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Abstract: Heart attack, also known as myocardial infarction (MI), remains one of the most pressing health concerns worldwide. While 

common risk factors such as hypertension, diabetes, smoking, and obesity explain much of the disease burden, they cannot fully account 

for why some individuals develop MI while others with similar lifestyles do not. This observation has directed attention toward genetic 

susceptibility. Over the past two decades, advances in genome-wide association studies (GWAS), family-based investigations, and 

candidate gene research have identified numerous genomic regions associated with coronary artery disease (CAD) and myocardial 

infarction [3,4,7,22]. This review summarizes current evidence regarding the genetic basis of MI, highlighting key susceptibility genes, 

biological pathways, polygenic risk scores, gene–environment interactions, and emerging applications in personalized cardiovascular 

medicine [6, 21, 24]. 
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1. Introduction 
 

Heart attack continues to be one of the leading causes of 

death worldwide. Cardiovascular diseases account for 

millions of deaths annually, with myocardial infarction 

representing a major contributor to global mortality and 

morbidity [1,2]. Traditional risk factors such as unhealthy 

diet, smoking, obesity, physical inactivity, diabetes mellitus, 

and hypertension are well-established determinants of 

disease risk [1,2]. However, considerable variation in 

disease occurrence among individuals exposed to similar 

environmental conditions suggests a substantial genetic 

component [3,4]. 

 

Family history is a well-recognized independent risk factor 

for myocardial infarction. Individuals with affected first-

degree relatives are at significantly greater risk of 

developing coronary artery disease themselves [15,20,23]. 

Advances in molecular genetics and GWAS have led to the 

identification of numerous susceptibility loci associated with 

CAD and MI, transforming our understanding of 

cardiovascular disease pathogenesis [3,4,7,22]. 

 

2. Genetic Basis of Heart Attack 
 

2.1 Genome-Wide Association Studies (GWAS) 

 

GWAS have revolutionized cardiovascular genetics by 

enabling systematic identification of common genetic 

variants associated with myocardial infarction. The most 

consistently replicated locus is chromosome 9p21, which has 

been associated with increased CAD risk across multiple 

populations [12–14]. Variants within this region influence 

nearby genes such as CDKN2A and CDKN2B, which 

regulate cell proliferation and vascular remodeling [3,4]. 

 

Subsequent large-scale GWAS have identified numerous 

additional susceptibility loci associated with coronary artery 

disease [5,7,22]. These studies have revealed genes involved 

in inflammation, lipid metabolism, endothelial function, and 

vascular remodeling. Among these, ADAMTS7 has 

emerged as an important regulator of coronary 

atherosclerosis [11]. 

 

2.2 Candidate Gene Studies 

 

Before the GWAS era, several candidate genes were 

implicated in cardiovascular disease susceptibility. 

• APOE: Variants of the apolipoprotein E gene influence 

lipid transport and cholesterol metabolism and have been 

associated with premature coronary artery disease [9,19].  

• LDLR and PCSK9: Mutations in these genes contribute 

to familial hypercholesterolemia, leading to markedly 

elevated LDL cholesterol levels and increased risk of 

premature myocardial infarction [8,16,17].  

• LPA: Genetic variants affecting lipoprotein(a) levels 

have been strongly associated with coronary artery 

disease and myocardial infarction [10].  

• F5 (Factor V Leiden) and F2 (Prothrombin): 

Mutations in coagulation-related genes increase 

thrombotic susceptibility and may contribute to acute 

coronary events.  

• Additional lipid-associated loci have also been identified 

through large-scale genetic studies, further supporting the 

role of dyslipidemia in cardiovascular disease 

development [18].  

 

2.3 Polygenic Risk Scores (PRS) 

 

Recent studies have demonstrated that the cumulative effect 

of hundreds or thousands of common genetic variants can be 

integrated into polygenic risk scores (PRS) [6,21]. PRS have 

shown promise in identifying individuals at elevated risk of 

coronary heart disease independent of traditional clinical 

risk factors and family history [6,21]. These tools may 

facilitate earlier preventive interventions and personalized 

cardiovascular risk assessment. 

