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Background & Objectives: In this study, we investigated the relationship between

Ar.tl.de Typ(?: polymorphisms in the adiponectin gene and biochemical parameters—specifically

Original Article adiponectin levels, insulin resistance, and the presence of non-alcoholic fatty liver disease
(NAFLD)—in an Iranian population.
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Received with NAFLD and 80 healthy controls. Genotyping of the ADIPOQ gene polymorphisms
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restriction fragment length polymorphism (PCR—-RFLP) method, while serum adiponectin

Received in revised form and insulin levels were quantified via enzyme linked immunosorbent assay (ELISA).
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09 Oct 2024 aminotransferase (ALT), and diastolic blood pressure compared to healthy individuals.
Published online In contrast, adiponectin and high density lipoprotein cholesterol (HDL-C) levels were
20 Jan 2025 significantly lower in patients, and body mass index (BMI) was significantly elevated
(P<0.05). None of the analyzed single nucleotide polymorphisms (SNPs) were associated
with insulin resistance. However, there was a significant difference in both genotype
and allele frequencies of the rs1501299 variant between the patient and control groups.
Additionally, within the case group for rs17300539, GA carriers had a higher BMI than
GG carriers. Moreover, significant associations were observed between the rs17300539
and rs266729 polymorphisms and AST levels (P<0.05).
Conclusion: Our results suggest that the G allele of rs17300539 in the adiponectin gene
Publisher may play a protective role by reducing the complications associated with NAFLD, while

the rs1501299 polymorphism appears to be associated with an increased risk of NAFLD.
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disease (NAFLD). Histologically, NAFLD can
be distinguished from simple non-alcoholic fatty
liver steatosis (1). Although the initial stage of
NAFLD is typically benign, approximately
25% of patients progress to more severe disease
(2, 3). Currently, NAFLD is the second most
common cause of chronic liver disease among
individuals on the liver transplant waiting list
in the United States (4), and liver transplants
for NAFLD have increased over the past decade
in Britain and Europe (2). NAFLD is a global
epidemic, affecting an estimated 20-30% of the
population worldwide (5). Metabolic syndromes
such as insulin resistance, inflammation, obesity,
and type 2 diabetes are closely associated with
NAFLD (6, 8), underscoring the importance of
treating both NAFLD and its related metabolic
disorders (2). Moreover, NAFLD is a risk factor
for progression to non-alcoholic steatohepatitis
(NASH), fibrosis, cirrhosis, and hepatocellular
carcinoma (HCC) (3, 4), and no licensed drug is
currently available for its treatment. Adipocytes
are the main regulators of energy homeostasis
in the body (1). Among the adipokines secreted
by adipose tissue, adiponectin plays a crucial
role in modulating insulin sensitivity and
the pathogenesis of metabolic syndrome (4).
Adiponectin is secreted into the bloodstream
as three oligomeric complexes: a trimer (67
kDa), a hexamer (a complex of two trimers, 130
kDa), and a high-molecular-weight multimer
(300 kDa) comprising at least 18 monomers
(8). In its monomeric form, adiponectin is
undetectable under physiological conditions;
thus, polymerization is essential for its biological
function (9). Consequently, adiponectinassembles
into trimers (the low-molecular-weight form,
LMW) via the establishment of hydrophobic
bonds between globular domains and noncovalent
interactions within the a-helical regions of its
collagenous domains (4). Recent studies have
demonstrated that, in addition to environmental
factors, genetic factors also play a significant
role in the development of NAFLD (6). Genes
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involved in insulin resistance, including those
encoding adiponectin, resistin, and leptin, may
influence the prevalence of NAFLD (7). There is
evidence that single nucleotide polymorphisms
(SNPs) in the ADIPOQ gene are correlated
with serum adiponectin levels. Three common
SNPs—rs17300539 (11391 G>A), rs266729
(11377 C>Q@G), and rs1501299 (+276 G>T)—
located in the promoter and intronic regions of
the ADIPOQ gene have been extensively studied
in epidemiological research. The variant allele
of rs266729, which is associated with lower
adiponectin levels, has been linked to obesity
(8). Research by Trilet et al. in the United States
demonstrated that the rs17300539 (-11391 G>A)
polymorphism impairs adiponectin secretion,
resulting in reduced plasma adiponectin levels
(9). Conversely, studies in different populations
have found that the G allele of rs17300539
is associated with increased adiponectin
secretion (10). The rs1501299 polymorphism
is associated with diminished adiponectin
expression, potentially contributing to weight
gain and insulin resistance. Several studies have
examined the association between adiponectin
gene polymorphisms and NAFLD risk (8).
Previous research in NAFLD patients has shown
that carriers of the G allele of 1266729 exhibit
lower serum levels of triglycerides (TG), total
cholesterol (TC), fasting plasma glucose (FPG),
and low-density lipoprotein (LDL) compared
to non-carriers (11). Insulin resistance is a
prerequisite for NAFLD development (12), and
NAFLD is also associated with insulin resistance
in extrahepatic tissues such as muscle and adipose
tissue (12—14). Fernando et al. demonstrated that
a hepatic triglyceride accumulation of 2-5% is
accompanied by reduced insulin sensitivity
in the liver, muscle, and adipose tissue (15).
However, there is no linear relationship between
intrahepatic triglyceride content and the extent
of inflammation, ballooning, or fibrosis (16).
Adipose tissue insulin resistance is a critical
risk factor for the progression of liver disease
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(11, 12), and NAFLD is closely linked to insulin
resistance, with 70—80% of obese and diabetic
patients affected by NAFLD (17, 18). Immune
cells—including macrophages/Kupffer cells,
natural killer cells, and T cells—contribute
to the progression of NASH by secreting
inflammatory mediators. Hepatic macrophages,
particularly those derived from bone marrow,
are the principal immune cells that release
proinflammatory cytokines such as tumor
necrosis factor (TNF)-a and interleukin (IL)-1p,
which promote systemic insulin resistance and
NASH (19). Macrophages can be classified as
M1 (classically activated, proinflammatory) and
M2 (alternatively activated, anti-inflammatory)
(20-22). Dysregulated polarization of M1 and
M2 macrophages is closely associated with
metabolic disorders, including obesity, insulin
resistance, and NAFLD. Previously, we found that
excessive hepatic lipid accumulation activates
macrophages/Kupffer cells, exacerbating insulin
resistance, hepatic inflammation, and fibrogenesis
(23). In this study, we investigated the frequency
of the rs266729, rs1501299, and rs17300539
polymorphisms and their associations with
biochemical and anthropometric parameters,
as well as NAFLD, in an Iranian population.

