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INTRODUCTION
Smoking is a serious hazard to global communal 

health, and according to present trends, 500 million of the 
world’s 1 billion smokers will die early as a result of smoking-
related diseases [1]. Smoking cigarettes has been widely 
acknowledged as a conventional and important hazard aspect 
for the progression of cardiovascular disease and atherosclerosis 
[2]. It has recently been realized that coronary heart disease 
(CHD) encompasses an inflammatory module and has been 
considered an inflammatory disorder [3]. Cigarette smoking 
causes CHD in a variety of ways, including through the 
progression of atherosclerosis and inflammation, altering the 
blood’s balance of high-and low-density lipoproteins (HDL and 
LDL), raising blood pressure and heart rate, and encouraging 

clot formation. Toxic byproducts of cigarette smoke circulate 
in the bloodstream, including nicotine, carbon monoxide, 
oxidant gases, and acrolein. They disrupt endothelial function, 
causing blood fat anomalies and affecting glucose regulation. 
Additionally, smoking directly affects platelets, increasing 
activation and stickiness. As a result, there is a higher risk of 
thrombosis or the onset of atherosclerosis [4]. 

Human Apolipoprotein-E (APO-E), a glycosylated 
protein of 34 kDa, has been associated with the aetiology of 
atherosclerosis [5]. The APO-E gene consists of 299 amino acids 
and is found on chromosome 19 at location q13.2, which is made 
up of three introns and four exons. The APO-E gene variation 
at both single sequences (rs429358 and rs7412) produces three 
unique alleles, E2, E3, and E4, resulting in six different genotypes, 
encompassing E2/E2, E3/E3, E4/E4, E2/E3, E2/E4, and E3/
E4. Arginine or cysteine can be found in amino acid sequences 
112 and 158, which differentiate the three APO-E isoforms: E2 
(cysteine 112, cysteine 158), E3 (cysteine 112, arginine 158), and 
E4 (arginine 112, arginine 158) [6]. The structural and functional 
variations between the three APO-E variants can be sufficient to 
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ABSTRACT
Smoking is one of the biggest public health threats worldwide, and it has been widely acknowledged as a traditional 
hazard for the progression of cardiovascular disease. Apolipoprotein-E (APO-E) has proinflammatory qualities; 
however, the link between APO-E genetic variation and inflammation remains controversial. We investigated the 
association between APO-E genotype and inflammation and the risk of premature coronary heart disease (CHD) 
in smokers versus non-smokers. We studied 300 South Indian subjects, including 100 healthy non-smokers, 100 
smokers with CHD, and 100 smokers with diabetes and CHD. The APO-E gene was genotyped using an allele-
specific polymerase chain reaction method (PCR) that was adapted to use with a TaqMan probe for real-time PCR. 
The study’s findings suggest that the E3/E3 genotypes were among the most frequent in the study population, 
whereas E2/E2 was the least prevalent. After controlling for clinical variables, patients with the E3/E4 genotype 
had lower levels of serum high-density lipoprotein, higher total cholesterol, triglyceride, low-density lipoprotein 
(LDL), APO-E, high-sensitive C-reactive protein, and matrix metalloproteinase-9 and were statistically significant 
(“p-value” <0.05). Using logistic regression analysis exposed that young smokers who have the E3/E4 genotype have 
a considerably greater risk of CHD. Smokers with the APO-E3/E4 genotype were found to be highly associated with 
a high lipid profile and inflammatory markers, a significant risk factor for CHD in young smokers.
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A signed informed consent form was obtained from each study 
participant.

Study protocol and measures
Before laboratory measurements, participants were 

told to fast for at least 12 hours and rest all night without 
engaging in any physical activity. They were then instructed to 
report to the hospital between the hours of 8:00 a.m. and 9:00 
a.m. 4 ml of venous fasting blood from each participant was 
divided into two aliquots, one of which was placed in an EDTA 
vial and the other in a plain vial. From the sample containing 
EDTA, DNA was extracted and serum will be separated from 
blood samples by centrifuging them at 2,000 × g for 10 minutes 
at 4ºC and keeping the separated samples at −20ºC until analysis. 

