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CYP2C19 intermediate and poor 
metabolizer statuses may be 
associated with coronary 
atherosclerosis among patients 
with type 2 diabetes mellitus
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Haifeng Hong , Hanlin Li  and Junyin Peng 

Center for Cardiovascular Diseases, Meizhou People's Hospital, Meizhou Academy of Medical 
Sciences, Meizhou, China

Type 2 diabetes mellitus (T2DM) has a higher risk of coronary atherosclerosis 
(CAS) compared to the general population. Cytochrome P450 2C19 (CYP2C19) 
closely related to the occurrence and development of cardiovascular diseases. 
This study intends to conduct research on the relationship between CYP2C19 
polymorphisms ((rs4244285, 681G > A, *2) and (rs4986893, 636G > A, *3)) and 
the risk of CAS in patients with T2DM. 4,627 T2DM patients from January 2019 
to March 2024 were retrospectively analyzed, included 2,390 cases of T2DM 
complicated with CAS and 2,237 cases of patients with T2DM only. CYP2C19 was 
divided into three phenotypes: extensive metabolizer (EM), intermediate metabolizer 
(IM), and poor metabolizer (PM) based on rs4244285 and rs4986893 SNPs. The 
relationship between CYP2C19 polymorphisms and CAS risk was analyzed. There 
were 1,403(30.3%) patients with dyslipidemia, and dyslipidemia (41.1% vs. 18.8%, 
p < 0.001) in patients with CAS was higher than those in controls. The frequencies 
of CYP2C19 IM and PM phenotypes in CAS patients were higher than those in 
controls. Logistic regression analysis showed that advanced age (odds ratio (OR): 
1.273, 95% confidence interval (CI): 1.099–1.473, p = 0.001), overweight (OR: 
1.175, 95% CI: 1.039–1.328, p = 0.010), smoking (OR: 1.238, 95% CI: 1.049–1.462, 
p = 0.012), alcoholism (OR: 1.445, 95% CI: 1.040–2.007, p = 0.028), hypertension 
(OR: 1.229, 95% CI: 1.047–1.442, p = 0.012), dyslipidemia (OR: 3.027, 95% CI: 
2.641–3.469, p < 0.001), CYP2C19 IM/PM phenotype(IM + PM vs. EM phenotype, 
OR: 1.290, 95% CI: 1.140–1.459, p < 0.001) were associated with CAS in T2DM. 
CYP2C19 IM + PM phenotypes, advanced age, overweight, history of smoking, 
history of alcoholism, hypertension, and dyslipidemia may be associated with 
CAS in T2DM.
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Introduction

Coronary atherosclerosis (CAS) is a chronic progressive disease mainly characterized 
by lipid deposition, inflammatory cell infiltration, fibrous tissue hyperplasia, and 
atherosclerotic plaque formation in the coronary artery vessel wall (1, 2). As the disease 
progresses, the coronary artery plaques continuously enlarge and protrude into the vascular 
lumen, resulting in lumen stenosis and hindering myocardial blood supply (3). When 
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plaques rupture or thrombosis forms, it can trigger acute coronary 
syndrome (ACS), including severe cardiovascular events such as 
unstable angina pectoris and myocardial infarction (4). The 
pathological process not only involves lipid metabolism disorders, 
but is also closely related to multiple mechanisms such as 
inflammatory responses, oxidative stress, and vascular endothelial 
dysfunction (5–7). CAS has become one of the cardiovascular 
diseases with the highest incidence and mortality rates worldwide 
(8, 9). Cardiovascular diseases cause approximately 17.9  million 
deaths each year, among which coronary artery disease (CAD) 
accounts for the major proportion according to statistical data (10). 
CAS not only causes patients to suffer from long-term symptoms 
such as angina pectoris and breathing difficulties, seriously affecting 
their quality of life (11), but may also trigger complications such as 
heart failure and arrhythmia (12).

Patients with diabetes mellitus, due to being in a state of high 
blood glucose for a long time, will trigger a series of metabolic 
disorders, thereby accelerating the process of CAS (13). High blood 
glucose can cause damage to vascular endothelial cells, making the 
originally smooth inner lining of blood vessels rough and creating 
conditions for lipid deposition (14). Meanwhile, it activates 
signaling pathways such as protein kinase C (PKC), promotes the 
release of inflammatory factors, and intensifies the inflammatory 
response of the vascular wall (15). In addition, high blood glucose 
can also affect platelet function and increase the risk of thrombosis 
(16). The risk of cardiovascular disease for diabetic patients is 2–4 
times that of non-diabetic patients, among which CAD is one of 
the leading causes of death for patients with diabetes mellitus (17). 
Moreover, once patients with diabetes mellitus develop CAS, their 
condition is often more severe, the prognosis is worse, and the 
incidence of adverse cardiovascular events such as acute 
myocardial infarction and heart failure increases significantly 
(18, 19).

Cytochrome P450 2C19 (CYP2C19), as an important drug-
metabolizing enzyme in the human body, its genetic polymorphism 
can lead to significant differences in enzyme activity and be 
classified into different metabolic types. The rs4244285 (681G > A, 
*2) and rs4986893 (636G > A, *3) are the two common single-
nucleotide polymorphisms (SNPs) in CYP2C19 (20, 21). Based on 
the variants of these two SNPs, there are 6 genotypes for CYP2C19: 
*1/*1, *1/*2, *1/*3, *2/*2, *2/*3, and *3/*3 (22), and 3 phenotypes: 
extensive metabolizer (EM) (*1/*1), intermediate metabolizer (IM) 
(*1/*2 and *1/*3), and poor metabolizer (PM) (*2/*2, *2/*3, and 
*3/*3) (23, 24). CYP2C19 is involved in the metabolic processes of 
some cardiovascular drugs, such as antiplatelet drugs like 
clopidogrel (25). CYP2C19 can also affect the pathological process 
of CAS by participating in endogenous substance metabolism in 
the body, such as the metabolic regulation of lipids, inflammatory 
factors, and oxidative stress-related molecules (26). CYP2C19 may 
be involved in the arachidonic acid metabolic pathway and affect 
the generation of inflammatory mediators, while the inflammatory 
response plays a key role in the formation, progression and rupture 
of atherosclerotic plaques (27, 28). Furthermore, the reactive 
oxygen species (ROS) generated during the metabolic reactions of 
coronary endothelial cells involving CYP450 will inhibit the 
vasodilation mediated by nitric oxide (NO) (29). The relationship 
between CYP2C19 gene polymorphisms and the risk of CAS in 

patients with T2DM remains unclear. This study intends to conduct 
research on it.

Materials and methods

Participants

This study is a case–control study. From January 2019 to March 
2024, patients with T2DM were continuously included in the 
outpatient and inpatient departments of Meizhou People’s Hospital. 
The case group consists of patients who have both T2DM and CAS 
simultaneously. Inclusion criteria: (1) meeting the diagnostic criteria 
for T2DM; (2) patients with CAS; and (3) the clinical data were 
complete (including medical history, physical examination, laboratory 
tests, and imaging data). T2DM was defined as blood glucose 
≥11.1 mol/L at any time or fasting blood glucose ≥7.0 mol/L, or 2-h 
postprandial plasma glucose level ≥11.1 mol/L (30). The diagnostic 
criteria for CAD: coronary angiography (CAG) showed that the 
degree of lumen stenosis of at least one coronary artery was ≥50% 
(31). The control group consisted of patients with T2DM only.

