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Abstract
Background: Insulin receptor substrate-1 (IRS1) plays a critical role in insulin signaling. IRS-1 gene polymorphism with
glycine to arginine substitution (GGG ↔ AGG substitutions) in codon 972 (G972R) (rs1801278) is a common polymorphism
of the IRS-1 gene, which may have a pathogenic role in the development of type 2 diabetes mellitus (type 2 DM) due to
insulin resistance and impaired insulin secretion. In hepatitis C virus infection (HCV), the IRS proteins might be counterregulated by degradation, differential expression, or modification by phosphorylation in cells expressing HCV core protein,
which inhibits the interactions of IRS-1 with both the insulin receptor and the downstream effectors of IRS-1. The present
retrospective case–control study aimed to evaluate IRS-1 G972R (rs 1801278) SNP in Egyptian patients with HCV and type 2
DM, two hundred and two subjects including 100 males and 102 females The present work is a retrospective case–control
study aimed to detect IRS-1 G972R (rs 1801278) SNP in Egyptian patients with chronic HCV infection and DM. The subjects
were divided into the control group (group I) which included 50 apparently healthy volunteers of comparable age, gender,
and socioeconomic status to patients; group II included 50 type 2 diabetic patients without chronic hepatitis C infection;
group III included 52 chronic HCV-infected patients without type 2 diabetes mellitus; and group IV included 50 chronic
hepatitis C-infected patients with type 2 diabetes mellitus. IRS-1 G972R (rs 1801278) genotyping was done by using
polymerase chain reaction (PCR-RFLP) technique with restriction enzymes BstNI.
Results: HOMA-IR and QUICKI index was significantly higher in the patient groups (groups II, III, and IV) than
controls (P < 0.001, P = 0.019, and P < 0.001 respectively). There was a significant increase in minor allele (A)
in groups II, III, and IV than controls (P = 0.007, P = 0.017, and P = 0.007 respectively). There was increased
frequency of mutant allele (A) than wild allele (G) of IRS-1 G972R polymorphism in type 2 diabetic patients
with BMI < 25 kg/m2. The DM patients without HCV infection (group II), HCV patients without DM (group III),
and HCV patients with DM (group IV) showed a significant decrease in GG genotypes and a significant
increase in AA genotypes than the controls (P = 0.017, P = 0.019, and P = 0.009 respectively). Body mass
index and waist to hip ratio were significantly higher in DM patients without chronic hepatitis C infection
(group II) and in HCV patients with type 2 diabetes (group IV) than controls, in hepatitis C patients with type
2 diabetes (group IV) than controls, and in group IV than group III (P < 0.001).
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Conclusion: IRS-1 G972R (rs 1801278) polymorphism might be a contributing risk factor for the development
of type 2 DM. The mutant allele (A) of IRS-1 suggests the role of this SNP as risk factors for type 2 diabetes
mellitus even in subjects with normal body weight. The increase of body mass index may be an independent
risk factor for the development of type 2 diabetes mellitus.
Keywords: Hepatitis C virus, Type 2 diabetes mellitus, Insulin receptor substrate-1 gene polymorphism

Background
Approximately 399,000 people die each year from hepatitis C, mostly from cirrhosis, hepatocellular carcinoma,
and liver failure. HCV has been classified into six major
genotypes; HCV genotype 4 is common in the Middle
East and in Africa including Egypt [1, 2].
Type 2 diabetes mellitus (DM) is 1.8- to 2.5-fold higher
in patients with chronic HCV infection and two- to threefolds more prevalent in HCV than in HBV infection [3–5].
During HCV infection, the tumor necrosis factor-α
system is activated and interleukin-6 levels are increased,
which disturb tyrosine phosphorylation of insulin receptor substrate-1 (IRS-1) [6].
Insulin receptor phosphorylates tyrosine residues of an
intracellular cytoplasmic adaptor protein, the IRS. The
IRS-1 is the first member of the family to be identified.
The IRS-1 binding and phosphorylation leads to an increase in the high-affinity glucose transporter-4 (GLUT4)
molecules on the outer membrane of insulin-responsive
tissues, including muscle cells and adipose tissue causing
an increase in the uptake of glucose from the blood into
these tissues. Defects in muscle IRS-1 expression and
function lead to impairment in the insulin signaling pathway resulting in insulin resistance and DM [7–9].
The IRS-1 gene contains the entire 5′-untranslated region
and protein coding region in a single exon and is localized
on chromosome 2. A glycine to arginine substitution (GGG
↔ AGG substitutions) in codon 972 (G972R) (rs 1801278) is
the common polymorphism of the IRS-1 gene, which may
have a pathogenic role in the development of type 2 DM due
to insulin resistance and impaired insulin secretion [10–12].
IRS proteins might be counter-regulated by degradation, differential expression, or modification by phosphorylation in
cells expressing HCV core protein which inhibits the interactions of IRS-1 with both the insulin receptor and the downstream effectors of IRS-1 [13].
Single nucleotide polymorphism in the IRS-1 gene has
been frequently studied as a candidate gene in DM. To the
best of our knowledge, no much data are available on IRS-1
G972R SNPs in HCV-infected populations with DM.
Methods
The present work is a retrospective case–control study
aimed to detect IRS-1 G972R (rs 1801278) SNP in Egyptian patients with chronic HCV infection and DM. We

