Heliyon 10 (2024) e34552

Contents lists available at ScienceDirect

52 CelPress Heliyon

journal homepage: www.cell.com/heliyon

Research article

Genetic factors related to aspirin resistance using the Multiplate®
device in Hong Kong Chinese patients with stable coronary
heart disease

Weiwei Zeng >', Tanya TW. Chu b1 Elaine YK. Chow ", Miao Hu ", Benny SP. Fok”,
Juliana CN. Chan”, Bryan PY. Yan ", Brian Tomlinson >%"
@ Shenzhen Longgang Second People’s Hospital, 518112, China

Y Department of Medicine and Therapeutics, The Chinese University of Hong Kong, Shatin, Hong Kong SAR, China
¢ Faculty of Medicine, Macau University of Science & Technology, Macau, 999078, China

ARTICLE INFO ABSTRACT

Keywords: Objective: Associations between single nucleotide polymorphisms (SNPs) and aspirin resistance
Aspirin (AR) have been studied with variable results. The associations of genetic variants with AR may be
PTGS1/COX1 helpful to explain why some individuals demonstrate aspirin insensitivity with this anti-platelet
PTGS2/COX2 . . . . .
Platelet funetion therapy. The purpose of this research was to investigate the effect of different genotypes in
TXB2 candidate genes on aspirin response in patients taking long-term aspirin therapy by measuring the

ASPI measurements serum thromboxane B2 (TXB2) and platelet function using the Multiplate® analyser.
Methods: A total of 266 patients with stable coronary heart disease (CHD) taking low-dose aspirin
for long periods of time and without any other anti-platelet drugs medications were enrolled into
the study. They were required to take 80 mg of aspirin every morning for a week including the
day before blood tests. Blood samples were collected 24 h after the last dose. The 80 mg dose of
aspirin was taken orally and blood samples were collected again 1 h later. The serum TXB2 levels
were measured in samples at 24 h post-dose and 1 h post-dose using the EIA kit and platelet
activity was determined using the Multiplate® Impedance Platelet Aggregometry (ASPI) assay.
Genotyping assays were performed by the TagMan SNP genotyping technique.
Results: Of the 266 patients, only 251 patients were enrolled in the present study. The PTGS1/
COX1-1676 A > G (rs1330344) and the PTGS2/C0X2-765 G > C (rs20417) SNPs showed sig-
nificant associations with the ASPI measurements in samples taken at 24 h post-dose, but not with
the values at 1 h post-dose or with the TXB2 levels (P < 0.05).
Conclusions: Our results suggest that polymorphisms in the PTGS1/COX1 and the PTGS2/COX2
genes may be associated with reduced anti-aggregatory effects and increased the risk of AR, but
future larger-scale cohort studies are necessary for further validation.

1. Introduction

Aspirin is widely utilized as an antithrombotic drug for prevention and treatment of cardiovascular diseases (CVDs), especially for
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stable coronary heart disease (CHD) [1,2]. Aspirin exerts pharmacodynamic effects via irreversibly inhibiting the activation of platelet
cyclooxygenase-1 (COX-1) to prevent the production of thromboxane A2 (TXA2) from arachidonic acid (AA), thereby, suppressing
platelet activation and aggregation [3-6]. Studies found that taking long-term low-dose aspirin decreased the chances of experiencing
cardiovascular events [7]. Aspirin was shown to reduce the risk of recurrent ischaemic stroke within 12 weeks by approximately 60 %
[8]. However, not all patients benefit from aspirin as there still are many patients who suffer adverse cardiovascular events when
taking aspirin [1]. A prospective pilot study of 80 patients in Poland showed that 17.3 % of acute stroke patients exhibited reduced
sensitivity to aspirin [9].This phenomenon has been termed “Aspirin Resistance” (AR) and its physiopathologic and molecular
mechanisms have not been fully elucidated [3,10]. Researchers speculate that it may be related to various factors such as genetic
polymorphisms in platelet glycoprotein (GP) and COX-1 genes, collagen, smoking, and dyslipidemia. As researchers delve deeper,
there is growing evidence that certain single nucleotide polymorphisms (SNPs) are associated with AR [5].

