PCR product, 1 µL 

of 10× New England buffer solution, restriction enzymes 

(0.2 µL), 0.1 µL 100×bovine serum albumin (BSA) and 

nuclease-free water. The solution was incubated for 1 hour at 

60°C.  Tris-acetate-EDTA (TAE) gels containing 2.0 or 2.5% 

agarose were electrophoresed at 100 V for 50 minutes. The 

DNA bands were observed in a gel.

The studied rs1801278 SNP was composed of G and A 

alleles. G and A nucleotide change resulted in GGG and AGG 

codon changes that resulted in the change from glycine amino 

acid to arginine. It is located in the long arm of chromosome 

2 within IRS-1 gene.

DnA ladder
Thermo Scientific Gene Ruler 50 bp DNA ladder was used 

for sizing and approximate quantification of wide-range 

double-strand DNA on an agarose gel; this ladder comprised 

of individual DNA fragments, 1000, 900, 800, 700, 600, 

500, 400, 300, 250, 200, 150, 100, 50 bp, containing two 

references bands (500 and 250 bp); it was premixed with 6× 

DNA loading dye and loading buffer, 10 mM Tris–HCl (pH 

7.6), 10 mM EDTA.

statistical analyses
The data were tabulated and analyzed using the computer 

program SPSS version 16 (SPSS Inc., Chicago, IL, USA): 

normality was tested using Kolmogorov–Smirnov test. 

“Quantitative data” were calculated in the form of mean 

and SD, frequency and distribution for quantitative data; the 
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significance of difference was tested using Student’s t-test 

and Mann–Whitney test (U test) which were used to compare 

the mean of two groups of quantitative data. For measuring 

categorical data, inter-group comparison was performed 

by using chi-squared test and Fisher’s exact test (FET). For 

measuring regression analysis, logistic regression analysis 

was used for the prediction of risk factors.

Results
In this study, identif ication of the IRS-1 r.2963G>A 

(p.Gly972Arg) quality polymorphism depended on the 

SNP reference number (rs 1801278). The polymorphism 

happened when nucleotide G at amino acid glycine (GGG) 

at codon 972 was changed to nucleotide A and amino acid 

arginine (AGG). This sample of individuals was selected 

randomly from the population in Qalybeya Governorate. 

Power analysis was conducted (81.3%), and the significance 

level of 5% was sufficient. Chi-squared goodness-of-fit test 

of the studied genotypes revealed that the studied SNP was 

in Hardy–Weinberg equilibrium (Table 1). The current study 

was conducted on 100 T2DM cases; their mean age was 49.3 

(SD=6.7) years. They composed 46 males (46%) and 54 

females (54%). Control group was selected to be matched 

in age and gender. No  significant differences were found in 

anthropometric measures between the studied groups. Cases 

had significantly higher proportion of family history (FH) of 

diabetes when compared to the control group. Triglycerides, 

total cholesterol, HDL, FBG, fasting plasma insulin (FPI), 

HOMA-IR, HBA1C, IR and waist circumference were sig-

nificantly higher in the T2DM group when compared to the 

control group (Table 2).  Taking GG genotype and G allele 

as references, GA, GA+AA  genotypes and A allele showed 

significantly higher frequency in the T2DM group when 

compared to the control group, with higher risk to develop 

T2DM in healthy controls (Table 3).

Figure 1 demonstrates the example of electrophoresis for 

IRS-1 genotype r.2963G>A (p.Gly972Arg), which was bro-

ken down utilizing the PCR–RFLP. BstNI restriction enzyme 

cut the PCR amplicon at position 5′-CC/WGG-3′ to create 

products that were 108, 81, 51 and 23 bp in the IRS-1-972A 

allele and 159, 81 and 23 bp in the IRS1-972G allele. The 

51 and 23 bp products were obvious under the bright light 

transillumination.

