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ABSTRACT
Background: Type 2 diabetes mellitus (T2DM) significantly increases the risk of
acute myocardial infarction (AMI). Polymorphisms in the ADIPOQ gene, which
encodes the adiponectin hormone, are believed to influence cardiovascular disease
risk. This study aims to evaluate the association between three ADIPOQ gene
variants—rs266729, rs2241766, and rs1501299—and the risk of AMI in Vietnamese
patients with T2DM.
Methods:A case–control study was conducted from January 2023 to June 2024 at the
University Medical Center, Ho Chi Minh City. The study included 275 T2DM
patients with a history of AMI (case group) and 275 T2DM patients without AMI
(control group). Participants were matched by age, gender, smoking status, and
duration of T2DM to control for potential confounding factors. DNA was extracted
from peripheral blood samples, and the three polymorphisms were genotyped using
Sanger sequencing.
Results: Significant associations were found between ADIPOQ gene polymorphisms
and AMI risk. The G/G genotype of rs266729 and the T/T genotype of rs1501299
were associated with a reduced risk of AMI (OR = 0.45, 95% CI [0.23–0.89],
p = 0.021; OR = 0.45, 95% CI [0.22–0.90], p = 0.025, respectively). In contrast, the
T/G genotype of rs2241766 was significantly associated with an increased risk of AMI
(OR = 2.07, 95% CI [1.44–2.97], p < 0.001).
Conclusion: This study suggests that rs266729 and rs1501299 may have protective
effects, while rs2241766 may increase the risk of AMI in Vietnamese patients with
T2DM. These findings highlight the importance of further research into adiponectin
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levels and long-term monitoring, and support the potential use of genetic variants in
personalized cardiovascular risk management for patients with T2DM.

Subjects Cardiology, Diabetes and Endocrinology, Internal Medicine, Medical Genetics, Metabolic
Sciences
Keywords Type 2 diabetes mellitus, Acute myocardial infarction, ADIPOQ gene,
Gene polymorphism

INTRODUCTION
Type 2 diabetes mellitus (T2DM) is a major risk for cardiovascular diseases, particularly
acute myocardial infarction (AMI) (Kannel & McGee, 1979; Milazzo et al., 2021). T2DM
patients face higher AMI risk, mortality, and post-AMI complications. A systematic review
and meta-analysis (Gholap et al., 2017) of over 700,000 patients showed 50% higher
long-term post-AMI mortality, independent of AMI phenotype or modern treatment.

Though T2DM is incurable, investigating AMI risk factors in T2DM patients is crucial
for optimal treatment. Numerous studies have been conducted to identify AMI risk
factors, but they have primarily focused on traditional clinical and subclinical factors. The
advances in medicine and genetic technologies have opened new avenues for research on
potential risk factors, including the ADIPOQ gene, which has been reported in previous
studies (Hou et al., 2017). The ADIPOQ gene encodes adiponectin, an adipokine vital for
glucose and lipid metabolism and cardiovascular protection. Several polymorphisms in
this gene, particularly rs266729, rs2241766, and rs1501299, have been widely studied due
to their influence on circulating adiponectin levels and the associated cardiovascular risk.
Studies have shown that changes in these polymorphisms can reduce adiponectin levels,
thereby increasing insulin resistance, atherosclerosis, and AMI risk in T2DM patients
(Antonopoulos et al., 2013).

Although research across various populations worldwide has examined the association
between ADIPOQ gene polymorphisms and AMI risk in T2DM patients, results remain
inconsistent. For example, Antonopoulos et al. (2013) found rs1501299 T/T increased AMI
risk threefold in Greeks. In contrast, Zhong et al. (2010) found no significant association
for rs822395 or rs266729 with coronary artery disease/acute myocardial infarction
(CAD/AMI) in the Chinese population. Similarly, Filippi et al. (2005) (Italian) found no
clear association between the rs2241766 variant and CAD risk, although noted lower
adiponectin levels. Conversely, Ji et al. (2018) reported rs1501299 protective effects against
AMI in Korean males. Research by Rizk et al. (2013) on Egyptian patients also noted
interactions between ADIPOQ gene variants and risk factors such as insulin resistance, but
no clear association with AMI was identified. These disparities suggest that ADIPOQ
variant effects depend on population-specific genetic/environmental factors, highlighting
the need for more studies.

In Vietnam, T2DM and AMI remain major health burdens, with an estimated 4 million
T2DM patients aged 20–79 years (Sun et al., 2022), and T2DM linked to 21% of AMI
hospitalizations (Nguyen et al., 2023). However, limited local research exists on ADIPOQ
gene polymorphisms and AMI risk in Vietnamese T2DM patients. Such studies are crucial
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to clarify the ADIPOQ gene variants-AMI link and inform prevention/treatment strategies.
Therefore, this study aims to evaluate how the rs266729, rs2241766, and rs1501299
variations in the ADIPOQ gene are related to the risk of acute myocardial infarction in
patients with type 2 diabetes in Vietnam.

MATERIALS AND METHODS
Study setting and design
A case-control study was conducted from March 2023 to June 2024 at the University
Medical Center in Ho Chi Minh City.

Study population
Study participants were selected by a consecutive sampling method, including patients
aged 18 years and older and diagnosed with T2DM in two groups. The case group was
T2DM patients hospitalized for AMI and treated at the Interventional Cardiology
Department. The control group was T2DM patients with no history of AMI, clinically
stable with a normal resting electrocardiogram (ECG), being followed up and treated at the
Endocrinology Department. Patients in the control group were matched with those in the
case group based on age, gender, smoking status, and duration of T2DM. Non-Kinh
ethnicities and pregnant women were excluded from the study.

The sample size was calculated according to the guidelines by S. Purcell and P. Sham for
individual genetic traits in case-control studies (Purcell, Cherny & Sham, 2003). Based on
the high-risk allele frequency for each single nucleotide polymorphism (SNP) in the
ADIPOQ gene, the minimum total sample size was 550, including 275 T2DM patients with
AMI (case group) and 275 T2DM patients without AMI (control group).

Measurements
AMI was defined according to the 2018 ESC/ACC/AHA/WHF criteria (Thygesen et al.,
2018), which required a rise and/or fall of cardiac troponin values, with at least one value
above the 99th percentile upper reference limit, accompanied by at least one of the
following: (1) symptoms of myocardial ischemia; (2) new ischemic ECG changes (ST-T
changes or new left bundle branch block); (3) development of new pathological Q waves on
the ECG; (4) new regional wall motion abnormalities on echocardiography; or
(5) identification of intracoronary thrombus by angiography.

