Bzl SPANDIDOS
7] ,§, PUBLICATIONS

BIOMEDICAL REPORTS 13: 35, 2020

Association of polymorphism genes LPL,ADRB2,
AGT and AGTRI with risk of hyperinsulinism and
insulin resistance in the Kazakh population

AIZHAN SHAKHANOVA', NURLAN AUKENOV?, ALMA NURTAZINA', MERUYERT MASSABAYEVA',
DMITRIY BABENKO®, MADINA ADIYEVA! and NURLAN SHAIMARDONOV'!

1Department of Propaedeutic of Internal Diseases, Semey Medical University, Semey, East Kazakhstan Region F17G0D3;

2Depa.lrtment of Health and Human Resources, Ministry of Health of the Republic of Kazakhstan, Nur-Sultan,
East Kazakhstan Region Z05SK5KS; 3Scientific and Research Center, Karaganda Medical University,
Karaganda, East Kazakhstan Region MO1K6T3, Kazakhstan

Received February 11,2020; Accepted July 15,2020

DOI: 10.3892/br.2020.1342

Abstract. Hyperinsulinism and insulin resistance are closely
associated with several common diseases including type 2 of
diabetes, cardiovascular diseases, and metabolic syndrome.
The present study aimed to determine the association between
hyperinsulinism, insulin resistance and the polymorphism
of genes, including angiotensin II receptor type 1 (AGTRI),
angiotensinogen (AGT), B2-adrenoreceptor (ADRB2) and
lipoprotein lipase (LPL), in the Kazakh population. The design
of the current research was a case-control study, involving 460
subjects (age range, 18-65 years). For every subject, plasma
glucose, insulin, total cholesterol, triglycerides, high-density
lipoprotein, low-density lipoprotein, apolipoprotein B
and apolipoprotein Al were examined. Moreover, reverse
transcription-quantitative PCR was conducted to detect the
polymorphism genes LPL Ser447Ter, ADRB2 GIn27Glu, AGT
Thri74Met and AGTRI A1166C. Hyperinsulinism was consid-
ered when the insulin level was elevated >24.9 IU/ml. The
homeostasis model assessment insulin resistance (HOMA-IR)
was used to evaluate insulin resistance. The subjects were
divided into hyperinsulinism (17 men and 24 women) and
normal level insulin (214 men and 205 women) groups, which
were also split into insulin resistance group (HOMA-IR >2.7;
80 men and 105 women) and those without insulin resistance
group (151 men and 124 women). The results suggested that
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LPL Ser447Ter (rs328) allele G was associated with a lower risk
of hyperinsulinism (P=0.037). Furthermore, polymorphisms
of genes ADRB2 GIn27Glu (rs1042714), AGT Thri74Met
(rs4762) and AGTR1 A1166C (rs5186) were not associated with
hyperinsulinism and insulin resistance in the Kazakh popula-
tion. No interaction was identified between LPL Ser447Ter,
ADRB?2 GIn27Glu, AGT Thri74Met and AGTRI Al166C.
Therefore, the results indicated that haplotype combinations
were not associated with insulin resistance.

Introduction

Metabolic syndrome is defined as a cluster of abdominal
obesity, insulin resistance, dyslipidemia and arterial hyperten-
sion (1). Insulin resistance in obese individuals appears as a
result of long-term nutrient excess and is manifested by an
increase in the flow of fatty acids, nutrient overload, adipose
tissue hypoxia, endoplasmic reticulum stress, cytokine secre-
tion in adiposities, chronic inflammation of the tissues and
a genetic predisposition (2). Furthermore, insulin resistance
mechanisms may differ between patients and populations (2).

Lipoprotein lipase (LPL) is known to be involved in
several diseases, such as dyslipidemia, type 2 diabetes and
hypertension (3). LPL gene polymorphisms affect the lipolytic
function of LPL, and are considered valuable candidate genes
for diabetes and hypertension (4). Insufficient synthesis or
dysfunction of LPL leads to reduced hydrolysis of chylomi-
cron and very-low-density lipoprotein (VLDL), and ultimately
results in excessive accumulation of lipoproteins in plasma (5).
Polymorphisms of LPL genes cause dyslipidemia and insulin
resistance via various pathophysiological mechanisms (such
as hypertriglyceridemia, dysfunction of antioxidation stress
in brain and atherosclerosis), as well as serving an indirect
role in the etiology of diabetes mellitus and hypertension (5).
Although there have been several studies on the effect of LPL
gene polymorphism, their results vary based on the ethnicity
of the participants (6-8).

The p2-adrenoceptor (ADRB2) acts as a lipolytic receptor
in human white adipose tissue and skeletal muscle (9).
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Polymorphism of ADRB?2 gene is associated with an elevated
sympathetic nervous activity, blood pressure, weight gain and
insulin resistance.