Exclusion criteria: (1) complicated with malignant tumors, severe 
liver or kidney dysfunction, autoimmune diseases or hereditary 
metabolic disorders; (2) had coronary artery bypass surgery or 
percutaneous coronary intervention in the past; (3) had a major 
surgical history or severe infection within the last 3 months; (4) 
clinical data is incomplete. Ultimately, 4,627 patients with T2DM were 
included in this study, including 2,390 patients with CAS and 2,237 
without. This study was supported by the Ethics Committee of the 
Meizhou People’s Hospital (Clearance No.: 2016-A-55). The flowchart 
of this study is shown in Figure 1.

Data collection, definition of indicator 
grouping, and CYP2C19 gene testing

Clinical data collected including gender, age, body mass index 
(BMI), history of smoking, history of alcohol consumption, 
hypertension, and lipid level test results. BMI was divided into three 
grades: underweight (<18.5 kg/m2), normal weight (18.5–23.9 kg/m2), 
and overweight (≥24.0 kg/m2) (32, 33). A diagnosis of dyslipidemia 
can be made if one of the following conditions is met: (1) total 
cholesterol (TC) ≥ 6.22 mmol/L, (2) triglyceride (TG) ≥ 2.26 mmol/L, 
or (3) low-density lipoprotein-cholesterol (LDL-C) ≥ 4.14 mmol/L, 
according to the Guidelines for the Prevention and Control of 
Dyslipidemia in Chinese Adults (34, 35).

CYP2C19 genotyping was conducted using previously described 
method by detecting the genomic DNA of peripheral blood cells from 
the subjects included in the study (22, 36). Genomic DNA was 
isolated from peripheral whole blood specimens using the QIAamp 
DNA Blood Mini Kit (Qiagen GmbH, North Rhine-Westphalia, 
Germany), following the manufacturer’s standardized operating 
protocol. Genotyping of the CYP2C19 *2 and CYP2C19 *3 variant 
alleles was implemented with a dedicated CYP2C19 genotyping kit. 
Polymerase chain reaction (PCR) amplification was carried out under 
the following cycling conditions: initial denaturation at 94 °C for 
5 min; 35 cycles of amplification consisting of denaturation at 94 °C 
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for 25 s, annealing at 48 °C for 40 s, and extension at 72 °C for 30 s; 
and a final extension step at 72 °C for 5 min, with the assay system 
supplied by BaiO Technology Co, Ltd. (Shanghai, China). Post-
amplification, the obtained PCR products were hybridized with wild-
type and mutant-specific probes that had been pre-immobilized on 
gene chips, and the genotype of each sample was subsequently 
determined based on the hybridization signal profiles generated. To 
guarantee the precision and credibility of experimental data, positive 
controls, negative controls, and blank controls were included in each 
batch of tests. The dataset from each experimental batch was 
considered valid only when all three control types produced 
consistent and anticipated results.

Statistical analysis

The statistical analyses of this study were conducted using SPSS 
26.0 software (IBM Inc., USA). Continuous variables were compared 
using either Student’s t-test or Mann–Whitney U test. The χ2 test was 
used to compare the genotypes and alleles frequencies among different 

groups, and to evaluate the Hardy–Weinberg equilibrium in the 
patients and controls. Logistic regression analysis was applied to 
examine the relationship of CYP2C19 phenotypes and CAS 
susceptibility p < 0.05.

Results

Characteristics of subjects

A total of 2,873 male patients (62.1%) and 1754 female patients 
(37.9%) were enrolled in the present study. Of the study cohort, 
3,542 individuals (76.6%) were aged 60 years or older, and 2,379 
cases (51.4%) were classified as overweight. With regard to medical 
history, 987 patients (21.3%) had a smoking history, 184 (4.0%) had 
a history of alcohol consumption, and 3,798 (82.1%) were diagnosed 
with hypertension, respectively. The median (interquartile range) 
levels of TC, TG, HDL-C, and LDL-C were 4.52 (3.72, 5.38) 
mmol/L, 1.61 (1.18, 2.23) mmol/L, 1.13 (0.96, 1.34) mmol/L, and 
2.60 (2.02, 3.23) mmol/L, respectively. Additionally, dyslipidemia 

FIGURE 1

The flowchart of this study.
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was identified in 1403 patients, accounting for 30.3% of the total 
population (Table 1).

Comparison of clinical features of CAS 
patients and non-CAS controls among 
patients with T2DM

There was significant difference in the distribution of BMI 
(χ2 = 15.048, p = 0.001) between patients with CAS and controls. The 
proportion of history of smoking (22.7% vs. 19.90%, p = 0.022), and 
history of alcohol consumption (4.7% vs. 3.2%, p = 0.008), and 
dyslipidemia (41.1% vs. 18.8%, p < 0.001) in patients with CAS was 
higher than those in controls, respectively (Table 2).

Comparison of the CYP2C19 genotypes 
and alleles between patients with CAS and 
controls

The genotype distribution of CYP2C19 in all subjects conforms to 
the Hardy–Weinberg equilibrium (χ2 = 0.921, p = 0.922). The 
proportion of cases carried CYP2C19 *1/*1, *1/*2, *1/*3, *2/*2, *2/*3, 
and *3/*3 genotype was 39.5, 41.1, 5.9, 10.6, 2.7, and 0.2%, respectively. 
There were 1826 (39.5%), 2,172 (46.9%), and 629 (13.6%) cases with 
CYP2C19 EM, IM, and PM phenotype, respectively. The CYP2C19 *1 
allele frequency was lower (60.0% vs. 66.1%, p < 0.001), CYP2C19 *2 
(34.3% vs. 30.7%, p < 0.001) and *3 (5.8% vs. 3.2%, p < 0.001) allele 
frequencies in CAS patients were higher than those in controls 
(Table 2).

TABLE 1  Comparison of clinical features of coronary atherosclerosis patients and non-coronary atherosclerosis controls among patients with T2DM.

Variables Total (n = 4,627) Controls (n = 2,237) Coronary atherosclerosis 
patients (n = 2,390)

p (χ2)

Gender

Male, n (%) 2,873 (62.1%) 1,407 (62.9%) 1,466 (61.3%)
0.275 (χ2 = 1.191)

Female, n (%) 1,754 (37.9%) 830 (37.1%) 924 (38.7%)

Age (years)

<60, n (%) 1,085 (23.4%) 543 (24.3%) 542 (22.7%)
0.211 (χ2 = 1.639)

≥60, n (%) 3,542(76.6%) 1,694(75.7%) 1,848(77.3%)

BMI (kg/m2)

Underweight, n (%) 112 (2.4%) 63 (2.8%) 49 (2.1%)

0.001 (χ2 = 15.048)Normal weight, n (%) 2,136 (46.2%) 1,087 (48.6%) 1,049 (43.9%)

Overweight, n (%) 2,379 (51.4%) 1,087 (48.6%) 1,292 (54.1%)

History of smoking

No, n (%) 3,640 (78.7%) 1,792 (80.1%) 1,848 (77.3%)
0.022 (χ2 = 5.341)

Yes, n (%) 987 (21.3%) 445 (19.9%) 542 (22.7%)

History of alcohol consumption

No, n (%) 4,443 (96.0%) 2,166 (96.8%) 2,277 (95.3%)
0.008 (χ2 = 7.309)

Yes, n (%) 184 (4.0%) 71 (3.2%) 113 (4.7%)