conducted the current study on two hundred and two
subjects consisted of 100 males and 102 females, divided
into the control group (group I) which included 50 apparently healthy volunteers of comparable age, gender,
and socioeconomic status to patients; group II included
50 type 2 diabetic patients without chronic hepatitis C
infection; group III included 52 chronic HCV-infected
patients without type 2 diabetes mellitus; and group IV
included 50 chronic hepatitis C-infected patients with
type 2 diabetes mellitus.
Any patient with hepatocellular carcinoma or any
other malignancy, coexisting chronic viral infection like
chronic hepatitis B (HBV), chronic kidney disease, liver
cell failure, chronic pancreatitis, polycystic ovarian disease (PCOD), pregnant females, and those on treatment
affecting insulin resistance were excluded from the
study. All HCV-infected cases were active with positive
PCR results during the time of the study.
The study was explained to all subjects, and written
informed consents were taken from all of them. The
study was conducted after approval of the Medical Research Institute, Alexandria University Ethical committee, no available reference number, and according to the
Helsinki Declaration. The study was explained to all participating subjects, and written informed consents were
taken from all of them.
Full history was taken from all subjects, full physical
examination and anthropometric measurements including body mass index [14] and waist to hip ratio (WHR)
[15] were done, and abdomen ultrasound was done to
all subjects. Moreover, Child–Pugh classification [16]
was done for the patient group only.
Child–Pugh scoring

Encephalopathy

1

2

3

None

Grades 1–2

Grades 3–4

Ascites

None

Mild/moderate

Severe

Serum albumin (g/dl)

> 3.5

2.8–3.5

< 2.8

Serum total bilirubin (mg/dl)

<2

2–3

>3

INR

< 1.7

1.7–2.3

> 2.3

Child–Pugh classification
Risk group

Numerical score
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reconstituted by addition of sterile nuclease-free
water as follows:
(a) Insulin receptor substrate-1 G972R (rs 1801278)

Methods (Continued)
1- Child–Pugh class A

5–6 points

2- Child–Pugh class B

7–9 points

3- Child–Pugh class C

10–15 points

Also, there were some laboratory investigations
performed on the participating subjects including fasting
and postprandial serum glucose, glycated hemoglobin
(HbA1C), lipid profile, renal function tests, and liver
enzymes [17]. Serum insulin was included [18], for the
determination of Homeostatic Model Assessment of
Insulin Resistance (HOMA-IR) [19] and Quantitative
Insulin Sensitivity Check (QUICKI) index [20].
HCV polymerase chain reaction (PCR) [21], for groups
III and IV only; antibodies for HCV [21], for groups I
and II only; and lastly surface antigen for hepatitis B [22]
were assayed for all groups. We have performed some
molecular studies as follows: extraction of genomic
DNA was done from peripheral blood leukocytes by
using ion-exchange column chromatography. IRS-1
G972R (rs 1801278) genotyping by using polymerase
chain reaction (PCR-RFLP) technique with restriction
enzymes BstNI was done [23].
The molecular studies which had been done in the
current study included the following.
DNA extraction from peripheral blood leucocytes [23]

The genomic DNA extraction from peripheral blood
leukocytes was carried out using column-based commercial genomic DNA extraction kits Thermo Scientific
Gene JETTM Whole Blood Genomic DNA Purification
Mini Kit #K0781 (Fermentas, Thermo, USA).
Then assessment of the integrity of the extracted
genomic DNA was done by agarose gel electrophoresis
(AGE). The Eppendorf containing the checked purified
DNA in the elution buffer was tightly capped and stored
till the time of PCR at − 20 °C.

For the forward sense sequence, 165 μl was added and
126 μl for the reverse sense sequence to give a final
concentration of 100 pmoles/μl for each and stored at –
20 °C. It was diluted to give a final concentration of 10
pmoles/μl.
I

Primers for insulin receptor substrate-1 G972R (rs
1801278)

Forward sense sequence: (IRS-1- G02)
5′CTT CTG TCA GGT GTC CAT CC 3′ (Tm
(thermodynamic) = 62 °C)
Reverse antisense sequence: (IRS-1- G03)
5′-TGG CGA GGT GTC CAC GTA GC 3 (Tm
(thermodynamic) = 66 °C)
Protocol of amplification

In a 0.2-ml Eppendorf tube placed on ice, the following
reagents were added and mixed:
DreamTaq PCR Master Mix (2X)

12.5 μl

Forward primer

0.5 μl (10 pmol)

Reverse primer

0.5 μl (10 pmol)

Extracted DNA

1 μl

Water nuclease free

10.5 μl

The total volume was 25 μl, and then the tubes were
transferred to the thermal cycler (Quanta Biotech, UK)
where the PCR conditions were adjusted (Table 1).
The amplified products were separated on 2% agarose
gel electrophoresis after adding loading dye as follows: 2
μl loading dye added to 10 μl of amplified DNA.