The renin-angiotensin-aldosterone system (RAS) stimu-
lates hyperglycemia, changes insulin secretion and decreases
sensitivity to insulin (10). Obesity is associated with enhanced
activity of both systemic and adipose tissue RAS (10). When
RAS tissue activity is high, fat accumulates in visceral adipose
tissue more intensively compared with in the subcutaneous
area (10). Previous studies have reported that activated angio-
tensin II in skeletal muscle, adipose tissue and the pancreas
influences glucose metabolism, which subsequently leads
to insulin resistance (11). Evidence suggests that some indi-
viduals are predisposed to insulin resistance via activation of
the RAS (11). Angiotensinogen (AGT), as a precursor of angio-
tensin I1, is involved in the pathogenesis of metabolic syndrome
and diabetes mellitus (10). AGT gene polymorphisms, in turn,
are associated with hypertension and insulin sensitivity (11).
A recent study revealed a relationship between the angio-
tensin Il receptor type 1 (AGTRI1) A1166C C allele and insulin
resistance (12); this study suggested that the effect of AGTRI
A1166C on insulin resistance and endothelial dysfunction in
non-alcoholic fatty liver disease occurred via modulating the
activation of adipokines, chemokine and pro-inflammatory
cells (12). Further investigations of the link between RAS and
insulin resistance could facilitate the understanding of their
multiple mechanisms (11). Given the regulatory role and the
possible impact of LPL Ser447Ter, ADRB2 GIn27Glu, AGT
Thri74Met andAGTR1 A1166C on the development of insulin
resistance, it was hypothesized that these polymorphisms may
be potential risk factors for insulin resistance.

The Kazakh population is the indigenous population
of the Republic of Kazakhstan, which is located between
Europe and Asia. The geographic location of the Republic
of Kazakhstan for numerous centuries has contributed to
the formation of a specific gene pool, which is different
from the genetic pools of other populations (13). A recent
study reported that the Kazakh population was anthropo-
logically similar to the Mongoloid ethnicity, and they have
an intermediate position between the Caucasian and Asian
populations (13). Moreover, allelic frequency distributions of
22 autosomal short tandem repeats in the Kazakh population
differ from Han, Xinjiang, Kyrgyz and Xibe populations, but
are similar to the Uyghurs (14). To enrich the database of
population genetics of the Kazakh group and consider the
association with the pathogenesis of insulin resistance, the
present study examined LPL Ser447Ter, ADRB2 GIn27Glu,
AGT Thrl74Met and AGTRI1 A1166C.

The current study aimed to investigate the association
between LPL Ser447Ter, ADRB2 GIn27Glu, AGT Thri74Met
and AGTR1 Al1166C, and the level of insulin and insulin
resistance in the Kazakh population.

Materials and methods

Subjects. In total, 460 subjects of Kazakh ethnicity (231 men;
229 women; age range, 18-65 years) living in Semey,
Kazakhstan, were recruited. Samples were collected in
the Primary Health Care Centers of Semey City, between
January 2018 and December 2019. All subjects had no history

of cancer, cardiovascular or renal failure, mental diseases,
pregnancy or lactation.

Out of all the participants, 17 men (3.69%) and 24 women
(5.21%) had a high level of insulin, while 214 men (46.52%)
and 205 women (44.56%) had a healthy insulin level. Insulin
resistance [The homeostasis model assessment insulin resis-
tance (HOMA-IR)>2.7] was observed in 80 men (17.39%)
and 105 women (22.82%). The mean ages for subjects with
hyperinsulinism and a healthy level of insulin were 46+10.8
and 48+11.8 years, respectively. In total, 83 men (18.04%) and
102 women (22.17%) had a healthy weight, 107 men (23.26%)
and 86 women (18.69%) were overweight, and 41 men (8.92%)
and 41 women (8.92%) were obese. All participants signed a
written informed consent form to participate in this research,
which was performed in accordance with the guidelines
set out in the Helsinki Declaration of the World Medical
Organization 1964. The Ethics Committee of the Semey
Medical University approved the research protocol (Protocol
no. 11 from 27.09.2017).

Phenotype measurements. The systolic and diastolic arterial
blood pressure, height, weight, BMI and waist circumference
of the subjects were evaluated. Arterial blood pressure was
measured twice after 5 min of rest with the subjects seated.
BMI was defined as the weight (kg)/height (m?). The fasting
venous blood samples (10 ml) were collected in the morning.

