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Abstract

Heart failure (HF) is a major global health challenge. It causes high morbidity, mortality, and economic burden. 
Despite therapeutic advances, long-term outcomes remain poor, and benefits have stagnated. This drives the 
search for novel, cost-effective treatments, including drug repurposing (DR). This review highlights Mendelian 
randomization (MR) and genome-wide association study (GWAS) data as key tools for DR and target identification 
in HF. GWAS, MR analyses, and integrative genomics datasets were used to investigate the genetics of HF and drug 
targets. This GWAS-MR-based review presents evidence for repurposing GWAS-MR tools, such as Proprotein 
convertase subtilisin kexin9 inhibitors, urate-lowering drugs, and lipid-modifying drugs, for HF treatment. It 
also discusses how to prioritize HF drug targets and reduce confounding and reverse causality. GWAS and MR 
together provide a genetically informed approach for HF therapy and target discovery. These methods can speed 
up target selection and optimize precision HF treatment using suitable datasets. The author anticipates that future 
advances in GWAS and MR data will further their use for DR in HF.
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INTRODUCTION

Heart failure (HF) is a major contributor 
to global illness and death (morbidity 
and mortality). It is a leading cause of 

hospital admission due to heart and blood vessel 
(cardiovascular) problems worldwide.[1] HF is 
highly complex and varied (heterogeneous), with 
several disease processes (pathophysiological 
pathways) causing worsening HF and reducing 
the heart’s ability to pump blood around the 
body.[2-4] Despite advances with drugs such 
as angiotensin-converting enzyme (ACE) 
inhibitors, beta-blockers, and sodium-glucose 
cotransporter 2 inhibitors, progress in HF 
therapy has slowed. Outcomes have stagnated, 
putting patients at higher risk and leading to 
increased deaths and hospitalizations. This 
also leads to a poor quality of life and worsens 
it, along with increased treatment costs due 
to longer hospital stays.[5,6] These patterns 
highlight the urgency of identifying disease 
causes and developing cost-effective, practical 
strategies, including genetic research methods, 
such as Mendelian randomization (MR) and 
genome-wide association studies (GWAS).[7]

MR is a genetic instrumental variable-based method. It 
enhances causal estimation of modifiable risk factors using 
observational data. MR controls for confounding (when other 
variables affect both cause and effect) and reverse causation 
(when it is unclear whether the outcome influences the 
exposure). It is a cost-effective, scalable system for ranking 
risk factors and substantiating drug targets. MR is especially 
useful when randomized controlled trials (RCTs) – studies 
that randomly assign participants to different interventions – 
are infeasible. It exploits the random assignment of genetic 
variants at conception.[8] GWAS are extensive, hypothesis-
free studies. They identify statistical relationships between 
common genetic variants (frequent differences in DNA) 
and complex phenotypes (observable traits or diseases). By 
discovering novel loci (genetic locations) and clarifying 
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biological pathways, GWAS aid understanding of polygenic 
disease (conditions influenced by many genes) and risk 
prediction. GWAS contribute to medicine and agriculture.[9] 
Drug repurposing (DR) is a process of identifying and applying 
approved pharmaceuticals or those in development for new 
purposes. This approach could reduce the time to develop 
new medicines, lower costs, and lower clinical risk. It can 
broaden therapeutic opportunities in cancer, rare disorders, 
infections, and cardiovascular diseases.[10]

In this review, the author reports on the critical roles of MR and 
GWAS in advancing DR in HF, including their mechanisms 
of action, drug targets, and the repurposing of existing drugs. 
A literature search was conducted in PubMed, Scopus, and 
Web of Science for studies published between 2010 and 2025 
using the keywords “Mendelian randomization,” “GWAS,” 
“heart failure,” and “drug repurposing.” Studies were 
screened based on relevance to genetic causal inference in 
HF, and duplicate or non-human studies were excluded.

MR AND GWAS STUDIES

DR studies with binary (yes/no) and continuous (range of 
values) traits aim to determine whether a medicine’s main 
effect is effective and whether it can be used in the same 
way as a new medicine. These studies also seek to encourage 
new interactions between genes and drugs, and to share new 
knowledge, meanings, and uses for existing drugs.[11] GWAS 
data are commonly used to examine the effects of different 
genetic variants on a trait.[12] GWAS loci are specific regions 
of the genome that are likely to harbor genetic variants 
associated with certain traits. Several bioinformatics databases 
provide tools for linking genetic variants to known traits or to 
publicly available GWAS summary statistics.[13] This enables 
researchers to explore genetic data and better understand 
the genetic basis of traits.[14] For example, HaploReg and 
RegulomeDB use dbSNP, a database of genetic variants, to 
retrieve gene details for specific variants found in GWAS 
summary statistics.[15,16] In addition to these databases, the 
recall-by-genotype model offers a fast, accurate way to share 
data across different genetic variants from various GWAS.[17]