Currently, studies on the relationship between AR and gene polymorphisms have focused on the following aspects: (1) Poly-
morphisms in the genes encoding COX-1 and COX-2 in the thromboxane activation pathway [11]. Multiple polymorphic loci in the
COX genes have been identified, and SNPs in different COX genes can affect the protein structure or conformation of COX-1 making it
highly heterogeneous in its susceptibility to the inhibitory effects of aspirin, which may be the structural basis of AR in some patients
[12]. (2) An integrin-family member of cell adhesion receptors, platelet glycoprotein GPIIb/IlIa is involved in platelet adhesion and
aggregation, as well as the ultimate common pathway for platelet activation. Changes in the GPIIb/Illa genes, whether through
mutations, deletions, or insertions, result in changes in phenotype that ultimately affects platelet function. Thus, AR may be associated
with polymorphisms in the platelet membrane GPIIb/IlIa receptor complex [13]. (3) Adenosine kinase (ADK) is an important regulator
in the cell that can catalyze the formation of adenosine 5-phosphate (AMP) [14,15]. A study showed that the ADK rs16931294 variant
was highly correlated with the reduction of aspirin sensitivity and higher post-aspirin inosine levels in participants with the G allele
[16]. (4) Platelet Endothelial Aggregation Receptor 1 (PEAR1), as a transmembrane molecule, plays a role in the process of triggering
platelet activation. The gene is polymorphic, and PEAR1 gene variants can affect platelet aggregation function, leading to AR, thereby
affecting the efficacy of aspirin [17,18].These genetic factors were considered as implicated in AR, but the effects of these genotypes on
AR have not always been reproducible, which may be attributed to differences in ethnically specific genetic characteristics and none of
these variants have been shown to have consistent effects in different studies using different methodologies [19]. Further investigation
into the connection between SNPs and AR is necessary. The relationship between genetic variants and AR may help to explain the
insensitivity of some patients to aspirin antiplatelet therapy.

In the clinic, AR is usually characterized by the failure of aspirin to adequately prevent platelet aggregation in vitro. Therefore, it is
crucial to determine the impact of aspirin on the aggregation of platelets. Platelets are an essential part of maintaining homeostasis in
the body [20]. Although there are many clinical methods to detect the impact of aspirin on platelet aggregation, most of these methods
have inconsistent results on the response of aspirin to platelet aggregation. It has been proposed that it was preferable to directly
measure the ability of platelets to produce TXA2 [21,22]. In particular, the levels of 11-dehydro-TXB2 in urine serve as a general
indicator of TXA2 biosynthesis the body. However, this method lacks precision in assessing the impact of aspirin on platelet COX-1 due
to the fact that around 30 % of urinary metabolites originate from sources outside of platelets [23]. Thromboxane B2 (TXB2), the
primary product of platelet TXA2 metabolism, originates exclusively from platelet TXA2. Therefore, serum TXB2 was deemed the most
precise indicator of aspirin’s impact on platelets [24]. The serum TXB2 assay was moderately correlated with other tests detecting
platelet function and inadequate aspirin response. However, platelets might be activated by various pathways besides TXA2. There-
fore, measuring platelet response to aspirin using this method may potentially underestimate the prevalence of AR or “aspirin
non-responders”.

In order to improve the accuracy of detection of AR, in our previous study, we assessed serum TXB2 levels and platelet function with
the Multiplate® analyzer in individuals receiving prolonged aspirin therapy. We found that AR was detected in 46 % of patients within
24 h of the last aspirin dose, with a higher likelihood of AR in patients with elevated white blood cell counts. It was also found that AR
was not associated with diabetes, but could be connected to levels of white blood cells, hemoglobin, platelets, and smoking habits [25].
However, in previous studies, we did not explore the impact of aspirin administration on platelet aggregation response in patients with
different genetic polymorphisms. At the same time, mutations at the PTGS1, COX2, ITGA2, ITGA2B, PEAR1 and ADK genes have been
reported as possible associations with AR, but their specific relevance needs to be further confirmed [26,27]. In this study, serum TXB2
levels and platelet activity were measured by EIA kit and Multiplate® impedance platelet aggregometry (ASPI), respectively, in pa-
tients with stable CHD who were taking low-dose aspirin for a long time and did not take any other antiplatelet drugs. In addition, the
effect of candidate SNPs on AR in these Hong Kong, China patients was investigated after genomic DNA was extracted from the pa-
tients’ blood. It was expected that the Multiplate® device will improve the diagnostic accuracy of AR and further clarify the effect of
genetic polymorphisms on AR.

