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ABSTRACT 

Cardiovascular disease (CVD) is among one of the non-communicable diseases that 

has been highlighted as the foremost source of deaths globally. South Asian 

populations have the highest CVD burden in the world. The highly prevalent CVDs 

like coronary artery disease (CAD) and the comparatively uncommon disorder like 

idiopathic dilated cardiomyopathy (IDCM) are equally affected by environmental and 

genetic factors. In addition of the traditional risk factors, single nucleotide 

polymorphisms (SNP) in the inflammatory cytokines like Tumor necrosis factor-alpha 

(TNF-α) and interleukin-6 (IL-6) are considered to influence the pathophysiology of 

CVD. The role of these cytokines has been investigated in CVD patients previously, 

but the results are conflicting in various ethnic populations. The study population in 

the current study included the subjects belonging to the Punjab, Khyber Pakhtoon 

Khwa (KPK) and Federal capital, Islamabad. The epidemiological as well as genetic 

studies in this region would be beneficial in understanding the disease 

etiopathogenesis in the community.  

 

The samples for the epidemiological study were collected to determine the prevalence 

of various cardiovascular risk factors in the study population.  A total of 835 CVD 

patients (555 males and 280 females) and 794 healthy control subjects (486 males and 

308 females) were included in this study. From these samples, patients with CAD (n = 

350) and IDCM (n = 250) along with age, gender and ethnicity matched controls were 

selected for the association study. The TNF-α (-238G>A, -308G>A, -857C>T, -

863C>A, -1031C>T) and IL-6 (-174G>C and -572G>C) gene polymorphisms were 

investigated to determine the association of these cytokine gene variants with the 

pathogenesis of CAD and IDCM. The coagulation cascade and the fibrinolytic system 

play critical regulatory roles in various pathological processes including cytokine 

induced immunological response. To investigate role of fibrinolytic and coagulation 

system in the etiology of IDCM, serum tissue factor (TF), tissue type plasminogen 

activator (t-PA) and plasminogen activator inhibitor-1 (PAI-1) levels were determined 

in 180 selected IDCM patients. The lipid profile, uric acid and high sensitivity C-

reactive protein was done spectrophotometrically, while the serum TF, t-PA and PAI-

1 levels were determined by enzyme linked immunosorbant assay. The molecular 
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genetic analysis was conducted by polymerase chain reaction and restriction fragment 

length polymorphism technique. Finally, meta-analysis of IL-6 (-174, -572) and TNF-

α (-238, -308, -857, -863, and -1031) gene polymorphisms was also conducted in the 

present work to investigate the association of these polymorphisms with CVD with 

respect to other populations.  

 

The epidemiological analyses revealed a high prevalence of multiple cardiovascular 

risk factors; including female gender, deranged lipid profile, elevated blood pressure, 

smoking, and increased BMI in the study population.  

 

The TNF-α (-863C>A, -1031C>T) and IL-6 (-174G>C and -572G>C) gene 

polymorphisms were investigated in sporadic CAD patients and healthy controls. The 

results demonstrated a strong link of TNF-α -863C>A, IL-6 -174G>C and IL-6           

-572G>C polymorphism with CAD. However, TNF-α -1031C>T locus was not found 

to be associated with the disease. The haplotype analysis of TNF-� (-863, -1031) 

revealed a significant association of A-T (P<0.0001) and A-C (P = 0.0004) 

haplotypes with the wild (C-T) haplotype. Similarly, the haplotype analysis of IL-6 -

174G>C and -572G>C polymorphism resulted in the positive associations among all 

the haplotypes. The most significant was the comparison between the G-G and C-G 

haplotype (OR = 1.88; P value = 0.002).  

 

The present study also addressed the role of TNF-α (-238G>A, -308G>A, -857C>T,    

-863C>A, -1031C>T) and IL-6 (-174G>C and -572G>C) gene polymorphisms in 

IDCM patients vs. healthy controls. The findings revealed the link of TNF-α               

-238G>A, -308G>A, -857C>T, -863C>A and IL-6 (-174G>C and -572G>C) gene 

polymorphisms with IDCM etiology. Whereas, TNF-α at -1031C>T position showed 

no association with the disease. In the haplotype analysis, the TNF-α -238/-308/-1031 

haplotype construct, the -238A and -308A allele were dominatingly associated with 

the disease pathology. Similarly, in the other haplotype (-308/-857/-863) group, the 

prominent effect of -308A allele was observed. However, the significant association 

of G-T-A haplotype demonstrated the role of -857T and -863A allele. This study was 

further extended to inspect the complex mechanisms of IDCM pathology in regards to 
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finrinolytic (serum tissue type plasminogen activator, plasminogen activator inhibitor-

1) and coagulation (serum tissue factor) pathway. The genotype distribution (TNF-α 

and IL-6 gene polymorphisms) of the biochemical characteristics of IDCM patients 

with respect to left ventricular ejection fraction (LVEF) was analyzed. The results 

strongly suggested an immune dependent role of fibrinolytic and coagulation system 

in the pathophysiology of IDCM. 

 

Finally, the meta-analyses of all the studied polymorphisms were carried out to 

investigate the region and ethnicity based effect of the SNPs in CVD. In this meta-

analyses the association between TNF-α (-238G>A, -308G>A, 857C>T, -863C>A, -

1031T>C) and IL-6 (-174G>C, -572G>C) promoter polymorphisms with CVD 

susceptibility was addressed. The significant variations in the genetic architecture 

among diverse populations were observed in all the SNPs studied. Moreover, 

heterogeneity between the Western and Asian populations was also a prominent 

finding.  

 

In conclusion, inflammation plays a significant part in the patho-genetics of CVD. 

The pro-inflammatory cytokine (TNF-α, IL-6) gene polymorphisms are associated 

with CVD pathology. The role of fibrinolytic and coagulation system in the IDCM 

etiology needs to be further investigated to ascertain the current findings. The data 

regarding the pathological profile of CVD patients in regards to inflammation is 

scarce. This study can aid in better understanding of the genetic architecture of a 

Pakistani population.  
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factor-alpha and interleukin-6 gene and C - reactive protein profiles in patients with 

idiopathic dilated cardiomyopathy. Annals of Saudi medicine 

 

 

 

 

 



Introduction 

 

Role of Inflammatory Cytokine Gene Polymorphism in the Pathophysiology of 

Cardiovascular Disease  1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
INTRODUCTION 



Introduction 

 

Role of Inflammatory Cytokine Gene Polymorphism in the Pathophysiology of 

Cardiovascular Disease  2 

 

1 Introduction 

Cardiovascular disease (CVD) is the cause of highest mortality around the world 

(WHO, 2013). Both the genetic and environmental risk determinants affect the 

clinical phenotypes of complex CVDs. In the last few decades the focus of research in 

the field of cardiology has been focused on new pathways for intervention. The 

conventional risk factors like age, gender, body mass index (BMI), dyslipidemia and 

smoking alone can neither be attributable to overall cardiovascular risk, nor can they 

predict the increased prevalence. Despite the prevalence of common risk factors, the 

exponential rise in the incidence of coronary and cerebrovascular diseases, sudden 

premature death and decline in longevity has raised the possibility that the south 

Asians exhibit a special susceptibility for these diseases that is not explained by 

traditional risk factors. Thus health professionals and cardiac researchers worldwide 

are confronted with this perplexing issue of CVD among the south Asians, which 

continues to be a major healthcare challenge in this region. Identification and 

characterization of the genes associated with CVD and their modifiers, combined with 

the knowledge of population-specific risk factors would enhance the prediction of 

cardiovascular risk and improve prevention, treatment and quality of care in a high 

risk population like Pakistan. Numerous approaches are undertaken to inspect the 

molecular genetic mechanisms that may predispose individuals to multifaceted 

diseases. Research methodologies like linkage analysis, fine mapping and association 

studies using candidate gene approach are extensively used to locate variations in the 

genetic architecture associated with CVD (Acton et al., 2004).  

 

The role of inflammatory mediators (especially cytokines) has gained magnitude in 

the etiology of both common CVD like coronary artery disease (CAD), as well as 

complex disorders like idiopathic dilated cardiomyopathy (IDCM). The presence of 

inflammatory mechanisms is a significant constituent in the pathogenesis of 

atherosclerotic lesions. The exact mechanism behind the release of pro-inflammatory 

cytokines from the immune cells (T-cells and B-cells) in the lesions is still under 

investigation in humans (Frostegard et al., 2013). Although novel data in animal 

models especially mice, indicate that the presence of underlying immunological 
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factors not only increases the predisposition to inflammation but also the immune 

modulation can alter atherosclerotic process (Swirski et al., 2007).  The pro-

inflammatory mediators like tumour necrosis factor-alpha (TNF-α), Interleukin-6 (IL-

6), and C- reactive protein (CRP) are strong predictors of myocardial events. They 

have the ability to induce the expression of adhesion molecules and amplify the 

immune response by activation of coagulation system (Yeh et al., 2001). Similarly, 

the role of inflammatory mediators in IDCM has been proposed in many studies 

(Cooper et al., 2006). In the past, enhanced levels of inflammatory cytokines like 

TNF-α and IL-6 have been proven to contribute to the immune response mediating the 

IDCM pathogenesis (Aukrust et al., 1999). The quest for the exact etiopathogenesis of 

IDCM has provoked many researchers; therefore many theories are available 

regarding the underlying cause of this disease. But the exact pathway is still unknown.  

 

The present study investigated the possible association of TNF-α and IL-6 variant 

genotypes with CVDs in a Pakistani population. There is very limited work done in 

this regard in the south Asian region. Such evidence will not only contribute to the 

scientific understanding of the disease but also help in the development of appropriate 

strategies regionally to prevent CVD. The subsequent section of literature review 

mainly focuses on the existing knowledge of CVD risk factors and molecular genetics 

mechanisms, in particular, the role of TNF-α and IL-6 gene polymorphisms in CVD.
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2 REVIEW OF THE LITERATURE 

CVD is among one of the non communicable diseases that has been highlighted as the 

foremost source of deaths globally. Susceptibility to heart disease is affected by both 

the environmental and genetic factors. Mutations in the genes involving various 

biological and metabolic pathways have been shown to modify the risk of heart 

disease (Creemers et al., 2011). The genetic architecture of non-Mendelian disorders 

with high heritability is one of the major concerns of human genetics (Gibson, 2012). 

These disorders include coronary artery disease (CAD) and cardiomyopathy, which 

are multifaceted conditions that develop early, persist for a long duration and lead to 

high mortality around the world (Ezzati et al., 2003).  

2.1 Prevalence of CVD 

CVD was responsible for less than 10% of all the deaths worldwide at the start of 20th 

century, but now due to epidemiological transition this has been changed 

dramatically. CVD are the leading cause of mortality in the world today, and 

according to global health projections and it is going to remain the same in 2030; 16.7 

million in 2002 to 23.0 million in 2030 (WHO, 2013). According to American Heart 

Association (AHA), approximately 83.6 million American adults (>1 in 3) have 1 or 

more types of CVD (Alan et al., 2013). Asian populations have higher CVD mortality 

rates than the Western populations; 85% of the disease burden and mortality from 

CVD is borne by low and middle-income countries. This trend has severe 

implications for economically disadvantaged populations of south Asia, who 

inherently have a higher coronary risk but limited opportunities to access high-cost 

tertiary cardiovascular care (Nishter, 2002).    

 

South Asian populations have the highest CVD burden in the world and they are 

known to develop higher levels of both “classical” and non-traditional CVD risk 

factors at a younger age (Hussain et al., 2013). The risk profiles of these populations 

are not only different between countries but diversity also exists within one 

population (Hussain et al., 2013). Migrants of south Asian descents have increased 
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incidence of CVD as compared to the natives of the corresponding region (Patel et al., 

2006). Even though the south Asians are predisposed to cardiometabolic conditions, 

there is very limited work done in this regard. Research in this field will not only 

contribute to the scientific understanding of the disease but also help in the 

development of appropriate strategies regionally to prevent the burden of CVD. 

 

Pakistan is a resource-constrained developing country which is equally affected by the 

CVD epidemic as the rest of the world. Despite this realization there is scant data on 

CVD incidence and prevalence. Kayani et al. (2011) documented the prevalence of 

the risk factors in CVD. Previously, Jaffer et al. (2005) reported one in 4 adults in 

Pakistan has CAD. Moreover, the self rated health of Pakistani’s was reported to be 

one of the worst ever globally (Ahmad et al., 2005). The National Health Survey of 

Pakistan (NHSP) (1990–1994) data showed association of potentially modifiable 

factors with increased CVD risk: The overall prevalence of the risk factors for CVD 

was 17.2% (13.0% in men and 20.9% in women). Earlier onset of the disease and 

gender differences is among the multiple cardiovascular risk factors in Pakistani 

population (Jaffer et al., 2006).  

 

Despite the prevalence of common risk factors, the exponential rise in incidence of 

coronary and cerebrovascular diseases, sudden premature death and decline in 

longevity has raised the possibility that the south Asians exhibit a special 

susceptibility for these diseases that is not explained by traditional risk factors. Thus 

health professionals and cardiac researchers worldwide are confronted with this 

perplexing issue of CVD amongst the south Asians, which continues to be a major 

healthcare challenge in our region. Identification and characterization of the genes 

associated with CVD and their modifiers, combined with knowledge of population-

specific risk factors would enhance the prediction of cardiovascular risk and improve 

prevention, treatment and quality of care in a high risk population of Pakistan. 
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2.2 Coronary artery disease 

CAD is the most prevalent and preventable cardiovascular disorder characterized by 

atherosclerosis of the coronary arteries (Glass and Witztum, 2001). According to 

AHA, It is the cause of more than half of all cardiovascular events in men and women 

<75 years of age (Alan et al., 2013). In addition to cardiovascular benefits attributable 

to medical treatment, new strategies are being developed to combat CAD. Despite 

this, south Asians have one of the highest prevalence of CAD as compared to other 

regions of the world (Nishter, 2002). 

 

It is widely accepted that atherosclerosis is an inflammatory disease in which immune 

mechanisms interact with metabolic risk factors to initiate, propagate, and activate 

lesions in the arterial tree (Hanson, 2005). Abnormal lipid profiles and accumulation 

of lipid-laden cells within the arterial wall has also been associated with CAD (Stary 

et al., 1994). Dyslipidemia precedes inflammation, thus acting as the atherogenic 

stimuli ultimately leading to a coronary event (Falk, 2006). The abundance of 

cytokine secreting immune competent cells in the atherosclerotic lesions supports the 

notion of CAD as an inflammatory condition. 

 

Inflammation participates in atherosclerosis from its inception, development, 

progression and to its ultimate thrombotic complications (Libby, 2006). The cellular 

participants of atherosclerosis include smooth muscle cells (SMCs), endothelial cells, 

macrophages, T and B lymphocytes, red blood cells, platelets and white blood cells. 

The non cellular components include lipids, proteoglycans, collagen, elastic fibers, 

calcium, iron and blood components including the fibrinolytic system. These various 

components help to form the various lesions that are recognized as part of the 

atherosclerotic process (Virmani et al., 2000).  

 

The pro-inflammatory cytokines, including interleukin-1 (IL-1), the tumor necrosis 

factor alpha (TNF-α), interferon-gamma (IFN-γ), IL-6, IL-12, IL-18, and the 

granulocyte-macrophage colony-stimulating factor (GM-CSF), as well as the anti-
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inflammatory cytokines such as IL-4, IL-10, IL-13, IFN-α, and the transforming 

growth factor beta (TGF-β) have been implicated in the CAD. The expression patterns 

of various forms of cytokines or the cytokine family are only partially overlapping, 

suggesting a specific role for each factor (Hansson and Libby, 2006). Many new loci 

involved in CAD and its associated complications are being discovered, variations in 

these loci can lead to molecules with slightly different but biologically significant 

activities (Peden and Farrall, 2011). Association studies on candidate genes conducted 

on CAD have revealed contrasting results owing to ethnic diversity, under/over 

estimation of allele frequency and genetic heterogeneity among various study groups 

(Zheng et al., 2012).  

 

The contrasting results in different populations have lead to the development of new 

bioinformatics tools which could clarify the genetic association of risk factors with 

the disease susceptibility. The CAD gene database includes information on more than 

300 candidate genes (Liu et al., 2010). Meta analyses and genome wide association 

analyses are undertaken to identify new genetic risk factors associated with CAD 

(Prins et al., 2012; Zheng et al., 2012).  

2.3 Idiopathic dilated cardiomyopathy 

Cardiomyopathies are heterogeneous group of anatomic and pathologic disorders 

associated with myocardial or electrical dysfunction of the heart (Wexler et al., 2009). 

Dilated cardiomyopathy (DCM) is among the four major types of cardiomyopathies 

affecting one adult out of 2500 individuals with an incidence of 7/100,000/year (Tylor 

et al., 2006). It is characterized by ventricular dilation and diminished contractile 

function of the myocardium in the absence of abnormal loading or ischemic damage, 

leading ultimately to heart failure (Manolio et al., 1992). DCM can present as a 

consequence of diverse triggers including immune dysregulation, virus-mediated 

disease, myocarditis, toxic, metabolic, environmental, genetic and tachycardia-

induced conditions (Hazebroek et al., 2012). The clinical course of DCM is 

progressive, and unrelenting, therefore disability and morbidity are among the highest 

of any disease or disease syndrome (Taylor et al., 2006).  
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According to World Health Organization/International Society and Federation of 

Cardiology (WHO/ISFC) DCM is characterized as idiopathic, when it appears 

sporadic, isolated in a solitary member of a family and without any known cause, or 

familial when diagnosed in two or more first degree relatives (Richardson et al., 

1996). Although there have been many comprehensive reviews on IDCM but the 

overlap of clinical features and presentation of familial DCM and IDCM still exists. 

Due to recent advances and genetic testing the familial rate of IDCM has now 

increased to 20-40% which was 1-2% in the early 1980’s (Burkett and Hershberger, 

2005).   

 

Mutations in approximately 40 different genes have been identified and if the animal 

model studies are taken into account more than 100 genes are known to be the 

causative factor of inherited DCM (Dellefave and McNally, 2010). Because of the 

diverse genetic and phenotypic heterogeneity observed in DCM, different patho-

physiological mechanisms have been hypothesized that link gene mutations with the 

disease. The main focus of the DCM-responsible genes have been mainly on the 

nuclear envelope proteins (lamin A/C) (Fatkin et al., 1999), sarcomeric structural 

proteins, cytoskeletal proteins (desmin, dystrophin, and dystrophinsarcoglycan 

complex) (Ortiz-Lopez et al., 1997; Li et al., 1999), and proteins involved in calcium 

regulation and ion channels (phospholamban) (Schmitt et al., 2003). Moreover, 7 new 

loci linked to DCM have been reported however, careful inspection of these linkage 

regions have failed to isolate the candidate genes associated with the heart restricted 

expression or cardiac physiology (Richard et al., 2006). The interpretation of genetic 

testing bears many confounding challenges one of which is “variant of unknown 

significance” where a change in the genetic structure has been recognized but whether 

it is a disease causing variant or a benign one is unclear (Dellefave and McNally, 

2010). Moreover, the role of secondary modifier loci provides additional insight into 

disease mechanisms, screening and treatment targets. These modifier genes do not 

cause the disease but alters the severity of phenotypic expression. Therefore, the final 

phenotype is under the influence of causative genes, modifier genes and the 

environmental factors (Genin et al., 2008).  
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The mutations in the disease causing genes expressed in the myocardium however do 

not explain the molecular mechanisms for heart failure or conduction defects. A 

second category of genetic variations which include genes encoding non-sarcomeric 

proteins may contribute to the pathogenesis of DCM. These variations mainly include 

candidate genes involved in controlling the immune reactions (Staab et al., 2012). The 

origin of inflammation and inflammatory cytokines in the etiology of IDCM has been 

hypothesized (Chang et al., 2003). Many genes have been reported to be associated 

with an increased risk of developing IDCM including; HLA class II DRB1, DPA1 and 

DPB1 polymorphism (Liu et al., 2006), HLA-DR4 (Jin et al., 2011), cytotoxic T-

lymphocyte antigen-4 polymorphism (Staab et al., 2012). In addition, IL-4 

(Spiroskaet al., 2009), interleukin-23 receptor (Chen et al., 2009), TNF-α (Liang et 

al., 2010), IL-6 and interleukin-10 (Adamopoulos et al., 2011) have also been 

associated with IDCM. Further studies on the role of DCM associated single 

nucleotide polymorphisms (SNP) in genes encoding non-cardiomyocytes and their 

expression could benefit the undiagnosed cardiomyopathies and improve the current 

knowledge of the disease etiopathogenesis.  

2.4 Risk factors of CVD 

The term risk factor is an attribute that is associated with increased probability of a 

disease; it is not necessarily a causal factor, a determinant, or event that increases the 

occurrence of disease or other specified outcome (Yusuf et al., 2001). It can also be 

defined as an environmental, behavioral, or biologic factor confirmed by temporal 

sequence, which if present directly increases the probability of a disease occurring, 

and if absent or removed reduces the probability. Once disease occurs, removal of a 

risk factor may not result in a cure (Gensini et al., 1998). Conventional 

epidemiological studies have helped in highlighting the CVD risk determinants but 

these factors could not be confirmed through the randomized control trails. 

Confounding factors, reverse causation, bias and measurement errors have the ability 

to influence the observational studies and thus are known to be the limitations of 

epidemiology (Lewis et al., 2010). Mendelian randomization studies, proposed to be 

analogous to the randomized control trails, merge the epidemiology and genetics. It 
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aims to use a genetic variant as an alternate for intermediate phenotype or an 

environmental exposure that may be the casual pathway of the CVD pathogenesis. 

Although, Mendelian randomization studies have its own limitations; however   

developments in the field of genetics will assist to counter them and thus increase the 

utility in discovering the risk factors for the disease (Smith and Ebrahim, 2003).  

 

CVD and its athero-thrombotic complications develop as a consequence of life style, 

environmental factors and genetic susceptibility. Risk factors for CVD have been 

characterized as; conventional or classical and novel. The influence of an individual 

risk factor on the CVD varies greatly but the presence of numerous risk factors 

synergistically works and ultimately effect the CVD outcome. Most of the risk 

assessment methods used currently have been derived from studies on the developed 

countries, however, in low and middle income populations no algorithm has been 

developed yet (Hussain et al., 2013). Risk estimation score based on the Framingham 

study is the most commonly used method but it has led to the over or under estimation 

of the risk factors (Kanjila et al., 2008; Jeemon et al., 2011). Zhu et al. (2013) has 

recently developed a synthetic predictor from 16 biomarkers that will provide 

assistance in the CVD risk prediction by simply using the data from routine health 

check-up. The risk scoring method for the south Asians must include all the specific 

variables involving the accurate estimation of the risk factors in south Asia. Given the 

complex population structure of the region these include factors involving population 

dynamics, cultural diversity, comorbidities, socioeconomic profiles, linguistics and 

lifestyle. There is scarce data available on the Pakistani population in regards to CVD. 

Data from the National Health Survey of Pakistan (NHSP) (1990–1994), the INTER-

HEART Study and the locally conducted studies depict the pattern of CVD in our 

population differs than that of western population with a predilection of younger 

onset, aggressive and widespread disease (Ounpuu et al., 2001; Jafar, 2006).  

 

Based on the cardiovascular epidemiology more than 300 risk factors have been 

related to the cardiovascular episodes (Yusuf et al., 2001). These risk factors are 
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characterized as modifiable, non-modifiable and novel on the basis of their incidence, 

prevalence and impact on the disease. 