Hypertension

No, n (%) 829 (17.9%) 425 (19.0%) 404 (16.9%) 0.066

(χ2 = 3.448)Yes, n (%) 3,798 (82.1%) 1,812 (81.0%) 1,986 (83.1%)

Levels of serum lipid

TC, mmol/L, median (IQR) 4.52 (3.72, 5.38) 4.40 (3.64, 5.19) 4.63 (3.80, 5.54) <0.001

TG, mmol/L, median (IQR) 1.61 (1.18, 2.23) 1.48 (1.12, 1.93) 1.79 (1.27, 2.58) <0.001

HDL-C, mmol/L, median 

(IQR)
1.13 (0.96, 1.34) 1.16 (0.99, 1.36) 1.10 (0.94, 1.32) <0.001

LDL-C, mmol/L, median 

(IQR)
2.60 (2.02, 3.23) 2.62 (2.04, 3.23) 2.58 (1.99, 3.23) 0.430

Dyslipidemia

No, n (%) 3,224 (69.7%) 1,816 (81.2%) 1,408 (58.9%)
<0.001 (χ2 = 271.190)

Yes, n (%) 1,403 (30.3%) 421 (18.8%) 982 (41.1%)

T2DM, type 2 diabetes mellitus; BMI, body mass index; TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; IQR, 
interquartile range.
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Comparison of clinical characteristics of 
individuals with different CYP2C19 
phenotypes

There were significant differences in the proportions of individuals 
with hypertension and dyslipidemia among patients with different 
CYP2C19 phenotypes. There were no significant differences in the 
distribution of gender, age, BMI, and the proportions of smoking and 
drinking history among patients with different CYP2C19 phenotypes 
(Table 3).

Logistic regression analysis of the 
relationship of CYP2C19 phenotypes and 
CAS risk

By univariate analysis, there were significant interactions 
between CYP2C19 phenotypes and traditional risk factors, such as 
history of smoking, history of alcoholism, hypertension, and 
dyslipidemia (Table 4). However, in a multivariate analysis, we found 
the interaction between CYP2C19 phenotypes and traditional risk 
factors was not statistically significant. Univariate regression logistic 
analysis showed that overweight (odds ratio (OR): 1.232, 95% 
confidence interval (CI): 1.096–1.385, p < 0.001), smoking (OR: 
1.181, 95% CI: 1.026–1.360, p = 0.021), alcoholism (OR: 1.514, 95% 
CI: 1.119–2.049, p = 0.007), dyslipidemia (OR: 3.008, 95% CI: 2.632–
3.439, p < 0.001), CYP2C19 IM phenotype (IM vs. EM phenotype, 
OR: 1.171, 95% CI: 1.034–1.327, p = 0.013) and PM phenotype (PM 
vs. EM phenotype, OR: 1.847, 95% CI: 1.533–2.224, p < 0.001) were 
significantly associated with CAS in T2DM. Multivariate regression 
logistic analysis showed that advanced age (OR: 1.273, 95% CI: 
1.099–1.473, p = 0.001), overweight (OR: 1.175, 95% CI: 1.039–
1.328, p = 0.010), smoking (OR: 1.238, 95% CI: 1.049–1.462, 
p = 0.012), alcoholism (OR: 1.445, 95% CI: 1.040–2.007, p = 0.028), 
hypertension (OR: 1.229, 95% CI: 1.047–1.442, p = 0.012), 
dyslipidemia (OR: 3.027, 95% CI: 2.641–3.469, p < 0.001), CYP2C19 

IM + PM phenotype (IM + PM vs. EM phenotype, OR: 1.290, 95% 
CI: 1.140–1.459, p < 0.001) were associated with CAS in T2DM 
(Table 5).

Discussion

The clinical management of diabetes mellitus complicated with 
CAS remains challenging (37). Moreover, the more severe the degree 
of diabetes mellitus, the higher the probability of cardiovascular events 
in patients, and the corresponding risk also increases (38). Identifying 
patients at high risk of CAS in diabetes mellitus patients is the key to 
prevention. In this study, CYP2C19 IM + PM phenotype, advanced 
age, overweight, history of smoking, history of alcoholism, 
hypertension, and dyslipidemia were associated with CAS risk 
in T2DM.

Polymorphisms in the CYP2C19 gene may display substantial 
racial variations (39–42). In the present study, the proportions of 
CYP2C19 EM, IM, and PM phenotypes were 39.5, 46.9, and 
13.6%, respectively, which are consistent with the findings of 
several prior studies (43–45). Park et al.’s (46) study on a group of 
patients undergoing percutaneous coronary intervention (PCI) 
from East Asia revealed that the proportions of CYP2C19 EM, IM, 
and PM were 39.8, 45.8, and 14.3%, respectively. A study on the 
genetic polymorphisms of CYP2C19 in the Chinese Hakka 
population revealed that the proportions of CYP2C19 EM, IM, 
and PM were 41.73, 45.21, and 13.06%, respectively (47). Another 
study conducted among the Hakka population in China revealed 
that CYP2C19 EM, IM, and PM were 40.8, 46.9, and 12.4%, 
respectively (22). The distributions of CYP2C19 genotypes 
reported in most studies of the Asian population is largely similar 
(43). In addition, CYP2C19 IM and PM statuses were significantly 
associated with CAS in patients with T2DM in this study. To our 
knowledge, relatively few investigations have explored the 
association between CYP2C19 gene polymorphisms and the risk 
of CAS. For instance, Chen et al. (48) demonstrated that gene 

TABLE 2  Comparison of the CYP2C19 genotypes and alleles between patients with coronary atherosclerosis and non-coronary atherosclerosis 
controls.

CYP2C19 
phenotypes

CYP2C19 
genotypes/

alleles

Total 
(n = 4,627)

Controls 
(n = 2,237)

Coronary 
atherosclerosis 

patients (n = 2,390)

χ2 p values

Genotypes

Extensive metabolizer *1/*1 1,826 (39.5%) 954 (42.6%) 872 (36.5%) 18.359 <0.001

Intermediate 

metabolizer

*1/*2 1,901 (41.1%) 956 (42.7%) 945 (39.5%) 4.876 0.029

*1/*3 271 (5.9%) 93 (4.2%) 178 (7.4%) 22.688 <0.001

Poor metabolizer

*2/*2 492 (10.6%) 187 (8.4%) 305 (12.8%) 23.564 <0.001

*2/*3 127 (2.7%) 44 (2.0%) 83 (3.5%) 9.816 0.002

*3/*3 10 (0.2%) 3 (0.1%) 7 (0.3%) 1.351 0.346

Alleles

*1 5,824 (62.9%) 2,957 (66.1%) 2,867 (60.0%) 37.032 <0.001

*2 3,012 (32.5%) 1,374 (30.7%) 1,638 (34.3%) 13.318 <0.001

*3 418 (4.5%) 143 (3.2%) 275 (5.8%) 35.031 <0.001

HWE (χ2, p) χ2 = 0.921, p = 0.922 χ2 = 6.049, p = 0.196 χ2 = 6.192, p = 0.185

HWE, Hardy Weinberg Equilibrium.

https://doi.org/10.3389/fmed.2026.1738919
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Cai et al.� 10.3389/fmed.2026.1738919

Frontiers in Medicine 06 frontiersin.org

polymorphisms leading to CYP2C19 dysfunction constitute a risk 
factor for premature coronary artery disease (PCAD). 
Additionally, Hokimoto et al. (49) revealed that CYP2C19 PM 
status might be a risk factor for CAD in female populations. Han 
et al. (50) further found that CYP2C19 PM status is an 
independent risk factor for premature myocardial 
infarction (PMI).

