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Abstract. – OBJECTIVE: Cardiovascu-
lar events prognosis based on CYP2C19 gene 
polymorphisms had many applications in clini-
cal practice. Assessed characteristics and pre-
dictive performance of cardiovascular events 
in acute coronary syndrome patients with CY-
P2C19 gene polymorphisms. 

PATIENTS AND METHODS: The patients 
were analyzed for CYP2C19 gene polymor-
phisms by real-time polymerase chain reaction 
(PCR). The PCR worked with primers around 
the mutant, as well as two fluorescent probes, 
one specific for the normal allele and the other 
for the mutant allele, and cardiovascular events 
were followed at 3 months and 6 months. 

RESULTS: Patients with CYP2C19 gene poly-
morphism accounted for 48.6% of which CY-
P2C19 *1/*2 genotype had the highest propor-
tion (31.7%). The normal metabolizer pheno-
type was the majority (51.4%), and the *1 allele 
proportion accounted for the most (72.2%). Pa-
tients with type 2 diabetes (HR: 3.082, 95% CI: 
1.652-5.747, p < 0.001) and ST-segment elevation 
myocardial infarction (HR: 2.874, 95% CI: 1.528-
5.404, p = 0.001) were independent prognos-
tic factors for cardiovascular events at 90 days. 
Type 2 diabetes was an independent prognostic 
factor for cardiovascular events at 180 days (HR: 
3.714, 95% CI: 1.557-8.862, p = 0.003). The CY-
P2C19 gene polymorphism was an independent 
prognostic factor of cardiovascular events at 90 
days (HR: 1.965, 95% CI: 1.012-3.814, p = 0.046). 
However, at 180 days of analysis, the associa-
tion between the CYP2C19 gene polymorphism 
was not significant (HR: 2.234, 95% CI: 0.862-
5.789, p = 0.098). 

CONCLUSIONS: CYP2C19 gene polymor-
phism was an independent prognostic factor of 
cardiovascular events 90 days after acute coro-
nary syndrome.

Key Words:
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phism, Cardiovascular events.

Introduction

Acute coronary syndrome is a critical medical 
emergency and one of the leading causes of death 
globally, with a significant impact on Vietnam in 
particular1. The high mortality rate of acute cor-
onary syndromes led to the requirement of early 
risk stratification for optimal intervention strate-
gies and prognosis. New variables with prognostic 
value for cardiovascular events (CEs), such as CY-
P2C19*2, *3 gene polymorphisms, were necessary 
for research1,2. Several studies1-3 have shown the 
difference in the efficacy of antiplatelet therapy in 
individuals, especially in patients receiving clopi-
dogrel, which was explained by CYP2C19 geno-
type polymorphisms. Patients with CYP2C19*2 
and CYP2C19*3 gene polymorphisms had higher 
levels of platelet aggregation than those with-
out, which led to a higher risk of cardiovascular 
events1,3. The noticeable thing was the prevalence 
of intermediate and poor CYP2C19 metabolizers 
was quite high in the world (about 40% in the 
general population) and especially higher in the 
Asian population (about 50% of the population)2. 
Therefore, the association between CYP2C19*2 
gene polymorphism, CYP2C19*3, and CYP2C19 
metabolic phenotype with cardiovascular events is 
increasingly being studied4,5. Therefore, our study 
aimed to investigate the characteristics and prog-
nostic performance of cardiovascular events in 
acute coronary syndrome patients with CYP2C19 
gene polymorphisms.

Patients and Methods

Study Design and Population
We performed a cross-sectional analysis study 

with a 6-month follow-up on 142 patients with 
acute coronary syndromes from May 2021 to 
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July 2023 at Can Tho University of Medicine and 
Pharmacy Hospital and Can Tho Central General 
Hospital.

Inclusion Criteria
Patients were diagnosed with (1) acute coro-

nary syndrome (ACS) including unstable angina, 
acute ST-segment elevation myocardial infarction 
(STEMI), non-ST-segment elevation myocardial 
infarction (NSTEMI) according to the Europe-
an Society of Cardiology 2017 criteria6 and the 
Fourth Universal Definition of Myocardial In-
farction7 ; (2) age ≥ 18 ; (3) consented to partici-
pate in the study.

