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study
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Abstract

Purpose The research aimed to detect the association between single nucleotide polymorphisms (SNPs) in CYP4\/2
gene and coronary heart disease (CHD) risk.

Methods This case—control study included 487 CHD subjects and 487 healthy individuals. Logistic regres-

sion was performed to analyze the connection between five SNPs in CYP4V2 (rs1398007, rs13146272, rs3736455,
rs1053094, and rs56413992) and CHD risk, and odds ratios (ORs) with 95% confidence intervals (Cls) were calculated
to evaluate the connection.

Results As a result, we found that rs56413992 T allele (OR=1.36, 95% Cl=1.09-1.70, p=0.007) and CT genotype
(OR=1.40,95% Cl=1.06-1.83, p=0.017) were significantly associated with an increased risk of CHD in the overall
analysis. Precisely, rs56413992 was linked to an elevated risk of CHD in people aged > 60, males, smokers and drink-
ers. The study also indicated that rs1398007 was linked to an increased CHD risk in drinkers. In addition, rs1053094
was correlated with a decreased risk of CHD complicated with diabetes mellitus (DM), and rs1398007 was correlated
with a decreased risk of CHD complicated with hypertension (HTN).

Conclusion This study was the first to experimentally demonstrate that CYP4V2 rs56413992 was associated
with the risk of CHD, which will provide a certain reference for revealing the pathogenesis of CHD.
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Introduction
Coronary heart disease (CHD) is one of the main causes
of morbidity and death in cardiovascular diseases world-
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occur in the arterial intima, which promotes atheroscle-
rotic lesions, causing reduced or blocked blood flow in
coronary blood flow, and ultimately leading to CHD [4].
It has been reported that the etiology of CHD is multi-
factorial, including environmental and genetic factors,
as well as their combined effect [5-7]. In recent years,
a larger number of studies have suggested that genetic
factors, especially single nucleotide polymorphisms
(SNPs), play a significant role in the mechanism of CHD
[8-10]. Thus, it is essential to study CHD-related gene
polymorphisms.

Cytochrome P450 (P450), an important enzyme of
oxidative metabolism, plays a recognized part in the
metabolism of endogenous compounds and the meta-
bolic clearance of drugs and other exogenous substances
[11]. CYP4V2 is a member of the cytochrome P450 fam-
ily 4 [11]. CYP4V2 gene, located in the chromosomal
region 4q35, contains 11 exons and encodes the protein
composed of 525 amino acids [12]. Studies have shown
that CYP4V2 is a selective w-hydroxylase for saturated
medium-chain fatty acids [13]. Currently, although
CYP4V2 has been proven to be involved in lipid metabo-
lism, its role in the pathogenesis of CHD remains unclear
[14].
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Therefore, this research aimed to investigate the con-
nection of CYP4V2 rs1398007, rs13146272, rs3736455,
rs1053094 and rs56413992 with the risk of CHD in the
Chinese Han population, to provide reference value for
the diagnosis, prevention and prognosis of CHD. The
research flow chart of this study was shown in Fig. 1.

Material and methods

Participants

On the basis of G*power 3.1.9.7 software, we estimated
the sample size of the case group and the control group
through an independent sample t-test. The param-
eters were set as: Tail=2, Effect size=0.20, a=0.05,
Power=0.85, Allocation ratio N2/N1=1. Ultimately, this
case—control research recruited 487 CHD subjects from
the department of cardiology of Central South University
Xiangya School of Medicine Affiliated Haikou Hospital
and 487 healthy individuals from the medical examina-
tion center of the hospital. They are all ethnic Han Chi-
nese. The diagnosis of CHD patients was based on the
comprehensive examination of clinical symptoms, medi-
cal history, and diagnostic tests, including electrocardio-
grams and coronary angiography. The inclusion criterion
for the CHD group was: single-vessel stenosis>70% or
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Fig. 1 Flowchart of a study on the relationship between CYP4V2 polymorphisms and CHD risk
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multi-vessel stenosis>50% confirmed by coronary angi-
ography. Patients with congenital heart disease, acute
myocardial infarction, cardiomyopathy, malignant tumor
and chronic inflammatory disease were excluded. The
inclusion criterion for the healthy control group was: (1)
healthy individuals without cardiovascular diseases con-
firmed by physical examination; (2) unrelated subjects
matched for age and gender with patients with CHD; (3)
no family history of cardiovascular and cerebrovascular
diseases; (4) no diabetes and hypertension. Besides, basic
information about the participants, including age, gender,
smoking and alcohol consumption status, complicated
with DM and HTN and clinical parameters-total cho-
lesterol (TC), triglyceride (TG), high-density lipoprotein
cholesterol (HDL-C) and low-density lipoprotein cho-
lesterol (LDL-C) was collected from standard question-
naires and medical records. HTN is defined as systolic
blood pressure>140 mmHg and diastolic blood pres-
sure > 90 mmHg, or the patient is receiving antihyperten-
sive medication. DM is defined as fasting venous plasma
glucose level >7.0 mmol/L, random venous plasma glu-
cose level >11.1 mmol/L, or the patient is being treated
with hypoglycemic drugs or insulin. Also, we divided the
participants into smokers, non-smokers, drinkers and
non-drinkers according to their smoking and drinking
habits, respectively. All participants were unrelated Chi-
nese Han population. This research was ratified by the
Central South University Xiangya School of Medicine
Affiliated Haikou Hospital ethics committee (ZY-IRB-
FOM-063), and written informed consent was obtained
from each subject.

