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Abstract
CAD (Coronary Artery Disease) morbidity is becoming an endemic worldwide. 
Recently, the role of pro- and anti-inflammatory cytokines in the development of 
atherosclerotic plaques has been explored, but the association of their genetic pol-
ymorphisms and CAD has yet not been established. The present study aimed to 
investigate the association of IL-8-251A/T (rs4073) and IL-10 -592C/A (rs1800872) 
polymorphisms and the risk of CAD in North Indian population. 1000 subjects 
(500 angiographically confirmed CAD patients and 500 controls) were genotyped 
by ARMS-PCR. Results revealed a significant risk association of both the poly-
morphisms with CAD. The heterozygous and the mutant genotypes of IL-8 rs4073 
were both found to be associated with the risk of disease after adjusting for the con-
founders (padj < 0.001, ORadj 3.121, 95% CI 1.926–5.056 and padj < 0.001, ORadj 
3.116, 95% CI 1.952–4.973, respectively), but only the mutant AA genotype of IL-
10 rs1800872 correlated with risk of disease with padj < 0.001, ORadj 4.106, 95% 
CI 2.160–7.806). Stratifying the samples on the basis of gender revealed CAD in 
heterozygous and mutant in males (padj < 0.001, ORadj 3.693, 95% CI 2.031–6.716; 
padj < 0.001, ORadj 3.288, 95% CI 1.848–5.851, respectively) and only the mutant 
to be associated with risk of disease in females (padj = 0.010, ORadj 2.867, 95% 
CI 1.284–6.404) for IL-8 rs4073, whereas only the mutant genotype AA of IL-
10 rs1800872 associated with CAD risk in males (padj < 0.001, ORadj 5.821, 95% 
CI 2.831–11.970). Stratified analysis based on age showed a significant higher 
risk in the heterozygous and mutant genotype in subjects below 40  years of age 
(padj = 0.039, ORadj 5.052, 95% CI 1.081–23.602; and padj = 0.025, ORadj 5.533, 95% 
CI 1.239–24.704, respectively) compared with the heterozygous and mutant geno-
type association of the risk of disease in subjects above 40 years of age (padj < 0.000, 
ORadj 2.964, 95% CI 1.747–5.027; and padj < 0.000, ORadj 2.859, 95% CI 1.716–
4.762, respectively) in IL-8 rs4073. For IL-10 rs1800872, risk association was 
seen only in subjects above 40 years of age (padj < 0.001, ORadj 5.049, and 95% CI 
2.414–10.561). The present study exhibited associations of IL-8-251A/T (rs4073) 
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and IL-10 -592C/A (rs1800872) with CAD in the North Indian population and also 
that the associations are gender and age dependent.

Keywords  Coronary artery disease · North Indian population · IL-8 · ARMS-PCR · 
Genetic polymorphism

Introduction

Coronary artery disease (CAD) is now said to be the major cause of deaths world-
wide and possesses a multifactorial nature having a number of risk factors like 
gender, age, obesity, high blood pressure, altered lipid profiles, diabetes, smok-
ing, tobacco, and alcohol intake involved along with the genetic factors (Hansson 
2005; Yiannakouris et al. 2014). There is a rapid elevation in the prevalence of CAD 
in developing countries like India (Enas et  al. 2001; Anand et  al. 2000), and this 
increase can be attributed to the changes in lifestyle, industrialization, urbanization, 
strict endogamous marital patterns (Gaziano and Gaziano 2008). The two key fea-
tures of CAD are atherosclerosis and inflammation. The buildup of plaque in the 
arterial wall subsequently leads to the recruitment of inflammatory players at the site 
of plaque. A number of genes, and their resulting proteins, are involved in this whole 
mechanism making it a tough task for researchers to elucidate the multiple complex 
interconnecting pathways involved in the whole process.

Inflammation is considered to be a key player in the development and progres-
sion of atherosclerosis (Hansson 2005; Zakynthinos and Pappa 2009). Multiple 
studies have reported the roles of both the pro-inflammatory and anti-inflammatory 
cytokines to be involved in the disease pathogenesis (Libby et al. 2011).

Interleukin-8 (IL-8) is a member of the CXC chemokines superfamily and maps 
on to chromosome 4q13-21 (Gerszten et al. 1999; Rigamonti et al. 2008). It behaves 
as a chemoattractant for neutrophils and macrophages, and studies have shown the 
involvement of IL-8 in innate and acquired immune responses, and as an inflamma-
tory molecule in atherosclerotic plaque development (Boisvert et al. 2000; Simonini 
et al. 2000; Vogiatzi et al. 2008; Morris et al. 1992). IL-8 is found to be secreted 
from macrophages and foam cells in the atherosclerotic lesions (Wang et al. 1996) 
and signals the smooth muscle cells (SMCs) in the latter to proliferate and migrate 
to the intima of the vessel wall (Yue et al. 1994; Yue et al. 1993). Genetic studies 
have been conducted worldwide to find the relationship between IL-8 gene polymor-
phisms and susceptibility to CAD (Vogiatzi et al. 2008; Wang et al. 2015; Ren and 
She 2015; Zakynthinos and Pappa 2009), but no study has been carried out on the 
North Indian population yet. Hence, we chose to genotype -251 A/T rs4073 poly-
morphism in IL-8, located in the promoter region and hence to see the association 
between the polymorphism and CAD in a North Indian population.