 

3. Gene–Environment Interactions 
 

Genetic risk does not operate independently of 

environmental exposures. Lifestyle factors such as smoking, 

diet, obesity, and diabetes can amplify the effects of 
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susceptibility variants [4]. For example, carriers of APOE 

variants may exhibit greater sensitivity to dietary cholesterol 

[19]. Similarly, individuals carrying the chromosome 9p21 

risk allele who smoke or develop diabetes experience 

substantially increased cardiovascular risk [12–14]. These 

observations emphasize the importance of integrating 

genetic information with lifestyle modification strategies. 

 

4. Epigenetics and Regulatory Mechanisms 
 

In addition to inherited DNA sequence variation, epigenetic 

mechanisms influence susceptibility to myocardial 

infarction. DNA methylation, histone modification, and non-

coding RNAs regulate gene expression without altering 

nucleotide sequences. Environmental factors such as 

smoking, diet, and chronic stress can induce epigenetic 

alterations that affect cardiovascular gene regulation and 

atherosclerotic progression [24,25]. Furthermore, regulatory 

genes such as ADAMTS7 contribute to vascular remodeling 

and plaque development through complex molecular 

pathways [11]. 

 

5. Clinical and Public Health Implications 
 

Understanding the genetic basis of myocardial infarction has 

important clinical applications. 

• Risk Prediction: Incorporation of genetic information 

and polygenic risk scores can improve identification of 

individuals at elevated cardiovascular risk [6,21].  

• Personalized Medicine: Individuals carrying pathogenic 

PCSK9 variants may benefit from targeted lipid-

lowering therapies, including PCSK9 inhibitors [16,17].  

• Preventive Strategies: High-risk individuals identified 

through genetic testing may benefit from intensified 

lifestyle interventions and closer clinical monitoring 

[4,24].  

• Therapeutic Development: Genetic discoveries are 

facilitating the development of novel therapeutic 

approaches targeting pathways involved in 

atherosclerosis and cardiovascular disease progression 

[24].  

 

6. Future Directions 
 

Future cardiovascular genetic research should focus on 

expanding studies beyond populations of predominantly 

European ancestry to include South Asian, African, and 

Indigenous populations [3,22]. Emerging technologies 

including multi-omics, transcriptomics, epigenomics, and 

systems biology approaches are expected to provide deeper 

insights into disease mechanisms [24]. Integration of 

genetic, environmental, and clinical data may ultimately 

enable highly personalized prevention and treatment 

strategies. 

 

7. Conclusion 
 

The study of genetic susceptibility has transformed our 

understanding of myocardial infarction. Variants in genes 

such as APOE, LDLR, PCSK9, LPA, and loci including 

chromosome 9p21 significantly contribute to disease risk 

[8,10,12–19]. Nevertheless, genetic predisposition interacts 

extensively with lifestyle and environmental factors [4]. 

Continued advances in cardiovascular genomics, polygenic 

risk assessment, and precision medicine hold considerable 

promise for improving prediction, prevention, and treatment 

of myocardial infarction [6,21,24]. 

 

References 
 

[1] Kathiresan S, Srivastava D. Genetics of human 

cardiovascular disease. Cell. 2012;148(6):1242–1257. 

[2] McPherson R, Tybjaerg-Hansen A. Genetics of 

coronary artery disease. Circ Res. 2016;118(4):564–

578. 

[3] Erdmann J, Kessler T, Munoz Venegas L, Schunkert 

H. A decade of genome-wide association studies for 

coronary artery disease: The challenges ahead. 

Cardiovasc Res. 2018;114(9):1241–1257. 

[4] Khera AV, Kathiresan S. Genetics of coronary artery 

disease: Discovery, biology, and clinical translation. 

Nat Rev Genet. 2017;18(6):331–344. 

[5] Nelson CP, Goel A, Butterworth AS, Kanoni S, et al. 

Association analyses based on false discovery rate 

implicate new loci for coronary artery disease. Nat 

Genet. 2017;49(9):1385–1391. 

[6] Tada H, Melander O, Louie JZ, Catanese JJ, Rowland 

CM, Devlin JJ. Risk prediction by genetic risk scores 

for coronary heart disease is independent of self-

reported family history. Eur Heart J. 2016;37(6):561–

567. 

[7] Nikpay M, Goel A, Won HH, Hall LM, et al. A 

comprehensive 1000 Genomes–based genome-wide 

association meta-analysis of coronary artery disease. 