Self-reporting is used to identify age, gender, educational 
background, and other sociodemographic traits, as well as prior 
health and medical histories. Anthropometric measurements like 
weight and height were taken using standard protocols. Blood 
pressure was assessed after 2 minutes of relaxation. A systolic 
blood pressure of at least 140 mmHg and a diastolic blood 
pressure of at least 90 mmHg are indicators of hypertension. 
Patients with DM were identified using the American Diabetes 
Association guidelines. The AU480 Beckman coulter instrument 
was used to evaluate fasting glucose and lipoprotein profiles. 
HbA1c (glycosylated hemoglobin) was determined using a high-
performance liquid chromatography technique. The very high-
density lipoprotein cholesterol (VLDL-C) level was determined 
using the formula VLDL-C = triglyceride (TGL)/5. The non-
HDL level was determined by deducting the total cholesterol 
(TC) value from the HDL-C value.

According to the production technique, serum 
inflammatory marker (hs-CRP and MMP-9) concentrations 
were measured using an enzyme-linked immunoassay (ELISA, 
Abbkine, Inc., China).

DNA extraction and APO-E genotyping
Genomic DNA was extracted using a DNA extraction 

kit (Qiaamp DNA extraction kit) from 200 ul of whole peripheral 
blood mononuclear cells (Qiagen Hilden, Germany, catalogue 
number: 51104). A nano-drop 2000TM spectrophotometer was 
used to measure the quantity of DNA. The intactness of isolated 
DNA was confirmed by 1% agarose gel electrophoresis computed 
by (UV) spectroscopy, and then isolated DNA was stored at −80ºC. 

The APO-E gene was genotyped utilizing an allele-
specific polymerase chain reaction (PCR) method that was 
adapted to use with a TaqMan probe for real-time PCR [6]. The 
nucleotide changes observed at the two SNPs, rs429358 and 
rs7412, inside exon four of the APO-E gene were used to produce 
the initial PCR primers. Three pairs of oligonucleotide primers 
that specifically amplified the E2, E3, and E4 alleles were found 
after screening a collection of oligonucleotide primers. For each 
process, a single TaqMan probe with a double-dye oligonucleotide 
was used to track the results of real-time DNA amplification. 
The probe has a black hole quencher molecule and a fluorescein 
amide (FAM) attached to its 3′ and 5′ ends, respectively [6]. 

Ε2-Forward GCGGACATGGAGGACGTGT    E2-
Reverse CCTGGTACACTGCCAGGCA

Ε3-Forward CGGACATGGAGGACGTGT       E3-
Reverse CTGGTACACTGCCAGGCG

raise the risk of disease even if they only differ by one or two 
amino acids. The three APO-E isoforms differ by a single amino 
acid, which affects the protein’s structure, lipid association, 
and receptor binding. As a result, APO-E influences cholesterol 
homeostasis in an isoform-dependent way [7].

Inflammation-related pathways might be one of the 
probable mechanisms linking the APO-E gene to cardiovascular 
disease [8,9]. Moreover, APO-E has proinflammatory qualities 
and facilitates the delivery of lipid antigens to the immune 
system, which can contribute to chronic inflammation. 
Numerous studies have shown that the APO-E gene regulates 
metabolic processes. The crucial biomarkers for chronic 
systemic inflammation are high-sensitive C-reactive protein (hs-
CRP) and matrix metalloproteinase-9 (MMP-9). The association 
between APO-E Single nucleotide polymorphisms (SNPs) and 
disease states was significantly impacted by serum C-reactive 
protein (CRP) levels [10]. CRP is a known inflammatory marker 
and a risk indicator for CHD and has been linked to the APOE 
gene variant [11]. The APO-E genetic makeup influences CRP 
production through a cytokine-independent pathway. However, 
it is necessary to identify the mechanism behind this relationship 
[12]. Several study findings indicate that APO-E4 macrophages 
exhibit altered inflammatory responses, which may be a factor 
in the increased CHD risk seen in APO-E4 carriers [13,14]. 
Therefore, the study’s goal is to investigate the relationship 
between APO-E genotype and inflammation and the risk of 
premature CHD in smokers versus non-smokers. 

