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Abstract: Human genetic analyses and epidemiological studies showed a potential association between several types of gene 
polymorphism and the development of coronary heart disease (CHD). Many studies on this pertinent topic need to be investigated 
further to reach an evidence-based conclusion. Therefore, in this current review, we describe several types of gene polymorphisms that 
are potentially linked to CHD. A systematic review using the databases EBSCO, PubMed, and ScienceDirect databases was searched 
until October of 2022 to find relevant studies on the topic of gene polymorphisms on risk factors for CHD, especially for the factors 
associated with single nucleotide polymorphisms (SNPs). The risk of bias and quality assessment was evaluated by Joanna Briggs 
Institute (JBI) guidelines. From keyword search results, a total of 6243 articles were identified, which were subsequently narrowed to 
14 articles using prespecified inclusion criteria. The results suggested that there were 33 single nucleotide polymorphisms (SNPs) that 
can potentially increase the risk factors and clinical symptoms of CHD. This study also indicated that gene polymorphisms had 
a potential role in increasing CHD risk factors that were causally associated with atherosclerosis, increased homocysteine, immune/ 
inflammatory response, Low-Density Lipoprotein (LDL), arterial lesions, and reduction of therapeutic effectiveness. In conclusion, the 
findings of this study indicate that SNPs may increase risk factors for CHD and SNPs show different effects between individuals. This 
demonstrates that knowledge of SNPs on CHD risk factors can be used to develop biomarkers for diagnostics and therapeutic response 
prediction to decide successful therapy and become the basis for defining personalized medicine in future. 
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Introduction
Coronary heart disease (CHD) is a constriction of the coronary arteries caused by the accumulation of atherosclerotic 
plaques in the epicardial blood vessels, which blocks blood flow and reduces oxygen supply to the heart.1,2 CHD cases 
continue to be the leading cause of death from cardiovascular disease worldwide. According to the World Health 
Organization (WHO), 17.5 million people died because of cardiovascular disease in 2012, contributing for 31% of all 
deaths. CHD is projected to be responsible for 7.4 million mortalities, while stroke is responsible for 6.7 million 
mortalities.3 According to data published by Roth et al in 2019, cases of CHD ranked first in the globe as the leading 
cause of cardiovascular death (49.2%), followed by ischemic stroke (17.7%). Global Burden Disease (GBD) has recorded 
197 million cases of CHD-related deaths in 2019.4
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Heart disease is caused by a variety of factors, one of them is an unhealthy lifestyle. High-fat diet, low physical 
activity, smoking, and drinking alcohol can all contribute to an increased risk in cardiovascular disease incidents.4 

Furthermore, cardiovascular disease is also influenced by genetic factors.5,6 According to Kessler et al, genetics accounts 
for the majority of CHD risk factors (50–60%).7 Genetic factors combined with an unhealthy lifestyle increase the risk of 
heart disease. Genetic variables, as previously indicated, enhance the risk of having CHD by up to 91% when compared 
to healthy people eating the same diet.8 This demonstrates that genetic factors, as well as lifestyle, might contribute to 
increasing the risk of CHD.

Several investigations have been conducted in the last ten years to identify the genetic variations implicated in the 
development of cardiovascular disease. Numerous genetic polymorphisms have been shown to correlate with an 
increased risk of CHD by previous genetic association studies. Genetic screening could be an effective way of predicting 
increased risk of CHD. Single nucleotide polymorphisms (SNPs) are a type of genetic variation that has recently become 
increasingly investigated. SNPs are DNA variants caused by changes in a single nucleotide base. SNPs can induce 
changes such as noncoding variations, which can change amino acids and increase the expression of CHD-triggering 
genes.9 In 2007, The Wellcome Trust Case Control Consortium as part of the Genome-Wide Association Study (GWAS) 
published information on SNPs linked with an increased incidence of developing cardiovascular disease and conditions 
that contribute to increasing the risk of cardiovascular diseases, such as blood lipid levels, obesity, and hypertension. 
Nikpay et al found SNPs at 56 gene loci that significantly enhanced the risk of CHD in meta-analysis research using 1000 
samples from GWAS.10 In addition, Morieri’s 2018 research, in which more than 160 gene loci connected to CHD 
genetic variables were obtained, supports this conclusion.11 According to these previous studies, it was suggested that in 
addition to an unhealthy lifestyle, genetic heterogeneity in atherosclerosis has the potential to contribute to a large 
number of CHD cases.