Dyslipidemia plays a key role in the process of CAS in patients 
with T2DM. In patients with T2DM, the hyperglycemic state can 
promote the glycation modification of LDL-C particles, and the 
glycated LDL is more likely to be oxidized to form oxidized LDL 
(ox-LDL) (51). ox-LDL is highly cytotoxic and can induce vascular 
endothelial cells to express adhesion molecules such as intercellular 
adhesion molecule-1 (ICAM-1) and vascular cell adhesion 
molecule-1 (VCAM-1), promoting the adhesion of monocytes to 
the vascular endothelium and their migration to the vascular 
intima (52). Monocytes entering the intima take up ox-LDL and 
transform into foam cells. A large number of foam cells accumulate 
to form a lipid core, accelerating the formation of atherosclerotic 
plaques (53). Elevated triglyceride (TG) level also has significant 
effects in T2DM complicated with CAS. Lipoprotein residues rich 
in TG accumulate in the body. These residues are easily taken up by 
macrophages and promote the formation of foam cells (54). 
Meanwhile, there is lipid exchange between TG and HDL-C as well 
as LDL-C. An increase in TG will cause the cholesterol esters in 

HDL-C to transfer to lipoproteins rich in TG, resulting in smaller 
HDL-C particles and reduced quantity, weakening its mediated 
reverse cholesterol transport function, and preventing cholesterol 
from being effectively transported from the vascular wall to the 
liver for excretion from the body (55). In addition, insulin 
resistance is widespread among patients with T2DM. Insulin 
resistance prompts the liver to synthesize more very low-density 
lipoprotein (VLDL), causing dyslipidemia, especially elevated 
triglycerides and decreased high-density lipoprotein cholesterol 
(HDL-C) (56). Both of these dyslipidemia are important risk 
factors for CAS.

In addition, hypertension and T2DM often coexist (57). The 
hemodynamic changes caused by hypertension exert mechanical 
stress on the vascular wall, disrupt the integrity of the vascular 
endothelium, increase the permeability of vascular endothelial 
cells, promote lipid infiltration and the aggregation of 
inflammatory cells, and together with diabetes mellitus, 
significantly increase the risk of CAS (58). Overweight cannot be 
ignored in the development of CAS in patients with 
T2DM. Adipose tissue, as an important endocrine organ, is 
characterized by excessive proliferation and hypertrophy of 
adipocytes in patients with central obesity, which secretes a large 
amount of free fatty acids, inflammatory factors (such as tumor 
necrosis factor -α, interleukin-6), and adipokines (such as 
decreased adiponectin levels and elevated resistin levels) (59). Free 

TABLE 3  Comparison of clinical characteristics of cases with different CYP2C19 phenotypes.

Variables Extensive metabolizer 
(n = 1,826)

Intermediate 
metabolizer (n = 2,172)

Poor metabolizer 
(n = 629)

p (χ2)

Gender

Male, n (%) 1,157 (63.4%) 1,349 (62.1%) 367 (58.3%)
0.082 (χ2 = 5.001)

Female, n (%) 669 (36.6%) 823 (37.9%) 262 (41.7%)

Age (years)

<60, n (%) 427 (23.4%) 502 (23.1%) 156 (24.8%)
0.676 (χ2 = 0.782)

≥60, n (%) 1,399 (76.6%) 1,670 (76.9%) 473 (75.2%)

BMI (kg/m2)

Underweight, n (%) 40 (2.2%) 61 (2.8%) 11 (1.7%)

0.421 (χ2 = 3.889)Normal weight, n (%) 837 (45.8%) 996 (45.9%) 303 (48.2%)

Overweight, n (%) 949 (52.0%) 1,115 (51.3%) 315 (50.1%)

History of smoking

No, n (%) 1,410 (77.2%) 1,720 (79.2%) 510 (81.1%)
0.090 (χ2 = 4.823)

Yes, n (%) 416 (22.8%) 452 (20.8%) 119 (18.9%)

History of alcohol consumption

No, n (%) 1,750 (95.8%) 2,086 (96.0%) 607 (96.5%)
0.754 (χ2 = 0.554)

Yes, n (%) 76 (4.2%) 86 (4.0%) 22 (3.5%)

Hypertension

No, n (%) 224 (12.3%) 448 (20.6%) 157 (25.0%)
<0.001 (χ2 = 71.689)

Yes, n (%) 1,602 (87.7%) 1,724 (79.4%) 472 (75.0%)

Dyslipidemia

No, n (%) 1,317 (72.1%) 1,505 (69.3%) 402 (63.9%)
<0.001 (χ2 = 15.230)

Yes, n (%) 509 (27.9%) 667 (30.7%) 227 (36.1%)

T2DM, type 2 diabetes mellitus; BMI, body mass index.
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fatty acids can interfere with insulin signal transduction and 
aggravate insulin resistance. Inflammatory factors can activate the 
inflammatory response of vascular endothelial cells and promote 

the adhesion and migration of monocytes (60). These factors 
interweave with each other, creating conditions for the 
occurrence of CAS.

TABLE 4  Association of traditional risk factors with the CYP2C19 phenotypes on CAS.

Traditional risk 
factors

CYP2C19 phenotypes OR (95% CI) p values

History of smoking

No Extensive metabolizer 1.000 (reference)

No Intermediate metabolizer + Poor metabolizer 1.272 (1.113–1.454) 0.102

Yes Extensive metabolizer 1.123 (0.903–1.398) 0.297

Yes Intermediate metabolizer + Poor metabolizer 1.583 (1.301–1.927) <0.001

History of alcoholism

No Extensive metabolizer 1.000 (reference)

No Intermediate metabolizer + Poor metabolizer 1.297 (1.150–1.463) 0.091

Yes Extensive metabolizer 1.531 (0.962–2.437) 0.073

Yes Intermediate metabolizer + Poor metabolizer 1.970 (1.316–2.950) 0.001

Hypertension

No Extensive metabolizer 1.000 (reference)

No Intermediate metabolizer + Poor metabolizer 6.948 (4.757–10.146) <0.001

Yes Extensive metabolizer 4.970 (3.483–7.094) <0.001

Yes Intermediate metabolizer + Poor metabolizer 5.094 (3.583–7.244) <0.001

Dyslipidemia

No Extensive metabolizer 1.000 (reference)

No Intermediate metabolizer + Poor metabolizer 1.221 (1.059–1.408) <0.001

Yes Extensive metabolizer 2.797 (2.259–3.462) <0.001

Yes Intermediate metabolizer + Poor metabolizer 3.805 (3.168–4.570) <0.001

T2DM, type 2 diabetes mellitus; BMI, body mass index; OR, odds ratio; CI, confidence interval.

TABLE 5  Logistic regression analysis of risk factors for coronary atherosclerosis in T2DM.