2.4.1 Modifiable risk factors 

According to the INTERHEART study, the risk factors either alone or jointly 

contribute in the development of CVD (Yusuf et al., 2004). The conventional risk 

factors include hypertension, tobacco use, adverse lipid profiles, obesity, physical 

inactivity and diabetes mellitus (DM). Modification of these factors has a significant 

role in both primary and secondary prevention for CVD. 

2.4.1.1 Hypertension 

Hypertension (HTN) is one of the major cardiovascular risk factor contributing to the 

present pandemic of CVD (Kearney et al., 2005). The risk of a cardiovascular event 

doubles with increase in systolic (20 mmHg) and diastolic blood pressure (10 mmHg) 

(Lewington et al., 2002). There is an independent correlation between blood pressure 

and the percentage of intimal surface in the coronary arteries affected by early 

atherosclerotic lesions, including fatty streaks and fibrous plaques. Clustering of 

elevated blood pressure and other cardiovascular risk factors is associated with an 

exponential increase in atherosclerotic vascular involvement (Berenson et al., 1998).  

The clinical manifestation of systolic and diastolic dysfunction also includes 

arrhythmias, left ventricular hypertrophy and symptomatic heart failure (Drazner, 

2011). It affects more people in economically developing than developed countries, 

but the onset of CVD is also at a younger age (Perkovic et al., 2007). The data on the 

prevalence of HTN itself and as a risk factor is scarce. Jaffer et al (2005) reported 

systolic blood pressure to be independently associated with CAD. Khan et al. (2013) 

has recently documented the percentage of HTN as 18% in a cohort study in Karachi, 

Pakistan.  

2.4.1.2 Dyslipidemia 

Dyslipidemia (abnormal blood lipids) is characterized as increased levels of 

triglycerides (TG), lipoprotein (a) (Lp (a)) and apolipoprotein (apo) B; intermediate 



Review of Literature 

 

 

Role of Inflammatory Cytokine Gene Polymorphism in the Pathophysiology of 

Cardiovascular Disease  13 

 

high levels of low-density lipoprotein cholesterol (LDL-C); and decreased levels of 

high-density lipoprotein cholesterol (HDL-C) and apoA1(Enas et al., 2007). 

According to AHA, approximately 31.9 million adult population (≥20 years of age) 

have total serum cholesterol (TC) levels ≥240 mg/dL and 5.6% have undiagnosed 

hypercholesterolemia (Alan et al., 2013). The mean TC was found to be highest in the 

high income countries and was lowest in sub-Saharan Africa. Although, TC levels in 

Asians were not the highest but they are continuously rising owing to the 

epidemiological transition towards urbanization (Farzadfar et al., 2011). The role of 

abnormal blood lipids in association to the cardiovascular events has been well 

established through epidemiological studies carried out in various populations with 

diverse ethnicity (Verschuiren et al., 1995).  

 

LDL-C, the main transporter of cholesterol in the blood, represents as a strong 

cardiovascular risk factor owing to its atherogenecity. However, the occurrence of a 

cardiovascular event despite the optimal LDL-C points to the importance of other 

lipoproteins (Pöss et al., 2011). The beneficial effect of high HDL-C in CVD 

prevention is evident from the studies linking it to the rate of progression and extent 

of CAD. Moreover, low HDL-C levels putatively induce the up regulation of 

inflammatory mechanisms leading to atherosclerosis (Sampietro et al., 2002). The 

ratio of TC to HDL-C is emerging as one of the best predictors of future CVD; it 

reflects the fact that decreased TC still encompasses the cardiovascular risk through 

low HDL-C.   Increase in the ratio is particularly vital if it is associated with increased 

TG levels (Real et al., 2001). The correlation of TG with CVD has been proposed but, 

the extent to which it represents as a biomarker of risk is still debatable (Sarwar et al., 

2007). The interpretation of plasma TG remains complicated due to considerable 

intra-individual variability. Miller et al. (2011) reaffirmed that TG is not directly 

atherogenic but it has a fundamental role in CVD risk due to its association with apo- 

CIII and other atherogenic lipoproteins. Liu et al. (2006) analyzed the data from 

Framingham Heart Study and concluded that very-low density lipoprotein (v-LDL) 

may play a significant role in the development of CVD. Variations in the levels of 
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Apo B, Apo A and Lp (a) have indicated to increase the risk of a vascular event 

(Papadopoulou et al., 2009). 

 

The CVD overload in the south Asian region can be due to abnormal lipid profiles. In 

Pakistan the prevalence of dyslipidemia is varied.  Jafar et al. (2005) reported the 

hypercholesterolemia to be 34.5%; Kayani et al. (2011) in a cross sectional study 

including 10,000 patients with CVD documented high TC levels in 10% of all study 

subjects and Khan et al. (2013) found that 16% of the adult’s population had elevated 

serum cholesterol levels. These findings suggest a prominent role of lipid profile in 

CVD in our population and it should be further explored through large population 

based studies. 

2.4.1.3 Tobacco smoking 

The unequivocal relationship of tobacco smoking with CVD has made it the largest 

preventable risk factor. A substantial body of scientific evidence documents; increase 

smooth muscle cell proliferation, endothelial dysfunction, hemodynamic alterations, 

hypercoaguability, dyslipidemia, inflammation and insulin resistance,asthe adverse 

cardiovascular effects of tobacco use (Salahuddin et al., 2012). Moreover, carbon 

monoxide limits oxygen availability through reduction in the oxygen carrying 

capacity thus exacerbating myocardial ischemia. Presence of nicotine in the blood 

causes raised blood pressure, increased heart rate and cardiac output leading to 

vasoconstriction particularly in the coronary arteries (Ambrose et al., 2008). Apart 

from active smoking, tobacco chewing and passive smoking holds equal risk for the 

cardiovascular event (Salahuddin et al., 2012). Smoke free legislation in Scotland 

decreased the number of acute coronary syndromes out of which 67% involved non-

smokers (Pell et al., 2008). In Pakistan, Jaffer et al. (2005) stated smoking as an 

independent risk factor for CAD. Alam et al. (2008) reported the tobacco users in 

Rawalpindi to be 16.5% in a cross sectional survey. In a cross sectional study of 

10,000 patients with CVD; 15.6% men and 1.9% women were smokers (Kayani et al., 

2011). Similarly, Khan et al. (2013) documented the tobacco users to be 45% in a 
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cohort study involving 676 households. These findings implicate the connection of 

smoking and atherosclerosis.   

 

2.4.1.4: Physical activity 

 

Sedentary lifestyle encompasses higher CVD mortality and low level of cardio-

respiratory fitness. Regular physical activity confers resistance to the traditional CVD 

risk factors. The influence of the physical inactivity on the proneness to CVD can be 

due to attenuation of other risk factors including enhanced cardiac vascularity, 

antithrombotic effects and improved metabolic environment (Myers, 2003). Enhanced 

cardiac fitness offers added advantage to the south Asians as they have highly 

prevalent other metabolic risk factors which respond well to exercise (Nishter, 2002). 

Lack of physical activity has been documented as an independent risk factor for CVD 

mortality despite of the presence of traditional and inflammatory risk factors 

(Reddigan et al., 2011). Multiple shorter sessions rather than continuous long ones are 

also known to be advantageous against CAD risk (Lee et al., 2000). According to a 

report by the British Heart Foundation, Pakistani men are less frequently involved in 

physical activities like heavy house work, sports or exercise compared to men in 

western population. Similarly, the Pakistani women were not engaged in heavy 

gardening, walking, exercise or sports; heavy housework was the only physical 

activity in which they were involved (Scarborough et al., 2010). Kayani et al. (2011) 

reported that 66% males and 68% females did not have any physical activity.   

2.4.1.4 Social determinants 

The term “social determinants of health” also referred as “causes of the causes” is the 

impact of the social environment on the health of people living in a particular area or 

community. It includes the birth place, growing conditions, livelihood, and age; which 

are dependent on power, distribution of funds and resources at universal along with 

national and local levels (Wilkinson and Marmot, 2003). Viewing the Social 

determinants of CVD in biological and epidemiological context; the need for early 

intervention is desirable before the childhood adversities become irrevocable in the 
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body. Moreover, the behavioral change is very difficult to implement as the age 

advances and the biological damage is inflicted (Lang et al., 2012). The economic 

globalization and urbanization leading to the epidemiological transition is affecting 

the low socioeconomic countries thus enhancing the CVD risk (Jeemon et al., 2010).   

A recent study on the epidemiology of South East Asia determined that the heath care 

systems should be designed in the light of demographic, socioeconomic and 

epidemiological status to counter the risk determinants of the region (Dhillon et al., 

2012). 

2.4.1.5 Obesity 

Obesity or overweight is an entity which is recognized as an independent risk factor 

of CVD. It is associated with various metabolic diseases including diabetes and 

hypertension. Body mass index (BMI; weight in kilograms/height in meter square) is 

used as an indicator of obesity (Poirier et al., 2006). According to the National Health 

and Nutrition Examination Survey (2007-2010) 68% of American adults (73% men 

and 64% women) were overweight or obese (Alan et al., 2013).  

 

South Asians have higher CVD prevalence in spite of lower mean BMI and waist 

circumference. This paradox is attributed to augmented subcutaneous adipocytes in 

the south Asians; a factor different and larger than the Caucasians (Hu et al., 2002). A 

study conducted in Norway on the immigrants from various developing countries, 

reported Pakistanis among the highest proportions (52.4%) of central obesity (Kumar 

et al., 2006). The emergence of obesity as a public health problem has provoked many 

studies at different levels. According to National health Survey report (1990-1994) the 

obesity in Pakistani adults (25-64yrs) was more prevalent in urban (21%, 27%, 42%) 

as compared to rural areas (9%, 15%, 27%) in low, middle and high socioeconomic 

status, respectively (Nanan, 2001). According to Kayani and his colleagues the 

occurrence of the abdominal obesity in Pakistan was 46.9% in men and 77.4% in 

women. They also ranked the obesity as the primary risk factor for CVD (Kayani et 

al., 2011). In another study Khan et al. reported the percentage of overweight as 20% 

and abdominal obesity as 53% in the studied population (Khan et al., 2013). These 
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observations are mainly the consequence of the low socioeconomic status and poverty 

in our population. There exists an inverse relationship between the socioeconomic 

status and obesity. Moreover, childhood and adolescent obesity also impose a risk. 

Jafar and co-researchers documented rapid increase in overweight and obese children 

in spite of enhanced burden of under nutrition (Jafer et al., 2008). Similarly, Warraich 

et al. (2009) reported the co-existence of obesity and under nutrition in the school 

children in Karachi. Additionally, Mushtaq et al. (2011) observed a significant rise in 

obesity and overweight in the primary school children especially in the affluent urban 

population. Thus, our population faces a double burden of disease in the form of 

under-nutrition and obesity. Targeted preventive strategies at the national and the 

government level are required to control this problem.  

 

The investigation of the physiological basis of obesity through molecular genetics 

research has been the area of interest of researchers. Numerous approaches have been 

undertaken to identify the human obesity genes including; the candidate gene 

approach, genome wide linkage studies and genome wide association studies (Cheung 

et al., 2011). The Human Obesity Gene Map (2005 update) documented 127 putative 

genes for obesity related traits. The genome wide linkage studies have lead to the 

discovery of at least 253 loci from 61 scans, but they were unable to isolate the 

variants underlying the linkage signal (Rankinen et al., 2006). The genome wide 

association studies have discovered approximately 30 loci connected to BMI and 

obesity, out of which the fat mass and obesity related gene (FTO) had the strongest 

association. Ever since this discovery, the FTO gene is being extensively studied for 

SNP, as these variations increase the predisposition to obesity (Fawcett and Barroso, 

2010).  

2.4.1.6 Diabetes mellitus 

Diabetes Mellitus (DM) is constellation of multiple pathogenic mechanisms 

including; insulin resistance, hyperglycemia, micro-vascular (nephropathy, 

neuropathy, retinopathy) and macro-vascular complications (CAD, peripheral 

vascular disease) (Williams and Pickup, 1998).  
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According to the National Health and Nutrition Examination Survey (2007-2010) 

approximately 19.7 million adults (≥20years) have been diagnosed with DM in 

America, ≈87.3 million adults have pre-diabetes and almost 8.2 million adults have 

undiagnosed DM (Alan, 2013). DM and its associated complications are the primary 

contributors in the development of heart disease in the Indian subcontinent. The 

global estimation of DM ranked India and China as the first and second, whereas, 

Pakistan was at sixth position. However, DM prevalence in Pakistan is projected to 

rise (from year 2000-2030) and will acquire fifth spot in the number of DM patients 

(Wild et al., 2004). These alarming statistics have prompted many researchers to 

identify the underlying causes in our population; Khuwaja and associates evaluated 

the clustering of CVD risk factors in diabetic patients in a multicentre study; 30.3% of 

diabetic patients had CVD (Khuwaja et al., 2011). The frequency of DM was 18.5% 

in a cross sectional study including 10,000 patients with CVD (Kayani et al., 2011). 

The baseline findings of a cohort study in Karachi revealed that 8% of the studied 

population suffered with DM, whereas, 40% had pre-diabetes (Khan et al., 2013).  

 

Research indicates an inextricable link of DM, insulin resistance and metabolic 

syndrome with CVD, which is evident from the presence of multiple risk factors 

(Kalofoutis et al., 2007). The interplay of DM with atherosclerosis, inflammation, 

apoptosis, and endothelial dysfunction can be the cause of vascular damage in the 

diabetic patients (van den Oever et al., 2010). In addition, oxidative stress also affects 

the diabetic state through reactive oxygen species (ROS) which modify the 

endothelial cells causing dysfunction (Baynes and Thorpe, 1999). The genetic factors 

also contribute in linking the CVD with DM. it has been suggested that, genetic 

variations at the Calpain-10, Fatty acid binding protein-4, glucokinase, glutathione S-

transferase, peroxisome proliferator activated receptor (PPARα, PPARγ) loci confer 

increased CVD risk in the diabetic patients (Ordovas, 2007).  
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2.4.2 Non-modifiable risk factors  

These are the independent un-modifiable determinants which play a significant role in 

CVD. Age, gender, ethnic origin, and family history are commonly known factors that 

either act alone or in combination with other risk factors.  

2.4.2.1 Role of age and gender  

Age and gender are among the major risk determinants which are not only interrelated 

but also strongly associated with almost all the risk factors. Advancing age has been 

associated with the increased prevalence of CVD in many countries (Tuomilehto, 

2004). In United States, approximately 40% deaths in the population aged ≥65years 

are due to atherosclerosis, stroke, heart failure and hypertension (Lakatta, 2002). 

Although the formation of plaque is partly influenced by the chronological age of the 

individual, but the cardiovascular age is difficult to determine. The primary reason 

behind this is the influence of various CVD risk factors on the plaque formation at 

different points of life (Grundy, 2001). South Asians acquire the CVD risk 

approximately ten years earlier compared to Caucasians and Chinese (Joshi et al., 

2007). CVD related mortality in people ≤70 years of age was 50% compared to 23% 

in western population (Ghaffar et al., 2004). Decreased prevalence of CVD risk was 

seen in adolescents but rapid escalation in these determinants was noted by age 30-39 

years in urban Asian Indians (Gupta et al., 2009). The patho-physiological 

mechanisms are enhanced as the age advances leading to a pronounced effects on 

cardiovascular system in older individuals (Tuomilehto, 2004).  

 

The role of gender as a CVD risk factor has gained importance since the demand of 

the tailored treatment of CVD (specific for men and women) has increased. 

Previously, the male gender was thought to be at a greater risk of having a cardiac 

event than females (Waldron, 1983). This under recognition of CVD in women 

caused different treatment strategies and decreased female representation in clinical 

trials.  In 1990’s, the focus of attention was directed towards females after various 

studies published the concerns of cardiovascular risks on women (Nettleman et al., 
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1997; Jousilahti et al., 1999). The National Health and Nutrition Examination Surveys 

have shown that the prevalence of myocardial ischemia is climbing in middle aged 

women (35-54 years) whereas; it is declining in men in the last two decades 

(Towfighi et al., 2009). The INTERHEART study (conducted in 52 countries) 

showed that males developed the myocardial ischemia eight years earlier than female 

counterparts; however, the infarction was more fatal in women (Yusuf et al., 2004). 

Our population follows a different trend; Jaffer et al. (2005) reported the equal risk of 

CVD in women and men. The National Health Survey of Pakistan (NHSP) (1990 –

1994) data placed women are at greater risk for CVD than men (Jaffer et al., 2006). In 

2008, more electrocardiographic evidence of myocardial infarction was reported in 

women than in men (Jaffer et al., 2008).  

2.4.2.2  Ethnicity and CVD 

The study of the ethnic background provides valuable information regarding etiology 

of CVD not only for ethnic minorities but also for the majority population. Variations 

with respect to ethnicity have very strong implementations in the diagnosis and 

treatment of CVD (Chaturvedi, 2003). Differences in life style, dietary pattern and 

social determinants are major factors responsible for ethnic heterogeneity. The 

majority of immigrants are usually from economically unstable social categories and 

face detrimental effects on health especially CVD (Lang et al., 2012).  According to a 

study by British Heart Foundation, the propensity of coronary heart disease was the 

highest in the south Asian population (Scarborough et al., 2010). The strong 

predisposition of the south Asians towards CVD risk is evident through studies on the 

native and migrant populations around the world (Harding et al., 2008). Furthermore, 

studies indicate that the CVD risk is not uniform among all the south Asians; 

Pakistanis and Bangladeshis are more vulnerable as compared to Indians (Bhopal et 

al., 1999; Nazroo, 2001). Ethnicity also affects the dynamics of the disease through 

complex interactions of other risk factors. The traditional risk determinants like DM, 

increased rates of smoking, hypertension, lack of physical activity, dyslipidemia and 

diet are not only region specific, but also country specific (Scarborough et al., 2010). 

The genetic predisposition of the South Asians to CVD phenotypes and severity is 
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another element behind the disease pathology related to ethnic background (Ahmad 

and Frossard, 2006). 

2.4.2.3 Family history 

Familial predisposition towards CVD has been evident through many studies (Mayer 

et al., 2007). The positive family history (a parent or a sibling) has been demonstrated 

as a risk factor for CAD in the Framingham Heart Study (Murabito et al., 2005). The 

diagnosis of myocardial ischemia before 55yeras in male or 65yeras in female in a 

first degree relative increases the familial disposition (Mayer et al., 2007). A 

comprehensive angiographic analysis of 400 families with myocardial infarction 

confirmed the involvement of the left main coronary disease in siblings with CAD 

(Fischer et al., 2005). This was further reaffirmed by the increase risk of CAD in 

healthy siblings of patients with left main coronary disease (Fischer et al., 2007). In a 

review including 32 studies, the association of subclinical atherosclerosis and family 

history of CAD was indicated. It was also suggested that these people should be 

assessed for sub-clinical CVD to avoid further risk (Pandey et al., 2013). The positive 

family history of premature CVD also identifies the patients who are prone to 

recurrent thrombotic event; a strong family history also increases the risk of a second 

myocardial or ischemic event (Mulders et al., 2012).  The inclusion of the family risk 

score in the assessment of a CVD patient can aid to delineate the individuals with sub-

clinical atherosclerosis (Pandey et al., 2013).  

2.4.2.4 Atherosclerosis 

The “atheromata” or “atherosclerotic lesions” are asymmetric multifocal thickenings 

of the intimal lining of the arterial wall, characterized by accumulation of cholesterol, 

macrophages, connective-tissue elements and cellular debris. It is preceded by a fatty 

streak that appears de novo as early as the second decade of life (Falk, 2006). The 

inflammatory state created by the circulating mediators result in plaque formation, 

remodeling of the vascular wall, acute and chronic luminal obstruction, alteration of 

the blood flow and oxygen supply to the target organs (Frostegard, 2013). Previously, 

atherosclerosis was viewed as a lipid storage disorder but now extensive evidence of 
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the participation of inflammation in almost all the stages of the disease exists (Libby, 

2006).  The thrombus formation as a result of the unstable plaque rupture leads to 

coronary complications like heart attack, acute coronary syndrome, stroke, unstable 

angina and sudden cardiac death (Rauch et al., 2001). Multiple biochemical 

mechanisms are linked with the pathogenesis of atherosclerosis, involving various 

inflammatory pathways and genes encoding the enzymes and their receptors (Ridker 

and Stampfer, 1999).  

 

The main atherogenic stimulus to initiate the development of atherosclerosis is the 

deranged lipid profile, as proposed by studies on animal models demonstrating site 

specific stimulation of endothelial cells in coronary arteries (Skalen et al., 2002). The 

enzymatic modification of LDL by oxidation is mainly regulated by phospholipase 

A2 (PLA2) enzyme (Quinn et al., 1987). PLA2 not only contributes to atherogenesis, 

but is also known to maintain the plaque inflammation (Oörni and Kovanen, 2009). 

Oxidized LDL molecules along with monocytes and T-cells penetrate the endothelial 

barrier and enter the intimal lining of the arterial wall (Mangge et al., 2004). The 

interaction of the activated endothelium and leukocytes is regulated by several 

adhesion molecules and growth factors such as intercellular adhesion molecule-1, 

macrophages colony stimulating factor (M-CSF), E-selectin, and P-selectin. Apart 

from them, vascular cell adhesion molecule-1 (VCAM-1) is the primary regulator, 

whose expression on the monocytes and T-cells is up-regulated upon endothelial cell 

activation (Hansson, 2005). The monocytes penetrate the endothelium by diapedesis 

with the help of monocyte chemoattractant protein-1 (MCP-1), mature into 

macrophages and express the ligand specific scavenger receptors (CD36, CD68). 

These scavenger molecules rapidly form the foam cells through engulfing modified 

lipoproteins, thus perpetuating the fatty steak formation (Mangge et al., 2004). This 

atherosclerotic lesion smolders for decades and matures into complex fibrous plaque, 

characterized by accumulation of cholesterol esters, other lipoproteins and smooth 

muscle cells (Pieser et al., 2002). The proliferation and migration of the smooth 

muscle cells is promoted by immunological factors. Innate immunity (monocytes, 

mast cells), the adaptive immunity (T-cells) and the humoral immunity (B-
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lymphocytes) are the main players in the attenuation of atherosclerosis (Libby et al., 

2009). Macrophages are activated by T-cells either by cytosignalling or interaction 

through CD40 ligand, leading to the release of collagen degrading matrix 

metalloproteinase (MMPs) enzymes. The collagen destruction leads to the physical 

disruption of the fibrous cap causing plaque rupture, thus creating a thrombus that can 

lead to cardiac complications like myocardial infarction (Libby et al., 2006).  

2.4.2.5 Inflammation in CVD and associated risk factors 

The impression of CVD as an inflammatory disorder is evident by the abundance of 

cytokines producing immune competent cells in the atherosclerotic lesions 

(Frostegard et al., 1999). The inflammation initiates as a response to vascular injury, 

lipid per-oxidation and sometimes infection. A chronic inflammatory reaction is 

generated due to the amplification of the risk factors, including hypertension, 

smoking, and diabetes, under the detrimental effects of oxidized LDL cholesterol, 

leading to a vulnerable plaque, prone to rupture and thrombosis (Willerson and 

Ridker, 2004; Frostegard et al., 2013). The strategies for the measurement of 

inflammatory markers for the primary prevention of CVD in high risk patients were 

convened in 1998 in Prevention Conference V. The Conference concluded that; these 

markers could not be used for risk assessment due to lack of standardization, evidence 

and consistency in prospective epidemiological findings (Grundy et al., 2000). A 

large number of reports relating inflammatory markers to CVD were published after 

the National Cholesterol Education Program recognized these inflammatory markers 

as emerging risk factors of CVD (NCEP, 2001). Since then, inflammation has played 

its role in understanding the atherosclerotic disease process. Novel therapeutic targets, 

in relation to the immune system, are being discovered to combat against CVD 

(Frostegard et al., 2013).  