The influence of gene polymorphisms on body physiology has offered insights into biomarkers that contribute to 
CHD risk factors. Several studies have linked genetic and lifestyle aspects with changes in a biomarker of CHD. This 
causes DNA to be modified, resulting in greater obesity responses, unbalanced lipid metabolism, increased inflammatory 
activity, and atherosclerotic plaques.12 In general, genetic biomarkers are thought to be superior to non-genetic indicators 
for risk assessment. This is due to the fact that the diagnosis is more specific, and the approach is more personalized. 
Even if the condition is asymptomatic, genetic biomarkers can be used to determine risk factors. This allows for the 
implementation of lifestyle changes and therapies to begin earlier.13–15 Therefore, it provides diagnostic and therapeutic 
opportunities in personalized medicine.

Previous systematic reviews have been conducted and mainly focused on one variant such as rs10757274 of Cyclin- 
dependent Kinase inhibitor 2B Antisense RNA (CDKN2BAS) gene,16 nitric oxide,17 Interleukin-6 (IL-6),18 or one risk 
factor, ie, inflammatory cytokine.19 Therefore, the aim of current review was to comprehensively investigate the genetic 
heterogeneity of CHD and the genetic risks that are potentially associated with CHD and provide genetic polymorphism 
understanding in a broader aspect.

Methods
This systematic review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
checklist.20 The details of the method were conducted as follows:

Literature Search Strategy
Literature searches were performed using several databases, ie, the EBSCO, PubMed, and ScienceDirect. The search was 
conducted to find relevant studies on the topic of gene polymorphisms on risk factors for CHD, especially for the factors 
associated with SNPs. Search strategies included the use of the following terms: “Coronary Artery Disease” OR 
“Coronary Heart Disease” OR “Ischemic Heart Disease” AND “Gene Polymorphism” AND “Biomarker Disorder”. 
The selection of keywords refers to the PECO (Population, Exposure, Comparator, and Outcome) method. The selected 
population consisted of individuals with CHD. The observed exposure included the gene polymorphism and the outcome 
focused on the biomarker disorder or physiological changes related to polymorphism.
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Literature Selection
The screening process was carried out in two stages. The initial screening is based on title and abstract, followed by full- 
text screening. Only articles published from 2017 to 2022 were selected. Those years were chosen because there were no 
researchers who have reviewed articles between 2017 and October of 2022 and research on SNPs has increased from 
previous years. The screening continued based on the title and abstract. Lastly, the third screening was based on the full 
article. Inclusion criteria were used for the literatures screening process are human studies with CHD; published between 
2017 and October of 2022, as this topic has been extensively assessed over the last five years; both experimental studies 
(eg, randomized controlled trials) and observational studies (cross-sectional, case-control, retrospective/prospective 
cohort, etc.); and focused on the details of genotypes that undergo polymorphism and their physiological effects. 
Irrelevant studies, reviews, animal studies or in vitro studies were excluded from the literature selection.

Data Extraction
From each included study, data were extracted on study characteristics, including author, year of publication, study 
design, SNPs variant, gene expression, clinical manifestations and conclusions, as well as the number and characteristics 
of the population. To streamline data extraction, a spreadsheet was used to collect the results from the articles obtained. 
Then, to facilitate data synthesis, identification of clinical manifestations was carried out first. These manifestations were 
based on the physiological changes discussed in each of the articles included. Then, the physiological changes caused by 
each variant of the SNPs were discussed in detail narratively.

Risk of Bias and Quality Assessment
Risk of bias and quality assessment evaluated by Joanna Briggs Institute (JBI) consists of case control,21 cross- 
sectional,22 Mendelian randomized controlled,23 cohort study,24 and RCT study design.21 The JBI checklist for case 
control, cohort, and RCT study design are divided into three risks of bias classes (score ≤49 = low risk; 50–69% = 
moderate risk; and 70% = low risk); for cross-sectional studies (score 0–3 = high risk; score 4–6 = some concerns; and 
score 7–8 = low risk of bias).22 For the Mendelian study, there is no checklist guideline to assess the risk of bias. Based 
on Davies et al, 2018 the Mendelian study must include 3 requirements that are genetic variation associated with CHD, 
no unmeasured confounder factors of the association between genetic variation and outcome, and genetic variants only 
affecting CHD risk factors.23

Results
Systematic Search
Based on the search results on the EBSCO, PubMed, and ScienceDirect databases using predetermined keywords, 6243 
articles were obtained, with details of 65 articles on EBSCO, 1169 articles on PubMed, and 5009 articles on Science 
Direct. All articles were published from 2017 to 2022. A total of 2395 articles were collected to enter the title and 
abstract screening stage. At this stage, the exclusion criteria of nonhuman trial and review articles were applied, resulting 
in 181 articles. Then, these articles proceed to undergo the full text screening stage. Articles that do not use CHD 
population, not related to SNPs, and not relevant to the research topic because they do not discuss the increase in risk 
factors were eliminated. Furthermore, as many as 167 articles were excluded and the final 14 articles were obtained. 
After data extraction and analysis of the results, 33 variants of SNPs were obtained (Figure 1).

