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Background: Cytochrome P450 2C19 (CYP2C19) genotypes and metabolic phenotypes (extensive metabolizer (EM), intermediate 
metabolizer (IM), and poor metabolizer (PM)) are related to the metabolism of therapeutic drugs for cardiovascular and cerebrovas
cular diseases. This study aimed to investigate the differences of CYP2C19 gene polymorphism distribution between coronary artery 
disease (CAD) patients and cerebral infarction (CI) patients.
Methods: We identified 413 CI patients, 509 CAD patients, and 241 CI+CAD patients from 2016 to 2020 and studied genotypes of 
CYP2C19 rs4986893 (636G>A) and rs4244285 (681G>A) polymorphisms using PCR-gene chip detection method. Differences in 
CYP2C19 genotypes and metabolic phenotypes between the groups were compared. To analyze the efficacy of CYP2C19 metabolic 
phenotypes in discriminating between cerebral infarction and coronary artery disease, multiple logistic regression analysis was 
conducted after adjusting for gender, age, smoking history, drinking history, hypertension, and diabetes.
Results: There were significant differences in the distribution of CYP2C19 genotypes and metabolic phenotypes between CI and CAD 
patients. The results of multivariate logistic regression (adjusted for sex, age, smoking, drinking, hypertension, and diabetes) indicated 
that CYP2C19 IM phenotype (IM vs EM: OR 1.443, 95% CI: 1.086–1.918, P=0.011) and CYP2C19 IM+PM phenotype (IM or PM vs 
EM: OR 1.440, 95% CI: 1.100–1.885, P=0.008) may be indicators of CI from CAD.
Conclusion: CYP2C19 EM metabolic phenotype was dominant in CAD patients, and CYP2C19 IM metabolic phenotype was 
dominant in CI patients. After adjusting for other confounding factors, patients with the CYP2C19 IM metabolic phenotype were more 
likely to develop CI than CAD.
Keywords: CYP2C19, genotype, metabolic phenotype, cerebral infarction, coronary artery disease

Introduction
Cardiovascular and cerebrovascular diseases are the general terms for ischemic or hemorrhagic diseases of the heart, 
brain, and other related tissues and organs caused by hypertension, atherosclerosis, hyperlipidemia, and so on.1 The 
incidence of cardiovascular and cerebrovascular diseases has increased in recent years and has become an important 
global health burden.2,3 Ischemic cardiovascular and cerebrovascular diseases mainly include coronary artery disease 
(CAD) and cerebral infarction (CI).1 CAD is a disease in which plaque is caused by the accumulation of lipids in the 
blood on the intima of the artery, and the increasing amount of plaque causes narrowing of the arterial cavity, blocks 
blood flow, and leads to heart ischemia.4 CI is a disease in which ischemic hypoxic lesion and necrosis of brain tissue are 
caused by regional blood supply disorder of brain tissue, and produces corresponding loss of nerve function.5

Clopidogrel is a widely used antiplatelet therapy drug in clinical practice and has important application value in the 
prevention and treatment of patients with platelet aggregation diseases and arterial circulation disorders.6,7 Many factors 
affecting the difference of individual reactivity to clopidogrel, and gene polymorphisms play an important role, and these 
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studies mainly focused on Cytochrome P450 2C19 (CYP2C19) gene polymorphisms.8,9 It was found that clopidogrel 
resistance was associated with CYP2C19 gene polymorphisms.10 CYP2C19 polymorphisms have a significant impact on 
the clinical outcomes of clopidogrel therapy in patients with stenting procedure for cerebral artery stenosis.11 As a precursor 
drug, clopidogrel needs to be metabolized by cytochrome P450 (CYP) isoenzymes in vivo to be transformed into active 
metabolites with platelet inhibition, especially CYP2C19 enzyme, and CYP2C19 function-related gene polymorphisms may 
affect the platelet inhibitory effect of clopidogrel.12 CYP2C19 rs4986893 (636G>A) and CYP2C19 rs4244285 (681G>A) are 
the most common polymorphisms in CYP2C19 gene and are defined as loss-of-function (LOF) variants related to decreased 
platelet response to clopidogrel or increased incidence of clopidogrel resistance.13 Based on the different genotypes of 
CYP2C19, the metabolic phenotype of individuals can be classified as extensive metabolizers (EM) (CYP2C19 636G/G 
complicated with 681G/G), intermediate metabolizers (IM) (CYP2C19 636G/G complicated with 681G/A, or 636G/A 
complicated with 681 G/G), and poor metabolizers (PM) (CYP2C19 636G/G complicated with 681A/A, or 636G/A 
complicated with 681 G/A, or 636A/A complicated with 681G/G).14