As described earlier, MR utilizes genetic variants as 
instrumental variables to infer potential causal relationships 
between exposures and disease outcomes. The principles 
of MR are based on Mendel’s laws of inheritance and 
instrumental variable estimation methods, which enable the 
inference of causal effects in the presence of unobserved 
confounding.[18] MR can provide genetically informed 
evidence suggesting potential causal relationships between 
exposures and disease outcomes. Before the development 
of MR, clinical experimental studies were used to establish 
causality, if randomization of subjects in clinical studies – 
the gold standard of obtaining unbiased post-causal in many 
cases – can be applied.[19] The key problem with clinical 
experiment studies is ethical, human, financial, and practical 

constraints, which mean that only small studies can be 
designed to investigate a limited number of exposures and 
the survey’s relevance to application populations.[20,21]

Causal inference would therefore be enhanced if causal 
relationships could not only be tested using a method that 
circumvents the problems of unmeasured confounding and 
avoidance, but also provide knowledge at the population 
level. Significant progress has been made to expand the 
analysis of non-linear treatments in an applied MR setting.[22] 
These include assessing the direction of causal effects, which 
are null due to a violation of the exclusion restriction criterion 
from reverse causality, and using combinations of genetic 
variants in an MR approach.[23] This was conducted, for 
example, to estimate the causal relationship between high-
density lipoprotein cholesterol and type 2 diabetes.[24] While 
several MR studies have identified lipid-related targets, 
such as proprotein convertase subtilisin kexin9 (PCSK9) 
and 3-hydroxy-3-methylglutaryl-coenzyme A reductase 
(HMGCR), as potential therapeutic candidates, differences in 
GWAS sample sizes, instrument selection, and methods for 
correcting for pleiotropy lead to variability in effect estimates 
across studies.

APPLICATIONS OF GWAS DATA IN DR

Despite inherent limitations, MR analysis has been considered 
a powerful method to infer causality between drug targets 
and drug indications.[25] The final assessment of discovered 
DR must go through clinical trials and the practice of drug 
repositioning, all of which involve systematically assessing 
the safety and efficacy of a repurposed drug in the context of 
the drug-disease association.[26] Most importantly, GWAS data 
can provide clues to potential side effects and relationships 
of drugs.[27] Furthermore, GWAS summary data could be 
utilized as an essential part of MR analysis for DR.[28] GWAS 
summary statistics are increasing exponentially due to the rapid 
development of DNA chip-based genotyping technology, and 
international, multi-consortia studies are aggregating GWAS 
meta-analysis data across various phenotypes.[29] Because 
large-effect-size loci are key in identifying drug targets, 
mounting GWAS loci does not directly increase the rate of drug 
development, but there are interesting benefits.[30] First, GWAS 
loci target the root causes of diseases, not the symptoms.[31] 
Therefore, evaluating suggested drug targets is recognized as 
an essential process in drug development. Second, molecular 
traits strongly associated with GWAS loci can provide not only 
genomic-based validation of drug targets but also clues for 
predicting which existing drugs might have beneficial effects 
on a given disease or be liable to new on- or off-target effects.[32]

MECHANISMS OF DR IN HF TREATMENT

HF is a complex and multifaceted clinical syndrome. It is 
the endpoint of many cardiovascular diseases.[33] Among 
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patients with coexisting multimorbidities, such as diabetes 
and hypertension, HF affects about 50% of individuals.[34] 
The heterogeneity in HF etiology complicates the selection 
of appropriate therapeutic strategies. This makes it harder to 
reduce the economic burden and improve patient care.[35] MR 
and GWAS data provide strong statistical support for novel 
drug treatments in individuals with diverse comorbidities, 
including those associated with HF. This support holds 
potential to guide multi-target DR for HF treatment.[36]

Drug development is a long, costly, and often failing process. 
Due to high drug failure rates, DR is an attractive alternative 
for drug development.[37] Traditional DR methods rely on 
pre-clinical or clinical experiments. Both approaches are 
time-consuming and expensive. With new genetic and 
genomic methods, it is now feasible to evaluate if drugs have 
intended on-target or unintended off-target effects with high 
confidence.

Pharmacogenomics research can use genetic data to support 
DR in several scenarios.[38] First, genetic markers can be 
identified and used to categorize patients by potential drug 
response.[39] In this way, existing drugs whose efficacy is tied 
to off-target side effects might be repurposed as indication-
specific prescriptions.[40] Second, genetic variation can 
guide the development of new treatment strategies. This 
may improve the clinical use of medications, address 
underutilization of clinical effectiveness, reduce clinical 
cardiotoxicity, or increase patient adherence.[41] Using 
genetics and genomics in pharmacogenomics research and 
clinical practice is thus a crucial challenge for effective DR 
for HF.