Main Findings
The use of the word biomarker disorder aims to narrow literature search so that the articles obtained are considered 
comprehensive in discussing physiological effects on CHD. There were several clinical manifestations obtained in data 
extraction, like atherosclerosis, therapeutic effectiveness, increased homocysteine, immune/inflammatory response, Low- 
Density Lipoprotein (LDL), and arterial lesions. The results of data extraction can be seen in Table 1. According to all 
literature, SNP variants show the impact of increasing the risk of CHD through changing gene expression pathways. 
Changes in gene expression trigger some protein and are usable for parameters in CHD biomarkers. Other results show 
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alteration caused by SNPs impacts therapy effectiveness, which triggers worsening of CHD. This result provides 
information as a marker for personalized therapy options.

Risk of Bias Assessment
From the risk of bias assessment using JBI critical appraisal tools, it was shown that 5 out of 12 articles (42%) had low 
risk of bias, 4 out of 12 (33%) articles had medium risk of bias, and 1 out of 12 (8%) articles had high risk of bias. 
Meanwhile, for Mendelian study, all articles included in review are valid due to genetic variation affecting the outcome 
of CHD risk factors and there are no measurement confounders of the association between genetic variation and 
outcome.

Discussion
This systematic review describes the effect of polymorphisms on CHD risk factors and their potential as biomarkers. This 
review defines the potential side effects triggered by genetic changes between individuals that affect increasing risk 
factors of CHD and the effectiveness of therapy (Table 1). Overall, the results suggest that several types of genetic 
polymorphisms have the potential to increase the risk factors and incidence of CHD even though the variation in severity 
varies between individuals with the same polymorphism. These studies related to the observed polymorphisms have 
opportunities to develop biomarkers and personalized medicine in the future.25

Among all the SNPs discussed in this review (Table 1), 9/33 types of SNPs trigger the inflammatory response and 
SNPs that trigger plaque found 7/33 SNPs. This result correlates with the epidemiological literature by Roth et al 2019 
which stated that these two factors were essential in increasing CHD cases.4 The risk of CHD will be even more 
significant when internal genetic factors are associated with an unhealthy lifestyle. In this review, the result shows that 

Figure 1 Schematic of Selection of Articles from Database with PRISMA Flowchart Method. 
Notes: PRISMA figure adapted from Page MJ, McKenzie JE, Bossuyt PM et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. 
2021;372:n71. Creative Commons.20 

Abbreviations: CHD, Coronary Heart Disease; RCT, Randomized Controlled Trial.
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Table 1 Data Extraction Results

SNPs Genetic 
Polymorphism

Gene 
Expression

Clinical 
Manifestations

Statistical Value Population Study Design Ref

Sample 
Size

Characteristics Country

rs1946519 A>C IL-18 Increase of 

inflammation

OR (1.1); 95% CI (0.91–1.43); 

p (0.11)

650 340 patients with preterm 

CHD and 310 controls

Pakistan Case-control 

study

[47]

rs187238 C>A / C>G IL-18 
IL-6

OR (1.1); 95% CI (1.01–1.43); 

p (0.015)

rs1800871 A>G IL-10 OR (1.2); 95% CI (0.81–1.55); 
p (0.19)

rs1801133 G>A / G>C MTHFR Increased 
homocysteine

OR (1.1); 95% CI (1.09–1.26); 
p<0.000

504 254 patients and 250 controls Pakistan Retrospective 
case-control 

association study

[42]

rs1805087 A>G MTR OR (1.2); 95% CI (1.14–1.30); 

p<0.000

rs10127904 T>C,G CR1 Immune response and 

pro inflammation

p (0.0489) 5244 70–82 years old Scotland, 

Ireland, 

Netherland

Prospective 

cohort study

[53]

rs17259038 A>G

rs2457564 G>A LPA Changes in 

apolipoprotein isoform 
size

OR (0.9); 95% CI (0.98–0.99); 

p<0.0001

184.305 60,801 samples from 

CARDioGRAMplusC4D and 
123,504 controls

Pakistan Mendelian 

randomization 
study 

(observational 

study)