 

The presence of inflammatory mechanisms is a significant constituent in the 

pathogenesis of atherosclerotic lesions. The exact mechanism behind the release of 

pro-inflammatory cytokines from the immune cells (T-cells and B-cells) in the lesions 

is still under investigation in humans (Frostegard et al., 2013). Although novel data in 
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animal models especially mice, indicate that the presence of underlying 

immunological factors not only increases the predisposition to inflammation but also 

the immune modulation can alter atherosclerotic process (Swirski et al., 2007).  

Therefore, inflammation and immunity in atherosclerosis should be discussed in the 

same context. Mature plaques or atheromas have abundant accumulation of T cells 

and macrophages that show signs of activation and production of inflammatory 

cytokines like tumor necrosis alpha (TNF-α), interleukin-1 (IL-1) and interferon 

gamma (IFN-γ) (Hanson and Libby, 2006). Inflammatory mediators like interleukin-6 

(IL-6), TNF-α, IL-1 and CRP are strong predictors of myocardial events. They have 

the ability to induce the expression of adhesion molecules and amplify the immune 

response through activation of coagulation system (Yeh et al., 2001).  

 

The casual role of inflammation in atherosclerosis is controversial especially when it 

is associated with other non communicable disorders like; diabetes, obesity, 

dyslipidemia, hypertension. New analytical tools are undertaken to assess this casual 

association, and mendelian randomization approach is the most common (Rietzschel 

and De Buyzere, 2012).  This technique has confirmed the casual association of Lp (a) 

(Kamstrup et al., 2009) and disaffirm causality for fibrinogen (keavney et al., 2006). 

Moreover, according to the mendelian randomization analysis, the role of CRP as a 

casual factor of CVD is also questionable (Rietzschel and De Buyzere, 2012). 

However, the genetic evidence of the casual role of the human IL-6 receptor signaling 

in the progression of CVD has been documented through a mendelian randomization 

study (Interleukin-6 Receptor Mendelian Randomization Analysis Consortium, 2012). 

These findings were superimposed with the collaborative meta-analysis on 82 studies 

confirming this association (IL6R Genetics Consortium and Emerging Risk Factors 

Collaboration, 2012). These findings can only be applicable to clinical setup unless 

they are tested in different populations through randomized controlled trails.  

 

Although the mendelian randomization approach has weakened the causative role of 

CRP in CVD, but its strong association with the prevalence of atherosclerosis cannot 

be ruled out. CRP is a pentraxin protein, known to be a stable biomarker of 
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inflammation by playing a significant part in the innate immune response (Kampoli et 

al., 2009). It is initially synthesized in the liver and regulated by IL-6, TNF and IL-1 

(Mazer and Rabbani, 2004). It is implicated in various aspects of atherogenesis and 

plaque vulnerability through altered expression of adhesion molecules, activation of 

nitric oxide, deranged complement function and inhibition of fibrinolysis (Kampoli et 

al., 2009). The pathogenic role of CRP in atherogenic process can either be; a 

consequence of modified oxidized LDL-induced production of cytokines leading to 

induction of acute phase proteins or stimulation of these proteins due to traditional 

risk factors like hyperlipidemia, hypertension, increasing age, smoking and diabetes 

(Yasojima et al., 2001; Francisco et al., 2006).  

 

Strong evidence suggests that the healthy subjects with elevated plasma levels of 

acute phase proteins and cytokines are at a higher myocardial risk of developing 

ischemia (Pirro et al., 2001; St Pierre et al., 2005). Moreover, CRP levels give 

independent information regarding ischemic heart disease risk (Pirro et al., 2001). In 

an 8 year follow up study elevated CRP levels are strongly associated with risk 

prediction of infarction, ischemic stroke and coronary revascularization in women 

(Ridker et al., 2002). The role of CRP in premature atherosclerosis is conflicting but 

various studies favor its use in the assessment of the prognosis of atherosclerosis and 

suggest its inclusion in the standard risk assessment of patients with CVD (Pearson et 

al., 2003; Cushman et al., 2005).  

2.5 Molecular genetics of CVD 

In the last decade, the understanding of the genetic basis of CVD has become the 

focus of cardiovascular research. The casual role of genes is either through the 

interplay of genetic and environmental factors or mediated through cardiovascular 

risk factors resulting in divergent phenotypic traits of the disease (Hauser and Pericak-

Vance, 2000). Genetic and phenotypic heterogeneity of the disease is one of the main 

challenges in the identification of the clinically relevant CVD genetic determinants. 

Additionally, the pathogenic spectrum consists of common genetic variants with 

diminutive effects along with rare genetic variants with large effects (Kullo and Ding, 
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2007). The study of the genetic architecture of the disease requires the quantification 

of the genetic component expressed as heritability, and identification of the disease 

susceptible loci and its variants (Visscherand et al., 2008). Currently, the techniques 

used for the study of basic patho-genetic mechanisms of the disease have evolved 

from linkage analysis to candidate and genome wide association (GWA) analysis 

(Sayols-Baixeras et al., 2014). The clinically heterogeneous CVD etiology has been 

suggested to have strong genetic aspects and CVD has been related to the genetic risk 

factors with 63% heritability (Pilia et al., 2006).  

 

The projects like human genome and international HapMap project have 

revolutionized the cardiovascular genetics. They have helped to understand the link 

between the CVD phenotype and genetic variations through GWA studies (Funke and 

Assmann, 1999). The knowledge of the genetic architecture of the CVD especially 

CAD was improved considerably after the simultaneous publications of the first two 

GWA analyses of CAD in 2007, which identified the association of myocardial 

infarction and CAD with 9p21 locus (Helgadottir et al., 2007; McPherson et al., 

2007). In 2013, approximately 40 genetic variants associated with CAD were 

identified through a meta-analysis of several GWA studies (Deloukas et al., 2013). 

The detection of these genetic variants is considered to be the foundation stone as 

these variants are further correlated with clinical outcomes like CAD, hypertension 

and IDCM. The main challenge is to apply this knowledge to the clinical practice. 

This can be achieved by various strategies like; identification of novel therapeutic 

targets, individual genetic information for disease risk prediction, genetic counseling, 

pharmacogenomics and tailored treatment for limiting the disease (Sayols-Baixeras et 

al., 2014). The researchers still has a long way to go before they fully understand the 

mechanisms behind the CVD genetics. There is an urgent need for the understanding 

of the molecular basis of the pathology of common diseases like CAD and relatively 

uncommon diseases like IDCM.  
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2.6 Tumor necrosis factor alpha (TNF-α): A candidate Gene 

in CVD 

2.6.1 Discovery of TNF-α 

The hemorrhagic necrosis of tumors caused by bacterial derived endotoxins has been 

known for decades.  However, O’Malley et al. firstly demonstrated the indirect effect 

of this endotoxin and proposed that it is mediated by a “tumor-necrotizing factor.” 

(O’Malley et al., 1962). In 1968, Kolb and Granger reported this cytotoxic factor as 

lymphotoxin (LT), whereas, Ruddle and Waksman reported its activity in rats (Kolb 

and Granger; Ruddle and Waksman, 1968). Later on, in 1975, Carswell and 

colleagues demonstrated the presence of a substance in the serum of bacillus Calmette 

Guérin–infected mice when treated with endotoxin and named as “tumor necrosis 

factor” (Carswell et al., 1975). Anthony Cerami along with his associate Bruce 

Beutler reported the murine counterpart of human TNF-α as macrophage secreted 

factor cachectin (Beutler et al., 1985), Dr. Cerami gave the account of this event in his  

recent article; “The value of failure: the discovery of TNF and its natural inhibitor 

erythropoietin” (Cerami, 2011). In 1984-1985, two structurally different TNFs and 

their genes were identified and cloned through different studies. The structural and 

functional homology led to the renaming of LT-α to TNF-β (Aggarwal et al., 1984; 

1985). A second cytotoxic factor which exhibited 50% homology with TNF-β was 

then isolated, cloned and expressed in Escherichia coli and subsequently named as 

human TNF-α (Pennica et al., 1984; Aggarwal et al., 1985). Over the past 25 years, 

approximately 19 members of the TNF super family have been discovered on the 

basis of their gene sequences. Among them TNF-α and β are the only ones identified 

at the protein level (Aggarwal et al., 2011).  

2.6.2 Physiological role of TNF-α 

TNF-α, initially identified as an endotoxin-induced serum factor, is a pro-

inflammatory cytokine that has an anti-tumor activity against certain tumor types 

(Carswell et al., 1975). Ever since its discovery, it has played a central role in the 
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regulation of immune response by its divergent cellular effects; like invasion, 

necrosis, apoptosis, proliferative effects, hematopoietic effects, metastasis,   

morphogenesis and inflammatory effects (Aggarwal et al., 2011). TNF-α mediates its 

unique physiologic functions by its intrinsic regulatory mechanisms as well as its 

immunological reaction to infectious agents. The physiological effects of TNF-α has 

been through the pro-apoptotic TNF receptor 1 (TNFR1) and pro and anti-apoptotic 

receptor 2 (TNFR2), causing either survival of the cell or leading to cell death 

(Varfolomeev and Ashkenazi, 2004). Along with the normal homeostatic mechanisms 

TNF-α activated macrophages have been implicated in many autoimmune disorders 

including inflammatory bowel disease, rheumatoid arthritis, ankylosing spondylitis, 

psoriatic arthritis, atherosclerosis, and sepsis (Flavell, 2002). It has also been linked 

with vast array of patho-physiologies including; different forms of cancers, 

pulmonary diseases, neurological diseases and metabolic disorders (Aggarwal et al., 

2011). Previous research has revealed the mediation of hepatic injury by TNF-α and 

the elevation of TNF-α expression in hepatic steatosis has also been demonstrated 

(Yang et al., 1997; Lin et al., 1998). Moreover, a persistent increased level of the 

TNF receptors has been reported in the obese human as well as animal models 

(Hotamisligil et al., 1993; Samad et al., 1999).  

2.6.3 Structure and synthesis of TNF-α 

Human TNF-α gene is located on chromosome 6p21.3, present within the MHC class 

III region (between MHC class I and II antigens), is tandemly arranged with TNF-β. 

Its DNA sequence spans over 3kb region having 4 exons and 3 introns (Nedwin et al., 

1985). Initially, it is translated as a large membrane bound peptide with 233 amino 

acid (AA) residues having hydrophilic and hydrophobic domains at the N-terminal 

sequence (Luettig et al., 1989). This 27-kDa protein is then cleaved to 157 AA (17-

kDa) mature polypeptide (Grell et al., 1995). This mature peptide exists as 

biologically active homotri-molecular complexes which are considered as the 

hallmark of TNF super family (Jones et al., 1989).  The highly conserved membrane 

integrated 76 AA pre-sequence in the 27-kDa protein is proteolytically cleaved by a 

matrix metalloprotease TNF-α-converting enzyme (TACE) forming soluble TNF-α 
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(Black et al., 1997).  The soluble and membrane bound forms of TNF-α respond 

biologically through endocrine and autocrine/paracrine levels respectively (Grell et 

al., 1995).  

2.6.4 Expression and regulation of TNF-α  

Most inflammatory settings result in an early local up regulation of TNF-α 

production, mainly through toll like receptors, which helps in establishing an innate 

immune response (Takeda et al., 2003). Accumulating evidence suggests that both the 

trans-membrane and soluble TNF-α are involved in the inflammatory process. The 

trans-membrane TNF-α, expressed on various TNF-α-producing cells, contribute to 

the physiological and pathological responses by interacting with TNF receptors. 

Therefore, the membrane bound TNF induced modulation of local inflammation is by 

both the cell-type-specific and cell-to-cell contact manner (Horiuch et al., 2010).  The 

soluble TNF is extensively expressed in granulocytes, fibroblasts, macrophages, and 

epithelial cells (Spriggs et al., 1992).  

 

TNF-α is largely known to regulate itself in an autocrine fashion in the acute phases 

of inflammation (Xaus et al., 2000). Additionally, it maintains a tight control on its 

own production by inducing specific negative regulatory elements (Carballo et al., 

1998). The TNF gene has several potential regulatory sites in the 5' flanking region 

including; the cAMP-responsive element, sequences for the activator protein-1 and 2 

and similar sequences like kappa B. A variety of stimuli like lipopolysaccharides, 

cytokines, reactive oxygen species and calcium influx can induce the TNF production 

(Spriggs et al., 1992). The secretion of TNF-α from a wide variety of cells has been 

documented. They include; activated T and B lymphocytes, endothelial cells, natural 

killer cells, neutrophils, smooth muscle cells, adipose tissue and monocytes in 

response to oxidized LDL (Ruddle, 1992; Takeda et al., 2003). TNF-α is now being 

known as the master regulator of the cytokine cascade making it a very attractive 

therapeutic target for multiple immunological diseases. 
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2.6.5 TNF-α, its receptors and signal transduction 

TNF-α brings about its physiological and pathological activities through signal 

transducers activated by specific cell surface receptors. The downstream signaling is 

activated through two transmembrane receptors; TNFR1 and TNFR2, synonymously 

known as P55 and P75 respectively. Both the receptors have cysteine-rich repeats and 

28% homology in their extracellular domains. TNFR1 is universally expressed in 

almost all mammalian tissues; however, the expression of TNFR2 is restricted to the 

cells of the immune system (Banner et al., 1993).  

 

TNF-α binds to both the receptors with equal affinity, but binding with TNFR1 is 

irreversible whereas TNFR2 has both rapid ligand binding and dissociation actions. It 

has been hypothesized that TNFR2 act as a ligand passer, causing increased local 

concentration of TNF by rapid on and off kinetics (Tartaglia et al., 1993). TNF-α 

upon binding with TNFR1 sequentially recruits TNFR-associated death domain 

(TRADD) protein through its death domain (DD) and subsequently binds with 

receptor interacting protein-1 (RIP) and TNFR-associated factor 2 (TRAF2) to form a 

complex of TRADD-RIP-TRAF2 (Varfolomeev and Ashkenazi, 2004). This complex 

then activates IκB kinase which phosphorylates IκB leading to its degradation and 

NF-κB activation. Activated NF-κB not only evokes the transcription of several genes 

but also induce the expression of TNF-α itself. NF-κB regulated proteins (cytokines, 

chemokines etc) are responsible for the pro-inflammatory effects of TNF-α. The 

TRADD-RIP-TRAF2 complex is also implicated in the induction of p38 mitogen-

activated protein kinase (p38MAPK), and c-Jun N-terminal kinase (JNK) (Ashkenazi 

and Dixit, 1998).  

 

The signal transduction pathways of TNFR2 are comparatively less clear. It binds 

directly to TRAF2 as it lacks the death domain and can activate both NF-κB and 

MAPK signaling quite well. Additionally, the pro-apoptotic character of TNFR2 is 

mediated through TRAF2 degradation (Varfolomeev and Ashkenazi, 2004).  
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2.6.6 TNF-α in CAD 

TNF-α is among the primary pro-inflammatory cytokines, which is implicated in 

many pathological diseases including; coronary atherosclerotic disease (Sack, 2002), 

insulin resistance, oxidative stress, diabetes, obesity and disease related complications 

(Tedgui and Mallat, 2006; Kleeman et al., 2008). Previous studies have confirmed the 

association of increased serum TNF levels with CAD risk (Pai et al., 2004; Tuomisto 

et al., 2006). Enhanced TNF-α gene expression is associated with the development of 

post-transplant CAD (Ueland et al., 2003). Its essential role in the atherosclerotic 

lesion development has prompted many researchers around the world to further 

investigate its role in CVD, so that it can be used as a therapeutic target for 

inflammatory disorders.  

 

TNF-α has been localized in atheromatous plaques and contribute to the progression 

of atheroma by augmenting the local inflammatory response (Wal et al., 1994). It has 

been evident from human and animal model studies that it aggravates the cellular 

infiltration of the atherosclerotic plaques causing the release of other mediators that 

are related with plaque instability (Kleeman et al., 2008; Kleinbongard et al., 2010). It 

also induces the production and activation of other cytokines from macrophages and 

dendritic cells (Hensel et al., 1987; Carballo et al., 1998; Xaus et al., 2002). IL-6 and 

CRP are among the main inflammatory mediators which are produced under the 

stimulatory effects of TNF-α (Kleeman et al., 2008). It stimulates the production of 

intracellular adhesion molecules, vascular cell adhesion molecules and moncytes 

chemoattractant proteins (MCP) from the vascular walls for the propagation of 

atherosclerosis (Kimura et al., 2004). Its release also promotes the procoagulant and 

inhibits the anti thrombotic process in the endothelial cells (Nawroth and Stern, 1986). 

TNF-α induced macrophages release proteolytic enzymes leading to collagen 

degradation and weakening of the fibrous plaque (Giacconi et al., 2006). Moreover, it 

enhances the susceptibility of the heart to oxidative damage leading to cardio-

ischemia (Lane and Grant, 2000).  
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TNF-α raises plasma triglyceride levels by increasing the concentration of free fatty 

acids and diminishing the clearance of TG rich lipoproteins (v-LDL) from the 

circulation (Feingold et al., 1990; 1994). An increased activity of NF-κB stimulates 

the release of TNF which in turn enhances the expression of acyl-CoA-cholesterol 

transferase-1 thus causing raised cholesterol uptake from differentiating monocytes 

(Lei et al., 2009). Studies on the animal model especially knock out (KO) mouse 

model has also confirmed the contribution of TNF-α in enhanced uptake of oxidized 

LDL by monocytes and macrophages (Kleinbongard et al., 2010). Apo-E KO mice 

demonstrated fatty streak development at 6 weeks of age but, in case of combined 

TNF-α/Apo-E KO mice the fatty streak appeared earlier (Xiao et al., 2009). In 

another study, TNF-α/Apo-E KO mice showed reduced atherosclerotic lesion with 

depressed adhesion molecules and MCP-1 expression (Ohta et al., 2005). Later, the 

reduction in atherosclerotic lesion was observed when the Apo-E KO mice were 

treated with TNF-α antibody (Nilsson-Ohman et al., 2009). These studies highlight 

the essential role of TNF- α in the disease etiology. 

2.6.7 TNF-α in idiopathic DCM 

The evidence of myocardial edema as a consequence of chronic inflammation has 

been reported in 30-60% of IDCM patients (Heymans et al., 2009). Studies on 

xanthine-derived agents that reduce the production of inflammatory mediators 

through transcriptional blockade of inflammatory gene expression have shown to 

improve the clinical outcome of IDCM by improving the ejection fraction and 

reducing ventricular size (Skudicky et al., 2001; Bharmann et al., 2004).   

 

Many inflammatory cytokines have been implicated in the myocardial dysfunction 

associated with IDCM; the first of those studied was TNF-α (Levine et al., 1990). 

Cardiomyocytes have been reported to be the abundant source of TNF-α production 

(Kapadia et al., 1995). Moreover, both the mRNA and receptor proteins of TNF-α 

receptors (TNFR1 and TNFR2) are also expressed on the adult myocytes (Torre-

Amione et al., 1995). Later, another study conducted by Torre-Amione et al. (1996) 

showed elevated plasma levels of TNF-α and soluble TNF receptors in patients with 
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DCM compared with non-failing hearts. In vitro studies revealed a cardiodepressive 

effect of TNF-α on the mammalian heart upon TNF-α exposure (Stein et al., 1996). 

Along with its cardiodepressive effect on the heart, cardiac specific over expression of 

TNF-α lead to the development of dilated cardiomyopathic phenotype in the 

transgenic mice (Kabuta et al., 1997). All these findings concur to suggest that TNF-α 

may be an important mediator of cardiac inflammation evolving to IDCM (Tiret et al., 

2000). 

 

Ahmad et al. (2010) had found that the plasma levels of both TNF-α and its soluble 

receptors TNFR1 and TNFR2 were significantly raised in DCM patients as compared 

to controls in India. Liang et al. (2010) investigated the correlation between SNPs of 

the TNF gene and IDCM in a Han Chinese Population. They found that TNF-α (-308) 

was significantly associated with increased risk of IDCM (Liang et al., 2010).  

2.6.8  TNF-α gene polymorphism  

As the gene encoding for TNF-α is highly inducible, genetic variations in the 

promoter region may influence TNF-α production, thus determining individual’s 

susceptibility to disease. TNF-α secretion shows a high degree of inter-individual 

variability, which is partly genetically determined (Allen et al., 2001). Several 

polymorphisms of the TNF-α gene have been described. This have been implicated in 

the pathogenesis of a number of heart diseases including stroke, CAD and 

hypertension (Allen et al., 2001; Tedgui and Mallat, 2006; Sbarsi et al., 2007). TNF-α 

gene polymorphisms are well studied in terms of association studies. The TNF- α 

gene harbors many polymorphisms in the promoter, intronic and exonic regions but 

the functional SNPs are those that effect the regulation of TNF- α production (Mira et 

al., 1999; Hajeer and Hutchinson, 2000). Variations in the sequence of the regulatory 

motifs can affect the transcriptional activity and hence TNF- α production. Several 

polymorphisms have been identified in the upstream region of TNF-α, they include; -

1031 (T/C), -863 (C/A), -857 (C/A), -376 (G/A), -308 (G/A), -238 (G/A) and -163 

(G/A) (Elahi et al., 2009). Studies on these polymorphisms have reported divergent 

results. Some studies show significant association of TNF-α with CAD, whereas, 
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others show otherwise. Moreover, data regarding the association of TNF-α with CVD 

in Pakistani population is scarce; this research focuses on the different mechanisms 

which effect the etiology of CVD through these polymorphisms.  

2.7 Interleukin 6 (IL-6): a candidate gene in CVD 

2.7.1 Discovery and physiological role    

The discovery of the interaction of T and B lymphocytes in the antibody production 

was done by two groups Claman et al. and Miller and Mitchell in 1968. They reported 

that the presence of T lymphocytes is a pre-requisite for antibodies production 

(Claman et al., 1968; Miller and Mitchell, 1968).This mechanism hypothesized the 

release of certain unknown factors from T cells, causing B cell differentiation. This 

hypothesis was later confirmed by the presence of this factor in the cultured 

supernatant of T cells, which induced B cells differentiation and proliferation and was 

named as B cell stimulatory factor-2 (Kishimoto and Ishizaka, 1973). The cDNA 

encoding this factor was cloned in 1986 and named as IL-6 (Hirano et al., 1986). This 

molecule has been attributed to various names owing to its wide range of functional 

activities and research interests of different research groups. These include; 

hepatocyte stimulating factor, Hybridoma/plasmacytoma growth factor (Suematsu et 

al., 1989), interferon β2 and 26-kDa protein (Andus et al., 1987). Inflammation, 

hematopoiesis, immune regulation and oncogenesis are the main biological functions 

of IL-6. The IL-6 activities have been further clarified through multiple research 

studies and now humanized anti-IL-6 receptor antibody is being used therapeutically 

for various inflammatory disorders like systemic juvenile idiopathic arthritis and 

rheumatoid arthritis (Kishimoto, 2010).  

2.7.2 Structure of IL-6 

Human IL-6 is a single glycoprotein chain with a molecular mass of about 26kDa 

(Keller et al., 1996). The gene encoding IL-6 is mapped on chromosome 7p21, is 

approximately 5 Kb compared to 7 Kb for the mouse (Tanabe et al., 1988) consisting 
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of five exons and four introns and has three transcription initiation sites (Sehgal et al., 

1986).  