MATERIALS AND METHODS

Study design and participants
The case-control study included 300 subjects and 

was recruited between October 2020 and 2022. Three sections 
constituted the research investigation. Group 1 is made up of 
100 healthy nonsmokers; Group 2 is made up of 100 young 
active smokers who have CHD, and Group 3 is made up of 
100 young active smokers who have both CHD and diabetes 
mellitus (DM) and are undergoing cardiology and medicine 
Outpatient. Participants in the study were all men between the 
ages of 20 and 55. Smoking habits were identified based on self-
reporting. Calculations were made for smoking status, smoking 
load (duration of smoking), and smoking intensity (number of 
cigarettes smoked each day). Those who regularly smoked >5 
cigarettes every day over the last 12 months were considered 
smokers [15]. The inclusion criteria were patients with a CHD 
diagnosis who smoked often. The characteristic chest discomfort 
raised the ST segment on the electrocardiogram, abnormal lab 
results for creatine phosphokinase, creatine kinase-myocardial 
band, and troponin I, and abnormal coronary angiography 
with a stenosis of more than 50% in one of the major coronary 
arteries were used to make the diagnosis of CHD. The control 
participants are all non-smokers and did not have evidence of 
cardiovascular disease. Patients with cardiomyopathy, chronic 
conditions like hepatic failure, malignancy patients, people who 
have had heart surgery, people who have had cardiovascular 
accidents, autoimmune diseases, endocrine diseases, serious 
systemic illnesses, and systemic inflammatory diseases have 
been excluded from the study. To determine whether patients 
were fit for the study, a standard questionnaire was provided. 
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Ε4-Forward CGGACATGGAGGACGTGC     E4-
Reverse CTGGTACACTGCCAGGCG

APO-E probe: FAM-CAGCTCCTCGGTGCTCTGGC-
BHQ1

Three reactions are used for utilizing real-time PCR 
to genotype APO-E: the E2 reaction, the E3 reaction, and the 
E4 reaction. The following was the PCR amplification protocol: 
amplitude gold DNA polymerase was activated at 95ºC for 10 
minutes before being put through 40 cycles of denaturation at 
95ºC for 15 seconds and extension at 64ºC for 1 minute. During 
the annealing/extension processes, fluorescence signals were 
recorded [6]. The FAM signal suggests the APOE gene. The 
amplification was carried out using a Quant Studio real-time 
PCR instrument. 

Statistical analysis
The statistical analysis was carried out using the 

International Business Machines Corporation’s statistics software 
for the social sciences, version 22. The mean, as well as the SD, 
is used to express numerical information. One-way ANOVA 
has been used in descriptive analysis for continuous variables 
to compare means and medians. Genotype and allele risks were 
calculated using the odds ratio (OR). For qualitative variables, the 
Hardy-Weinberg equilibrium distribution was used to evaluate 
the allele distribution using the chi-square test. Unadjusted OR 
with confidence intervals (95% CL) were reported as a result of 
univariable logistic regression analysis conducted to assess the 
connection between risk indicators and CHD risk. Statistical 
significance was defined as p values less than 0.05.

RESULTS

Population-specific demographic, clinical, and biochemical 
data

Table 1 shows the socioeconomic, clinical, and 
biological data of the research individuals. When smokers from 
Groups 3 and 2 were compared to Group 1, (controls), there 
was a statistically significant difference (p < 0.001) in their 
age, body mass index (BMI), waist-hip ratio (W/H ratio), blood 
pressure, smoking burden, and smoking intensity. Patients’ 
fasting blood sugar and glycated hemoglobin (HbA1c) values 
were significantly higher than controls (p < 0.001). Data from 
lipid profiles indicate a substantial link between dyslipidemia and 
CHD. The study demonstrates that when compared with Group 
1, smokers in Groups 3 and 2 had significantly lower levels of 
HDL-C and higher levels of TC, TGL, LDL-C, VLDL-C, the TC/
HDL-C ratio, and the LDL-C/HDL-C ratio, and non-HDL-C.

According to the findings, Groups 3 and 2 smokers 
showed substantially higher blood APO-E, hs-CRP, and MMP-
9 levels. Subjects with both CHD and diabetes who smoke 
(group 3) exhibited the highest serum concentrations of APO-E, 
hs-CRP, and MMP-9 when compared to controls.

