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Abstract: Insulin receptor substrate 1 (/RS/), a ligand of the insulin receptor tyrosine kinase,
participates in the insulin receptor signal transduction pathway. Dysregulations in /RS expression
and function increase incidence of insulin-resistant states such as prediabetes and type 2 diabetes.
The study was aimed at investigating the association of the Gly972Arg (rs1801278) polymorphism
in /RS gene with prediabetes in Northern Vietnamese women. The case-control study consisted of
1,617 women (250 prediabetic cases and 1,367 normoglycemic controls). The /RS! Gly972Arg
polymorphism was genotyped in these subjects using polymerase chain reaction—restriction
fragment length polymorphism. The frequency of the ““A’’ allele of the Gly972Arg (G>A)
polymorphism was similar between the normal glucose and prediabetic subjects (2.7% and 2.6%,
respectively). There was no significant difference in the genotypic frequency between the control
and prediabetic cases (P = 0.673). The IRSI Gly972Arg polymorphism was not associated with the
risk of prediabetes in Vietnamese women both before and after being adjusted for socio-economic,

lifestyle and clinical factors (P > 0.05).
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1. Introduction

Prediabetes, defined as blood glucose levels
above normal but below diabetes thresholds, is
a high-risk state for developing diabetes [1].
The prevalence of prediabetes is often two to
three times higher than the prevalence of
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diabetes and varies among populations and
ethnic groups. According to the report of
Centers for Disease Control and Prevention
prevalence of diabetes and prediabetes in
population aged 18 years or older in 2017 was
9.4% and 33.9%, respectively, in the United
States [2]. Prevalences of diabetes and
prediabetes in Northern Norway were 9.4% and
35.4%, respectively [3]. The age and sex—
adjusted prevalence rates of diabetes, and
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prediabetes in Vietnamese adults aged 40 - 64
years was 3.7%, and 14.6%, respectively [4].

It is worrying that prediabetes often shows
no clinical symptoms. Current estimates
indicate that most individuals (up to 70%) with
prediabetic states, who are not detected early
and intervened timely, eventually will develop
type 2 diabetes in their lifetime [5]. Moreover,
people with prediabetes are at greater risk for
heart attack, kidney disease, nerve damage,
fatty liver disease, vision problems, cancer and
high blood pressure, compared to people
without the disorder [6].

It is necessary to screen and detect
prediabetic status early based on risk factors
such as genetic variants and environmental
factors that affect both insulin secretion and
insulin resistance. Thereby, there are timely
interventions to reduce the incidence of
prediabetes and to limit progression to diabetes
and other serious diseases in the future.

Insulin receptor substrate 1 (IRS/), a ligand of
the insulin receptor tyrosine kinase, participates in
the insulin receptor signal transduction pathway.
So that dysregulation in RS/ expression and
function has been reported in insulin resistance
such as prediabetes and type 2 diabetes [7]. Many
polymorphisms described in /RS/ gene included
Pro512Ala, Asnl137Arg, Argl58Pro, and
Gly972Arg. Among those, the Gly972Arg
polymorphism (rs1801278) is shown to be
associated with the risk of insulin resistance and
type 2 diabetes [8, 9]. However, there have been
almost no studies on the association between the
Gly972Arg polymorphism in /RSI gene and the
risk of prediabetes. Therefore, this study was
conducted to determine the association between
the Gly972Arg polymorphism of /RSI gene and
the risk of prediabetes among Northern
Vietnamese women.

2. Subjects and methods

2.1. Subjects

The case-control study consisted of 1617
women (250 prediabetic cases and 1367

normoglycemic controls). They were recruited
from a cross-sectional study with people aged
40 - 64 years in the general population of the
Red River Delta, Vietnam. The details of the
survey to collect data were reported previously
[4]. The study was approved by The Ethics
Committee of the National Institute of Hygiene
and Epidemiology, in Vietnam. Before entering
the study, all participants were provided written
informed consent.

2.2. Data collection

Charateristics  of  subjects  included
anthropometric parametric (weight, height,
waist circumference, hip circumference, body
fat percentage, systolic blood pressure, and
diastolic blood pressure). Body mass index is
caculated as weight per square of height
(kg/m®). Waist-hip ratio was calculated as waist
circumference divided by hip circumference.
Body fat percentage was measured by
bioelectrical impedance method by using
OMRON scale (HBF-351, Kyoto, Japan).

Participants had not eat or drink anything
but water for 8 hours - 16 hours prior to the
clinic visit.  Firstly, blood samples were
collected and centrifuged immediately in the
morning to test fasting plasma glucose (FPG)
and lipid profile (total cholesterol, triglycerides,
high-density lipoprotein cholesterol, and low-
density lipoprotein cholesterol). Then participants
had to drink 75 g glucose with 200 ml water, after
2 hours, intravenous blood sample was collected
to test oral glucose tolerance.