FBG, FPI and HOMA-IR were significantly higher 

in patients with IR when compared to those sensitive to 

insulin. Lipid profile, HBA1C or waist circumference did 

not differ significantly according to IR (Table 4). Taking 

GG as a reference, rs1801278GA+AA genotype and A 

allele showed significantly higher proportion in IR when 

compared to IS, with higher risk to develop IR in T2DM 

cases (Table 5). Logistic regression analysis was conducted 

for the prediction of IR in T2DM cases, using age, gender, 

BMI, FH, laboratory data and rs1801278 genotypes as 

covariates. Higher FBG, FPI, HOMA-IR and GA+AA 

genotypes were associated with higher risk to develop IR 

in univariable analysis. Taking these covariates with sig-

nificant association in univariable analysis into multivari-

able analysis revealed that FPI, HOMA-IR and GA+AA 

genotypes were considered as independent-risk factors to 

develop IR in T2DM patients (Table 6). Logistic regres-

sion analysis was conducted for the prediction of T2DM 

in healthy controls, using age, gender, BMI, laboratory 

data and rs1801278 genotypes as covariates. Higher BMI, 

TG, TC, LDL, FBG, FPI, HOMA-IR, HBA1C, lower HDL 

and GA+AA genotypes were associated with higher risk to 

develop T2DM in univariable analysis. Taking these covari-

ates with significant association in univariable analysis into 

multivariable analysis revealed that higher BMI, TG, TC, 

FBG, FPI, HOMA-IR, HBA1C, lower HDL and GA+AA 

genotypes were considered as independent-risk factors for 

risk to develop T2DM in healthy controls (Table 7).

Discussion
The results of this study demonstrated that IRS-1 quality 

G→A (Gly972Arg) SNP genotype frequencies of genotypes, 

homozygous (AA) and heterozygous (GA), were predomi-

nant in T2DM. Arg 972 IRS-1 polymorphism might partake 

in the improvement of IR and diabetes by inhibiting the 

capacity of insulin to enact the IRS-1/PI3-kinase/Akt flagging 

pathway, thus prompting imperfections in glucose transport, 

glucose transporter translocation and glycogen.9

Other studies at the molecular level revealed that the 

r.2963 IRS1 polymorphism G>A (p.Gly972Arg) acted as a 

competitive inhibitor to the IR and IGF-1R autophosphoryla-

Table 1 Assessment of hardy–Weinberg equilibrium for 
rs1801278 genotypes

Control (N=120) Cases (N=100)

Observed Expected Observed Expected

GG 108 108.3 70 68.9
GA 12 11.4 26 28.2
AA 0 0.3 4 2.9
P 0.564 0.432

Note: Deviations from hardy–Weinberg equilibrium expectations were determined 
using the chi-squared test.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


The Application of Clinical Genetics 2018:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

103

irs-1 genetic polymorphism (r.2963G>A) with insulin resistance

tion. The IRS1 gene polymorphism allowed the IRS1 gene 

to act as an inhibitor of IR kinase, causing IR.10

IRS1 polymorphism G>A (p.Gly972Arg) contributed 

to IR by weakening the ability of insulin to activate the 

Table 2 Mean fasting serum glucose, insulin, HOMA and lipid profile concentration in T2DM patients and the control group

Control (N=120) T2DM (N=100) P

Median Range Median Range

Triglyceridesa (mg/dl) 111.5 100 140 150.3 150 152 <0.001
Total cholesterolb (mg/dl) 183.5 165 200 201.4 201 202 <0.001
hDl-C (mg/dl) 51.0 40 70 24.7 25 25 <0.001
lDl-C (mg/dl) 107.4 95 127 146.5 66 148 <0.001
Fasting blood glucosec (mg/dl) 85.5 74 103 293.5 240 490 <0.001
FPi (iU/ml) 7.1 6.4 7.8 7.8 7.6 8.8 <0.001
hOMA-ir 1.3 1.4 1.7 5.7 4.5 9.8 <0.001
hBA1C (%) 4.9 4.1 5.6 7.0 6.6 7.5 <0.001
Waist circumference (cm) 87.5 76.3 99.3 79.4 66.9 91.9 0.03

N % N %

ir 0 0 66 66 <0.001

Notes: numerical data are expressed as median, range, compared by Mann–Whitney test. Categorical data are expressed as number and percentage, compared by FeT. asi 
conversion factors: to convert triglycerides to millimoles per liter and to multiply values by 0.0113. bsi conversion factors: to convert cholesterol to millimoles per liter and 
to multiply values by 0.0259. csi conversion factors: to convert glucose to millimoles per liter and to multiply values by 0.0555.
Abbreviations: is, insulin sensitive; FeT, Fisher’s exact test; FPi, fasting plasma insulin; hDl-C, high-density lipoprotein cholesterol; hOMA, homeostatic model assessment; 
ir, insulin resistance; lDl-C, low-density lipoprotein cholesterol; T2DM, type 2 diabetes mellitus.