SNP selection and genotyping

In this study, the following processes were used to select
SNPs in CYP4V2 gene: (1) 18,005 loci of CYP4V2 were
found in the Ensemble database (https://asia.ensembl.
org/index.html); (2) There were 361 variants with minor
allele frequency (MAF) greater than 5% in the general
population published in the 1000 Genome Project data-
base; (3) Twenty-five variants were obtained according
to their functional categories (5-UTR, 3’-UTR, missense
and synonymous); (4) After consulting relevant literature
[15-17], five variants (rs1398007, rs13146272, rs3736455,
rs1053094 and rs56413992) were selected to continue to
evaluate the correlation with the risk of CHD.

For each subject, 5 mL of peripheral venous blood sam-
ple was collected and stored in EDTA anticoagulant tubes
at 4°C for DNA extraction by GoldMag genomic DNA
purification kit (GoldMag Co Ltd., Xi’an, China). Primers
for PCR amplification were designed using Agena Biosci-
ence Assay Design software, and the information of PCR
primers was shown in Supplementary Table 1. SNPs were
then genotyped using the Agena MassARRAY iPLEX
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platform (Agena Bioscience Inc., CA, USA). Finally,
Agena Bioscience TYPER 4.0 software was applied to
manage and analyze the results of SNP genotyping.

Statistical analyses

SPSS 22.0 was used for statistical analysis in this study.
All tests were two-sided, and p<0.05 was considered
statistically significant. Independent sample t-test and
Chi-square test were carried out to analyze the sample
characteristics of continuous variables and categorical
variables, respectively. The chi-square test was used to
check whether the genotype distribution of the five loci in
the control group was consistent with the HWE. Logistic
regression was used to analyze the association between
SNPs and CHD risk, and ORs with their corresponding
95% Cls were used to evaluate these association. Strati-
fied analysis was also performed according to age, gen-
der, smoking and drinking status, CHD complicated with
DM, and CHD complicated with HTN. In addition, false
positive report probability (FPRP) analysis was also per-
formed to verify the reliability of the significant results in
this study. Haploview software 4.2 was used to calculate
the degree of linkage among these SNPs based on the
linkage disequilibrium (LD) map. Multifactor dimension-
ality reduction (MDR) method was used to analyze SNP-
SNP interactions and predict their effect on CHD risk.

Results

Basic clinical characteristics of study participants

The study population consisted of 487 CHD subjects
and 487 healthy individuals. The basic information on
CHD cases and healthy controls was shown in Table 1.
The average age of CHD subjects and healthy individuals
were 61.91+10.18 years and 60.82+9.03 years, respec-
tively, which illustrated the age distribution of the two
groups matched (p=0.078). In addition, there was no
significant difference in the distribution of gender, smok-
ing and drinking status between the CHD group and the
control group (p=0.733, p=0.847, p=0.189). However,
there were statistically significant differences in the dis-
tribution of TC, TG, HDL-C and LDL-C between the
CHD group and the control group.

Basic information and allele frequency distribution

of CYP4V2 SNPs

The basic information of SNPs in CYP4V2 were shown
in Table 2. The genotype distribution of rs1398007,
rs13146272, rs3736455, rs1053094 and rs56413992 in the
control group were in accordance with HWE. Among
them, rs56413992-T allele in CYP4V2 was associated
with a 1.36-fold increased risk of CHD (OR=1.36, 95%
CI=1.09-1.70, p=0.007).
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Table 1 Basic characteristics of the study population

Parameter Case (n=487) Control (n=487) p
Age (years, 6191+£10.18  60.82+9.03 0.078?
Mean £SD)
>60 265(54.4%) 262(53.8%)
<60 222(45.6%) 225(46.2%)
Gender, n (%) 0733°
Male 324(66.5%) 329(67.6%)
Female 163(33.5%) 158(32.4%)
Smoke 0.847°
Yes 256(52.6%) 259(53.2%)
No 231(47 4%) 228(46.8%)
Drink 0.189°
Yes 180(37%) 200(41.4%)
No 307(63%) 287(58.9%)
Serum lipid levels
TC 407+1.04 4.76+091 p<0.001?
TG 1.62+1.01 1.85+1.48 0.0072
HDL-C 1.11+£0.26 1.17+£0.37 0.020?
LDL-C 243+0.94 261+0.73 0.002?2
Complicated with DM
Yes 143(29.4%)
No 344(70.6%)
Complicated with HTN
Yes 303(62.3%)
No 184(37.8%)

SD standard deviation, n number, TC total cholesterol, TG triglyceride, HDL-C
high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol,
DM diabetes mellitus, HTN Hypertension

2 p values were calculated by Student’s t-tests

b p values were calculated from two-sided chi-square test

The overall analysis of the relationship between CYP4V2
SNPs and CHD risk

Adjusting for potential confounders, we performed
logistic regression analysis based on co-dominant,
dominant, recessive, and additive models, and the
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results showed that rs56413992 was significantly asso-
ciated with an increased risk of CHD (Table 3). Spe-
cifically, in the heterozygous model, the CT genotype
was associated with a 1.40-fold increased risk of CHD
compared with the CC genotype (OR=1.40, 95%
CI=1.06-1.83, p=0.017). In addition, rs56413992
was also associated with an increased risk of CHD in
dominant and log-additive models (dominant model:
OR=1.43, 95% CI=1.10-1.87, p=0.007; log-addi-
tive model: OR=1.37, 95% CI=1.10-1.72, p=0.006).
However, no association of rs1398007, rs13146272,
rs3736455 and rs1053094 with CHD risk was observed.
The forest diagram of the overall analysis of the rela-
tionship between CYP4V2polymorphisms and CHD
risk was shown in Fig. 2.