The primary independent variables were the ADIPOQ gene variants, including their
respective genotypes (e.g., C/C, C/G, G/G for rs266729 where C is the reference allele; T/T,
T/G, G/G for rs2241766 where T is the reference allele; G/G, G/T, T/T for rs1501299 where
G is the reference allele), identified from peripheral blood samples using Sanger
sequencing. Peripheral blood samples (2 mL) were collected in EDTA tubes and stored at
4 �C in 2 days before long-term preservation at −80 �C for DNA analysis.

DNA extraction: Genomic DNA was extracted from blood cells using the GeneJET Whole
Blood Genomic DNA Purification Mini Kit (#K0782; Thermo Fisher Scientific, Waltham,
MA, USA). Following the manufacturer’s instructions, 200 mL of the genomic DNA
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solution (gDNA) was obtained. The purity and concentration of the gDNA were measured
using the NanoDrop2000 Spectrophotometers (#ND-2000, Thermo Fisher Scientific,
Waltham, MA, USA). The sample with ratio of A260/280 nm from 1.8 is accepted as high
purity DNA and was stored at −20 �C for further analysis.

Polymerase chain reaction and primer design: Polymerase chain reaction (PCR) primers
were designed based on the standard sequence of the ADIPOQ gene from GenBank using
CLC Main Workbench v5.5 software. The primers specifically targeted the rs1501299,
rs2241766, and rs266729 polymorphisms. The PCR reactions were prepared with 50 ng of
DNA and a final master mix for each reaction containing 1X PCR Buffer (#R007A; Takara
Bio, Kusatsu, Shiga, Japan), 200 µM dNTP (#R007A; Takara Bio, Kusatsu, Shiga, Japan),
0.5 U of Takara TaqTM Hot Start Polymerase (#R007A; Takara Bio, Kusatsu, Shiga, Japan),
and 0.5 µM each of forward and reverse primers. Amplification was carried out with an
initial denaturation at 98 �C for 3 min, followed by 32 cycles (98 �C for 10 s, 58 �C for 20 s,
and 72 �C for 50 s), and a final extension step at 72 �C for 2 min. In addition, a no-template
control containing nuclease-free water was included in each PCR run to monitor potential
DNA contamination. The PCR products were checked using 2% agarose gel
electrophoresis (UVP-GelDoc-It 310 Imaging System, Thermo Fisher Scientific, Waltham,
MA, USA) with a 1 kb plus DNA ladder (#10787018; Invitrogen, Waltham, MA, USA) to
confirm the expected fragment size.

PCR product purification: PCR products were purified using the ExoSAP-IT� PCR
Product Cleanup kit (#78201.1.1ML; Applied Biosystems, Waltham, MA, USA), which
included Exonuclease I and Shrimp Alkaline Phosphatase to remove unwanted products.
The purified PCR products were used for the cycle sequencing reaction with the BigDye�
Terminators v3.1 kit (#4337455; Thermo Fisher Scientific, Waltham, MA, USA).

Gene sequencing and result analysis: Sequencing was performed using an ABI 3500 Genetic
Analyzer (#4405673; Applied Biosystems, Waltham, MA, USA). The nucleotide sequences
were analyzed by comparing them to reference sequences (NG_021140) from NCBI using
CLC Main Workbench v5.5, identifying genotype changes at the SNPs rs1501299,
rs2241766, and rs266729 of the ADIPOQ gene.

In addition, other patient’s characteristics were collected, including baseline
demographics (age, sex, duration of T2DM, family history of T2DM), comorbidities
(hypertension, dyslipidemia, stroke, peripheral artery disease), lifestyle habits (smoking,
physical activity), body mass index (BMI), waist-to-hip ratio, blood pressure, lipid profile,
blood glucose, HbA1c, renal function, ejection fraction (measured by Simpson’s method),
and current medications. Laboratory tests for glucose, HbA1c, total cholesterol, LDL-C,
HDL-C, triglycerides, and creatinine were also recorded.

Statistical analysis
Data were analyzed using Stata 17.0 software. Categorical variables were presented as
frequencies and percentages, while continuous variables were presented as means and
standard deviation or medians and interquartile ranges for non-normally distributed data.
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For continuous variables, data normality was assessed using visual inspection of
histograms and the Shapiro-Wilk test. Prior to association analysis, the genotype
frequencies of all three SNPs (rs266729, rs2241766, and rs1501299) in the control group
were tested for Hardy-Weinberg equilibrium using a Chi-squared test. The Chi-squared
test was used to compare proportions, while the t-test andMann-Whitney U test were used
to compare means between the two groups. Univariate and multiple logistic regression
were used to assess the association between genotypes and AMI, with and without
adjustment for other clinical and subclinical factors. The effect sizes were reported as Odds
Ratios (ORs) with their 95% confidence intervals. The significance level (a) was set at 0.05;
therefore, a p-value < 0.05 was considered statistically significant.

Ethical considerations
The study complied with the ethical guidelines for biomedical research and was approved
by the Biomedical Research Ethics Committee of the University of Medicine and
Pharmacy at Ho Chi Minh City (Approval number: 183/HDDD-DHYD, dated: 16/02/
2023). All participants were fully informed about the study’s objectives, procedures, and
their rights, and they provided written informed consent. Personal information of patients
was kept strictly confidential.

RESULTS
Table 1 presents the sociodemographic characteristics and medical history of T2DM
patients included in the study. The case and control groups were well-matched for age,
gender, smoking status, and duration of T2DM (p > 0.05 for all). Specifically, the age of
patients in this study ranged from 31 to 94 years. The median duration of T2DM in the
case and control groups was 6.0 years (IQR 1.0–15.0) and 6.0 years (IQR 2.0–14.0),
respectively. However, as expected, the AMI case group exhibited a significantly higher
burden of cardiovascular comorbidities, including hypertension, stroke, and peripheral
artery disease (p < 0.01 for all). Moreover, the case group demonstrated a more adverse
cardiometabolic profile, characterized by poorer glycemic control, dyslipidemia, and
impaired renal function (eGFR) (p < 0.001 for all) (Table 2). All these significant factors
were subsequently adjusted for in the multivariate regression models.