Glucose and lipid profile were analyzed
using a semi-autoanalyzer (Screen Master Lab;
Hospitex Diagnostics LIHDI112, Italy) with
commercial kit (Chema. Diagnostica, Italy).
Plasma glucose was measured by glucose
oxidase method (GOD-PAP). Lipid profile
were measured by enzymatic methods.

Dyslipidemia is defined as high-density
lipoprotein < 50 mg/dL for female, and total
cholesterol, low-density lipoprotein  and
triglyceride levels > 200, > 130 and > 130
mg/dL, respectively [10].
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All  participants had to completed
structured questionnaires to collect data
included current age, residence, gender,
ethnicity, education, occupation, marital
status, income level, alcohol consumption,
smoking history, time spent for night’s sleep,
siesta, watching television, family history of
diabetes, medical and reproductive history.

2.3. Diagnosis of prediabetes and normal glucose

The glycaemic status of subjects was
determined using FPG and glucose after 2 hours
using oral glucose tolerance test (OGTT) [11].

Participants were classified as having
prediabetes if FPG was between 5.6 and 6.9
mmol/L, and/or 2 hour plasma glucose was from
7.8 to 11.0 mmol/L. Normal glucose tolerance
was characterized by FPG < 5.6 mmol/L nd 2
hour plasma glucose < 7.8 mmol/L [12].

2.4. Genotyping

Genotyping peripheral blood samples were
obtained from each participant and genomic
DNA was extracted from peripheral blood
leukocytes, using Wizard® Genomic DNA
Purification Kit (Promega Corporation, USA)
accoding to manufacturer. The purity and
concentration of DNA were measured by

NanoDrop. All samples were genotyped using
polymerase chain reaction - restriction fragment
length polymorphism (PCR-RFLP) analysis.
The protocol of RFLP methods were described
previously [13].

2.5. Statistical analysis

Subjects’ characteristics are expressed by
mean * standard deviations (with normal
distribution), or median and interquartile range
(without normal distribution) for quantitative
variables. The frequencies of alleles and
genotypes were compared, and tested for
Hardy—Weinberg equilibrium (HWE) by
Fisher’s exact test. The influence of genetic
factors was assessed by five genetic models
(dominant, co-dominant, over-dominant,
recessive, and additive model) using single
logistic regression and multilogistic regression
adjusted by age, sex, anthropometric factors,
socio-economic and environmental factors [14].
Statistical analyses were performed on SPSS
16.0 software. Statistical significance was
determined with a P value < 0.05 on both sides.

3. Results and discussion

3.1. Characteristics of the study subjects

Table 1. Characteristics of the study subjects in prediabetic cases and controls

Characteristics Controls (N = 1367) Prediabetic cases (N =250)  P-value
Age (years)" 50 (45 -55.07) 53 (47 - 58) <0.0001
Height (cm) 152.32 £4.94 151.49 £5.07 0.013
Weight (kg) 49.52+6.93 49.05 + 6.69 0.308
Body mass index (kg/m?) 21.32+2.64 21.32+2.52 0.998
Body fat percentage (%) 29.89 +4.61 30.31+4.43 0.176
Waist circumference (cm)® 73 (67.5-78) 73 (68 -78) 0.266
Hip circumference (cm)* 87.5(88-91) 87 (83 -91) 0.036
Waist-hip ratio 0.83 +£0.06 0.85+0.06 0.005
Systolic blood pressure (mmHg)* 110 (100 - 120) 120 (110 - 135) <0.0001
Diastolic blood pressure (mmHg)® 70 (60 - 80) 80 (70 - 80) <0.0001
Total cholesterol (mmol/L)* 4.22 (3.9-4.88) 4.5(4.09-5.0) <0.0001
Low-density lipoprotein (mmol/L)*  2.79 (2.31 - 3.32) 3.1(2.66-3.7) <0.0001
High-density lipoprotein (mmol/L)*  1.25(0.99 - 1.6) 1.22 (0.97 - 1.57) 0.141
Triglyceride (mmol/L)* 1.3(1.0-2.0) 1.76 (1.05 - 2.35) <0.0001

Data are mean + SD values. “ Data are median (interquartile range).

P-value by Student T test or Mann—Whitney U test.
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The characteristics of subjects in controls
and prediabetic cases are shown in Table 1.
There were significant differences between
control and prediabetic group in age, height, hip
circumference, waist-hip ratio, systolic blood
pressure, diastolic blood pressure, total
cholesterol, low-density lipoprotein, and
triglyceride. No significant difference in
weight, waist circumference, body mass index,
body fat percentage and high-density
lipoprotein was observed.