Association of CYP4V2 SNPs with CHD risk stratified
analysis by age and gender

Along with a stratified analysis by age (age>60 or
age<60) and gender, this study investigated the effect
of CYP4V2 SNPs on CHD risk. As shown in Table 4,
rs56413992 was correlated with an increased risk of
CHD in the population aged>60 (heterozygous model:
OR=149, 95% CI=1.02-2.18, p=0.042; dominant
model: OR=1.58, 95% CI=1.09-2.29, p=0.015; log-
additive model: OR=1.54, 95% CI=1.12-2.12, p=0.008).
In the Table 5, rs56413992 was linked to a higher risk
of CHD in males (dominant model: OR=1.44, 95%
CI=1.04-2.00, p=0.027; log-additive model: OR=1.43,
95% CI=1.08-1.90, p=0.013).

Association of CYP4V2 SNPs with CHD risk stratified
analysis by smoking and drinking

The effect of CYP4V2 polymorphisms on CHD risk
in subgroups of smoking and drinking was also inves-
tigated. As shown in Table 6, the findings suggested
that rs56413992 was correlated with a elevated risk
of CHD in smokers (dominant model: OR=1.51, 95%

Table 2 Basic information and allele frequency distribution of CYP4V/2 SNPs

SNP_ID Gene Chr: Position Consequence Allele MAF HWE OR (95% ClI) p
p-value
Case Control

rs1398007 CYP4V2 4:186,191,678 5-UTR C>T 0324 0.294 0.585 1.16(0.95-1.40) 0.141
rs13146272 CYP4V2 4:186,199,057 Missense C>A 0.390 0383 0.632 1.03(0.86-1.24) 0.753
rs3736455 CYP4V2 4:186,201,165 Synonymous T>G 0.394 0.394 0.448 1.00(0.84-1.20) 0.984
rs1053094 CYP4V2 4:186,211,877 3-UTR T>A 0367 0338 0480 13(0.94-1.36) 0.195
rs56413992 CYP4V2 4:186,213,040 3-UTR C>T 0.229 0.179 1.000 1.36(1.09-1.70) 0.007

SNP single nucleotide polymorphism, Chr Chromosome, MAF minor allele frequency, HWE Hardy-Weinberg equilibrium, OR odds ratio, 95% Cl 95% confidence interval

Bold values indicated that the p-value was statistically significant

p-value was calculated with Person’s chi-square test



Huang et al. BMC Medical Genomics (2023) 16:322 Page 5 of 17
Table 3 Association of CYP4V/2 gene polymorphisms with CHD risk in an overall analysis
SNP_ID Model Genotypes Case Controls Adjusted
OR (95% Cl) p
rs1398007 Co-dominant CcC 218 240 1
cT 22 208 1.17(0.90-1.53) 0.241
T 47 39 1.32(0.83-2.10) 0.244
Dominant CcC 218 240 1
CT+TT 269 247 1.20(0.93-1.54) 0.169
Recessive CC+CT 440 448 1
TT 47 39 1.22(0.78-1.91) 0.381
Log-additive — — — 1.16(0.95-1.41) 0.145
rs13146272 Co-dominant CcC 177 188 1
CA 239 225 1.13(0.86-1.49) 0373
AA 70 74 0.98(0.67-1.45) 0.924
Dominant CcC 177 188 1
CA+AA 309 299 1.10(0.84-1.42) 0.494
Recessive CC+CA 416 413 1
AA 70 74 0.92(0.64-1.31) 0.626
Log-additive — — — 1.02(0.85-1.23) 0817
rs3736455 Co-dominant T 168 174 1
TG 254 240 1.09(0.83-1.44) 0532
GG 65 71 0.93(0.62-1.38) 0.714
Dominant T 168 174 1
TG+GG 319 311 1.05(0.81-1.37) 0.694
Recessive TT+TG 422 414 1
GG 65 71 0.88(0.61-1.27) 0.496
Log-additive — — — 0.99(0.82-1.20) 0.942
rs1053094 Co-dominant T 192 209 1
TA 233 225 1.14(0.87-1.49) 0.348
AA 62 52 1.31(0.86-2.00) 0.201
Dominant T 192 209 1
TA+AA 259 277 1.17(0.91-1.51) 0.229
Recessive TT+TA 425 434 1
AA 62 52 1.23(0.83-1.82) 0.308
Log-additive — — — 1.14(0.95-1.38) 0.166
rs56413992 Co-dominant CcC 288 326 1
cT 175 144 1.40(1.06-1.83) 0.017
T 24 15 1.79(0.92-3.48) 0.088
Dominant CcC 288 326 1
CT+TT 199 159 1.43(1.10-1.87) 0.007
Recessive CC+CT 463 470 1
T 24 15 1.60(0.83-3.09) 0.164
Log-additive — — — 1.37(1.10-1.72) 0.006

SNP single nucleotide polymorphism, OR odds ratio, 95% Cl 95% confidence interval

p- values were calculated by logistic regression adjusted for age and gender

Bold values indicated that the p-value was statistically significant

CI=1.05-2.17, p=0.025; log-additive model: OR=1.51,
95% CI=1.09-2.08, p=0.012) and drinkers (heterozy-
gous model: OR=2.26, 95% CI=1.45-3.51, p<0.001;

dominant

model:

OR=2.29,

95%

CI=1.48-3.52,

p<0.001; log-additive model: OR=2.07, 95% CI=1.40—
3.06, p<0.001). In addition, the study also suggested that
rs1398007 was significantly linked to an increased risk
of CHD in drinkers under homozygous (OR=1.80, 95%
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Fig. 2 Forest map of the overall analysis of the relationship between CYP4V2 polymorphisms and CHD risk

CI=1.17-2.78, p=0.008), heterozygous (OR=2.41, 95%
CI=1.11-5.25, p=0.026), dominant (OR=1.88, 95%
CI=1.24-2.86, p=0.003) and log-additive (OR=1.65,
95% CI=1.19-2.30, p=0.003) models, as displayed in the
Table 7.