Table 3 summarizes and compares the distribution of genotypes, alleles, and haplotypes
of the three studied SNPs (rs266729, rs2241766, rs1501299) between the two groups. For
rs266729 (−11,377 C/G), the G/G genotype was less frequent in the case group than in the
control group (5.1% vs. 10.5%, p = 0.058). The G allele was less frequent among AMI
patients, though this difference was not statistically significant (p = 0.092). For rs2241766
(+45 T/G), the T/G genotype was significantly more frequent in the case group (45.1%)
compared to the control group (29.5%, p < 0.001). The G allele of rs2241766 was more
frequent in the case group (32.7% vs. 24.9%, p = 0.004). For rs1501299 (+276 G/T), the T/T
genotype was less frequent in the case group (4.7%) compared to the control group (9.5%,
p = 0.069). The T allele of rs1501299 was less frequent in the case group (22.4% vs. 27.8%,
p = 0.037). Haplotype analysis revealed that the most common haplotype in both groups
was C-T-G, which was used as the reference. The G-T-T haplotype was less frequent in the
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Table 1 Sociodemographic and medical history characteristics of T2DM patients in the study.

Characteristic Groups p-value

Case
(n = 275)

Control
(n = 275)

Age (years), mean (SD) 67.3 (11.3) 67.2 (11.5) 0.905

Gender

Female 122 (44.4) 122 (44.4) 0.999

Male 153 (55.6) 153 (55.6)

Duration of T2DM (years), median (IQR) 6.0 (1.0–15.0) 6.0 (2.0–14.0) 0.340

Family history of diabetes

No 146 (53.1) 149 (54.2) 0.798

Yes 129 (46.9) 126 (45.8)

Hypertension

No 24 (8.7) 49 (17.8) 0.002

Yes 251 (91.3) 226 (82.2)

Dyslipidemia

No 8 (2.9) 8 (2.9) 0.999

Yes 267 (97.1) 267 (97.1)

History of stroke

No 238 (86.5) 274 (99.6) <0.001

Yes 37 (13.5) 1 (0.4)

History of peripheral artery disease

No 232 (84.4) 271 (98.5) <0.001

Yes 43 (15.6) 4 (1.5)

Smoking status

No 181 (65.8) 181 (65.8) 0.999

Yes 94 (34.2) 94 (34.2)

Physical activity

No 118 (42.9) 126 (45.8) 0.492

Yes 157 (57.1) 149 (54.2)

Table 2 Clinical and laboratory characteristics of T2DM patients in the study.

Characteristic Groups p-value

Case
(n = 275)

Control
(n = 275)

Body mass index (kg/m2), mean (SD) 23.8 (3.4) 23.7 (2.9) 0.522

Waist circumference (cm), mean (SD) 92.6 (9.9) 92.2 (9.4) 0.662

Hip circumference (cm), mean (SD) 94.9 (9.6) 97.6 (9.4) 0.001

Waist-to-hip ratio, mean (SD) 1.0 (0.1) 0.9 (0.1) <0.001

Systolic blood pressure (mmHg), mean (SD) 122.3 (20.0) 133.3 (18.3) <0.001

Diastolic blood pressure (mmHg), mean (SD) 72.8 (11.8) 78.3 (10.5) <0.001

Glucose (mg/dL), mean (SD) 188.6 (76.9) 147.1 (50.2) <0.001
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case group (8.7%) than in the control group (12.9%, p = 0.037). Figure 1 illustrates the
linkage disequilibrium between allele pairs of the three SNPs. High linkage disequilibrium
was observed between rs266729 and rs2241766, as well as between rs2241766 and
rs1501299.

Table S1 presents Hardy-Weinberg Equilibrium (HWE) for three ADIPOQ gene
polymorphisms (rs266729, rs2241766, rs1501299) in total as well as in case, and control

Table 2 (continued)

Characteristic Groups p-value

Case
(n = 275)

Control
(n = 275)

HbA1c (%), mean (SD) 8.4 (1.9) 7.8 (1.8) <0.001

Total cholesterol (mg/dL), mean (SD) 175.9 (57.7) 159.8 (48.0) 0.001

HDL-C (mg/dL), mean (SD) 40.1 (10.6) 42.6 (11.5) 0.010

LDL-C (mg/dL), mean (SD) 115.1 (41.5) 94.0 (35.7) <0.001

Triglycerides (mg/dL), median (IQR) 159.5 (119.0–242.5) 152.0 (111.0–213.0) 0.042

Creatinine (mg/dL), mean (SD) 1.4 (1.3) 1.0 (0.5) <0.001

eGFR (mL/min/1.73m2), mean (SD) 65.5 (26.3) 78.3 (24.1) <0.001

Ejection fraction (%), mean (SD) 50.0 (14.9) 66.0 (6.9) <0.001

Antidiabetic medications

Sulfonylureas 24 (8.7) 102 (37.1) <0.001

Metformin 50 (18.2) 199 (72.4) <0.001

DPP-4 inhibitors 59 (21.5) 190 (69.1) <0.001

SGLT2 inhibitors 183 (66.5) 82 (29.8) <0.001

GLP-1 analogs 0 (0) 4 (1.5) 0.124

Insulin 120 (43.6) 91 (33.1) 0.011

Antihypertensive medications

Yes 261 (94.9) 191 (69.5) <0.001

No 14 (5.1) 84 (30.5)

ARB 183 (66.8) 145 (52.7) 0.001

ACE inhibitors 57 (20.7) 10 (3.6) <0.001

CCB 66 (24.0) 99 (36.0) 0.002

Beta-blockers 156 (56.7) 61 (22.2) <0.001

Diuretics 163 (59.3) 30 (10.9) <0.001

Aspirin use

Yes 272 (98.9) 32 (11.6) <0.001

No 3 (1.1) 243 (88.4)

Fibrate use

Yes 7 (2.5) 22 (8.0) 0.004

No 268 (97.5) 253 (92.0)

Statin use

Yes 270 (98.2) 214 (77.8) <0.001

No 5 (1.8) 61 (22.2)
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groups. All were in HWE across these groups, except rs2241766, which significantly
deviated in the total and control groups but remained in HWE in the case group.

Table 4 shows the results of univariate and multivariate logistic regression analyses
evaluating the association between ADIPOQ gene variants and AMI in T2DM patients.
The G/G genotype of rs266729 was associated with a lower risk of AMI compared to the C/
C genotype (OR = 0.45, 95% CI [0.23–0.89], p = 0.021) in univariate analysis, but the
association was not statistically significant in multivariate analysis (OR = 0.58, 95% CI
[0.27–1.27], p = 0.174). For rs2241766, patients with the T/G genotype had a significantly

Table 3 Genotype, allele, distribution, and haplotype of ADIPOQ SNPs.

