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Objective: The present study is to explore the association between NQO1 gene polymorphism and coronary heart disease (CHD) risk.
Methods: This research were selected 80 CHD patients as the observation group and 130 healthy people who participated in normal
physical examination during the same period as the control group. NQO1 gene polymorphism was detected by polymerase chain
reaction-restriction fragment length polymorphism (PCR-RFLP) method. In addition, we conducted a meta-analysis to summarize the
results of three relevant previously published adult population studies on the association between NQO1 gene polymorphism and
coronary heart disease (CHD) risk.

Results: There were three genotypes (CC, CT, and TT) for NQO1 C609T polymorphism. The significant associations were found in
TT genotype and T allele (all p<0.05). Specifically, People with the TT genotype have 2.06 times CHD risk as those with the CC
genotype. And People with the T allele have 1.62 times CHD risk as those with the C allele. No significant association was found by
any genetic models in the meta-analysis (all p >0.05).

Conclusion: NQO1 gene polymorphism increased the CHD risk in a Chinese population. Combined with individual gene poly-
morphism, the accuracy of risk assessment for CHD can be improved and individualized health education can be provided for CHD
patients by nurses.
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Introduction

Coronary heart disease (CHD) is a common disease that seriously endangers human health and affects the quality of life.
Previous studies have found that risk factors for CHD include unhealthy dietary habits, smoking, and hypertension, high
cholesterol levels, obesity and overweight, etc. Genetic epidemiological studies show that the incidence of coronary heart
disease is associated with genetic factors.'® Currently, it has been found that some gene polymorphisms affect the
pathophysiological processes such as lipid metabolism, thrombosis, vasoconstriction and diastole, and are closely related to
the increased risk of CHD.®? Studies have shown that oxidative stress and internal environmental instability play an important

D.'*'2 (NADPH: quinine oxidoreductase 1) NQOI is an important opposite

role in the occurrence and development of CH
enzyme in the body. It is involved in the metabolism of internal and external substances through the deelectron reduction
reaction, and is the key enzyme in the metabolism of benzene substances. Benzene metabolite has a strong teratogen effect and
can be converted into hydroquinone with low toxicity and removed, which is recognized as a detoxification enzyme and cancer

prevention enzyme.
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The NQO1 gene was located in 16p22 and the total length was 20kb. There were single nucleotide polymorphisms in
cDNA609 loci. The polymorphism of this site leads to the alteration of Proline/serine (Pro/Ser) at the 187 position of the
encoded protein, which leads to the decrease of enzyme activity. With NADPH as the receptor, NQOI1 can transfer the
electrons of NADP or NADPH to quinones, resulting in a double electron reduction reaction to produce low-toxicity
hydroquinones and avoids the damage to cells and reduces the carcinogenic risk of quinones. The NQO1 gene has several
single nucleotide polymorphisms (SNPs), and NQO1 C609T is the one that has been the subject of the most research.
The C-T allele in exon 609 (position 1) of the NQO6 gene has a base pair mutation known as the NQO1C609T
(rs1800566, Pro187Ser) polymorphism. Position 187 of the encoded protein is changed by this mutation from proline to
serine. Compared to the wild-type protein, this Pro187Ser mutant protein exhibits less quinine reductase activity.

Gene polymorphisms affect the function of NQO1 enzyme. Since genes have genetic polymorphisms, different
genotypes have different physiological functions. In recent years, several studies have linked NQO1 gene polymorphisms
to the risk of cardiovascular disease. It was shown that the C1T SNP in NQO609 was independently associated with
coronary heart disease in a sex-dependent manner in the Iranian population.'* Another report claimed that the NQO1
rs1800566 T carrier genotype was associated with a higher risk of carotid atherosclerotic plaque formation in Korean
subjects with type 2 diabetes.'* Thus, studying the relationship between gene polymorphisms and the occurrence of
coronary heart disease has become a new and important topic in recent years. At present, findings on the association
between NQO1 C609T polymorphism and CHD risk are rare, especially in China and the results of several reports are
controversial.'>'® The present study is to further explore the association between NQO1 C609T polymorphism and CHD
risk in Chinese population by experimental methods and meta-analysis.