Nat Genet. 2015;47(10):1121–1130. 

[8] Do R, Stitziel NO, Won HH, Jørgensen AB, et al. 

Exome sequencing identifies rare LDLR and APOA5 

alleles conferring risk for myocardial infarction. 

Nature. 2015;518(7537):102–106. 

[9] Teslovich TM, Musunuru K, Smith AV, Edmondson 

AC, et al. Biological, clinical and population relevance 

of 95 loci for blood lipids. Nature. 

2010;466(7307):707–713. 

[10] Clarke R, Peden JF, Hopewell JC, Kyriakou T, et al. 

Genetic variants associated with Lp(a) lipoprotein 

level and coronary disease. N Engl J Med. 

2009;361(26):2518–2528. 

[11] Reilly MP, Li M, He J, Ferguson JF, et al. 

Identification of ADAMTS7 as a novel locus for 

coronary atherosclerosis. Nature Genet. 

2011;43(2):121–127. 

[12] Helgadottir A, Thorleifsson G, Magnusson KP, 

Gretarsdottir S, et al. The 9p21 variant and risk of 

myocardial infarction in diverse populations. N Engl J 

Med. 2007;357(4):351–360. 

[13] McPherson R, Pertsemlidis A, Kavaslar N, Stewart A, 

et al. A common allele on chromosome 9 associated 

with coronary heart disease. Science. 

2007;316(5830):1488–1491. 

[14] Samani NJ, Erdmann J, Hall AS, Hengstenberg C, et 

al. Genomewide association analysis of coronary artery 

disease. N Engl J Med. 2007;357(5):443–453. 

[15] Anderson JL, Horne BD, Camp NJ, et al. Family 

history of coronary heart disease and risk of early 

death. N Engl J Med. 2003;349(23):2131–2138. 

Paper ID: SR26829163145 DOI: https://dx.doi.org/10.21275/SR26829163145 2046 

http://www.ijsr.net/


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

Impact Factor 2025: 7.089 

Volume 15 Issue 8, August 2026 
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal 

www.ijsr.net 

[16] Benn M, Nordestgaard BG, Frikke-Schmidt R, 

Tybjaerg-Hansen A. Low LDL cholesterol due to 

PCSK9 mutations and risk of atherosclerotic 

cardiovascular disease. J Am Coll Cardiol. 

2010;55(25):2833–2842. 

[17] Abifadel M, Varret M, Rabès JP, Allard D, et al. 

Mutations in PCSK9 cause autosomal dominant 

hypercholesterolemia. Nat Genet. 2003;34(2):154–156. 

[18] Willer CJ, Schmidt EM, Sengupta S, Peloso GM, et al. 

Discovery and refinement of loci associated with lipid 

levels. Nat Genet. 2013;45(11):1274–1283. 

[19] Kathiresan S, Melander O, Anevski D, Guiducci C, et 

al. Polymorphisms associated with cholesterol and risk 

of cardiovascular events. N Engl J Med. 

2008;358(12):1240–1249. 

[20] Zdravkovic S, Wienke A, Pedersen NL, de Faire U. 

Genetic influences on coronary heart disease—A twin 

study. Twin Res. 2002;5(5):308–315. 

[21] Ripatti S, Tikkanen E, Orho-Melander M, Havulinna 

AS, et al. A multilocus genetic risk score for coronary 

heart disease. Lancet. 2010;376(9750):1393–1400. 

[22] Schunkert H, König IR, Kathiresan S, Reilly MP, et al. 

Large-scale association analysis identifies 13 new 

susceptibility loci for coronary artery disease. Nat 

Genet. 2011;43(4):333–338. 

[23] Horne BD, Anderson JL, Camp NJ. Familial 

aggregation of early-onset myocardial infarction and 

genetic risk. Circulation. 2005;112(17):2575–2580. 

[24] Rader DJ, Daugherty A. Translating molecular 

discoveries into new therapies for atherosclerosis. 

Nature. 2008;451(7181):904–913. 

[25] Lusis AJ. Atherosclerosis. Nature. 

2000;407(6801):233–241. 

Paper ID: SR26829163145 DOI: https://dx.doi.org/10.21275/SR26829163145 2047 

http://www.ijsr.net/