Polymerase chain reaction amplification using specific
primers [23]

Restriction digestion of PCR products using MvaI (BstNI)
for insulin receptor substrate-1 G972R (rs 1801278) [23]

A set of primers flanking the SNP region were used for
the detection of insulin receptor substrate-1 G972R (rs
1801278) single nucleotide polymorphisms using the following reagent:

Restriction endonuclease enzymes, MvaI (BstNI) enzyme
for insulin receptor substrate-1 G972R (rs 1801278) targeting specific sequence of the amplified DNA product for
detection IRS-1 G972R (rs 1801278) gene polymorphisms.

1. DreamTaq PCR Master Mix (2X) # K1071(200 runs
of 50 μl) Thermo Scientific™
2. DNA gel Loading Dye (6X) # R0611: Thermo
Scientific™
3. Primers: A pair of primers G972R (rs 1801278)
polymorphisms were used. The lyophilized primers
were supplied by Invitrogen, UK, which were

Reagents

– MvaI (BstNI) (10 U/μl) restriction enzyme
recognized CC^WGG sites and cut best at 37 °C in
R buffer. It is used for insulin receptor substrate-1
G972R (rs 1801278) polymorphism.
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– 10 x buffer R for MvaI containing 10 mM Tris–HCl
(pH 7.4 at 25 °C), 400 mM KCl, 0.1 mM EDTA, 1
mM DTT, 0.2 mg/ml BSA, and 50% glycerol.
Reagents were supplied by ThermoFisher Scientific,
stored at − 20 °C.
Protocol for restriction enzymes

In an Eppendorf tube, the following reagents were
mixed:
Water (nuclease free)

18 μl

10 x R buffer

2μ

Amplified PCR product

10 μ

Restriction enzyme, BstNI

2μ

Thus, the total volume was 32 μl. They were mixed
gently, spin down for a few seconds, and incubated at 37
°C for 16 h, and then the digested products were
separated on agarose gel electrophoresis after adding
loading dye as follows: 2 μl of loading dye was added to
10 μl of restricted DNA products.
Agarose gel electrophoresis for the amplified and
digested PCR products

1) Gene Ruler TM 50 bp DNA ladder (Thermo Fisher
Scientific), the DNA fragments range from 50 to
1000 bp. It contains two reference bands: 250 and
500 bp.
2) Tris borate EDTA (TBE) buffer (10x) stock
solution: working TBE (1x) buffer was prepared by
measuring 100 ml stock solution and completed to
1 l of distilled water.
3) Agarose gel (wt/vol) 2.5% then 100 volts was
applied for about 45 min till the loading dye had
migrated to near the end of the plate. The DNA
will migrate towards the anode.
– A negative control, water (nuclease free), and a
positive control, previous read samples, were
allowed to run in case of amplified product
detection.
Table 1 Thermal cycler condition of insulin receptor substrate-1
G972R (rs 1801278)
Phases

Cycle number

Temperature (°C)

Time

Initial denaturation

1

95

1 min

Amplification
• Denaturation

35

• Annealing
• Extension
Final extension

1

95

1 min

61

45 s

72

1 min

72

7 min

– Ultraviolet transillumination (302 nm) was used
for visualization of the DNA bands.

Results
The amplified DNA leads to the formation of 263-bp
amplicon. In the presence of the restriction enzyme
MvaI (BstNI), allele G was digested to 159- and 81-bp
fragments, whereas allele A yielded 108-bp, 81-bp, and
51-bp fragments, and the results were photographed.
So, in the amplified product G972R, the GG genotype
appeared as two bands of 159 and 81 bp; the genotype
GA appeared as four bands at 159, 108, 81, and 51 bp;
and the AA genotype was expected to show three bands
on 108, 81, and 51 bp (Figs. 1 and 2).
A missing 23-bp band did not appear. According to
previous studies which used restriction enzyme MvaI
(BstNI), GG genotype gives 159, 81, and 23 bp bands,
and the AA genotype gives 108, 81, 51, and 23 bp. This
band did not appear on our gel.
Results
There was no significant difference in both sex and age
between the four studied groups (P = 0.101, 0.183)
respectively.
BMI was significantly higher in DM patients without
chronic hepatitis C infection (group II) and in HCV
patients with type 2 diabetes (group IV) than controls
and in group IV than group III (P < 0.001). The highest
BMI was observed in HCV-infected patients with T2DM
(group IV).
WHR was significantly higher in group II and group
IV than in controls, in group III and group IV than in
group II, and in group IV than in group III (P < 0.001).
Serum levels of liver enzymes (AST, ALT, and GGT)
were significantly higher in patients of groups III and IV
than in controls and in patients of group II with P <
0.001 for all. There was no significant difference
between serum activities of AST and GGT in group II
and in controls. By the reverse, serum activity of ALT
was significantly increased in group II than in controls
(P = 0.032). There was no significant difference between
group IV and group III.
Serum cholesterol levels were significantly higher in
patients of group II and significantly lower in patients of
group III than in controls with P < 0.001. Serum
cholesterol level was significantly increased in patients of
group II than in patients of group IV with P < 0.001.
There was no significant difference between group IV
and controls (P = 0.835).
Serum triglyceride level was significantly higher in
group II than in controls and group IV (P < 0.001 for
both), but there was no significant difference between
HCV patients (groups III and IV) and controls.
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Fig. 1 Agarose gel electrophoresis (2.5%) of BstNI-digested PCR product for IRS-1 G972R (rs 1801278). Ladder of 50-bp interval (50–1000 bp); lanes
L1–3, AA; lanes 4, 6, and 7, amplified DNA before restriction; lane 5, negative control