The effect of CYP4V2 SNPs on the risk of CHD complicated
with DM or HTN

In this study, we also selected CHD patients with DM or
HTN as the case group, and CHD patients without DM or
HTN as the control group, respectively, to explore the asso-
ciation of CYP4V2 SNPs with the risk of CHD complicated

with or without DM or HTN. As shown in Table 8,
rs1053094 was associated with a reduced risk of CHD com-
plicated with DM compared with CHD patients without
DM (homozygous model: OR=0.63, 95% CI=0.42-0.96,
p=0.032; heterozygous model: OR=0.48, 95% CI=0.24—
0.94, p=0.033; dominant model: OR=0.60, 95% CI=0.40—
0.89, p=0.011; log-additive model: OR=0.67, 95%
CI=0.49-0.91, p=0.010). At the same time, rs1398007 was
related to a decrease risk of CHD complicated with HTN
compared with CHD patients without HTN (heterozygous
model: OR=0.57, 95% CI=0.38-0.84, p=0.005; dominant
model: OR=0.61, 95% CI=0.42-0.90, p=0.012).
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Table 4 Association of CYP4V/2 gene SNP polymorphisms with CHD risk stratified analysis by age

SNP_ID Model Genotypes Age>60 Age <60
Case Control OR (95% Cl) p Case Control OR (95% Cl) p
rs1398007 Co-dominant CcC 119 128 1 99 112 1
cT 124 113 1.12(0.78-1.62) 0.538 98 95 1.18(0.80-1.76) 0.408
T 22 21 1.08(0.56-2.10) 0.812 25 18 1.48(0.75-2.91) 0.255
Dominant CcC 119 128 1 99 112 1
CT+TT 146 134 1.12(0.79-1.59) 0.541 123 113 1.23(0.84-1.79) 0.280
Recessive CC+CT 243 241 1 197 207 1
TT 22 21 1.02(0.54-1.93) 0.944 25 18 1.37(0.71-2.62) 0.344
Log-additive — — — 1.08(0.82-1.42) 0.608 — — 1.20(0.90-1.61) 0211
rs13146272 Co-dominant CcC 100 96 1 77 92 1
CA 124 121 0.99(0.68-1.46) 0972 115 104 1.31(0.87-1.96) 0.202
AA 40 45 0.77(0.46-1.30) 0323 30 29 1.18(0.65-2.16) 0.580
Dominant CcC 100 96 1 77 92 1
CA+AA 164 166 0.93(0.65-1.33) 0.692 145 133 1.28(0.87-1.89) 0.216
Recessive CC+CA 224 217 1 192 196 1
AA 40 45 0.77(0.48-1.24) 0.287 30 29 1.02(0.59-1.77) 0.946
Log-additive — — — 0.90(0.70-1.15) 0.405 — — 1.14(0.86-1.51) 0.345
rs3736455 Co-dominant ~ TT 93 86 1 75 88 1
TG 135 132 0.95(0.65-1.40) 0972 119 108 1.27(0.84-1.91) 0.259
GG 37 43 0.73(0.43-1.25) 0.251 28 28 1.13(0.61-2.08) 0.707
Dominant T 93 86 1 75 88 1
TG+GG 172 175 0.89(0.62-1.29) 0.546 147 136 1.24(0.84-1.83) 0.288
Recessive TT+TG 228 218 1 194 196 1
GG 37 43 0.75(0.46-1.23) 0.253 28 28 0.98(0.56-1.73) 0.945
Log-additive — — — 0.87(0.68-1.13) 0.304 — — 1.11(0.84-1.48) 0.459
rs1053094 Co-dominant T 105 120 1 87 89 1
TA 128 115 1.24(0.86-1.79) 0.259 105 110 0.93(0.62-1.40) 0.736
AA 32 27 1.45(0.81-2.60) 0217 30 25 1.21(0.65-2.25) 0.543
Dominant T 105 120 1 87 89 1
TA+AA 160 142 1.28(0.90-1.82) 0.175 135 135 0.98(0.67-1.45) 0.937
Recessive TT+TA 233 235 1 192 199 1
AA 32 27 1.30(0.74-2.26) 0.360 30 25 1.26(0.71-2.24) 0437
Log-additive — — — 1.22(0.93-1.58) 0.148 — — 1.05(0.79-1.39) 0.747
rs56413992 Co-dominant CcC 161 182 1 127 144 1
cT 90 74 1.49(1.02-2.18) 0.042 85 70 1.33(0.89-1.99) 0.158
TT 14 6 2.66(0.98-7.21) 0.054 10 9 1.26(0.49-3.24) 0.639
Dominant cC 161 182 1 127 144 1
CT+TT 104 80 1.58(1.09-2.29) 0.015 95 79 1.33(0.90-1.95) 0.153
Recessive CC+CT 251 256 1 212 214 1
T 14 6 2.35(0.87-6.30) 0.090 10 9 1.13(0.44-2.88) 0.803
Log-additive — — — 1.54(1.12-2.12) 0.008 — — 1.25(0.90-1.73) 0.193

SNP single nucleotide polymorphism, OR odds ratio, 95% Cl 95% confidence interval
p- values were calculated by logistic regression adjusted for age and gender

Bold values indicated that the p-value was statistically significant

Correlation between CYP4V2 polymorphisms and serum (TC, TG, HDL-C and LDL-C) in CHD patients (Table 9).
lipid levels The results revealed that five candidate SNPs were not
Additionally, we also investigated the relationship correlated with the levels of TC, TG, HDL-C and LDL-C
between CYP4V2 polymorphisms and serum lipid levels  in the CHD patients.