Materials and Methods

Participants

There were 80 CHD patients, including 52 males and 28 females. All patients admitted to the Department of Cardiology
from January 2020 to January 2023 met the World Health Organization criteria for naming and diagnosing ischemic heart
disease. All patients had >50% stenosis of major vessels confirmed by coronary angiography. There were 130 cases in the
control group, including 78 males and 52 females. The control group was selected from the hospitalized patients of the
same period. All the enrolled patients were excluded from CHD diagnosis after a series of examinations including
electrocardiogram, exercise plate, myocardial enzyme spectrum and coronary angiography. All the people in this study
are Li nationality in Hainan, and there is no blood relationship between individuals. Diagnosis of coronary heart disease:
During coronary angiography, the stenosis degree of right coronary artery, left anterior descending branch, left lateral
branch and left main artery were evaluated. The presence of stenosis in each major branch was defined as a meaningful
lesion and diagnosed as coronary heart disease.

Investigation of Coronary Heart Disease Risk Factors

The coronary atherosclerosis registration questionnaire was designed to record in detail the clinical manifestations,
auxiliary examinations, laboratory results, risk factors and family history of CHD. The classic risk factors for CHD are
defined according to the following criteria: hypertension was defined and diagnosed according to the 1999 standards of
the World Health Organization and the International Society of Hypertension. Diabetes meets the 1997 diagnostic criteria
for diabetes of the American Diabetes Association. Smoking refers to current smokers and former smokers who have
quit.

Detection of Gene Polymorphism

Peripheral blood white blood cells were extracted by kit method and leukocyte genome was extracted. PCR restriction
fragment length polymorphism (PCR-RFLP) was used to detect gene polymorphism. Primers were synthesized by
Shanghai Shenggong Company. PCR reaction system, amplification conditions were all referred to published

literatures.'”2°
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Meta-Analysis Process

The meta-analysis process included literature source, inclusion and exclusion criteria, data extraction and methodological
quality assessment. The first author, second author and third author carefully and independently searched and reviewed
relevant literatures by searching famous databases including PubMed, Cochrane, Embase, China Biomedicine Network,
China National Knowledge Network, Wanfang and VIP database. The keywords were “NQO1”, “single nucleotide
polymorphism” and “Coronary heart disease”. The inclusion and exclusion criteria were based on published literatures
of meta-analysis. The first author and second author searched, reviewed all potential literatures and extracted all important

information. All procedures were based on published meta-analysis literatures.?' >

Statistical Analysis
SPSS18.0 and STATA12.0 were responsible for the statistical analysis of experimental part and meta-analysis. The #-test
and y* test were enrolled to process Measurement data and counting data. P < 0.05 was considered as significant.

Results

General Information of Study Subjects

Table 1 showed the details of general information of CHD group and control group. The general information included gender,
age, smoking status, diabetes and hypertension status. No significant difference was observed between CHD group and control
group (P > 0.05).

Genotyping and Allele Distribution of NQOI C609T Polymorphism

There were three genotypes (CC, CT, and TT) for NQO1 C609T polymorphism. The significant associations were found
in TT genotype and T allele (all P < 0.05). The detailed information is shown in Table 2.

Table | Participates Characteristics of Both CHD Group and Control Group

Characteristics CHD Group (N=120) Control Group (N=210) P

Age 64.8+9.8 63.6£10.2 >0.05
Men 84 (70.0%) I51 (71.9%) >0.05
BMI 24.8+2.2 23.9+1.6 >0.05
Smokers 26 (21.7%) 43 (20.5%) >0.05
Diabetes 10 (8.3%) 20 (9.5%) >0.05
Hypertension 16 (13.3%) 25 (11.9%) >0.05

Abbreviations: CHD, Coronary heart disease; BMI, body mass index; HDL, high density lipoprotein; LDL, low
density lipoprotein.