To date, to our knowledge, there have been no reports of differences in the distribution of CYP2C19 gene polymorph
isms between patients with cardiovascular disease and patients with cerebrovascular disease. This study aimed to 
investigate the distribution of CYP2C19 gene polymorphisms in patients with cardiovascular and cerebrovascular diseases 
(CAD, and CI, CAD combined with CI) and whether there are differences between patients with CAD and CI. The results of 
this study will provide valuable reference for clinicians.

Materials and Methods
Study Population
This retrospective, observational study was approved by the Ethics Committee of the Meizhou People’s Hospital. A total 
of 1163 unrelated patients with cardiovascular and cerebrovascular diseases were included in this study, including 413 
patients with CI, 509 patients with CAD, and 241 patients with CI combined with CAD, collected from Meizhou 
People’s Hospital, between January 2016 and June 2020.

The CAD diagnosis was confirmed using coronary angiography based on the American College of Cardiology/American 
Heart Association (ACC/AHA) classification.15 Patients with CI are diagnosed by at least two neurologists based on clinical 
symptoms and computed tomography (CT)/magnetic resonance imaging (MRI) and other findings. The inclusion criteria were 
as follows: (1) Clinically diagnosed as atherosclerosis; (2) The clinical data of the patients were complete; (3) Adults. The 
exclusion criteria were as follows: (1) Incomplete clinical data of the patients; (2) Atherosclerosis patients with severe 
infectious diseases, autoimmune diseases, organ insufficiency, and other diseases. Information on age, sex, history of smoking, 
history of alcohol consumption, hypertension, and diabetes was collected from the Hospital Information System (HIS) of 
Meizhou People’s Hospital.

Detection of CYP2C19 Gene Variants
Genomic DNA was extracted from the whole blood of these patients using the QIAamp DNA extraction kit (Qiagen, 
Germany), according to the manufacturer’s instructions. CYP2C19 rs4986893 (636G>A) and CYP2C19 rs4244285 
(681G>A) variants were detected using a CYP2C19 Genotyping Kit with PCR-gene chip detection method (BaiO 
Technology Co, Ltd, Shanghai, China). The PCR procedure was as follows: pre-denaturation at 94°C for 5min, 35 
cycles (94°C for 25s, 48°C for 40s, and 72°C for 30s) were amplified, and 72°C for 5min for the final elongation on the 
Veriti™ Dx 96-Well Thermal Cycler (Thermo Fisher Scientific, America).16 The method of gene chip hybridization 
method was used to detect PCR products on an automatic nucleic acid molecular hybridization instrument (BaiO 
Technology Co, Ltd, Shanghai, China). The wild-type fragments and the mutant fragments in the PCR amplification 
products were hybridized with the corresponding wild-type probes and mutant probes fixed on the chip, respectively, and 
the specific hybridization signal was chromogenic through an enzyme chromogenic reaction. The chip hybridization 
signal was read by a biochip reader (BaiO Technology Co., Ltd, Shanghai, China).16

https://doi.org/10.2147/IJGM.S420108                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2023:16 3474

Shi et al                                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Statistical Analysis
Data analysis in this study was performed using SPSS statistical software version 21.0 (IBM, USA). The significance of 
the Hardy-Weinberg equilibrium (HWE) of the CYP2C19 polymorphisms in the patients was analyzed by the χ2 test. 
Differences in the composition ratios and frequencies of CYP2C19 genotypes and metabolic phenotypes among different 
patients were analyzed using the χ2 test. To analyze the efficacy of CYP2C19, metabolic phenotypes in discriminating 
between CI and CAD, a multiple logistic regression analysis was conducted after adjusting for sex, age, smoking history, 
drinking history, hypertension, and diabetes. P<0.05 was used as the level of statistical significance for all statistical 
analyses in this study.