MR can also be used to identify a target more likely to have 
a therapeutic effect and less likely to cause side effects.[42] 
GWASs have been carried out a lot when hundreds of thousands 
of samples are available; these summary statistics can be 
used to determine whether a potential target has a beneficial 
or harmful effect (e.g., the impact of cholesterol, diastolic 
blood pressure, type 2 diabetes on HF, and the effect of 
warfarin, metoprolol, digoxin, and atorvastatin on HF were 
tested). A recent study showed that an integrated platform 
(heterogeneity in dependent instruments) is available to test 
for pleiotropy and identify potential drug targets.[43] Notably, 
some of these single-nucleotide polymorphisms targeting 
genes identified from GWAS were located in non-coding 
regions [Figure 1].[44]

CASE STUDIES OF SUCCESSFUL DR IN 
HF

MR can selectively block genes, making it superior to 
drug connectivity [Table 1]. Characterized drug targets in 
the therapeutic drug target database were relevant to MR 
results.[45] Clinical trial remnants linked drugs to known 
therapeutic effects, and treatment outcomes correlated 

positively with MR.[46] Thus, in clinical development, 
DNA testing was included in research assessing the risk of 
acute cardiovascular diseases, drug metabolic effects, and 
treatments, such as stroke, due to possible market risks.[47] 
In DR, the risk of gout – a common comorbidity with HF 
– increases with uric acid levels. Allopurinol, which lowers 
uric acid,[48] was associated with lower HF risk in genetically 
defined uric acid studies, suggesting it may be beneficial.[49]

MR studies can help reposition drugs. The HMGCR gene 
encodes a key enzyme in cholesterol biosynthesis and is 
the target of statins. Studies using HMGCR genetic variants 
show that genetically proxied inhibition of HMGCR lowers 
LDL cholesterol and reduces cardiovascular risk.[50] About 

Figure 1: Mendelian randomization-based drug repurposing 
workflow

Table 1: Potential drug targets identified through MR 
and GWAS for heart failure

Gene Biological 
pathway

Drug Clinical status

PCSK9 Lipid 
metabolism

PCSK9 
inhibitors

Approved

HMGCR Cholesterol 
synthesis

Statins Approved

IL6R Inflammatory 
signaling

Tocilizumab Investigational

NPC1L1 Cholesterol 
absorption

Ezetimibe Approved

GWAS: Genome‑wide association study, MR: Mendelian 
randomization, PCSK9: Proprotein convertase subtilisin/kexin 
type 9, HMGCR: 3‑hydroxy‑3‑methylglutaryl‑coenzyme A 
reductase, IL6R: Interleukin, NPC1L1: Niemann‑pick C1‑like 1
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117 million people have sequences predicting decreased 
HMGCR function. This suggests some patients may benefit 
intentionally or off-target from this drug.[51]

CHALLENGES AND LIMITATIONS IN DR 
FOR HF

HF is a complex clinical disorder that is the endpoint of 
many cardiovascular diseases, such as coronary heart 
disease, hypertension, and valve dysfunction, as identified 
by the standard clinical definition of HF (ejection fraction of 
<0.40) accepted by the American College of Cardiology and 
the European Society of Cardiology guidelines.[52] The main 
limitation of traditional HF treatment is that it focuses on 
improving circulation and water excretion through diuretics, 
digitalis, vasodilators, ACE inhibitors, and β-blockers, but 
does not address the HF condition. In cases of HF with a low 
EF (i.e., with 0.37 ± 0.05), one-third of it is due to systolic 
HF, in which the heart’s pumping function is impaired, and 
two-thirds is due to diastolic HF, in which the filling function 
of the heart is affected.[53] The availability of outcome data 
after cardiac medication prescription is valuable but is often 
not prospectively collected in accordance with present HF 
care recommendations.[54] This is a process that may form 
part of a real-world evidence piece when predicting what 
may be associated with a particular drug treatment.[55] The 
use of the UK Biobank in MR studies has limitations, as it is 
often based on people of European descent, and inferences 
in other ethnic groups are less reliable due to over- or under-
representation based on calculated P-values.[56] However, 
the large population intentionally collected, with deep 
phenotypic and genetic data, is advantageous, particularly for 
examining the genomic basis of rare diseases or investigating 
unexplained lived experiences.[57]

One of the critical aspects in DR is the availability of high-
quality data sources.[58] In addition to being of high quality, 
the data from these sources should be interpretable for the 
disease of interest and the drug.[59] For phenome-wide 
MR studies, the use of the UK Biobank is particularly 
advantageous, especially where HF is the disease of interest, 
with over 200,000 individuals meeting the outcome criteria, 
and studies of more than 500,000 persons can provide data 
for the exposure of interest.[60] The use of Hospital Episode 
Statistics data, combined with primary care data, also includes 
information on people with HF managed in the community 
who require no hospital care, which is particularly important 
given the high rate of hospital readmissions after acute 
decompensation with HF.[61] This system provides a rich 
database comprising validated primary and secondary care 
data linked to critical endpoints, such as the hospital record, 
the death register, and potentially the cancer register.[62]