Huang et al. BMC Medical Genomics (2023) 16:322 Page 8 of 17

Table 5 Association of CYP4V2 gene SNP polymorphisms with CHD risk stratified analysis by gender

SNP_ID Model Genotypes Male Female
Case Control OR (95% Cl) p Case Control OR (95% Cl) p
0rs1398007 Co-dominant CcC 135 159 1 83 81 1
cT 155 146 1.25(0.90-1.73) 0.185 67 62 0.92(0.56-1.51) 0.748
T 34 24 1.68(0.94-3.00) 0.079 13 15 1.01(0.43-2.37) 0.990
Dominant CcC 135 159 1 83 81 1
CT+TT 189 170 1.31(0.96-1.79) 0.093 80 77 0.94(0.59-1.49) 0.784
Recessive CC+CT 290 305 1 150 143 1
T 34 24 1.50(0.86-2.61) 0.150 13 15 1.04(0.45-2.39) 0924
Log-additive — — — 1.28(1.00-1.63) 0.052 — — 0.97(0.68-1.39) 0.864
rs13146272 Co-dominant CcC 122 127 1 55 61 1
CA 151 155 0.98(0.70-1.37) 0.897 88 70 1.43(0.86-2.38) 0.173
AA 50 47 1.06(0.66-1.70) 0.822 20 27 0.70(0.34-1.43) 0323
Dominant CcC 122 127 1 55 61 1
CA+AA 201 202 1.00(0.72-1.37) 0.982 108 97 1.20(0.74-1.95) 0452
Recessive CC+CA 273 282 1 143 131 1
AA 50 47 1.07(0.69-1.66) 0.764 20 27 0.57(0.29-1.10) 0.093
Log-additive — — — 1.02(0.81-1.27) 0.890 — — 0.94(0.67-1.32) 0.724
rs3736455 Co-dominant  TT 119 118 1 49 56 1
TG 158 164 0.91(0.65-1.28) 0.596 96 76 1.52(0.90-2.54) 0.116
GG 47 46 0.97(0.60-1.58) 0912 18 25 0.73(0.34-1.54) 0.406
Dominant T 119 118 1 49 56 1
TG+GG 205 210 0.93(0.67-1.28) 0.639 114 101 1.30(0.79-2.13) 0.296
Recessive TT+TG 277 282 1 145 132 1
GG 47 46 1.03(0.66-1.60) 0910 18 25 0.56(0.28-1.12) 0.100
Log-additive — — — 0.97(0.77-1.22) 0.784 — — 0.98(0.69-1.39) 0.905
rs1053094 Co-dominant T 127 141 1 65 68 1
TA 153 156 1.09(0.78-1.52) 0.623 80 69 1.12(0.68-1.84) 0.661
AA 44 32 1.60(0.95-2.70) 0.080 18 20 1.00(0.47-2.13) 0.995
Dominant T 127 141 1 65 68 1
TA+AA 197 188 1.17(0.85-1.61) 0329 98 89 1.09(0.68-1.75) 0.716
Recessive TT+TA 280 297 1 145 137 1
AA 44 32 1.53(0.93-2.50) 0.092 18 20 0.94(0.46-1.92) 0.869
Log-additive — — — 1.20(0.95-1.52) 0.124 — — 1.03(0.73-1.46) 0.851
rs56413992 Co-dominant CcC 191 222 1 97 104 1
cT 117 98 1.37(0.98-1.91) 0.068 58 46 1.39(0.83-2.30) 0.209
TT 16 8 242(1.00-5.87) 0.051 8 7 1.35(0.45-4.03) 0.596
Dominant cC 191 222 1 97 104 1
CT+TT 133 106 1.44(1.04-2.00) 0.027 66 53 1.38(0.85-2.24) 0.193
Recessive CC+CT 308 320 1 155 150 1
T 16 8 2.18(0.90-5.25) 0.083 8 7 1.21(0.41-3.58) 0.730
Log-additive — — — 1.43(1.08-1.90) 0.013 — — 1.28(0.86-1.91) 0.230

SNP single nucleotide polymorphism, OR odds ratio, 95% Cl 95% confidence interval
p- values were calculated by logistic regression adjusted for age and gender

Bold values indicated that the p-value was statistically significant

LD and haplotype analysis and rs3736455 formed 2kb-block 1. Rs1053094 and
We performed the LD analysis among five vari- rs56413992 formed 1kb-block 2. But, no haplotype was
ants (rs1398007, rs13146272, rs3736455, rs1053094 found to be associated with CHD risk.

and rs56413992), as shown in Fig. 3. Rs13146272
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Table 6 Association of CYP4V2 gene SNP polymorphisms with CHD risk stratified analysis by smoking