Another cytokine, interleukin 10 (IL-10), is an anti-inflammatory cytokine—secretd 
by Th2 lymphocytes, B cells, and monocytes—is reported to play a protective role in 
CAD (Madeshiya et al. 2017). IL-10 gene maps on to junction between 1q31 and 1q32 
(Koch et al. 2001). IL-10 has the capability to inhibit NK-κB, MMPs (matrix degrading 
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metalloproteinases) and also promotes the Th2 phenotype, and thus, modulates the pro-
cess of vascular inflammation and the plaque stability (Heeschen et al. 2003). It inhib-
its the synthesis of a range of Th1-producing cytokines (IFN-γ, IL-2, TNF-β, IL-1, 
IL-6, and TNF-α) and deviates from its regulation to the Th2-related immune response 
(Fernández and Kaski 2002; Halvorsen et al. 2005; Kanda et al. 1996). Multiple studies 
report the association of IL-10 gene polymorphisms with diabetes mellitus (Moheb-
batikaljahi et al. 2009; Saxena et al. 2012), acute coronary syndrome (ACS) (Srikanth 
Babu et al. 2012), and arterial thrombotic diseases (Meuwissen et al. 2004; Marousi 
et al. 2011). Also the lower plasma levels of plasma IL-10 are linked with ACS and 
ischemic stroke (IS) (Heeschen et al. 2003; Anguera et al. 2002; Xie et al. 2013), but 
information in the North Indian population is still missing. We have attempted to geno-
type the IL-10 promoter region polymorphism, 592C/A (rs1800872), and its correla-
tion with CAD and other associated parameters such as age, gender, obesity, smoking, 
and drinking status, family history, and various biochemical tests in the North Indian 
population.

Materials and Methods

Study Population

A total of 1000 subjects aged 25–70 years (both male and female) from North India, 
viz. including Punjab, Haryana, Chandigarh, Himachal Pradesh, New Delhi, Rajasthan, 
Jammu and Kashmir, Uttarakhand, Uttar Pradesh, and Uttaranchal, were enrolled for 
the study. Patients angiographically confirmed for CAD (with more than 50% stenosis 
in at least one coronary artery) visiting Out Patient Department (OPD), Department of 
Cardiology at Postgraduate Institute of Medical Education and Research, Chandigarh 
between November 2014 and December 2015 were enrolled as cases. Exclusion criteria 
for the cases include rejecting the subjects with pregnancy, hypo or hyperthyroidism, 
acute or chronic infection, hepatic, renal or respiratory insufficiency and malignancy. 
500 healthy individuals were enrolled as controls. The inclusion criteria for the con-
trols was: no past history of cardiac disorder, chronic diseases such as AIDS, hepati-
tis, tuberculosis, diabetes, hypertension, hypo- or hyperthyroidism, malignancy, etc, or 
any other comorbid illness, nonpregnant females. Strict caution was taken so that none 
of the control was a smoker, drinker or a consumer of tobacco. Sampling of controls 
was done at blood donation camps. Written consent from both patients and controls 
was taken. Ethical clearance was received from Institutional Ethics Committee, Panjab 
University, Chandigarh, India and the work has been done strictly in accordance with 
the “Ethical Guidelines for Biomedical Research on Human Participants, 2006″ as pro-
posed by Indian Council of Medical Research and Ministry of Health, Govt. of India.

Biometric and Biochemical Measurements

All the anthropometric parameters of the subjects were recorded in a detailed ques-
tionnaire, and also the family history, smoking and drinking habits, the presence of 
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any other disease, etc. were noted as well. Standard biochemical methods were used 
for the determination of lipid profile, fasting serum glucose, hsCRP, Apolipoprotein 
A1, Apolipoprotein B, and uric acid.

DNA Isolation and SNP Selection and Genotyping

Blood samples were collected in EDTA-coated vials and stored at − 80  °C until 
genomic DNA was extracted. Saline-sodium citrate (SSC) method was used to iso-
late genomic DNA (Roe 1996) and the isolated DNA was checked on 0.8% agarose 
gel.