Single-nucleotide polymorphism (SNP) selection. SNPs
were selected using the data from the 1,000 Genomes
Browser project (https://www.ncbi.nlm.nih.gov/varia-
tion/tools/1000genomes) and The Text-mined Hypertension,
Obesity, and Diabetes candidate gene database (T-HOD;bws.
iis.sinica.edu.tw/THOD). The 1,000 Genomes Browser project
provides an extensive international foundation of polymor-
phisms of the human genome for research of links between
genotype and phenotype (15,16). T-HOD contain all the
polymorphisms of the genes that are studied for hypertension,
obesity and diabetes mellitus (17). Considering the pathogen-
esis of insulin resistance, the following candidate genes were
selected: LPL Ser447Ter, ADRB2 GIn27Glu, AGT Thri74Met
and AGTRI A1166C.

Genotyping. The blood of all subjects was collected into
vacuum tubes with K2/K3 EDTA (10 ml). For genetic
research, four genes, LPL Ser447Ter, ADRB2 GIn27Glu,
AGT Thri74Met and AGTRI Al1166C, were examined.
Genomic DNA was isolated from blood samples (40 ng) using
the ready-made commercial GeneJET Mini kit (Thermo
Fisher Scientific, Inc.). Fluorometer Qubit 4 (Thermo Fisher
Scientific, Inc.) was used to evaluate DNA concentration, and
the extracted DNA was frozen and stored at -20°C.

All 460 blood samples were genotyped via quantitative PCR
(qPCR) (18) using CFX 96 system (Bio-Rad Laboratories, Inc.)
with mixed primers and TagMan samples. The sequences of
the primers used were: LPL Ser447Ter (rs328) forward, 5'-AAT
AAGAAGTCAGGCTGGTGA-3' and reverse, 5-TTATTCTTC
AGTCCGACCACT-3" ADRB2 GIn27Glu (rs1042714) forward,
5'-CGTCACGCAGGAAAGGGACGA-3' and reverse 5'-GCA
GTGCGTCCTTTCCCTGCT-3'"; AGT Thri74Met (rs4762)
forward, 5'-GCCCACCACCGTGGACAGCAG-3' and reverse,
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Table I. Description for the four single-nucleotide polymorphisms.
Gene Chromosome Major/minor alleles
LPL Ser447Ter 8:19962213 C/G
ADRB2 GIn27Glu 5:148826910 C/G
AGT Thr174Met 1:230,702,523-230,714,122 G/A
AGTRI Al1166C 3:148742201 A/C
AGTRI, angiotensin II receptor type 1; AGT, angiotensinogen; ADRB2, $2-adrenoreceptor; LPL, lipoprotein lipase.
Table II. Association between insulin levels and insulin resistance with clinical characteristics.

Insulin, IU/ml Insulin resistance
Characteristic <249 >249 P-value HOMA-IR <2.7 HOMA-IR >2.7 P-value
Age, years 46 (39-56) 48 (39-56) 0.98 46 (38-55) 48 (40-56.5) 0.24
Sex® 419 41 0.25 275 185 0.023
Male 214 17 151 80
Female 205 24 124 105

BMI, kg/m* 26.17 (23.53-29.02) 24.09 (21.9-28.72) 0.067 26.12 (23.61-28.73) 26.12 (22.81-29.1) 0.94
Glucose, mmol/I* 5.59(4.51-6.42) 5.6 (4.72-6.26) 0.86 5.2 (4.25-6.01) 6.06 (5.21-6.89) 0.0001
Total cholesterol, mmol/I* 1.8 (1.29-2.53) 1.72 (1.24-2.17) 0.98 3.51 (2.52-4.59) 3.31(246-445) 021
Triglycerides, mmol/1* 1.18 (0.85-1.68) 1.74 (1.26-2.17) 0.0001 1.13 (082-1.56) 149 (0.95-2.02) 0.0001
HDL, mmol/I* 0.98 (0.8-1.18) 1.06 (0.88-1.2) 0.24 0.95 (0.69-1.44) 0.9 (0.7-1.46) 091
LDL, mmol/I* 1.83 (1.3-2.53) 1.76 (1.3-2.2) 0.2 1.86 (1.38-2.61) 1.77 (1.18-2.37) 0.03
Apolipoprotein B, g/I* 098 (0.8-1.17) 1.04 (0.86-1.19) 043 0.96 (0.78-1.14) 1.03(0.84-1.21) 0.013
Apolipoprotein A1, g/I* 1.5(1.32-1.72) 1.47 (1.27-1.62) 0.26 1.51 (1.33-1.73) 148 (1.29-1.64) 0.18

"Mann-Whitney test; %y test. Data are presented as the median (Q1-Q3) for age, BMI, glucose, total cholesterol, triglycerides, HDL, LDL,
apolipoprotein B and apolipoprotein A1l. Data are presented as n for sex. P<0.05 was considered to indicate a statistically significant difference.

LDL, low-density lipoprotein; HDL, high-density lipoprotein.