Several transcriptional factors including nuclear factor kappa B (NF-κB), nuclear 

factor IL-6 (NF-IL-6), activator protein-1 and the multiple response element mediate 

the IL-6 promoter activation whereas steroids control elements that suppress its 

activity. The IL-6 promoter has several recognition sites for these transcriptional 

factors including: glucocorticoid-responsive element, NF-κB-binding site, an 

activating protein-1 binding site, a c-fos serum responsive element, a c-fos 

retinoblastoma control element, NF-IL-6 and a cAMP responsive element (Ray et al., 

1988; 1999; Sehgal, 1992). In addition to the complexity derived from organization of 

the IL-6 promoter, alternative splicing of IL-6 mRNA increases phenotypic variability 

of IL-6 (Kestler et al., 1999).  

 

Human IL-6 is produced as a precursor protein of 212 amino acids. The mature 

polypeptide consists of 183-185 amino acids depending on the site of cleavage of the 

signal peptide (Snouwaert et al., 1991). The first 28 amino acids from the amino-

terminuscan be removed from the mature human IL-6 molecule without affecting its 

biological activity (Brakenhoff et al., 1989). In contrast, the Carboxy-terminus 

appears to be important: the removal of four amino acids result in complete loss of 

biological activity (Krüttgen et al., 1990). Mature IL-6 is composed of four α-helices 

linked together with loops and an additional mini-helix (Somers et al., 1997). In 

serum, IL-6 is bound with α-macroglobulin which protects the cytokine from cleavage 

by the proteases and probably functions as a transporter protein (Matsuda et al., 

1989).  

2.7.3 IL-6 and its receptor 

IL-6 executes its broad range of actions through the IL-6 receptor (IL-6R) which was 

first isolated in 1988 by Yamasaki and colleagues. The IL-6R gene is located on 

chromosome 1q21 (Kluck et al., 1993) encoding 5 Kb mRNA with a coding region of 

1401 bp (Yamasaki et al., 1988). It shares 53% homology with the rat hepatic IL-6R 

sequence (Baumann et al., 1990). IL-6R mainly consists of an alpha and the beta 
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chain. The α subunit is an 80kDa trans-membrane glycoprotein, binds IL-6 with low 

affinity and strongly expressed on the activated B cells and plasma cells (Hirano, 

1998). This cytoplasmic domain does not transduce signals. IL-6 activates 

glycoprotein 130 (gp130) through the soluble (50kDa) form of IL-6Rα arising from 

proteolytic cleavage of membrane bound IL-6Rα (Heinrich et al., 1998).   

 

The β subunit of IL-6R is a 130kDa trans-membrane glycoprotein expressed on 

almost all cell types but predominantly on the activated B and plasma cells. Its D2 and 

D3 domain interact with IL-6/IL-6Rα complex to form a trimer. This trimer as such is 

not capable of signaling, and the D1 domain of gp-130 is required for making the 

higher order activation complex (Kurth, 1999). Functional studies have indicated that 

IL-6 signaling complex is a hexamer consisting of IL-6, IL-6Rα and gp-130 

(Papanicolaou et al., 1998). This sequential assembly of IL-6 signaling complex 

results in activation of the Janus kinase (JAK) followed by phosphorylation and 

nuclear localization of a member of the signal transducer and activator of transcription 

(STAT) family of transcriptional factors (Hirano, 1998). 

2.7.4 IL-6 expression, signal transduction and regulation 

The family of interleukin 6 type cytokines is among the most important mediators that 

are involved in the regulation of the acute-phase response to injury and infection. This 

family comprises of IL-6, leukaemia inhibitory factor, IL-11, ciliary neurotrophic 

factor, cardiotrophin-1, oncostatin M and cardiotrophin-like cytokine (Heinrich et al., 

2003). These mediators have both pro- as well as anti-inflammatory properties thus 

having specific roles in acute-phase and immune response. They activate target genes 

which are involved in proliferation, differentiation, survival and apoptosis. Therefore, 

impaired regulation of IL-6-type cytokine signaling evolves several inflammatory 

diseases like; osteoporosis, rheumatoid arthritis, multiple sclerosis, inflammatory 

bowel disease and various types of cancer (Heinrich et al., 2003).   

 

IL-6 is expressed by different kinds of cells including activated macrophages, 

lymphocytes, fibroblasts, and vascular smooth muscle cells. IL-6 is produced under 
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the influence of IL-1 and TNF-α (Rattazzi et al., 2003). Unlike IL-1 and TNF-α, its 

production and release from the contracting skeletal muscle fibers has placed IL-6 as 

a myokine whose secretion is known to increase during strenuous exercise causing 

increased circulation (Petersen and Pedersen, 2005).  

 

The hexameric complex formed as a result of IL-6/IL-6R interaction comprises of two 

molecules each of IL-6, IL-6R and gp130 proteins. The gp130 protein is ubiquitously 

expressed in almost all the tissues and its transmembrane domain transduces the 

signal across the membrane (Hibi et al., 1990). Although, the intra-cytoplasmic 

portion of gp130 lacks the kinase domain, the stimulation of cells with IL-6 induced 

tyrosine phosphorylation suggested the presence of an unknown tyrosine kinase. This 

novel family of tyrosine kinases known as JAK family was discovered by 

Silvennoinen and his colleagues (Silvennoinen et al., 1993). Later, a new transcription 

factor was isolated in1994 which was initially called as acute-phase responsive factor 

(Akira et al., 1994). This factor now known as STAT-3, induced by JAK, dimerizes 

and translocated in the nucleus causing gene activation (Zhong et al., 1994).  

 

The regulation of IL-6 holds essential importance as deregulation can precipitate 

inflammation and inflammatory disorders. Natural sophisticated regulatory 

mechanisms have been unveiled to prevent overstimulation of IL-6 mediated signal 

transduction. Protein tyrosine phosphatases inhibit the phosphorylation of the signal 

transduction components cascade by covering the active site of tyrosine kinase by its 

SH2 domain (Hof et al., 1998). Another negative feedback mechanism involves 

protein inhibitors of activated STATs (PIAS). The PIAS family comprises of five 

mammalian members in which PIAS-3 specifically inhibit STAT-3-mediated gene 

expression after IL-6 stimulation (Chung et al., 1997). The third and most essential 

mechanism for the regulation of IL-6 signaling was emerged with the discovery of the 

suppressor of cytokine signaling (SOCS) proteins. SOCS also known as STAT-

induced STAT inhibitors (SSIs) act as classical feedback inhibitors (Naka et al., 

1997). This notion was supported by the evidence of the rapid up regulation of 

expression of SOCS proteins by IL-6 (Starr et al., 1997). SOCS-1 and SOCS-3 are 
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functionally most related specific inhibitors of IL-6-type cytokine signaling. They act 

on the JAKs thereby hindering the phosphorylation of gp130, STATs and the JAKs 

themselves (Starr et al., 1997).  

2.7.5 IL-6 and CAD 

The central role of inflammation in atherosclerosis is a well established fact now but 

the mediators that affect the atherosclerotic outcome are still unclear. Although 

scientists have unraveled many inflammatory markers and their associated regulators, 

but the researchers are unable to delineate the exact mechanisms through which these 

mediators could be controlled so that disease outcome can be altered. Among these 

biomarkers IL-6 has a vital role in the acute phase response as it not only induces the 

release of CRP; it is also involved in the progression of atherosclerotic plaque along 

with IL-18, IL-10, oxidized LDL, TNF-α and fibrinogen (Amstrong et al., 2006). IL-6 

is among the proximal mediators that propagate the inflammatory cascades in various 

tissues thereby exerting its pro-inflammatory effects through hepatic stimulation 

causing the release of positive acute-phase proteins during tissue injury or infection 

(Le and Vilcek, 1989; Kerr et al., 2001).  The investigation of IL-6 in relation to 

coronary heart disease has been relatively limited owing to its short half life and 

person to person variability. Moreover, epidemiological studies involving CAD and 

inflammation mainly focus on the downstream acute phase reactants like CRP as it is 

relatively stable (Folsom et al., 2006). However, many prospective studies of IL-6 

levels in various populations have been carried out but they have yielded divergent 

results; odds ratios: 1.0 to 3.0 (Ridker et al., 2000; Luc et al., 2003; Pai et al., 2004; 

Folsom et al., 2006).  

 

Danes and co-researchers assessed the long term IL-6 levels and the consequent CAD 

risk in 24,230 participants. They concluded the association of IL-6 with 

cardiovascular risk thus highlighting the potential relevance of IL-6 mediated 

pathways to CHD (Danes et al., 2008). Higher levels of IL-6 have been moderately 

associated with some traditional risk factors like abnormal lipid profile, smoking and 

diabetes (Pickup, 2004; Ritchie and Connell, 2007; Yanbaeva et al., 2007). Two 
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genetics consortia have been published in “The Lancet” in 2012, mainly focusing on 

the role of the IL-6 pathways upstream of CRP involving the IL6R. In the 

collaborative meta-analysis including 82 studies, the causal association of IL6-R 

related pathways and CAD was evident through large scale human genetic and 

biomarker data (IL6R Genetics Consortium and Emerging Risk Factors Collaboration, 

2012). Moreover, The Asp358Ala variant in the IL6R gene have been shown to 

attenuate the interleukin signaling on hepatocytes, monocytes and macrophages 

causing reduced production of the downstream proteins like CRP and fibrinogen. This 

highlighted role of tocilizumab (a monoclonal antibody that blocks the interleukin-6 

receptor) as a novel therapeutic agent in the prevention of CHD (Interleukin-6 

Receptor Mendelian Randomization Analysis Consortium, 2012). More large 

population based studies are required to understand this intricate risk- benefit balance 

prevention of CAD.  

 

Researchers are now focusing on the quest to find new therapeutic pathways involved 

in the atherosclerotic process which can be targeted to improve the clinical outcome 

of the CAD patients. The interaction of the coagulation system with the inflammatory 

mediators is now being emphasized. IL-6 is expressed in almost all the stages of 

atherosclerosis beginning from plaque formation to thrombus formation. It stimulates 

the production of tissue factor and monocyte chemoattractant protein from the 

macrophages which directly affect thrombin for fibrin formation and platelet 

activation (Schwartz et al., 2003). Moreover, IL-6 also perpetuates a thrombotic and 

hypo-fibrinolytic effect by stimulating plasminogen activated inhibitors (Levi et al., 

2004).  

2.7.6 Role of IL-6 in idiopathic dilated cardiomyopathy 

Role of inflammatory mediators in IDCM has been proposed in many studies (Cooper 

et al., 2006). In the past, enhanced levels of inflammatory cytokines like IL-6 have 

been proven to contribute in the immune response mediating the IDCM pathogenesis 

(Aukrust et al., 1999). The quest for the exact etiopathogenesis of idiopathic DCM 

has provoked many researchers; therefore many theories are available regarding the 
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underlying cause of this disease. Variations in the circulatory IL-6 levels lead to 

cardiac dysfunction and altered cardiac extracellular matrix because, it directly affects 

cell-cell communications between cardiomyocytes and fibroblasts (Deswal et al., 

2001). Enhanced expression of tissue IL-6/IL-6 receptor mRNA in cardiac and 

skeletal muscle along with increased plasma levels have been reported in advanced 

heart failure (Plenz et al., 1998). 

 

Increased levels of serum IL-6 and CRP have been reported in DCM patients 

(Ishikawa et al., 2006). The production of CRP under the influence of IL-6 impose 

direct pro-inflammatory effects on human endothelial cells by stimulating 

macrophage differentiation and enhanced endothelial expression of adhesion 

molecules (Pasceri et al., 2000;  Ishikawa et al., 2006). This endothelial dysfunction 

has been proposed to aggravate IDCM progressing to heart failure, thus indicating an 

active role of IL-6 (Katz et al., 2005). Being a primary cytokine, TNF-α has the 

ability to induce IL-6 gene and protein expression causing a cytokine cascade leading 

to heart failure (Feldman et al., 2000). Ahemad et al. has reported enhanced IL-6 

levels and its gp130 soluble receptor in DCM patients (Ahmad et al., 2009).  

 

2.7.7: Single nucleotide polymorphisms of IL-6 

 

The involvement of IL-6 in many biologic functions is paralleled by association of 

allelic variants of IL-6 with plasma level and/or various physiologic and 

pathophysiological conditions. An association between functional polymorphisms in 

the regulatory promoter region of the IL-6 gene and CAD would suggest a causal 

association between IL-6, atherosclerosis and CAD (Humphries et al., 2001). Four 

polymorphisms have been identified in the IL-6 gene promoter on chromosome 7:      

-597 G>A, -572 G>C, -174 G>C and a fourth polymorphism located at position -373 

with a variable AnTn tract (Fishman et al., 1998; Terry et al., 2000).  

 

IL-6 protein levels are highly heritable and may be under significant genetic influence 

(Worns et al., 2006), although several factors may confound this relationship, 
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including physical activity and metabolic alterations (Wannamethee et al., 2007). The 

-174G>C polymorphism has been reported as functionally important since it 

influences the transcription rate and plasma concentrations of circulating IL-6. The 

haplotype analyses reveal that although multiple SNPs function in the regulation of 

IL-6 expression, the -174 G>C SNP, located 1.2 kb upstream from the start of 

transcription, may be important since endothelial like cells transfected with 

haplotypes including the -174G allele showed the highest transcriptional activity, 

irrespective of the other alleles in the haplotype (Terry et al., 2000). In this same 

study, however, hepatic cell lines showed a different pattern of results, suggesting that 

the regulation of IL-6 expression is a complex interaction of multiple SNPs and may 

vary in different types of tissue (Terry et al., 2000). A recent report on IL-6 gene 

polymorphism in 30 Pakistani families with CAD highlighted it as a novel risk factor 

for CAD (Satti et al., 2013). However, a case control study on the Western Indian 

population reported no association of the -174 G>C gene variant in the IL-6 gene with 

an increased CAD risk (Bhanushali and Das, 2013). These inconsistent results of this 

polymorphism need further elaborative research in our population.  

 

The effect of -572 G>C SNP on IL-6 protein levels has not been extensively studied 

in CVD, although no significant association was found in men enrolled in the West of 

Scotland Coronary Prevention Study (Basso et al., 2002). Some studies have reported 

a positive association (Jia et al., 2010) however; others have reported negative results 

of the IL-6 -572G>C polymorphism in CVD (Coker et al., 2011). Very limited data 

(especially in the Asian population), regarding the role of this polymorphism in CVD 

is available, therefore, the current study has emphasized upon this locus to ascertain 

this polymorphism as a risk factor of CVD in our population.  

2.8  Fibrinolytic and coagulation system 

The coagulation cascade and the fibrinolytic system play critical regulatory roles in 

various pathological processes including cytokine induced immunological response. 

Chronic cardiovascular diseases have been associated with coagulation activation, 
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endothelial dysfunction and increased pro-inflammatory cytokine levels (Szotowski et 

al., 2005).  

2.8.1 Fibrinolytic system 

The fibrinolytic system is involved in various pathophysiological functions via broad-

spectrum enzymes, including; haemostatic balance, angiogenesis, tissue remodeling, 

tumor invasion, and reproduction (Zorio et al., 2008). Fibrinolysis is the ultimate 

result of a series of enzymatic reactions responsible for the degradation of fibrin into 

soluble degraded products. The key players include: plasmin, tissue plasminogen 

activator (t-PA), and urokinase plasminogen activator (u-PA). The degradation of 

fibrin is carried out by plasmin through two plasminogen activators (PA); t-PA and u-

PA.  In circulation, the fibrin dissolution is mainly done by t-PA mediated 

plasminogen activation. On the other hand, u-PA binds to a specific cellular receptor, 

causing enhanced activation of cell bound plasminogen. The activity of these PAs is 

mainly regulated by means of specific plasminogen activator inhibitors (PAIs). So far, 

three PAIs have been discovered, but the foremost fibrinolytic inhibitor en vivo is PAI 

type 1 (PAI-1) (Lijnen et al., 2001).  The t-PA (a serine protease enzyme) is mainly 

released in the blood circulation synthesized as a single chain precursor (sc-tPA) by 

endothelial cells. This sc-tPA is converted to an active two-chain form (t-PA) by 

plasmin. The t-PA has a high affinity for fibrin which itself increases its enzymatic 

activity. This enhanced affinity leads to t-PA induced activation of plasminogen at the 

site of the vascular injury (Kolev and Machovich, 2003). In addition to their 

fibrinolytic profile, the role of plasmin and PAs in tissue proliferation and cellular 

adhesion have been implicated. They have been known to proteolytically degrade the 

extracellular matrix as well as have the ability to regulate the activation of growth 

factors and matrix metalloproteinases (Zorio et al., 2008). 

 

PAI-1 is a single chain glycoprotein, which belongs to the super-family of the serine 

proteases inhibitors, also called serpins (Dellas and Loskutoff, 2005). It is produced 

by endothelial cells, fibroblasts, megakaryocytes, monocytes/macrophages, smooth 

muscle cells, mesothelial cells, peritoneum, adipocytes, liver cells, endometrium, and 
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cardiac myocytes (Zorio et al., 2008). After its synthesis it is stored in platelets, from 

where it is ultimately secreted into the circulation or deposited on the sub-endothelial 

matrix. Once in the bloodstream, it forms complex with either t-PA or vitronectin (a 

thermostable glycoprotein) that stabilizes it and converts PAI-1 into its active form 

(Loskutoff and Samad, 1998; Kohler and Grant, 2000). The enhanced PAI-1 

expression suppresses fibrinolysis in vivo, causing pathological deposition of fibrin 

leading to tissue damage (Aso, 2007). Additionally, PAI-1 regulates the angiogenesis 

and cell replication by directly interacting with vascular cells (Chen et al., 2006). 

Many studies have highlighted the role of PAI-1 as an acute phase reactant as it is 

closely influenced by multiple inflammatory cytokines including: TNF-α, IL-6, IL-1, 

growth factors and hormones (Healy and Gelehrter, 1994; Koike et al., 1996; Seki and 

Gelehrter, 1996; Loskutoff and Samad, 1998).   

2.8.2 Coagulation system 

The pioneer work on the blood coagulation concept was initiated simultaneously by 

Davie and Ratnoff, and Macfarlane in 1964, when they published their respective 

articles in Science and Nature exhibiting the fundamental principles of blood 

coagulation (Davie and Ratnoff, 1964; Macfarlane, 1964). The blood coagulation 

cascade is a proteolytic pathway, comprising of a zymogen (inactive form) which 

upon activation undergoes cleavage, leading to the release of an active factor from the 

precursor molecule. This activation process is regulated by a series of negative and 

positive feedback loops ultimately producing thrombin. The thrombin generation is 

traditionally by three phases, the intrinsic pathway, extrinsic (provides factor X), and 

the final common pathway. The eventual goal of thrombin generation is the 

conversion of soluble fibrinogen to fibrin and clot formation (Davie and Ratnoff, 

1964; Macfarlane, 1964; Palta et al., 2014).  

 

The vascular endothelium possesses a diversity of innate mechanisms that steer the 

coagulation system to either the prevention of clot formation or thrombosis. 

Therefore, a dysfunctional endothelium leads directly or indirectly to bleeding or 

clotting disorders (Achneck et al., 2014). The endothelial course of platelet activation 
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is via two independent pathways. First is the tissue factor (TF)-dependent pathway 

and the second is initiated when the sub-endothelial matrix proteins are exposed as a 

consequence of endothelial disruption (Furie and Furie, 2008). The TF is the primary 

trigger of the extrinsic pathway; it initiates the coagulation by binding with factor 

VIIa, causing activation of factor IX and X, thus resulting in fibrin formation 

(Breitenstein et al., 2010).   

 

TF is a 47 kDa transmembrane glycoprotein with structural homology to class II 

cytokine receptors (Bazan, 1990). It is commonly expressed in both the vascular and 

non-vascular cells. Its constitutive expression in the normal blood vessels is 

principally observed in medial, adventitial, vascular smooth muscle cells, pericytes 

and adventitial fibroblasts (Breitenstein et al., 2010).  Under physiological conditions, 

the expression of TF is minimal in all the tissues. However, various mediators have 

been known to induce TF expression in vitro by binding to their respective receptors. 

These include cytokines, such as TNF-α, IL-1β (Napoleone et al., 1997), CD40 ligand 

(Bavendiek et al., 2002), serotonin (Kawano et al., 2002), histamine (Steffel et al., 

2005), thrombin (Eto et al., 2002), oxLDL (Drake et al., 1991) and VEGF (Camera et 

al., 1999). This induction leads to stimulation of the MAPKs, p38, ERK and JNK 

with concordant activation of transcription factors including; NF-κB, EGR-1 (early 

growth-response gene product-1) and AP-1 (activator protein-1) (Mackman, 1997; 

Mechtcheriakova et al., 2001; Bavendiek et al., 2002). Activation of MAPK causes 

degradation of inhibitor of NF-κB (IκB : inhibitor of NF-κB), thus enabling nuclear 

translocation of NF-κB. TNF-α, histamine and thrombin induces the expression of TF 

through activation of all three MAPKs (Mechtcheriakova et al., 2001; Eto et al., 

2002; Steffel et al., 2005). However, the effect of VEGF is controlled by ERK and 

p38 only (Mechtcheriakova et al., 2001). Moreover, protein kinase C and thrombin 

also induces TF expression by TNF-α and Rho-kinase pathway respectively (Eto et 

al., 2002; Zhang et al., 2007).  

 

The pivotal role of inflammatory mediators in the TF induction point towards the 

close relevance of inflammation and coagulation. The inflammation induced 
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coagulation modification became evident in late 1990s when Levi and colleagues 

demonstrated the mediatory role of cytokines in coagulation activation (Levi et al., 

1997). This cleared the significance of dysfunctional physiological pathways during 

endoxemia along with the fact that the micro-vascular deposition of fibrin contributes 

to the impaired fibrinolytic system causing incomplete fibrin removal (ten Cate et al., 

1997; Taylor, 2001). The widespread deposition of fibrin in response to inflammation 

is due to multiple complex pathways. These pathways include; TF mediated 

generation of thrombin, inhibition of protein S system and impaired endogenous 

thrombolysis mainly due to enhanced PAI-1 levels. These derangements are mediated 

by differential effects of multiple pro-inflammatory cytokines (Levi et al., 1997; 

2003). Many studies have confirmed these findings. For instance; studies in animal 

model (primates) has revealed rapid secretion and liberation of TNF-α and IL-6 in 

response to intravenous endotoxin challenge that led to fibrinolytic and coagulation 

activation (Levi et al., 1994; van der Poll et al., 1994; Biemond et al., 1997; 

Szotowski et al., 2005).  Due to the significant correlation of TF and coagulation, it 

has been proposed to have a role in the pathogenesis of complex CVD.  

2.8.3 Cross talk between inflammation, fibrinolysis, coagulation and 

IDCM 

Although the IDCM patients present with lack of definitive pathology, the presence of 

inflammation has been evident in multiple studies (Lappé et al., 2008; Halley et al., 

2011). A correlative role of inflammation and inflammatory cytokines in the 

progression of IDCM to heart failure has been supported by the use of inhibitors of 

inflammatory cytokines which demonstrated improvement in the disease phenotype 

(Ohtsukaet al., 2001). The role of inflammation specifically in DCM is somewhat 

defined but the triggers of inflammation and what other pathways these inflammatory 

cytokines affect is still ambiguous.  

 

Fibrinolysis and coagulatory mechanisms are extensively connected via various 

mechanisms. Increased plasma PAI-1 levels constitute a risk for ischemic heart 

disease due to impaired thrombolysis, atherosclerosis and matrix remodeling 
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(Demyanets et al., 2007). Cardiomyopathy is the foremost cause of heart failure in 

patients experiencing cardiac transplantation. It has been demonstrated that the blood 

PAI-1 activity of cardiac transplant recipients amplifies at 6 months after 

transplantation, resulting in a hypofibrinolytic condition (Benza et al., 2007). 