SNP_ID Model Genotypes Smoking-Yes Smoking-No
Case Control OR (95% Cl) p Case Control OR (95% Cl) p
rs1398007 Co-dominant CcC 107 130 1 11 110 1
cT 120 109 1.31(0.91-1.90) 0.150 102 99 1.03(0.69-1.53) 0.888
T 29 20 1.86(0.98-3.51) 0.056 18 19 0.89(0.43-1.82) 0.748
Dominant CcC 107 130 1 11 110 1
CT+TT 149 129 1.39(0.98-1.98) 0.065 120 118 1.01(0.69-1.47) 0.975
Recessive CC+CT 227 239 1 213 209 1
T 29 20 1.63(0.88-2.99) 0.118 18 19 0.88(0.44-1.75) 0.710
Log-additive — — — 1.34(1.02-1.76) 0.034 — — 0.98(0.73-1.32) 0.891
rs13146272 Co-dominant CcC 93 98 1 84 90 1
CA 127 127 1.04(0.71-1.52) 0.846 112 98 1.20(0.79-1.82) 0.384
AA 36 34 1.05(0.60-1.83) 0.857 34 40 0.76(0.43-1.34) 0.348
Dominant cC 93 98 1 84 90 1
CA+AA 163 161 1.04(0.72-1.50) 0.826 146 138 1.07(0.72-1.58) 0.741
Recessive CC+CA 220 225 1 196 188 1
AA 36 34 1.03(0.62-1.72) 0910 34 40 0.69(041-1.16) 0.161
Log-additive — — — 1.03(0.79-1.34) 0.829 — — 0.93(0.71-1.22) 0.641
rs3736455 Co-dominant ~ TT 91 88 1 77 86 1
TG 131 138 0.98(0.55-1.73) 0.941 123 102 1.26(0.83-1.92) 0.270
GG 34 32 0.91(0.62-1.34) 0.628 31 39 0.76(0.42-1.35) 0.344
Dominant T 91 88 1 77 86 1
TG+GG 165 170 0.92(0.64-1.33) 0.669 154 141 1.12(0.75-1.66) 0577
Recessive TT+TG 222 226 1 200 188 1
GG 34 32 1.04(0.61-1.75) 0.893 31 39 0.66(0.39-1.12) 0123
Log-additive — — — 0.97(0.74-1.27) 0.809 — — 0.94(0.71-1.24) 0.671
rs1053094 Co-dominant T 98 114 1 94 95 1
TA 127 121 1.21(0.83-1.75) 0.328 106 104 1.00(0.66-1.49) 0.981
AA 31 23 1.61(0.87-2.97) 0.130 31 29 1.14(0.63-2.06) 0.675
Dominant T 98 114 1 94 95 1
TA+AA 158 144 1.27(0.89-1.81) 0.194 137 133 1.03(0.70-1.50) 0.899
Recessive TT+TA 225 235 1 200 199 1
AA 31 23 1.45(0.81-2.59) 0.207 31 29 1.14(0.65-1.99) 0.647
Log-additive — — — 1.25(0.95-1.63) 0.115 — — 1.05(0.79-1.38) 0.750
rs56413992 Co-dominant CcC 145 171 1 143 155 1
cT 100 83 1.44(0.99-2.08) 0.056 75 61 1.38(0.91-2.10) 0.133
TT Il 5 2.88(0.96-8.69) 0.060 13 10 1.39(0.58-3.34) 0.465
Dominant cC 145 171 1 143 155 1
CT+TT 11 88 1.51(1.05-2.17) 0.025 88 71 1.38(0.93-2.05) 0.112
Recessive CC+CT 245 254 1 218 216 1
T 11 5 2.52(0.84-7.52) 0.098 13 10 1.26(0.53-3.00) 0.607
Log-additive — — — 1.51(1.09-2.08) 0.012 — — 1.28(0.92-1.78) 0137

SNP single nucleotide polymorphism, OR odds ratio, 95% Cl 95% confidence interval
p-values were calculated by logistic regression adjusted for age and gender

Bold values indicated that the p-value was statistically significant

MDR analysis (OR=1.84, 95% CI=1.15-2.94, p=0.010) with cross-
MDR analysis was used to predict the impact of SNP-SNP  validation 10/10 and a balance test accuracy of 0.486. The
interaction on CHD risk. As shown in Table 10, the best  circle graph (Fig. 4) showed that interaction among five
model for predicting CHD risk was the five loci model ~ SNPs (rs1398007, rs13146272, rs3736455, rs1053094 and
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Table 7 Association of CYP4V2 gene SNP polymorphisms with CHD risk stratified analysis by drinking

SNP_ID Model Genotypes  Drinking-Yes Drinking-No
Case Control OR (95% Cl) p Case Control OR (95% CI) p
rs1398007 Co-dominant CcC 67 106 1 151 134 1
cT 93 81 1.80(1.17-2.78) 0.008 129 127 0.83(0.59-1.18) 0.301
T 20 13 241(1.11-5.25) 0.026 27 26 0.89(0.49-1.61)  0.698
Dominant CcC 67 106 1 151 134 1
CT+TT 113 94 1.88(1.24-2.86) 0.003 156 153 0.84(0.61-1.17)  0.309
Recessive CC+CT 160 187 1 280 261 1
T 20 13 1.79(0.85-3.77) 0.124 27 26 0.97(0.55-1.72) 0914
Log-additive — — — 1.65(1.19-2.30) 0.003 — — 0.90(0.70-1.16) 0.404
rs13146272 Co-dominant CcC 76 73 1 101 115 1
CA 86 98 0.83(0.53-1.29) 0.400 153 127 146(1.01-2.09)  0.042
AA 18 29 0.58(0.29-1.14) 0.116 52 45 1.26(0.77-2.05) 0354
Dominant CcC 76 73 1 101 115 1
CA+AA 104 127 0.77(0.51-1.17) 0.224 205 172 1.40(1.00-1.97) 0.052
Recessive CC+CA 162 171 1 254 242 1
AA 18 29 0.64(0.34-1.21) 0.174 52 45 1.02(0.66-1.59)  0.920
Log-additive — — — 0.78(0.57-1.07) 0.118 — — 1.18(0.93-1.49) 0.163
rs3736455 Co-dominant  TT 74 69 1 94 105 1
TG 89 101 0.81(0.52-1.25) 0.337 165 139 1.41(0.98-2.02) 0.066
GG 17 29 0.54(0.27-1.07) 0.078 48 42 1.23(0.74-2.04) 0425
Dominant T 74 69 1 94 105 1
TG+GG 106 130 0.75(0.49-1.14) 0.174 213 181 1.36(0.96-1.93) 0.080
Recessive TT+TG 163 170 1 259 244 1
GG 17 29 0.61(0.32-1.16) 0.130 48 42 1.00(0.64-1.58) 0.990
Log-additive — — — 0.75(0.55-1.03) 0.079 — — 1.17(0.91-1.49) 0216
rs1053094 Co-dominant  TT 65 88 1 127 121 1
TA 92 95 1.24(0.80-1.93) 0.332 141 130 1.01(0.71-1.42) 0977
AA 23 17 2.04(0.99-4.20) 0.055 39 35 1.11(0.66-1.88)  0.701
Dominant T 65 88 1 127 121 1
TA+AA 115 112 1.36(0.89-2.06) 0.156 180 165 1.03(0.74-1.43) 0.877
Recessive TT+TA 157 183 1 268 251 1
AA 23 17 1.81(0.91-3.60) 0.090 39 35 1.11(0.67-1.81) 0.690
Log-additive — — — 1.36(0.99-1.87) 0.061 — — 1.04(0.82-132)  0.758
rs56413992 Co-dominant CcC 94 143 1 194 183 1
cT 80 53 2.26(1.45-3.51) <0.001 95 91 1.04(0.73-148)  0.846
T 6 4 2.66(0.70-10.10) 0.150 18 11 1.59(0.73-3.49) 0.245
Dominant CcC 94 143 1 194 183 1
CT+TT 86 57 2.29(1.48-3.52) <0.001 113 102 1.10(0.78-1.54) 0.593
Recessive CC+CT 174 196 1 289 274 1
T 6 4 2.00(0.53-7.52) 0.305 18 11 1.57(0.72-342)  0.252
Log-additive — — — 2.07(1.40-3.06) <0.001 — — 1.13(0.86-1.50) 0.386