5-CGGGTGGTGGCACCTGTCGTC-3"; and AGTRI A1166C
(rs5186) forward, 5'-CCAAATGAGCATTAGCTACTT-3' and
reverse, 5S'-GTTTACTCGTAATCGATGAA-3" In total, 20 ul
TagMan Genotyping MasterMix reagent (Synthol, Inc. or
Lytech, Inc. dependent on SNP being assessed) and 10 ng DNA
were used as a template with a final volume of 25 ul in 96-well
plates. The amplification program included the pre-denatur-
ation step at 95°C for 3 min, followed by 48 cycles at 95°C for
10 sec and 60°C for 40 sec for three SNPs [reagents for ADRB2
GIn27Glu (rs1042714), AGT Thri74Met (rs4762) and AGTRI
A1166C (rs5186) were manufactured by Synthol, Inc.]. For SNP
LPL Serd447Ter (rs328) the amplification program included, the
pre-denaturation step of 93°C for 1 min, followed by 35 cycles
at 93°C for 10 sec, 64°C for 10 sec and 72°C for 20 sec [reagent
for LPL Serd447Ter (rs328) was manufactured by Lytech, Inc.].
The description for the four single-nucleotide polymorphismsis
presented in Table 1.

Laboratory tests. Glucose, insulin, total cholesterol,
triglycerides, high-density lipoprotein (HDL), LDL, apolipo-
protein B and apolipoprotein Al were measured on Cobas
8000 analyzers (Roche Diagnostics GmbH) according to

manufacturer's instructions. Reference values were based
on the manufacturer's protocol: Glucose 3.89-5.83 mmol/l;
insulin 2.6-24.9 1U/ml; total cholesterol 2.9-5.2 mmol/l; HDL
0.78-2.2 mmol/l, and LDL 2.33-5.31 mmol/l; triglycerides
1.7-2.25 mmol/l; apolipoprotein Al 1.04-2.02 g/1 (for men) and
1.08-2.25 g/1 (for women); and apolipoprotein B 0.66-1.33 g/1
(for men) and 0.6-1.17 g/1 (for women). HOMA-IR was used to
determine insulin sensitivity and calculated as fasting plasma
glucose (mmol/l) x fasting insulin (mU/1)/22.5. Therefore, in
the current research, the dichotomous classification of insulin
resistance was conducted at HOMA-IR >2.7, in addition to the
evaluation of HOMA-IR as a continuous variable.

Statistical analysis. All variables were examined to determine
whether they were normally distributed. Non-parametric tests
were used for non-normally distributed data, including the
Mann-Whitney test for comparison between two groups and
Kruskal-Wallis in co-dominant,dominant and recessive models
for differences in phenotypic variables for genotype (19). The
post-hoc Dunn's test was performed after Kruskal-Wallis
test or a Mann-Whitney U test for non-normally distributed
quantitative variables (20). The 7 test was used for comparing
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Table III. Genotype and allele frequencies of four single-nucleotide polymorphism associations with the response to insulin.

A, LPL Ser447Ter

Model Genotype Insulin <24.9,n Insulin >24.9,n OR (95% CI) P-value AIC BIC
Codominant Cc/C 327 27 1.0 0.084 278.1 294.7
C/G 77 9 0.72 (0.33-1.6)
G/G 15 5 0.26 (0.009-0.79)
Dominant C/C 327 27 10 0.11 278.5 2909
C/G-G/G 92 14 0.56 (0.28-1.12)
Recessive C/C-C/G 404 36 10 0.037 276.8 289.2
G/G 15 5 0.28 (0.1-0.84)
Overdominant C/C-G/G 342 32 1.0 0.62 280.8 2932
C/G 77 9 0.82 (0.37-1.79)
Log-additive 0.57 (0.35-0.94) 0.037 276.7 289.1
B, ADRB?2 GIn27Glu
Model Genotype Insulin <24 .9, n Insulin >24 .9, n OR (95% CI) P-value AIC BIC
Codominant C/C 204 23 10 0.58 282 298.5
C/G 177 14 1.44 (0.72-2.89)
G/G 38 4 1.13 (0.37-3.48)
Dominant Cc/C 204 23 1.0 0.34 280.2 292.6
C/G-G/G 215 18 1.37 (0.72-2.62)
Recessive C/C-C/G 381 37 10 0.96 281.1 293.5
G/G 38 4 0.97 (0.33-2.88)
Overdominant C/C-G/G 242 27 10 0.31 280.1 292.5
C/G 177 14 1.41(0.72-2.77)
Log-additive 1.2 (0.72-2) 047 280.6 293
C,AGT Thr174Met
Model Genotype Insulin <249, n Insulin >24.9,n OR (95% CI) P-value AIC BIC
Codominant G/G 339 36 1.0 0.22 280 296.6
G/A 76 4 2.18 (0.75-6.35)
A/A 4 1 0.41 (0.04-3.8)
Dominant G/G 339 36 10 0.2 279.5 291.8
G/A-A/A 80 5 1.82 (0.69-4.81)
Recessive G/G-G/A 415 40 1.0 043 280.5 2929
A/A 4 1 0.37 (0.04-3.41)
Overdominant G/G-A/A 343 37 10 0.11 278.6 2909
G/A 76 4 2.21(0.76-6.43)
Log-additive 1.49 (0.62-3.54) 0.35 280.2 292.6
D, AGTRI Al166C
Model Genotype Insulin <24.9,n Insulin >24.9,n OR (95% CI) P-value AIC BIC
Codominant A/A 335 34 10 0.78 282.6 299.1
A/C 74 6 1.37 (0.55-3.43)
C/C 10 1 1.14 (0.14-9.23)
Dominant A/A 335 34 10 0.49 280.6 293
A/C-C/C 84 7 1.34 (0.57-3.17)
Recessive A/A-A/C 409 40 1.0 0.95 281.1 2935
C/C 10 1 1.07 (0.13-8.62)
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D,AGTRI Al1166C