Additionally, this endothlial cell damage recurs in DCM patients after transplantation 

due to increased PAI-1 expression and it might play a role in allograft remodeling 

(Schafer et al., 2010).  The PAI-1 is expressed by a variety of cell types including; 

endothelial cells (Chorostowska-Wynimko et al., 2004), fibroblasts, smooth muscle 

cells, inflammatory cells, and platelets, and is up regulated by inflammatory cytokines 

(Demyanets et al., 2007). In patients with IDCM, the regulators of endothelial cell 

survival and extracellular matrix like endothelin-1 and transforming growth factor-β 

are disturbed (Schäfer et al., 2003; Aharinejad et al., 2005).  Therefore, inflammatory 

mediators affect the cardiomyopathic disease pathology, but the exact pathway is 

unclear. 

 

On the other hand, TF is expressed in transverse part of the intercalated disk (Luther 

et al., 2000). The abundance of TF expression by cardiomyocytes in the human heart 

implies its role beyond hemostasis (Luther and Mackman, 2002). Moreover, this TF 

expression was observed to be correlated with the cardiomyocytes contact sites, 

thereby suggesting its role in maintaining the contractile ability and structural 

integrity of the myocardial muscle (Luther et al., 2000; Luther and Mackman, 2002).  

Studies conducted in mice that expressed low levels of human TF demonstrated a 

myocardial defect with ventricular dysfunction, hemosiderin deposition and 

myocardial fibrosis (Pawlinski et al., 2002). However, whether these defects are also 

present in patients with DCM is still not known. Moreover, the close association of 

immunological responses with TF and PAI-1 has already been discussed and cannot 

be ruled out. Therefore, to explore new etiological pathways and therapeutic targets 

for DCM diagnosis and management these pathways should be explored.  
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2.9 Aims of the study 

� To document the incidence of CVD in a Pakistani population and to identify 

the specific risk factors of CVD in the community. 

� To investigate the association of variant genotypes of TNF-α -1031 and -863 

with CAD in a Pakistani population. 

� To study the association of IL-6 gene polymorphisms (-174, -572) with CAD 

in patients suffering from the disease. 

� To determine the association of TNF-α (-238, -308, -857, -863, -1031) and IL-

6 (-174, -572) gene polymorphisms with IDCM. 

� To highlight the role of fibrinolytic and coagulation markers in IDCM patients 

with relation to TNF-α and IL-6 gene polymorphisms. 

� To unveil the novel entities in the etiology of idiopathic DCM.  
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3 MATERIALS AND METHODS 

The present study includes basic, clinical, biochemical and genetic analyses of the 

study population consisting of patients with cardiovascular diseases and their 

respective controls. The work presented here was approved by Institutional Review 

Board (IRB) Quaid-e-Azam University, Islamabad. Informed written consent (for the 

biochemical and genetic analyses) was obtained from the study participants according 

to the Declaration of Helsinki.   

 

3.1: Study population 

 

The work presented here was conducted in a Pakistani population mainly representing 

three regions; Punjab, Khyber Pakhtoon Khwa (KPK) and Federal capital, Islamabad. 

The federal capital city of Islamabad is located at the crossroads of Punjab and KPK. 

An ethnic mix of populations resides in this area. The study population included the 

subjects belonging to these regions are now permanent residents of Islamabad. The 

epidemiological as well as genetic studies in this region would be beneficial in 

understanding the disease etiopathogenesis in the community.  

3.1 Epidemiological study 

The samples for the epidemiological study were collected during 2010 to 2011. This 

epidemiological case-control study was carried out to determine the prevalence of 

various cardiovascular risk factors in the study population. The patient samples were 

recruited from cardiology outpatient department (OPD) of National institute of heart 

disease, Rawalpindi, and Pakistan institute of medical sciences, Islamabad; Whereas, 

control samples were collected from: the general OPD who were attending for routine 

health check up; the medical students, and volunteers from the general population. A 

total of 835 patients (555 males and 280 females) and 794 control subjects (486 males 

and 308 females) were included in this study. A questionnaire was designed to 

characterize both patients and control subjects. Questionnaire included personal 

information (name, sex, age, and ethnicity); risk factor information (Family history, 
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smoking,); record of physical measures (weight, height, blood pressure etc.) and 

medical history (disease profile & clinical symptoms). Patients with documented 

history of cardiovascular disease [Hypertension (HTN), Coronary artery disease 

(CAD), dilated cardiomyopathy (DCM)] were enrolled in this study. Diagnostic tests 

for CVD included: electrocardiography (ECG), chest X-ray, echocardiography and 

angiography. The age-matched controls were unrelated healthy individuals 

representing the same geographic location and ethnic population as the patients. Their 

clinical histories were reviewed by two independent cardiologists who were unaware 

of the objectives of study. Control subjects had normal ECG, no history of cardiac 

diseases and no symptoms of other metabolic diseases.   

3.1.1 Study group of patients with CAD 

This case-control study was carried out in the Department of Biochemistry, Quaid-i-

Azam University, Islamabad, during 2011 and 2012. It was aimed to investigate the 

association between the IL-6 and TNF-α gene polymorphisms and CAD. In this study, 

350 patients with documented CAD and 350 healthy control subjects were enrolled. 

The study subjects were assessed on the basis of physical and clinical history, ECG, 

chest X-ray, echocardiography and angiography. Angiographic evidence showing 

>50% stenosis of at least one segment of a major coronary artery was defined as CAD 

(Ledru et al., 2001). The control subjects were from the same ethnic and geographic 

region as patients. The control subjects, who lacked any history/symptom of any type 

of cardiac disease (had normal ECG), were included.  

3.1.2 Study group of patients with IDCM 

This case-control study was carried out in the Department of Biochemistry, Quaid-i-

Azam University, Islamabad, to inspect the association between the IL-6 and TNF-α 

gene polymorphisms and IDCM. This group includes 250 unrelated patients with 

IDCM and 300 unrelated healthy controls with the same ethnic and geographical 

background. The diagnosis of IDCM was based on patient’s history, physical 

examination, ECG, and echocardiogram (Aplio-XV Toshiba, Japan) according to the 

World Health Organization (Richardson et al., 1996). Chest X-ray demonstrated 
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generalized ventricular enlargement. Electrocardiogram showed non-specific ST 

segment and T-wave changes.  IDCM patients were diagnosed on echocardiographic 

evidence of left ventricular enlargement, left ventricular systolic dysfunction (ejection 

fraction ≤40%) and end-diastolic diameter >34 mm/m2 (Tiret et al., 2000), excluding 

any known cause of myocardial disease. Patients with hypertension, CAD, atrial 

fibrillation and ventricular arrhythmias were excluded from the study. The control 

subjects were clinically healthy with a normal ECG and echocardiography, with no 

symptoms of any concomitant disease, and had no personal or familial history of 

cardiomyopathy or other heart-related diseases. 

3.2 Physical and demographic parameters                       

A questionnaire regarding the physical and demographic information was filled by 

each subject of the study population by trained health professionals through personal 

interview. Personal data including age, gender, weight, height and demographic data 

comprised of family history, smoking, physical activity and blood pressure (BP) were 

recorded in questionnaire. According to the revised criteria for Asian population the 

category of overweight was defined as BMI ≥25 Kg/m2 (WHO, 2004). Height and 

weight were measured for each participant by using calibrated scales. The BP was 

recorded using a standard mercury sphygmomanometer. At  least  two  readings  at  

10 minute  interval  were  recorded  and  in  case  of  an  abnormal  reading, another  

reading  was  obtained  after  30  minutes. Systolic blood pressure (SBP) of 140 

mmHg or greater and Diastolic blood pressure (DBP) of 90 mmHg or greater was 

diagnosed as HTN (Chobanian et al., 2003). 

3.3 Sample collection and processing            

Aseptic veinipuncture technique was used for the collection of venous blood samples 

from subjects of the study population. Venous blood in plane vacutainer tubes was 

collected and allowed to clot at room temperature. The tubes were then centrifuged 

(Centrifuge 5417R, eppendorf) for 5 minutes at 4000 rpm to separate serum from 

cellular components and kept at -80ºCfor further analysis. Ethylenediamine tetra 



Materials and Methods 

 

Role of Inflammatory Cytokine Gene Polymorphism in Pathophysiology of Cardiovascular 

Disease  52 

 

acetic acid (EDTA) tubes (BD, USA) were used to collect the whole blood samples 

and stored at 4ºC for molecular analysis.  

3.4 Biochemical analyses 

Biochemical analyses were performed for the determination of serum TC, TG, LDL-

C, HDL-C, v-LDL-C, uric acid and hs-CRP by using specific diagnostic kits. The 

assay procedures were carried out according to the manufacturer’s instruction manual. 

Fully automated chemistry analyzer (Vitalab Selectra E chemistry analyzer, 

Netherland) was used for detection of lipid profile and uric acid whereas, hs-CRP was 

determined using Roche/hitachi-904 chemistry analyzer (Roche diagnostics, 

Indianapolis; USA).  

3.4.1 Determination of Total Cholesterol (TC) 

Serum TC concentration was determined by enzymatic method using AMP 

Diagnostic kit, Austria. In this method the cholesterol level is determined after 

enzymatic hydrolysis and oxidation. The indicator quinnoneimine is formed from 

hydrogen peroxide and 4-aminoantipyrine in the presence of phenol and Peroxidase. 

  

Assay Principle 

Cholesterol-ester + H2O    
cholesterol esterase

       Cholesterol + Fatty acids 

Cholesterol + O2 
cholesterol esterase

                 Cholestene-3-one + H2O2 

 H2O2 + Phenol + 4-Aminoantipyrine   
Peroxidase Quinnoneimine + H2O 

 

Assay Procedure 

The analysis was performed at 37oC temperature at a wavelength of 500 nm through 1 

cm optical path. 10µl standard/sample was mixed with 1000 µl of reagent containing; 

50 mmol/L pipes buffer, 5 mmol/L sodium cholate, 24 mmol/L phenol, 0.5 mmol/L 4-

aminoantipyrine, 200 U/L cholesterol oxidase, 180 U/L cholesterol esterase and 1000 

U/L peroxidase. Reagent blank was diluted with 10 µl distilled water. After 1 hour of 

reaction preparation, the absorbance of the sample was read against blank. The TC 



Materials and Methods 

 

Role of Inflammatory Cytokine Gene Polymorphism in Pathophysiology of Cardiovascular 

Disease  53 

 

concentration was calculated by using the formula: (OD of sample/OD of standard) x 

concentration of standard.  

3.4.2 Determination of triglyceride (TG) 

The serum TG concentration was measured by enzymatic colorimetric method using 

AMP Diagnostic kit, Austria.  

 

Assay Principle 

Triglycerides   +   H2O        lipoprotein  Lipase Glycerol  +    Fatty acid 

Glycerol   +   ATP    Glycerol Kinase Glycerol-3-Phosphate + ADP 

Glycerol-3-Phosphate   + O2
     Glycerol-3-Phosphate  Oxidase       Dihydroxyacetone-P + H2O2 

2 H2O2 + 4-Aminoantipyrine + p-Chlorophenol     Peroxidase    Red Quinnoneimine  

 

Assay Procedure 

The analysis was performed at 37oC temperature at a wavelength of 500 nm through 1 

cm optical path. This assay was performed by using 1 ml of reagent including; 50 

mmol/L pipes buffer, 2.7 mmol/L p-chlorophenol, 14.8 mmol/L Mg2+, 10 µmol/L 

potassium ferrocyanate, 3.15 mmol/L ATP, 0.31 mmol/L amino-4-antipyrine, 500 

U/L glycerol kinase, 2000 U/L lipoprotein lipase, 4000 U/L glycerol -3- phosphate 

oxidase and 500 U/L peroxidase, was mixed with 10 µl standard/sample in separate 

reaction tubes. Reagent blank was diluted with 10 µl distilled water. The absorbance 

of the sample was read against blank after 10 mins of reaction preparation The TG 

concentration of the sample was calculated by using the formula: (OD of sample/OD 

of standard) x concentration of standard.  

 

3.4.3 Determination of low-density lipoprotein (LDL-C) 

The LDL concentration was determined for each individual by using Frieldwald et al. 

(1972).  

LDL- cholesterol = Total cholesterol – (HDL) - (TG/5)  
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3.4.4 Determination of high-density lipoprotein (HDL-C) 

The serum HDL concentration was measured by Immuno-inhibition method using 

AMP Diagnostic kit, Austria.  

Assay Procedure 

Briefly, 240 µl of reagent 1 (30 mmol/L Goods buffer, 2700 U/L Ascorbic oxidase, 

0.9mmol/L 4AA, Antihuman β-lipoprotein antibody and 2400 U/L Peroxidase) was 

added to 2.5 µl of sample or calibrator. Analysis was carried out at 37ºC temperature 

at wave length of 593 nm in 1cm optical path.  Reaction mixture was incubated for 4 

mins. The optical density (OD) 1 was read against reagent blank. Further, 60 µl of 

reagent 2 (30 mmol/L Goods buffer, 2000 U/L CO, 4000 U/L CHE, and 0.8 mmol/L 

F-DAOS) was added to each reaction tube. The OD 2 was read after 5 mins of 

incubation. The HDL-cholesterol concentrations were determined by using the 

formula:  

(OD2-OD1 of sample/OD2-OD1 of standard) x concentration of standard  

3.4.5 Determination of very-low density lipoprotein (v-LDL-C)  

The v-LDL-C concentration was calculated by using the following formula: 

v-LDL-C = TG/5  

3.4.6 Determination of serum uric acid  

Serum uric acid levels were measured by enzymatic colorimetric method using AMP 

Diagnostic kit, Austria.  

 

Assay principle  

Uric acid + O2 + 2H2O       Uricase       Allantoin + CO2 + H2O2 

 H2O2 + 3, 5-dichloro-2-hydrobenzesulfonic acid + 4-aminophenazone    Peroxidase        

N-(4-antipyrl)-3-chloro-5-sulfonate-p-benzo-quinnoneimine.  
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Assay procedure 

Briefly, 1000 µl of reagent R1 (200 mmol/L of HEPES buffer, 0.25 mmol/L of 4-

aminophenazone, 4 mmol/L of 3, 5 DCHBS, ≥ 1000 U/L of Peroxidase, ≥ 200 U/L of 

Uricase) was added to each 20 µl sample or standard. Analysis was carried out at 

37ºC temperature at 520 nm in 1cm optical path. The absorbance was read against 

reagent blank of 1000 µl of reagent R1. Uric acid levels were calculated by using the 

formula as (OD of sample/OD of standard) x concentration of standard. Standard 

concentration was taken as 10 mg/dL according to the manufacturer protocol.  

3.4.7 Determination of High sensitivity C - reactive protein (hs-CRP)   

C-reactive protein levels of the study population were determined by immuno-

turbidimetric assay using Tina-quant CRP (latex) high sensitive assay kit (Indiana 

Polis, USA).  

Assay Principle 

Anti-CRP antibody (coupled with latex micro-particles) reacts with antigen which 

leads to the formation of the antigen-antibody complex. This agglutination was 

measured at 570 nm turbidimetrically, using Roche/Hitachi 904 chemistry analyzer, 

Roche Diagnostics (Indianapolis, USA). The quantity of hs-CRP is directly 

proportional to the magnitude of change in the sample’s color. 

Assay Procedure 

1000 µl of R1 (TRIS buffer, 16 mmol/L) reagent was added to 20 µl of each sample. 

Latex particles coated with anti-CRP mouse monoclonal antibody [0.1% glycine 

buffer of 50 mmol/L (Reagent 2)] was added. The prepared agglutination of antigen-

antibody complex was read turbidimetrically at 570 nm in chemistry analyzer. The 

actual hs-CRP concentrations were calculated by interpolation from a standard curve 

prepared from the standard of given concentration. The range of hs-CRP was 0.1-20 

mg/L in kit.  The elevated levels of hs-CRP in samples were diluted with 0.9% NaCl 

(1 into 2 ratios). The results were multiplied by dilution factor 3, appropriately.    
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3.5 Enzyme linked immunosorbant assay 

Enzyme linked immunosorbant assay (ELISA) technique was used for the 

determination of the serum tissue plasminogen (t-PA), Plasminogen activator inhibitor 

-1 (PAI-1), Tissue factor (TF) in 180 selected patients with idiopathic DCM.  

3.5.1 Determination of serum t-PA 

Human t-PA concentrations from the serum samples were determined using 

commercial immunoassay kit (AssayMax Human Tissue type plasminogen activator, 

ELISA Kit, AssayPro, U.S.A.) according to the manufacturer's instructions. The 

minimum detectable level of the kit was <0.015 ng/mL with intra-assay and inter-

assay coefficients of variations being 4.6% and 6.7%, respectively. 

Assay principle 

This assay employs sandwich ELISA technique for the determination of t-PA. A t-PA 

specific murine antibody was pre-coated onto the 96 well microplate.The t-PA in 

samples or standards was sandwiched between immobilized antibody and t-PA 

specific biotinylated polyclonal antibody, which was identified by streptavidin 

peroxidase conjugate. All the unbound substances were washed away and peroxidase 

enzyme substrate was added. The color development was stopped and its intensity 

was measured.  

Assay procedure 

All reagents, standards and samples were brought at room temperature and prepared 

as per the manufacturer’s manual. Fifty µL of each sample or standard were added to 

the microplate wells, sealed with covering strip and incubated for two hours at room 

temperature. After incubation, the wells were washed five times with 200 µL wash 

buffer in an automated programmable washer for the removal of the unbound 

conjugate. The plate was properly inverted and the contents were emptied. It was 

tapped 4-5 times on an absorbent paper to completely remove liquid at each step. 

Fifty µL of biotinylated t-PA antibody was then added to each well and the plate was 

sealed and incubated for 30 minutes at room temperature. After incubation, the plate 

was washed again as described above, and then 50 µL of chromogen substrate was 

added per well. The plate was then incubated for 10 mins or until the optimal color 
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developed. After the development of blue color, 50 µL of stop solution was added to 

each well. The color was changed to yellow and the absorbance was read at 450 nm of 

wave length using a microplate reader immediately. The t-PA concentrations of 

standard and samples were calculated in triplicate reading. A standard curve was 

generated by plotting the graph using standard concentration on the x-axis and the 

corresponding means of absorbance on y-axis. The best-fit line was determined by 

linear regression analysis using log-parameter logistic curve-fit.  The unknown 

sample concentration was determined from the standard curve.  

3.5.2 Determination of serum PAI-1 

Human PAI-1 concentrations from the serum samples were determined using 

commercial immunoassay kit (AssayMax Human plasminogen activator inhibitor-1, 

ELISA, Kit, AssayPro, U.S.A.) according to the manufacturer's instructions. The 

minimum detectable dose of the kit was <50 pg/mL with intra-assay and inter-assay 

coefficients of variations being 5% and 8%, respectively.  

 

Assay principle 

This assay uses the sandwich ELISA technique for determination of PAI-1. A PAI-1 

specific murine antibody has been pre-coated onto the 96 well microplate.The PAI-1 

in samples or standards was sandwiched between immobilized antibody and PAI-1 

specific biotinylated polyclonal antibody was identified by streptavidin peroxidase 

conjugate. All the unbound substances were washed away and peroxidase enzyme 

substrate is added. The color development was stopped and its intensity was 

measured.  

 

Assay procedure 

All reagents, standards and samples were brought to room temperature (20-30ºC) and 

prepared as per the manufacturer’s manual. Fifty µL of each sample or standard was 

added to the microplate wells, sealed with cover strip and incubated for two hours at 

room temperature. After incubation, the wells were washed five times with 200 µL 

wash buffer in an automated programmable washer for the removal of the unbound 
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conjugate. The plate was properly inverted and the contents were emptied. It was 

tapped 4-5 times on an absorbent paper to completely remove liquid at each step. 50 

µL of biotinylated PAI-1 antibody was then added to each well and the plate was 

sealed and incubated for one hour at room temperature. After incubation, the plate 

was again washed five times with 200 µL wash buffer as described above. Fifty µL of 

streptavidin peroxidase conjugate was added per well and the plate was incubated for 

30 minutes. After incubation, the plate was again washed (five times with 200 µL 

wash buffer), and 50 µL of chromogen substrate was added per well. The plate was 

then incubated for 10 minutes until the optimal color developed. After the 

development of blue color, 50 µL of stop solution was added to each well. The color 

was changed to yellow and the absorbance was read at 450 nm wave length using a 

microplate reader immediately. The PAI-1 concentrations of standard and samples 

were calculated in triplicate reading. A standard curve was generated by plotting the 

graph using standard concentration on the x-axis and the corresponding means of 

absorbance on y-axis. The best-fit line was determined by linear regression analysis 

using log-parameter logistic curve-fit.  The unknown sample concentration was 

determined from the standard curve.  

3.5.3 Determination of serum TF 

Human TF concentrations from the serum samples were determined using commercial 

immunoassay kit (AssayMax Human Tissue factor, ELISA Kit, AssayPro, U.S.A.) 

according to the manufacturer's instructions. The minimum detectable level of the kit 

was 10 pg/mL with intra-assay and inter-assay coefficients of variations being 5.9% 

and 7%, respectively.  

 

Assay principle 

This assay utilizes the sandwich ELISA technique for determination of TF. A TF 

specific murine antibody has been pre-coated onto the 96 well microplate.The TF in 

samples or standards was sandwiched between immobilized antibody and TF specific 

biotinylated polyclonal antibody, which was identified by streptavidin peroxidase 

conjugate. All the unbound substances were washed away and peroxidase enzyme 
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substrate was added. The color development was stopped and its intensity was 

measured.  

 

Assay procedure 

All reagents, standards and samples were brought to room temperature (20-30ºC) and 

prepared as instructed in the manual. Fifty µL of each sample or standard was added 

to the microplate wells, sealed with cover strip and incubated for two hours at room 

temperature. After incubation, the wells were washed five times with 200 µL of wash 

buffer in an automated programmable washer for the removal of the unbound 

conjugate. The plate was properly inverted and the contents were decanted. It was 

tapped 4-5 times on an absorbent paper to completely remove liquid at each step. 50 

µL of biotinylated TF antibody was then added to each well and the plate was sealed 

and incubated for one hour at room temperature. After incubation, the plate was again 

washed five times with 200 µL wash buffer in an automated programmable washer. 

Fifty µL of streptavidin peroxidase conjugate was added per well and the plate was 

incubated for 30 mins. After incubation, the plate was again washed (five times with 

200 µL wash buffer), and 50 µL of chromogen substrate was added per well. The 

plate was then incubated for 10 minutes until the optimal color developed. The plate 

was tapped gently for through mixing. After the development of blue color, 50 µL of 

stop solution was added to each well. The color was changed to yellow and the 

absorbance was read at 450 nm of wave length using a microplate reader immediately. 

The TF concentrations of standard and samples were calculated in triplicate reading. 