2. Methods
2.1. Patient recruitment
Eligible patients aged over or equal to 18 years, with stable CHD, and receiving plain aspirin (80 mg once daily) for at least 3

months were invited to participate in the study at the outpatient clinic of the Prince of Wales Hospital in Hong Kong. Details of patient
recruitment could be found in our previous publication [25].
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2.2. Ethics

The study was approved by the Joint Chinese University of Hong Kong-New Territories East Cluster Clinical Research Ethics
Committee under reference number CRE-2014.516-T, in accordance with the Principles outlined in the Declaration of Helsinki. All
participants signed the informed consent at enrolment.

2.3. Sample collection

A 10 ml blood sample was collected in an EDTA tube and used for DNA extraction.

2.4. Multiplate analyzer

Platelet function in the samples was assessed using hirudin blood samples and the Multiplate® analyzer from Roche (Roche Di-
agnostics International Ltd, CH-6343 Rotkreuz, Switzerland) according to the manufacturer’s instructions for ASPI measurements. The
analysis was performed within 0.5-3 h after blood collection.

2.5. Serum TXB2 assay

Serum samples were assayed for TXB2 using enzyme-linked immunoassay (EIA) kits from Cayman (Item No. 501020, Cayman
Chemical, MI, USA) following the product inserts.

2.6. Genetic studies

The patients’ genomic DNA was obtained from EDTA blood through the use of phenol chloroform extraction. The following six
SNPs were investigated: PTGSI rs1330344, COX2 rs20417, ITGA2 rs1126643, ITGA2B rs5911, PEARI rs12041331 and ADK
rs16931294. All the SNPs with the exception of COX2 rs20417 were tested using TagMan SNP genotyping assays from Applied Bio-
systems (Applied Biosystems, Foster City, CA, USA), conducted by Thermo Fisher Scientific following the provided instructions.

The COX2 rs20417 variant was analyzed using the Applied Biosystems Custom TagMan SNP genotyping assays from Thermo Fisher
Scientific. The forward and reverse primers sequences were 5-CGTGGAGCTCACATTAACTATTTACAG- 3 and 5-
CCCTCCTTGTTTCTTGGAAAGA- 3, respectively.

2.7. Statistics

All the statistical analyses were conducted with SPSS version 17.0 for windows (SPSS Inc., Chicago, IL, USA). The recorded data are
displayed as the mean =+ standard error of the mean (SEM). The chi-squared test was used to evaluate the observed allele and genotype
frequencies in relation to Hardy-Weinberg equilibrium. Genetic polymorphisms in the various groups before and after aspirin
administration were compared using the chi-squared or Fisher’s exact tests and one-way ANOVA analysis, and the odds ratio were
described with the 95 % confidence intervals (CI). All probability values were two-tailed tests, and the P-value less than 0.05 was
considered statistically significant. The data were analyzed by GraphPad Prism version 8.0.2 for windows (GraphPad software, Inc.,
San Diego, CA, USA).

Table 1
Frequencies of genotypes and alleles of the polymorphisms studied.

Polymorphism Genotype frequency Hardy-Weinberg analysis Allele frequency

ADK 1516931294 AA AG GG X2 = 0.981188 A G
211 50 5 X2 p value = 0.321906 0.887218 0.112782
79.30 % 18.80 % 1.90 %

ITGA2 rs1126643 AA AG GG X2 = 0.306786 A G
131 114 21 X2 p value = 0.579659 0.293233 0.706767
49.20 % 42.90 % 7.90 %

PEAR1 1512041331 CcC CT TT X2 = 1.288484 C T
75 141 50 X2 p value = 0.256327 0.546992 0.453008
28.20 % 53.00 % 18.80 %

PTGS1 rs1330344 TT TG GG X2 = 3.807284 T G
88 143 35 X2 p value = 0.05103 0.400376 0.599624
33.10 % 53.80 % 13.20 %

ITGA2B rs5911 GG GA AA X2 = 0.174386 G A
79 135 52 x2 p value = 0.676243 0.449248 0.550752
29.70 % 50.80 % 19.50 %

COX2 rs20417 GG GC X% = 0.405884 G C
246 20 x2 p value = 0.524066 0.962406 0.037594
92.50 % 7.50 %
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3. Results
3.1. The effect of genotype on serum TXB2 and ASPI AUC

With the exception of PTGS1 rs1330344, which was marginally significant at P = 0.05103, the frequencies of the other six SNPs
were not significantly different from the Hardy-Weinberg equilibrium (Table 1).