Model Genotype Insulin <249, n Insulin >24.9,n OR (95% CI) P-value AIC BIC

Overdominant A/A-C/C 345 35 10 0.49 280.6 293
A/C 74 1.37 (0.55-341)

Log-additive 1.25 (0.6-2.6) 0.55 280.7 293.1

Adjusted by sex. AGTRI, angiotensin II receptor type 1; AGT, angiotensinogen; ADRB2, 2-adrenoreceptor; LPL, lipoprotein lipase; OR, odds
ratio. AIC, Akaike's Information Criterion; BIC, Bayesian Information Criterion.

differences in allele frequencies of SNPs between subjects
with hyperinsulinism (defined using the dichotomous qualita-
tive trait of insulin <24.9 and insulin >24.9), those with insulin
resistance (defined using the dichotomous qualitative trait of
HOMA-IR =<2.7 and HOMA-IR >2.7) and control subjects.
P<0.05 was considered to indicate a statistically significant
difference for a single test. After Bonferroni's correction for
multiple testing, frequencies were considered statistically
significant if P<0.0125. All statistical analyses were performed
using SPSS version 20 (IBM Corp.) and SNPStat version 2.2.1
(snpstats.net/start.htm).

Results

Comparisons of the subjects and their general informa-
tion. The present study genotyped all 460 subjects, and the
clinical and biochemical characteristics of these subjects are
presented in Table II. After adjustments for age and sex, no
significant difference was observed in the levels of glucose,
total cholesterol, HDL, LDL, apolipoprotein B and apoli-
poprotein Al, except for triglycerides(P=0.0001), between
hyperinsulinism and normal insulin level groups. However,
the levels of glucose (P=0.01), triglycerides (P=0.0001), LDL
(P=0.03) and apolipoprotein B (P=0.01), were significantly
higher in the insulin-resistant group compared with the
non-insulin resistant group. It was also found that insulin
resistance was more prevalent in women compared with men
(P=0.023).

Genotype and allele analysis of genes polymorphism of
LPL Ser447Ter, ADRB2 GIn27Glu, AGT Thri74Met and
AGTRI A1166C. All variants examined in this study, except
LPL Ser447Ter, were not deviated from the Hardy-Weinberg
equilibrium. The distribution of the frequency of the geno-
types for the SNPs of LPL Ser447Ter were C/C (77%), C/G
(18.7%) and G/G (4.3%). The frequencies of the C/C, C/G,
and G/G genotypes of ADRB2 GIn27Gluwere 49.3, 41.5, and
9.1%, respectively. The frequencies of the G/G, G/A and A/A
genotypes of AGT Thri74Met were 81.5,17.4,and 1.1%, respec-
tively. The frequencies of the A/A, A/C, and C/C genotypes
of AGTRI Al1166C were 80.2, 17.4, and 2.4%, respectively
(data not shown). When analyzing the linkage between SNPs
and insulin, it was found that risk of hyperinsulinism was
significantly associated with LPL Ser447Ter (P=0.025) and
odds ratio; 95% confidence interval [ORs; (95% CI)]= for

C/G and G/G genotypes were 0.706 (0.319-1.563) and 0.248
(0.084-0.733), respectively (Table SI). Moreover, the associa-
tion between SNPs and the risk of insulin resistance was not
significant (Table SII).

Logistic regression between the level of insulin, HOMA-IR
and gene polymorphism of LPL Ser447Ter, ADRB2
GIn27Glu, AGT Thri74Met and AGTRI A1166C. Logistic
regression analysis demonstrated that risk of hyperinsulinism
was significantly lower in carriers of LPL Ser447Ter G allele
compared with those with C/C genotype [C/G+G/G vs. C/C;
adjusted OR (95% CI)=0.57 (0.35-0.94); P=0.037; Table III).
It was found that only the recessive model of LPL Ser447Ter
polymorphism (C/C+C/G vs. G/G) was associated with a lower
risk of hyperinsulinism.