Table 3 Comparison of rs1801278 (alleles and genotypes) in all the studied T2DM patients and healthy controls

Control (N=120) Cases (N=100) P OR 95% CI

N % N %

GG 108 90 70 70.0 – r – –
GA 12 10 26 26.0 0.025 3.343 1.162 9.617
AA 0 0 4 4.0 0.999 – – –
GA+AA 12 10 30 30.0 0.011 3.857 1.366 10.890

GA+GG 120 100 96 96 0.041 – – –

GG+AA 108 90 74 74 0.002 0.489 0.310 0.770
G 228 95.0 166 83.0 – r – –
A 12 5.0 34 17.0 0.004 3.892 1.471 10.294

Note: logistic regression test was used.
Abbreviations: r, reference; T2DM, type 2 diabetes mellitus.

Figure 1 Identification of IRS1 gene polymorphism (r.2963G>A) using PCr-rFlP 
method.
Abbreviations: PCr, polymerase chain reaction; rFlP, restriction fragment length 
polymorphism.

G/G G/A

159 bp
105 bp
81 bp

signaling pathway of IRS1/PI3 kinase/Akt/glycogen syn-

thase kinase-3 in IS tissues.2 Taking GG genotype and G 

allele as references, GA, GA+AA genotypes and A allele 

showed significantly higher frequency in the T2DM group 

when compared to the control group, with higher risk to 

develop T2DM in healthy controls. A study found that IRS1 

gene polymorphisms increased IR in T2DM patients with 

severe hyperglycemia. Only the IRS1 Gly972Arg gene 

polymorphism affected IR in T2DM patients. This result 

is similar to the results of the studies by El Mkadem et 

al,10 Villuendas et al11 and Rung et al12 who found that the 

r.2963G>A (p.Gly972Arg) IRS1 gene polymorphism occurs 

in patients with IR, and these polymorphisms also affect 

IR. The rs2943641 in IRS1 was found to be associated with 

T2DM, IR and hyperinsulinemia in three European popu-

lations comprised more than 14,000 individuals.13 Taking 

GG as a reference, rs1801278GA+AA genotype and A 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


The Application of Clinical Genetics 2018:11submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

104

Yousef et al

allele showed significantly higher proportion in IR when 

compared to IS, with higher risk to develop IR in T2DM 

cases. Relationship in our study is conceivable because of 

various distinctive qualities and variations thought to be 

Table 4 Comparison of laboratory data according to ir

IS (N=34) IR (N=66) P

Median Range Median Range

Triglycerides (mg/dl) 149.9 150 151 150.4 150 152 0.448
Total cholesterol (mg/dl) 201.3 201 202 201.4 201 202 0.656
hDl-C (mg/dl) 24.7 25 25 24.7 25 25 0.958
lDl-C (mg/dl) 146.5 146 147 146.4 66 148 0.806
Fasting blood glucose (mg/dl) 258 240 275 315 268 490 <0.001
FPi (iU/ml) 7.7 7.6 8.4 8.1 7.6 8.8 0.005
hOMA-ir 4.9 4.5 5.1 6.3 5.2 9.8 <0.001
hBA1C (%) 7.0 6.6 7.5 7.0 6.6 7.5 0.742
Waist circumference (cm) 85.5 76.8 94.2 83.4 71.5 94.5 0.65

Note: numerical data are expressed as median, minimum and maximum, compared by Mann–Whitney test.
Abbreviations: FPi, fasting plasma insulin; hDl-C, high-density lipoprotein cholesterol; hOMA, homeostatic model assessment; ir, insulin-resistance; is, insulin-sensitive; 
lDl-C, low-density lipoprotein cholesterol.

Table 5 Comparison of rs1801278 (genotypes and alleles) according to is and ir in all the studied subjects

Control 
(N=120)

IS (N=34) IR (N=66) Prediction of IS in controls Prediction of IR in controls Prediction of IR in IS

P OR (95% CI) P OR (95% CI) P OR (95% CI)
N % N % N %

GG 108 90 30 88.2 40 60.6 r r r
GA 12 10 4 11.8 22 33.3 0.768 1.112 (0.548–2.257) <0.001 2.690 (1.659–4.362) 0.076 2.317 (0.917–5.851)
AA 0 0 0 0 4 6.1 – – 1 – 1
GA+AA 12 10 4 11.8 26 39.4 0.768 1.112 (0.548–2.257) <0.001 2.979 (1.865–4.759) 0.043 2.536 (1.030–6.249)

GA+GG 120 100 34 100 62 93.9 – – 0.015 – 0.296

GG+AA 108 90 30 88.2 44 66.7 0.768 0.899 (0.443–1.824) <0.001 0.394 (0.243–0.637) 0.026 0.267 (0.083–0.852)
G 228 95 64 94.1 102 77.3 r r r
A 12 5 4 5.9 30 22.7 0.760 1.188 (0.370–3.807) <0.001 5.588 (2.750–11.355) 0.034 4.706 (1.009–21.955)

Abbreviations: ir, insulin resistance; is, insulin-sensitive.