Materials and Methods
Study Design and Anthropometric Parameters
This research was conducted using a case—
control design. Participants were recruited from
Bo Ali and Amirul Mominin Hospitals in Tehran
between 15 April 2016 and 20 October 2016,
with 80 patients—whose diagnosis of NAFLD
was confirmed by ultrasound—selected as
cases and 80 healthy individuals as controls.
The sample size was calculated using MedCalc
(version 14.8.1) software, based on an alpha of
0.05, 80% power, a mean difference of 0.8 mg/L
in adiponectin levels (the primary outcome),
and a standard deviation of 1.8 mg/L, with an
equal ratio between groups. Current diagnostic
methods for NAFLD include ultrasound,
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computed tomography (CT), magnetic resonance
imaging (MRI), liver biopsy, and laboratory
tests; in this study, sonography and MRI were
used to definitively diagnose NAFLD under
the supervision of a gastroenterology and liver
specialist (24). The study protocol adhered to
the Helsinki Declaration and was approved
by the Research Ethics Committee of Islamic
Azad University, Tehran Medical Branch
(Ethics Code: IR.IAU.TMU.REC.1396.293). All
participants provided written informed consent
after the study objectives were thoroughly
explained. Body height, weight, were evaluated
using standard methods. BMI was calculated as
[weight (kg) /height (m2)].
Biochemical Assessment

Biochemical measurements and genotyping
for polymorphisms were performed at the
Endocrine and Metabolism Research Institute
of Shahid Beheshti University, Iran. Only
Iranian subjects were included in the study, and
eligibility required non-consumption of alcohol
and metabolic drugs, as medications such as
metformin—which modulates several signaling
pathways, including AMP-activated protein
kinase—can alter adiponectin levels (25, 26).
Participants received detailed information about
the study, and those who consented completed a
comprehensive questionnaire covering medical
history, medication use, and other relevant
factors (15). Subsequently, a 10 mL blood
sample was collected from each participant,
with 5 mL transferred into a tube containing
ethylenediaminetetraacetic acid (EDTA) and the
remaining 5 mL into a tube without anticoagulant.
After clot formation in the non-anticoagulated
tube, serum was separated by centrifugation
(10 minutes at 3000 RPM) and stored at -80°C.
Genomic DNA was extracted from whole blood
in EDTA tubes using the salting-out method
and stored at -20°C. Serum adiponectin and
insulin levels were determined using a Mercodia
enzyme linked immunosorbent assay (ELISA)
kit, while fasting blood glucose, total cholesterol,
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triglycerides, LDL-C, HDL-C, ALT, and AST
were measured using the Pars Azmoon test kit
on a Biotechnica BT3500 analyzer.