To determine if there was a significant difference 
between the groups, a Tukey’s honest significant difference post 
hoc analysis was performed (Table 2). A considerable difference 
was observed between the subject’s age, BMI, Systolic blood 
pressure (SBP), smoking intensity, smoking burden, lipid profile, 
lipid ratios, APO-E, hs-CRP, and MMP-9 in smokers with CHD 
and controls (p < 0.001). The highest significant difference was 

found among the smokers with CHD and DM with controls (p 
< 0.001), which was significantly greater than the smokers with 
CHD without DM.

The genotypes and allele frequencies of the APO-E gene in the 
studied sample

Tables 3 and 4 summarise the genotype and allele 
frequency spectrum of the APO-E gene in study participants. 
All groups’ genotype distributions were in a state of Hardy-
Weinberg equilibrium (p < 0.05). In all three groups, the E3/
E3 genotype predominated (60% of smokers with CHD and 
DM patients, 58% of smokers with CHD patients without 
diabetes, and 72% of control participants), with the E3/E4 
genotype coming in second with 25% of smokers with CHD 
and DM patients, 23% of smokers with CHD patients without 

Table 1. Demographic, clinical and biochemical data of the study 
population.

Parameters Controls 
(n = 100)

Smokers
p-valueCHD 

(n = 100)
CHD + DM 

(n = 100)

AGE (years, mean 
± S.E.M.) 32.7 ± 11.08 39.9 ± 8.75 44.86 ± 7.47 <0.001

BMI (kg/m2) 21.4 ± 1.5 25.1 ± 2.5 25.9 ± 2.1 <0.001

W/H ratio 0.88 ± 0.04 0.91 ± 0.04 0.91 ± 0.03 <0.001

SYSTOLIC BP 
(mmHg) 121.6 ± 4.9 128.5 ± 6.5 133.5 ± 6.5 <0.001

DIASTOLIC BP 
(mmHg) 82.4 ± 3.7 86.5 ± 4.5 87.5 ± 6.5 <0.001

SMOKING 
INTENSITY 0 8.8 ± 2.7 9.9 ± 3.8 <0.001

 SMOKING 
BURDEN 0 15.1 ± 7.3 17.2 ± 7.1 <0.001

FBG(mg/dl) 101.0 ± 11.4 102.9 ± 11.2 217.2 ± 71.8 <0.001

HbA1c (%) 5.5 ± 0.4 5.6 ± 0.4 9.1 ± 1.9 <0.001

TC(mg/dl) 153.0 ± 24.5 218.4 ± 25.1 228.2 ± 56.4 <0.001

TGL(mg/dl) 103.9 ± 52.3 175.2 ± 86.5 212.3 ± 70.9 <0.001

HDL(mg/dl) 49.9 ± 7.5 37.7 ± 4.5 35.2 ± 4.8 <0.001

LDL(mg/dl) 102.8 ± 17.2 162.9 ± 20.2 174.1 ± 25.4 <0.001

TC/HDL ratio 3.45 ± 0.67 5.46 ± 0.88 5.9 ± 2.0 <0.001

LDL/HDL ratio 2.33 ± 0.50 3.94 ± 0.73 4.2 ± 0.9 <0.001

VLDL(mg/dl) 20.6 ± 10.2 33.9 ± 14.8 41.0 ± 15.4 <0.001

non HDL-C (mg/dl) 108.06 ± 23.86 177.9 ± 24.4 189.4 ± 55.9 <0.001

APO-E (ng/ml) 34.28 ± 7.55 47.08 ± 
10.47 57.51 ± 8.97 <0.001

Hs-CRP (mg/l) 0.71 ± 0.23 3.89 ± 1.73 5.77 ± 1.33 <0.001

MMP-9 (ng/ml) 27.16 ± 5.14 64.12 ± 
23.05

89.19 ± 
30.21 <0.001

BMI-Body mass index, W/H ratio- Waist-hip ratio, BP-Blood pressure, FPG- 
Fasting Plasma Glucose TC- Total Cholesterol, TGL- Triglycerides, HDL- 
High-Density Lipoprotein, LDL- Low-Density Lipoprotein, VLDL- Very 
Low-Density Lipoprotein, APO-E- Apo lipoprotein-E, hs-CRP-high sensitive 
C Reactive protein, MMP-9- Matrix Metalloprotease-9.
Data are presented as means  ± SD or numbers (percentages).
ANOVA. A p-value of below 0.05 is considered significant. NS-Not significant.