Variables Univariate OR (95% 
CI)

p values Multivariate OR (95% 
CI)

p values

Gender (Male vs. Female) 1.068 (0.949–1.203) 0.275 1.059 (0.925–1.214) 0.405

Age (≥60 vs. <60 years old) 1.093 (0.954–1.252) 0.201 1.273 (1.099–1.473) 0.001

BMI (kg/m2)

  Normal weight 1.000 (reference) – 1.000 (reference) –

  Underweight 0.806 (0.550–1.182) 0.269 0.856 (0.577–1.270) 0.439

  Overweight 1.232 (1.096–1.385) <0.001 1.175 (1.039–1.328) 0.010

History of smoking (Yes vs. No) 1.181 (1.026–1.360) 0.021 1.238 (1.049–1.462) 0.012

History of alcoholism (Yes vs. No) 1.514 (1.119–2.049) 0.007 1.445 (1.040–2.007) 0.028

Hypertension (Yes vs. No) 1.153 (0.992–1.340) 0.063 1.229 (1.047–1.442) 0.012

Dyslipidemia (Yes vs. No) 3.008 (2.632–3.439) <0.001 3.027 (2.641–3.469) <0.001

CYP2C19 phenotypes

  Extensive metabolizer 1.000 (reference) – 1.000 (reference) –

  Intermediate metabolizer 1.171 (1.034–1.327) 0.013 1.172 (1.030–1.334) 0.016

  Poor metabolizer 1.847 (1.533–2.224) <0.001 1.827 (1.505–2.216) <0.001

 � Intermediate metabolizer + Poor 

metabolizer
1.294 (1.150–1.457) <0.001 1.290 (1.140–1.459) <0.001

T2DM, type 2 diabetes mellitus; BMI, body mass index; OR, odds ratio; CI, confidence interval.
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To our knowledge, this study is one of the few that have reported 
the relationship between CYP2C19 gene polymorphism and the risk 
of CAS in patients with T2DM. Although this study has identified 
some risk factors for coronary atherosclerosis in patients with T2DM, 
there are still some deficiencies. Firstly, in this retrospective study, 
only common risk factors were included, and some rare and potential 
factors were not investigated. Secondly, without data on whether 
patients with T2DM complicated with hypertension received 
antihypertensive treatment, it is impossible to study the relationship 
between post-treatment blood pressure and the risk of CAS. Thirdly, 
this study lacks information regarding the medication history of the 
enrolled patients. Detailed data on the medications used by the 
subjects both before and after disease onset were not collected. 
Consequently, we cannot rule out the confounding effect of 
pharmacotherapy on the association analysis between CYP2C19 
genotypes and CAS risk, nor can we clarify whether pharmacotherapy 
modifies the impact of genotypes on the incidence risk of 
CAS. Finally, our study is observational in design and cannot 
establish a direct causal link between CYP2C19 metabolizer status 
and CAS risk in T2DM patients; additionally, our findings are specific 
to the T2DM cohort, and caution against extrapolating this role of 
CYP2C19 to non-T2DM populations. Future prospective cohort 
studies or randomized controlled trials are warranted to validate the 
modulatory role of CYP2C19 genotype in this context.

CAS, as a preventable disease, the identification of high-risk 
patients is the key to the prevention and control of the disease. In 
future research, several aspects deserve attention. First, there may be 
different pathogenic factors in the occurrence process of CAS. What 
are the interaction patterns and mechanisms of these pathogenic 
factors? Second, there are many risk factors for cardiovascular 
diseases, including CAS. Is it genetic or external factor that plays a 
dominant role? Which risk factors can be effectively controlled to 
reduce the incidence of cardiovascular diseases?

Conclusion

This study investigated the association between CYP2C19 gene 
polymorphism and CAS in patients with T2DM. The results indicated 
that the intermediate metabolizer and poor metabolizer phenotypes of 
CYP2C19 may be correlated with CAS in T2DM patients. This finding 
provides a novel perspective for exploring the pathogenesis of CAS in 
T2DM patients, as well as potential targets and a reference basis for 
precise prevention and treatment. However, this study has limitations 
including a small sample size and the lack of clarification regarding 
specific molecular mechanisms. Future research should conduct 
multicenter, large-sample prospective studies and basic experiments 
for further verification and investigation. The ultimate goal is to 
translate the CYP2C19 metabolic phenotype into a biomarker for CAS 
risk assessment in T2DM patients, thereby facilitating the development 
of individualized prevention and treatment strategies.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

All participants were informed of the research procedures and 
objectives, and this study obtained the informed consent of all 
participants. The study was performed under the guidance of the 
Declaration of Helsinki and approved by the Ethics Committee of 
Medicine, Meizhou People’s Hospital.

Author contributions

NC: Formal analysis, Methodology, Validation, Data curation, 
Software, Writing  – original draft, Conceptualization, Investigation, 
Resources, Writing – review & editing. YL: Writing – review & editing, 
Investigation, Conceptualization, Software, Methodology, Formal 
analysis, Data curation, Visualization. JL: Project administration, 
Validation, Supervision, Methodology, Writing – review & editing, Data 
curation, Conceptualization, Writing  – original draft, Visualization, 
Investigation, Software, Formal analysis, Resources. CH: Writing  – 
review & editing, Validation, Data curation, Methodology, Software, 
Investigation. HH: Software, Writing – review & editing, Investigation, 
Validation, Visualization, Methodology, Data curation. HL: 
Methodology, Validation, Investigation, Writing – review & editing, Data 
curation, Visualization, Software. JP: Writing  – review & editing, 
Software, Methodology, Visualization, Data curation, Investigation.

Funding

The author(s) declared that financial support was received for 
this work and/or its publication. This study was supported by the 
Science and Technology Program of Meizhou (Grant No.: 
2019B0202001).

Acknowledgments

The authors would like to thank other colleagues whom were not 
listed in the authorship of Meizhou People’s Hospital, for their helpful 
comments on the manuscript.

Conflict of interest

The author(s) declared that this work was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Generative AI statement

The author(s) declared that Generative AI was not used in the 
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 
intelligence and reasonable efforts have been made to ensure accuracy, 
including review by the authors wherever possible. If you identify any 
issues, please contact us.

https://doi.org/10.3389/fmed.2026.1738919
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Cai et al.� 10.3389/fmed.2026.1738919

Frontiers in Medicine 09 frontiersin.org

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the reviewers. 
Any product that may be evaluated in this article, or claim that may 
be made by its manufacturer, is not guaranteed or endorsed by the 
publisher.

References
	1.	Achim A, Péter O, Cocoi M, Serban A, Mot S. Correlation between coronary artery 

disease with other arterial systems: similar, albeit separate, underlying pathophysiologic 
mechanisms. J Cardiovasc Dev Dis. (2023) 10:210. doi: 10.3390/jcdd10050210

	2.	Theofilis P, Papanikolaou A, Karakasis P. Coronary atherosclerotic plaque 
modification: the present and the future. Expert Rev Cardiovasc Ther. (2025) 23:65–71. 
doi: 10.1080/14779072.2025.2476132

	3.	Dai N, Tang X, Ling R, Zhou F, Chen S, Zhang L, et al. Prognostic implications of 
pre-transcatheter aortic valve replacement computed tomography-derived coronary 
plaque characteristics and stenosis severity. Eur Radiol. (2024) 34:5923–33. doi: 10.1007/
s00330-024-10633-7

	4.	Gomes PM, Almeida BO, Marinelli Pedrini S, Freitas BP, Júnior JM, Lemos PA, 
et al. Morphology and phenotype characteristics of atherosclerotic plaque in patients 
with acute coronary syndrome: contemporary optical coherence tomography findings. 
Coron Artery Dis. (2021) 32:698–705. doi: 10.1097/MCA.0000000000001027