Exclusion Criteria
(1) medical comorbidities that could affect sur-

vivability prognosis include malignancy, child C 
cirrhosis, chronic obstructive pulmonary disease 
(COPD) group D, and chronic kidney disease 
stage V (glomerular filtration rate (GFR) less than 
15 ml/min/1.73 m2 skin); (2) patient with heavily 
bleeding; (3) patients with contraindications to 
antiplatelet therapy.

Study Contents

Study variables
General characteristics include age, gender, 

and cardiovascular risk factors such as hy-
pertension, type 2 diabetes mellitus (T2DM), 
dyslipidemia, smoking, overweight and obesity 
(when body mass index (BMI) ≥ 23 kg/m2), 
sedentary (exercise less than 3 times a week for 
at least 30 minutes and/or no physical activity 
lasting ≥ 30 minutes and no sweat). Clinical 
form: qualitative variables with 3 values (acute 
ST-segment elevation myocardial infarction, 
non-ST-segment elevation myocardial infarc-
tion, and unstable angina) were diagnosed 
based on the European Society of Cardiology 
in 2017 and 20206,8.

Characteristics and association and value prog-
nosis performance of CYP2C19 gene polymor-
phisms in predicting cardiovascular events in 
patients with acute coronary syndrome: 
•	 *1/*1 [Normal metabolizers (NM)]: Not carry-

ing CYP2C19 loss-of-function allele.
•	 *1/*2, *1/*3, *2/*2 [Intermediate Metabolizers 

(IM)]: Carrying 1 normal CYP2C19 allen, and 
1 loss-of-function allele.

•	 *2/*3, *3/*3 [Poor Metabolizers (PM)]: Carry-
ing 2 loss-of-function allele.

Cardiovascular events included all-cause mor-
tality, recurrent myocardial infarction, ischemic 
stroke, readmission for angina, and heart failure. 
CYP2C19 gene polymorphisms prognostic per-
formance in cardiovascular events: the associ-
ation between gene polymorphisms, metabolic 
phenotypes, and cardiovascular events; the Ka-
plan-Meier event-free survival curves between 
2 groups of CYP2C19 genotype; univariate and 
multivariate Cox regression analysis examined 
the predictive performance of cardiovascular 
events at 90 days and 180 days (Figure 1).

Measurements and 
Data Collection Methods

Patients enrolled in the study were examined 
for general information (full name, year of birth, 
sex, address, admission number, storage number, 
and contact phone number). Medical history: 
hypertension, dyslipidemia, smoking, sedentary, 
type 2 diabetes mellitus, drug use history (con-
trol hypertension, type 2 diabetes mellitus, and 
lipid). Record the clinical form of acute coronary 
syndrome based on the angina symptom, electro-
cardiogram, and troponin kinetics.

CYP2C19 genotyping: 2 ml of the patient’s ve-
nous blood was taken and placed in an EDTA tube. 
Blood samples were stored at -20°C until analyzed. 
Patient DNA was extracted from whole blood us-
ing silica-based nucleic acid purification methods. 
The quality of the DNA sample was measured us-
ing a BioDrop spectrophotometer (Waltham, MA, 
USA). The obtained DNA samples were analyzed 
for CYP2C19 genotype at the Molecular Biology 
Department of Can Tho University of Medicine 
and Pharmacy by real-time PCR method. The 
protocol was based upon the 5′ nuclease activity 
of Taq polymerase and using the Real Gene (Gar-
den Apartments, 122, Vaishali, Ghaziabad, Uttar 
Pradesh 201010, India). The PCR reaction worked 
with primers around the mutant, as well as two 
fluorescent probes, one specific for the normal 
(wild) allele and the other for the mutant allele. 
The probes were attached to a fluorescent dye at 
the 5’ end. Fluorescence was analyzed in real-time 
reaction or at the endpoint, allowing the distinction 
of three possible genotypes [normal homozygous 
(wt), heterozygous, and mutation homozygous]. 
The CYP2C19 genotype, the CYP2C19 metabolic 
phenotype, and the CYP2C19 allele were recorded.