To ensure fair representation, effective use of trial knowledge 
requires early and thorough application of social and ethical 
principles in drug development.[63] The same approach should 

be incorporated into the planning of trials that use matched 
medications for similar conditions.[64] Prospective testing and 
comparison of endpoints between treatment groups can then 
reveal differences in ICD risks that may support differences 
in inadequate treatment effects.[65]

The propensity for bias of observational studies means that 
reduced reliance on RCTs is now unlikely.[66] Moreover, MR 
is not without its drawbacks.[67] From an ethical point of view, 
limiting the analysis only to studies in which genetic information 
was already collected for other medical purposes can lead to 
the deployment of the “as available” principle.[68] This principle 
enables the study to be conducted on the extant substrate rather 
than with an ethical duty to perform further tests.[69] Although 
the focus is on genetic predisposition, the information typically 
comes from HWE studies that do not require consistent 
evaluation of minority frequencies to detect gene-disease 
associations.[70] Future MR studies should prioritize multi-
ancestry GWAS datasets to ensure that genetically inferred drug 
targets are applicable to diverse global populations.

FUTURE DIRECTIONS AND 
OPPORTUNITIES

We propose that MR for HF can be systematically and 
broadly applied to the development of diagnostic biomarkers. 
This can be done using large-scale-omic datasets, including 
transcriptomic, proteomic, and metabolomic datasets.[60] 
Given the many treatment options under consideration and in 
clinical trials for HF, dose-response data on relevant agents 
are urgently needed. These data, based on the above findings, 
will support efficient treatment design and target validation.[71]

Overall, MR analysis and previous analyses of HF GWAS 
data have shown that HF susceptibility loci have significant 
downstream effects on HF development and progression.[72] 
Using data from both animal models and human databases, 
such as DrugBank and DGI, we found that some drugs used 
to treat HF were previously shown to reduce the risk of 
developing HF in studies of other diseases. Notably, this was 
observed in prior studies on cancer.[73] These findings suggest 
that accumulated genetic data on human diseases may inspire 
new treatments for diverse diseases.[74]

The MR approach has been chosen to assess the causal 
relationship between PCSK9 inhibitors and HF. Specifically, 
this is a genetic linkage experiment of the type done in 
animal models of HF.[75] The congenic region carrying the 
human PCSK9 signal was derived from an outbred genetic 
background (coronary atherosclerosis-susceptible). It was 
bred onto the human inbred genetic background to produce six 
separate congenic strains. These then underwent left anterior 
descending coronary artery ligation to mimic a heart attack. 
This condition can be experimentally treated with a PCSK9 
inhibitor (alirocumab), which improves survival, reduces 
morbidity, and improves ventricular performance.[76] Among 
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the six congenic and the parental lines, four congenic lines 
showed significantly improved survival and less morbidity 
than the parental line in the days after myocardial infarction. 
This included three long-term survivors up to 50 days with 
complete anatomical remodeling. Two more lines, although 
ultimately moribund, showed temporary improvement in HF 
phenotype.[77] This study, which combines GWAS, known 
drug actions, and animal validation, provides evidence that 
PCSK9 inhibitors could be used as a potential HF drug.[78]

The increasingly large datasets from GWAS, combined with 
powerful statistical and computational genetics tools, offer 
new opportunities. They allow for the development and 
evaluation of repurposed uses for drugs that are observed to 
associate with genetic risk factors.[65] For example, genetic 
findings have established new drug targets. This led to the 
development of PCSK9 inhibitors, a new class of cholesterol-
lowering drugs. HF biomarker data show that those with 
genetically reduced PCSK9 levels have a reduced risk of 
HF.[79] Thus, human genetic data established the concept of 
using these drugs to prevent HF before any human clinical trial 
data were available.[80] A similar approach can be considered 
for a candidate drug targeting the NPC1 gene. This drug likely 
binds the angiotensin receptor two and has shown a strong 
association with HF in a trans-ethnic GWAS meta-analysis.[65]

CONCLUSION

HF is a complex and multifactorial syndrome that is 
recognized as a significant public health epidemic. Despite 
the availability of treatments, the management of HF remains 
a challenging quest. Drug development is inherently risky 
and expensive. DR is the repackaging of established drugs 
for new uses, thus reducing costs and saving time. Our review 
illustrates how data science and computational approaches 
can accelerate drug development, reduce resource waste, and 
improve quality of life for the HF patient population.

ACKNOWLEDGMENT

The author extends his appreciation to the Northern Border 
University, Arar, knowledge, skills and abilities, for providing 
the necessary facilities and support for this work.

ETHICAL DISCLOSURE

None required.