SNP single nucleotide polymorphism, OR odds ratio, 95% Cl 95% confidence interval
p-values were calculated by logistic regression adjusted for age and gender

Bold values indicated that the p-value was statistically significant
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Table 9 Association of CYP4V2 gene polymorphisms with serum lipid levels

SNP_ID Genotype TC (mmol/L) TG (mmol/L) HDL-C (mmol/L) LDL-C (mmol/L)
n Mean+SD n Mean+SD n Mean+SD n Mean+SD
rs1398007 CcC 207 411+£1.01 207 1.69+1.11 206 1.13+0.27 205 247+0.84
cT 210 404+1.08 210 1.58+0.90 209 1.10+0.27 209 2.34+0.89
TT 45 4.07+1.02 45 1.53+£1.02 45 1.10+0.20 45 264+142
p 0.754 0419 0.589 0.109
rs13146272 CcC 168 4.08+1.03 168 1.59+0.94 168 1.12+0.29 168 244+1.02
CA 228 4.09+1.05 228 1.70+1.14 226 1.11+0.24 225 242+0.88
AA 65 4.02+1.05 65 143+0.62 65 1.11+£0.27 65 244+0.94
D 0.900 0.125 0.842 0.956
rs3736455 T 160 403+1.02 160 1.58+0.96 160 1.12+0.30 160 241+1.04
TG 242 411+1.07 242 1.71+£1.11 240 1.11+0.24 239 244+0.88
GG 60 4.03+1.00 60 140+0.63 60 1.12+0.27 60 2454091
p 0.736 0.082 0.939 0.928
rs1053094 T 183 411+£1.09 183 1.68+1.16 182 1.12+0.26 182 246+0.87
TA 219 406+1.02 219 1.60+0.96 218 1.12+0.28 218 241+0.99
AA 60 4.03+£0.98 60 1.51+£0.62 60 1.09+£0.22 59 2424092
D 0.858 0.482 0.692 0.849
rs56413992 CcC 275 4.04+1.07 275 1.60+£1.06 274 1124027 274 241+0.89
cT 164 4.16+0.99 164 1.68+0.97 163 1.12+0.25 162 247+1.02
1T 23 3.92+0.99 23 1444046 23 1.07+0.23 23 2.38+0.95
p 0.399 0.480 0.762 0.827

SNP single nucleotide polymorphism, TC total cholesterol, TG triglyceride, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, n

number, SD standard deviation
p-values were calculated using x? tests

rs56413992) had a strong antagonistic effect on CYP4V2
gene.

FPRP analysis

In the FPRP analysis, the FPRP values under different
prior probabilities were observed, and FPRP values<0.2
were considered to indicate significant correlation (Sup-
plementary table 2). When the prior probability was 0.25,
all statistically significant findings were notable except
that rs1398007 TT genotype increased the risk of CHD
in drinkers and rs1053094 AA genotype increased the
risk of CHD complicated with DM population. When
the prior probability was 0.1, the significant associa-
tion of rs56413992 with an increased risk of CHD in the
overall analysis was more noteworthy (T vs C model:
FPRP =0.072, statistical power=0.805; CT vs CC model:
FPRP=0.152, statistical power=0.693; CT+TT vs CC
model: FPRP =0.113, statistical power=0.637; Log-addi-
tive model: FPRP =0.071, statistical power=0.783).

Discussion

CHD is a complex polygenic genetic disease affected by
genetic factors. At present, several gene SNPs have been
found to be associated with CHD risk, such as UTS2

(Ser89Asn) [18], CDKN2B-AS1 (rs10738606) [1], GLUT4
(rs5418) [19], CYP11B1 (rs4534, rs6410 and rs5283)
[20], CYP24A1 (rs6068816 and rs2296241) [21] and AGT
(rs2493132) [22]. Considering that the connection of
CYP4V2 polymorphisms with CHD risk has not been
reported, five SNPs (rs1398007, rs13146272, rs3736455,
rs1053094 and rs56413992) in CYP4V2 gene were even-
tually genotyped in this study and their association with
CHD risk were explored. As a result, this study suggested
that CYP4V2 rs56413992 T allele and CT genotype
significantly increased the risk of CHD. So CYP4V2-
rs56413992 might play a critical part in the pathogenesis
of CHD.