High-density lipoprotein cholesterol (HDL-C) was
significantly lower in patient groups (II, III, and IV) than
in controls with P < 0.001 for all. And it was significantly
higher in patients of group II than in patients of groups III
and IV with P < 0.001.
Serum level of low-density lipoprotein cholesterol
(LDL-C) was significantly higher in diabetes mellitus patient groups II and IV than in controls with P < 0.001.
And it was significantly higher in patients of group II
than in patients of group IV with P = 0.012. There was

no significant difference between patients of group III
and controls.
There was no significant difference between patients
of group III and patients of group IV regarding HCV
PCR level.
Fasting serum (FSG), postprandial serum glucose
(PPSG), and glycosylated hemoglobin (HbA1C%) were
significantly higher in DM patients (groups II and IV)
than in controls (P < 0.001 for both) (Tables 2, 3,
and 4).

Fig. 2 Agarose gel electrophoresis (2.5%) of BstNI-digested PCR product for IRS-1 G972R (rs 1801278). Ladder of 50-bp interval (50–1000 bp); lanes
1 and 3, GG; lanes 2 and 4–7, GA
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Fasting insulin was significantly higher in the patient
groups (groups II, III, and IV) than in controls (P <
0.001). It was significantly lower in group III than in
groups II and IV (P = 0.002 and P < 0.001 respectively).
It was significantly higher in group IV than in group II
(P < 0.001) (Tables 2, 3, and 4).
HOMA-IR and QUICKI index was significantly
different in the patient groups (groups II, III, and IV)
than in controls (P < 0.001, P = 0.019, and P < 0.001
respectively) (Table 2).
Urea and creatinine and uric acid were significantly
different in the patient groups (groups II, III, and IV)
than in controls (Table 3).
There was no statistically significant difference between
groups III and IV regarding severity of liver cirrhosis
assessed by Child–Pugh classification (P = 0.198).
It was noticed that the observed frequencies of the
different genotypes of IRS-1 G972R polymorphism were
compared to the expected frequencies, according to the
Hardy–Weinberg equilibrium, in the diseased group
which showed P > 0.05 (after performing the chi-square
test) indicating an agreement with the Hardy–Weinberg
equilibrium.
The IRS-1 G972R polymorphism genotype distribution
was significantly different between the four studied
groups (P = 0.034). DM patients without HCV infection
(group II), HCV patients without DM (group III), and
HCV patients with DM (group IV) showed a significant
decrease in GG genotypes and a significant increase in
AA genotypes than the controls (P = 0.017, P = 0.019,
and P = 0.009 respectively). There was no significant difference in genotype distribution between HCV-infected
patients without DM (group III) and HCV-infected patients with DM (group IV) (P = 0.880). The highest frequency of wild genotype of IRS-1 polymorphism (GG)
was in controls (70%), while the lowest one was in group
IV (42%). The highest frequency of homozygous mutant
genotype (AA) was in group II (8%), whereas the mutant
genotype was absent in controls. HCV patients with DM
(group IV) had the highest frequency of heterozygous
genotype (GA) (54%) (Table 5, Fig. 3).
The allelic frequency was significantly different
between the four studied groups (P = 0.031). There was
a significant increase in minor allele (A) in groups II, III,
and IV than in controls (P = 0.007, P = 0.017, and P =
0.007 respectively) (Table 5, Fig. 4).
Testing the dominant mode of inheritance, there was a
statistically higher frequency of exposed genotypes
“GA&AA” among the diabetics (group II) when
compared to the control group (54% vs 30% respectively;
P = 0.016) with a substantial increase in insulin
resistance and DM risk among the exposed group (GA
and AA) with a crude odds ratio of odds ratio (2.739)
(95% confidence interval, 1.204–6.230) when compared