PCR Amplification

The polymerase chain reaction-restriction
fragment length polymorphism (PCR-
RFLP) technique was employed to genotype
the 1rs17300539, rs266729, and rs1501299
polymorphisms in the adiponectin gene. Further
validation was achieved by sequencing a subset
of DNA samples (n=16), confirming the results
obtained via PCR-RFLP. Two primers were
designed for each polymorphism using Gene
Runner and Oligo software; their sequences are
provided in Table 1.

The specific performance of the primers
was confirmed by querying the basic local
alignment search tool (BLAST) database. Two
SNPs (rs17300539 and rs266729), both located
in the promoter region and positioned adjacent
to each other, were amplified using a single
primer pair. The DNA fragment containing the
rs1501299 polymorphism in the adiponectin
gene, measuring 196 bp, was amplified by PCR
(Table 1). For the PCR reaction, a 25 pl reaction
mixture was prepared, comprising Master Mix
(including dNTPs, Taq polymerase, and MgCl.),
1 ul of genomic DNA, 1 pl of each primer (at
a concentration of 10 picomol/ul), and distilled
water. All PCR reagents were obtained from
Sinagen Company. The thermocycler program
was optimized for primer performance in two
stages for rs17300539 and rs266729: an initial
denaturation at 94°C for 10 minutes, followed by
10 cycles consisting of 45 seconds of denaturation
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at 94°C, 45 seconds of primer annealing at 65°C,
and 1 minute of extension at 72°C; this was
succeeded by 20 cycles with denaturation at 94°C
for 45 seconds, annealing at 60°C for 45 seconds,
extension at 72°C for 1 minute, and a final
extension at 72°C for 5 minutes. The accuracy
of amplification of the target fragment was
verified by electrophoresis on an 8% acrylamide
gel, which was subsequently stained with silver
nitrate. For rs1501299 in the ADIPOQ gene, the
PCR conditions were set at 93°C for 10 minutes,
followed by 35 cycles of 45 seconds at 93°C, 30
seconds at 58°C, 45 seconds at 72°C, and a final
extension at 72°C for 5 minutes. Thereafter, the
PCR products were digested with Mspl, Hhal, and
Bsml restriction enzymes to detect rs17300539,
15266729, and rs1501299, respectively.
Statistical Analysis

Statistical analysis was performed using SPSS
(statistical package for social science) version
21.0 (SPSS, Chicago, 1L, USA). Descriptive
and inferential tests were applied, including
the Kolmogorov—Smirnov test (to assess the
distribution of study variables), the independent
t-test and Mann—Whitney test (to compare case
and control groups), the Chi-square or Fisher’s
exact test (for qualitative variables), and logistic
regression (to investigate the relationship
between disease risk and genotypes). A P-value
0f<0.05 was considered statistically significant.
Normally distributed quantitative variables were
expressed as mean+tstandard deviation, whereas
skewed quantitative variables were reported as
median with interquartile range, and qualitative
variables as percentages.

Table 1. Primers used for PCR

. . . Forward primer (5°—3’
Polymorphisms Amplicon size (bp) Reverse II’)rimer 55’*3’;

(GG 167bp,296bp)
(GA198bp,167bp,296bp) (AA296bp)  CCTGGAGAACTGGAA GCTGC
(GG 183bp,113b) (CG 113bp,

rs17300539 (-11391 G/A)
1266729 (-11377 G/C)

AGGCTCTGTGTGGACT GTGGA

AGGCTCTGTGTGGACT GTGGA

183bp,296bp) (CC 296bp) CCTGGAGAACTGGAA GCTGC
rs1501299 (+276G/T) (GT 196bp,148b) (GG 148bp, 48bp) ~ GGCCTCTTTCATCACAGACC
(TT 196bp) AGATGCAGCAAAGCCAAAGT
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Table 2. Distribution of demographic variables and biochemical profiles in the study groups.

Characteristics
Age(years) 35.42+8.5
Kg/M?) BMI 9.2+23.61
Mg/Dl) FPG) 8.03+92.08
Cholesterol (Mg/DL) 105.68+25.01
Triglyceride (Mg/DL) 97.5+42.9
LDL (Mg/DL) 89.06+22.5
HDL (Mg/DL) 48.42+12.1
AST (IU/L) 16.55+4.4
ALT (IU/L) 17.91£7.8
Insulin (Mm/L) 11.57+11.4
Adiponectin (Mm/L) 71.43+30.4
Dystolic Pressure(mmHg) 7.95+0.35
Systolic Pressure(mmHg) 11.48+1.3

Control (N=80) Case (N 80)

NS.9+33.44
28.74:|:4.6 P<0.0001
91.98+13.8 P<0.0001
152.01+£69.9 NS
170.30+43.2 P<0.0001
94.16+30.6 NS
35.154£12.6 P<0.0001
26.44+8.3 P<0.0001
35.33£17.2 P<0.0001
22.45+33 NS
53.89+25.6 P<0.0001
8.09+0.67 P<0.0001
12.2+1.8 NS

BMI Body mass index, lipoprotein, LDL low-density lipoprotein, HDL higher -density lipoprotein, FPG fasting plasma
glucose AST aspartate aminotransferase ALT alanine aminotransferase.