Results
Characteristics of Patients
This study included 1163 patients with cardiovascular and cerebrovascular diseases, including 800 (68.8%) men and 363 
(31.2%) women, respectively. There were 354 (30.4%) cases aged <65 years old and 809 (69.6%) cases aged ≥65 years 
old. There were 413 CI patients, 509 CAD patients, and 241 CI combined with CAD patients in this study. There were no 
significant differences in the proportion of patients with a history of alcohol consumption (P=0.376) and proportion of 
patients with diabetes (P=0.179) among the different groups. The proportion of patients with history of smoking in CAD 
patients was significantly higher than that in patients with CI complicated with CAD, and the proportion of hypertension 
history in CI patients and patients with CI complicated with CAD was significantly higher than that in CAD patients, 
respectively (Table 1).

Frequencies of CYP2C19 636G>A and CYP2C19 681G>A Genotypes in All Subjects 
and Patients Among Different Groups
The χ2 test was used to test the significance of the Hardy-Weinberg equilibrium of the CYP2C19 polymorphisms in the CI 
patients, CAD patients, and CI combined with CAD patients. Genotype distributions of CYP2C19 636G>A (χ2=0.696, 
P=0.404) and CYP2C19 681G>A (χ2=0.244, P=0.621) polymorphisms were consistent with the Hardy-Weinberg 
equilibrium in all participants. Genotype distributions of CYP2C19 636G>A and CYP2C19 681G>A polymorphisms 
were also consistent with Hardy-Weinberg equilibrium in patients with different diseases (all P>0.05) (Table 2).

The frequencies of CYP2C19 636G>A and CYP2C19 681G>A genotypes and alleles were compared among patients 
with different diseases. The proportion of CYP2C19 636G>A alleles was significantly different among all groups 
(P=0.041). Specifically, the proportion of CYP2C19 636G>A G allele in the CAD group was significantly lower than 

Table 1 Clinical Characteristics of Patients Among Different Groups in This Study

Total 
(n=1163)

Patients  
with CI 
(n=413)

Patients  
with CAD 

(n=509)

Patients with CI 
Complicated 

with CAD 
(n=241)

P values

Age, years

<65, n (%) 354 (30.4%) 145 (35.1%) 164 (32.2%) 45 (18.7%) <0.001
≥65, n (%) 809 (69.6%) 268 (64.9%) 345 (67.8%) 196 (81.3%)

Gender

Male, n (%) 800 (68.8%) 279 (67.6%) 351 (69.0%) 170 (70.5%) 0.727
Female, n (%) 363 (31.2%) 134 (32.4%) 158 (31.0%) 71 (29.5%)

History of smoking, n (%) 253 (21.8%) 92 (22.3%) 128 (25.1%) 33 (13.7%) 0.002

History of alcohol 
consumption, n (%)

39 (3.4%) 17 (4.1%) 17 (3.3%) 5 (2.1%) 0.376

Hypertension, n (%) 799 (68.7%) 310 (75.1%) 309 (60.7%) 180 (74.7%) <0.001

Diabetes, n (%) 374 (32.2%) 124 (30.0%) 161 (31.6%) 89 (36.9%) 0.179
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that in the CI group (93.9% vs 96.2%, P=0.024). The proportion of CYP2C19 681G>A alleles was significantly different 
among all the groups (P<0.001). Specifically, the proportion of CYP2C19 681G>A G allele in the CAD group was 
significantly higher than that in the CI group (73.7% vs 65.7%, P<0.001) and CI complicated with the CAD group 
(73.7% vs 66.2%, P=0.003) (Table 2).