Page 6 of 13

to unexposed group (GG). After logistic regression
analysis, the odds ratio was adjusted for BMI, age, and
sex, to be 3.852 (95% confidence interval, 1.248–11.887)
(P = 0.019).
Testing the recessive model was not applicable as the
odds ratio cannot be estimated because of the absence
of (AA) genotype among the control subjects.
Also, testing the dominant mode of inheritance, there
was a statistically higher frequency of exposed genotypes
“GA&AA” among HCV-infected patient group without
diabetes (group III) than the control group (53.8 % vs
30% respectively; P = 0.016) with a substantial increase
in insulin resistance and DM risk among the exposed
group (GA and AA) with a crude odds ratio of OR
(2.722) (95% confidence interval, 1.206–6.146) than the
unexposed group (GG). After logistic regression analysis,
the odds ratio was adjusted for BMI, age, and sex, to be
insignificant 2.391 (95% confidence interval, 0.975–
5.862) (P = 0.057).
Testing the recessive model was not applicable and the
odds ratio cannot be estimated because of the absence
of (AA) genotype among the control subjects.
Testing the dominant mode of inheritance, there was
a statistically significant higher frequency of exposed
genotypes “GA&AA” among group IV when compared
to the control group (58% vs 30% respectively; P =
0.005) with apparently increased in insulin resistance
and DM risk among the exposed group (GA and AA)
with a crude odds ratio of odds ratio 3.2222 (95%
confidence interval, 1.412–7.356) when compared to
unexposed group (GG). After logistic regression
analysis, the odds ratio was adjusted for BMI, age, and
sex, to be insignificant 14.734 (95% confidence interval,
0.576–376.811) (P = 0.104), meaning that genotype
exposure by itself was insignificant but with other
confounders like BMI and the risk of IR and DM
increased.
Testing the recessive model was not applicable and
odds ratio cannot be estimated because of the absence
of (AA) genotype among the control subjects.
There was a significant positive correlation between
serum level of ALT and HOMA-IR with r = 0.425 and P
= 0.002, and a significant negative correlation, inversely
proportional, between serum level of ALT and QUICKI
index in diabetic patients without chronic hepatitis C infection with r = − 0.408 and P = 0.003.
There was a statistically significant difference regarding
HOMA-IR and QUICKI index among different Child classes in groups III and IV, with HOMA-IR tending to increase and QUICK index tending to decrease with the
increasing severity of liver cirrhosis, while there was no
statistically significant difference regarding IRS-1 genotypes between different liver cirrhosis Child–Pugh classes
in both groups (Tables 6 and 7).
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Table 2 Statistical significance of fasting serum glucose level (FSG) (mg/dl), postprandial serum glucose (PPSG) (mg/dl), HbA1C (%),
fasting insulin (μIU/ml), and HOMA-IR and QUICKI index in the studied groups
Group I (n = 50)

Group II (n = 50)

Group III (n = 52)

Group IV (n = 50)

Test of sig.

P

75.0–99.0

129.0–322.0

59.0–100.0

83.0–766.0

H = 143.378

< 0.001*

Mean ± SD.

86.3 ± 5.62

195.2 ± 51.82

82.31 ± 11.46

182.68 ± 106.6

Median

87.0

189.0

80.0

168.50

< 0.001*

0.239

< 0.001*

F = 72.836

< 0.001*

F = 145.963

< 0.001*

H = 121.986

< 0.001*

H = 157.864

< 0.001*

F = 150.524

< 0.001*

FSG (mg/dl)
Min.–Max.

PGroup

I

P1 < 0.001*, P2 = 0.132, P3 < 0.001*

Sig. bet. Grps
PPSG (mg/dl)
Min.–Max.

85.0–130.0

108.0–391.0

77.0–145.0

85.0–540.0

Mean ± SD.

102.3 ± 12.9

207.3 ± 70.44

101.6 ± 17.87

223.62 ± 81.85

Median

99.0

201.0

95.0

210.0

< 0.001*

1.000

< 0.001*

PGroup

I

P1 < 0.001*, P2 = 0.447, P3 < 0.001*

Sig. bet. Grps
HbA1C (%)
Min.–Max.

3.80–5.50

6.20–13.70

3.80–5.40

5.40–12.20

Mean ± SD.

4.68 ± 0.49

8.75 ± 2.01

4.58 ± 0.47

7.89 ± 1.42

Median

4.80

8.10

4.50

7.75

< 0.001*

0.974

< 0.001*

PGroup

I

P1 < 0.001*, P2 = 0.005*, P3 < 0.001*

Sig. bet. Grps
Fasting insulin (μIU/ml)
Min.–Max.

1.20–10.10

5.40–77.0

2.40–25.30

10.0–514.2

Mean ± SD.

5.75 ± 2.65

17.09 ± 16.22

9.19 ± 3.65

40.68 ± 72.89

Median

5.65

11.0

9.30

18.65

< 0.001*

< 0.001*

< 0.001*

PGroup

I

P1 = 0.002*, P2 < 0.001*, P3 < 0.001*

Sig. bet. Grps
HOMA-IR
Min.–Max.