3.2. Genotype and allele frequencies

Table 2 shows the frequencies of A and G
alleles, and genotypes of the Gly972Arg
polymorphism in controls and prediabetic
cases. The frequency of minor allele (A) was
2.7% in total cohort. Distribution of genotype
and allele frequencies in normal glucose group
is imbalanced (P = 0.002). No significant
difference in genotype and allele frequencies
was observed between normal glucose and
prediabetic groups (P > 0.05).

Table 2. Genotype and allele frequencies of the Gly972Arg polymorphism

Frequencies Total Controls Prediabetic cases P-value
(n=1617) (n=1367) (n=250)

Genotype AA 4 (0.2%) 4 (0.3%) 0 (0%) 0.673
AG 79 (4.9%) 66 (4.8%) 13 (5.2%)
GG 1534 (94.9%) 1297 (94.9%) 237 (94.8%)

Allele A 87 (2.7) 74 (2.7) 13 (2.6) 0.890
G 3147 (97.3) 2660 (97.3) 487 (97.4)
Pywe 0.007 0.002 0.673

The data in the table are presentende by n (%), HWE: Hardy - Weinberg equation

P-values were from y?2 test or Fisher exact.

Table 3. Association between the Gly972 Arg polymorphism and the risk of prediabetes

Models Genotype  OR (95% CI) P-value OR" (95% CI) P -value
GG 1 1
Co-dominant AG 1.08 (0.59 — 1.99) 0.798 0.97 (0.48 — 1.99) 0.941
AA - - - -
Dominant GG ! 1
AG-AA 1.02 (0.56 — 1.87) 0.879 0.92 (0.45-1.87) 0.809
Recessive GG-AG ! !
AA - - - -
Over-dominant GG-AA ! !
AG 1.09 (0.59 —2.0) 0.791 0.98 (0.48 —2.0) 0.947
Additive 0.97 (0.54 - 1.73) 0.907 0.87 (0.44—1.72) 0.697

P-value was received from unvariate logistic regression, P-'value was received from multitvariate logistic regression
adjusted for age, body fat percentage, maximum blood pressure, minimum blood pressure, HDL-C, LDL-C,
triglyceride, cholesterol, marital status, education, income level, family history of diabetes, time spent for night’s
sleep, siesta, watching television, alcohol consumption, and smoking history.

3.3. The association between the Gly972Arg
polymorphism and the risk of prediabetes in
Hanam women

The influence of genetic factors was
assessed by five genetic models (dominant, co-

dominant, over-dominant, recessive, and
additive model) using univariate logistic
regression and multivariate logistic regression
adjusted for socio-economic, lifestyles and
clinical factors.
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No significant association between the
Gly972Arg polymorphism in /RS! gene and
the risk of prediabetes in five genetic models
before and after adjusted for age, body fat
percentage, maximum blood pressure,
minimum blood pressure, HDL-C, LDL-C,
triglyceride,  cholesterol, marital status,
education, income level, family history of
diabetes, time spent for night’s sleep, siesta,
watching television, alcohol consumption, and
smoking history (P > 0.05).

IRS1 gene plays a critical role in insulin
signaling. So the dysregulation of /RS/ gene
has an important place in the development of
insulin resistance. The tyrosine
phosphorylation of [RSI serves as docking
molecules for downstream effectors such as
phosphatidylinositol 3-kinase and
phosphotyrosine phosphatase-2 [15]. However,
our study has reached no association between
the Gly972Arg polymorphism and the risk of
prediabetes in Hanam women.

The frequency of allele A in normal group
(2.7%) was quite similar to the frequency of
allele A in Mexico population (2.6%) [8], Han
Chinese in Beijing (2.3%), higher than those in
Africans in South West Africa (1%), and lower
than those in the Japanese population (8.1%),
Indian (9%), Utah residents with Northern and
Western European ancestry from the CEPH
collection (5.8%) [16].