Logistic regression analysis identified that the risk of
insulin resistance was not significantly associated with SNPs
(Table IV).

Multiple-SNP analysis. Multiple-SNP analysis was measured
between four SNPs for gene-gene interactions; the D-value
between LPL Ser447Ter (rs328) and ADRB2 Gln27Glu
(rs1042714) was 0.0311 (P=0.56), and the D-value between LPL
Serd47Ter (rs328) and AGT Thri74Met (rs4762) was 0.0045
(P=0.91). Moreover, the D-value between LPL Ser447Ter
(rs328) and AGTRI A1166C (rs5186) was 0.3201 (P=0.17),
while the D-value between ADRB2 GIn27Glu (rs1042714)
and AGT Thri74Met (rs4762) was 0.0172 (P=0.79). It was also
demonstrated that the D-value between ADRB2 GIn27Glu
(rs1042714) and AGTRI A1166C (rs5186) was 0.00004
(P=0.99), and that between AGT Thri74Met (rs4762) and
AGTRI A1166C (rs5186) was 0.076 (P=0.03). A significant
association was identified only between the gene-gene interac-
tions, AGT Thri74Met (rs4762) and AGTRI Al1166C (rs5186)
(data not shown).

Haplotypes containing the four SNPs were not associ-
ated with the risk of hyperinsulinism and the risk of insulin
resistance (Tables V and VI).

Discussion

Yang et al (21) reported that LPL mutations lead to LPL
enzyme deficiency, and that an elevated triglycerides level
triggers insulin resistance. In the current study, the level of
triglycerides was associated with the risk of insulin resistance
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Table I'V. Genotype and allele frequencies of four single-nucleotide polymorphism associations with response HOMA-IR.

A, LPL Ser447Ter

Model Genotype HOMA-IR =2.7,n HOMA-IR >2.7,n OR (95% CI) P-value AIC BIC
Codominant C/C 219 135 1.0
C/G 48 38 0.8 (0.5-1.29) 0.18 618.5 635
G/G 8 12 045 (0.18-1.14)
Dominant C/C 219 135 1.0 0.14 617.8 630.2
C/G-G/G 56 50 0.72 (0.46-1.12)
Recessive C/C-C/G 267 173 1.0 0.1 6173 629.7
G/G 8 12 0.47 (0.19-1.18)
Overdominant C/C-G/G 227 147 1.0 047 6194 631.8
C/G 48 38 0.84 (0.52-1.35)
Log-additive 0.73 (0.52-1.03) 0.076 616.8 6292
B, ADRB2 GIn27Glu
Model Genotype HOMA-IR =2.7,n HOMA-IR >2.7,n OR (95% CI) P-value AIC BIC
Codominant C/C 137 90 1.0
C/G 114 77 0.98 (0.66-1.46) 0.98 6219 6384
G/G 24 18 0.94 (0.48-1.83)
Dominant C/C 137 90 1.0 0.89 6199 6323
C/G-G/G 138 95 0.97 (0.67-1.42)
Recessive C/C 251 167 1.0 0.86 6199 6323
C/G-G/G 24 18 0.94 (0.49-1.8)
Overdominant C/C-G/G 161 108 1.0 0.97 6199 6323
C/G 114 77 0.99 (0.68-1 .45)
Log-additive 0.97 (0.73-1.3) 0.85 6199 6323
C,AGT Thri74Met
Model Genotype  HOMA-IR<2.7,n HOMA-IR >2.7,n OR (95% CI) P-value AIC BIC
Codominant G/G 227 148 1.0
G/A 44 36 0.86 (0.52-1.4) 0.54 620.7 6372
A/A 4 1 2.55(0.28-23.26)
Dominant G/G 227 148 1.0 0.69 619.8 6322
G/A-A/A 48 37 091 (0.56-1.47)
Recessive G/G-G/A 271 184 1.0 0.35 619.1 6315
A/A 4 1 2.62 (0.29-23.87)
Overdominant G/G-A/A 231 149 1.0 0.52 6195 6319
G/A 44 36 0.85 (0.52-1.39)
Log-additive 0.97 (0.62-1.51) 0.88 6199 6323
D,AGTRI Al166C
Model Genotype HOMA-IR =2.7,n HOMA-IR >2.7,n OR (95% CI) P-value AIC BIC
Codominant A/A 218 151 1.0 0.27 6193 6358
A/C 52 28 1.44 (0.86-2.42)
C/C 5 6 0.66 (0.2-2.22)
Dominant A/A 218 151 1.0 0.28 618.7 631.1
A/C-C/C 57 34 1.31(0.81-2.12)
Recessive A/A-A/C 270 179 1.0 042 6193 631.7
C/C 5 6 0.61 (0.18- 2.05)



BIOMEDICAL REPORTS 13: 35, 2020 7

Table IV. Continued.