0.30–2.20

2.70–49.0

0.50–5.30

4.60–65.10

Mean ± SD.

1.23 ± 0.55

9.14 ± 11.09

1.81 ± 0.73

12.76 ± 11.04

Median

1.30

5.10

1.95

7.40

< 0.001*

0.019*

< 0.001*

PGroup

I

P1 < 0.001*, P2 = 0.055, P3 < 0.001*

Sig. bet. Grps
QUICKI index
Min.–Max.

0.34–0.49

0.23–0.33

0.30–0.43

0.21–0.31

Mean ± SD.

0.38 ± 0.04

0.30 ± 0.03

0.35 ± 0.02

0.28 ± 0.02

Median

0.37

0.30

0.35

0.29

< 0.001*

< 0.001*

< 0.001*

PGroup

I

Sig. bet. Grps

P1 < 0.001*, P2 = 0.009*, P3 < 0.001*

P1 P value for comparing between group II and group III, P2 P value for comparing between group II and group IV, P3 P value for comparing between group III and
group IV

Discussion
From the present study, it could be concluded that the
minor allele “A” was associated with a statistically significant
increased risk of developing insulin resistance and DM.
Although IRS-1 G972R polymorphism was studied
in other Egyptian populations, the current study

showed different genotype distributions. Shaker et al.
[24] had studied the polymorphism on Egyptian patients, men and women, divided into three groups:
DM lean, DM obese, and metabolic syndrome patients. The control group of healthy non-obese subjects. They found that most of the patient groups
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Table 3 Statistical significance of serum urea, creatinine, and uric acid in the studied groups
Group I (n = 50)

Group II (n = 50)

Group III (n = 52)

Group IV (n = 50)

Test of sig.

P

Min.–Max.

12.0–40.0

20.0–99.0

11.0–250.0

14.0–242.0

H = 41.355

< 0.001*

Mean ± SD.

26.32 ± 7.05

40.82 ± 20.38

47.58 ± 44.06

59.56 ± 43.55

Median

26.0

34.0

35.0

45.0

< 0.001*

< 0.001*

< 0.001*

H = 50.629

< 0.001*

F = 44.584

<0.001*

Parameters
Urea (mg/dl)

PGroup

I

P1 = 0.829, P2 = 0.028*, P3 = 0.045*

Sig. bet. Groups
Creatinine (mg/dl)
Min.–Max.

0.60–1.10

0.70–2.10

Mean ± SD.

0.81 ± .15

Median

0.80

PGroup

I

0.60–4.80

0.60–2.50

1.08 ± 0.38

1.25 ± 0.64

1.21 ± 0.42

0 .90

1.10

1.15

< 0.001*

< 0.001*

< 0.001*

P1 = 0.031*, P2 = 0.031*, P3 = 0.983

Sig. bet. Groups
Uric acid (mg/dl)
Min.–Max.

2.90–5.80

3.80–10.0

2.10–6.70

3.50–9.30

Mean ± SD.

4.33 ± .76

6.72 ± 1.74

4.17 ± 1.01

5.67 ± 1.40

Median

4.30

6.50

4.10

5.30

< 0.001*

0.916

< 0.001*

PGroup

I

P1 < 0.001*, P2 < 0.001*, P3 < 0.001*

Sig. bet. Groups

F, F for ANOVA test, pairwise comparison bet. each 2 groups was done using post hoc test (Tukey); H, H for Kruskal–Wallis test, pairwise comparison bet. each 2
groups was done using post hoc test (Dunn’s for multiple comparisons test); P, P value for comparing between the different groups; PGroup I, P value for
comparing between group I and each other groups; P1, P value for comparing between group II and group III; P2, P value for comparing between group II and
group IV; P3, P value for comparing between group III and group IV; Sig. bet. Groups, significance between groups
*Statistically significant at P ≤ 0.05

were of GG genotype and the rest were of GA genotypes with no AA genotypes.
Elmougy et al. [23] studied IRS-1 G972R polymorphism on Egyptian subjects with PCOS in which patients
and controls were divided into four categories based on
their HOMA-IR results. They showed GA genotype only
in HOMA-IR of > 6.4, suggesting the association of IRS1 G972R polymorphism with higher insulin levels, as the
study was conducted on females with PCOS categorized
according to HOMA-IR illustrating the difference in
genotype distribution between that study and the
current study.
El-sisi et al. [25] also investigated the effect of IRS-1
G972R polymorphism on insulin secretion and how the
polymorphism might predispose to sulfonylurea failure
on 100 unrelated Egyptian patients with DM divided to
two equal groups of those responsive to treatment and

Table 4 Liver cirrhosis Child–Pugh class in groups III and IV
Group III (n = 52)

Group IV (n = 50)