Table 2 Comparison of Genotype and Allele Frequency Between CHD Group and Control Group

NQOI C609T | Control Group (N=210) CHD Group (N=120) OR (95% CI) * pP?
n Percentage (%) n Percentage (%)

cc 66 314 24 20.0 1.OOREF

CcT 64 30.5 36 30.0 1.55 (0.83-2.88) 0.220

TT 80 38.1 60 50.0 2.06 (1.16-3.66) 0.018

C 196 46.7 84 35.0 1.00REF

T 224 533 156 65.0 1.63 (1.17-2.25) 0.005

Note: *Adjusted for sex and age by logistic regression model.
Abbreviations: CHD, Coronary heart disease; OR, odds ratio; Cl, confidential index.
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Characteristics of All Included Studies
According to our search strategy, three relevant studies were included in this meta analysis. The flow diagram of our

meta-analysis is shown in Figure 1. Three literatures were enrolled and all information is listed in Table 3.'*'>'® All the
literatures are from Asian population and conforming to HWE. The sample size and source of control were different. And

the genotyping methods were PCR-RFLP.
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Figure | PRISMA 2009 Flow Diagram.
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Table 3 Main Characteristics of All Case-Control Studies Included in Meta-Analysis

Literatures Ethnics Genotyping | Source Sample HWE Genotype Genotype Year
(Country) Methods of Size Conformity Frequency Frequency
Control (Case) (Control)
CC|CT |TT |CC |(CT | TT
Boroumand et al'> Asian (Iran) PCR-RFLP HB 143/175 Yes 103 | 39 | 114 | 60 | 2015
Yu et al'® Asian (China) PCR- RFLP PB 1142/1106 Yes 346 | 527 | 249 | 324 | 535 | 247 | 2013
Ramprasath et al'®> | Asian (India) PCR-RFLP HB 298/241 Yes 89 | 142 | 67 | 87 | 114 | 40 | 2012

Abbreviations: PB, Population-based; HB, Hospital-based; HWE, Hardy-Weinberg equilibrium; RFLP, Restricted Fragment Length Polymorphism.

Association of NQO| C609T Polymorphism with CHD

Overall, no significant association was found by any genetic model. The OR T vs C is 1.02 and the 95% CI is 0.81 to
1.29. The OR TT vs CC is 1.17 and 95% Cl is 0.75 to 1.82. The OR TT vs TC/CC is 1.1 and 95% Cl is 0.85 to 1.43. All
the results were performed by forest plot (Figures 2-5).

Odds Ratio %
literature (95% ClI) Weight

Mohammadali(2015) + : 0.78 (0.51,1.19) 18.90
Yu(2013) —*—-i— 0.97 (0.86,1.09) 47.26
Tharmarajan(2012) E + 1.28 (1.00, 1.63) 33.83
Overall, DL (I° = 64.3%, p = 0.061) <> 1.02 (0.81, 1.29) 100.00

T T
-5 1 2

Figure 2 Forest plot for the associations between NQO| C609T polymorphism and CHD risk through allele contrast (T vs C). Data from these studies.'>'>'®

Abbreviations: OR, odds ratio; Cl, confidence interval; CHD, coronary heart disease.

Odds Ratio %
literature (95% ClI) Weight

Mohammadali(2015)

1.11(0.07, 17.92) 2.47

l

Yu(2013) 0.94 (0.75, 1.19) 59.44

Tharmarajan(2012) . 1.64 (1.00, 2.67) 38.09

Overall, DL (I’ = 49.4%, p = 0.138) <j> 1.17 (0.75,1.82)  100.00

I I
.0625 1 16

Figure 3 Forest plot for the associations between NQO| C609T polymorphism and CHD risk through homozygote comparison (TT vs CC). Data from these studies.'>'*1¢
Abbreviations: OR, odds ratio; Cl, confidence interval; CHD, coronary heart disease.
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Odds Ratio %
literature (95% CI) Weight
Mohammadali(2015) :c 1.23 (0.08, 19.76) 0.87
1
Yu(2013) 1 0.99 (0.81, 1.21) 71.36
1
Tharmarajan(2012) -E—P— 1.46 (0.94, 2.25) 27.77
Overall, DL (I2 =19.8%, p = 0.287) <i> 1.11 (0.85, 1.43) 100.00
T T
.0625 1 16

Figure 4 Forest plot for the associations between NQO1 C609T polymorphism and CHD risk through recessive genetic model (TT vs TC/CC). Data from these studies.

Abbreviations: OR, odds ratio; Cl, confidence interval; CHD, coronary heart disease.

literature

Mohammadali(2015)
Yu(2013)
Tharmarajan(2012)

Overall, DL (I = 55.6%, p = 0.105)

¢

Odds Ratio

(95% Cl)

0.73 (0.45, 1.17

1.33 (0.92, 1.90
0.98 (0.74, 1.30

)
0.93 (0.78, 1.11)
)
)

%
Weight

21.91
47.94
30.16
100.00

13,15,16

S

Figure 5 Forest plot for the associations between NQO| C609T polymorphism and CHD risk through dominate genetic model (TT/TC vs CC). Data from these studies.