The amplification for both the selected polymorphisms was done using the tetra-
primer amplification refractory mutation system-polymerase chain reaction (tetra-
primer ARMS-PCR) method using the sequence specific primers given in the 
Table 1. For IL-8 rs4073, PCR was carried out in a thermal cycler in a total volume 
of 25 µl containing 3 mM MgCl2, 10X PCR buffer, 1 mg/ml BSA, 50 pmol of each 
primer, 0.125U Taq polymerase, 10 mM of each dNTP, and 2 µl genomic DNA. The 
PCR cycles comprised of initial denaturation at 94  °C for 5  min, followed by 35 
cycles at 94 °C for 60 s, 58 °C for 60 s, 72 °C for 60 s, and final extension at 72 °C 
for 10 min. The PCR products were observed by agarose gel electrophoresis on 3% 
agarose gel and visualized by UV transillumination. The TT homozygote produced 
169 bp, whereas AA produced 228-bp fragment. The two outer primers produced a 
common 349-bp fragment in each PCR (Fig. 1a).

In case of IL-10 rs1800872, the PCR reaction of 25  µl contained 2.5  mM 
MgCl2, 10X PCR buffer, 1 mg/mL BSA, 50 pmol of each primer (either primer 
for C/A alleles), 0.125 U Taq polymerase, 10  mM of each dNTP and 2  µl 
genomic DNA. The PCR cycles consisted of initial denaturation at 95  °C for 

Table 1   Primer sequences and fragment sizes for the single nucleotide polymorphisms (SNPs) genotyped 
using the ARMS-PCR method

Polymorphism Primer sequence (5′–3′) Fragment size

IL-8-251A/T (rs4073) Forward inner primer (T allele): GTT​ATC​TAG​
AAA​TAA​AAA​AGC​ATA​CAA​

Reverse inner primer (A allele): CTC​ATC​TTT​
TCA​TTA​TGT​CAGAG​

Forward outer primer: CAT​GAT​AGC​ATC​TGT​
AAT​TAA​CTG​

Reverse outer primer: CAC​AAT​TTG​GTG​AAT​
TAT​CAAA​

169 bp (T allele)
228 bp (A allele)
349 bp (two outer primers)

IL-10-592C/A (rs1800872) Control (HGH) F 5′-CCT​TCC​AAC​CAT​TCC​
CTT​A- 3′

Control (HGH) R 5′-TCA​CGG​ATT​TCT​GTT​
GTG​TTTC- 3′

Common: TAA​CTT​AGG​CAG​TCA​CCT​TAGG​
IL10 -592 (C): ACA​TCC​TGT​GAC​CCC​GCC​

TGTC​
IL10 -592 (A): ACA​TCC​TGT​GAC​CCC​GCC​

TGTA​

426 bp (internal control)
151 bp: C or A allele
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4 min, followed by 35 cycles at 94 °C for 50 s, 58 °C for 40 s, 72 °C for 60 s, and 
final extension at 72  °C for 10  min. Separate PCR was performed out for both 
the alleles of one SNP and then the results were observed directly by electropho-
resis on 3% agarose gels stained with EtBr and visualized by UV transillumina-
tion. If the sample has both the bands in their respective alleles, it is heterozy-
gous genotype as both the alleles are amplified, and if only one band is present, 

Lane 1: 100bp ladder, Lane 2,4,8: homozygous wild AA genotype (349,169bp), Lane 3,6: 
heterozygous AT genotype (349,228,169bp), Lane 5,7: homozygous mutant TT genotype 
(349,228bp) 

Lane 1A & 1C: homozygous wild CC genotype (426bp and 151bp), Lane 2A & 2C: 
heterozygous AC genotype (426 and 151bp), Lane 3A & 3C: homozygous mutant AA 
genotype (426 and 151bp), Lane M: 100bp ladder

(a)

(b)

Fig. 1   a: ARMS-PCR products of IL-8-251A/T rs4073 polymorphism on 3% agarose gel. Lane 1: 100 bp 
ladder; Lanes 2,4,8: homozygous wild AA genotype (349,169 bp); Lane 3,6: heterozygous AT genotype 
(349,228,169 bp); Lanes 5,7: homozygous mutant TT genotype (349,228 bp). b: ARMS-PCR products 
of IL-10 -592C/A rs1800872 polymorphism on 3% agarose gel. Lanes 1A and 1C: homozygous wild CC 
genotype (426 bp and 151 bp); Lanes 2A and 2C: heterozygous AC genotype (426 and 151 bp); Lanes 
3A and 3C: homozygous mutant AA genotype (426 and 151 bp); and Lane M: 100 bp ladder
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it is homozygous for that allele (wild or mutant). A 426-bp product indicated the 
internal control and 151-bp fragments indicated the CC or AA genotype (Fig. 1b).