	5.	Panda P, Verma HK. Biomarkers of oxidative stress tethered to cardiovascular 
diseases. Oxidative Med Cell Longev. (2022) 2022:9154295. doi: 10.1155/2022/9154295

	6.	Salekeen R, Haider AN, Akhter F, Billah MM, Islam ME, Didarul Islam KM. Lipid 
oxidation in pathophysiology of atherosclerosis: current understanding and therapeutic 
strategies. Int J Cardiol Cardiovasc Risk Prev. (2022) 14:200143. doi: 10.1016/j.
ijcrp.2022.200143

	7.	Zhong S, Li L, Shen X, Li Q, Xu W, Wang X, et al. An update on lipid oxidation and 
inflammation in cardiovascular diseases. Free Radic Biol Med. (2019) 144:266–78. doi: 
10.1016/j.freeradbiomed.2019.03.036

	8.	Nedkoff L, Briffa T, Zemedikun D, Herrington S, Wright FL. Global trends in 
atherosclerotic cardiovascular disease. Clin Ther. (2023) 45:1087–91. doi: 10.1016/j.
clinthera.2023.09.020

	9.	Silva S, Fatumo S, Nitsch D. Mendelian randomization studies on coronary artery 
disease: a systematic review and meta-analysis. Syst Rev. (2024) 13:29. doi: 10.1186/
s13643-023-02442-8

	10.	Elertson KM, Morgan LL. Consideration of gender in cardiovascular disease 
prevention and management. Nurs Clin North Am. (2023) 58:595–605. doi: 10.1016/j.
cnur.2023.06.003

	11.	Lowenstern A, Alexander KP. Presenting symptoms in patients undergoing 
coronary artery disease evaluation: association with noninvasive test results and clinical 
outcomes in the PROMISE trial. Circ Cardiovasc Qual Outcomes. (2022) 15:e008298. 
doi: 10.1161/CIRCOUTCOMES.121.008298

	12.	Jurgens CY, Lee CS, Aycock DM, Masterson Creber R, Denfeld QE, DeVon HA, 
et al. State of the science: the relevance of symptoms in cardiovascular disease and 
research: a scientific statement from the American Heart Association. Circulation. 
(2022) 146:e173–84. doi: 10.1161/CIR.0000000000001089

	13.	Mendes TB, Bittencourt MS. Routine coronary atherosclerosis imaging in the 
cardiovascular risk assessment of prediabetes and diabetes. Circ Cardiovasc Imaging. 
(2023) 16:e016079. doi: 10.1161/CIRCIMAGING.123.016079

	14.	Zhao Y, Wang L, Huang Y, Evans PC, Little PJ, Tian X, et al. Anthocyanins in 
vascular health and disease: mechanisms of action and therapeutic potential. J 
Cardiovasc Pharmacol. (2024) 84:289–302. doi: 10.1097/FJC.0000000000001602

	15.	Babel RA, Dandekar MP. A review on cellular and molecular mechanisms linked 
to the development of diabetes complications. Curr Diabetes Rev. (2021) 17:457–73. doi: 
10.2174/1573399816666201103143818

	16.	Akther F, Fallahi H, Zhang J. Evaluating thrombosis risk and patient-specific 
treatment strategy using an atherothrombosis-on-chip model. Lab Chip. (2024) 
24:2927–43. doi: 10.1039/d4lc00131a

	17.	Khera R, Aminorroaya A, Dhingra LS, Thangaraj PM, Pedroso Camargos A, Bu F, 
et al. Comparative effectiveness of second-line Antihyperglycemic agents for 
cardiovascular outcomes: a multinational, federated analysis of LEGEND-T2DM. J Am 
Coll Cardiol. (2024) 84:904–17. doi: 10.1016/j.jacc.2024.05.069

	18.	Chowdhury MZI, Yeasmin F, Rabi DM, Ronksley PE, Turin TC. Prognostic tools 
for cardiovascular disease in patients with type 2 diabetes: a systematic review and meta-
analysis of C-statistics. J Diabetes Complicat. (2019) 33:98–111. doi: 10.1016/j.
jdiacomp.2018.10.010

	19.	Zhang J, Zhan Q, Deng Z, Lin L, Feng Z, He H, et al. Does diabetes modify the 
triglyceride-glucose index associated with cardiovascular events and mortality? A meta-
analysis of 50 cohorts involving 7,239,790 participants. Cardiovasc Diabetol. (2025) 
24:42. doi: 10.1186/s12933-025-02585-z

	20.	Biswas M, Jinda P. Pharmacogenomics in Asians: differences and similarities with 
other human populations. Expert Opin Drug Metab Toxicol. (2023) 19:27–41. doi: 
10.1080/17425255.2023.2178895

	21.	Xie Q, Xiang Q, Liu Z, Mu G, Zhou S, Zhang Z, et al. Effect of CYP2C19 genetic 
polymorphism on the pharmacodynamics and clinical outcomes for patients treated 
with ticagrelor: a systematic review with qualitative and quantitative meta-analysis. BMC 
Cardiovasc Disord. (2022) 22:111. doi: 10.1186/s12872-022-02547-3

	22.	Cai N, Li C, Gu X, Zeng W, Zhong J, Liu J, et al. CYP2C19 loss-of-function is 
associated with increased risk of hypertension in a Hakka population: a case-control 
study. BMC Cardiovasc Disord. (2023) 23:185. doi: 10.1186/s12872-023-03207-w

	23.	Amin AM, Sheau Chin L, Azri Mohamed Noor D. The personalization of 
Clopidogrel antiplatelet therapy: the role of integrative Pharmacogenetics and 
Pharmacometabolomics. Cardiol Res Pract. (2017) 2017:8062796. doi: 
10.1155/2017/8062796

	24.	Yang E, Kim S, Kim B, Kim B, Kim Y, Park SS, et al. Night-time gastric acid 
suppression by tegoprazan compared to vonoprazan or esomeprazole. Br J Clin 
Pharmacol. (2022) 88:3288–96. doi: 10.1111/bcp.15268

	25.	Patel TJ, Wehbe E. Implementing CYP2C19-guided clopidogrel therapy: a scoping 
review of pharmacogenomic testing services. Pharmacogenomics J. (2025) 25:12. doi: 
10.1038/s41397-025-00371-4

	26.	Elfaki I, Mir R, Almutairi FM, Duhier FMA. Cytochrome P450: polymorphisms 
and roles in Cancer, diabetes and atherosclerosis. Asian Pac J Cancer Prev. (2018) 
19:2057–70. doi: 10.22034/APJCP.2018.19.8.2057

	27.	Chawengsub Y, Gauthier KM, Campbell WB. Role of arachidonic acid 
lipoxygenase metabolites in the regulation of vascular tone. Am J Physiol Heart Circ 
Physiol. (2009) 297:H495–507. doi: 10.1152/ajpheart.00349.2009

	28.	Fisslthaler B, Fleming I, Busse R. EDHF: a cytochrome P450 metabolite in 
coronary arteries. Semin Perinatol. (2000) 24:15–9. doi: 10.1016/s0146-0005(00)80048-8

	29.	Fleming I, Michaelis UR, Bredenkötter D, Fisslthaler B, Dehghani F, Brandes RP, 
et al. Endothelium-derived hyperpolarizing factor synthase (cytochrome P450 2C9) is 
a functionally significant source of reactive oxygen species in coronary arteries. Circ Res. 
(2001) 88:44–51. doi: 10.1161/01.res.88.1.44