Cardiovascular events were followed at 3 
months and 6 months through face-to-face clini-
cal examination, telephone interviews, or medical 
records of patients.
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Statistical Analysis
Data was processed using SPSS 20 (IBM 

Corp., Armonk, NY, USA). Qualitative variables 
are summarized by calculating their frequency 
and proportion. Quantitative variables with nor-
mal distribution were described by mean and 
standard deviation (SD) (mean ± SD). Quantita-
tive variables without normally distributed were 
described by median and maximum-minimum 
values (median, maximum-minimum). The dif-
ference was statistically significant when p < 
0.05. Use the Kaplan-Meier estimation method to 
calculate the cumulative total of events at differ-
ent time points. Univariate and multivariable Cox 
regression analysis was used to identify indepen-
dent variables that affect cardiovascular events.

Results

General Characteristics of 
Study Population

In 142 patients with acute myocardial in-
farction, 48.6% of patients had CYP2C19 gene 

polymorphism, in which the poor metabolizer 
phenotype accounted for a low rate of 6.3%, 
intermediate metabolizers accounted for 42.3%, 
the CYP2C19*1 allele accounted for the highest 
rate (72.2%), and the lowest was CYP2C19*3 
(7%) (Table I).

Association Factors and Prognostic
Performance of CYP2C19 Gene 
Polymorphisms with Cardiovascular 
Events in Patients with Acute 
Coronary Syndrome

We recorded 44 (31%) patients who had cardio-
vascular events during the follow-up period. In 
90 days (n = 142), there were 41 (28.9%) patients 
with cardiovascular events, and in 180 days (n = 
57) were 23 (40.4%). Heart failure was the most 
common event in all three groups, and the lowest 
was recurrent MI (myocardial infarction) and 
ischemic stroke (Figure 1).

The difference between cardiovascular events 
rate and T2DM, dyslipidemia, overweight/obesi-
ty, and acute coronary syndrome clinical form of 

Table I. General characteristics of the study population.

	 Characteristics	 n	 %

Age	                      67.32 ± 12.82
Male (x– ± s)	 84	 59.2
Hypertension	 117	 82.4
Type 2 diabetes mellitus	 40	 28.2
Dyslipidemia	 59	 41.5
Smoking	 43	 30.3
Obese	 57	 40.1
Sedentary	 53	 37.3
Acute coronary syndrome form	
ST-segment elevation myocardial infarction	 31.7
non-ST-segment elevation myocardial infarction	 58.4
Unstable angina	 9.9
CYP2C19 polymorphism	 69	 48.6
CYP2C19 genotype
*1/*1	 73	 51.4
*1/*2	 45	 31.7
*1/*3	 14	 9.9
*2/*2	 4	 2.8
*2/*3	 6	 4.2
*3/*3	 0	 0
Metabolic phenotype
Normal metabolizer (NM)	 73	 51.4
Intermediate metabolizer (IM)	 60	 42.3
Poor metabolizer (PM)	 9	 6.3
Allele
*1	 205	 72.2
*2	 59	 20.8
*3	 20	 7
Cardiovascular events 
Total	 44	 31
90 days	 41	 28.9
180 days	 23	 40.4
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ST-segment elevation myocardial infarction was 
statistically significant (Table II).

Type 2 diabetes mellitus [Hazard ratio (HR): 
3.082, 95% CI: 1.652-5.747, p < 0.001] and ST-seg-
ment elevation myocardial infarction (HR: 2.874, 
95% CI: 1.528-5.404, p = 0.001) were independent 
predictors of cardiovascular events at 90 days. 
Type 2 diabetes was an independent predictor 
of cardiovascular events at 180 days (HR: 3.714, 
95% CI: 1.557-8.862, p = 0.003) (Table III).

In patients with cardiovascular events, the pro-
portion of CYP2C19 gene polymorphism was high-
er than without. The difference was significant in 
the 90-day follow-up group (p = 0.024) but not in 
the 180-day follow-up group (p = 0.093) (Table IV).

The Kaplan-Meier chart showed the group with 
CYP2C19 gene polymorphism had a significantly 
lower 90-day event-free probability than the other 
group (p = 0.027) and was not significant at 180 
days (p = 0.081) (Figure 2).