Statistical Analysis

SPSS software version 20.0 (SPSS, Inc., Chicago, IL) and Epi Info version 3.4.7 
(CDC, Atlanta, GA) were used for statistical analysis. Continuous variables were 
expressed as the mean ± standard deviation (SD). The difference between baseline 
characteristics in cases and controls was calculated by Chi square test. Multivariate 
logistic regression was used to analyze the association of SNP and the susceptibility 
to CAD adjusted for age and gender. Additionally, dominant, recessive, and over-
dominant models were used to perform the association study. Stratified analysis for 
gender and age was also done. Odds ratio (OR) and 95% confidence interval (CI) 
were used for the assessment of risk factors, and p < 0.05 was considered as statisti-
cally significant for all tests.

Results

Baseline Characteristics

The baseline parameters of CAD patients and controls are demonstrated in Table 2. 
Our results show a statistically significant variation between CAD and control 
groups with regard to age, gender, waist to hip ratio, smoking, drinking, family his-
tory, lifestyle, occupation, diabetes, dyslipidemia, hypertension, diet, exercise, Apo 
A1, Apo B, VLDL, fasting blood sugar, uric acid (all p values < 0.05), LDL, TC, but 
not with BMI, hsCRP, HDL, triglycerides and total lipids.

Distribution of Polymorphisms

Distribution of allele frequencies of both the selected polymorphisms followed the 
Hardy–Weinberg Equilibrium. Genetic distribution of IL-8 rs4073 (AA, AT and 
TT) between CAD patients and the controls and the allele frequencies is given in 
Table 3. The frequencies of AA, AT, and TT genotypes in CAD group were 39.8, 
45, and 15.2%, respectively; the corresponding frequencies in the control group 
were 29.6, 39, and 31.4%, respectively. The frequency of the TT genotype was sig-
nificantly higher in CAD patients than that of controls (31.4% v/s. 15.2%, p < 0.001). 
A statistically significant difference was also found in the frequency of A and T 
allele in patients and controls (p < 0.001, OR 1.71, 95% CI 1.43–2.06). We found TT 
genotype to be significantly higher in the case group than that in the control group 
(p < 0.001, OR 0.360, 95% CI 0.255–0.509) (Table 3).

Multiple logistic regression analysis revealed heterozygous genotype and the 
mutant genotype of rs4073 to be associated with a significant high risk of CAD 
(padj < 0.001, ORadj 3.121, 95% CI 1.926–5.056; and padj < 0.001, ORadj 3.116, 
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Table 2   Demographic characteristics of the studied population

Phenotypic traits Controls n (%) Cases n (%) p

Age (mean ± SD; years) 50.95 ± 10.18 56.08 ± 9.55 < 0.001*
Waist to hip ratio 0.91 ± 0.08 0.97 ± 0.16 0.001*
Blood pressure
 SBP (mmHg) 121.13 ± 9.92 133.67 ± 15.25 0.001*
 DBP (mmHg) 80.35 ± 7.07 90.81 ± 13.45 0.046*

Gender
 Males 370 (74) 397 (79.4)
 Females 130 (26) 103 (20.6) 0.043*

BMI (kg/m2) 0.069
 Underweight ≤ 18.5 5 (1) 13 (2.6)
 Normal weight = 18.5–24.9 265 (53) 283 (56.6)
 Overweight = 25–29.9 168 (33.6) 159 (31.8)
 Obese ≥ 30 62 (12.4) 45 (9)

Smoking status < 0.001*
 Nonsmoker 0 327 (65.4)
 Smoker 0 173 (34.6)

Drinking status < 0.001*
 NonDrinker 0 348 (69.6)
 Drinker 0 152 (30.4)

Address 0.342
 Rural 233 (46.6) 248 (49.6)
 Urban 267 (53.4) 252 (50.4)

Family history < 0.001*
 Nil 47 (89.4) 304 (60.8)
 Positive 53 (10.6) 196 (39.2)

Lifestyle < 0.001*
 Active 431 (86.2) 352 (70.4)
 Sedentary 69 (13.8) 148 (29.6)

Occupation < 0.001*
 Home sitter/retired 5 (1) 111 (22.2)
 Student 35 (7) 4 (0.8)
 Working 354 (70.8) 231 (46.2)
 Housewife 79 (15.8) 86 (17.2)
 Agriculturist 18 (3.6) 50 (10)
 Laborer 9 (1.8) 18 (3.6)

Diabetes < 0.001*
 Negative 0 353 (70.6)
 Positive 0 147 (29.4)