REFERENCES

1.	 Uchmanowicz I, Lee CS, Vitale C, Manulik S, 
Denfeld QE, Uchmanowicz B, et al. Frailty and the 

risk of all-cause mortality and hospitalization in 
chronic heart failure: A meta-analysis. ESC Heart Fail 
2020;7:3427-37.

2.	 Arrigo M, Jessup M, Mullens W, Reza N, Shah AM, 
Sliwa K, et al. Acute heart failure. Nat Rev Dis Primers 
2020;6:16.

3.	 Ranek MJ, Berthiaume JM, Kirk JA, Lyon RC, 
Sheikh F, Jensen BC, et al. Pathophysiology of heart 
failure and an overview of therapies. In: Cardiovascular 
Pathology. Elsevier; 2022. p. 149-221. Available 
from: https://linkinghub.elsevier.com/retrieve/pii/
b9780128222249000256 [Last accessed on 2026 Mar 10].

4.	 Laurence C, Burch M. Understanding heart failure: 
Pathophysiology and approach to therapy. Paediatr Child 
Health 2021;31:61-7.

5.	 Pascual-Figal D, Bayes-Genis A. Looking for the ideal 
medication for heart failure with reduced ejection 
fraction: A narrative review. Front Cardiovasc Med 
2024;11:1439696.

6.	 Vanneste A, Barbier L, Missotten R, Desmet T, 
Droogné W, Michelsen S, et al. Heart failure patients’ 
perspectives on treatment outcomes and unmet medical 
needs: A qualitative preference study. ESC Heart Fail 
2024;11:3075-84.

7.	 Rasooly D, Giambartolomei C, Peloso GM, Dashti H, Ferolito 
BR, Golden D, et al. Large-Scale Mendelian Randomization 
Identifies Novel Pathways as Therapeutic Targets for Heart 
Failure with Reduced Ejection Fraction and with Preserved 
Ejection Fraction; 2024. Available from: https://medrxiv.org/
lookup/doi/10.1101/2024.03.22.24304728 [Last accessed 
on 2026 Mar 10].

8.	 Richmond RC, Davey Smith G. Mendelian 
randomization: Concepts and scope. Cold Spring Harb 
Perspect Med 2022;12:a040501.

9.	 Uffelmann E, Huang QQ, Munung NS, De Vries J, 
Okada Y, Martin AR, et al. Genome-wide association 
studies. Nat Rev Methods Primers 2021;1:59.

10.	 Parvathaneni V, Kulkarni NS, Muth A, Gupta V. Drug 
repurposing: A promising tool to accelerate the drug 
discovery process. Drug Discov Today 2019;24:2076-85.

11.	 Abdelsayed M, Kort EJ, Jovinge S, Mercola M. 
Repurposing drugs to treat cardiovascular disease 
in the era of precision medicine. Nat Rev Cardiol 
2022;19:751-64.

12.	 Crouch DJ, Bodmer WF. Polygenic inheritance, GWAS, 
polygenic risk scores, and the search for functional 
variants. Proc Natl Acad Sci U S A 2020;117:18924-33.

13.	 Asefa NG, Kamali Z, Pereira S, Vaez A, Jansonius N, 
Bergen AA, et al. Bioinformatic prioritization and 
functional annotation of GWAS-based candidate genes 
for primary open-angle glaucoma. Genes (Basel) 
2022;13:1055.

14.	 Sohail M, Izarraras-Gomez A, Ortega-Del Vecchyo D. 
Populations, traits, and their spatial structure in humans. 
Genome Biol Evol 2021;13:evab272.

15.	 Li Y, Wang W, Gao R, Xu X, Zhang Y. Genome-wide 
prioritization reveals novel gene signatures associated 



Alenezi: MR/GWAS-based drug repurposing for heart failure

Asian Journal of Pharmaceutics • Jan-Mar 2026 • 20 (1) | 18

with cardiotoxic effects of tyrosine kinase inhibitors. 
Oncol Lett 2021;21:94.

16.	 Sun X, Gao X, Mu B, Wang Y. Understanding the role 
of corneal biomechanics-associated genetic variants by 
bioinformatic analyses. Int Ophthalmol 2022;42:981-8.

17.	 Lancaster T, Creese B, Escott-Price V, Driver I, 
Menzies G, Khan Z, et al. Proof-of-concept recall-by-
genotype study of extremely low and high Alzheimer’s 
polygenic risk reveals autobiographical deficits and 
cingulate cortex correlates. Alzheimers Res Ther 
2023;15:213.

18.	 Sanderson E, Glymour MM, Holmes MV, Kang H, 
Morrison J, Munafò MR, et al. Mendelian randomization. 
Nat Rev Methods Primers 2022;2:6.

19.	 Bell KJ, Loy C, Cust AE, Teixeira-Pinto A. Mendelian 
randomization in cardiovascular research: Establishing 
causality when there are unmeasured confounders. Circ 
Cardiovasc Qual Outcomes 2021;14:e005623.