X2

P

12

3.236

0.198

Child–Pugh class
A

6

B

28

26

C

18

12

those resistant to sulfonylurea, 6% among controlled diabetic and 22% among uncontrolled were of GA
genotype.
Recently, Yousef et al. [26] studied IRS-1 G972 R polymorphism on DM patients selected from the Department of Internal Medicine, Banha University. Patients
who had a blood glucose level of > 250 mg/dL (severe
hyperglycemia), aged over 30 years, and who used only
insulin therapy during hospitalization were included.
They found that genotype distribution was GG 70%, GA
26%, and AA 4%. They concluded that IRS-1 genetic factor may be a significant genetic determinant for IR in
DM patients during severe/acute-phase hyperglycemia.
The discrepancy between the genotype distribution of
previously mentioned studies and the current study might
be due to different sub-classifications of the diabetic patients; inclusion or exclusion of different confounders of
insulin resistance such as BMI, WHR, dyslipidemia,
PCOS, metabolic syndrome (MS), intake of antidiabetic
drugs, and HCV infection; and different sample size. Also,
the existence of mutant allele in the control group in all
previous studies may suggest that phenotype features of
glucose intolerance might not be developed due to epigenetic elements or subjective factors.
Furthermore, in obese adults, the prevalence of the
IRS-1 972 GA genotype among insulin-resistant PCOS
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Table 5 Comparison between the four studied groups according to genotype distribution of IRS1 G972R (rs 1801278)
polymorphism
Parameters

Group I (n = 50)

Group II (n = 50)

Group III (n = 52)

Group IV (n = 50)

N

%

N

%

N

%

N

%

GG Homo wild

35

70.0

23

46.0

24

46.2

21

42.0

GA Hetero

15

30.0

23

46.0

26

50.0

27

54.0

AA Homo mutant

0

0.0

4

8.0

2

3.8

2

4.0

χ2

P

12.243*

MC

8.861*

0.031*

IRS1 G972R

Sig. bet. Grps
G
A
Sig. bet. Grps

MC

P1 = 0.017*,

MC

P2 = 0.019*,

MC

P3 = 0.009*,

MC

P4 = 0.700,

MC

P5 = 0.627,

MC

P = 0.034*

P6 = 0.880

85

85.0

69

69.0

72

69.2

74

74.0

15

15.0

31

31.0

32

30.8

26

26.0

P1 = 0.007*, P2 = 0.017*, P3 = 0.007, P4 = 0.972, P5 = 0.434, P6 = 0.450

χ2 chi-square test, MC Monte Carlo, P P value for comparing between the different groups, common letters are not significant (i.e., different letters are significant),
P1 P value for comparing between group I and group II, P2 P value for comparing between group I and group III, P3 P value for comparing between group I and
group IV, P4 P value for comparing between group II and group III, P5 P value for comparing between group II and group IV, P6 P value for comparing between
group III and group IV, Sig. bet. Grps significance between groups
*Statistically significant at P ≤ 0.05

patients in other studies ranged from 4.9 to 8% such as
Sir-Petermann et al. [27], Sir-Petermann et al. [28], Villuendas et al. [29], and Dravecká et al. [30] found no
heterozygous mutation. This was lower than in the
current study. Still, the increased frequency of GA and
AA in the present work might be due to the difference
in racial and ethnic distribution and the lack of data
concerning the prevalence of the polymorphism in DM
specifically.
Assuming a dominant model of inheritance of IRS-1
G972R (rs1801278), the exposed group was considered
as subjects with both (AA and GA) genotypes combined,
while the unexposed group was considered as subjects
with only (GG) genotype. Results of the present study
revealed a statistically higher frequency of exposed

genotypes (AA and GA) among DM patients without
HCV (group II) than the control group, with a substantial increase in insulin resistance and DM risk among
the exposed group (GA and AA).
This association between IRS-1 G972R (rs1801278),
insulin resistance, and DM risk among DM patients
without HCV infection (group II) remained after performing logistic regression analysis to adjust for some
important insulin resistance confounding factors (BMI,
age, and sex).
On the contrary, HCV-infected patients with DM
(group IV) showed a statistically significant higher frequency of exposed genotypes (AA and GA) among
group IV than the control group, with an apparent increase in insulin resistance and DM risk among the

Fig. 3 Comparison between the four studied groups according to IRS1 G972R genotype distribution
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Fig. 4 Comparison between the four studied groups according to IRS1 G972R allele frequency

exposed group. After logistic regression analysis, the
odds ratio was adjusted for BMI, age, and sex, to be insignificant, suggesting that genotype exposure by itself
was insignificant but with other confounders like BMI,
the risk of IR, and DM increased.
In agreement with the current study, IRS-1G972R
polymorphism was shown to be associated with insulin
resistance in many studies with different several populations and meta-analyses about DM. McGettrick et al.
[31] determined the molecular mechanism by which this
polymorphism was linked to insulin resistance.
Burguete-Garcia et al. [32] in the Mexican population
suggested the role of IRS-1G972R SNP in the genetic
susceptibility to DM. Moreover, Huri et al. [33] in
Malaysia using the polymerase chain reaction-restriction
fragment length polymorphism method where a

polymorphism in IRS-1 G972A showed a significant predictor of both insulin resistance and worsening of glycemic control.
However, the association between the IRS-1 G972R
variant with DM has been controversial throughout the
literature, and contrary to the current study, the lack of
association has been also reported in other studies. Zeggini et al. [34] and Arikoglu et al. [12], in Turkish population; Bodhini et al. [35], in a South Indian; Elmougy
et al. [23], in Egyptians; and Alsalman et al. [36], in
Saudi Arabia population argued the lack of association
between IRS-1 G972R and IR in their study due to multiple different genes and variants thought to be effective
in the development of insulin resistance and DM.
These discrepancies in results might be due to
insufficient statistical power and lack of adjustment for