[30]

rs3777392 C>G,T OR (1.1); 95% CI (1.10–1.14); 

p<0.0001

rs11591147 G>A,T PCSK9 Decrease in PCSK9 
degradation which 

leads to the increase of  

LDL-C

β* (−0.315); SE (0.037);  

p**(1.94 x 10−17)

3290 1268 patients receiving statin 

therapy and 2022 patients 
receiving statin-free therapy

Germany Mendelian 

randomization 
study 

(observational 

study)

[73]

1:55520994 C>T β* (−0.085); SE (0.012);  
p** (4.40x10−12)

rs45448095 G>A β* (−0.052); SE (0.009);  
p** (7.41x10−09)

rs2479409 G>T OR (2.3); 95% CI (1.73–3.07);  

p < 0.0001

(Continued)
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Table 1 (Continued). 

SNPs Genetic 
Polymorphism

Gene 
Expression

Clinical 
Manifestations

Statistical Value Population Study Design Ref

Sample 
Size

Characteristics Country

rs2781666 C>T ARG-1 Increase concentration 

of LDL, triglycerides, 
and total cholesterol

OR (2.3); 95% CI (1.71–3.16);  

p < 0.0001

200 

families

Families that have CHD in 

three generations

Pakistan Case-control 

study

[36]

rs187238 G>A OR (2.3); 95% CI (1.71–3.16);  
p < 0.0001

rs12041331 G>A/C PEAR1 Affects ADP-induced 
platelet aggregation

OR (1.4); 95% CI (1.00–2.05); 
p (0.047)

290 Have a history of ischemia China Randomized 
controlled trial

[59]

rs2644592 T>C P2Y12 OR (0.5); 95% CI (0.37–0.90); 
p (0.016)

rs11249454 G>A,C,T UGT2A1 OR (1.5); 95% CI (1.04–2.20); 

p (0.029)

rs4244285 A>G CYP2C19 Reduces the 

antiplatelet potency

OR (12.2); 95% CI (1.33–112.59); 

p (0.02)

241 CHD patient China Case-control 

study

[31]

rs2241880 A>C,G ATG16L1 Increase in intima- 

media thickness (BMI)

p (0.037) 210 Post-menopausal women Brazil Cross-sectional 

study

[57]

rs1800795 C>A,G,T IL-6 Immune/inflammatory 

response and arterial 

lesions

OR (2.4); 95% CI (1.31–4.72); 

p (0.003)

447 316 men and 131 women 

(mean age 61.2 ± 9.4 years) 

underwent coronary 
angiography

Russia Cohort study [51]

rs2803495 C>T TREML4 Increased TREML4 
mRNA expression in 

leukocytes

OR (1.7); 95% CI (0.50–5.60); 
p (0.409)

137 30–74 years old underwent 
coronary angiography for the 

diagnosis of CHD

Brazil Cross-Sectional 
Study

[45]

rs2803496 C>T OR (7.3); 95% CI (1.90–27.50); 

p (0.03)
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rs2291521 A>G CUBN Increased 

homocysteine

OR (1.5); 95% CI (1.11–1.97); 

p (0.008)

452 CHD patients South 

Korea

Case–control 

study

[33]

rs55783344 A>G HNF1A Increased LDL OR (1.5); 95% CI (1.11–2.02); 

p (0.007)

rs17269397 T>A,C LIPC Arteriosclerosis OR (0.7); 95% CI (0.52–1.01); 
p (0.062)

rs1801260 C>T CLOCK Overexpression of 
platelets

OR (4.8); 95% CI (2.00–11.35); 
p (0.000304)

204 CHD patients China Cohort Study [62]

rs3745406 A>G PRKCG OR (0.3); 95% CI (0.24–0.63); 

p (0.000164)

rs10861688 T>G CRY1 OR (2.8); 95% CI; (1.59–4.91); 

p (0.000331)

rs2007044 A>G CACNA1C OR (2.8); 95%Cl (1.53–5.22); 

p (0.001)

rs1800872 T>G IL-10 Immune/inflammatory 
response

OR (1.8); 95% CI (1.04–3.16); 
p (0.03)

984 948 people including 307 
healthy controls and 641 

patients.