A standard curve was generated by plotting a graph using standard concentrations on 

the x-axis and the corresponding means of absorbance on y-axis. The best-fit line was 

determined by linear regression analysis using log-parameter logistic curve-fit.  The 

unknown sample concentration was determined from the standard curve.  
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3.6 Molecular genetics analysis               

3.6.1  Genomic DNA extraction      

Standard phenol-chloroform extraction technique was used for the extraction of 

genomic DNA from whole venous blood samples (Sambrook et al., 1989). Equal 

volumes (750 µL) of whole blood and red cell lysis solution A [10 mM Tris of pH 7.5 

(BDH, England), 0.32 M Sucrose (BDH, England), 1% v/v Triton X-100 (Sigma-

Aldrich MO, USA), 5 mM MgCl
2 

(Sigma-Aldrich MO, USA)] were added in a 1.5 ml 

micro-centrifuge tube, mixed several times by gently inverting tube, and left for 10-15 

minutes at room temperature. After 15 mins, the tube was centrifuged for 1 minute at 

13,000 rpm in a microcentrifuge 5417 R (eppendorf, Germany). The supernatant was 

discarded and the pellet was re-suspended in 400 µL of solution A, and was re-

centrifuged for 1 minute at the same speed.  The supernatant was again discarded and 

nuclear pallet was re-suspended in 400 µL of white blood cell lysis solution B [10 

mM Tris (pH 7.5), 2 mM EDTA of pH 8.0 (BDH, England), 400 mM NaCl (BDH, 

England)], 12 µL of 20% SDS solution (BDH, England) and 8 µL (20 mg/mL) of 

Proteinase K (Fermentas, Germany), and digested at 37ºC overnight.  

The next day, after dissolution of the nuclear pellet, 500 µL of freshly prepared 

solution of equal volume of phenol [solution C (Sigma-Aldrich MO, USA)] and 

solution D [24:1; chloroform and iso-amyl alcohol (BDH, England)] was added in the 

1.5 ml eppendorf tube. The samples were mixed and centrifuged for 10 minutes at 

13,000 rpm. The upper layer (aqueous phase) was shifted to a new tube containing 

500 µL of solution D and centrifuged again for 10 minutes at 13,000 rpm. The 

aqueous phase was transferred to a new tube and genomic DNA was precipitated by 

adding 55 µL of 3 M sodium acetate (pH 6) and 500 µL of iso-propanol (BDH, 

England). DNA was then allowed to settle for some time and centrifugation was 

carried out again at 13,000 rpm for 10 minutes. The supernatant was removed and the 

DNA pellet was washed with chilled (stored at -20°C) 70% ethanol (BDH, England),  

and dried at 37°C. After evaporation of residual ethanol, DNA was dissolved in DNA 

dissolving buffer (Tris-EDTA, Sigma-Aldrich MO, USA) and stored at 4°C for 

molecular analysis.  
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3.6.2 DNA quantification and dilution  

The quantification of DNA was carried out by Gene Ray UV photometer (Germany). 

The OD was read at wavelength of 260 nm. The stock DNA was diluted to 300 ng/µL 

for PCR amplification.  

3.6.3 Agarose gel electrophoresis for confirmation of DNA 

Extracted genomic DNA was analyzed and confirmed on 1% (w/v) agarose gel which 

was prepared by melting 0.5 gm of agarose (Sigma-Aldrich Mo, USA) in 50 mL of 

1X TBE buffer (Tris 89.1 mM, EDTA 2.5 mM, Borate 88.9 mM) in a microwave 

oven. Ethidium bromide (5 µL) was added to stain the gel; sample combs were placed 

in the gel tray prior to pouring the agarose mixture and the gel was left to set at room 

temperature. Once polymerized, the gel combs were removed and the DNA sample (3 

µL) admixed with dye [(0.25% bromophenol blue with 40% sucrose solution) (MBI, 

Fermentas, Life Sciences, UK)] was loaded in the wells. Electrophoresis was carried 

out using horizontal gel electrophoresis apparatus (Cleaver Scientific Ltd, UK) at 100 

volts (50 mA) for half an hour in 1X TBE running buffer. Genomic DNA was 

confirmed by visualizing the gel on UV-transilluminator (Dolphin-DOC Gel Image 

System; USA).  

3.6.4 Polymerase chain reaction (PCR)  

Polymorphisms in TNF-α and IL-6 gene were detected by PCR.  The reaction was 

performed in a total volume of 50 µL including; 300 ng of DNA, 4 µL of 25mM 

MgCl2 (MBI-Fermentas, UK), 2.5 µL from 10 pmol of each primer, 1 µL of dNTPs 

(10 mmol/L), 5 µL of 10X Taq buffer (750 mM of tris-HCl pH 8.8, 200 mM 

(NH4)2SO4 and 0.1% Tween 20), 0.5 µL of Taq DNA polymerase (MBI-Fermentas, 

UK) and 31.5 µL of PCR grade water in 200 µL PCR tubes (Axygen, USA). The 

mixture was centrifuged at 8,000 rpm for 20 seconds for complete mixing. The 

procedure was performed in the GeneAmp® PCR System 9700 (Applied Biosystems 

Inc, Foster City, Calif.).  
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PCR conditions for TNF-α (-308 and -238) and IL-6 (-174 and -572) were as follows. 

Initial denaturation at 95ºC for 5 minutes, followed by 40 cycles of 3 steps: 

denaturation at 95ºC for 1 minute, primers annealing for 1 minute, and primers 

extension or polymerization at 72ºC for 1 minute. The final extension cycle was 

carried out at 72ºC for 10 minutes. PCR conditions for TNF-α (-857, -863, -1031) 

were: Initial denaturation at 94ºC for 12 minutes, followed by 35 cycles of 

denaturation (at 94ºC for 30 sec), annealing (at 59ºC for 1 min),extension  (72ºC for 2 

min). The final extension cycle was carried out at 72ºC for 2 minutes. Primers, 

annealing temperature and amplicon size are listed in Table 3-1. 

 

3.6.5 Agarose gel electrophoresis for PCR amplified DNA 

Amplified DNA products were confirmed by 2% agarose gel electrophoresis using the 

appropriate DNA ladder (MBI-Fermentas, UK). Two percent agarose gel (2% w/v) 

was prepared by melting 1 gm of agarose (Sigma-Aldrich Mo, USA) in 50 mL of 1 X 

TBE buffer (Tris 89.1 mM, EDTA 2.5 mM, Borate 88.9 mM) in a microwave oven. 

Ethidium bromide (7 µL) was added to stain the gel; sample combs were placed in the 

gel tray prior to pouring the agarose solution and the gel was left to set at room 

temperature. Once polymerized, the gel combs were removed and the PCR product (3 

µL) admixed with dye [(0.25% bromophenol blue with 40% sucrose solution) (MBI, 

Fermentas, Life Sciences, UK)] was loaded in the wells. Electrophoresis was carried 

out using horizontal gel electrophoresis apparatus (Bio-Rad, USA) at 100 volts (50 

mA) for half an hour in 1 X TBE running buffer. The PCR amplifiedDNA was 

confirmed by visualizing the gel on UV- transilluminator (Dolphin- DOC Gel Image 

System; USA).  

3.6.6 Restriction fragment length polymorphism     

Restriction Fragment Length Polymorphism (RFLP) technique was used for 

genotyping of the study samples. The PCR amplified DNA was treated with 

restriction enzymes (MBI Fermentas, UK) specific for each SNP listed in Table 3.1. A 

total of 20 µL reaction mixture containing: 12 µL of PCR purified DNA, 0.3 µL of 
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restriction enzyme (MBI, Fermentas, Life Sciences, UK), 2 µL of 10X Buffer (10 mM 

Tris-HCL (pH 7.5), 0.1 mg/ml BSA, 10mM MgCl2, 50 mM NaCl) and 5.7 µL  of 

nuclease-free water was added in PCR tubes (Axygen, USA). The reaction mixture 

was placed in an incubator at 37ºC for 16 hours. After digestion, each sample 

admixed with 5 µL of gel loading dye (bromophenol blue) was separated on ethidium 

bromide (10 mg/mL) stained agarose gel (3% for IL-6 -174, -572, TNF-α -1031; 4% 

for TNF-α -238, -308, -857, -863) using 1kb DNA ladder (MBI-Fermentas, UK). The 

genotypes of the respective loci based on the restriction fragment length were 

visualized by using UV-transilluminator (Dolphin- DOC Gel Image System; USA).  

3.7 Meta analysis 

Meta-analysis of IL-6 (-174, -572) and TNF-α (-238, -308, -857, -863, and -1031) 

gene polymorphisms was also conducted in the present work to investigate the 

association of these polymorphisms with CVD with respect to other populations. The 

search strategy and the selection criterion of all the meta-analysis followed the 

Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) 

criteria (Moher et al., 2009). 

3.7.1 Search strategy for identification of studies  

A literature search was conducted for studies that investigated the association between 

the TNF-α (-238, -308, -857, -863, and -1031) and IL-6 gene polymorphisms (-174, 

and -572) and cardiac diseases. The electronic database Pubmed, Embase and Google 

Scholar was utilized for the identification of the articles in which the TNF-α and IL-6 

polymorphisms were determined in CVD patients and controls (up to June 2014). 

Additionally, all references mentioned in the identified articles were reviewed 

manually for additional studies that were not indexed. The key words and terms used 

for the literature search were: “IL-6” or “interleukin-6”, “TNF-α” or “Tumor necrosis 

factor alpha”, “dilated cardiomyopathy” or idiopathic dilated cardiomyopathy” or 

“coronary artery disease” or “CAD” or “coronary heart disease” or “CHD” or “acute 

coronary syndrome” or “myocardial infarction” or “MI” or “ischemic stroke” or 

“ischemic cardiovascular disease” or “stroke” or “ischemic cardiovascular events” or 
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“cerebrovascular disease” or “cerebral infarction” or “brain infarction” or “cerebral 

ischemia” or “brain infarction” and “gene” or “polymorphisms” or “variant”.  

3.7.2 Inclusion criteria and data extraction 

All the original studies involving the associations between IL-6 and TNF-α gene 

polymorphism and atherosclerotic cardiovascular diseases were selected. There was 

no limitation on sample size, language, time period or population. The studies which 

met the following criteria were chosen for inclusion in the analysis: 

 

• The study design was a case–control or prospective cohort study 

• The IL-6 and TNF-α gene was tested in cardiovascular disease patients and 

controls 

• The paper provided the sample size, distribution of alleles, genotypes, or other 

information that could be used to infer the results [estimating an odds ratio 

(OR) with 95% confidence interval (CI)].  

For confirmation, data was reanalyzed by two independent investigators. Consensus 

was reached by discussion, and a third investigator was involved when necessary. The 

following information was extracted from each article: first author, year of 

publication, country where the study was conducted, source of control group, 

genotyping method, distribution of alleles, genotypes in the case and control groups 

and deviation from Hardy-Weinberg equilibrium (HWE) of the control group (P<0.05 

was considered significant deviation from HWE).  

3.7.3 Statistical investigation of the included studies  

All the statistical tests used were performed by Comprehensive meta-analysis version 

2.2.064 (www.Meta-Analysis.com). The ORs with their 95 % CI for alleles and 

genotypes were used to assess the strength of association between the polymorphisms 

and CVD risk. The combined ORs were respectively calculated for four genetic 

models (allelic model; additive model; recessive model and dominant model). The 

heterogeneity was assessed by using the Cochran’s Q statistical test and the I-squared 

test. The heterogeneity was considered significant when P<0.10 and I2>50 %. If no 
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heterogeneity was found, the pooled OR estimate of each study was calculated by the 

fixed-effects model. Otherwise, the random-effects model was used (Overton and 

Randell, 1998). The fixed-effects model assumes that genetic factors have similar 

effects on CVD susceptibility across all the studies, and variations observed between 

the studies are by chance alone (Egger et al., 1997). The random-effects model 

presumes that different studies show substantial diversity. Moreover, it analyses both 

within the study sampling errors and between the study variances (DerSimonian and 

Laird, 1986). The random-effects model was used when significant between the study 

heterogeneity existed. The quantification of the effect of heterogeneity was carried out 

by I2 = 100% x (Q-df)/Q (Egger et al., 1997), where I2 (ranges between 0-100%) 

represents the proportion of inter-study variability due to heterogeneity rather than 

chance. Begg's funnel plot and Egger's regression test was done for the assessment for 

publication bias (P<0.05 was considered representative of statistically significant 

publication bias) (Egger et al., 1997). Subgroup analyses were also performed based 

on ethnicity (Asian and western) and the disease status.  

3.8 Statistical analysis 

Statistical analysis was carried out by GraphPad Prism for Windows Version 5.00 

(GraphPad Software, Inc., California). The baseline and clinical variables of the study 

population (age, BMI, lipid profile, hs- CRP, uric acid, serum t-PA, PAI-1 and TF) 

are mentioned as mean ± SD. The comparative analyses between the study groups 

were done by chi-square and independent student’s t test. The comparison of the risk 

factors (age, lipid profile, BMI, blood pressure) among the control group and CVD 

patients group was analyzed by One way analysis of variance (ANOVA) followed by 

post tukey’s test. In the association (case-control) study groups, the genotype 

frequencies were analyzed by conventional chi-square (2 x 3 contingency table) 

between the controls and patients group. Whereas, the genotype model (dominant and 

recessive) and allelic frequencies were analyzed by chi-square or fisher’s exact test (2 

x 2 contingency table) depending on the number of samples. The association was 

further tested by binary logistic regression analysis in the presence of covariates using 

Minitab for windows, version 16 (Minitab Inc., State College, Pa). The chi-square test 
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was also used to evaluate the haplotype analysis and HWE in patients and controls. 

The serum levels of hs- CRP, uric acid, serum t-PA, PAI-1 and TF were analyzed on 

the basis of the genotypes of the TNF- alpha and IL-6 loci by independent student’s t 

test. P value <0.05 was considered statistically significant. The meta- analysis was 

done by Comprehensive meta-analysis version 2.2.064 (www.Meta-Analysis.com).  
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4 RESULTS 

4.1 Epidemiological analyses of the study population 

The epidemiological analyses of the study population were carried out to investigate 

the prevalence of CVD and the factors that increase the risk of development of CVD 

in the study population.  

4.1.1 Baseline, clinical and biochemical characteristics of the study population   

The baseline, clinical and biochemical features are summarized in Table 4.1. Eight 

hundred and thirty five patients with mean age of 53.19 ± 11.85 and 794 healthy 

controls with mean age of 53.76 ± 9.7 were analyzed in this case-control study. The 

patient’s group had significantly higher BMI, SBP, DBP and lipid profile as compared 

to controls (P<0.05).  

4.1.2 Gender based analyses of the study population  

The study population was divided on the basis of gender to analyze the clinical and 

biochemical characteristics between males and females (Table 4.2). The study 

population consisted of 64% (n = 1041) males with mean age of 53.38 ± 11.15 and 

36% (n = 588) females with mean age of 53.61 ± 10.33 years. Some risk factors like 

BMI, TC, TG and v-LDL were significantly increased in female group, whereas, other 

risk factors like blood pressure, LDL, HDL and TC: HDL showed insignificant 

differences between the study groups.  

 

To further inspect the risk factors, the patient group was divided on the basis of 

gender and then analyzed (Table 4.3). The female patients (n = 280) had significantly 

higher SBP, TC, TG, LDL and v-LDL when compared with male patients (n = 555). 

The DBP and HDL did not show any significant differences among both groups.  
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4.1.3 Characteristics of the study population according to the smoking status 

and BMI 

The division of the study population according to the smoking status and BMI (≤25 

and ≥25 kg/m2) was done to study the effect of these risk factors independently. The 

smokers (n = 447) had significantly raised blood pressure and low HDL and TC: HDL 

when compared with non-smokers (n = 1179). The other risk factors (TC, TG, LDL-

C, and v-LDL) were also high in the smokers group but the results were insignificant 

(Table 4.4).  

 

The study subjects with BMI ≥25 kg/m2 (n = 765) also had significantly elevated 

SBP, DBP, TC, LDL and TC: HDL (Table 4.5) when compared to individuals with 

BMI ≤25 kg/m2 (n = 864).  

4.1.4 Clinical and biochemical characteristics of the study population according 

to age 

The role of age as a risk factor was also investigated in the current study and the 

samples were segregated according to their respective age (Table 4.6). The persons 

with age ≤45 years (n = 398) had the highest levels of lipid profile including TC, TG, 

LDL, v-LDL and HDL among the three (≤45, 46-55, ≥56 years) groups (P<0.05). The 

comparison of the risk factors with in groups revealed no significant difference 

between the age groups ≤45 and 46-55 years (n = 584). However, the group with age 

≥56 years (n = 647) showed significantly low levels of lipid profile (TC, TG, LDL-C, 

HDL-C, v-LDL) when compared with other groups independently.  

4.1.5 Clinical and biochemical characteristics of the study population according 

to the disease phenotype 

Among the whole population studied, 51% (n = 835) suffered from multiple CVDs 

including CAD, HTN and DCM, whereas, 49% (n = 794) did not suffer from any 

cardiac disease (Table 4.7). The patient group had significantly high SBP, DBP, TC, 

TG, LDL, v-LDL and TC: HDL (P<0.0001) as compared to controls. HDL was 

significantly higher in controls (P<0.0001). The post hoc tukey’s test revealed 
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significant differences for all clinical and biochemical parameters (age, BMI, SBP, 

DBP, TC, TG, LDL, HDL, v-LDL and TC: HDL ratio) across the groups. The classic 

cardiovascular risk factors were overrepresented in the HTN group than in the 

remaining groups (controls, CAD, DCM). HTN patients were younger, had higher 

values of BMI, TC, TG, LDL and v-LDL levels; and lower levels of HDL. On the 

other hand, the patients with DCM (n = 250) had the lowest lipid levels among CVD 

cases. The CAD group (n = 413) had significantly (P<0.0001) elevated risk factors 

when compared with controls but they were less than those of HTN group (Table 

4-6).  
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Table 4-1: Clinical and biochemical characteristics of control subjects and 
patients with CVD          

 

Values are given as means ± SD. a 
P value calculated by Student’s independent 

samples t test (unpaired). * 
P value (<0.05) indicates statistical significance. * 

P values 

were calculated on log-transformed scale. n, Number of subjects; BMI, Body mass 

index; BP, Blood pressure; HDL-C, High-density lipoprotein cholesterol; LDL-C, 

Low-density lipoprotein cholesterol; SD, Standard Deviation; TC, Total cholesterol; 

v-LDL, Very-low density lipoprotein 

 

 

 

 

 

Characteristics Controls (n = 794) Patients (n = 835) P value a 

Age  (years) 53.76 ± 9.7 
 

53.19 ± 11.85 0.291 

BMI  (Kg/m2) 24.82 ± 3.62 25.24 ± 3.60 0.01* 

Systolic BP (mm Hg) 119.55 ± 11.01 136.91 ± 24.63 < 0.0001* 

Diastolic BP (mm Hg) 82.44 ± 6.98 86.68 ± 13.65 < 0.0001* 

TC (mg/dL) 152.67 ± 25.11 168.43 ± 49.98 < 0.0001* 

Triglycerides (mg/dL) 137.04 ± 58.31 147.34 ± 67.80 0.001* 

LDL-C (mg/dL) 85.69 ± 24.50 98.98 ± 37.48 < 0.0001* 

HDL-C (mg/dL) 40.03 ± 12.68 35.50 ± 11.54 < 0.0001* 

v-LDL (mg/dL) 29.95 ± 10.69 29.5 ± 13.57 < 0.0001* 

TC:HDL 4.07 ± 1.11 5.04 ± 1.85 < 0.0001* 
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Table 4-2: Clinical and biochemical characteristics of male and female subjects 
in the overall study population 

Characteristics Male (n = 1041) Female (n = 588) P value a 

Age  (years) 53.38 ± 11.15 53.61 ± 10.33 0.68 

BMI  (Kg/m2) 25.17 ± 3.49 24.79 ± 3.82 0.04* 

Systolic BP (mm Hg) 128.48 ± 20.46 128.40 ± 22.20 0.93 

Diastolic BP (mm Hg) 84.62 ± 10.79 84.60 ± 11.70 0.96 

TC (mg/dL) 160.26 ± 40.37 165.20 ± 39.72 0.01* 

Triglycerides (mg/dL) 141.21 ± 65.77 148.72 ± 60.31 0.02* 

LDL-C (mg/dL) 92.42 ± 31.35 92.63 ± 34.48 0.90 

HDL-C (mg/dL) 37.33 ± 12.62 38.39 ± 11.75 0.09 

v-LDL (mg/dL) 28.24 ± 13.15 29.74 ± 12.06 0.02* 

TC:HDL 4.60 ± 1.59 4.5  ± 1.64 0.41 

 

Values are given as means ± SD. a 
P value calculated by Student’s independent 

samples t test (unpaired). * 
P value (<0.05) indicates statistical significance. * 

P values 

were calculated on log-transformed scale. n, Number of subjects; BMI, Body mass 

index; BP, Blood pressure; HDL-C, High-density lipoprotein cholesterol; LDL-C, 

Low-density lipoprotein cholesterol; SD, Standard Deviation; TC, Total cholesterol; 

v-LDL, Very-low density lipoprotein 
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Table 4-3: Clinical and biochemical characteristics of female and male subjects 
in the patient group 

Characteristics Male (n = 555) Female (n = 280) P value a 

Age  (years) 53.25 ± 11.86 53.06 ± 11.84 0.83 

BMI  (Kg/m2) 25.18 ± 3.54 25.37 ± 3.72 0.45 

Systolic BP (mm Hg) 135.39 ± 23.47 139.92 ± 26.56 0.01* 

Diastolic BP (mm Hg) 86.21 ± 13.35 87.61 ± 14.22 0.16 

TC (mg/dL) 164.16 ± 49.62 176.92 ± 49.70 <0.0001* 

Triglycerides (mg/dL) 141.67 ± 68.55 158.58 ± 64.93 0.001* 

LDL-C (mg/dL) 95.78 ± 36.24 105.31 ± 39.13 0.001* 

HDL-C (mg/dL) 35.17 ± 11.81 36.16 ± 10.99 0.24 

v-LDL (mg/dL) 28.33 ± 13.70 31.81 ± 13.02 < 0.0001* 

TC: HDL 4.97 ± 1.86 5.19 ± 1.82 0.10 

 

Values are given as means ± SD. a 
P value calculated by Student’s independent 

samples t test (unpaired). * 
P value (<0.05) indicates statistical significance. * 

P values 

were calculated on log-transformed scale. n, Number of subjects; BMI, Body mass 

index; BP, Blood pressure; HDL-C, High-density lipoprotein cholesterol; LDL-C, 

Low-density lipoprotein cholesterol; SD, Standard Deviation; TC, Total cholesterol; 

v-LDL, Very-low density lipoprotein 
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Table 4-4: Clinical and biochemical characteristics of smokers and non- smokers 
in the study population   

 

Characteristics Smokers  
(n = 447) 

Non-smokers  
(n = 1179) 

P value a 

Age  (years) 52.74 ± 10.94 53.76 ± 10.82 0.09 

BMI  (Kg/m2) 25.23 ± 3.46 24.95 ± 3.66 0.16 

Systolic BP (mm Hg) 131.80 ± 21.97 127.18 ± 20.65 <0.0001* 

Diastolic BP (mm Hg) 85.38 ± 11.56 84.30 ± 10.94 0.08 

TC (mg/dL) 164.22 ± 43.50 161.18 ± 38.88 0.17 

Triglycerides (mg/dL) 146.59 ± 72.44 142.96 ± 60.47 0.30 

LDL-C (mg/dL) 93.31 ± 32.15 92.15 ± 33.02 0.52 

HDL-C (mg/dL) 36.19 ± 10.89 38.28 ± 12.79 0.002* 

v-LDL (mg/dL) 29.31 ± 14.48 28.59 ± 12.09 0.30 

TC: HDL 4.81 ± 1.74 4.48 ± 1.55 <0.0001* 

 

Values are given as means ± SD. a 
P value calculated by Student’s independent 

samples t test (unpaired). * 
P value (<0.05) indicates statistical significance. * 

P values 

were calculated on log-transformed scale. n, Number of subjects; BMI, Body mass 

index; BP, Blood pressure; HDL-C, High-density lipoprotein cholesterol; LDL-C, 

Low-density lipoprotein cholesterol; SD, Standard Deviation; TC, Total cholesterol; 

v-LDL, Very-low density lipoprotein  
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Table 4-5: Table 4.5: Clinical and biochemical characteristics of the study 
population with respect to BMI 

 

Characteristics BMI ≤ 25  
(n = 864) 

BMI ≥ 25  
 (n = 765) 

P value a 

Age  (years) 53.25 ± 11.27 53.70 ± 10.38 0.40 

Systolic BP (mm Hg) 126.62 ± 19.93 130.52 ± 22.17 <0.0001* 

Diastolic BP (mm Hg) 83.60 ± 11.32 85.76 ± 10.79 <0.0001* 

TC (mg/dL) 159.04 ± 39.87 165.43 ± 40.31 0.001* 

Triglycerides (mg/dL) 143.70 ± 62.74 144.17 ± 65.31 0.880 

LDL-C (mg/dL) 89.92 ± 32.89 95.41 ± 31.82 0.001* 

HDL-C (mg/dL) 37.25 ± 11.11 38.23 ± 13.54 0.112 

v-LDL (mg/dL) 29.74 ± 12.54 28.83 ± 13.06 0.18 

TC: HDL 4.52 ± 1.64 4.63 ± 1.57 <0.0001* 

 

Values are given as means ± SD. a 
P value calculated by Student’s independent 

samples t test (unpaired). * 
P value (<0.05) indicates statistical significance. * 

P values 

were calculated on log-transformed scale. n, Number of subjects; BMI, Body mass 

index; BP, Blood pressure; HDL-C, High-density lipoprotein cholesterol; LDL-C, 

Low-density lipoprotein cholesterol; SD, Standard Deviation; TC, Total cholesterol; 

v-LDL, Very-low density lipoprotein 
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Table 4-6 
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Table 4-7 
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4.2 TNF-α and IL-6 gene promoter polymorphism and risk of CAD  

This case control study was carried out to investigate the TNF-α (-863C>A,                

-1031T>C) and IL-6 (-174G>C, -572G>C) gene promoter polymorphisms in CAD 

cases and healthy controls from a Pakistani population. Three hundred and fifty CAD 

patients and 350 healthy controls were enrolled in this study. The PCR-RFLP 

technique was used for genotyping of the SNPs.  