20.	 Jamrozik E, Selgelid MJ. Human Challenge Studies in 
Endemic Settings: Ethical and Regulatory Issues. Cham: 
Springer International Publishing; 2021. Available from: 
https://link.springer.com/10.1007/978-3-030-41480-1 
[Last accessed on 2026 Mar 10].

21.	 Liu F, Panagiotakos D. Real-world data: A brief review of 
the methods, applications, challenges and opportunities. 
BMC Med Res Methodol 2022;22:287.

22.	 Lovegrove CE, Howles SA, Furniss D, Holmes MV. 
Causal inference in health and disease: A review of the 
principles and applications of Mendelian randomization. 
J Bone Miner Res 2024;39:1539-52.

23.	 Taschler B, Smith SM, Nichols TE. Causal inference 
on neuroimaging data with Mendelian randomisation. 
Neuroimage 2022;258:119385.

24.	 Yan Z, Xu Y, Li K, Liu L. Association between high-
density lipoprotein cholesterol and type 2 diabetes 
mellitus: Dual evidence from NHANES database and 
Mendelian randomization analysis. Front Endocrinol 
(Lausanne) 2024;15:1272314.

25.	 Michoel T, Zhang JD. Causal inference in drug discovery 
and development. Drug Discov Today 2023;28:103737.

26.	 Zhan P, Yu B, Ouyang L. Drug repurposing: An effective 
strategy to accelerate contemporary drug discovery. 
Drug Discov Today 2022;27:1785-8.

27.	 Wu Y, Byrne EM, Zheng Z, Kemper KE, Yengo L, 
Mallett AJ, et al. Genome-wide association study 
of medication-use and associated disease in the UK 
Biobank. Nat Commun 2019;10:1891.

28.	 Reay WR, Cairns MJ. Advancing the use of genome-
wide association studies for drug repurposing. Nat Rev 
Genet 2021;22:658-71.

29.	 Sun N, Zhao H. Statistical methods in genome-wide 
association studies. Annu Rev Biomed Data Sci 
2020;3:265-88.

30.	 Forgetta V, Jiang L, Vulpescu NA, Hogan MS, Chen S, 
Morris JA, et al. An effector index to predict target genes 
at GWAS loci. Hum Genet 2022;141:1431-47.

31.	 Schaefer AS. Complementary experimental methods in 

genetics open up new avenues of research to elucidate the 
pathogenesis of periodontitis. In: Santi-Rocca J, editor. 
Periodontitis. Cham: Springer International Publishing; 
2022. p. 209-27.

32.	 Tanoli Z, Vähä-Koskela M, Aittokallio T. Artificial 
intelligence, machine learning, and drug repurposing in 
cancer. Expert Opin Drug Discov 2021;16:977-89.

33.	 La Vecchia G, Fumarulo I, Caffè A, Chiatto M, 
Montone RA, Aspromonte N. Microvascular dysfunction 
across the spectrum of heart failure pathology: 
Pathophysiology, clinical features and therapeutic 
implications. Int J Mol Sci 2024;25:7628.

34.	 Meireles MA, Gonçalves J, Neves J. Acute heart failure 
comorbidome: The impact of everything else. Acta Med 
Port 2020;33:109-15.

35.	 Saku K, Yokota S, Nishikawa T, Kinugawa K. 
Interventional heart failure therapy: A new concept 
fighting against heart failure. J Cardiol 2022;80:101-9.

36.	 Zhang W, Zhao J. Network pharmacology and modern 
drug R&D cases. In: Li S, editor. Network Pharmacology. 
Singapore: Springer; 2021. p. 247-320.

37.	 Chaffey L, Roberti A, Greaves DR. Drug repurposing 
in cardiovascular inflammation: Successes, failures, and 
future opportunities. Front Pharmacol 2022;13:1046406.

38.	 Talevi A. Drug repositioning: Current approaches and 
their implications in the precision medicine era. Expert 
Rev Precis Med Drug Dev 2018;3:49-61.

39.	 Hegde S, Andrian SM, Sajal H, Mallikarjunappa AK, 
Benny A, Elayaperumal S. Systems biology approaches 
for precision medicine. In: Joshi S, Ray RR, 
Nag M, Lahiri D, editors. Systems Biology Approaches: 
Prevention, Diagnosis, and Understanding Mechanisms 
of Complex Diseases. Singapore: Springer Nature; 2024. 
p. 271-97. Available from: https://doi.org/10.1007/978-
981-99-9462-5_11 [Last accessed on 2024 Sep 28].

40.	 Spellicy SE, Hess DC. Recycled translation: Repurposing 
drugs for stroke. Transl Stroke Res 2022;13:866-80.

41.	 Maddox TM, Januzzi JL Jr., Allen LA, Breathett K, 
Brouse S, Butler J, et al. 2024 ACC expert consensus 
decision pathway for treatment of heart failure with 
reduced ejection fraction: A report of the American 
college of cardiology solution set oversight committee. 
J Am Coll Cardiol 2024;83:1444-88.