and
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diabetes, and 11% of participants in the control group, and the 
E2/E3 genotype coming in third with 7% of smokers with CHD 
and DM patients 9% of smokers with CHD patients without 
diabetes and 8% of participants in the control group. The most 
prevalent allele was E3 (77% of smokers with CHD and DM 
patients, 78% of smokers with CHD patients without diabetes, 
and 84% of control participants), with the E4 allele coming in 
second with 19% of smokers with CHD and DM patients, 17% 
of smokers with CHD patients without diabetes, and 9% of 
control participants, and the E2 allele coming in third with 4% 
of smokers with CHD and DM patients, 5% of smokers with 
CHD patients without diabetes and 7% of control participants. 
According to the findings, the risk frequency of the E3/E4 
genotype and E4 allele was considerably higher in smokers 
with CHD and DM. (p = 0.011 and p < 0.001, respectively). 
Whereas, when compared to controls, in smokers with CHD, 

the risk frequency of the E3/E4 genotype and E4 allele was 
substantially greater (p = 0.026 and p = 0.019, respectively). 

Distribution of lipid profile and inflammatory markers among 
APO-E genotypes in the study population

Tables 5 and 6 demonstrate the distribution of the lipid 
profile and inflammatory markers among the APO-E genotypes 
of the study participants. Compared with the other genotype of 
the APO-E gene, smokers with CHD and smokers with CHD 
and DM subjects with the E3/E4 genotype had lower levels 
of serum HDL, higher TC, TGL, LDL, APO-E, hs-CRP, and 
MMP-9 which were statistically significant. This demonstrates 
that the E3/E4 genotype is linked to an increased risk of early 
CHD in young smokers.

Logistic regression model of CHD risk in smokers
To investigate the predictability of several factors and 

their interactions in the progression of CHD, a logistic regression 
model has been applied. After correcting for confounding 
variables such as age, BMI, lipid profile, and biochemical 
parameters in regression analysis as independent variables, 
the E3/E4 genotype is associated with age, lipoprotein profile, 
serum APO-E hs-CRP, and MMP-9 and were statistically 
significant predictors for CHD (all p < 0.05), with OR shown in 
Tables 7 and 8.

DISCUSSION
There is no about that the adverse impacts of smoking 

on the cardiovascular system. The exact facts, however, remain 
contentious and unclear. Young cigarette smokers are more 
likely to develop cardiovascular disease than healthy adults. 
According to one study, 4,326 instances of smokers with CHD 
were recorded during follow-up. The study shows CHD risk 
among current smokers was highest among the youngest and 
lowest among the oldest individuals when compared to never-
smokers. The study shows that among subjects aged 40 to 49 
years, the risk ratio was 8.5 (95% CI  =  5.0–14) and 3.1 (95% 
CI  =  2.0–4.9) among those aged 70 years or older [16]. This 
can be explained by several connections, such as changes in 
serum lipid and lipoprotein concentrations [17]. Smoking 
causes cardiovascular events by a variety of mechanisms, 
including the development of atherosclerotic alterations 
with narrowing of the arterial lumen and the generation of a 
hypercoagulable condition, which increases the risk of acute 
thrombosis [18]. In this investigation, smokers’ serum APO-E 
concentrations were substantially higher compared to healthy 
controls (<0.0001). Acrolein, a cigarette smoke component, 
causes oxidative alteration of APO-E, reducing its ability to 
bind with LDL receptors. Furthermore, the acrolein-modified 
APO-E had a decreased ability to interact with lipid surfaces. 
As a result, it disrupts the control of plasma cholesterol 
homeostasis by interfering with APO-E’s functional activity 
[19,20]. One of the hypotheses states that an increase in 
APO-E concentration might cause CHD. High APO-E levels 
may reflect a determinant lipid profile. The study suggested 
that an increase in APO-E concentration reflects an increase in 
lipoprotein levels such as LDL-C and VLDL-C levels, which 
are pathogenic [21].

Table 2. Posthoc analysis of demographic, clinical and biochemical 
data of the study population.