Table 6 regression analysis for prediction of insulin resistance within T2DM cases

Univariable Multivariable

P OR 95% CI P OR 95% CI

Age (years) 0.662 1.020 0.934 1.113
Gender 0.624 1.345 0.412 4.388
BMi (kg/m2) 0.889 0.986 0.811 1.199
Fh 0.488 1.560 0.445 5.474
Triglycerides (mg/dl) 0.699 1.194 0.485 2.943
Total cholesterol (mg/dl) 0.831 1.153 0.311 4.269
hDl-C (mg/dl) 0.950 1.142 0.018 7.010
lDl-C (mg/dl) 0.828 0.918 0.426 1.980
Fasting blood glucose (mg/dl) 0.035 1.392 1.023 1.893 0.247 1.054 0.964 1.153
FPi (iU/ml) 0.005 2.940 1.991 9.634 0.018 2.241 1.269 11.633
hOMA-ir 0.008 1.321 1.075 1.624 0.023 1.288 1.001 8.179
hBA1C (%) 0.710 1.456 0.201 10.528
rs1801278 (GA+AA) 0.043 2.536 1.030 6.249 0.018 0.895 0.429 1.867

Abbreviations: BMi, body mass index; Fh, family history; FPi, fasting plasma insulin; hDl-C, high-density lipoprotein cholesterol; hOMA, homeostatic model assessment; 
ir, insulin resistance; lDl-C, low-density lipoprotein cholesterol; T2DM, type 2 diabetes mellitus.

predictors of developing of IR and type 2 diabetes. Like 

the IRS1 polymorphism, no contemplates have researched 

IRS2 polymorphisms in T2DM patients who endure extreme 

or intense hyperglycemia.
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Novelty
Several polymorphisms in the insulin receptor substrate 

(IRS) genes have been identified, but only the Gly to Arg 

972 substitution of IRS-1 seems to have a pathogenic role

in the development of type 2 diabetes mellitus (T2DM).

•	 Taking GG genotype and G allele as references, GA, 

GA+AA genotypes and A allele showed significantly 

higher frequency in the T2DM group.

•	 rs1801278GA+AA genotype and A allele showed signifi-

cantly higher proportion in insulin-resistance (IR) when 

compared to insulin sensitive (IS), with higher risk to 

develop IR.

•		 Logistic regression analysis showed that higher GA+AA 

genotypes were associated with higher risk to develop IR 

in univariable analysis.

Limitations
Study with family members could inflate the frequency of 

interested allele; replication study in a different cohort could 

support these results.

Conclusion
The IRS1 genetic polymorphism (r.2963G>A) may be a sig-

nificant genetic determinant for IR in T2DM patients during 

acute hyperglycemia and prediction of insulin resistance in 

healthy subjects.
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Table 7 regression analysis for prediction of T2DM within healthy control subjects

Univariable Multivariable

P OR 95% CI P OR 95% CI

Age (years) 0.154 1.156 0.094 1.221
Gender 0.447 2.180 0.011 4.702
BMi (kg/cm2) 0.017 1.155 1.027 1.299 0.027 1.396 1.192 1.900
Triglycerides (mg/dl) <0.001 1.017 1.008 1.025 <0.001 1.003 1.002 1.005
Total cholesterol (mg/dl) 0.002 1.026 1.009 1.042 <0.001 1.009 1.007 1.011
hDl-C (mg/dl) <0.001 0.978 0.967 0.989 <0.001 0.990 0.988 0.993
lDl-C (mg/dl) <0.001 1.016 1.007 1.024 0.376 1.299 1.098 1.901
Fasting blood glucose (mg/dl) <0.001 1.002 1.001 1.004 <0.001 1.003 1.002 1.005
FPi 0.002 1.552 1.170 2.058 0.004 1.075 1.023 1.130
hOMA-ir <0.001 1.123 1.060 1.189 0.003 1.868 1.792 1.952
hBA1C (%) <0.001 1.332 1.158 1.533 <0.001 1.150 1.120 1.181

rs1801278 (GA+AA) 0.011 3.857 1.366 10.890 <0.001 1.076 1.039 1.115

Abbreviations: BMi, body mass index; FPi, fasting plasma insulin; hDl-C, high-density lipoprotein cholesterol; hOMA, homeostatic model assessment; ir, insulin resistance; 
lDl-C, low-density lipoprotein cholesterol; T2DM, type 2 diabetes mellitus.
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