42.	 Gill D, Georgakis MK, Walker VM, Schmidt AF, 
Gkatzionis A, Freitag DF, et al. Mendelian randomization 
for studying the effects of perturbing drug targets. 
Wellcome Open Res 2021;6:16.

43.	 Folkersen L, Gustafsson S, Wang Q, Hansen DH, 
Hedman ÅK, Schork A, et al. Genomic and drug target 
evaluation of 90 cardiovascular proteins in 30,931 
individuals. Nat Metab 2020;2:1135-48.

44.	 Ren N, Dai S, Ma S, Yang F. Strategies for activity 
analysis of single nucleotide polymorphisms associated 
with human diseases. Clin Genet 2023;103:392-400.

45.	 Estrada K, Froelich S, Wuster A, Bauer CR, Sterling T, 
Clark WT, et al. Identifying therapeutic drug targets using 
bidirectional effect genes. Nat Commun 2021;12:2224.



Alenezi: MR/GWAS-based drug repurposing for heart failure

Asian Journal of Pharmaceutics • Jan-Mar 2026 • 20 (1) | 19

46.	 Liu J, Cheng Y, Li M, Zhang Z, Li T, Luo XJ. 
Genome-wide Mendelian randomization identifies 
actionable novel drug targets for psychiatric disorders. 
Neuropsychopharmacology 2023;48:270-80.

47.	 Huebner T, Steffens M, Scholl C. Molecular genetic 
techniques in biomarker analysis relevant for drugs 
centrally approved in Europe. Mol Diagn Ther 
2022;26:89-103.

48.	 Cantrell MS, Soto-Avellaneda A, Wall JD, Ajeti AD, 
Morrison BE, Warner LR, et al. Repurposing drugs to 
treat heart and brain illness. Pharmaceuticals (Basel) 
2021;14:573.

49.	 Ansari-Ramandi MM, Maleki M, Alizadehasl A, 
Amin A, Taghavi S, Alemzadeh-Ansari MJ, et al. Safety 
and effect of high dose allopurinol in patients with 
severe left ventricular systolic dysfunction. J Cardiovasc 
Thorac Res 2017;9:102-7.

50.	 Dabiri H, Mortezaei Z. Genome-wide association study 
of therapeutic response to statin drugs in cardiovascular 
disease. Sci Rep 2024;14:18005.

51.	 Li J, Tang X, Xu J, Liu R, Jiang L, Xu L, et al. HMGCR 
gene polymorphism is associated with residual 
cholesterol risk in premature triple-vessel disease 
patients treated with moderate-intensity statins. BMC 
Cardiovasc Disord 2023;23:317.

52.	 Bangsa NK, Romdoni R, Subagyo S. Clinical 
symptoms of patient with heart failure in Dr. Soetomo 
General Hospital: A descriptive study. JUXTA J Ilmiah 
Mahasiswa Kedokteran Univ Airlangga 2021;12:61-5.

53.	 Chaudhry SP, Stewart GC. New pharmacological and 
technological management strategies in heart failure. 
Vasc Health Risk Manag 2017;13:111-21.

54.	 Nagamine T, Gillette B, Kahoun J, Burghaus R, Lippert J, 
Saxena M. Data-driven identification of heart failure 
disease states and progression pathways using electronic 
health records. Sci Rep 2022;12:17871.

55.	 Ito M, Maeda D, Matsue Y, Shiraishi Y, Dotare T, 
Sunayama T, et al. Association between class of 
foundational medication for heart failure and prognosis 
in heart failure with reduced/mildly reduced ejection 
fraction. Sci Rep 2022;12:16611.

56.	 Shaaban S, Ji Y. Pharmacogenomics and health disparities, 
are we helping? Front Genet 2023;14:1099541.

57.	 Verma A, Bradford Y, Dudek S, Lucas AM, Verma SS, 
Pendergrass SA, et al. A simulation study investigating 
power estimates in phenome-wide association studies. 
BMC Bioinformatics 2018;19:120.

58.	 Matalonga L, Hernández-Ferrer C, Piscia D, Solve-RD 
SNV-indel Working Group, Cohen E, Cuesta I, et al. 
Solving patients with rare diseases through programmatic 
reanalysis of genome-phenome data. Eur J Hum Genet 
2021;29:1337-47.

59.	 Jarada TN, Rokne JG, Alhajj R. A review of computational 
drug repositioning: Strategies, approaches, opportunities, 
challenges, and directions. J Cheminform 2020;12:46.

60.	 Wang Z, Chen S, Zhu Q, Wu Y, Xu G, Guo G, et al. 
Using a two-sample Mendelian randomization method 

in assessing the causal relationships between human 
blood metabolites and heart failure. Front Cardiovasc 
Med 2021;8:695480.