Hypercholesterolemia 500 (100) < 0.001*
 Negative 0
 Positive 0

Hypertension 500 (100) < 0.001*
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95% CI 1.952–4.973, respectively) after adjustment for confounding factors such 
as age and gender. Risk association with CAD was seen in all the three models, 
viz. dominant, recessive, and over-dominant models (padj = 0.032, ORadj 1.526, 95% 
CI 1.037–2.246; padj < 0.001, ORadj 3.118, 95% CI 2.043–4.760; and padj = 0.015, 
ORadj 1.592, 95% CI 1.095–2.317, respectively) (Table 3). Further, stratified analy-
sis on the basis of gender was done, as shown in Table  4. The AT and TT each 
significantly increased the risk of CAD in males (padj < 0.001, ORadj 3.693, 95% 
CI 2.031–6.716; and padj < 0.001, ORadj 3.288, 95% CI 1.848–5.851, respectively), 
whereas only the TT increased the CAD risk in females (padj = 0.010, ORadj 2.867, 
95% CI 1.284–6.404) (Table 4). Stratification of the samples was also done on the 
basis of age i.e. below 40 years and above 40 years (Table 5). Both the heterozygous 
and the homozygous mutants showed strong risk associations with the CAD risk 

Table 2   (continued)

Phenotypic traits Controls n (%) Cases n (%) p

 Negative 0
 Positive 0

Exercise < 0.001*
 None 334 (66.8) 189 (37.8)
 Half an hour once 37 (7.4) 110 (22)
 Half an hour twice 85 (17) 78 (15.6)
 One hour once 0 (0) 28 (5.6)
 One hour twice 44 (8.8) 95 (19)

Diet 0.001*
 Veg 425 (85) 385 (77)
 Non veg 75 (15) 115 (23)

CPK MB 54.46 ± 45.81 34.36 ± 41.81 < 0.001*
CPKNAC 135.76 ± 99.80 102.76 ± 79.10 < 0.001*
APO A1 144.56 ± 26.41 121.09 ± 42.36 < 0.001*
APO B 98.67 ± 36.54 65.94 ± 23.77 < 0.001*
hsCRP 4.56 ± 0.20 2.35 ± 0.22 < 0.001*
HDL-C 52.35 ± 3.12 88.06 ± 9.11 0.673
LDL-C 135.65 ± 22.33 76.54 ± 32.50 0.005*
VLDL 48.57 ± 21.08 34.83 ± 20.74 0.043*
FBG 82.73 ± 19.30 111.56 ± 39.59 0.016*
URIC ACID 9.80 ± 3.45 6.26 ± 5.10 0.006*
TC 275.76 ± 53.49 144.95 ± 37.22 0.045*
TRIGLYCERIDES 198.23 ± 82.45 145.37 ± 65.62 0.468
TL 512.18 ± 116.05 436.05 ± 112.36 0.353

Statistically significant values are given in bold (p < 0.05)
BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, hsCRP high-sensitiv-
ity C-reactive protein (hs-CRP), TC total cholesterol, TG triglycerides, HDL-C high-density lipoprotein 
cholesterol, LDL-C low density lipoprotein cholesterol, VLDL very low density lipoprotein, FBG fasting 
blood glucose, TL total lipids
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in subjects below 40 years of age (padj = 0.039, ORadj 5.052, 95% CI 1.081–23.602; 
and padj = 0.025, ORadj 5.533, 95% CI 1.239–24.704, respectively). Also, in the 
subjects above 40  years of age, heterozygous and the homozygous mutant geno-
types increased the CAD risk (padj = 0.000, ORadj 2.964, 95% CI 1.747–5.027; and 
padj < 0.000, ORadj 2.859, 95% CI 1.716–4.762, respectively). 

Genetic distribution of IL-10 rs1800872 (CC, CA and AA) between CAD 
patients and the controls and the allele frequencies is given in Table 3. The frequen-
cies of CC, CA, and AA genotypes for cases were 33.2, 60, and 6.8%, respectively; 

Table 3   Genotype and allele distributions for the patient and the control group

Statistically significant values are given in bold (p < 0.05)
Ref. reference, OR odds ratio, CI confidence interval, % frequency

Genotypes Controls Cases Crude analysis Multiple logistic regres-
sion analysis

500(%) 500(%) p OR (95% CI) padj ORadj (95% CI)

IL-8-251A/T (rs4073)
 AA 148 (29.6) 199 (39.8) (Ref.) (Ref.)
 AT 195 (39) 225 (45) 0.295 0.858 (0.644–

1.243)
< 0.001* 3.121 (1.926–

5.056)
 TT 157 (31.4) 76 (15.2) < 0.001* 0.360 (0.255–

0.509)
< 0.001* 3.116 (1.952–

4.973)
Alleles
 A 491 (49.1) 623 (62.3) (Ref.)
 T 509 (50.9) 377 (37.7) < 0.001* 1.712 (1.43–2.06)

Dominant model 352 (70.4) 301 (60.2) 0.001* 0.636 (0.489–
0.827)

0.032* 1.526 (1.037–
2.246)

Recessive model 157 (31.4) 76 (15.2) < 0.001* 0.392 (0.288-
0.533)

< 0.001* 3.118 (2.043-
4.760)

Overdominant 
model

195 (39) 225 (45) 0.055 0.781 (0.608–
1.005)