The analyses of these 6 SNPs in correlation with serum TXB2 levels and the ASPI Area Under the Curve [AUC] measures in the
samples 24 h and the samples 1 h post-dose were shown in Table 2. The PTGS1/COX1 -1676 A > G (rs1330344) and PTGS2/COX2
-765 G > C (rs20417) showed significant associations with ASPI measurements in the samples 24 h post-dose, but not with the values 1
h post-dose or with the TXB2 levels (Figs. 1-2, and Table 2).

4. Discussion

The mechanisms of AR remain uncertain. It may be related in part to genetic polymorphisms resulting in aspirin insensitivity [28].
There are various methods to test the effects of aspirin on platelet aggregation, but the results are inconsistent [29,30]. Therefore, it is
crucial to precisely identify how aspirin impacts platelet reaction in individuals with different genetic variants. In this study, the ASPI
was used to measure platelet aggregation, the EIA kit was utilized to determine serum TXB2 levels, and SNP genotyping was per-
formed. The results of the relevant experiments demonstrated that only the PTGS2/COX2-765 G > C (rs20417) and the
PTGS1/C0X1-1676 A > G (rs1330344) SNPs showed significant associations with the ASPI measurements in the samples pre-dose (P
<0.05) but not with the values 1 h after the dose or with the TXB2 levels. The other SNPs, ITGA2 rs112643, ITGA2B rs5911, ADK
rs16931294, PEARI rs1204133, had no significant effect on either the ASPI measurements or the TXB2 levels (P > 0.05). These genetic
findings are also supported by some previous studies. Research conducted on Chinese individuals found that the occurrence of the
PTGS2-765 G > C genetic variation was notably elevated in the AR or semi-resistant categories in contrast to the aspirin sensitive group
[31]. In that study, there were no significant association between AR and several polymorphisms in the PTGSI gene (A842G, C50T,
C22T, G128A, C644A and C714A) [31]. A meta-analysis found that the COX-2 gene rs20417 variant showed significant association
with aspirin insensitivity, the risk allele of rs20417 in Chinese patients was up to 19.59 % compared with healthy humans [13]. In
addition, Yi et al. reported that the interaction between the COX-1 gene rs3842787 and COX-2 gene rs20417 variants was crucial in
determining genetic susceptibility to AR [32]. However, in some other studies the results obtained were inconsistent with our findings.
Vadana et al.’s research in India with around 900 participants found that the -756 C allele of COX-2 was significantly associated with a
poorer prognosis in stroke patients receiving aspirin therapy [33]. Moreover, Deniz et al. obtained a similar result in a study in 74
patients in Turkey [34]. These findings may not be opposed to our results, because their study populations are different from the
present study. However, two studies involving 97 and 850 acute ischemic stroke Chinese patients, respectively, showed that COX-2
gene —765 G > C was not related with AR [35,36]. Those findings are contradictory with our results.

Table 2
Associations of genotype polymorphisms with the serum TXB2 and ASPI AUC in patients with stable CHD.
Gene and genotype n Serum TXB2 (pg/ml) ASPI AUC (AU*min)
Mean =+ SD Mean =+ SD
pre-dose post-dose P Py pre-dose post-dose Py Py

PTGS1/COX1: (—1676) A > G (rs1330344)

T 84 94.1 £12.2 55.0 £ 4.8 0.91 0.54 348.9 + 21.5 277.6 +13.2 0.034* 0.26
TG 137 90.6 = 7.0 54.4 + 3.0 299.5 +11.9 254.8 +£10.4

GG 30 86.1 +10.8 63.3 £ 9.1 273.2 +29.2 242.9 + 19.6

PTGS2/C0OX2: (—~765) G > C (1520417)

GG 232 91.4 + 6.1 55.1 + 2.6 ns ns 303.5+10.3 257.0 £ 7.7 0.004** 0.08
GC 19 89.4 £12.2 62.3 £11.8 418.5 £ 51.6 306.7 + 32.6

ITGA2 (rs1126643)

AA 121 91.6 + 91.0 53.6 + 39.9 0.64 0.47 316.7 + 168.5 265.4 +129.2 0.28 0.41
AG 109 94.2 +94.4 59.0 + 41.8 316.7 + 166.4 261.9 +112.1

GG 20 73.2 £ 66.9 49.7 + 35.8 255.7 + 165.6 227.1 +£128.1

ITGA2B (rs5911)