Characteristic Groups p-value

Case
(n = 275)

Control
(n = 275)

rs266729

C/C 150 (54.5) 140 (50.9) 0.058

C/G 111 (40.4) 106 (38.5)

G/G 14 (5.1) 29 (10.5)

rs2241766

T/T 123 (44.7) 166 (60.4) <0.001

T/G 124 (45.1) 81 (29.5)

G/G 28 (10.2) 28 (10.2)

rs1501299

G/G 165 (60.0) 148 (53.8) 0.069

G/T 97 (35.3) 101 (36.7)

T/T 13 (4.7) 26 (9.5)

Allele rs266729 (n = 1100)

C 411 (74.7) 386 (70.2) 0.092

G 139 (25.3) 164 (29.8)

Allele rs2241766 (n = 1100)

T 370 (67.3) 413 (75.1) 0.004

G 180 (32.7) 137 (24.9)

Allele rs1501299 (n = 1100)

G 427 (77.6) 397 (72.2) 0.037

T 123 (22.4) 153 (27.8)

Haplotype rs266729 + rs2241766 + rs1501299 (n = 1100)

C-T-G 240 (43.6) 230 (41.8) 0.028

C-G-G 113 (20.5) 85 (15.5)

G-T-T 48 (8.7) 71 (12.9)

G-T-G 42 (7.6) 58 (10.5)

C-T-T 40 (7.3) 54 (9.8)

G-G-G 32 (5.8) 24 (4.4)

C-G-T 18 (3.3) 17 (3.1)

G-G-T 17 (3.1) 11 (2.0)
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Figure 1 Linkage disequilibrium between allele pairs of rs266729, rs2241766 and rs1501299.
Full-size DOI: 10.7717/peerj.20145/fig-1

Table 4 Association between ADIPOQ gene variants and acute myocardial infarction.

Characteristic Crude Adjusteda

OR (KTC 95%) p OR (KTC 95%) p

rs266729

C/C 1 1

C/G 0.98 (0.69–1.39) 0.899 1.21 (0.81–1.81) 0.360

G/G 0.45 (0.23–0.89) 0.021 0.58 (0.27–1.27) 0.174

rs2241766

T/T 1 1

T/G 2.07 (1.44–2.97) <0.001 1.87 (1.23–2.84) 0.004

G/G 1.35 (0.76–2.39) 0.305 1.55 (0.80–3.02) 0.197

rs1501299

G/G 1 1

G/T 0.86 (0.60–1.23) 0.412 0.86 (0.57–1.29) 0.457

T/T 0.45 (0.22–0.90) 0.025 0.49 (0.22–1.10) 0.083

Allele rs266729 (n = 1100)

C 1 1

G 0.80 (0.61–1.04) 0.092 0.95 (0.70–1.29) 0.736

Allele rs2241766 (n = 1100)

T 1 1

G 1.47 (1.13–1.91) 0.004 1.47 (1.09–1.98) 0.013

Allele rs1501299 (n = 1100)

G 1 1

T 0.75 (0.57–0.98) 0.037 0.77 (0.56–1.05) 0.103

(Continued)
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higher risk of AMI compared to those with the T/T genotype (OR = 2.07, 95% CI
[1.44–2.97], p < 0.001 in univariate analysis; OR = 1.87, 95% CI [1.23–2.84], p = 0.004 in
multivariate analysis). The T/T genotype of rs1501299 was associated with a reduced risk
of AMI in univariate analysis (OR = 0.45, 95% CI [0.22–0.90], p = 0.025), but this
association was not statistically significant in multivariate analysis (OR = 0.49, 95% CI
[0.22–1.10], p = 0.083). Haplotype analysis showed that the G-T-T haplotype was
associated with a lower risk of AMI compared to the C-T-G haplotype (OR = 0.65, 95% CI
[0.43–0.97], p = 0.037), though this result lost significance in multivariate analysis
(OR = 0.92, 95% CI [0.57–1.48], p = 0.732). Conversely, the C-T-T haplotype was
significantly associated with a reduced risk of AMI in multivariate analysis (OR = 0.57,
95% CI [0.35–0.95], p = 0.030).

DISCUSSION
While studies examining the effects of ADIPOQ gene variants have been conducted
globally, showing differences across various populations, our study is one of the first to
explore this topic in Vietnam. Our research provides additional genetic data from a
Southeast Asian country, further confirming the role and potential of ADIPOQ gene
variants in predicting AMI among T2DM patients. The analysis revealed significant
differences in genotype distribution between the case and control groups. Specifically, the
rs266729 and rs1501299 variants were shown to be associated with a decreased risk of
AMI, while the rs2241766 variant was associated with an increased risk.

Protective variants: rs266729
The rs266729 (−11,377 C/G) variant is a SNP located in the promoter region of the
ADIPOQ gene on chromosome 3q27. This position directly influences the expression of
adiponectin, a key hormone in metabolic and vascular homeostasis. The G allele is linked
to higher adiponectin expression, which confers cardioprotection through multiple
downstream pathways, including enhanced insulin sensitivity via 5′-Adenosine

Table 4 (continued)

Characteristic Crude Adjusteda

OR (KTC 95%) p OR (KTC 95%) p

Allele rs266729 + rs2241766 + rs1501299 (n = 1100)

C-T-G 1 1

C-G-G 1.27 (0.91–1.78) 0.156 1.37 (0.93–2.01) 0.111

G-T-T 0.65 (0.43–0.97) 0.037 0.92 (0.57–1.48) 0.732

G-T-G 0.69 (0.45–1.07) 0.101 0.71 (0.43–1.17) 0.176

C-T-T 0.71 (0.45–1.11) 0.133 0.57 (0.35–0.95) 0.030

G-G-G 1.28 (0.73–2.24) 0.390 1.30 (0.70–2.43) 0.404

C-G-T 1.01 (0.51–2.02) 0.967 0.85 (0.40–1.80) 0.670

G-G-T 1.48 (0.68–3.23) 0.323 1.65 (0.62–4.43) 0.319

Note:
a Adjusted for age, gender, diabetes duration, hypertension, BMI, smoking status, HbA1c, total cholesterol, HDL-C,
LDL-C, and triglycerides
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monophosphate-activated protein kinase (AMPK) activation in skeletal muscle and liver,
suppression of pro-inflammatory cytokines such as TNF-a and IL-6, and improved
endothelial function through increased nitric oxide production and inhibition of
endothelial adhesion molecule expression.