Results

The study included 80 patients and 80 control
subjects. The mean age of patients was44.32 years,
compared to 35.42 years for healthy subjects.
The control group comprised 46 women (57.5%)
and 34 men (42.5%), whereas the patient group
included 37 women (46.3%) and 43 men (53.7%);
the difference in gender distribution between the
groups was not statistically significant. Serum
triglyceride levels, fasting blood glucose, HDL,
AST, ALT, and diastolic blood pressure were
significantly higher in patients than in healthy
individuals, while adiponectin levels were

GA

50-500bp
350

20 -
| ——

100 ki

lower and body mass index (BMI) was higher
in patients (P<0.05) (Table 2).

Result of electrophoresis of PCR products
of rs17300539, 1s266729 and rs1501299
polymorphism was performed using RFLP
technique which is shown in Figures 1, 2, 3.
In rs17300539 polymorphism, GA genotype
consists of three bands with lengths of 296, 167
and 129 bp, GG genotype consists of two bands
with lengths of 129 and 167 bp and AA genotype
contains one fragment with a length of 296 bp
which was not observed in the present study
(Figure 1).

GG

— —
— — 1

Figure 1. Enzymatic digestion of the rs17300539 polymorphism by Mspl enzyme is depicted here. In this figure, the
GA genotype is characterized by three bands (296, 167, and 129 bp), while the GG genotype displays two bands (129
and 167 bp). The AA genotype would also display a 296 bp band; however, it was absent in our analysis.
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CG CcC

100 -—

Figure 2. Following amplification of the target fragments of the rs266729 polymorphism and subsequent digestion with
the Hhal enzyme, electrophoresis on an acrylamide gel revealed that the CG genotype is characterized by three bands
(296, 183, and 113 bp), the GG genotype by two bands (183 and 113 bp), and the CC genotype by a single band (296 bp).

The frequency of the GG genotype for the
rs17300539 polymorphism was 96.3% in healthy
individuals and 90% in patients, whereas the
GA genotype was observed in 3.8% of healthy
subjects compared to 10% of patients. Regression
analysis revealed no significant association
between the GG and GA genotypes and non-
alcoholic fatty liver disease. Similarly, the
frequency of the G allele was 98% in healthy
subjects and 95% in patients, and regression
analysis indicated no statistically significant
difference in G allele frequency between the

two groups (P>0.05) (Table 3).

Furthermore, the relationship between the GG
and GA genotypes of the rs17300539 adiponectin
gene polymorphism and various biochemical and
anthropometric parameters was assessed in both
healthy and patient groups. Results indicated that,
among patients, individuals with the GA genotype
exhibited higher body mass index and diastolic
blood pressure compared to those with the GG
genotype, while no significant associations
between these variables and genotype were
observed in the healthy group (Table 4).

g-“"Q‘"“

. ,./ uﬁ

Figure 3. Enzymatic digestion of the rs1501299 polymorphism by the Bsml enzyme is shown In this figure, the GT
genotype is represented by three bands (196 bp, 148 bp, and 48 bp), the GG genotype by two bands (148 bp and 48
bp), and the TT genotype by a single band (196 bp).
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Table 3. Regression analysis of polymorphism genotypes rs1501299, rs266729, rs17300539

Polymm- Geno- | Control o Insulln- Insulln
5 59
ey Coe v | OR €170 or 054D

72(%90)  77(%96.3)  2.85(0.2-23.4)