0.015* 1.592 (1.095–
2.317)

IL-10 -592C/A (rs1800872)
 CC 233 (46.6) 166 (33.2) (Ref.) (Ref.)
 CA 176 (35.2) 300 (60) < 0.001* 2.393 (1.822–

3.142)
0.630 1.168 (0.621–

2.197)
 AA 91 (18.2) 34 (6.8) 0.004* 0.524 (0.337-

0.815)
< 0.001* 4.106 (2.160–

7.806)
Alleles
 C 642 (64.2) 632 (63.2) (Ref.)
 A 358 (35.8) 368 (36.8) 0.64 0.96 (0.79–1.15)

Dominant model 267 (53.4) 334 (66.8) 0.051 0.870 (0.223–
0.579)

< 0.001* 0.370 (0.253–
0.541)

Recessive model 91 (18.2) 34 (6.8) 0.008* 0.448 (0.248–
0.812)

0.008* 2.230 (1.232–
4.037)

Overdominant 
model

176 (35.2) 300 (60) 0.051 0.561 (0.453-
1.326)

< 0.001* 3.624 (2.450-
5.358)
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the corresponding frequencies in the control group were 46.6, 35.2, and 18.2%, 
respectively. The mutant genotype AA imparted risk toward CAD with ORadj 4.106, 
95% CI (2.160–7.806) and a highly significant padj after adjusting for confound-
ers. Risk associations with CAD were seen in recessive and over-dominant models 
(padj = 0.008, ORadj 2.230, 95% CI 1.232–4.037; padj < 0.001, ORadj 3.624, 95% CI 
2.450–5.358; and padj < 0.001*, respectively) (Table 3).

Gender-stratified analysis showed that only the mutant genotype AA is associ-
ated with CAD risk in males (padj < 0.001, ORadj 5.821, 95% CI 2.831–11.970), 
whereas risk association in females was observed only under the overdominant 
model with padj < 0.001, ORadj 4.218, 95% CI 2.102–8.463 (Table 4). Stratification 
of the samples was also done on the basis of age, i.e., below 40 years and above 
40 years (Table 5). Risk association was seen only in subject above 40 years of age. 
The mutant AA genotype conferred a strong risk association with the CAD in sub-
jects above 40 years of age with a significant padj < 0.001, ORadj 5.049, and 95% CI 
2.414–10.561. Upon analyzing the models of inheritance, risk association was seen 
in overdominant model with padj < 0.001, ORadj 4.402 and 95% CI 2.789–6.947.

Discussion

CAD is becoming an epidemic with an alarming increase in both the developed and 
developing countries. CAD is well known to be a multifactorial disease i.e. having a 
genetic background along with numerous other contributing factors (Hansson 2005; 
Yiannakouris et al. 2014). However, not all the individuals exposed to the risk fac-
tors develop CAD, and also, it is not necessary that a person with genetic changes 
necessarily will have CAD, suggesting that there is interplay between all the fac-
tors that ultimately decide the disease occurrence and penetrance. The roles of genes 
and genetic polymorphisms have attracted the attention of researchers worldwide. In 
the past few years, research has been carried out to decipher the function of inflam-
mation both in the atherosclerotic plaque and in the vessel wall (Libby et al. 2011; 
Hansson et al. 2015). This has led to the discovery of the role of cytokines in CAD, 
and it is this balance between anti-inflammatory and pro-inflammatory stimuli, 
which is important in the development and progression of the disease.

The −251 position (rs4073) of the IL-8 gene and -592 position (rs1800872) of the 
IL-10 gene, both located in the promoter region, were chosen for genotyping with 
ARMS-PCR. Till date none of the study has been conducted on the North Indian 
population to find the association of IL-8 SNP and we are first to document it. One 
thousand individuals (500 controls and 500 angiographically proven CAD patients) 
of North Indian decent were genotyped to explore the association of both IL-8 and 
IL-10 polymorphisms with CAD.