Table 6 Insulin resistance (assessed by HOMA-IR and QUICKI index) and genotypes of IRS-1 SNP in relation to the degree of liver
cirrhosis (assessed by Child–Pugh classification) in group III
Child class A

Child class B

Child class C

Test of sig.

P

Min.–Max.

0.80–5.30

0.50–2.40

0.90–2.40

F = 3.324

0.044

Mean ± SD.

2.267 ± 1.650

1.589 ± 0.501

1.994 ± 0.448

Min.–Max.

0.30–0.40

0.33–0.43

0.33–0.39

F = 3.444

0.040

Mean ± SD.

0.352 ± 0.040

0.361 ± 0.022

0.342 ± 0.018

1

18

5

X2 = 8.934

0.063

HOMA-IR

QUICKI index

Genotype
GG
GA

5

9

12

AA

0

1

1
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Table 7 Insulin resistance (assessed by HOMA-IR and QUICKI index) and genotypes of IRS-1 SNP in relation to the degree of liver
cirrhosis (assessed by Child–Pugh classification) in group IV
Child class A

Child class B

Child class C

Test of sig.

P

Min.–Max.

4.60-29.60

5.10-27.50

5.00-65.10

F = 8.689

0.001

Mean ± SD.

8.867 ± 8.384

9.904 ± 5.418

22.833 ± 16.102
F = 6.668

0.003

X2 = 5.173

0.270

HOMA-IR

QUICKI index
Min.–Max.

0.25-0.31

0.21-0.30

0.23-0.30

Mean ± SD.

0.291 ± 0.020

0.280 ± 0.022

0.260 ± 0.021

GG

8

8

5

GA

4

17

6

AA

0

1

1

Genotype

other potential insulin resistance confounding factors
in some studies, recruitment procedures of the studied
subjects, genetic heterogeneity, and differences in
linkage disequilibrium between different populations as
well as environmental backgrounds that might
influence their phenotypes and may have an impact on
the studied results.
In the current study, it was concluded that there was a
statistically significant difference regarding HOMA-IR
and QUICKI index among different Child classes in
groups III and IV, with HOMA-IR tending to increase
and QUICK index tending to decrease with the increasing severity of liver cirrhosis. In agreement with our results, Hideki Fujii et al. [37] concluded that HOMA-IR is
an independent risk factor of advanced liver fibrosis in
non-alcoholic and non-diabetic fatty liver disease. On
the other hand, Dongiovanni et al. [38] had concluded
that IRS-1 972Arg polymorphisms affecting insulin receptor activity predispose to liver damage and decrease
hepatic insulin signaling in patients with NAFLD. This
finding was in concordance with our conclusion of the
lack of statistically significant difference regarding IRS-1
genotypes between different liver cirrhosis Child–Pugh
classes in both liver patient groups (Tables 6 and 7).
This disagreement can be attributed to different etiology
of the liver cirrhosis between the current study, HCV infection, and Dongiovanni et al. study which was conducted on non-alcoholic liver disease patients.

✓ The increased frequency of mutant allele (A) than
wild allele (G) of IRS-1 G972R polymorphism in type 2
diabetic patients with BMI < 25 kg/m2 suggests the role
of these SNPs as risk factors for type 2 diabetes mellitus
even in subjects with normal body weight.
✓ The significant increase of body mass index in type 2
diabetics without HCV infection and HCV-infected patients with type 2 diabetes mellitus indicates its role as
an independent risk factor for the development of type
2 diabetes mellitus.
✓ The study of other related gene polymorphisms that
might contribute to the development of type 2 DM in
chronic hepatitis C patients and additional studies on
the association between IRS-1 G972R polymorphism
and DM complications and its relation to the antidiabetic therapy response are recommended to be conducted on larger sample size; also, in the light of our
study, it could be recommended that assessment of
gene expression of IRS-1 in chronic hepatitis C-infected
patients might be useful for early detection of type 2
diabetes in these patients.
Limitation of the study:
– Small size of subjects
– Lack of data about HCV genotype in the studied
group
Acknowledgements
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Conclusions
From this study, it could be concluded that:
✓ IRS-1 G972R (rs 1801278) polymorphism might be
contributing risk factors for the development of type 2
DM as established by the high frequency of minor allele
(A) in type 2 diabetic patients without chronic hepatitis
C infection.
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