The Distributions of Different Genotypes’ Combinations and Metabolic Phenotypes of 
CYP2C19 in Different Groups
The proportion of different genotypes’ combinations was significantly different among all groups (P=0.006). The 
proportion of CYP2C19 636G/G + 681G/G in CAD group was significantly higher than that in the CI group (46.6% 
vs 37.5%, P=0.006), whereas the proportion of CYP2C19 636G/G + 681G/A in CAD group was significantly lower than 
that in the CI group (34.4% vs 43.8%, P=0.003). The proportion of CYP2C19 636G/G + 681G/G in CAD group was 
significantly higher than that in CI complicated with CAD group (46.6% vs 36.9%, P=0.014), the proportion of 
CYP2C19 636G/G + 681G/A in CAD group was significantly lower than that in CI complicated with CAD group 
(34.4% vs 46.5%, P=0.002). In addition, the proportion of different metabolic phenotypes was significantly different 
among all groups (P=0.035). The proportion of EM phenotype in CAD group was significantly higher than that in CI 
group (46.6% vs 37.5%, P=0.006), the proportion of IM phenotype in the CAD group was significantly lower than that in 
the CI group (42.0% vs 48.9%, P=0.039). The proportion of EM phenotype in CAD group was significantly higher than 
that in CI complicated with CAD group (46.6% vs 36.9%, P=0.014), the proportion of IM phenotype in CAD group was 
significantly lower than that in CI complicated with CAD group (42.0% vs 50.6%, P=0.028) (Table 3). The results of the 
pairwise comparisons of the distributions of CYP2C19 genotypes’ combinations and metabolic phenotypes among the 
three groups are shown in Table 4. These results indicate that CYP2C19 EM metabolic phenotype was dominant in CAD 
patients, and CYP2C19 IM metabolic phenotype was dominant in CI patients.

Association of the CYP2C19 Metabolic Phenotypes with CI and CI Complicated with 
CAD Compared with CAD
Logistic regression analysis was performed to analyze the role of differential distribution of CYP2C19 metabolic 
phenotypes in differentiating CI from CAD. The results of multivariate logistic regression (adjusted for sex, age, 
smoking, drinking, hypertension, and diabetes) indicated that CYP2C19 IM phenotype (IM vs EM: OR 1.443, 95% 

Table 2 Frequencies of CYP2C19 636G>A and CYP2C19 681G>A Genotypes in All Subjects and Patients Among 
Different Groups

Genotype/Allele Total  
(n=1163)

Patients with CI 
(n=413)

Patients with 
CAD (n=509)

Patients with CI 
Complicated with 
CAD (n=241)

P value

CYP2C19 636G>A
G/G 1055(90.7%) 382(92.5%) 450(88.4%) 223(92.5%) 0.096

G/A 104(8.9%) 31(7.5%) 56(11.0%) 17(7.1%)

A/A 4(0.3%) 0(0) 3(0.6%) 1(0.4%)
G 2214(95.2%) 795(96.2%) 956(93.9%) 463(96.1%) 0.041

A 112(4.8%) 31(3.8%) 62(6.1%) 19(3.9%)
HWE (χ2, P) χ2=0.696, P=0.404 χ2=0.628, P=0.428 χ2=0.743, P=0.389 χ2=1.132, P=0.287

CYP2C19 681G>A

G/G 555(47.7%) 176(42.6%) 279(54.8%) 100(41.5%) 0.001
G/A 502(43.2%) 191(46.2%) 192(37.7%) 119(49.4%)

A/A 106(9.1%) 46(11.1%) 38(7.5%) 22(9.1%)

G 1612(69.3%) 543(65.7%) 750(73.7%) 319(66.2%) <0.001
A 714(30.7%) 283(34.3%) 268(26.3%) 163(33.8%)

HWE (χ2, P) χ2=0.244, P=0.621 χ2=0.294, P=0.588 χ2=0.387, P=0.534 χ2=2.562, P=0.109