Results revealed a significant association of IL-8 with CAD in our population. 
The previously available literature states contradicting results. Two studies car-
ried out on Chinese population states the association of this polymorphism with 
CAD. In study by (Zhang et  al. 2011) on 675 patients and 636 controls revealed 
a strong association with p = 0.004, OR 1.30 and 95% CI (1.12–1.53). Also they 
reported the correlation of increased serum levels of IL-8 in MI subjects revealing 
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that the polymorphism might affect IL-8 expression. Similarly (Zhang, R., et  al., 
IL-8-251A/T polymorphism contributes to CAD susceptibility in a Chinese popula-
tion. Genetics and molecular research: GMR (2017) in his study on 217 patients and 
245 control subjects showed that the heterozygous and the mutant genotypes were 
at an elevated risk compared to the wild ones (OR 1.59, 95% CI (1.01–2.57), and 
p = 0.040; and OR 2.06, 95% CI (1.21–3.52), and p = 0.005, respectively). Also they 
analyzed the different genetic models and reported the risk association under domi-
nant model with (OR 1.75, 95% CI (1.13–2.73) and p = 0.008 and also under reces-
sive model with a risk OR 1.54, 95% CI (1.02–2.37) and p = 0.040. These results 
stand in support of our study as our results also report a risk association in both 
dominant and recessive models with significant p values (Table  3). Also (Zhang, 
R., et  al., IL-8-251A/T polymorphism contributes to coronary artery disease sus-
ceptibility in a Chinese population. Genetics and molecular research: GMR 2017) 
performed the Chi square tests and revealed significant differences between the two 
groups w.r.t. gender, BMI, hypertension, diabetes smoking, TC and LDL-C which 
is in consensus for our results also (Table  2). A study on Swedish population by 
(Velásquez et  al. 2014) also showed risk association under additive (OR 1.2) and 
recessive models (OR 1.3). However, (Vogiatzi et  al. 2008) in his study on Cau-
casian Greeks population, enrolled 241 CAD patients and 157 controls and con-
cluded that the polymorphism is linked to a reduced risk among patients with ACS, 
whereas no significant difference could be observed in the CAD group. Yang et al. 
(2015), however, showed no association of the polymorphism and the risk of disease 
in his study on 410 patients and 410 controls belonging from China. Similarly, (Ren 
and She 2015) also supported the above said observations and found no association 
in the Chinese population.

Analyzing the results obtained for IL-10 rs1800872 -592C/A polymorphism 
revealed a significant association with the mutant AA genotype with an OR 4.106. 
Studies have been conducted in subjects from different ethnicities worldwide sug-
gesting its diverse role in the pathogenesis of CAD. The PROSPER study conducted 
in Ireland, Scotland, and Netherlands on 5804 subjects revealed a significant risk 
association with the coronary events (OR 1.21, 95% CI (1.04–1.36) (Trompet et al. 
2007). Similarly in study carried out on Mexican patients (389 ACS patients and 
302 healthy controls) a highly significant p = 0.000 with an OR 1.48 was observed 
(Fragoso et al. 2011). Another epidemiological study carried on 1652 Chinese indi-
viduals, reports (AA vs. AC + CC genotype, OR 1.60, 95% CI (1.060–2.390) sig-
nificantly associated with ischemic stroke even after controlling for covariates (Xie 
et al. 2013). Also in a case–control study conducted on 249 patients and 132 unaf-
fected controls belonging to China also revealed the risk of CAD in the patients with 
A gene (AA + CA) was 2.449 times greater than those without (p = 0.012) (Jin et al. 
2013). (Yu et al. 2012) conducted a study in a Korean population (313 control and 
173 patients), and reported that the IL-10 -592 C/A polymorphism might be associ-
ated with ischemic heart disease. In context to North Indian population, (Madeshiya 
et  al. 2017) carried out a study on 384 patients and 386 controls and found the 
mutant allele A of IL-10 –592C > A polymorphism to be higher among the cases 
(40.1%) when compared to controls (34.2%) and the dominant model showed an 
association with the disease with OR 1.35, 95% CI (1.01–1.80) and p = 0.04. But 
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in our work we observed only a marginal difference in the minor allele frequency 
among controls and cases (35.8% v/s 36.8%) and a protective association was seen 
in dominant model whereas risk association was reported in recessive model show-
ing that two copies of the mutant allele are required for the disease manifestation.

In contrast to our findings, the meta-analysis by (Xuan, Y., et  al., Association 
between 3 IL-10 Gene polymorphisms and cardiovascular risk of disease: system-
atic review with meta-analysis and trial sequential analysis. Medicine 2016) showed 
no relationship of this polymorphism and CVD risk. Similarly, no significant asso-
ciation between the IL-10 -592 C/A polymorphism and CAD risk was observed by 
(Koch et al. 2001; Wang et al. 2015; Yao et al. 2016). However a study carried out 
in Kolkata, India (Biswas et al. 2014) on 500 MI patients and 500 controls revealed 
no association of mean plasma levels of IL-10 and the three genotypes but revealed 
a protective association with an OR 0.697 and p = 0.014 (Biswas et al. 2014). Such 
differences in results might occur due to the different populations being studied, 
different criteria for the selection of patients and control subjects, difference in the 
sample sizes and different techniques used for genotyping the samples.

Both the selected polymorphisms are located in the promoter region of the gene 
and influence the binding of transcription factors and thus are able to regulate the 
gene expression (Hacking et al. 2004) (Biswas et al. 2014; Ohyauchi et al. 2005). 
Many studies document the promoter region polymorphism regulating the transcrip-
tion activity and hence, the serum levels (Hull et al. 2000) (Ohyauchi et al. 2005; 
Taguchi et al. 2005; Hildebrand et al. 2007). But we have not done the study at the 
expression level and cannot say more to it.