4.2.1 Baseline, clinical and biochemical characteristics of the study subjects 

The baseline, clinical and biochemical characteristics of the study subjects are listed 

in Table 4.8. The patients and control group were age (P = 0.13) and gender (P = 

0.934) matched (Table 4.8). A significant difference was observed in BMI                

(P <0.0001), smoking status (P<0.0001), SBP (P<0.0001), DBP (P = 0.009), HDL-C 

(P<0.0001), hs-CRP (P<0.0001) and uric acid (P<0.0001) in the patient vs. control 

group. However, no difference was observed in TC, TG, LDL-C and v-LDL among 

the study groups.  

4.2.2  The genotype and allele frequencies of TNF-α (-863C>A, -1031T>C) and 

IL-6 (-174G>C, -572G>C) polymorphisms in the study population  

The genotype and allele frequencies of TNF-α (-863C>A, -1031T>C) and IL-6          

(-174G>C, -572G>C) in the study population according to different genetic models is 

presented in Tables 4.9 and 4.10. The TNF-α -863 variant genotypes (CA+AA) in the 

dominant model showed significantly high prevalence in CAD patients compared to 

healthy controls (χ2 = 83.8, OR = 4.30, P<0.0001; Table 4.9).The -863C allele 

showed strong association with CAD when compared with controls in the additive 

model (OR = 2.36, 95% CI = 1.84-3.01, P<0.0001; Table 4.9). The recessive 

genotype model did not show any association with the disease. The TNF-α -1031T>C 

polymorphism did not show any significant association with CAD in any of the 

genetic models. Therefore, the present study demonstrated a strong link between the 

TNF-α -863C>A variant whereas, lack of association of TNF-α -1031T>C 

polymorphism with CAD was observed. 
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A significantly high prevalence of variant genotypes (GC+CC) of IL-6 -174 (29%, P 

= 0.0007) and -572 (47%, P = 0.01) in the recessive genotype model was documented 

in CAD patients vs. control subjects (Table 4.10). The C allele at -174 (OR = 1.75, 

95% CI = 1.28-2.40, P = 0.0005) and -572 (OR = 1.46, 95% CI = 1.14-1.86) loci also 

showed significant association with CAD compared to controls in the additive model. 

In the dominant model, the IL-6 -572 (GG+GC vs. CC) demonstrated significant 

association (P = 0.02; Table 4.10) whereas; no association was found at the IL-6 -174 

(GG+GC vs. CC) locus. These results strongly suggest the presence of C allele at IL-6 

-174 and -572 as a risk factor for the CAD.   

4.2.3  The TNF-α -863/-1031 and IL-6 -174/-572 haplotype analyses in the study 

population 

The haplotype frequencies of TNF-α and IL-6 are summarized in Table 4-11 and 

Table 4-12. The TNF-α -863A and -1031T bearing alleles showed a significantly 

higher frequency in patients (17%) when compared with controls (6%; P<0.0001). 

Similarly, the haplotype frequency of TNF-α -863A/-1031C was also found to be 

pronounced in the CAD patients than controls (OR = 1.74, 95% CI = 1.29-2.36, P = 

0.0004; Table 4.11). On the contrary, the C-C haplotype frequency did not show any 

significant difference between the two groups. The IL-6 -174/-572 haplotype also 

revealed significant findings. The C-G (P = 0.002), G-C (P = 0.003), and C-C (P = 

0.02) haplotyes of the IL-6 -174/-572 showed significant differences when compared 

with the G-G haplotype (Table 4-12).  

4.2.4 Binary logistic regression analysis of CAD with clinical variables  

Binary logistic regression analysis was applied on the study population for the 

identification of the possible independent association of the clinical variables when 

CAD was used as a response variable. The TNF-α -863C>A (P<0.0001), IL-6             

-174G>C (P = 0.006), -572G>C (P = 0.04), LDL-C (P= 0.04), hs-CRP (P<0.0001) 

and uric acid (P<0.0001) were independently associated with CAD, whereas, TC, TG 

and v-LDL was not associated with the disease in the current study (Table 4.13). The 

TNF-α -1031T>C polymorphism (P = 0.03) and HDL-C (P = 0.001) demonstrated an 

independent association with the controls (Table 4-13).  
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Table 4-8: Basic, clinical and biochemical characteristics of patients with CAD 

and control subjects 

 

Characteristics 
Controls  
(n = 350) 

Patients  
(n = 350) 

P value  

Age  (years) 53.45 ± 10.41 54.64 ± 10.35 0.13 a 

BMI  (Kg/m2) 24.92 ± 3.38 25.98 ± 3.49 <0.0001a* 

Males/Females (n, %) 249/101 247/103 0.934b 

Smokers/non-smokers (n, %) 79/271 169/181 <0.0001b* 

Systolic BP (mm Hg) 120.57 ± 9.96 133.91 ± 25.84 <0.0001a* 

Diastolic BP (mm Hg) 83.14 ± 6.27 85.23 ± 13.61 0.009a* 

TC (mg/dL) 160.29 ± 34.21 161.47 ± 50.53 0.717a 

Triglycerides (mg/dL) 143.08 ± 58.85 143.11 ± 70.11 0.995a 

LDL-C (mg/dL) 91.85 ± 35.42 96.04 ± 35.02 0.117a 

HDL-C (mg/dL) 39.74 ± 10.06 35.71 ± 12.93 <0.0001a* 

v-LDL (mg/dL) 28.15 ± 10.43 28.61 ± 13.99 0.624a 

hs-CRP (mg/dL) 1.147 ± 0.73 1.80 ± 1.20 <0.0001a* 

Uric acid (mg/dL) 4.85 ± 1.27 6.53 ± 2.35 <0.0001* 

 

Values are given as means ± SD. a
P value calculated by Student’s independent 

samples t test (unpaired). b
P value calculated by Pearson chi-square test. P values 

were calculated on log-transformed scale.*P value (<0.05) indicates statistical 

significance. n, Number of subjects; BMI, Body mass index; BP, Blood pressure; 

HDL-C, High-density lipoprotein cholesterol; LDL-C, Low-density lipoprotein 

cholesterol; SD, Standard Deviation; TC, Total cholesterol; v-LDL, Very-low density 

lipoprotein; hs-CRP, high sensitivity C-reactive protein 
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Table 4-9: Analyses of the TNF-α gene -1031T>C and -863C>A polymorphisms 

in the study population according to different genotype models 

 

Values are given in numbers and percentage, P value calculated by Yates corrected 

Chi-square test, *P value (<0.05) indicates statistical significance, n, Number of 

subjects; χ 2, Chi-square; OR, Odds ratio; CI, Confidence interval                                                  

 

TNF-α -1031 
T>C 

Controls 

      n (%) 

350 (100) 

Patients 

n (%) 

350 (100) 

χ 2 OR (95% CI) P value 

Genotype        

TT 206 (58.8) 201 (57.4) 1.78  0.410 
TC 124 (35.4) 120 (34.2)    
CC 20   (5.7) 29   (8.2)    
Dominant      
TT 

 

206 (58.8) 201 (57.4) 0.09 1.060 0.759 
TC+CC 144 (41.1) 149 (42.5)  (0.78 -1.43)  
Recessive      
TT+TC 330 (94.3) 321 (91.7) 1.40 1.491 0.235 
CC 20   (5.7) 29   (8.3)  (0.82 - 2.69)  
Additive      
T 536 (76.6) 522 (74.6) 0.65 1.114 0.418 
C 164 (23.4) 178 (25.4)  (0.87 - 1.42)  
      

TNF-α -863 
C>A 

Controls 

n (%) 

350 (100) 

Patients 

n (%) 

350 (100) 

χ 2 OR (95% CI) P value 

Genotype        

CC 227 (64.8) 105 (30) 93.85  <0.0001* 
CA 114 (32.6) 242 (69.1)    
AA 9 (2.6) 3 (0.9)    
Dominant      
CC 

 

227 (64.9) 105 (30) 83.88 4.30 <0.0001* 
CA+AA 123 (35.1) 245 (70)  (3.13 - 5.91)  
Recessive      
CC+CA 341 (97.4) 347 (99.1) 2.12 0.32 0.142 
AA 9 (2.6) 3 (0.9)  (0.08 - 1.22)  
Additive      
C 568 (81.1) 452 (64.6) 47.77 2.36 < 0.0001* 
A 132 (18.9) 248 (35.4)  (1.84 - 3.01)  
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Table 4-10: Analyses of the IL-6 gene -174G>C and -572G>C polymorphisms in 

the study population according to different genotype models 

 

 

Values are given in numbers and percentage, P value calculated by Yates corrected 

Chi-square test, *P value (<0.05) indicates statistical significance, n, Number of 

subjects; χ 2, Chi-square; OR, Odds ratio; CI, Confidence interval 

IL-6 -174 
G>C 

Controls 

n (%) 

350 (100) 

Patients 

n (%) 

350 (100) 

χ 2 OR (95% CI) P value 

Genotype        

GG 288 (82.3) 249 (71) 12.16  0.002* 
GC 51 (14.6) 83 (24)    
CC 11 (3.1) 18 (5)    
Dominant      
GG+GC 339 (97) 332 (95) 1.29 1.67 0.25 
CC 11   (3) 18   (5)  (0.77 - 3.59)  
Recessive      
GG 288 (82.3) 249 (71) 11.5 1.88 0.0007* 
GC+CC 62 (17.7) 101 (29)  (1.31 - 2.69)  
Additive      
G 627 (89.6) 581 (83) 12.2 1.75    0.0005* 
C 73 (10.4) 119 (17)  (1.28 - 2.40)  

IL-6 -572 
G>C 

Controls  

n (%) 

350 (100) 

Patients  

n (%) 

350 (100) 

χ 2 OR (95% CI) P value 

Genotype        

GG 217 (62) 187 (53.4) 9.31  0.009* 
GC 113 (32.3) 123 (35.1)    
CC 20 (5.7) 40 (11.5)    
Dominant      
GG+GC 330 (92.3) 310 (88.6) 4.92 1.42 0.02* 
CC 20 (5.7) 40 (11.4)  (1.05 - 1.92)  
Recessive      
GG 217 (62) 187 (53.4) 6.58 2.12 0.01* 
GC+CC 133 (38) 163 (46.6)  (1.21 - 3.72)  
Additive      
G 547 (78.1) 497 (71) 9.04 1.46    0.002* 
C 153 (21.9) 203 (29)  (1.14 - 1.86)  
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Table 4-11: Haplotype analysis of TNF-α -863C>A and -1031T>C polymorphism 

in CAD patients and control subjects 

 

 

Values are given in numbers and percentage, P value calculated by Yates corrected 

Chi-square test, *P value (<0.05) indicates statistical significance, n, Number of 

subjects; χ 2, Chi-square; OR, Odds ratio; CI, Confidence interval 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TNF-α         

-863/-1031 

Controls  

n (%) 

350 (100) 

Patients  

n (%) 

350 (100) 

χ 2 OR (95% CI) P value 

C-T 489 (70) 404 (58) Reference 

A-T 45 (6) 121 (17) 41.7 3.25 (2.25 - 4.69) <0.0001* 

C-C 78 (11) 48  (7) 2.00 0.74 (0.50 - 1.09) 0.156 

A-C 88 (13) 127 (18) 12.73 1.74 (1.29 - 2.36) 0.0004* 
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Table 4-12: Haplotype analysis of IL-6 -174G>C and -572G>C polymorphism in 

CAD patients and control subjects 

 

 

Values are given in numbers and percentage, P value calculated by Yates corrected 

Chi-square test, *P value (<0.05) indicates statistical significance, n, Number of 

subjects; χ 2, Chi-square; OR, Odds ratio; CI, Confidence interval 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IL-6 -174/-572 
Controls  

n (%) 

350 (100) 

Patients  

n (%) 

350 (100) 

χ 2 OR (95% CI) P value 

G-G 502 (72) 424  (61) Reference 

C-G 46  (6) 73   (10) 9.6 1.88 (1.27 - 2.77) 0.002* 

G-C 123  (18) 158  (23) 8.99 1.52 (1.16 - 1.99) 0.003* 

C-C 29  (4) 45  (6) 5.62 1.84 (1.13 - 2.98) 0.02* 
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Table 4-13: Binary logistic regression analysis of CAD with clinical variables  

 

Variables Coeff. SE Coeff. Z value OR (95% CI) P value 

Constant 
 

-28.1176 
 

4.28408 
 

-6.56 
 

--------- 
 

---------- 

Age (years) 0.009565 0.009559 1.00 1.01 (0.99-1.03) 0.317 

TC (mg/dL) 
-
0.001333 

 
0.004143 

 
-0.32 1.00 (0.99-1.01) 0.748 

TG (mg/dL) 

 
-

0.005237 
 

 
0.011479 

 
-0.46 0.99 (0.97-1.02) 0.648 

 
LDL-C (mg/dL) 

 
0.008456 

 
0.004175 

 
     2.03 

 
1.01 (1.00- 1.02) 

 
0.04 

 
HDL-C (mg/dL) 

 
-
0.035702 

 
0.010607 

 
-3.37 

 
 

0.96 (0.95 -0.99) 
 

 
0.001 

v-LDL-C (mg/dL) 
 
0.033472 

 

 
0.058012 

 
0.58 1.03 (1.92 -1.16) 0.564 

hs-CRP (mg/dL) 0.814626 0.113689 7.17 2.26 (1.81-2.82) <0.0001 

Uric Acid (mg/dL) 0.507970 0.059873 8.48 1.66 (1.48- 1.87) <0.0001 

TNF-α -863C>A 1.65662 0.216392 7.66 5.24 (3.43- 8.01) <0.0001 

TNF-α -1031T>C 
-

0.466956 
0.213436 -2.19 0.63 (0.41-0.95) 0.03 

IL-6 -174G>C 0.636526 0.231056 2.75 1.89 (1.20-2.97) 0.006 

IL-6 -572G>C 0.377621 0.196159 1.93 1.46 (1.00- 2.14) 0.04 

 

Coeff., coefficient; SE, standard error; Z, zeta; OR, odds ratio; CI, confidence 

interval; All the other variables including; Age, Gender; TC, Total cholesterol; TG, 

Triglycerides; LDL-C, Low-density lipoprotein cholesterol; HDL-C, High-density 

lipoprotein cholesterol; v-LDL, Very-low density lipoprotein; hs-CRP, high 

sensitivity C-reactive protein, TNF-α -863, CC vs. CA+AA; -1031TT vs. TC+CC; IL-

6-174 GG vs. GC+CC; -572 GG vs. GC+CC were taken as independent variables 
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4.2.5 Biochemical characteristics of CAD patients in relation to the TNF-α       

(-863C>A, -1031T>C) and IL-6 (-174G>C, -572G>C) SNPs 

The biochemical characteristics of CAD patients in relation to the TNF- α (-863C>A, 

-1031T>C) and IL-6 (-174G>C, -572G>C) polymorphisms are tabulated in Tables 

4.14 and 4.15. At position -863 of TNF-α, the carriers of the variant genotype 

(CA+AA) had significantly higher levels of TC (P = 0.003), hs-CRP (P = 0.004) and 

uric acid (P<0.0001) than the CC genotype individuals (Table 4.14). Conversely, at 

position -1031 of TNF-α, no significant variation was observed between the wild and 

the variant genotype groups from the study population (Table 4.14).  

 

The biochemical characteristics of CAD patients in relation to IL-6 SNPs also showed 

significant variations. At position -174 the individuals with GC+CC genotype had 

significantly higher levels TC (P = 0.002), hs-CRP (P = 0.003) and uric acid 

(P<0.0001) as compared to those with GG genotype (Table 4.15). Similarly, at -572 

the variant genotype (GC+CC) group showed significantly elevated levels of TC (P = 

0.01), TG (P = 0.02), v-LDL (P = 0.03), hs-CRP (P = 0.005) and uric acid (P<0.0001) 

then the wild (GG) genotype group (Table 4.15).  

4.2.6 The clinical parameters of CAD patients according to the disease severity 

The CAD patients group was divided according to the disease severity: single vessel 

disease (SVD) group (n = 167) and multiple vessel disease (MVD) group (n = 183). 

The MVD group demonstrated a significantly increased BMI (P = 0.01), TC (P = 

0.01), TG (P = 0.04), v-LDL (P = 0.04) and hs-CRP (P = 0.009) when compared with 

SVD group. The LDL-C, HDL-C and uric acid showed no significant difference 

among both groups (Table 4.16).  
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4.2.7 The genotype and allele frequencies of TNF-α(-863C>A, -1031T>C) IL-6 

(-174G>C, -572G>C) in CAD patients in relation to the disease severity 

The genotype and allele frequencies of TNF-α(-863C>A, -1031T>C) and IL-6            

(-174G>C, -572G>C) in the CAD patients are presented in Table 4-17 and Table 

4-18. The dominant and additive models for TNF-α -863 and -1031 and the recessive 

and additive models for IL-6 -174 and -572 were selected for the possible association 

of these SNPs with the disease severity.  

 

The TNF-α -863 variant genotypes (CA+AA) showed significantly high prevalence in 

MVD patients compared to SVD patients (χ2 = 8.38, OR = 2.0, P = 0.004; Table 

4-17). Similarly, the 863C allele showed strong association with MVD when 

compared with SVD patients (OR = 1.3, 95% CI = 1.02 - 1.91, P = 0.04; Table 4-17). 

However, TNF-α -1031T>C, IL-6 -174G>C and -572G>C did not show any 

association with the CAD severity (Table 4-17& Table 4-18). Therefore, TNF-α         

-863C>A polymorphism demonstrated a pronounced association with the CAD 

severity.  
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Table 4-14: TNF-α -863C>A and -1031T>C genotype wise biochemical 

characteristics of the study population 

 

Values are given as means ± SD. P value calculated by Student’s independent 

samples t test (unpaired). P values were calculated on log-transformed scale.*P value 

(<0.05) indicates statistical significance. n, Number of subjects; HDL-C, High-density 

lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol; SD, Standard 

Deviation; TC, Total cholesterol; v-LDL, Very-low density lipoprotein; hs-CRP, high 

sensitivity C-reactive protein  

 

 

 

 
TNF-α -863C>A Polymorphism 

 

Characteristics CC (n = 332) CA+AA (n = 368) P value 

TC (mg/dL) 160.41 ± 40.84 169.72 ± 40.88 0.003* 

Triglycerides (mg/dL) 146.24 ± 66.65 140.24 ± 62.81 0.220 

HDL-C (mg/dL) 38.40 ± 11.60 37.12 ± 11.86 0.150 

LDL-C (mg/dL) 94.54 ± 39.92 96.71 ± 28.19 0.403 

v-LDL (mg/dL) 28.76 ± 12.16 28.03 ± 12.5 0.437 

hs-CRP (mg/dL) 1.45 ± 1.12 1.68 ± 1.00 0.004* 

Uric acid (mg/dL) 5.29 ± 1.82 6.49 ± 2.46 < 0.0001* 

TNF-α -1031T>C Polymorphism 

Characteristics TT (n = 407) TC+ CC (n = 293) P value 

TC (mg/dL) 161.37 ± 44.10 160.20 ± 41.78 0.723 

Triglycerides (mg/dL) 142.99 ± 67.74 143.22 ± 60.28 0.962 

HDL-C (mg/dL) 37.87 ± 11.87 37.53 ±11.59 0.707 

LDL-C (mg/dL) 94.61 ± 36.15 93.02 ± 34.02 0.556 

v-LDL (mg/dL) 28.39 ± 12.87 28.36 ± 11.57 0.978 

hs-CRP (mg/dL) 1.51 ± 1.09 1.42 ± 0.99 0.279 

Uric acid (mg/dL) 5.73 ± 2.16 5.64 ± 1.93 0.580 
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Table 4-15: IL-6 -174G>C and -572G>C genotype wise biochemical 
characteristics of the study population 

 

Values are given as means ± SD. P value calculated by Student’s independent 

samples t test (unpaired). P values were calculated on log-transformed scale.*P value 

(<0.05) indicates statistical significance. n, Number of subjects; HDL-C, High-density 

lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol; SD, Standard 

Deviation; TC, Total cholesterol; v-LDL, Very-low density lipoprotein; hs-CRP, high 

sensitivity C-reactive protein  

 

 

 
IL-6 -174G>C  Polymorphism 

 
Characteristics GG (n = 537) GC+CC (n = 162) P value 

TC (mg/dL) 160.04 ± 43.69 171.98 ± 37.23 0.002* 

Triglycerides (mg/dL) 140.67 ± 61.20 151.24 ± 74.60 0.073 

HDL-C (mg/dL) 37.33 ± 11.52 39.00 ± 12.40 0.113 

LDL-C (mg/dL) 94.26 ± 36.70 92.89 ± 30.12 0.661 

v-LDL (mg/dL) 27.96 ± 11.92 29.73 ± 13.56 0.107 

hs-CRP (mg/dL) 1.44 ± 1.02 1.71 ± 1.10 0.003* 

Uric acid (mg/dL) 5.61 ± 2.07 6.38 ± 2.30 <0.0001* 

 