Abbreviation: HWE, Hardy Weinberg Equilibrium.
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CI: 1.086–1.918, P=0.011) and CYP2C19 IM+PM phenotype (IM or PM vs EM: OR 1.440, 95% CI: 1.100–1.885, 
P=0.008) may be indicators in differentiating CI from CAD. And CYP2C19 IM phenotype (IM vs EM: OR 1.409, 95% 
CI: 1.004–1.979, P=0.048) and CYP2C19 IM+PM phenotype (IM or PM vs EM: OR 1.389, 95% CI: 1.006–1.920, 
P=0.046) may be an indicator for differentiating CI complicated with CAD from CAD (Table 5). It means that patients 
with the CYP2C19 IM metabolic phenotype were more likely to develop CI than CAD.

Discussion
Are there differences in the distribution of CYP2C19 genotypes and metabolic phenotypes between patients with CAD and 
CI? Whether the distribution of CYP2C19 genotypes and metabolic phenotypes can be used as an indicator to distinguish 
CAD from CI? However, these issues have not yet been resolved. The results of this study show that CAD patients mainly 
have EM metabolic phenotypes, while CI patients mainly have IM metabolic phenotypes. After adjusting for other 
confounding factors, patients with the CYP2C19 IM metabolic phenotype were more likely to develop CI than CAD.

Table 3 The Distributions of Different Genotypes’ Combinations and Metabolic Phenotypes of CYP2C19 
in Different Groups

Genotype Total 
(n=1163)

Patients with 
CI (n=413)

Patients with 
CAD (n=509)

Patients with  
CI Complicated  
with CAD (n=241)

P value

Genotypes
636G/G + 681G/G 481(41.4%) 155(37.5%) 237(46.6%) 89(36.9%) 0.006

636G/G + 681G/A 468(40.2%) 181(43.8%) 175(34.4%) 112(46.5%)

636G/A + 681 G/G 70(6.0%) 21(5.1%) 39(7.7%) 10(4.1%)
636G/G + 681A/A 106(9.1%) 46(11.1%) 38(7.5%) 22(9.1%)

636G/A + 681 G/A 34(2.9%) 10(2.4%) 17(3.3%) 7(2.9%)
636A/A + 681G/G 4(0.3%) 0(0) 3(0.6%) 1(0.4%)

Phenotypes

EM 481(41.4%) 155(37.5%) 237(46.6%) 89(36.9%) 0.035
IM 538(46.3%) 202(48.9%) 214(42.0%) 122(50.6%)

PM 144(12.4%) 56(13.6%) 58(11.4%) 30(12.4%)

Abbreviations: EM, Extensive metabolizer; IM, Intermediate metabolizer; PM, Poor metabolizer.

Table 4 Pairwise Comparison of CYP2C19 Genotypes and Metabolic Phenotypes Distribution Among Three Groups

Genotype Patients 
with CAD 
(n=509)

Patients 
with CI 
(n=413)

P value Patients 
with CAD 
(n=509)

Patients 
with CI 
Complicated 
with CAD 
(n=241)

P value Patients 
with CAD 
(n=509)

Patients with 
CI and Patients 
with CI 
Complicated 
with CAD 
(n=654)

P value

Genotypes

636G/G + 681G/G 237(46.6%) 155(37.5%) 0.002 237(46.6%) 89(36.9%) 0.015 237(46.6%) 244(37.3%) <0.001

636G/G + 681G/A 175(34.4%) 181(43.8%) 175(34.4%) 112(46.5%) 175(34.4%) 293(44.8%)

636G/A + 681 G/G 39(7.7%) 21(5.1%) 39(7.7%) 10(4.1%) 39(7.7%) 31(4.7%)

636G/G + 681A/A 38(7.5%) 46(11.1%) 38(7.5%) 22(9.1%) 38(7.5%) 68(10.4%)

636G/A + 681 G/A 17(3.3%) 10(2.4%) 17(3.3%) 7(2.9%) 17(3.3%) 17(2.6%)

636A/A + 681G/G 3(0.6%) 0(0) 3(0.6%) 1(0.4%) 3(0.6%) 1(0.2%)