17300539 GA 8(%10) 3(%3.8) 0.35(0.09-1.37) NS 87(96.7) 62(88.6) 0.27(0.07-1.05) 0.058
G 152(%95)  157(%98)  2.75(0.72-10.58) NS 33.3)  8(114)  0.27(0.07-1.05) 0.058
A 8(%0.5) 3(%2) 0.36(0.09-1.39) NS
CC  50(%62.5)  48(%60.0)  0.90(0.48-1.70) NS
CG  30(37.5) 30(37.5) 1.0(0.53-1.90) NS 52(57.8) 46 (65.7)
15266729 GG 0(0) 22.5) » NS 36(40)  24(34.3) 1047%((8‘7”312565)) g'igg
G 30(%3.15)  34(%4.65) 1.73(0.4-1.3) NS 222)  0(0) oAl :
C  130(%96.95) 126(%95.35) 2.86(0.64-19.58) NS
TT 3(%3.8) 1(%1.3) 0.33(0.03-3.28) NS 2(2.2)
GT  40(%50)  S4(%692)  225(L17-43D)  P<0.0002 .0 2029)  133018-97) 0459
11501299 GG 37(%462)  23(%29.5)  0.49(0.25-0.94)  P<0.0002 40(58.8)  0.95(0.50-1.81) 0.881

0470025-091)  P<0.0002 378 26(382) 1.02(0.53-1.95) 0953
0.47(0.25-0.88)  P<0.0002

T  38(%47.5)  34(%30)
G 20(%36) 29 (%52)

[ Downloaded from jabs.fums.ac.ir on 2026-02-04 ]

[ DOI: 10.18502/jabs v15i1.17554 ]

The level of triglycerides and AST in
women with the GA genotype was significantly
higher than in those with the GG genotype
(P<0.05). Likewise, male patients carrying
the GA genotype exhibited higher diastolic
blood pressure compared to those with the GG
genotype (Table 5).

Table 5 does not include data on the rs1501299
polymorphism, as no significant differences in
parameter values were observed between its
genotypes.

For the rs266729 polymorphism, the CG
genotype produced three bands measuring 296,
183, and 113 bp; the GG genotype yielded two
bands (183 and 113 bp); and the CC genotype
resulted in a single fragment of 296 bp (Figure 2).

The frequency of the GG genotype for the
1s266729 polymorphism was 96.95% in healthy
individuals and 95.35% in patients. Regression
analysis indicated no significant association
between the CC and CG genotypes and non-
alcoholic fatty liver disease. Similarly, the
frequency of the C allele was 96.95% in the
healthy group and 95.35% in the patient group,
and C-allele regression analysis revealed no
significant difference between the two groups
(P<0.05) (Table 3). Table 5 does not include
data for the rs1501299 polymorphism, as no
significant differences were detected between
its genotypes.

108

For the rs1501299 polymorphism, the GT
genotype produced three bands measuring
196 bp, 148 bp, and 48 bp; the GG genotype
yielded two bands (148 bp and 48 bp); and the
TT genotype displayed a single band of 196 bp
(Figure 3).

The frequency of the GG genotype for the
rs1501299 polymorphism was 50% in healthy
individuals and 69.5% in patients, whereas
the GT genotype was observed in 49.2% of
healthy individuals and 29.5% of patients.
Regression analysis for rs1501299 indicated a
significant association between the TG and GG
genotypes and non-alcoholic fatty liver disease.
Furthermore, the frequency of the G allele was
74.1% in healthy subjects compared to 84% in
patients, and regression analysis of the G allele
revealed a significant difference between the two
groups (P<0.05) (Table 3). In comparing the two
groups, the number of GT genotype carriers was
higher among patients, whereas the GG genotype
was more prevalent in healthy individuals (Tables
3 and 4). Additionally, a significant difference in
BMI was observed between patients carrying the
GG and GT genotypes, with those carrying the
GT genotype exhibiting a higher BMI (P<0.05)
(Table 4).

We also examined the distribution of ADIPOQ
gene polymorphisms among insulin-resistant
(HOMA-IR>2.6) and non-insulin-resistant



http://dx.doi.org/10.18502/jabs.v15i1.17554
https://jabs.fums.ac.ir/article-1-3117-en.html

Fasa University of

Journal of Advanced
Biomedical Sciences

iences

al Sc

Medic

Association of ADPIQ gene with NAFLD

SN

SN

SN

SN

SN

SN

SN

SN

SN

SN

SN

SN

0.1)U0d
e

SN

SN

SN

SN

SN

SN

SN

SN

SN

SN

SN

00
>d

€0
¥l

660
F6C'8

98
FIE9

788
F8S'9
8TY1
FC 81

81°6
FPILL
9T°¢l
TF6L 8y

6L'1C
F898

S6'C9
F16

96°€T
FCSILI

Ly'L
F91°C6
8¢
FI€T

nfea
nfea 4 d (LL=

L6°0
FO0°TI

L8°0
FLTY

144
FS'9
81'S
FI€6
el
F6CSI
LL'8
F191
ol
FST o6V

8L'TT
FIT'T6

12°¢9
FCSC8

9L'ST
FLS 091

{8
F€9°C6
r'C
FCr' e

91°0
FCl

80/°0
FIT8

8CTY
FS9°¢
LS
FT 0L
8LLT
Fr0C
L'TC
FE8'61
Y6°€l
Fr'ey

19°9¢C
FLI'06

6T9L
FI10°€01

SI'ET
F68'991

ySLT
FCETO
194
FCLL

¥¥'0
FlCCl

60
FLI'S

SLL
FISS
(439!
FI8'6
86°C1

Fr8'€C
7891
FoY'CC

Iyl
FECIY

€S°LT
FEI'C6

8918
Fry 011

CCLe
FC8891

€Cye

FOI'06
LY

F9°6C

(9L=u) ase)