61.	 DeAngelo S, Gajjar R, Bittar-Carlini G, Aryal B, 
Pinnam B, Malkani S, et al. Predictors and trends 
of 30-day readmissions in patients with acute 
decompensated heart failure with preserved ejection 
fraction: Insight from the national readmission database. 
Int J Heart Fail 2025;7:21-9.

62.	 Jahangiri S, Abdollahi M, Rashedi E, 
Azadeh-Fard N. A machine learning model to predict 
heart failure readmission: Toward optimal feature set. 
Front Artif Intell 2024;7:1363226.

63.	 Farasati Far B. Artificial intelligence ethics in precision 
oncology: Balancing advancements in technology with 
patient privacy and autonomy. Explor Target Antitumor 
Ther 2023;4:685-9.

64.	 Yildirim O, Gottwald M, Schüler P, Michel MC. 
Opportunities and challenges for drug development: 
Public-private partnerships, adaptive designs and big 
data. Front Pharmacol 2016;7:461.

65.	 Yang CY, Kuo S, Lai EC, Ou HT. Three-step matching 
algorithm to enhance between-group comparability and 
minimize confounding in comparative effectiveness 
studies. Sci Rep 2022;12:214.

66.	 Steinberg E, Ignatiadis N, Yadlowsky S, Xu Y,  
Shah N. Using public clinical trial reports to probe non-
experimental causal inference methods. BMC Med Res 
Methodol 2023;23:204.

67.	 Amini M, Van Leeuwen N, Eijkenaar F, Van De Graaf R, 
Samuels N, Van Oostenbrugge R, et al. Estimation of 
treatment effects in observational stroke care data: 
Comparison of statistical approaches. BMC Med Res 
Methodol 2022;22:103.

68.	 Yang Z, Schooling CM, Kwok MK. Credible Mendelian 
randomization studies in the presence of selection bias 
using control exposures. Front Genet 2021;12:729326.

69.	 Horton R, Lucassen A. Ethical considerations in research 
with genomic data. New Bioeth 2023;29:37-51.

70.	 Saylor KW, Martschenko DO. Promoting diagnostic 
equity: Specifying genetic similarity rather than race or 
ethnicity. J Med Ethics 2023;49:820-1.

71.	 Correale M, Tricarico L, Fortunato M, Mazzeo P, 
Nodari S, Di Biase M, et al. New targets in heart failure 
drug therapy. Front Cardiovasc Med 2021;8:665797.

72.	 Shah S, Henry A, Roselli C, Lin H, 
Sveinbjörnsson G, Fatemifar G, et al. Genome-wide 
association and Mendelian randomisation analysis 
provide insights into the pathogenesis of heart failure. 
Nat Commun 2020;11:163.

73.	 Škubník J, Bejček J, Pavlíčková VS, Rimpelová S. 
Repurposing cardiac glycosides: Drugs for heart failure 
surmounting viruses. Molecules 2021;26:5627.

74.	 Yu P, Liang P, Pang S, Yuan W, Zhao Y, Huang Q. The 
function, role and process of DDX58 in heart failure and 
human cancers. Front Oncol 2022;12:911309.

75.	 Zhang L, Liu W, Sun W, Wang X, Tian M, Pei LL, et al. 



Alenezi: MR/GWAS-based drug repurposing for heart failure

Asian Journal of Pharmaceutics • Jan-Mar 2026 • 20 (1) | 20

Heart failure and ischemic stroke: A bidirectional and 
multivariable Mendelian randomization study. Front 
Genet 2021;12:771044.

76.	 Wang F, Li M, Zhang A, Li H, Jiang C, Guo J. PCSK9 
modulates macrophage polarization-mediated ventricular 
remodeling after myocardial infarction. J Immunol Res 
2022;2022:7685796.

77.	 Adams E, McCloy R, Jordan A, Falconer K, Dykes IM. 
Direct reprogramming of cardiac fibroblasts to repair the 
injured heart. J Cardiovasc Dev Dis 2021;8:72.

78.	 Laudette M, Lindbom M, Arif M, Cinato M, 
Ruiz M, Doran S, et al. Cardiomyocyte-specific PCSK9 

deficiency compromises mitochondrial bioenergetics 
and heart function. Cardiovasc Res 2023;119:1537-52.

79.	 Trudsø LC, Ghouse J, Ahlberg G, Bundgaard H, Olesen MS. 
Association of PCSK9 loss-of-function variants with risk 
of heart failure. JAMA Cardiol 2023;8:159-66.

80.	 Perrot N, Valerio V, Moschetta D, Boekholdt SM, 
Dina C, Chen HY, et al. Genetic and in vitro inhibition 
of PCSK9 and calcific aortic valve stenosis. JACC Basic 
Transl Sci 2020;5:649-61.

Source of Support: Nil. Conflicts of Interest: None declared.