Phenotypes

EM 237(46.6%) 155(37.5%) 0.022 237(46.6%) 89(36.9%) 0.043 237(46.6%) 244(37.3%) 0.006

IM 214(42.0%) 202(48.9%) 214(42.0%) 122(50.6%) 214(42.0%) 324(49.5%)

PM 58(11.4%) 56(13.6%) 58(11.4%) 30(12.4%) 58(11.4%) 86(13.1%)

Abbreviations: EM, Extensive metabolizer; IM, Intermediate metabolizer; PM, Poor metabolizer.
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Table 5 Association of the CYP2C19 Metabolic Phenotypes with CI and CI Complicated with CAD Compared with CAD

Variables CI CI Complicated with CAD

Univariate OR  
(95% CI)

P values Multivariate OR 
(95% CI)

P values Univariate OR  
(95% CI)

P values Multivariate OR  
(95% CI)

P values

Age (≥65/<65) 0.879 (0.668–1.156) 0.356 0.830 (0.624–1.105) 0.201 2.070 (1.425–3.008) <0.001 1.820 (1.236–2.680) 0.002

Gender (Male/Female) 0.937 (0.709–1.239) 0.649 1.030 (0.757–1.401) 0.853 1.078 (0.771–1.506) 0.661 1.401 (0.976–2.009) 0.067
History of smoking (Yes/No) 0.853 (0.628–1.159) 0.309 0.859 (0.608–1.214) 0.390 0.472 (0.311–0.718) <0.001 0.524 (0.333–0.824) 0.005

History of alcohol consumption (Yes/No) 1.242 (0.626–2.465) 0.535 1.284 (0.628–2.624) 0.493 0.613 (0.224–1.682) 0.342 0.809 (0.283–2.314) 0.692

Hypertension (Yes/No) 1.948 (1.465–2.591) <0.001 1.953 (1.459–2.612) <0.001 1.910 (1.359–2.685) <0.001 1.830 (1.288–2.602) 0.001
Diabetes (Yes/No) 0.927 (0.700–1.229) 0.600 0.838 (0.627–1.119) 0.230 1.266 (0.918–1.745) 0.151 1.148 (0.820–1.605) 0.422

CYP2C19 metabolic phenotypes

EM 1.000 (Reference) 1.000 (Reference) 1.000 (Reference) 1.000 (Reference)
IM 1.443 (1.092–1.908) 0.010 1.443 (1.086–1.918) 0.011 1.518 (1.092–2.111) 0.013 1.409 (1.004–1.979) 0.048

PM 1.476 (0.971–2.245) 0.069 1.427 (0.932–2.186) 0.102 1.377 (0.832–2.279) 0.213 1.314 (0.782–2.209) 0.302

IM or PM 1.450 (1.113–1.890) 0.006 1.440 (1.100–1.885) 0.008 1.488 (1.087–2.038) 0.013 1.389 (1.006–1.920) 0.046

Abbreviations: EM, Extensive metabolizer; IM, Intermediate metabolizer; PM, Poor metabolizer.

https://doi.org/10.2147/IJG
M

.S420108                                                                                                                                                                                                                                 

D
o

v
e

P
r
e

s
s
                                                                                                                                   

International Journal of G
eneral M

edicine 2023:16 
3478

Shi et al                                                                                                                                                                
D