In terms of distribution, among T2DM patients with AMI, the frequency of the C/C
genotype ranged from 48.1% to 60.3% (Zhang et al., 2018; Cheung et al., 2014), with our
study finding it at 54.5%, similar to studies conducted in France (Lacquemant et al., 2004)
and China (Zhong et al., 2010). The frequencies of the C/G and G/G genotypes in our study
were 40.4% and 5.1%, respectively, which align with studies in the UK, Japan, and the USA
(Gable et al., 2007; Hegener et al., 2006; Oguri et al., 2009). The allele frequencies of C and
G in our study were 74.7% and 25.3%, respectively, which are within the range of
international studies (Lacquemant et al., 2004; Hegener et al., 2006; Chiodini et al., 2010).
Among T2DM patients without AMI, the frequency of the C/C genotype in our study was
50.9%, lower than in European studies (Chiodini et al., 2010) but similar to that in China
(Zhang et al., 2018). The G/G genotype frequency in our study (10.5%) was unusually high
compared to other populations, particularly in Europe (ranging from 4.4% to 7.0%)
(Lacquemant et al., 2004; Gable et al., 2007; Chiodini et al., 2010). The G allele frequency in
our study (29.8%) was also higher than in most European countries and Japan
(Lacquemant et al., 2004; Gable et al., 2007; Oguri et al., 2009; Chiodini et al., 2010).

Our study found that the G/G genotype of rs266729 was associated with a reduced risk
of AMI, consistent with the study by Qi et al. (2006), which linked the G allele to higher
adiponectin levels, thereby reducing the risk of CAD. Similarly, Hegener et al. (2006) also
found that rs266729 was associated with a reduced risk of ischemic stroke. The consistency
between our study and Qi et al. (2006) could be due to the focus on patients with type 2
diabetes, a clear risk factor for CAD, making it easier to detect the protective association of
rs266729. In contrast, studies by Lacquemant et al. (2004), Gable et al. (2007), and
Antonopoulos et al. (2013) did not find significant associations between rs266729 and CAD
risk. European studies often involve more diverse populations, not focusing on a specific
condition like diabetes but including other risk factors such as obesity and metabolic
syndrome. The multi-center study design could also lead to heterogeneity in data analysis,
which may explain unclear association between rs266729 and cardiovascular disease in
these studies.

Protective variants: rs1501299
The rs1501299 (+276 G/T) variant is an intronic SNP within the ADIPOQ gene that has
been widely associated with metabolic conditions, including T2DM and CAD. Although
intronic, this SNP is postulated to be in a key regulatory region, influencing ADIPOQ
transcription by altering enhancer or silencer activity. Consequently, the T allele is linked
to higher transcriptional output and increased circulating adiponectin, whose protective
effects are mediated via its well-established anti-inflammatory, anti-atherogenic, and
insulin-sensitizing properties.

In terms of genotype distribution, among T2DM patients with AMI, the frequency of
the G/G genotype in our study was 60.0%, higher than in most European and American

Le et al. (2025), PeerJ, DOI 10.7717/peerj.20145 11/18

http://dx.doi.org/10.7717/peerj.20145
https://peerj.com/


studies (Antonopoulos et al., 2013; Lacquemant et al., 2004; Gable et al., 2007; Hegener
et al., 2006; Chiodini et al., 2010) but similar to findings in Japan (60.6%) (Katakami et al.,
2012). The G/T genotype frequency was 35.3%, comparable to studies in Italy (37.9%)
(Chiodini et al., 2010) and the USA (37.1%) (Qi et al., 2006). The T/T genotype frequency
in our study was 4.7%, higher than in China (1.1%) (Zhang et al., 2018) but lower than in
some Middle Eastern populations such as Qatar (14.0%) (Rizk et al., 2013). Among T2DM
patients without AMI, the frequency of the G/G genotype in Vietnam was 53.8%, close to
that found in the USA (53.1%) (Hegener et al., 2006) and Hong Kong (54.9%) (Cheung
et al., 2014). The G/T genotype frequency was 36.7%, similar to that in Italy (Bacci et al.,
2004) and the USA (Qi et al., 2006). The T/T genotype frequency was 9.5%, higher than in
China (1.6%) (Zhang et al., 2018) but lower than in Iran (13.4%) (Esteghamati et al., 2012).
The G allele frequency in our study was 72.2%, aligning with studies from Hong Kong
(73.8%) (Cheung et al., 2014) and Poland (74.2%) (Ambroziak et al., 2018).

In our study, we found that the T/T genotype was associated with a reduced risk of AMI,
supporting the protective role of adiponectin in reducing inflammation and improving
insulin sensitivity. This finding is consistent with the studies by Bacci et al. (2004) and Qi
et al. (2006), which linked the T/T genotype to higher adiponectin levels and a reduced risk
of CAD.Hegener et al. (2006) also identified an association between rs1501299 and a lower
risk of vascular diseases, although it did not reach statistical significance for AMI. In
contrast, studies by Zhong et al. (2010) in China, Antonopoulos et al. (2013) in Greece, and
Oguri et al. (2009) in Japan did not find significant associations between rs1501299 and
CAD risk. The differences in genetic structures between the Chinese, Greek, and Japanese
populations compared to the Vietnamese and European populations might influence the
effect of rs1501299 on CAD risk. Moreover, Zhong et al. (2010) and Oguri et al. (2009),
despite having large sample sizes, did not focus on T2DM patients, which could explain the
lack of a clear genetic association, as found in our study focusing on T2DM patients.
Antonopoulos et al. (2013) emphasized endothelial function, highlighting the complex
relationship between ADIPOQ gene variants and CAD, which may be influenced by
intermediary factors like endothelial dysfunction.

Risk-associated variant: rs2241766
The rs2241766 (+45 T/G) variant is a missense SNP located in exon 2 of the ADIPOQ gene
that results in a threonine-to-glycine substitution. This amino acid change is postulated to
disrupt the post-translational processing and multimerization of adiponectin into its most
biologically active high-molecular-weight (HMW) forms. Consequently, the G allele is
associated with lower circulating levels of functional adiponectin, which can foster a
pro-inflammatory and pro-atherogenic state, thereby increasing AMI risk.