CYP2C19 gene polymorphism was an indepen-
dent prognostic of 90-day cardiovascular events. 

The CYP2C19 gene polymorphism increased the 
risk of a 90-day cardiovascular event by 1.965 
(95% CI: 1.012-3.814, p = 0.046). The CYP2C19 
gene polymorphism increased the risk of cardio-
vascular events 2.234-fold at 180 days. However, 
the difference was not significant (95% CI: 0.862-
5.789, p = 0.098) (Table III).

Discussion

General Characteristics
In our study, the average age was 67.32 ± 12.82 

years. There were more males than females in 
the study. Hypertension was the most prevalent 
cardiovascular risk factor (82.4%), and non-ST-
segment elevation myocardial infarction (58.4%) 
was the most common form of acute coronary 
syndrome. The results of this study were similar 
to the study of Kim et al5, the mean age in the 
group of acute MI patients was 62.4 ± 12.4%, and 
males accounted for 75.2%. The PRASFIT-ACS 

Figure 1. Study flow chart. MI: myocardial infarction.

T2DM: type 2 diabetes mellitus, STEMI: ST-segment elevation myocardial infarction, CEs: cardiovascular events.

Table II. Factors associated with cardiovascular events.

	 Factors	 CEs	 Non-CEs	 p (Fisher)

≥ 60, n (%)	 35 (79.5)	 68 (70.4)	 0.242
Male, n (%)	 24 (54.5)	 60 (61.2)	 0.454
Hypertension, n (%)	 33 (75)	 84 (85.7)	 0.121
T2DM, n (%)	 22 (50)	 18 (18.4)	 < 0.001
Overweight/obesity, n (%)	 25 (17.6)	 19 (13.4)	 0.007
Dyslipidemia, n (%)	 35 (70.5)	 32 (35.7)	 < 0.001
Smoking, n (%)	 14 (9.9)	 29 (20.4)	 0.789
Sedentary, n (%)	 18 (40.9)	 35 (35.7)	 0.554
STEMI, n (%)	 22 (50)	 23 (23.5)	 0.002
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Table III. Cox regression analyzing related factors to cardiovascular events in 90 days and 180 days.

		                                                                  90 days				                       180 days

		                     Univariate		                           Multivariable		                           Univariate		                        Multivariable

	 Factors	 HR (95% CI)	 p	 HR (95% CI)	 p	 HR (95% CI)	 p	 HR (95% CI)	 p

Age ≥ 60	 0.741 (0.354-1.554)	 0.428			   4.625 (1.083-19.753)	 0.039	 2.836 (0.63-12.768)	 0.175

Male	 1.457 (0.79-2.689)	 0.228			   1.069 (0.471-2.423)	 0.874		

Hypertension	 0.635 (0.311-1.295)	 0.211			   0.77 (0.262-2.263)	 0.634		

T2DM	 3.257 (1.762-6.022)	 < 0.001	 3.082 (1.652-5.747)	 < 0.001	 4.534 (1.939-10.598)	 < 0.001	 3.714 (1.557-8.862)	 0.003

Overweight/obesity	 2.053 (1.107-3.807)	 0.022	 1.454 (0.766-2.761)	 0.253	 2.94 (1.267-6.822)	 0.012	 2.174 (0.911-5.187)	 0.08

STEMI	 3.090 (1.666-5.731)	 < 0.001	 2.874 (1.528-5.404)	 0.001	 0.747 (0.316-1.674)	 0.506		

CYP2C19 gene polymorphism*	 1.992 (1.055-3.763)	 0.034	 1.965 (1.012-3.814)	 0.046	 2.145 (0.881-5.22)	 0.093	 2.234 (0.862-5.789)	 0.098

T2DM: type 2 diabetes mellitus, STEMI: ST-segment elevation myocardial infarction.*90-day multivariable Cox regression adjusted for type 2 diabetes mellitus, overweight/obesity, 
and clinical type of ST-segment elevation myocardial infarction. 180-day multivariable Cox regression adjusted for age ≥ 60, type 2 diabetes, overweight/obesity. 