Iran Case-control 
study

[55]

Notes: *Ratio Estimator. Estimating causal effect in Mendelian randomization study. **Significance value was set to P < 5×10−8. 
Abbreviations: SNPs, single nucleotide polymorphisms; IL, interleukin; MTHFR, methylenetetrahydrofolate; MTR, methyltransferase; CR1, complement receptor 1; LPA, Lipoprotein A; PCSK9, proprotein convertase subtilisin/kexin type 
9; ARG-1, Arginase-1; PEAR1, platelet endothelial aggregation receptor 1; P2Y12, P2Y purinoceptor 12; UGT2A1, UDP Glucuronosyltransferase Family 2 Member A1; CRISPLD1, Cysteine Rich Secretory Protein LCCL Domain Containing 
1; ATG16L1, Autophagy Related 16 Like 1; TREML4, Triggering Receptor Expressed On Myeloid Cells Like 4; LIPC, Lipase C; CLOCK, Circadian Locomotor Output Cycles Kaput; PRKCG, Protein kinase C gamma; CRY1, Cryptochrome 
Circadian Regulator 1; CACNA1C, calcium voltage-gated channel subunit alpha1 C; HNF1A, hepatocyte nuclear factor 1 homeobox A; OR, odds ratio; CI, confidence interval; A, adenine; T, thymine; G, guanine; C, cytosine; SE, standard 
error.
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genetics contribute to immune-inflammatory and chronic inflammatory processes.19 Some SNPs related with the 
atherosclerotic cardiovascular change showed the prevalence of hypercholesterolemia was significantly higher than 
among the general population.26

Atherosclerosis is plaque deposits that restrict or thicken blood arteries, causing blood flow to be interrupted. Some 
genetic alterations at the Chr9p21 gene locus can affect coronary heart risk factors.27 In this case, LDL contributed to the 
development and progression of atherosclerosis.28 Several causes can cause rising LDL, including elevation of lipopro-
tein concentration, which acts as a lipid transporter, and changes in the isoform of apolipoproteins, which are protein 
components in lipoproteins. Furthermore, Lp-PLA2 (lipoprotein) plays a role in the hydrolysis of phospholipids, 
specifically LDL, which might result in the production of pro-inflammatory components in atherosclerosis.29 Effect of 
SNPs rs2457564 in the apolipoprotein gene can reduce the size of apolipoprotein. On the other hand, the rs3777392 
variant of SLC22A1 (Solute Carrier Family 22 Member 1) can increase lipoprotein concentrations, similar mechanism 
with rs2457564. According to this study, the concentration of lipoprotein and apolipoprotein influenced by SNPs may 
affect the increased risk of CHD and myocardial infarction.30

Park et al 2020 used Whole-Exome Sequencing database and discovered 15 SNPs outside the Chr9p21 region that 
were linked to CHD and then separated them into three groups: Cubilin (CUBN), Hepatocyte Nuclear Factor 1 
Homeobox A (HNF1A), and Lipase C (LIPC). These proteins are involved in homocysteine, folate, vitamin B12, High- 
Density Lipoprotein (HDL), and LDL expression. A variant CUBN (rs2291521) caused a change in the G→A allele, 
leading to a higher rise in LDL shown with adjusted odds ratio (AOR) and confidence interval (CI) (AOR = 3.109; 95% 
CI 1.201–8.045). This is related to a rise in cubilin synthesis, which facilitated endocytosis of apolipoproteins and HDL 
into cells. Changes in the C→T allele at HNF1A (rs55783344) led to an increase in LDL level (AOR = 3.924; 95% CI 
1.416–10,875). Mutation in the A→G allele in LIPC (rs17269397) led to a drop in HDL level (AOR = 2.551; 95% CI 
1.389–4.684).28,29,31,32 Previous research using GWAS catalog samples to assess coronary heart population has shown 
similar results.32 Because SNPs have a contribution to these rules, these three proteins have the potential to be 
constructed in CHD diagnostic systems.33

Alteration in nitric oxide (NO) also impacts atherosclerosis through the altered action of Arginase-1 (ARG-1) other than 
increasing lipid concentration. Hepatocyte cells usually produce ARG-1 and are also expressed in several types of vascular 
and endothelial cells.34 In various populations, some variants of the ARG-1-expressing gene have been corresponding to 
cardiovascular disease.35 Shah et al 2019 reported a 2.7–4.7 U/L increase in Arginase-1 activity in CHD patients, compared 
to healthy controls with 1.12–1.4 U/L.36 NO level seems to be significantly lower in coronary heart patients than in healthy 
people. NO production would decrease when an increase in ARG-1 levels occurred.37 ARG-1 is predicted to be a new 
therapeutic target in cardiac patients because it has a role in the development of atherosclerosis through endothelial cell 
dysfunction.38