In terms of distribution, among T2DM patients with AMI, the frequency of the T/T
genotype in our study was 44.7%, significantly lower than in Europe (Antonopoulos et al.,
2013; Lacquemant et al., 2004; Gable et al., 2007; Chiodini et al., 2010) and the USA
(Hegener et al., 2006; Qi et al., 2006; Qi et al., 2005), but comparable to studies from the
Middle East and Asia, such as Qatar (43.7%) (Rizk et al., 2013) and Iran (42.1%)
(Esteghamati et al., 2012). The frequency of the T/G genotype in our study was 45.1%,
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relatively high compared to other countries (Antonopoulos et al., 2013; Lacquemant et al.,
2004; Hegener et al., 2006; Bacci et al., 2004; Shaker & Ismail, 2014), and the same as in
Hong Kong (45.1%) (Cheung et al., 2014). The G/G genotype frequency was 10.2%, higher
than in most studies from Europe (Antonopoulos et al., 2013; Lacquemant et al., 2004;
Gable et al., 2007; Chiodini et al., 2010; Bacci et al., 2004) and the USA (Hegener et al.,
2006). Among T2DM patients without AMI, the frequency of the T/T genotype in our
study (60.4%) was close to South Korea (56.3%) (Ji et al., 2018) but significantly lower than
in Africa (e.g., Egypt 93.3% (Shaker & Ismail, 2014)). The frequency of the T/G genotype
was 29.5%, similar to studies in the UK (Gable et al., 2007) and Italy (Bacci et al., 2004), but
higher than in Africa (Shaker & Ismail, 2014; Saleh et al., 2020). The G/G genotype
frequency in our study (10.2%) was much higher than in Europe (Antonopoulos et al.,
2013; Lacquemant et al., 2004; Gable et al., 2007; Chiodini et al., 2010; Bacci et al., 2004)
and the USA (Hegener et al., 2006) but still lower than some studies from the Middle East
(Rizk et al., 2013).

The G allele of the missense variant rs2241766 was associated with an increased risk of
AMI. This observation is in agreement with findings from other high-risk T2DM
populations, Ji et al. (2018), Lacquemant et al. (2004), Shaker & Ismail (2014) suggesting a
potentially consistent detrimental role for this variant across diverse ethnicities.
Meanwhile, Hegener et al. (2006) found no significant association between rs2241766 and
the risk of myocardial infarction or stroke. It is important to note thatHegener et al. (2006)
was conducted on a group of healthy males with a low prevalence of T2DM, which may
explain the lack of association between rs2241766 and myocardial infarction risk. This
suggests that the link between rs2241766 and CAD may be more pronounced in high-risk
groups, such as T2DM patients.

Hardy-Weinberg equilibrium (HWE) was assessed as a standard quality control
measure for all SNPs. The rs266729 and rs1501299 variants conformed to HWE
expectations, indicating robust genotyping data. However, a significant deviation from
HWE was observed for rs2241766, primarily driven by the control group (p = 0.00063).
While genotyping error is less likely, as other SNPs were in equilibrium, this deviation may
reflect subtle population stratification or an inadvertent selection bias in our
hospital-based control group.

Crucially, the association between rs2241766 and increased AMI risk remained highly
significant after multivariate adjustment (OR = 1.87, 95% CI [1.23–2.84], p = 0.004),
suggesting that this is a robust biological finding rather than a statistical artifact.
Nevertheless, we acknowledge this limitation and recommend that future studies utilize
population-based controls or apply methods to correct for potential stratification to
further validate these findings.

Haplotype analysis
Several studies have evaluated haplotype analysis to simultaneously determine the role of
multiple SNPs in understanding their association with specific diseases, such as AMI. Lu
Qi et al.’s (2006) study indicated that the T-T interaction of two SNPs, rs2241766 and
rs1501299, was associated with a reduced risk of cardiovascular disease compared to the
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T-G interaction in women with type 2 diabetes in the U.S. Gable et al.’s (2007) study
showed that the T-T and G-G interactions of these two SNPs had different effects on the
risk of MI in White populations, although the differences were not statistically significant.
Zhang et al.’s (2018) study found that the interaction between three SNPs, rs266729,
rs2241766, and rs1501299, in the C-G-G and C-T-G configurations could increase
myocardial infarction risk compared to the C-T-T interaction in the Han Chinese
population. Our study (2024) discovered that the interaction between the three SNPs,
rs266729, rs2241766, and rs1501299, in the G-T-T configuration may reduce myocardial
infarction risk compared to the C-T-G configuration in type 2 diabetes patients. These
studies collectively suggest that interactions between ADIPOQ gene variants may have
significant associations with AMI risk, particularly the T-T interaction of rs2241766 and
rs1501299, which is linked to a reduced risk of AMI.

Limitations
Our study has several limitations. First, although the research focuses on variants within
the ADIPOQ gene, other genetic factors that could influence AMI risk were not analyzed.
Additionally, environmental factors such as diet, physical activity, and socioeconomic
status, which may affect AMI risk, were not considered. To properly assess the impact of
ADIPOQ gene variants on AMI, these competing or confounding risk factors should be
more thoroughly examined. Second, the study is limited to T2DM patients from a single
center, lacking representation for the broader Vietnamese population, which may restrict
the comparability with international studies and the generalizability of the results to other
populations. Since the distribution of ADIPOQ gene variants and its association with AMI
may vary across different ethnic groups, and Vietnam itself has 54 ethnic groups, more
studies like this are needed in various populations. Third, in this study, we assumed that
ADIPOQ gene variants influence adiponectin levels, thereby affecting AMI risk. However,
we did not directly assess how these SNPs specifically affect adiponectin levels or how such
changes in adiponectin impact AMI risk. Therefore, our study is limited in explaining the
biological mechanisms and in comparing the findings with other studies. Future research
should focus on investigating the mechanisms and specific effects of ADIPOQ gene
variants on AMI. Finally, due to the retrospective nature of this case-control study, many
variables were assessed based solely on existing medical records. As such, this approach
may introduce certain limitations in fully understanding how specific variables were
defined or documented. For example, the individual contributions of the 2018 AMI
diagnostic sub-criteria (e.g., ischemic symptoms, ECG changes, echocardiographic
findings, angiographic evidence) were not recorded separately in our dataset. Future
prospective studies should consider systematically documenting these components to
enable more detailed and transparent analysis.

CONCLUSIONS
Our study found that rs266729 (G/G) and rs1501299 (T/T) are associated with the reduced
risk of myocardial infarction. In contrast, rs2241766 (T/G) doubles the risk of myocardial
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infarction. Future studies should focus on quantifying adiponectin levels, exploring other
gene variants, and evaluating gene-environment interactions. Such studies will help clarify
the physiological mechanisms of these variants, strengthen the reliability of research
findings, and provide a more complete picture of cardiovascular risk in Vietnamese T2DM
patients.

ACKNOWLEDGEMENTS
We thank all patients for their participation in this study, and the Director Board of
University Medical Center at Ho Chi Minh City for their continuous support during our
data collection.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
The authors received no funding for this work.

Competing Interests
Truc Thanh Thai is an Academic Editor for PeerJ.

Author Contributions
. Bao Hoang Le conceived and designed the experiments, performed the experiments,
prepared figures and/or tables, authored or reviewed drafts of the article, and approved
the final draft.