Parameters

Smokers with 
CHD Versus 

control

Smokers with 
CHD + DM 

Versus control

Smokers with 
CHD + DM 

Versus smokers 
with CHD

difference p-value difference p-value difference p-value

AGE (years) 7.2 <0.001 12.1 <0.001 4.9 <0.001

BMI (kg/m2) 3.7 <0.001 4.5 <0.001 0.8 NS

W/H ratio 0.03 NS 0.03 NS 0.00 NS

SBP (mmHg) 6.9 <0.001 11.9 <0.001 5 NS

DBP 
(mmHg) 4.1 NS 5.1 NS 1 NS

SMOKING 
INTENSITY 8.8 <0.001 9.9 <0.001 1.1 NS

SMOKING 
BURDEN 15.1 <0.001 17.2 <0.001 2.1 NS

FBG(mg/dl) 1.9 NS 116.2 <0.001 114.3 <0.001

HbA1c (%) 0.1 NS 3.6 <0.001 3.5 <0.001

TC(mg/dl) 65.4 <0.001 74.8 <0.001 9.4 NS

TGL(mg/dl) 71.3 <0.001 108.4 <0.001 37.1 <0.001

HDL(mg/dl) −12.2 <0.001 −14.7 <0.001 −2.5 <0.001

LDL(mg/dl) 60.1 <0.001 71.3 <0.001 11.2 <0.001

TC/HDL 
ratio 2.01 <0.001 2.45 <0.001 0.44 <0.001

LDL/HDL 
ratio 1.61 <0.001 1.87 <0.001 0.26 <0.001

VLDL(mg/
dl) 13.3 <0.001 20.4 <0.001 7.1 <0.001

RLP-C(mg/
dl) 15.7 <0.001 28.4 <0.001 12.7 <0.001

APO-E (ng/
ml) 12.8 <0.001 23.23 <0.001 10.43 <0.001

hsCRP (mg/l) 3.21 <0.001 5.15 <0.001 1.94 <0.001

MMP-9 (ng/
ml) 36.95 <0.001 62.12 <0.001 25.17 <0.001

Posthoc analysis. p-value of <0.05 is regarded as significant. NS-Not 
statistically significant.

and
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assays with increased sensitivity, CRP levels were shown to be 
considerably elevated in male and female smokers compared 
to non-smokers [24]. This study highlights the complexities 
of cytokine-mediated inflammation by revealing that smoking 
status has a significant association with inflammatory markers.

As far as our information goes, this is the foremost 
study to examine the gene-environment interaction of APO-E 
gene variation in smokers and its association with inflammatory 
markers in the Indian population. 

In recent years, a large amount of research has 
been conducted, on the alleged link between smoking and 
the activation of inflammatory pathways. A few of them are 
contradictory, in which serum CRP concentrations have been 
assessed in connection to the smoking category [22]. Smokers 
have more white blood cells, which is mostly due to an increase 
in polymorphonuclear neutrophils, which are produced in the 
bone marrow and attracted to inflamed tissue [23]. In one of the 
earliest studies of CRP levels in smokers, before the advent of 

Table 3. The genotypes and allele frequency distribution of the APO-E gene in smokers with CHD subjects.

APO-E genotype Controls 
(n = 100)

Smokers with CHD  
(n = 100)

Relative risk 
OR

Confidence interval 
(95%) p-value

E2/E2 2 (2%) 1 (1%) 0.4949 0.0442–5.5478 NS

E2/E3 8 (8%) 9 (9%) 0.8792 0.3249–2.3793 NS

E3/E3 72 (72%) 58 (58%) 0.5370 0.2977–0.9689 NS

E3/E4 11 (11%) 23 (23%) 2.4168 1.1072–5.2752 0.0267

E2/E4 3 (3%) 3 (3%) 1.000 0.1969–5.0779 NS

E4/E4 4 (4%) 6 (6%) 1.5319 0.4189–5.6028 NS

E2 Allele 14 (7%) 10 (5% 0.6992 0.3030–1.6138 NS

E3 Allele 168 (84%) 156 (78%) 0.6753 0.4076–1.1188 NS

E4 Allele 18 (9%) 34 (17%) 2.7100 1.1266–3.8069 0.0191

A p-value of below 0.05 is considered significant. NS-Not significant.

Table 4. The genotypes and allele frequency distribution of the APO-E gene in smokers with CHD and DM subjects.