In recent years, a great number of risk
gene/allele in type 2 diabetes pathogenesis
were found with the contribution of Genome
wide association (GWA) studies. But the
molecular mechanisms are mostly unknown.
The Gly972Arg polymorphism was found to
be associated with type 2 diabetes in different
populations such as Mexico [8], Malaysia [9],
meta-analysis [17]. According to Marntisnez-
Gomez, heterozygosity for the Gly972Arg
variant of the /RSI gene showed the strongest
association for T2D adjusting by ancestry, age,
gender, and BMI in both Guerrero and Mexico
city samples (OR = 2.43, 95% CI= 1.12-5.26
and 2.64, 95% CI= 1.37-5.10, respectively) in
Mexico population [18]. IRS is an important

ligand in the insulin response of human cells
and IRS-1, for example, is an IRS protein that
contains a phosphotyrosine binding-domain.
So IRS-1 protein is know as a major substrate
for the insulin receptor and is present in tissues
that are involved in glucose production, and
insulin secretion [19]. In knockout models, this
polymorphism was reported to inhibit insulin
signaling that is dependent on
phosphatidylinositol 3-kinase in tissues which
are sensitive to insulin, expecially muscle and
pancreatic PB-cells. This causes multiple
defects, including the translocation of the
glucose transporter [20]. Morover, many
studies showed that insulin secretion is lower
in pancreatic [-cells that express the
Gly972Arg polymorphism compared with
carriers with the wild-type I/RS! variant. This
suggested that this polymorphism decreases the
ability of p-cells to compensate insulin
resistance [19].

On the other hand, we did not find any
association in our population similar to some
other populations such as United State and
Poland population [21], United Kingdom
population [22], South Indian population [23],
Turkish population [15], Japan population [24].
While affecting the attributes of glucose
homeostasis such as fasting glucose and insulin
action, this variant still does not appear to
influence prediabetes. Firstly, small sample
sizes were affected the detection of the
association between the Gly972Arg
polymorphism and the risk of prediabetes.
Secondly, the association signal reported by
others may not be due to Gly972Arg, but
another nearby genetic variant. So that, to
eliminate this possibility, a thorough
understanding of the haplotype structure of the
IRS1 region and a systematic assessment of its
common genetic variation in very large
diabetes patient samples is required [23].
Thirdly, the Gly972 residue is located between
two potential sites of tyrosine phosphorylation
involved in the binding of phosphoinositide 3-
kinase. Replacement of the small uncharged
amino acid, glycine, by the large positively
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charged arginine is likely to result in an
impairment in the Dbinding of the
phosphoinositide 3-kinase with /RS [25].

4. Conclusions

Our results suggest that the Gly972Arg
polymorphism in [/RSI gene may have no
contribution on genetic architecture of
prediabetes in the Vietnamese women. Maybe
larger sample sizes will be required to detect
the association between /RS/ gene and the risk
of prediabetes in Vietnamese population.
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Moi lién quan cua da hinh Gly972Arg trén gen /RS/ va nguy
co mac tién dai thao duong ¢ phu nit Viét Nam

Nguyén Thi Trung Thu', Tran Quang Binh?

"Khoa Sinh hoc, Truong Pai hoc Su pham Ha Noi, 136 Xudn Thuy, Cau Gl'd'y, Ha Noi, Viét Nam
’Phong Quan li khoa hoc, Vién Dinh duong Quéc gia,
48B Tang Bat Ho, Pham Dinh H6, Hai Ba Trung, Ha Ngi, Viét Nam

Tém tit: Insulin receptor substrate 1 (RS1) 1a mot phdi tir ctia thu thé insulin tyrosine kinase va
tham gia vao con duong truyén tin hiéu thy thé insulin. Sy rdi loan diéu hoa trong biéu hién va chirc
nang cta /RS 1am ting ti 18 khang insulin nhu bénh tién dai duong va dai thdo dudng typ 2. Nghién
ctru ndy nham muc dich diéu tra méi lién quan cua da hinh Gly972Arg (rs1801278) trén gen IRSI v6i
tién dai thao duong ¢ phu nir tai mién Bic Viét Nam. Nghién ciru bénh chimg bao gdm 1617 phuy nit
(250 nguoi méc tién dai thao dudng va 1367 ngudi c6 duong huyét binh thuong). Da hinh Gly972Arg
trén gen IRSI dwoc dinh kiéu gen bang cach sir dung phwong phap da hinh chiéu dai doan cit gioi han
(PCR-RFLP). Ti 1¢ alen ““A”’ cua da hinh Gly972Arg (G> A) twong tu giita nhom glucose huyét binh
thudng va nhém tién déi thao duong (2,7% va 2,6%, twong tmg). Khong c6 sy khac biét dang ké vé ti
1é kiéu gen gilra nhom glucose huyét binh thuong va nhém tién dai thao dudng (P = 0,673). Chua
nhan thay mdi lién quan ciia da hinh Gly972Arg trén gen /RSI voi tién dai thao duong ¢ phu nir mién
Bic, Viét Nam trudc va sau khi diéu chinh theo yéu td kinh té xa hoi, 16i song va cac yéu tb 1am sang
(P>0,05).

Tur khéa: Gly972Arg, da hinh, gen /RS, tién dai thao duong, phu nir Viét Nam.