. Khanh Quang Tran conceived and designed the experiments, performed the
experiments, authored or reviewed drafts of the article, and approved the final draft.

. Nhu Nhat Quynh Nguyen performed the experiments, authored or reviewed drafts of the
article, and approved the final draft.

. Truc Thanh Thai analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the article, and approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

Biomedical Research Ethics Committee of the University of Medicine and Pharmacy at
Ho Chi Minh City

Data Availability
The following information was supplied regarding data availability:

The raw data and data dictionary are available in the Supplemental Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.20145#supplemental-information.

Le et al. (2025), PeerJ, DOI 10.7717/peerj.20145 15/18

http://dx.doi.org/10.7717/peerj.20145#supplemental-information
http://dx.doi.org/10.7717/peerj.20145#supplemental-information
http://dx.doi.org/10.7717/peerj.20145#supplemental-information
http://dx.doi.org/10.7717/peerj.20145
https://peerj.com/


REFERENCES
Ambroziak M, Kolanowska M, Bartoszewicz Z, Budaj A. 2018. Adiponectin gene variants and

decreased adiponectin plasma levels are associated with the risk of myocardial infarction in
young age. Gene 5(4):498–504 DOI 10.1016/j.gene.2017.11.064.

Antonopoulos AS, Tousoulis D, Antoniades C, Miliou A, Hatzis G, Papageorgiou N,
Demosthenous M, Tentolouris C, Stefanadis C. 2013. Genetic variability on adiponectin gene
affects myocardial infarction risk: the role of endothelial dysfunction. International Journal of
Cardiology 168(1):326–330 DOI 10.1016/j.ijcard.2012.09.053.

Bacci S, Menzaghi C, Ercolino T, Ma X, Rauseo A, Salvemini L, Vigna C, Fanelli R, Di Mario U,
Doria A, Trischitta V. 2004. The +276 G/T single nucleotide polymorphism of the adiponectin
gene is associated with coronary artery disease in type 2 diabetic patients. Diabetes Care
27(8):2015–2020 DOI 10.2337/diacare.27.8.2015.

Cheung CY, Hui EY, Cheung BM, Woo YC, Xu A, Fong CH, Ong KL, Yeung CY, Janus ED,
Tse HF, Sham PC, Lam KS. 2014. Adiponectin gene variants and the risk of coronary heart
disease: a 16-year longitudinal study. European Journal of Endocrinology 171(1):107–115
DOI 10.1530/eje-14-0079.

Chiodini BD, Specchia C, Gori F, Barlera S, D’Orazio A, Pietri S, Crociati L, Nicolucci A,
Franciosi M, Signorini S, Brambilla P, Grazia Franzosi M. 2010. Adiponectin gene
polymorphisms and their effect on the risk of myocardial infarction and type 2 diabetes: an
association study in an Italian population. Therapeutic Advances in Cardiovascular Disease
4(4):223–230 DOI 10.1177/1753944710371483.

Esteghamati A, Mansournia N, Nakhjavani M, Mansournia MA, Nikzamir A, Abbasi M. 2012.
Association of +45(T/G) and +276(G/T) polymorphisms in the adiponectin gene with coronary
artery disease in a population of Iranian patients with type 2 diabetes.Molecular Biology Reports
39(4):3791–3797 DOI 10.1007/s11033-011-1156-9.

Filippi E, Sentinelli F, Romeo S, Arca M, Berni A, Tiberti C, Verrienti A, Fanelli M,
Fallarino M, Sorropago G, Baroni MG. 2005. The adiponectin gene SNP+276G > T associates
with early-onset coronary artery disease and with lower levels of adiponectin in younger
coronary artery disease patients (age ≤ 50 years). Journal of Molecular Medicine 83(9):711–719
DOI 10.1007/s00109-005-0667-z.

Gable DR, Matin J, Whittall R, Cakmak H, Li KW, Cooper J, Miller GJ, Humphries SE. 2007.
Common adiponectin gene variants show different effects on risk of cardiovascular disease and
type 2 diabetes in European subjects. Annals of Human Genetics 71(Pt 4):453–466
DOI 10.1111/j.1469-1809.2006.00340.x.

Gholap NN, Achana FA, Davies MJ, Ray KK, Gray L, Khunti K. 2017. Long-term mortality after
acute myocardial infarction among individuals with and without diabetes: a systematic review
and meta-analysis of studies in the post-reperfusion era. Diabetes, Obesity and Metabolism
19(3):364–374 DOI 10.1111/dom.12827.

Hegener HH, Lee IM, Cook NR, Ridker PM, Zee RY. 2006. Association of adiponectin gene
variations with risk of incident myocardial infarction and ischemic stroke: a nested case-control
study. Clinical Chemistry 52(11):2021–2027 DOI 10.1373/clinchem.2006.074476.

HouH, Ge S, Zhao L, Wang C,WangW, Zhao X, Sun Z. 2017. An updated systematic review and
meta-analysis of association between adiponectin gene polymorphisms and coronary artery
disease. OMICS: A Journal of Integrative Biology 21(6):340–351 DOI 10.1089/omi.2017.0007.

Ji MJ, Ku EJ, Oh TK, Jeon HJ. 2018. Association of adiponectin 45T/G polymorphism with
diabetic cardiovascular complications in Korean type 2 diabetes. Journal of Korean Medical
Science 33(17):e124 DOI 10.3346/jkms.2018.33.e124.

Le et al. (2025), PeerJ, DOI 10.7717/peerj.20145 16/18

http://dx.doi.org/10.1016/j.gene.2017.11.064
http://dx.doi.org/10.1016/j.ijcard.2012.09.053
http://dx.doi.org/10.2337/diacare.27.8.2015
http://dx.doi.org/10.1530/eje-14-0079
http://dx.doi.org/10.1177/1753944710371483
http://dx.doi.org/10.1007/s11033-011-1156-9
http://dx.doi.org/10.1007/s00109-005-0667-z
http://dx.doi.org/10.1111/j.1469-1809.2006.00340.x
http://dx.doi.org/10.1111/dom.12827
http://dx.doi.org/10.1373/clinchem.2006.074476
http://dx.doi.org/10.1089/omi.2017.0007
http://dx.doi.org/10.3346/jkms.2018.33.e124
http://dx.doi.org/10.7717/peerj.20145
https://peerj.com/


Kannel WB, McGee DL. 1979. Diabetes and cardiovascular disease. The Framingham study.
JAMA 241(19):2035–2038 DOI 10.1001/jama.241.19.2035.