APO-E genotype Controls 
(n = 100)

Smokers with CHD 
and DM (n = 100)

Relative risk 
OR

Confidence interval 
(95%) p-value

E2/E2 2 (2%) 1 (1%) 0.4949 0.0442–5.5478 NS

E2/E3 8 (8%) 7 (7%) 0.8656 0.3015–2.4848 NS

E3/E3 72 (72%) 60 (60%) 0.7917 0.4518–1.3871 NS

E3/E4 11 (11%) 25 (25%) 2.6970 1.2452–5.8414 0.0119

E2/E4 3 (3%) 3 (3%) 1.000 0.1969–5.0779 NS

E4/E4 4 (4%) 4 (4%) 1.000 0.2430–4.1145 NS

E2 Allele 14 (7%) 8(4%) 0.5342 0.2135–1.3365 NS

E3 Allele 168 (84%) 154(77%) 0.6377 0.3862–1.0528 NS

E4 Allele 18 (9%) 38 (19%) 3.1326 1.6408–5.9809 <0.001

A p-value of below 0.05 is considered significant. NS-Not significant.

Table 5. Distribution of lipid profile and inflammatory markers among APO-E genotypes in smokers with CHD subjects.

Parameters
APO-E genotypes

E2/E2 
(n = 1)

E2/E3 
(n = 9)

E3/E3 
(n = 58)

E3/E4 
(n = 23)

E2/E4 
(n = 3)

E4/E4 
(n = 6) p-value

TC 179 ± 00 203.4 ± 18.2 216.4 ± 27.8 221.8 ± 26.6 220.6 ± 21.5 219.3 ± 24.5 0.036

TGL 119 ± 00 151.8 ± 68.1 172.3 ± 84.9 181.6 ± 78.8 178.4 ± 55.6 180.7 ± 65.4 0.041

HDL 41 ± 00 42.3 ± 4.9 40.7 ± 5.8 40.2 ± 5.2 40.4 ± 5.8 40.3 ± 5.5 NS

LDL 131 ± 00 135.8 ± 11.3 155.1 ± 23.8 163.7 ± 20.8 158.7 ± 18.5 159.6 ± 21.7 <0.001

APO-E 29.63 ± 00 41.52 ± 9.26 43.84 ± 11.76 49.63 ± 13.82 45.64 ± 8.48 46.88 ± 11.62 0.027

Hs-CRP 1.68 ± 00 2.19 ± 0.83 3.32 ± 1.21 3.97 ± 1.37 3.47 ± 0.82 3.62 ± 1.19 0.009

MMP-9 35.5 ± 00 43.48 ± 14.42 61.54 ± 23.53 69.17 ± 26.14 66.52 ± 13.7 67.91 ± 22.3 0.049

ANOVA. A p-value of below 0.05 is considered significant. NS-Not significant.
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The result of the present study indicates that smoking 
increases the risk for CHD, particularly in males with the 

E3/E4 genotype and the E4 allele. The study shows a strong 
relationship between the E3/E4 genotype and smoking and 
the risk of developing CHD and DM in young smokers, which 
is in line with earlier research [25,26]. Our findings support 
the smoking/genotype interaction and extend the findings 
to younger age groups than earlier research. Two potential 
explanations for the relationship between smoking and multiple 
APO-E genotypes with CHD are changes in lipid concentrations 
and an inflammatory response to different APO-E genotypes 
[27]. Moreover, the effect of the APO-E-smoking interaction 
on lipid concentrations and CHD risk has been studied [28] but 
the biological basis for it is still unclear. 

First, while examining the connection between 
smoking and different APO-E variants and lipid levels, the 
study result shows that APO-E gene carriers had significantly 
different levels of TC, TGL, LDL-C, and HDL-C in current 
smokers. The study findings demonstrated that smokers with the 
E3/E4 genotype were related to greater levels of TC and TGL 
in all participants investigated, as well as higher LDL-C levels 
in smokers with CHD and T2DM, underscoring the importance 
of elevated LDL-C levels in CHD development. Previous 
research on the effects of smoking and the APO-E gene and its 
association with plasma lipid profiles has yielded inconclusive 
results across different ethnic groups [29]. Indians with the E3/
E4 genotype exhibited lower HDL-C levels and higher LDL-C 
concentrations in patients with CHD [30], as well as increased 
TG concentrations in T2DM patients [31]. According to a 
recent survey of the Kashmiri community, CHD patients with 
the E4 allele exhibited significantly higher LDL and TC values 
[32]. Secondly, regarding the relationship between APO-E and 
inflammation in smokers, several studies have discovered that 
inflammatory biomarkers related to the progression of CHD 
in smokers, such as CRP, MMP-9, TNF-α, and interleukins 
[33–35], can enhance CHD risk classification, particularly CRP 
and IL-6 [36–38]. Furthermore, several studies have shown 
that the association between smoking, the APO-E gene, and 
CHD risk is partially regulated by substantial impacts on 
inflammatory biomarkers like CRP and IL-6 [39,40]. The result 
of the present study also supports previous results showing that 
CRP levels are associated with the APO-E genotype, indicating 
that smokers with APO-E4 carriers with the E3/E4 genotype 
have significantly higher levels of serum hs-CRP than APO-E2 