	30.	Benhalima K, Van Crombrugge P, Moyson C, Verhaeghe J, Vandeginste S, 
Verlaenen H, et al. Risk factor screening for gestational diabetes mellitus based on 
the 2013 WHO criteria. Eur J Endocrinol. (2019) 180:353–63. doi: 10.1530/
EJE-19-0117

	31.	Liu J, Huang S, Wang X, Li B, Ma J, Sun H, et al. Effect of the coronary arterial 
diameter derived from coronary computed tomography angiography on fractional flow 
reserve. J Comput Assist Tomogr. (2022) 46:397–405. doi: 10.1097/
RCT.0000000000001299

	32.	He W, Li Q, Yang M, Jiao J, Ma X, Zhou Y, et al. Lower BMI cutoffs to define 
overweight and obesity in China. Obesity (Silver Spring, Md). (2015) 23:684–91. doi: 
10.1002/oby.20995

	33.	Tang J, Zhu X, Chen Y, Huang D, Tiemeier H, Chen R, et al. Association of 
maternal pre-pregnancy low or increased body mass index with adverse pregnancy 
outcomes. Sci Rep. (2021) 11:3831. doi: 10.1038/s41598-021-82064-z

	34.	Joint Committee for Developing Chinese guidelines on Prevention and Treatment 
of Dyslipidemia in Adults. Chinese guidelines on prevention and treatment of 
dyslipidemia in adults. Chin J Cardiovasc Dis. (2007) 35:390–419.

	35.	Pan L, Yang Z, Wu Y, Yin RX, Liao Y, Wang J, et al. The prevalence, awareness, 
treatment and control of dyslipidemia among adults in China. Atherosclerosis. (2016) 
248:2–9. doi: 10.1016/j.atherosclerosis.2016.02.006

	36.	Xie J, Pan T, Luo W, Zhang S, Fang Y, Xu Z. CYP2C19 *2/*2 genotype is a risk 
factor for multi-site arteriosclerosis: a hospital-based cohort study. Int J Gen Med. (2023) 
16:5139–46. doi: 10.2147/IJGM.S437251

	37.	Hommels TM, Hermanides RS, Fabris E, Kedhi E. Exploring new insights in 
coronary lesion assessment and treatment in patients with diabetes mellitus: the impact 
of optical coherence tomography. Cardiovasc Diabetol. (2023) 22:123. doi: 10.1186/
s12933-023-01844-1

	38.	van Niel J, Geelhoed-Duijvestijn P, Numans ME, Kharagjitsing AV, Vos RC. Type 
2 diabetes in south Asians compared to Europeans: higher risk and earlier development 
of major cardiovascular events irrespective of the presence and degree of retinopathy. 
Results from the HinDu the Hague diabetes study. Endocrinol Diabetes Metab. (2021) 
4:e00242. doi: 10.1002/edm2.242

https://doi.org/10.3389/fmed.2026.1738919
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.3390/jcdd10050210
https://doi.org/10.1080/14779072.2025.2476132
https://doi.org/10.1007/s00330-024-10633-7
https://doi.org/10.1007/s00330-024-10633-7
https://doi.org/10.1097/MCA.0000000000001027
https://doi.org/10.1155/2022/9154295
https://doi.org/10.1016/j.ijcrp.2022.200143
https://doi.org/10.1016/j.ijcrp.2022.200143
https://doi.org/10.1016/j.freeradbiomed.2019.03.036
https://doi.org/10.1016/j.clinthera.2023.09.020
https://doi.org/10.1016/j.clinthera.2023.09.020
https://doi.org/10.1186/s13643-023-02442-8
https://doi.org/10.1186/s13643-023-02442-8
https://doi.org/10.1016/j.cnur.2023.06.003
https://doi.org/10.1016/j.cnur.2023.06.003
https://doi.org/10.1161/CIRCOUTCOMES.121.008298
https://doi.org/10.1161/CIR.0000000000001089
https://doi.org/10.1161/CIRCIMAGING.123.016079
https://doi.org/10.1097/FJC.0000000000001602
https://doi.org/10.2174/1573399816666201103143818
https://doi.org/10.1039/d4lc00131a
https://doi.org/10.1016/j.jacc.2024.05.069
https://doi.org/10.1016/j.jdiacomp.2018.10.010
https://doi.org/10.1016/j.jdiacomp.2018.10.010
https://doi.org/10.1186/s12933-025-02585-z
https://doi.org/10.1080/17425255.2023.2178895
https://doi.org/10.1186/s12872-022-02547-3
https://doi.org/10.1186/s12872-023-03207-w
https://doi.org/10.1155/2017/8062796
https://doi.org/10.1111/bcp.15268
https://doi.org/10.1038/s41397-025-00371-4
https://doi.org/10.22034/APJCP.2018.19.8.2057
https://doi.org/10.1152/ajpheart.00349.2009
https://doi.org/10.1016/s0146-0005(00)80048-8
https://doi.org/10.1161/01.res.88.1.44
https://doi.org/10.1530/EJE-19-0117
https://doi.org/10.1530/EJE-19-0117
https://doi.org/10.1097/RCT.0000000000001299
https://doi.org/10.1097/RCT.0000000000001299
https://doi.org/10.1002/oby.20995
https://doi.org/10.1038/s41598-021-82064-z
https://doi.org/10.1016/j.atherosclerosis.2016.02.006
https://doi.org/10.2147/IJGM.S437251
https://doi.org/10.1186/s12933-023-01844-1
https://doi.org/10.1186/s12933-023-01844-1
https://doi.org/10.1002/edm2.242


Cai et al.� 10.3389/fmed.2026.1738919

Frontiers in Medicine 10 frontiersin.org

	39.	Jinnai T, Horiuchi H, Makiyama T, Tazaki J, Tada T, Akao M, et al. Impact of 
CYP2C19 polymorphisms on the antiplatelet effect of clopidogrel in an actual clinical 
setting in Japan. Circ J. (2009) 73:1498–503. doi: 10.1253/circj.cj-09-0019

	40.	Liu B, Lamerato LE, Misra DP. A retrospective analysis of the relationship between 
race/ethnicity, age at delivery and the risk of gestational diabetes mellitus. J Matern Fetal 
Neonatal Med. (2020) 33:2961–9. doi: 10.1080/14767058.2019.1566310

	41.	Nun-Anan P, Chonprasertsuk S, Siramolpiwat S, Tangaroonsanti A, 
Bhanthumkomol P, Pornthisarn B, et al. CYP2C19 genotype could be a predictive factor 
for aggressive manifestations of hepatocellular carcinoma related with chronic hepatitis 
B infection in Thailand. Asian Pac J Cancer Prev. (2015) 16:3253–6. doi: 10.7314/
apjcp.2015.16.8.3253

	42.	Wang Y, Cai H, Zhou G, Zhang Z, Liu X. Effect of CYP2C19*2 and *3 on clinical 
outcome in ischemic stroke patients treated with clopidogrel. J Neurol Sci. (2016) 
369:216–9. doi: 10.1016/j.jns.2016.08.025

	43.	Dorji PW, Tshering G, Na-Bangchang K. CYP2C9, CYP2C19, CYP2D6 and 
CYP3A5 polymorphisms in south-east and East Asian populations: a systematic review. 
J Clin Pharm Ther. (2019) 44:508–24. doi: 10.1111/jcpt.12835