Our study also revealed a gender-specific association of IL-8 rs4073 with CAD. 
Strong associations are observed in case of males in dominant and recessive models 
and in females in the homozygous mutant genotype and under recessive model after 
multiple logistic regression (Table  4). (Velásquez et  al. 2014) conducted a study 
on Swedish population and found only the male specific increased risk of myocar-
dial infarction. In case of IL-10 rs1800872 C/A, risk association of the SNP was 
observed only in males with homozygous mutant genotype. Till date no study has 
been conducted to find a gender-specific link between the IL-8 and IL-10 polymor-
phisms and CAD, and ours to the best of our knowledge is the first to report it. The 
novel results point toward the roles of some sex-related entities or the gender-spe-
cific hormones and their interaction with IL-8, which lead to CAD, but the exact 
phenomenon yet need to be deciphered, and a link needs to be established.

We stratified our population on the basis of age, viz. below 40 years and above 
40 years, and strong risk association was seen with IL-8 rs4073 in below 40-year 
group after adjusting for the confounders. For IL-10 rs1800872 C/A, highly sig-
nificant risk association was reported in the subjects above 40 years of age. India 
is a developing country and is undergoing a rapid socioeconomic shift along with 
a changing lifestyle, modernization, urbanization, and industrialization, which has 
automatically led to an increase in the number of people affected with diabetes, 
hypertension, metabolic syndrome, and dyslipidemia (Gupta 2004) (Mohan et  al. 
2007; Prabhakaran et al. 2007). Epidemiologic studies on the premature CAD group 
in Indians have revealed dyslipidemia, diabetes, smoking, and lack of physical activ-
ity to be the major players in the predisposition of the individuals to CAD (Mohan 
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et al. 2001) (Gupta et al. 2002) (Goel et al. 2003). Also, parental history of prema-
ture CAD is found to be an imperative, consistent, independent, and global deter-
minant of CAD risk in future (Chow, C.K., et al., Parental History and Myocardial 
Infarction Risk Across the World 2011).

Strengths and Limitations

A major strength of this study is that it was performed in a well-characterized pop-
ulation of individuals. All the patients recruited were angiographically confirmed. 
Only those subjects were taken as controls that underwent a close examination by 
the doctor and were recommended as controls. Strict inclusion and exclusion cri-
teria were followed for the recruitment of both the case and control selection, and 
it was ensured that all the recruited subjects belong to the North Indian descent. 
Our study documents the allelic and genotypic frequencies, and their associations 
with CAD in the North Indian population and also gender- and age-specific asso-
ciations are shown for the first time. However, there are certain limitations to our 
study. The serum levels of both IL-8 and IL-10 levels were not quantified. We have 
genotyped only one polymorphisms of both the genes, but there may be many other 
polymorphisms which may be imparting risk of disease; and also linkage studies 
could have been done so as to elucidate the complete involvement of these poly-
morpshisms in the disease pathogenesis. Moreover, the study has been done at the 
genetic level only, but future studies at transcriptional and translational levels are 
required to validate and authenticate the link between the polymorphism and the 
disease. Gender-specific associations were observed, thereby demanding the quanti-
fication of various sex-specific hormones which would have led to a better interpre-
tation of the results augmenting the hormonal data. Future studies on large sample 
size, multiple SNPs of both the genes, and the linkage studies are warranted that will 
likely open ways for a clearer and more robust risk assessment of CAD in the North 
Indian population.

Conclusion

To conclude, we can state that ours is a novel study revealing that IL-8 rs4073 
-251A/T and IL-10 rs1800872 -592C/A have a significant association with the CAD 
risk in the North Indian population and that the risk is age and gender dependant 
also. Substantial variations are seen in the SNP studies across the world making 
it a necessity to perform the SNP studies on the worldwide level so that the exact 
genotypic and allelic frequencies in a particular population can be documented, and 
hence, the data can therefore be used in new arena of personalized medicine, iden-
tification of genetic and molecular markers, and also in detecting individuals with 
high and low risk. Also the inter and intragenic interactions are still not clear and 
studies need to be done to find out the various interconnecting pathways which will 
allow us to deduce the exact mechanism of the development and the progression 
and of the disease. Our results point toward the need of adapting a healthy lifestyle, 
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healthy diet, and routine physical activity so as to overcome the premature CAD 
risk. The factors that are well within our control and can be modified should first be 
targeted. In summary, we state that these polymorphisms in the promoter region are 
associated with CAD susceptibility in the North Indian population. Future research 
is needed to better elucidate the functional significance of the polymorphisms, and 
hence, to clarify the mechanism that explains epidemiologic associations involving 
these pro- and anti-inflammatory genes.
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