CEs: cardiovascular events.

Table IV. Distribution of cardiovascular events according to CYP2C19 genotype classification.

	 CEs	 Gene polymorphism	 Non gene polymorphism	 Total	 p

90 days, n (%) (n = 142)	 26 (63.4)	 15 (36.6)	 41 (100)	 0.024
180 days, n (%) (n = 57)	 16 (69.6)	   7 (30.4)	 23 (100)	 0.093
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study9 on 1,363 acute coronary syndrome pa-
tients in Japan also recorded an average age of 
64 years. The PHARMCLO study10 evaluated the 
choice of antiplatelet drugs based on the results 
of CYP2C19 genotyping. The average age was 
70.9 ± 12.2; males accounted for 68%, ST-seg-
ment elevation myocardial infarction was 27.5%, 
non-ST-segment elevation myocardial infarction 
was 67.8%, and only 1.9% was unstable angina. 
Yoshikawa et al11 also recorded the proportion of 
hypertension was 72.8, dyslipidemia was 82.8, 
type 2 diabetes mellitus was 37.9, and smoking 
was 20.7%. A Korean study5 on patients with 
acute myocardial infarction recorded the rate of 
hypertension was 48.3%, type 2 diabetes mellitus 
was 32.7%, dyslipidemia was 24%, and smoking 
was 25.8%. Thus, hypertension, type 2 diabe-
tes mellitus, smoking, obesity, and dyslipidemia 
were common risk factors in patients with cor-
onary artery disease, in which hypertension was 
the most common risk factor.

Associated Factors and Prognostic 
Performance of CYP2C19 Gene 
Polymorphisms with Cardiovascular 
Events in Patients with Acute
Coronary Syndrome

Our study recorded the genotype ratio as 
follows: *1/*1 (n = 73, 51.4%), *1/*2 (n = 45, 
31.7%), *1/*3 (n = 14, 9.9%), *2/*2 (n = 4, 2.8%), 
*2/*3 (n = 6, 4.2%). The prevalence of CYP2C19 
gene polymorphism patients was 48.6%. This 
prevalence was relatively consistent with the 
previous study of Diem et al12, and Toan et al13 
also recorded the *1/*1 genotypic prevalence 

between 32.74% and 55.01%, of which Viet-
nam had the highest prevalence, and Japan had 
the lowest13. The frequency of *1/*2 accounted 
for high prevalence (36.88%-44.94%) in geno-
types carrying mutant alleles CYP2C19*2/*3. 
Among genotypes carrying 2 mutant alleles 
CYP2C19*2/*3, *2/*2 accounted for the high-
est prevalence (5.06%-8.82%). Genotype *3/*3 
accounted for a very low prevalence of the pop-
ulation (< 1%), except for Korea14. We recorded 
normal (n = 73, 51.4%), intermediate (n = 60, 
42.3%), and poor (n = 9, 6.3%) metabolizer phe-
notypes. The CYP2C19*2 and CYP2C19*3 al-
leles were more frequent in East Asians (30.26% 
and 6.89%) and even in Australian populations, 
had a 2-fold higher prevalence (61.30% and 
14.42%, respectively; p < 0.001). Regarding the 
CYP2C19 metabolic phenotype, poor metabo-
lizers were more likely to occur in Asians than 
in Europeans2. In Asia, the study of Wang et al1 
on 756 patients undergoing percutaneous coro-
nary intervention (PCI) in China recorded: NM 
(38.9%), IM (46.7%), and PM (14.4%). These 
results could prove that the prevalence of IM 
and PM was high in the Vietnamese and Asian 
populations and much higher than in Europeans. 