aaNSmﬁE

SN

SN

SN

1000°0
>d

SN

SN

SN

SN

SN

SN

SN

SN

SN

SN

SN

SN

SN

SN

SN

SN

SN

SN

L0T
FrETI

LEOF8

88'C
FCL9
9y
F9C'8
LO8
FOC8I
9LL
FLTL
LL6
FLEOS

&y
F06'88

6£01
FE6'S6

6£°CC
FLS Y91

8S'L
FOCT16

7’8
T

9L'0
FCSII

v€0
FCO'L

€6
F6E'L
69°€1
F95°€1
9L
#89'L1
191
F98'L1
1€l
FT6Ly

98°cC
FOI'68

887y
Fri7'86

99'9¢
FrE991

I'8
F08'06
89
F6'€C

EE AWFV s

181 0.0
FECTL  FSTU
L9°0 89°0
FE6L  F6I
66'1 L8'T
FoI'S  Fob'S
9L 200r
FELL  FI9C
9T8l €691
FOE9E FHTHE
$8'6 L9
FII'8C  F6C
SL'8 €91
FCCEE  FLTIE
L691  EL€T

FE6  FHEE6
cre9 ¥CIL
FLTOST F90SI
ov'ey  9Thy
FEO'TILT FS9'691
|24 65711
FOS6L Fh¥'€6
8V s
F8LT  FV6C

(08=u) ase)
amsc%

SN

SN

SN

SN

SN

SN

SN

SN

SN

SN

SN

SN

1000°0
>d

SN

SN

SN

SN

SN

SN

SN

SN

SN

1000°0
>d

€00 Se0
FO0Er  F6S°T1
. 'l
LSO F8 6L
LT'Y 88'C
FES'L  FCLL
6yl 9Tl
FC98  FSCI
Ice 68'L
Fr99I  FSE8I
€ Iy
FCOLL  FS0°81
0¢ 811
F66'87  FSY'IS
98'ST  ¥¥'CC
FO8'88  F88'68
s Loty
FCTS6  F81'96
€ 6£°ST
FRI'R9T FSLTYI
[oor 208
FSLLY  FL8'06
8V 8T
FLET F99'CC

EE AOW ——v—ehaﬁco

[ #0-20-920z Uo JrrJe'swnysgel wolj pspeojumod ]

61
Fo0°€l

80
FS'8

p's
IS
Tog
#38'9¢
90
696
I,
3€'C
€9
FST'8¢

8T
FI'LOT

9'L8
FCE ST

1S
FCL'SII

Tl
FSL'Y6
9
F8'6C

(08=u) aseD

X 2Inssald
81 Gruw)
ol e
SHww
o
08 a1103sAQ
wr
o.N. Amwsw%
A | i
I (T/uN)
F96 ‘T¢  winsuy
691 (1/0n1
FOTSE ) LIV
'8 (1
FET9T /NI ISV
. (1a
Hmwm.hm /BN
TaH
. (1a
ﬂwm.wm /3N
141
(1a
89 /SN
FOIIST  opHod
-0A[3LI],
(1a
90°ck  /SIN)
FISOLL  [019I89]
-0y
607 (IA/SW)
FL9T6  Ddd
LS (e

FC'9T /3N ING

JoquinN

[0.13U0d [0.13u0d
oo | o0 [ o0 [0 |%| 2 | 2 [ 0 [ [P0 [0 | | v [0
SO1)SLId)

-ou1ey)

6€SO0ELTST

sojqerrea oLowodoryuy pue [eorwaydorg yim swsiydiowLjod 6e500ELIST PUB 62L99TST ‘66210S ST Uoamiaq diysuone[oy *f dqeL

[ #5G2T TISTA'SOR(/20S8T 0T 10a ]

109



http://dx.doi.org/10.18502/jabs.v15i1.17554
https://jabs.fums.ac.ir/article-1-3117-en.html

ty of

dical Sciences

iversi

Fasa Un

Me

N | SN S 1 S | S AN S AN o T .\ O
(Ze=u)dreIN (8p=u)oewdq (LE=u)drewdy *
- (Ep=w)dre]\ —— -derey)
[eA d onfeA 4 6CL99TS InfeA 4 onfeA 4 6€S00ELTIST