	44.	Ge H, Lv X, Ren H, Jin H. Influence of CYP2C19 genetic polymorphisms on 
clinical outcomes of intracranial aneurysms treated with stent-assisted coiling. J 
Neurointerv Surg. (2017) 9:958–62. doi: 10.1136/neurintsurg-2016-012635

	45.	Liao YJ, Hsiao TH, Lin CH. Clopidogrel use and CYP2C19 genotypes in patients 
undergoing vascular intervention procedure: a hospital-based study. Pharmgenomics 
Pers Med. (2022) 15:81–9. doi: 10.2147/PGPM.S335860

	46.	Park MW, Her SH, Kim CJ, SunCho J, Park GM, Kim TS, et al. Evaluation of the 
incremental prognostic value of the combination of CYP2C19 poor metabolizer status 
and ABCB1 3435 TT polymorphism over conventional risk factors for cardiovascular 
events after drug-eluting stent implantation in east Asians. Genet Med. (2016) 18:833–41. 
doi: 10.1038/gim.2015.171

	47.	Zhong Z, Hou J, Li B, Zhang Q, Liu S, Li C, et al. Analysis of CYP2C19 genetic 
polymorphism in a large ethnic Hakka population in southern China. Med Sci Monit. 
(2017) 23:6186–92. doi: 10.12659/msm.905337

	48.	Chen W, Liu Y, Deng X, Li B, Wang H, Wei G, et al. CYP2C19 loss-of-function is 
an associated risk factor for premature coronary artery disease: a case-control study. Int 
J Gen Med. (2024) 17:5049–58. doi: 10.2147/IJGM.S486187

	49.	Hokimoto S, Tabata N, Akasaka T, Arima Y, Kaikita K, Morita K, et al. Gender 
differences in impact of CYP2C19 polymorphism on development of coronary artery 
disease. J Cardiovasc Pharmacol. (2015) 65:148–52. doi: 10.1097/FJC.0000000000000171

	50.	Han W, Xiong N, Zhong R, Pan Z. CYP2C19 poor metabolizer status and high 
system inflammation response index are independent risk factors for premature 
myocardial infarction: a hospital-based retrospective study. Int J Gen Med. (2024) 
17:4959–69. doi: 10.2147/IJGM.S489235

	51.	Jayaraman S, Chavez OR, Pérez A, Miñambres I, Sánchez-Quesada JL, Gursky O. 
Binding to heparin triggers deleterious structural and biochemical changes in human 
low-density lipoprotein, which are amplified in hyperglycemia. Biochim Biophys Acta 
Mol Cell Biol Lipids. (2020) 1865:158712. doi: 10.1016/j.bbalip.2020.158712

	52.	Huang H, Shen Y. Bezafibrate mitigates oxidized-low density lipoprotein (ox-
LDL)-induced the attachment of monocytes to endothelial cells: an implication in 
atherosclerosis. Fundam Clin Pharmacol. (2024) 38:958–66. doi: 10.1111/fcp.13025

	53.	Pan J, Cai Y, Wang L, Maehara A, Mintz GS. A prediction tool for plaque 
progression based on patient-specific multi-physical modeling. PLoS Comput Biol. 
(2021) 17:e1008344. doi: 10.1371/journal.pcbi.1008344

	54.	Borén J, Packard CJ, Binder CJ. Apolipoprotein B-containing lipoproteins in 
atherogenesis. Nat Rev Cardiol. (2025) 22:399–413. doi: 10.1038/s41569-024-01111-0

	55.	Nelson AJ, Sniderman AD, Ditmarsch M, Dicklin MR, Nicholls SJ, Davidson MH, 
et al. Cholesteryl Ester transfer protein inhibition reduces major adverse cardiovascular 
events by lowering Apolipoprotein B levels. Int J Mol Sci. (2022) 23:9417. doi: 10.3390/
ijms23169417

	56.	Yu L, Liu Y, Guo R, Yang T, Pan G, He Y, et al. The metabolic syndrome-insulin 
resistance index: a tool for identifying dyslipidemia across varied glucose metabolic 
score in patients with cardiovascular disease. Front Endocrinol (Lausanne). (2025) 
16:1473308. doi: 10.3389/fendo.2025.1473308

	57.	Zhang J, Yao X, Chen Y, Feng Q, Zhang Y, Jiang T, et al. Degree of blood glucose 
control and risk of hypertension in Chinese adults with T2DM: a cross-sectional study. 
Diabetes Metab Syndr Obes. (2024) 17:3227–38. doi: 10.2147/DMSO.S462748

	58.	Abrashev H, Abrasheva D, Nikolov N. A systematic review of endothelial 
dysfunction in chronic venous disease-inflammation, oxidative stress, and shear stress. 
Int J Mol Sci. (2025) 26:3660. doi: 10.3390/ijms26083660

	59.	Ferrara D, Montecucco F, Dallegri F, Carbone F. Impact of different ectopic fat 
depots on cardiovascular and metabolic diseases. J Cell Physiol. (2019) 234:21630–41. 
doi: 10.1002/jcp.28821

	60.	Santamarina AB, Mennitti LV, de Souza EA, Mesquita LMS, Noronha IH, 
Vasconcelos JRC, et al. A low-carbohydrate diet with different fatty acids' sources in the 
treatment of obesity: impact on insulin resistance and adipogenesis. Clin Nutr. (2023) 
42:2381–94. doi: 10.1016/j.clnu.2023.09.024

https://doi.org/10.3389/fmed.2026.1738919
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1253/circj.cj-09-0019
https://doi.org/10.1080/14767058.2019.1566310
https://doi.org/10.7314/apjcp.2015.16.8.3253
https://doi.org/10.7314/apjcp.2015.16.8.3253
https://doi.org/10.1016/j.jns.2016.08.025
https://doi.org/10.1111/jcpt.12835
https://doi.org/10.1136/neurintsurg-2016-012635
https://doi.org/10.2147/PGPM.S335860
https://doi.org/10.1038/gim.2015.171
https://doi.org/10.12659/msm.905337
https://doi.org/10.2147/IJGM.S486187
https://doi.org/10.1097/FJC.0000000000000171
https://doi.org/10.2147/IJGM.S489235
https://doi.org/10.1016/j.bbalip.2020.158712
https://doi.org/10.1111/fcp.13025
https://doi.org/10.1371/journal.pcbi.1008344
https://doi.org/10.1038/s41569-024-01111-0
https://doi.org/10.3390/ijms23169417
https://doi.org/10.3390/ijms23169417
https://doi.org/10.3389/fendo.2025.1473308
https://doi.org/10.2147/DMSO.S462748
https://doi.org/10.3390/ijms26083660
https://doi.org/10.1002/jcp.28821
https://doi.org/10.1016/j.clnu.2023.09.024

	CYP2C19 intermediate and poor metabolizer statuses may be associated with coronary atherosclerosis among patients with type 2 diabetes mellitus
	Introduction
	Materials and methods
	Participants
	Data collection, definition of indicator grouping, and CYP2C19 gene testing
	Statistical analysis

	Results
	Characteristics of subjects
	Comparison of clinical features of CAS patients and non-CAS controls among patients with T2DM
	Comparison of the CYP2C19 genotypes and alleles between patients with CAS and controls
	Comparison of clinical characteristics of individuals with different CYP2C19 phenotypes
	Logistic regression analysis of the relationship of CYP2C19 phenotypes and CAS risk

	Discussion
	Conclusion

	Acknowledgments
	References