Table 6. Distribution of lipid profile and inflammatory markers among APO-E genotypes in smokers with CHD and DM subjects.

Parameters
APO-E genotypes

E2/E2 
(n = 1)

E2/E3 
(n = 9)

E3/E3 
(n = 58)

E3/E4 
(n = 23)

E2/E4 
(n = 3)

E4/E4 
(n = 6) p-value

TC 201 ± 00 216.8 ± 64.2 225.8 ± 58.4 239.6 ± 54.7 234.8 ± 47.3 238.7 ± 38.5 0.029

TGL 105 ± 00 189.3 ± 88.7 208.6 ± 117.3 237.1 ± 112.4 218.6 ± 78.2 229.3 ± 100.2 0.034

HDL 44 ± 00 41.4 ± 4.9 37.8 ± 5.4 34.1 ± 6.2 36.8 ± 4.7 35.4 ± 3.2 0.037

LDL 143 ± 00 155.7 ± 30.7 160.5 ± 27.6 176.3 ± 23.8 173.5 ± 18.4 169.5 ± 22.5 <0.001

APO-E 45.26 ± 00 48.26 ± 7.64 55.87 ± 9.16 64.85 ± 9.49 58.88 ± 6.32 59.68 ± 8.84 <0.001

Hs-CRP 3.54 ± 00 3.98 ± 1.24 4.64 ± 1.68 6.77 ± 1.52 5.89 ± 1.24 6.17 ± 1.66 <0.001

MMP-9 61.3 ± 00 71.5 ± 25.5 87.9 ± 34.8 98.1 ± 31.2 91.2 ± 22.3 91.9 ± 28.6 0.002

ANOVA p-value of 0.05 is regarded as significant. NS-Not significant.

Table 7. Logistic regression assessment of APO-E genotype, 
cardiovascular risk variables, in smokers with CHD subjects.

Variable B p-value OR
95%CI

Lower Upper

E3/E4 0.606 0.005 1.881 1.006 2.757

Age 0.766 0.004 1.639 0.995 2.284

BMI 0.358 0.116 0.347 0.237 0.458

TC 0.594 0.006 1.755 1.072 2.438

TG 0.792 0.003 1.837 1.084 2.590

HDL 0.610 0.005 1.374 0.838 1.910

LDL 1.321 <0.001 1.750 1.114 2.387

APO-E 1.049 <0.001 3.475 2.058 4.892

Hs-CRP 0.907 <0.001 2.191 1.158 3.225

MMP9 0.610 0.005 1.173 0.670 1.677

Constant −9.844 <0.001 0.000 -- --

A p-value of below 0.05 is considered significant.

Table 8. Logistic regression assessment of APO-E genotype, 
cardiovascular risk variables, in smokers with CHD and DM subjects.

Variable B p-value OR
95%CI

Lower Upper

E3/E4 0.711 0.004 2.176 1.098 3.255

Age 0.850 0.002 1.745 1.017 2.474

BMI 0.359 0.103 0.517 0.276 0.758

TC 0.883 0.001 2.018 1.184 2.852

TG 0.990 <0.001 2.022 1.097 2.947

HDL 0.832 0.003 1.444 0.905 1.984

LDL 1.557 <0.001 2.329 1.090 3.568

APOE 1.280 <0.001 3.862 2.097 5.628

Hs-CRP 1.093 <0.001 2.843 1.355 4.331

MMP9 0.891 0.001 1.491 0.725 2.258

Constant −13.741 <0.001 0.000 -- --

A p-value of below 0.05 is considered significant.
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