I9pua3 03 Surpiodoe swsiydiowA|od ¢7/997SI pue 6ESOOELISI Ul XOpuUl ssewl Apoq pue s1ojoweted [BO1WAYO0Iq JO UOIIRSNISIAU] G J[qRL,

Journal of Advanced
Biomedical Sciences

1
<
-
[
=5
[
1o
[
B
~

110

[ #0-20-920¢ uo Jroeswnysoel woij pspeojumoq | [ #5G2T TISTA'SOR(/20S8T 0T 10a ]


http://dx.doi.org/10.18502/jabs.v15i1.17554
https://jabs.fums.ac.ir/article-1-3117-en.html

[ Downloaded from jabs.fums.ac.ir on 2026-02-04 ]

[ DOI: 10.18502/jabs v15i1.17554 ]

W

Journal of Advanced
Biomedical Sciences

subjects (HOMA-IR<2.6). The results indicated
no significant differences in allele or genotype
frequencies between these groups (Table 3).
Moreover, as no differences were observed in
haplotype frequencies among the ADIPOQ
SNPs (rs17300539, rs266729, rs1501299), the
corresponding table has been omitted.

Discussion

In the present study, we investigated the
frequency of the rs17300539, rs266729, and
rs1501299 polymorphisms in the adiponectin
gene and examined their relationships with
various biochemical parameters, insulin
resistance, BMI, and NAFLD. Numerous studies
have demonstrated that NAFLD increases the
risk of developing metabolic disorders (25,
26). Specifically, analysis of the rs17300539
polymorphism revealed significant differences
in the mean levels of triglycerides and AST
between women carrying the GG genotype and
those with the GA genotype; notably, triglyceride
levels were significantly higher in women with
the GA genotype than in those with the GG
genotype. Similarly, among men, carriers of
the GA genotype exhibited significantly higher
diastolic blood pressure compared to GG carriers.
However, no statistically significant differences
were observed in insulin levels between GA
and GG carriers. Furthermore, our data did not
reveal any significant differences in the frequency
of 1rs17300539 genotypes between healthy
individuals and patients, indicating no association
between this polymorphism and NAFLD.

In contrast to our findings, Hivert et al.
reported that the G allele of the rs17300539
polymorphism is associated with an increased
risk of metabolic syndrome and type 2 diabetes
(27). Similarly, a study by Henneman et al.,
involving 1,285 women and 967 men in the
United States, demonstrated that the rs17300539
polymorphism impairs adiponectin secretion,
thereby reducing plasma adiponectin levels
and its function (28). Conversely, Wassel et al.

Fasa University of
Medical Sciences

Association of ADPIQ gene with NAFLD
reported an association between the rs17300539
polymorphism and elevated serum adiponectin
levels in a population with cardiovascular disease
(29), while Vasseur et al. observed a significant
relationship between alleles and increased serum
adiponectin levels among French Caucasians
(30). Moreover, research in an Italian population
indicated that carriers of the GG genotype of
rs17300539 exhibited lower levels of adiponectin
and insulin, with significant correlations noted
between this polymorphism and serum levels
of adiponectin, fasting blood glucose, fasting
insulin, HDL, cholesterol, and triglycerides (31).

Contrary to these studies, our investigation
found no correlation between rs17300539
genotype and insulin or adiponectin levels;
instead, a significant association was observed
between this polymorphism and both BMI and
diastolic blood pressure among patients. In
women with NAFLD, serum AST levels were
significantly higher in GA genotype carriers
compared to those with the GG genotype, and
similarly, diastolic blood pressure was higher in
male NAFLD patients carrying the GA genotype.
In line with a study by Menzaghi et al. on a
Caucasian population in central Italy, carriers
of the A allele of the rs17300539 polymorphism
exhibited lower weight and BMI compared to
GG carriers (32). Likewise, research by Morandi
et al. in a European cohort demonstrated that A
allele carriers had a lower BMI than GG carriers
(31). However, Jun Wang and colleagues found
that the G allele of rs17300539 increases the
risk of NAFLD, which contradicts our findings
(33). Additionally, Henneman et al. reported
that NAFLD patients with the GA genotype
had higher BMI compared to those with the
GG genotype (28), a result that aligns with our
observations. Finally, Morandi et al. indicated
that, among obese individuals, carriers of the AA
and GA genotypes were more insulin resistant,
although this association did not reach statistical
significance (31).