D,AGTRI Al1166C

Model Genotype  HOMA-IR <2.7,n HOMA-IR >2.7,n OR (95% CI) P-value AIC BIC

Overdominant A/A-C/C 223 157 10 0.14 617.8  630.1
A/C 52 28 1.47 (0.88-2.45)

Log-additive 1.15 (0.76-1.72) 0.51 6195 6319

Adjusted by sex. HOMA-IR, homeostasis model assessment insulin resistance; AGTRI, angiotensin II receptor type 1; AGT, angiotensinogen;
ADRB?2, 32-adrenoreceptor; LPL, lipoprotein lipase; OR, odds ratio; AIC, Akaike's Information Criterion; BIC, Bayesian Information Criterion.

Table V. Haplotype association with response levels of insulin.

Haplotype Frequency

LPL Ser447Ter ~ ADRB2 GIn27Glu  AGT Thr174Met AGTRI A1166C  Case®  Control®* OR (95% CI)  P-value

C C G A 0.4548 0.4889 1.0

C G G A 0.1429 0.2138 1.37(0.672.83) 0.39
G C G A 0.1579 00721 0.49(0.23-1.04) 0.064
G C G C 0.0726 0.0553 1.33(0.38-4.66) 0.65
C C A A 0.0462 0.0581 0.77(0.28-2.11) 0.61
G G G A 0.0736 0.0326 0.61(0.2-1.89) 0.39
C G G C 0.0249 0.0269 12(0.21-6.79) 0.84
C G A A 0.0269 00127 0.54(0.11-2.74) 046
Rare haplotypes 0.00004 0.0394 0.0001

*Control insulin levels <24.9, case insulin levels >24.9. Adjusted by sex. Global haplotype association P-value, 0.12. AGTRI, angiotensin II
receptor type 1; AGT, angiotensinogen; ADRB2, [32-adrenoreceptor; LPL, lipoprotein lipase; OR, odds ratio.

Table VI. Haplotype association with response homeostasis model assessment insulin resistance.

Haplotype Frequency

LPL Serd447Ter ~ ADRB2 GIn27Glu  AGT Thri74Met  AGTRI AI1166C  Case  Control OR (95% CI) P-value

C C G A 04626 0.5037 1.0

C G G A 0.1938 0.2128 1.01(0.69-148) 097
G C G A 0.0985 0.0657 0.75(0.4-141) 0.37
C C G C 0.0603 0.0564  0.99 (0.5-1.97) 0.98
C C A A 0.0585 0.0542 095(047-191) 0.89
G G G A 0.0549 0.0256  0.52(0.2-1.33) 0.17
C G G C 0.0227 0.029 1.3(047-3.63) 0.62
C G A A 00208 0.0132  0.76 (0.2-2.86) 0.69
Rare haplotypes 0.061 0.385 1.12 (0.48-26) 0.8

Adjusted by sex. Global haplotype association P-value, 0.72. AGTRI, angiotensin II receptor type 1; AGT, angiotensinogen; ADRB2,
2-adrenoreceptor; LPL, lipoprotein lipase; OR, odds ratio; Control, HOMA-IR <2.7; case, HOMA-IR >2.7.

and a higher level of insulin. It was also found that a higher  of hyperinsulinism was associated with the LPL Ser447Ter-G
risk of hyperinsulinism was associated with LPL Ser447Ter-C  allele. Thus, the impact of gene-gene interaction on the risk of
allele but not with the G/G genotype. Moreover, a lower risk  hyperinsulinism requires further investigation. In a previous
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study that examined the effects of LPL Ser447Ter and Hind 111
gene polymorphisms on factors affecting metabolic syndrome
in a northern population of Iran, LPL Ser447Ter gene poly-
morphisms were observed to be associated with a reduced risk
of developing low HDL and the risk factors for incidence of
metabolic syndrome only in men (22). Vishram et al (23) also
reported a lower prevalence of metabolic syndrome in carriers
of LPL 447Ter variant and a significant difference between
447Ter and Ser447Ser variants, as well as identified a higher
concentration of insulin in women. The present results are
consistent with these aforementioned findings. However, the
current study was focused only on the relationship between
LPL Ser447Ter and insulin level.

It has been reported that SNP ADRB2 GIn27Glu affects
the levels of triglycerides and HDL (24). A previous study has
also shown that ADRB2 GIn27Glu homozygous variant was
associated with type 2 diabetes mellitus, and this was a risk
factor that possibly influences the accumulation of visceral fat
and the development of type 2 diabetes mellitus in men but
not in women (25). Wang et al (26) revealed that the ADRB2
GIn27Glu variant exhibited markedly elevated norepinephrine
level, while ADRB2 Thr54Thr was indicative of insulin resis-
tance. The present results suggested that ADRB2 GIn27Glu
alleles were not associated with a significantly increased risk
of hyperinsulinism and insulin resistance.