Alteration of ARG-1 allele G→T (rs2781666) resulted in an increased risk factor higher than healthy controls (OR = 
2.3; 95% CI = 1.73–3.07; p 0.0001), similarly occurred changes C→T in the variation rs2781667. Furthermore, these 
SNPs alter the expression of CRP protein, which is one of the important indicators of inflammation in CHD. In a GWAS 
assessment performed by Vinayagamoorthy et al in 2014, a favorable connection between high CRP and genetic variation 
in ARG1 was identified. According to these results, the variant in ARG1 has the potential to provide information for the 
early identification and treatment of CHD in the hereditary family since these two SNPs may be inherited to offspring.39

Metabolic disorders have contributed to the risk of coronary artery disease such as the rise in homocysteine. The 
increase of homocysteine causes oxidative stress and endothelial damage, which leads to atherothrombotic disease.40 

C→T mutation at rs1801133 of the methylenetetrahydrofolate reductase (MTHFR) gene may alter the amino acid 
sequence at 222 from alanine to valine. As a result of this change, the production of MTHFR enzymes was decreasing, 
and homocysteine levels were increasing. The risk of CHD with every 5mol/L increase in homocysteine (OR 1.42; 95% 
CI 1.11–1.84).41 It conforms with the results that show MTHFR variation might cause an increase in coronary heart risk 
factors (OR = 1.1749). Furthermore, the variant of rs1805087 from the MTHFR gene causes a higher risk of CAD and 
progresses to incidence of vascular disease (OR = 1.9020).42

Atherosclerosis has been characterized as inflammation caused by the ruptured plaque inside the arterial wall that 
promotes elevated cytokine levels, monocyte recruitment, and macrophage infiltration in arterial.43 Inflammation of the 
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artery can stimulate more procoagulants and proinflammatory factors, causing severe CHD symptoms.44 Several 
receptors are expressing neutrophil and monocyte-mediated inflammatory reactions, including Triggering Receptor 
Expressed on Myeloid Cells Like 4 (TREML4). Because TREML4 expression corresponds to the atherosclerotic process, 
it can be recognized as a cardiovascular risk biomarker.45 Variants rs2803496 and rs2803495 (change in the C allele) can 
affect transcription factors, resulting in a 1.4-fold increase in TREML4 expression. Sen et al found similar results, 
specifically the influence of rs2803496 on Coronary Artery Calcification (CAC), another positive indicator for coronary 
heart disease. There was a 6.5-fold increased risk of CAC at the in vitro research and the variant of rs2803495 did not 
demonstrate a significant increase.46

In CHD, some pro-inflammatory and anti-inflammatory cytokines have been discovered with gene variations influen-
cing some of them. Ansari et al 2017 looked for polymorphisms in IL-18, TNF-α, IL-6, and IL-10 expression genes to 
evaluate the distribution of SNPs in premature CHD cases in Pakistan and the impact of these gene polymorphisms on 
serum cytokine imbalance in the sample population.47 Increasing IL-18 correlated with inflammation in DMT2, athero-
sclerotic lesions, hypertension, metabolic syndrome, and CHD. The IL-18 gene (rs187238) variant at CHD population 
could increase IL-18 levels.48 This is due to a mutation in the sequenced genotype allele C→G, which caused an increase in 
the transcription factor IL-18 and elevated risk of coronary heart disease (OR 1.13; 95% CI 1.01 to 1.43; p = 0.015). Another 
variant IL-18, such as rs1946519 with a change 656 sequence A→C, showed an increase of IL-18 expression but it was not 
significant (OR 1.13; 95%Cl 0.91–1.43 p = 0.11).47 In addition, an in vitro investigation in IL-18 promoter transfected- 
HeLa-229 cells found that activation of the base change C→G at rs187238 boosted transcriptional activity.49

Other inflammatory mediators, such as IL-6, have a role in promoting inflammation. The IL-6 expression gene 
polymorphism occurred on chromosome 7p21-24 in rs1800795, rs1800796, and rs1800797. These alterations usually 
boost gene transcription by stimulating the IL-6 gene promoter, which increases circulating IL-6 levels. The IL-6 
rs1800795 enhanced the risk of CHD (OR 1.32; 95%Cl 1.12–1.55, p = 0.021) significantly. However, rs1800796 and 
rs1800797 of IL-6 did not have an impactful increase in risk factors. Variant rs1800795 exhibits a genetic–environmental 
interaction beside increasing risk. Alcohol users and smokers with rs1800795 showed a considerably greater risk of 
CHD. The rs1800795 variant interacted substantially with the CC or CG genotype rs1800795 in smokers (OR = 3.22; 
95%Cl = 2.45–3.94) and alcohol users (OR = 3; 95%Cl = 2.20–4.24) according to generalized multifactor dimensionality 
reduction (GMDR) analysis (a tool for analyzing gene-environment interactions).50 Changes in the G allele at rs1800795 
have varied effects depending on gender. The expression of rs1800795 in women induces a rise in High-sensitivity 
C-reactive protein (hsCRP), a cardiovascular disease marker. However, rs1800795 has more expression at coronary 
artery disease in men. Men expressed more G allele (OR 2.45; 95% CI 1.31–4.72; P = 0.003), indicating that arterial 
lesions were larger in males than females.51