In our study population, we also examined
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the rs266729 polymorphism. Statistical analysis
revealed no significant difference in genotype
frequencies between healthy subjects and
patients, indicating that these genotypes are not
associated with an increased risk of NAFLD.
Specifically, in the context of the rs266729
polymorphism, men with the CG genotype
exhibited significantly higher AST levels than
those with the CC genotype, while women with
the CC genotype had higher adiponectin levels.
Hashemi et al. demonstrated that carriers of the
CG genotype in the rs266729 polymorphism
show decreased adiponectin levels and an
increased likelihood of developing NAFLD due
to the presence of the G allele (34). Similarly, in a
study of 150 NAFLD patients in Egypt, Moshira
Zaki found that carriers of the G allele were at
higher risk of developing NAFLD compared
to carriers of the C allele, with CC genotype
carriers exhibiting elevated serum adiponectin
levels—a finding consistent with our results (35).
Moreover, Divella et al. reported that individuals
with NAFLD who carry the G allele of rs266729
are more likely to be obese and insulin resistant
(36). Research conducted in Pakistan yielded
similar findings, and a study by Nadeem et al. on
diabetic patients found no association between
the rs266729 polymorphism and diabetes (37).
Furthermore, Moushira Zaki’s study in fatty
liver patients revealed that insulin resistance was
higher in individuals with GG and GC genotypes
compared to those with the CC genotype (35). In
our study, the increase in insulin levels among
CC genotype carriers was not statistically
significant, and although Rosa Divella et al.
observed increased insulin resistance in carriers
of the rs266729 polymorphism with liver
metastasis, these changes were not significant
in our cohort (36).

We also examined the 151501299
polymorphism in the present study. Our
analysis revealed significant differences in
allele frequencies between healthy subjects
and patients; specifically, the frequency of
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the T allele in healthy individuals differed
significantly from that of the G allele in patients.
Furthermore, there was a significant difference
in the frequency of the GG genotype between
the healthy and patient groups, as well as in
the frequency of the GT genotype. According
to our findings, carriers of the GT genotype
are more likely to develop NAFLD, leading us
to conclude that the presence of the G allele is
associated with a reduced risk of developing
NAFLD. In contrast to our results, Hashemi
et al. did not find a relationship between the
presence or absence of different alleles of
the rs1501299 polymorphism and NAFLD
susceptibility (34). Conversely, Jiaxing Liu et
al. reported that the risk of NAFLD increases
in carriers of various rs1501299 genotypes (38),
and Mengwei Liu et al. concluded that carriers
of rs1501299 polymorphism genotypes are more
susceptible to NAFLD (39). Additionally, among
NAFLD patients in our study, those with the
GT genotype had a significantly higher BMI
than those with the GG genotype, a finding that
aligns with Hashemi et al., who reported that
BMI, waist circumference, and systolic blood
pressure were elevated in NAFLD patients with
the rs1501299 polymorphism (34). However,
while Hong-Jue Li et al. observed higher
insulin resistance in NAFLD patients carrying the
rs1501299 polymorphism, this difference was not
statistically significant in our study (40). Similarly,
Mohammadzadeh et al. reported no significant
relationship between rs1501299 and HOMA-IR,
which is consistent with our findings (41).
Prakash et al. demonstrated a significant
association between carriers of the rs1501299
polymorphism in the adiponectin gene and
HOMA-IR, a finding that contrasts with
our results (42). Similarly, Jung Kim et al.
reported increased insulin resistance in HCC—
particularly among individuals with metabolic
disorders—which also contradicts our findings
(43). In contrast, Reyhane Ebrahimi, Mavilia,
and Nezhadali observed that adiponectin levels
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were significantly lower in obese individuals
with NAFLD compared to controls, a result that
is consistent with our study (44—46).

Several adipokines exert critical functions,
including the modulation of tissue injury and
fibrosis (47). NAFLD is recognized as the most
prevalent liver disease (48), and inflammation,
followed by subsequent fibrosis and cirrhosis,
constitutes a pivotal step in its pathogenesis (49).
Discrepancies between our findings and those
of other studies in this field may be attributable
to variations in sample size, environmental
influences, participant age and race, as well as
the effects of other polymorphisms and genes.

The limitations of this study include the
influence of advanced age on fatty liver incidence
and the exclusion of alcohol consumption and
metabolic drug use among patients. Notably, both
healthy individuals and NAFLD patients included
in this project had no history of using metabolic
drugs, which is a critical aspect of our study
design. In summary, the G allele of rs17300539
appears to mitigate complications associated with
NAFLD, whereas the presence of the G allele in
the rs1501299 polymorphism increases NAFLD
risk. Conversely, for the rs266729 polymorphism,
the G allele does not appear to influence the risk
of developing NAFLD.
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