GG 71 95.9 + 88.9 56.0 + 40.2 0.30 0.54 320.9 + 166.9 273.7 +136.2 0.61 0.53
GA 128 95.8 +102.5 57.6 + 41.9 301.8 +176.1 253.8 +118.4

AA 49 73.8 £ 53.9 50.3 + 37.0 324.4 + 145.3 260.4 + 109.6

PEARI (rs12041331)

CcC 69 90.2 + 76.2 56.3 + 36.7 0.47 0.63 317.9 + 167.5 263.4 +112.9 0.77 0.69
CT 132 96.8 + 95.2 57.2 +41.7 304.9 + 162.7 264.2 +134.1

TT 47 78.3+97.1 50.8 + 42.2 322.5 +183.2 247.1 £ 98.7

ADK (rs16931294)

AA 200 93.1 + 40.6 56.0 + 40.6 0.75 0.97 316.3 £ 171.2 266.8 + 123.1 0.69 0.29
AG 46 85.7 + 40.3 54.6 + 40.3 294.0 + 157.6 238.7 + 118.4

GG 4 68.6 + 41.7 53.2 + 41.7 296.3 + 74.8 226.8 + 106.6

*The asterisk indicates statistical significance between bars (*p < 0.05, **p < 0.01, ***p < 0.001).
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Fig. 1. Comparisons of serum TXB2 and ASPI AUC PTGS1/COX1: (—1676) A > G (rs1330344) genotypes (mean + SEM). A. Serum TXB2 at pre-dose
and 1 h post-dose; B. ASPI AUC at pre-dose and 1 h post-dose; #P < 0.0001, as compared to corresponding pre-dose value.
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Fig. 2. Comparisons of serum TXB2 and ASPI AUC among COX2/PTGS2: (—765) G > C (rs20417) genotypes (mean + SEM). A. Serum TXB2 at pre-
dose and 1 h post-dose; B. ASPI AUC at pre-dose and 1 h post-dose; #P < 0.0001, as compared to corresponding pre-dose value.

Another research conducted on Chinese individuals with CVD found that AR, as measured by light transmission aggregometry
(LTA) and thromboelastography platelet mapping assay (TEG) using AA as a stimulus, was linked to a higher likelihood of experiencing
combined cardiovascular events. Additionally, the presence of the G-allele variant of PTGS1 rs1330344 (-1676 A/G) was significantly
associated with an increased the risk of AR [11]. Another study observed that the frequency of the C-allele in rs1330344 was higher
among patients, and the T-allele and CC genotype increased the association with AR [34].

For the other variant genes, however, some findings in the present study appear to be inconsistent with results from several studies.
It is known that the ITGA2 and ITGA2B genes encoding GPIa and GPIIb, respectively, are important glycoprotein-coupled receptors in
the cellular membrane binding with TXA2 that can lead to the activation of platelets [36,37]. The present study found the G-allele
frequency of the rs1126643 variant was up to 70.68 %, but the variant genes were not related to AR. In contrast to our results, recent
meta-analyses also found that the ITGA2B rs5911 and ITGA2 rs1126643 SNPs might be associated with AR in Asians, especially in
Chinese populations [13,26,37]. Furthermore, Ningrum et al. reviewed studies about the ITGA2 rs1126643 SNP among various
population, and found that the variant in Chinese and Asians increased the risk of ischemic stroke or other bleeding events more than in
Caucasians [38]. In that study it was also shown that the C-allele of the rs1126643 SNP in Indonesia was similar to other Asians, but the
TT genotype and T-allele were more associated with vascular events [38]. An earlier study suggested that rs5911 was verified as a
biomarker of AR in a Chinese population, especially the C-allele carriers [37]. However, the A-allele carriers were the most frequent in
all the recruited patients, while the patients did not carry the C-allele. This may be a reason why our findings are inconsistent with
some others.

In addition, we found that the PEARI rs12041331 and ADK rs16931294 SNPs were not significant AR factors in Hong Kong
Chinese. Similarly, in 283 ischemic stroke patients included in a clinical study with aspirin, there was no association observed between
in the PEAR1 rs12041331 SNP and AR [39]. AA homozygotes have been considered as a risk factor for increasing adverse cardio-
vascular events [40]. Lewis et al. showed that the genetic variation PEARI rs12041331 was not correlated with cardiovascular events
in patients taking low-dose aspirin [28] Our results were consistent with these findings. However, a study of Xiang et al. on genetic
variants of PEAR1 did suggest that rs12041331 is associated with a greater platelet aggregation [41]. ADK as a modulator of intra-
cellular adenosine concentration, is considered to regulate the development of blood vessels in vivo [42]. Recently, it was demon-
strated that the ADK rs16931294 G-allele and GG genotype were significantly correlated with platelet aggregation [16]. Contrasting
with that study, our patients were more often carrying the A-allele and AA genotype than the G-allele and GG genotype. Perhaps for
this reason, the ADK rs16931294 SNP had no association with AR in our patients.