Elevating Complement Reactive Protein (CRP) in the bloodstream was known as a sign of coronary heart disease. 
The amino acid changes of Pro to Arg (C→G at 5507 positions) by variant of rs3811381 are associated with CRP levels. 
The same condition occurred at changes of His to Arg (A→G in the positions of 3650) at rs2274567.52 CRP is the protein 
with the function to reduce immune complexes and lipoproteins that contribute to atherosclerosis. Using the PROSPER 
technique, changes in alleles were detected with various variants on 5244 samples and suggest that rs10127904 and 
rs17259038 correspond to increased CRP levels, which implies atherosclerosis and causing more inflammation.53 As the 
previous interleukins discussed before, alteration in the promoter of IL-10 rs1800872 and rs1800871 give impact to 
inflammation in CHD. IL-10 is in the human genome at 1q31 and human genome at 1q32 regions.54 IL-10 substantially 
elevated (OR: 1.8, 95% CI: 1.04–3.16, p = 0.03) in these variants. These SNPs caused CA allele alteration at the 592 of 
position. In addition, gender and age have an influential impact on the expression of rs1800872 on coronary heart risk. 
Men have a greater risk than women (p 0.001; OR = 5.821; 95% CI = 2.831–11.970) and show higher risk after 40 years 
(P 0.001; OR = 5.049; 95% CI = 2414–10,561). On the other hand, changes in IL-10 at rs1800871 affected increasing the 
risk of inflammation in the coronary heart population, but were less significant (OR = 1.16; 95% CI = 0.81 to 1.55).55

Activation of Autophagy-related 16-like 1 (ATG16L1) has caused inflammatory events in the autophagy pathway of 
endothelial cells, which leads to immunological stimulation for apoptosis.56 The SNPs rs2241880 of ATG16L1 caused 
a change in the amino acid threonine to alanine at the 300 positions. This change caused a decrease in the activation of 
ATG16L1 and accumulation of cholesterol in cells. An increase in ATG16L1 rs2241880 affected HDL levels and had an 
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association to CHD risk (OR = 2.18 95% CI = 1.00–4.78 p = 0.050). The ATG16L1 polymorphism is also associated with 
age and menopause.57

Genetic variations predicted have contributed to the considerable interindividual variability in platelet therapy. Instance 
platelet activation and aggregation play a role in cardiovascular events.58 Therefore, it is necessary to identify genetic markers 
that can predict the response to therapy effectiveness. In 2018, Zhang et al investigated the association between Platelet 
Endothelial Aggregation Receptor 1 (PEAR1), P2Y purinoceptor 12 (P2Y12), and UDP Glucuronosyltransferase Family 2 
Member A1 (UGT2A1) gene polymorphisms to determine platelet reactivity as measured by thromboelastographic (TEG) in 
290 patients with ischemic events. This research uses a case-control association study method between the High Platelet 
Reactivity (HPR) and Normal Platelet Reactivity (NPR) groups that aims to find potential predictors to guide the use of 
clopidogrel and aspirin in clinical practice. The result showed those who receive antiplatelet therapy exhibit high HPR and 
affect the effectiveness of therapy compared to patients without SNPs. The mean Inhibitor Platelet Activity (IPA) was 
significantly lower in patients suffering from recurrent ischemic events than patients without recurrence (p = 0.048).59

Platelet reactivity was linked to PEAR1 rs12041331, rs2644592, and rs57731889, P2Y12 rs16863356 and rs7634096, 
and UGT2A1 rs11249454 in the research were founded in the intron region of gene, the nonfunctional domain. The 
rs11264580 is a synonymous mutation found in the exon region of PEAR1. The major G allele at rs12041331 is found in 
the PEAR1 intron and correlated to enhanced platelet aggregation via PEAR1 protein expression upregulation.60 Herrera 
et al found that the CC genotype of rs2768759 in the promoter region of the PEAR1 gene is associated with greater 
platelet reactivity following low-dose aspirin administration in a 2008 study.61 Intron or promoter variants can function 
as binding sites and influence gene expression, suggesting that variations in this gene at various places may have distinct 
consequences on platelet reactivity. PEAR1, P2Y12, and UGT2A1 genetic variation were substantially associated with 
adenosine diphosphate (ADP)-induced platelet aggregation.59