Kalupahana and Moustaid-Moussa (27) discovered the
role of RAS polymorphisms in affecting insulin sensitivity
and protecting against alimentary obesity and insulin resis-
tance. According to the results of a study by Hsiao et al (28),
AGT, angiotensin I converting enzyme and cytochrome P450
family 11 subfamily B member 2 polymorphisms were asso-
ciated with high fasting, postprandial glucose and insulin
levels. In their meta-analysis, Liu and Wang (29) analyzed
six case-control studies conducted on different popula-
tions, and concluded that AGT T174M increased the risk of
diabetic nephropathy in the Asian community. Furthermore,
Moussa et al (30) evaluated the association of RAS polymor-
phisms with diabetic nephropathy in a Tunisian population,
and their results demonstrated an increased risk of diabetic
nephropathy linked to AGT rs4762C> T, AGT rs699A> G and
AGTRI rs5186A> C. In contrast, another study conducted in
Slovenia, did not identify an association between AGT rs699,
rs4762 and diabetic nephropathy (31). While Underwood
and Adler (11) reported that the AGT gene polymorphisms
were associated with hypertension and insulin sensitivity, the
present study did not identify an association between polymor-
phisms of the AGT gene and insulin resistance. Moreover, no
association was found between the haplotype containing AGT
Thri74Met alleles and an elevated risk of hyperinsulinism and
the risk of insulin resistance.

Procopciuc er al (32) suggested that the A/A genotype
of the AGT Thrl74Met and the C/C genotype of the AGTRI
could be a risk factor for central obesity and dyslipidemia
in hypertensives. Moreover, Goulart et al (33) reported that
candidate genes associated with cardiovascular disease
represent potential risk factors for the metabolic syndrome,
and discovered that AGTRI (rs5186) was associated with
decreased risk of metabolic syndrome in postmenopausal
women. Similarly, Herrera et al (34) revealed a higher risk of
metabolic syndrome in male carriers of the AGTRI (rs5186)

A/A genotype. Furthermore, Akasaka et al (35) observed that
genetic variants of RAS were involved in insulin sensitivity,
and reported that the AGTRI A1166C (rs5186) may affect
insulin resistance. The present study demonstrated the oppo-
site results, and found no significant gene-gene interaction
between LPL Ser447Ter, ADRB2 GIn27Glu, AGT Thri74Met
and AGTRI A1166C.

Wang et al (36) compared three populations, including
Han, Uygur and Kazakh, in terms of BMI, waist circumfer-
ence, systolic blood pressure, diastolic blood pressure and
HDL. These authors revealed that Kazakh men had the highest
BMI, waist circumference, blood pressure and HDL, as well as
the lowest triglycerides among the three groups (36). Kazakh
men also had the highest insulin sensitivity (36). In the present
study, only the level of triglycerides was different between the
hyperinsulinism group and the healthy level of insulin group.
This finding may be explained by the high consumption of
meat and carbohydrates, and low consumption of vegetables
and fruits in the Kazakh population, as high-calorie food
leads to dyslipidemia (37). In the current research, the levels
of glucose, triglycerides, LDL and apolipoprotein B were
significantly higher in the resistant group compared with the
non-resistance group. Moreover, women had higher insulin
resistance compared with men.

There were several limitations to the current research.
First, a significant association with hyperinsulinism was only
observed for the recessive model and allele frequency LPL
Serd447Ter gene. The P-value was 0.037 for the genetic predis-
position to hyperinsulinism in subjects with a C allele, which
was higher compared with the significance level estimated
from Bonferroni's correction (P<0.0125). Furthermore, the LPL
Serd447Ter polymorphism was associated with the dichotomous
categorization of insulin groups as a qualitative trait. The present
study found no significant association between quintiles of
log-transformed HOMA-IR and genotype or allelic frequencies.

In conclusion, the current study suggested that the LPL
Ser447Ter polymorphism was linked to the risk of hyperin-
sulinism. In the Kazakh population, LPL Ser447Ter allele G
was associated with decreased risk of hyperinsulinism, while
ADRB?2 GIn27Glu, AGT Thri74Met and AGTRI A1166C
alleles had no association. Moreover, no interaction was
identified between LPL Ser447Ter, ADRB2 Gin27Glu, AGT
Thri74Met and AGTRI A1166C, and haplotype combina-
tions that are not associated with insulin resistance. The
present results also suggested that the level of triglycerides
was associated with a higher level of insulin and the risk of
insulin resistance. However, further investigation is required
to confirm these findings in a larger population in prospective
longitudinal research.
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