Katakami N, Kaneto H, Matsuoka TA, Takahara M, Maeda N, Shimizu I, Ohno K, Osonoi T,
Kawai K, Ishibashi F, Imamura K, Kashiwagi A, Kawamori R, Matsuhisa M, Funahashi T,
Yamasaki Y, Shimomura I. 2012. Adiponectin G276T gene polymorphism is associated with
cardiovascular disease in Japanese patients with type 2 diabetes. Atherosclerosis 220(2):437–442
DOI 10.1016/j.atherosclerosis.2011.11.010.

Lacquemant C, Froguel P, Lobbens S, Izzo P, Dina C, Ruiz J. 2004. The adiponectin gene SNP
+45 is associated with coronary artery disease in Type 2 (non-insulin-dependent) diabetes
mellitus. Diabetic Medicine 21(7):776–781 DOI 10.1111/j.1464-5491.2004.01224.x.

Milazzo V, Cosentino N, Genovese S, Campodonico J, Mazza M, De Metrio M, Marenzi G.
2021. Diabetes mellitus and acute myocardial infarction: impact on short and long-term
mortality. Advances in Experimental Medicine and Biology 1307(8):153–169
DOI 10.1007/5584_2020_481.

Nguyen NT, Nguyen TN, Nguyen KM, Tran HPN, Huynh KLA, Hoang SV. 2023. Prevalence
and impact of metabolic syndrome on in-hospital outcomes in patients with acute myocardial
infarction: a perspective from a developing country. Medicine 102(45):e35924
DOI 10.1097/md.0000000000035924.

Oguri M, Kato K, Yokoi K, Itoh T, Yoshida T, Watanabe S, Metoki N, Yoshida H, Satoh K,
Aoyagi Y, Nishigaki Y, Tanaka M, Nozawa Y, Yamada Y. 2009. Association of genetic variants
with myocardial infarction in Japanese individuals with metabolic syndrome. Atherosclerosis
206(2):486–493 DOI 10.1016/j.atherosclerosis.2009.02.037.

Purcell S, Cherny SS, Sham PC. 2003. Genetic power calculator: design of linkage and association
genetic mapping studies of complex traits. Bioinformatics 19(1):149–150
DOI 10.1093/bioinformatics/19.1.149.

Qi L, Doria A, Manson JE, Meigs JB, Hunter D, Mantzoros CS, Hu FB. 2006. Adiponectin
genetic variability, plasma adiponectin, and cardiovascular risk in patients with type 2 diabetes.
Diabetes 55(5):1512–1516 DOI 10.2337/db05-1520.

Qi L, Li T, Rimm E, Zhang C, Rifai N, Hunter D, Doria A, Hu FB. 2005. The +276
polymorphism of the APM1 gene, plasma adiponectin concentration, and cardiovascular risk in
diabetic men. Diabetes 54(5):1607–1610 DOI 10.2337/diabetes.54.5.1607.

Rizk NM, El-Menyar A, Marei I, Sameer M, Musad T, Younis D, Farag F, Basem N, Al-Ali K,
Al Suwaidi J. 2013. Association of adiponectin gene polymorphism (+T45G) with acute
coronary syndrome and circulating adiponectin levels. Angiology 64(4):257–265
DOI 10.1177/0003319712455497.

Saleh AA, Tayel SI, Shalaby AG, El Naidany SS. 2020. Role of adiponectin gene and receptor
polymorphisms and their mRNA levels with serum adiponectin level in myocardial infarction.
The Application of Clinical Genetics 13:241–252 DOI 10.2147/tacg.S282843.

Shaker OG, Ismail MF. 2014. Association of genetic variants of MTHFR, ENPP1, and ADIPOQ
with myocardial infarction in Egyptian patients. Cell Biochemistry and Biophysics 69(2):265–274
DOI 10.1007/s12013-013-9794-2.

Sun H, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, Duncan BB, Stein C, Basit A,
Chan JCN, Mbanya JC, Pavkov ME, Ramachandaran A, Wild SH, James S, Herman WH,
Zhang P, Bommer C, Kuo S, Boyko EJ, Magliano DJ. 2022. IDF diabetes atlas: global, regional
and country-level diabetes prevalence estimates for 2021 and projections for 2045. Diabetes
Research and Clinical Practice 183(10267):109119 DOI 10.1016/j.diabres.2021.109119.

Le et al. (2025), PeerJ, DOI 10.7717/peerj.20145 17/18

http://dx.doi.org/10.1001/jama.241.19.2035
http://dx.doi.org/10.1016/j.atherosclerosis.2011.11.010
http://dx.doi.org/10.1111/j.1464-5491.2004.01224.x
http://dx.doi.org/10.1007/5584_2020_481
http://dx.doi.org/10.1097/md.0000000000035924
http://dx.doi.org/10.1016/j.atherosclerosis.2009.02.037
http://dx.doi.org/10.1093/bioinformatics/19.1.149
http://dx.doi.org/10.2337/db05-1520
http://dx.doi.org/10.2337/diabetes.54.5.1607
http://dx.doi.org/10.1177/0003319712455497
http://dx.doi.org/10.2147/tacg.S282843
http://dx.doi.org/10.1007/s12013-013-9794-2
http://dx.doi.org/10.1016/j.diabres.2021.109119
http://dx.doi.org/10.7717/peerj.20145
https://peerj.com/


Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, White HD. 2018. Fourth
universal definition of myocardial infarction (2018). Journal of the American College of
Cardiology 72(18):2231–2264 DOI 10.1016/j.jacc.2018.08.1038.

Zhang Z, Li Y, Yang X, Wang L, Xu L, Zhang Q. 2018. Susceptibility of multiple polymorphisms
in ADIPOQ, ADIPOR1 and ADIPOR2 genes to myocardial infarction in Han Chinese. Gene
5:10–17 DOI 10.1016/j.gene.2018.03.022.

Zhong C, Zhen D, Qi Q, Genshan M. 2010. A lack of association between adiponectin
polymorphisms and coronary artery disease in a Chinese population. Genetics and Molecular
Biology 33(3):428–433 DOI 10.1590/s1415-47572010005000064.

Le et al. (2025), PeerJ, DOI 10.7717/peerj.20145 18/18

http://dx.doi.org/10.1016/j.jacc.2018.08.1038
http://dx.doi.org/10.1016/j.gene.2018.03.022
http://dx.doi.org/10.1590/s1415-47572010005000064
http://dx.doi.org/10.7717/peerj.20145
https://peerj.com/

	The association between ADIPOQ gene variants (rs266729, rs2241766, rs1501299) and acute myocardial infarction in Vietnamese patients with type 2 diabetes mellitus ...
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