Although there are some positive findings in this study, there are several limitations. We recruited only 251 patients, a relatively
small sample size that may not be sufficient to reveal the specific effects of certain SNPs on AR in Hong Kong Chinese patients with
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stable CHD. The sample size limitation may lead to insufficient validity of the statistical analyses, thus affecting the reliability and
generalizability of the results. Moreover, our genetic study design did not include an in-depth analysis of specific subgroups, and in this
analysis, we did not differentiate between subjects with and without diabetes mellitus. Diabetes is a disease that is known to affect drug
metabolism and tolerance; therefore, failure to consider this factor may have biased our results, although our earlier study did not
show any difference between subjects with and without diabetes with regard to AR. In addition to these limitations, we did not
consider possible gene-gene interactions, because we felt the sample size was insufficient. In genetic studies, interactions between
different genes may have an important impact on drug response, and ignoring this may miss some important biological information. To
overcome these limitations, future studies should expand the sample size to enhance the validity of the statistical analyses and to
improve the generalizability and credibility of the findings. Meanwhile, designing more detailed stratified analyses, such as grouping
subjects according to diabetes status or other clinical characteristics, may reveal differences between subgroups. In addition, more
complex genetic models including gene-gene interactions should be considered to more fully understand how genetic factors influence
AR.

In summary, these variant genotypes, PTGS2/COX2 rs20417 and PTGS1/COX1 rs1330344, ITGA2 rs112643, ITGA2B rs5911,
PEARI 151204133 and ADK rs16931294, have inconsistent impact on AR measurements. We speculate that the inconsistent findings
may result from studies in different ethnic groups, different methods, the size of the study population, environmental and gene-gene
interactions in the polymorphisms and other reasons. Currently, the specific mechanism and influence of genetic polymorphisms on AR
need further investigation. If AR is confirmed, clinicians have the option of modifying the aspirin dosing regimen or using other
antiplatelet therapies. These clinical features and genetic tests can be utilized to identify individuals at higher risk for AR, which can
then be tested with the Multiplate® analyzer. This approach may be logical, but has not been tested in randomized clinical trials. Thus,
further clinical validation is necessary. In addition, further studies will assist in determining whether an increased dose or frequency of
aspirin administration would improve the measurement of platelet aggregation. Following this, large-scale clinical trials will be
essential to demonstrate the benefits of this approach.

5. Conclusion

This study revealed a significant association between polymorphisms in the PTGS1/COX1 and PTGS2/COX2 genes and the phar-
macodynamics of ASPI. Specifically, we found statistically significant associations between variants in these genes and the patients’
ASPI measurements 24h after dosing, which may imply that the genetic variants have an effect on aspirin antiplatelet aggregation
effects at the end of the dosing period. However, this association was not significant in the measurements taken 1h after dosing, which
may suggest that the effect of genetic polymorphisms on drug response may be time-dependent. Alternatively, other factors may be
more important in the early stages of drug action. In addition, the findings suggest that polymorphisms in the PTGS1/COX1 and
PTGS2/COX2 genes may be associated with reduced antiplatelet aggregation effects and increased risk of AR. It suggests that an in-
dividual’s genetic makeup may influence their response to aspirin therapy and thus have an impact on cardiovascular disease pre-
vention outcomes. In summary, genetic polymorphisms have a significant impact on aspirin efficacy, which means that considering a
patient’s genetic polymorphisms may be critical to developing a personalized treatment plan in clinical practice. With genetic testing,
physicians can more accurately predict a patient’s response to aspirin and adjust the treatment regimen accordingly to improve ef-
ficacy and reduce the risk of adverse effects. Therefore, this study highlights the value of genetic testing in individualized medicine,
suggesting that optimizing treatment strategies for aspirin-resistant patients by taking into account genetic polymorphisms may help to
avoid treatment failures and associated serious health consequences, thereby improving clinical outcomes for patients.
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