CYP4V2 is often referred to as an orphan P450 because
its substrate specificity is just beginning to be defined
[11]. It has been reported that CYP4V2 gene is involved
in the metabolism of lipids (endogenous fatty acids and
steroids) by w-hydroxylation [14]. Interestingly, lipid
metabolism also plays a chief part in the pathogenesis of
CHD. Recent studies have suggested that atherosclerosis
is a key pathological basis of CHD, and one of its main
features is lipid deposition caused by abnormal lipid
metabolism in the arterial intima [23-25]. Therefore, we
speculated that CYP4V2 was involved in the pathogenesis
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Fig. 3 Haplotype block map of CYP4V/2 variants. The numbers
inside the diamonds indicate the D'for pairwise analyses

of CHD by participating in lipid metabolism, and this
study was devoted to investigating the impact of CYP4V2
SNPs on CHD risk.

Multiple studies on CYP4V2 polymorphisms have
revealed the relationship between rs13146272 and
venous thrombosis [26-29]. For example, a recent study
has found that CYP4V2-rs13146272 is closely linked to
the occurrence of venous thromboembolism (VTE) [15].
However, no connection of rs13146272 with CHD risk
was observed in our study, which may be related to dif-
ferences in disease. By contrast, little is known about the
SNPs (rs1398007, rs3736455, rs1053094 and rs56413992)
in CYP4V2. Therefore, our study is the first to report the
association of these SNPs with CHD risk and find that

Table 10 Multifactor dimensionality reduction (MDR) analysis
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rs56413992, as a risk factor, may play a crucial role in the
pathogenesis of CHD.

There are age and gender differences in the occur-
rence of CHD. According to statistics, the incidence of
CHD in people under the age of 40 is lower (0.6%), but
with the gradual increase of age, the incidence of CHD
will continue to increase [30]. In an age-based strati-
fied analysis, we found that rs56413992 was significantly
related to a greater risk of CHD in individuals aged > 60
years, suggesting that rs56413992 was a risk factor for
CHD in individuals aged>60 years. This further con-
firmed the previous results. In addition, one study has
found that CHD is more common in men than women
[31, 32]. In our study, we found that rs56413992 signifi-
cantly increased CHD risk in men, but not in women.
Based on this, we speculated that rs56413992 played a
great part in the development of CHD in men, which may
be closely related to men’s living habits, such as smoking
and drinking.

Current researches have shown that smoking and
drinking are the main risk factors for CHD. Active smok-
ing and second-hand smoke exposure are estimated to
cause more than 30% of CHD mortality, and smokers
have twice the risk of fatal event within 10 years com-
pared to non-smokers [33]. Furthermore, numerous
epidemiological academic researches have suggested a
J-shaped linkage between drinking and CHD morbid-
ity and mortality, that is, non-drinkers and heavy drink-
ers have a slightly higher risk of CHD compared with
light drinkers [34, 35]. This may have a strong relation-
ship with moderate drinking to promote blood circula-
tion, and further experiments are needed to confirm it.
Our discovery indicated that rs1398007 increased the
risk of CHD in drinkers, and rs56413992 increased CHD
risk in smokers and drinkers, suggesting that CYP4V2
rs1398007 and rss56413992 may be a higher risk factor
for CHD patients with smoking or alcohol consumption.

In addition, CHD complications HNT and DM are
believed to play an integral role in the progression of CHD.
Studies have shown that DM is a traditional risk factor for

Model Training Bal. Acc Testing Bal. Acc Ccvc OR (95% Cl) p

rs56413992 0528 0.504 6/10 1.44(1.1-1.87) 0.007
rs1053094, rs56413992 0.529 0514 7/10 1.33(1.02-1.72) 0.035
rs1398007, rs3736455, 156413992 0.526 0.495 7/10 1.47(1.04-2.09) 0.030
rs1398007, rs3736455, rs1053094, rs56413992 0529 0.504 5/10 1.89(1.19-2.99) 0.006
rs1398007, rs13146272, rs3736455, rs1053094, rs56413992 0.523 0486 10/10 1.84(1.15-2.94) 0.010

MDR multi-factor dimensionality reduction, Bal. Acc. balanced accuracy, CVC cross-validation consistency, OR odds ratio, 95% Cl 95% confidence interval

Bold values indicated that the p-value was statistically significant

p-values were calculated using x? tests



Huang et al. BMC Medical Genomics (2023) 16:322

.Q13%

Page 150f 17

rs13146272
0.07%

Fig. 4 Circle graph of the effect of SNP-SNP interaction on CHD risk. A negative value of the two-locus entropy indicates an antagonistic effect,

while a positive value indicates a synergistic effect

CHD, which exacerbates the progression of atherosclerosis
and leads to poor clinical outcomes [36, 37]. Studies have
also shown that hypertension accounts for more than 45%
of all CHD events worldwide and it is an important risk
factor for CHD [38]. In our study, we explored the asso-
ciation of CYP4V2 SNPs with CHD complications (HTN
and DM) in the CHD group. The results implied that
rs1053094 was related to a lower risk of CHD complicated
with DM, and rs1398007 was correlated with a decreased
risk of CHD complicated with HTN. However, no signifi-
cant association of rs1053094 and rs1398007 with CHD
risk was observed in the overall analysis. Therefore, this
result needs to be validated with a larger sample.

Although our study explored the relationship between
CYP4V2 rs56413992 and CHD risk, and suggested that
rs56413992 may be a risk factor for CHD, this study
also has some limitations. It is well known that there is
a strong linkage between abnormal lipid metabolism
and an increased risk of CHD. However, the association
between blood lipid influencing factors and CHD risk
were not explored in our study. In the follow-up study, we
will fully consider and incorporate corresponding indica-
tors affecting blood lipids to further study the relation-
ship between CYP4V2 polymorphisms and CHD risk.

Conclusions

This study revealed a potential association between
CYP4V2 rs56413992 polymorphisms and the risk and
progression of CHD. This study will provide new clues
for the early prevention, diagnosis and treatment of
CHD.
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