According to Wang et al 2018 the CYP2C19*2 gene polymorphism increased the incidence of high on-treatment platelet 
reactivity (HTPR), which indicates clopidogrel resistance therapeutic in CHD.36 CYP2C19*2 rs4244285 and rs4986893 
variation causing lower levels of clopidogrel metabolite compounds, resulting in clopidogrel resistance.31 CYP2C19*2 has 
been linked to an increased risk of HTPR when using clopidogrel. SNPs in Circadian Locomotor Output Cycles Kaput 
(CLOCK), Cryptochrome Circadian Regulator 1 (CRY1), Calcium Voltage-Gated Channel Subunit Alpha1 C (CACNA1C), 
and Protein Kinase C Gamma (PRKCG) affect platelet activity in clopidogrel-treated patients via the circadian rhythm system, 
according to Su et al 2021.62 The circadian rhythm system keeps track of the body cycle time and serves as the foundation for 
physiological and biochemical tasks. Circadian rhythm genes have a role in several heart-related disorders.63 Several 
investigations have discovered that the CLOCK gene is involved in age-related cardiovascular disorders (such as ischemic 
heart disease and cardiomyopathy) and that variations in expression impact myocardial cell regeneration.64 CLOCK mRNA 
expression was high (p = 0.034) in individuals with an AG genotype of rs1801260. It affects blood glucose homeostasis, which 
changes the reaction to clopidogrel.62

The TC genotype rs3745406 in PRKCG can reduce clopidogrel resistance-causing mRNA expression. PRKCG is 
a gene that plays a significant role in behavioral and emotional disorder susceptibility.65 Major depressive illness, 
unpleasant life experiences, anxiety, and depression, all of which are predictors of endothelium and platelet reactivity, can 
be altered by PRKCG rs3745406.66 As a result, changing PRKCG expression may affect clopidogrel response by 
affecting mood. Polymorphisms of CRY1 and CACNA1C can also alter the response to clopidogrel, although not via 
mRNA expression.67 In one investigation, the CRY1 variant rs10861688 correlates with depression. CACNA1C 
rs2007044 impacts left Inferior Frontal Gyrus (IFG) activation, leading to behavioral and emotional vulnerability, 
specifically schizophrenia, according to other studies.68 As a result, emotional changes often impact the efficacy of 
clopidogrel/antiplatelet treatment. As a result, these SNPs have the potential as markers to guide individual treatment by 
assessing cardiovascular risk and considering antiplatelet therapy in the future.

Finally, SNPs as biomarkers could assess illness susceptibility, disease screening, diagnostics, prognosis, patient 
stratification (based on patient response or side effects/adverse medication responses), drug dose, monitoring drug 
response, and predicting drug resistance.69 Genetic influences may affect medication metabolism, transport, effects, 
and side effects, resulting in differences in treatment response across individuals.70 Combining and exploiting multiple 
types of individual genetic information can be used to personalize therapy.71 On a bigger scale, the research found that 
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over 3,000,000 SNPs are associated with population differences depending on location and ethnicity, known as 
population, differentiated SNPs (pdSNPs). Then, it found that 1443 drugs were affected by at least one pdSNP. It is 
a matter of consideration whether a drug is qualified to be effective in a particular population. Can it be administered to 
another without additional testing? Should the drug be retested in another population before being administered?72 Based 
on this case, SNPs can be tools for diagnostics, determining, or predicting the effectiveness of therapy.

Furthermore, our strength lies in providing comprehensive information on the potential of SNPs as biomarkers and 
their effects on risk factors for coronary heart disease, systematically. However, this review has some limitations. First, 
we included a large variety of study designs and methods due to the limited number of articles that were published on this 
specific topic. However, we overcome the heterogeneity of the included studies, by conducting the review in a narrative 
way and outlining the current evidence. Second, both reporting and publication bias may exist, because we only included 
published studies. Inevitably, positive findings have a higher chance of being published, rather than negative results. We 
also did not consider grey literature to ensure comparability among included studies.

Conclusion
The findings of this study indicate that gene polymorphisms or SNPs may increase risk factors for coronary heart disease. 
SNPs show different effects between individuals. The existence of SNPs causes alterations in the physiological processes 
of the body, which leads to increased LDL, blood vessel inflammation, atherosclerosis, homocysteine, and decrease 
therapeutic efficiency. This demonstrates that knowledge of SNP on CHD risk factors can be used to develop biomarkers 
for diagnostics and therapeutic response prediction to decide successful therapy and become the basis for defining 
personalized medicine in future.
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