We recorded 44 (31%) patients who had cardio-
vascular events during the follow-up period. In 90 
days (n = 142), there were 41 (28.9%) patients with 
cardiovascular events, and in 180 days (n = 57) 
were 23 (40.4%). Heart failure was the most com-
mon event in all three groups, and the lowest was 
recurrent MI and ischemic stroke. Type 2 diabe-
tes mellitus, dyslipidemia, overweight/obesity, and 
ST-segment elevation myocardial infarction were 

Figure 2. Kaplan-Meier chart showing cumulative event-free probability between CYP2C19 gene polymorphisms at 90 days 
(A) and 180 days (B).
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independent prognostic factors for cardiovascular 
events at 90 days: type 2 diabetes mellitus (HR: 
3.082, 95% CI: 1.652-5.747, p < 0.001) and ST-seg-
ment elevation myocardial infarction (HR: 2.874, 
95% CI: 1.528-5.404, p = 0.001) were independent 
predictors of cardiovascular events at 90 days. Type 
2 diabetes was an independent predictor of car-
diovascular events at 180 days (HR: 3.714, 95% 
CI: 1.557-8.862, p = 0.003). Several studies have 
demonstrated that type 2 diabetes mellitus was an 
independent prognostic factor for CEs in patients 
with acute coronary syndrome. Patients with type 
2 diabetes mellitus increased the risk of CEs 1.211 
times (95% CI: 1.009-1.453) in the study by Tian et 
al15. VALIANT study16 recorded a history of type 
2 diabetes mellitus increased 1.37 times (95% CI: 
1.27-1.48) and new type 2 diabetes mellitus 1.34 
times (95% CI: 1.14-1.56). In Bouisset et al17, 28-
day mortality was significantly lower in patients 
with non-ST-segment elevation myocardial infarc-
tion (OR: 0.58, 95% CI: 0.36-0.94, p = 0.03). The 
EPICOR study18 in Asia reported a higher mortality 
rate in the early post-discharge period compared 
with non-ST-segment elevation myocardial infarc-
tion. Our study found that patients with CYP2C19 
gene polymorphism had a higher rate of CEs than 
those without in 90 days (18.6% vs. 10.6%, p = 
0.024), and 180 days (28.1% vs. 12.3%, p = 0.093). 
The Kaplan-Meier chart showed the probability of 
having no cardiovascular events was lower in the 
group carrying the CYP2C19 gene polymorphism; 
at 90 days, it was statistically significant (p = 0.027), 
and at 180 days, it was not statistically significant 
(p = 0.081). The CYP2C19 gene polymorphism 
was an independent predictor of 90-day cardiovas-
cular events (HR: 1.965, 95% CI: 1.012-3.814, p = 
0.046) after adjustment and increased cardiovascu-
lar events for 180 days (HR: 2.234, 95% CI: 0.862-
5.789, p = 0.098) but not statistically significant. 
Tabata et al19 noted that carrying a CYP2C19 gene 
polymorphism was an independent predictor of 
cardiovascular events (cardiovascular death, recur-
rent MI, ischemic stroke, recurrent unstable angina, 
rehospitalization for heart failure) with a mean fol-
low-up of 926 days (HR: 1.94, 95% CI: 1.1-3.69, p 
= 0.045). Among the patients followed for 180 days, 
the CYP2C19 gene polymorphism was not associ-
ated with statistically significant CEs, possibly be-
cause the number of patients followed for 180 days 
was small (57 patients) compared with the group of 
patients followed for 90 days and compared with 
other studies in the world, so the association be-
tween the CYP2C19 gene polymorphism*2/*3 and 
the cardiovascular events was not recorded.

Limitations 
Our study had a small sample size and was 

conducted at a single center. A larger study with a 
multicenter design and a longer follow-up period 
or meta-analysis was required to give a better in-
vestigation of the CYP2C19 gene polymorphisms 
prognostic performance with CEs and may par-
tially determine the value of genotype-based 
switching of antiplatelet agents in improving out-
comes in patients with acute coronary syndrome. 
However, our study yielded very positive results 
in terms of 90-day prognostic performance in 
patients with CYP2C19 gene polymorphisms who 
had higher CEs than those without, which was a 
premise to design for future regional studies. 

Conclusions

Our study showed that nearly 50% of patients 
with acute coronary syndrome carry a polymor-
phism of the CYP2C19 gene, in which the CY-
P2C19*1/*1 genotype accounted for the highest 
prevalence and the NM phenotype accounted for 
the majority. The CYP2C19 gene polymorphism 
was an independent prognosis of cardiovascular 
events at 90 days after acute coronary syndrome. 
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