o
v

e
p

r
e

s
s

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


In this study, the proportion of the percentages of CYP2C19 EM, IM, and PM phenotypes were 41.4%, 46.3%, and 
12.4%, respectively. There have been some corresponding studies in other populations. CYP2C19 EM, IM, and PM 
phenotypes accounted for 33.2%, 47.1%, and 14.7%, respectively, in South-East Asian patients with acute coronary 
syndrome (ACS).17 CYP2C19 EM, IM, and PM phenotypes accounted for 39.9%, 45.6%, and 13.4%, respectively, in 
a Han Chinese population.18 These phenotypes accounted for 38.8%, 42.4%, and 15.3%, respectively, in Chinese Hui 
patients with coronary atherosclerotic heart disease; and 38.9%, 36.1%, and 7.1%, respectively, in Chinese Uygur patients 
with coronary atherosclerotic heart disease.13 In Taiwanese patients with ischemic stroke, the prevalence of CYP2C19 EM, 
IM, and PM phenotypes was 40.3%, 45.8%, and 13.8%, respectively.19 The percentages of CYP2C19 EM, IM, and PM 
phenotypes was 58%, 36%, and 6% in the Vietnamese population, respectively.20 The percentages of CYP2C19 EM, IM, 
and PM phenotypes was 48.22%, 42.98%, and 6.64% in a Thai population,21 41.20%, 24.07%, and 4.17% in the population 
of the Republic of Srpska.22 The prevalence of CYP2C19 EM, IM, and PM phenotypes was 75.97%, 21.91%, and 2.21% in 
a Greek population.23 In Moroccan population, the percentages of CYP2C19 EM, IM, and PM phenotypes was 83.45%, 
14.14%, and 2.41%, respectively,24 the percentages was 75.8%, 21.1%, and 3.1% in Lebanese population.25 In the 
populations from Americas, the percentages of CYP2C19 EM, IM, and PM phenotypes were 85.3%, 13.6%, and 1.0%, 
respectively, in a Bolivian population,26 71.1%, 14.2%, and 0.5% in a Nicaraguan Mestizo population.27 In general, the 
frequencies of CYP2C19 IM and PM phenotypes are relatively high in Southeast Asian populations.

To date, to our knowledge, there have been no reports of differences in the distribution of CYP2C19 gene 
polymorphisms between patients with cardiovascular disease and patients with cerebrovascular disease. In this study, 
CYP2C19 EM metabolic phenotype was dominant in CAD patients, and CYP2C19 IM metabolic phenotype was 
dominant in CI patients. A study has suggested that a poor metabolizer status was associated with a higher risk for 
ischemic stroke.28 Loss of function of CYP2C19 is associated with increased risk of ischemic stroke after transient 
ischemic attack in intracranial atherosclerotic disease.29 In mechanism, CYP2C19 is associated with the pathological 
features of CI and CAD. Arachidonic acid (AA) can be metabolized by CYP2C19 into endodermal hyperpolarized factor 
(EDHF),30 while EDHF is beneficial for vascular dilation and inhibits vascular calcification.31 In contrast, reactive 
oxygen species (ROS) produced by coronary endothelial cells in the process of CYP2C19-catalyzed reaction,32 is a risk 
factor for cardiovascular and cerebrovascular diseases.33,34 The differences between CYP2C19 genotypes and metabolic 
phenotypes found in CI and CAD in this study may be related to the differences in the role of CYP2C19 at different 
arterial vascular sites. The results of this study need to be verified in further basic researches.

Clinically, according to the status of CYP2C19 and other genes related to drug metabolism, timely adjustment of 
therapeutic measures and dosage can avoid the insufficient efficacy of therapeutic drugs and reduce the occurrence of 
adverse events. To the best of our knowledge, this study is the first to report the differences in CYP2C19 genotypes and 
metabolic phenotypes between patients with CAD and CI. This study has some limitations. First, the association between 
these genotypes, metabolic phenotypes, and disease severity was not investigated, because this was a retrospective study. 
Second, this study was conducted among patients with CAD and CI in one hospital; there may be some bias in the 
results, as the included subjects were not completely representative. Third, this study only examined the differences in 
common polymorphisms of the CYP2C19 gene in the two diseases and did not study the relationship between CYP2C19 
protein levels and disease risk. Therefore, future studies with larger sample sizes, disease severity, and analysis of 
CYP2C19 protein levels are needed.

Conclusion
In the cohort of this study, we found that CYP2C19 EM metabolic phenotype was dominant in CAD patients, and 
CYP2C19 IM metabolic phenotype was dominant in CI patients. After adjusting for other confounding factors, patients 
with the CYP2C19 IM metabolic phenotype were more likely to develop CI than CAD.

Data Sharing Statement
The data that support the findings of this study are available from the corresponding author upon reasonable request.
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