Abbreviations: OR, odds ratio; Cl, confidence interval; CHD, coronary heart disease.

Sensitivity Analysis of Meta-Analysis

13,15,16

We also performed a sensitivity analysis, omitting one study at a time and calculating the combined ORs of the remaining

studies, and found that no single study was detected to alter the combined ORs of the two novel functional polymorphisms in

the allele comparison model. This analysis indicates that the results of the current meta-analysis are relatively stable and

credible. The results are shown in Table 4.

Table 4 Meta-Analysis of the NQOI| C609T Polymorphism and CHD Risk

Comparison Population N Test of Association Mode Test of Heterogeneity
OR 95% CI P Ve P 12
T versus. C Asian 3 1.02 0.81-1.29 | 0.910 | Random | 149.32 | 0.061 64.3
TT versus. CC Asian 3 .17 0.75-1.82 | 0.623 | Random | 73.56 0.138 494
TT versus. CT/CC Asian 3 I.11 0.85-1.43 | 0.788 | Random | 164.29 | 0.287 19.8
TT/CT versus. CC Asian 3 0.98 0.74-1.30 | 0.623 | Random | 73.56 | 0.105 55.6

Abbreviations: CHD, Coronary heart disease; OR, odds ratio; Cl, confidence interval.
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Discussion

CHD is the myocardial damage caused by the imbalance between myocardial blood supply and myocardial demand.
It is affected by multiple factors and presents the pathogenesis mode combined with genetic susceptibility and
environmental factors. Currently, it is believed that coronary heart disease is a complex polygenic disease caused by
the interaction of various environmental factors and genetic factors. The genetic factors, namely susceptibility genes,
may play a very important role in the occurrence and development of coronary heart disease by affecting the
pathophysiological processes such as lipid metabolism, oxidative stress and inflammatory response, thrombosis and
internal environmental stability.

With the development of molecular biology, the screening of susceptibility genes related to CHD has become one of
the research hotspots. Numerous studies have shown that genotype is closely related to the occurrence and development
of CHD, especially in the high-risk population with diabetes. Gene polymorphism may be involved in the process of
atherosclerosis by affecting the metabolism of internal and external substances in the body, and there may be some
differences among different races and regions.

In the present study, the Han ethnic group in Hainan area of China was selected as the research object, and we
investigated the distribution frequency of genotype and allele in CHD patients and control population in Hainan
area. Our results indicated that gene polymorphism existed in the Han ethnic group in Hainan. Specifically, People
with the TT genotype have 2.06 times CHD risk as those with the CC genotype. And People with the T allele have
1.62 times CHD risk as those with the C allele. Interestingly, our results differ from those previously published. The
above mentioned literatures suggested that NQO1 C609T polymorphism were not associated with CHD risk. We
think that it is not an unfamiliar event when performing genetic association studies. The results of genetic
polymorphisms vary greatly by race, population and geographic factors, which has been reported by various
literatures. Although one study of a Chinese population has been reported, it focused on a population from northern
China. China is a vast country with 56 ethnic groups. There are regional and ethnic differences among different
ethnic groups.

We hypothesize that genetic polymorphisms may appear differently in different populations and ethnicities, and may
be associated with different diseases. That is to say, the occurrence and development of CHD may be different in
different races and nationalities carrying CHD-related genes. Therefore, it is necessary to further expand the sample size
and investigate the population of different races and regions, which will help to clarify the pathogenesis of CHD and
provide new possible measures for its prevention and treatment.

In the nursing process for CHD patients, nurses can take targeted care if they know the genetic polymorphisms of
patients. For one thing, nurses can learn which patients are at higher risk. On the other hand, nurses can disseminate the
knowledge of genetic polymorphism to the general public, especially the elderly, so that more patients can be served.

Conclusion

NQOI1 gene polymorphism increased the CHD risk in a Chinese population. Combined with individual gene polymorph-
ism, the accuracy of risk assessment for CHD can be improved and individualized health education can be provided for
CHD patients by nurses.

Data Sharing Statement
All data generated or analysed during this study are included in this article. Further enquiries can be directed to the
corresponding author.
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