IL-6  -572 G>C  Polymorphism 

Characteristics GG (n = 404) GC+ CC (n = 296) P value 

TC (mg/dL) 159.06 ± 44.01 167.41 ± 42.25 0.01* 

Triglycerides (mg/dL) 138.17 ± 55.66 149.81 ± 74.85 0.02* 

HDL-C (mg/dL) 37.01 ± 11.22 38.70 ±12.38 0.06 

LDL-C (mg/dL) 93.57 ± 35.17 94.45 ± 35.43 0.74 

v-LDL (mg/dL) 27.54 ± 11.03 29.51 ± 13.86 0.03* 

hs-CRP (mg/dL) 1.45 ± 1.02 1.68 ± 1.11 0.005* 

Uric acid (mg/dL) 5.43 ± 1.84 5.99 ± 2.32 0.0004* 
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Table 4-16: Biochemical characteristics of patients with CAD according to 

disease severity  

 

Characteristics 
SVD  
(n = 167) 

MVD 
(n = 183) 

P value  

Age  (years) 53.81 ± 10.80 55.39 ± 9.88 0.15 

BMI  (Kg/ m2) 25.49 ± 3.28 26.43 ± 3.63 0.01* 

TC (mg/dL) 158.41 ± 51.68 172.45 ± 49.99 0.01* 

Triglycerides (mg/dL) 135.09 ± 67.44 150.42 ± 71.87 0.04* 

LDL-C (mg/dL) 93.71 ± 34.07 98.15 ± 35.82 0.236 

HDL-C (mg/dL) 35.05 ± 13.60 36.31 ± 12.28 0.362 

v-LDL (mg/dL) 27.04 ± 13.46 30.03 ± 14.35 0.04* 

hs-CRP (mg/dL) 1.68  ± 1.07 2.01 ± 1.29  0.009* 

Uric acid (mg/dL) 6.46 ± 2.37 6.82 ± 2.38 0.157 

 

Values are given as means ± SD. P value calculated by Student’s independent 

samples t test (unpaired). P values were calculated on log-transformed scale.*P value 

(<0.05) indicates statistical significance. n, Number of subjects; HDL-C, High-density 

lipoprotein-cholesterol; LDL-C, Low-density lipoprotein cholesterol; SD, Standard 

Deviation; TC, Total cholesterol; v-LDL, Very-low density lipoprotein; hs-CRP, high 

sensitivity C-reactive protein; BMI, Body mass index; SVD, single vessel disease; 

MVD, Multiple vessel disease 
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Table 4-17:  Analyses of the TNF-α gene -863C>A and -1031T>C polymorphisms 

in the CAD patients according to disease severity    

 

TNF-α -863C>A Polymorphism 

Genotype/ 
Allele 

SVD n (%) 
167 (100) 

MVD n (%) 
183 (100) χ 2 OR (95% CI) P value 

CC 63 (38) 42 (23) 
8.38 2.0 (1.27-3.23) 0.004* 

CA+AA 104 (62) 141 (77) 

C 229 (69) 223 (61) 

4.12 1.3 (1.02-1.91) 0.04* 
A 105 (31) 143 (39) 

                                           TNF-α -1031T>C Polymorphism 

Genotype/ 
Allele 

SVD n (%) 
167 (100) 

MVD n (%) 
183 (100) χ 2 OR (95% CI) P value 

TT 102 (61) 99 (54) 
1.46 1.3 (0.86-2.03) 0.226 

TC+CC 65 (39) 84 (46) 

T 259 (78) 263 (72) 

2.68 1.3 (0.95-1.90) 0.10 
C 75 (22) 103 (28) 

 

Values are given in numbers and percentage, P value calculated by Yates corrected 

Chi-square test, *P value (<0.05) indicates statistical significance, n, Number of 

subjects; χ 2, Chi-square; OR, Odds ratio; CI, Confidence interval; SVD, Single vessel 

disease; MVD, Multiple vessel disease  
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Table 4-18: Analyses of the IL-6 -174G>C and -572G>C polymorphisms in the 

CAD patients according to disease severity    

 

IL-6 -174G>C Polymorphism 

Genotype/ 
Allele 

SVD n (%) 
167 (100) 

MVD n (%) 
183 (100) χ 2 OR (95% CI)    P value 

GG 122 (73) 127 (69) 
0.40 1.19 (0.75-1.90) 0.404 

GC+CC 45 (27) 56 (31) 

G 286 (86) 295 (88) 

2.78 1.43 (0.96-2.14) 0.09 
C 48 (13) 71 (19) 

IL-6 -572G>C Polymorphism 

Genotype/ 
Allele 

SVD n (%) 
167 (100) 

MVD n (%) 
183 (100) χ 2 OR (95% CI) P value 

GG 95 (57) 99 (54) 
1.28 1.3 (0.85-1.99) 0.257 

GC+CC 72 (43) 84 (46) 

G 244 (73) 253 (69) 

1.12 1.2 (0.87-1.68) 0.288 
C 90 (27) 113 (31) 

 

Values are given in numbers and percentage, P value calculated by Yates corrected 

Chi-square test, *P value (<0.05) indicates statistical significance, n, Number of 

subjects; χ 2, Chi-square; OR, Odds ratio; CI, Confidence interval; SVD, Single vessel 

disease; MVD, Multiple vessel disease  

 

 

 

 

 



Results 

 

Role of Inflammatory Cytokine Gene Polymorphism in Pathophysiology of Cardiovascular 

Disease  94 

 

4.3 The TNF-α and IL-6 gene promoter region polymorphism and 

risk of IDCM  

This case-control study was done to investigate the association of TNF-α (-238G>A,   

-308G>A, -857T>C, -863C>A, -1031T>C) and IL-6 (-174G>C, -572G>C) gene 

promoter polymorphisms with IDCM in a Pakistani population. Two hundred and 

fifty IDCM patients and 300 healthy controls were enlisted in this study. The PCR-

RFLP technique was used to confirm the SNP.  

4.3.1  Baseline, clinical and biochemical characteristics of the study subjects 

The baseline, clinical and biochemical characteristics of the study subjects are listed 

in Table 4.19. The patients with mean age 53.01 ± 14.77 and controls with mean age 

of 53.78 ± 13.41 were included. The patients group contained 72% and 28%, and the 

control group contained 69% and 31% males and females, respectively. Among 

patients, 36% were smokers whereas the control group had 17% smokers. The SBP 

(P<0.0001), hs-CRP (P<0.0001) and uric acid (P<0.0001) were significantly elevated 

in the patients group (Table 4.19). On the contrary, the controls group had 

significantly higher TC (P = 0.0004), TG (P = 0.02), LDL-C (P<0.0001), HDL-C 

(P<0.0001) and v-LDL (P = 0.02).  

4.3.2 TNF-α -238G>A, -308G>A, -857T>C, -863C>A, -1031T>C genotype and 

allele frequencies in the study population 

The analysis of the TNF-α -238G>A  and -308G>A polymorphism in IDCM cases 

and controls under various genetic models is tabulated in Table 4.20. The TNF-α -238 

variant genotypes (GA+AA) in the dominant model showed significantly high 

prevalence in IDCM patients compared to healthy controls (χ2 = 6.83, OR = 1.71, P = 

0.0009; Table 4.20).The -238A allele showed strong association with the disease 

when compared with controls in the additive model (OR = 1.66, 95% CI = 1.85-2.33, 

P = 0.004; Table 4.20). The recessive genotype model did not show any association 

with the disease. 
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Similarly, the TNF-α -308G>A analysis revealed a significantly highly prevalence of 

the variant genotype in all the genetic models (Dominant: P<0.0001; Recessive: P = 

0.002) showing a very strong relationship of this SNP with the disease. The -308A 

allele frequency was significantly high in the patients when compared to the control 

group in the additive model (P<0.0001; Table 4.20).  

 

The genotype and allele frequencies of TNF-α (-857C>T, -863C>A, -1031T>C) in the 

study population according to different genetic models is presented in Tables 4.21 and 

4.22. There was a significant difference between the genotypes of TNF-α-857 in the 

IDCM patients and healthy controls (P<0.0001; Table 4.21). The -857 variant 

genotype (CT+TT) frequency in the dominant genetic model was significantly higher 

in the patients group compared to controls (OR = 3.84, 95% CI = 2.69 - 5.48, 

P<0.0001). Additionally, the recessive (P = 0.0006) as well as the additive 

(P<0.0001) model depicted strong association of the -857T allele with the disease.   

The TNF-α -863 variant genotypes (CA+AA) in the dominant model showed 

significantly high prevalence in IDCM patients compared to the healthy controls (χ2 = 

8.52, OR = 1.68, P = 0.003; Table 4.21).The -863C allele showed strong association 

with the disease when compared with controls in the additive model (OR = 1.52, 95% 

CI = 1.52 - 2.03, P = 0.004; Table 4.21). The recessive genotype model did not show 

any association with the disease. The TNF-α -1031T>C did not show any significant 

association with the IDCM in any of the genetic models (Table 4.22). 

4.3.3 The TNF-α haplotype analyses in IDCM cases and healthy controls 

The haplotype analysis of IDCM cases and controls were carried out by dividing the 

SNPs in two groups. On the basis of the strong association of the TNF-α -308G>A, it 

was combined with -238G>A and -1031C>T in the first group. The second group 

consisted of TNF-α -308G>A, -857C>T and -863C>A. TNF-α haplotype analyses is 

tabulated in the Table 4.23 and 4.24.  

 

The first haplotype group included TNF-α -238G>A, -308G>A, and -1031C>T (Table 

4.23). The haplotypes bearing TNF-α -308A allele showed a significantly higher 

frequency in patients when compared with controls (G-A-C: P<0.0001; A-A-C: 
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P<0.0001; G-A-T: P<0.0001; A-A-T: P<0.0001). However, the haplotypes with the 

TNF-α -308G allele were more frequent in control subjects and the G-G-T haplotype 

was significantly higher in controls (61.6%) than IDCM patients (44.4%; P = 0.02). 

This showed the dominant effect of -308A allele in this haplotype group.  

 

The haplotypes consisted of TNF-α -308G>A, -857C>T and -863C>A are enlisted in 

Table 4.24. This group also demonstrated the dominant effect of the TNF-α -308A 

allele. All the haplotypes with TNF-α -308A allele had significantly increased 

frequency in IDCM patients vs controls (A-C-C: P = 0.0002; A-T-C: P <0.0001; A-C-

A: P = 0.0001 and A-T-A: P<0.0001). Additionally the presence of the -857T allele 

with -863A in the same haplotypes were also significantly associated with the disease 

(Table 4.24).  
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Table 4-19: Basic, clinical and biochemical characteristics of patients with IDCM 

and control subjects 

 

Characteristics 
Controls  
(n = 300) 

Patients  
(n = 250) 

P value  

Age  (years) 53.78 ± 13.41 53.01 ± 14.77 0.517 a 

BMI  (Kg/m2) 25.17 ± 3.30 22.68 ± 2.98 <0.0001a* 

Males/Females (n, %) 208/92 (69/31) 181/69 (72/28) 0.45b 

Smokers/non-smokers (n, %) 51/249 (17/83) 90/160 (36/64) <0.0001b* 

Systolic BP (mm Hg) 121.67 ± 8.69 130.69 ± 22.63 <0.0001a* 

Diastolic BP (mm Hg) 84.06 ± 5.55 82.28 ± 13.61 0.05a 

TC (mg/dL) 167.57 ± 26.43 156.71 ± 44.70 0.0004a* 

Triglycerides (mg/dL) 149.83 ± 58.63 138.18 ± 57.37 0.02 a* 

LDL-C (mg/dL) 101.57 ± 33.81 88.82 ± 37.19 <0.0001a* 

HDL-C (mg/dL) 40.74 ± 8.71 35.28 ± 11.52 <0.0001a* 

v-LDL (mg/dL) 29.93 ± 11.71 27.74 ± 11.53 0.02 a* 

hs-CRP (mg/dL) 1.11 ± 0.73 4.28 ± 4.69 <0.0001a* 

Uric acid (mg/dL) 4.94 ± 1.25 6.54 ± 2.35 <0.0001* 

 

Values are given as means ± SD. a
P value calculated by Student’s independent 

samples t test (unpaired). b
P value calculated byFisher’s exact test. P values were 

calculated on log-transformed scale.*P value (<0.05) indicates statistical significance. 

n, Number of subjects; BMI, Body mass index; BP, Blood pressure; HDL-C, High- 

density lipoprotein cholesterol; IDCM, idiopathic dilated cardiomyopathy; LDL-C, 

Low-density lipoprotein-cholesterol; SD, Standard deviation; TC, Total cholesterol; 

v-LDL, Very-low density lipoprotein; hs-CRP, high sensitivity C-reactive protein 
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Table 4-20: Analyses of the TNF-α gene -238T>C and -308C>A polymorphisms 

in the study population according to different genotype models 

 

Values are given in numbers and percentage, P value calculated by Yates corrected 

Chi-square test, *P value (<0.05) indicates statistical significance, n, Number of 

subjects; χ 2, Chi-square; OR, Odds ratio; CI, Confidence interval 

 

TNF-α -238 
G>A 

Controls 

      n (%) 

300 (100) 

Patients 

n (%) 

250 (100) 

χ 2 OR (95% CI) P value 

Genotype        

GG 240 (80) 175 (70) 7.60  0.02 
GA 50   (17) 60   (24)    
AA 10   (3) 15   (6)    
Dominant      
GG 

 

240 (80) 175 (70) 6.83 1.71 0.009 
GA+AA 60  (20) 75  (30)  (1.159 -2.536)  
Recessive      
GG+GA 290 (96.6) 235 (94) 1.66 1.85 0.197 
AA 10   (3.3) 15   (6)  (0.816 - 4.19)  
Additive      
G 530 (88) 410 (82) 8.29 1.66 0.004 
A 70 (12) 90 (18)  (1.185 - 2.33)  
      

TNF-α -308 
G>A 

Controls 

      n (%) 

300 (100) 

Patients 

n (%) 

250 (100) 

χ 2 OR (95% CI) P value 

Genotype        

GG 223 (74.33) 72 (28.8) 113.7  0.02 
GA 64   (21.33) 149 (59.6)    
AA 13   (4.33) 29   (11.6)    
Dominant      
GG 

 

223 (74) 72 (29) 111.9 7.16 < 0.0001 
GA+AA 77   (26) 178  (71)  (4.911-10.44)  
Recessive      
GG+GA 287 (96.7) 221 (94) 9.20 2.89 0.002 
AA 13   (3.3) 29   (6)  (1.471 - 5.70)  
Additive      
G 510 (85) 293 (59) 95.10 4.00 < 0.0001 
A 90   (15) 207 (41)  (3.007 - 5.33)  
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Table 4-21: Table 4.21: Analyses of the TNF-α gene -857C>T and -863C>A 

polymorphisms in the study population according to different genotype models 

 

Values are given in numbers and percentage, P value calculated by Yates corrected 

Chi-square test, *P value (<0.05) indicates statistical significance, n, Number of 

subjects; χ 2, Chi-square; OR, Odds ratio; CI, Confidence interval 

 

TNF-α -857 
C>T 

Controls 

n (%) 

300 (100) 

Patients 

n (%) 

250 (100) 

χ 2 OR (95% CI) P value 

Genotype        

CC 197 (65.7) 83 (33.2) 60.01  < 0.0001* 
CT 93 (31) 139 (55.6)    
TT 10 (3.3) 28 (11.2)    
Dominant      
CC 

 

197 (65.7) 83 (33.2) 56.22 3.84 < 0.0001* 
CT+TT 103 (34.3) 167 (66.8)  (2.69 - 5.48)  
Recessive      
CC+CT 290 (96.7) 222 (88.8) 11.93 3.65 0.0006 
TT 10 (3.3) 28 (11.2)  (1.74 - 7.69)  
Additive      
C 487 (81.5) 305 (61) 54.02 2.75 < 0.0001* 
T 113 (19) 195 (39)  (2.09 - 3.61)  
      

TNF-α -863 
C>A 

Controls 

n (%) 

300 (100) 

Patients 

n (%) 

250 (100) 

χ 2 OR (95% CI) P value 

Genotype        

CC 194 (64.7) 130 (52) 9.46    0.008* 
CA 98 (32.6) 108 (43.2)    
AA 8 (2.6) 12 (4.8)    
Dominant      
CC 

 

194 (64.7) 130 (52) 8.52 1.68   0.003* 
CA+AA 106 (35.3) 120 (48)  (1.19 - 2.38)  
Recessive      
CC+CA 292 (97.3) 238 (95.2) 1.21 1.84 0.270 
AA 8 (2.7) 12 (4.8)  (0.74 - 4.57)  
Additive      
C 488 (81) 368 (73.6) 8.18 1.52   0.004* 
A 114 (19) 132 (26.4)  (1.52 - 2.03)  
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Table 4-22: Analyses of the TNF-α gene -1031T>C polymorphisms in the study 

population according to different genotype models 

 

Values are given in numbers and percentage, P value calculated by Yates corrected 

Chi-square test, *P value (<0.05) indicates statistical significance, n, Number of 

subjects; χ 2, Chi-square; OR, Odds ratio; CI, Confidence interval 

 

 

 

 

 

 

 

 

 

 

 

TNF-α -1031 
T>C 

Controls 

      n (%) 

300 (100) 

Patients 

n (%) 

250 (100) 

χ 2 OR (95% CI) P value 

Genotype        

TT 176 (58.7) 133 (53) 1.69  0.428 
TC 107 (35.6) 102 (41)    
CC 17   (5.7) 15   (6)    
Dominant      
TT 

 

176 (58.7) 133 (53) 1.44 1.249 0.230 
TC+CC 124 (41.3) 117 (47)  (0.890 -1.752)  
Recessive      
TT+TC 283 (94.3) 235 (94) 0.00 1.06 0.987 
CC 17   (5.7) 15   (6)  (0.51 - 2.17)  
Additive      
T 459 (73.5) 368 (73.6) 1.07 1.168 0.299 
C 141 (23.5) 132 (26.4)  (0.88 - 1.53)  
      



Results 

 

Role of Inflammatory Cytokine Gene Polymorphism in Pathophysiology of Cardiovascular 

Disease  101 

 

Table 4-23: Haplotype analysis of TNF-α -238G>A, -308G>A and -1031C>T 

polymorphism from IDCM patients and control subjects 

 

 

Values are given in numbers and percentage, P value calculated by Yates corrected Chi-

square test, *P value (<0.05) indicates statistical significance, n, Number of subjects; χ 2, 

Chi-square; OR, Odds ratio; CI, Confidence interval 

 

 

 

 

 

 

 

 

 

 

 

TNF- α  -238/         

-308/-1031 

Controls  

n (%) 

300 (100) 

Patients  

n (%) 

250 (100) 

χ 2 OR (95% CI) P value 

G-G-C 95 (15.8) 34  (6.8) Reference 

A-G-C 17  (2.8) 10   (2) 0.78 1.64 (0.68 - 3.93) 0.375 

G-A-C 19  (3.1) 62  (12.4) 48.5 9.11 (4.7 - 17.4) <0.0001* 

A-A-C 10  (1.6) 26  (5.2) 23.64 7.26 (3.17 - 16.6) <0.0001* 

G-G-T 370 (61.6) 222 (44.4) 5.26 1.67 (1.09 - 2.56) 0.02* 

A-G-T 34 (5.6) 24 (4.8) 3.54 1.97 (1.02 - 3.79) 0.06 

G-A-T 45 (7.5) 96 (19.6) 45.3 5.96 (3.51 – 10.1) <0.0001* 

A-A-T 10 (1.6) 26 (5.2) 23.64 7.26 (3.17 -16.6) <0.0001* 
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Table 4-24: Table 4.24: Haplotype analysis of TNF-α -308G>A, -857C>T and -

863C>A polymorphism from IDCM patients and control subjects 

 

 

Values are given in numbers and percentage, P value calculated by Yates corrected Chi-

square test, *P value (<0.05) indicates statistical significance, n, Number of subjects; χ 2, 

Chi-square; OR, Odds ratio; CI, Confidence interval 

 

 

 

 

 

 

 

 

 

 

 

TNF- α  -308/         

-857/-863 

Controls  

n (%) 

300 (100) 

Patients  

n (%) 

250 (100) 

χ 2 OR (95% CI) P value 

G-C-C 373 (62.1) 200  (40) Reference 

A-C-C 41  (6.8) 52   (10.4) 14.14 2.36 (1.51 - 3.68) 0.0002* 

G-T-C 57  (9.5) 46  (9.2) 3.18 1.50 (0.98 – 2.30) 0.075 

A-T-C 15  (2.5) 73  (14.6) 70.68 9.07 (5.07 - 16.24) <0.0001* 

G-C-A 58 (9.6) 24 (4.8) 0.77 0.77 (0.46 - 1.28) 0.377 

A-C-A 15 (2.5) 28 (5.6) 14.39 3.48 (1.81 - 6.67) 0.0001* 

G-T-A 22 (3.6) 23 (4.6) 4.07 1.95 (1.06 – 3.58) 0.04* 

A-T-A 19 (3.1) 54 (10.8) 39.80 5.30 (3.05 -9.19) <0.0001* 
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4.3.4 IL-6 -174G>C and -572G>C genotype and allele frequencies in the study 

population 

The genotype and allele frequencies of IL-6 -174G>C and -572G>C are summarized 

in Table 4.25. Patients with IDCM had GG (n =182), GC (n = 55) and CC (n = 13) 

compared to healthy individuals (GG, n = 252; GC, n = 40; CC n = 8). Assuming the 

recessive model, the prevalence of variant genotype (GC+CC) was significantly high 

in the IDCM patients (OR = 9.6; 95% CI = 1.96- 2.97; P = 0.002). The IL-6 -174C 

allele was also significantly more frequent in the patients group when compared to 

controls (OR = 1.87; 95% CI = 1.30-2.70; P = 0.0008). The dominant model however, 

did not show any significance among both groups (Table 4.25).  

 

At the IL-6 -572 locus, the G>C polymorphism was significantly higher in IDCM 

patients when compared with controls in all genetic models (Table 4.25). There is 

significantly high prevalence of the GG genotype in controls (63%) than in patients 

(52%). The variant genotypes also showed increased frequency of GC (36%) and CC 

(12%) from IDCM patients compared to controls (GC, 32%; CC, 5%, respectively). 

The additive model also demonstrated significantly increased IL-6 -572C allele in 

patients (32%) vs. controls (5%; P = 0.004).  

4.3.5 IL-6 -174/-572 haplotype analysis in the study population 

The haplotype frequencies of IL-6 are tabulated in Table 4.26. All the haplotypes 

demonstrated significantly higher frequency in patients when compared with controls. 

The G-G haplotype was used as reference for the haplotype analysis. The C-G (P = 

0.0002), G-C (P = 0.0004), and C-C (P = 0.02) haplotyes of the IL-6 -174/-572 

showed significant differences when compared with the G-G haplotype (Table 4.26).  

4.3.6  Binary logistic regression analysis of IDCM with clinical variables 

Binary logistic regression analysis was applied on the study population for the 

identification of the possible independent association of the clinical variables when 

IDCM was used as a response variable (Table 4.27). The TNF-α -308G>A 

(P<0.0001), TNF-α -857C>T (P<0.0001), IL-6 -572G>C (P = 0.01), hs-CRP 
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(P<0.0001) and uric acid (P<0.0001) were independently associated with IDCM, 

whereas, TNF-α -238G>A, TNF-α -863C>A, TNF-α -1031T>C and IL-6 -174G>C 

did not show any independent association with the disease (Table 4.27). 
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Table 4-25:  Analyses of the IL-6 gene -174G>C and -572G>C polymorphisms in 

the study population according to different genotype models 

 

 

 

Values are given in numbers and percentage, P value calculated by Yates corrected      

Chi-square test, *P value (<0.05) indicates statistical significance, n, Number of 

subjects; χ 2, Chi-square; OR, Odds ratio; CI, Confidence interval 

IL-6 -174 
G>C 

Controls 

n (%) 

300 (100) 

Patients 

n (%) 

250 (100) 

χ 2 OR (95% CI) P value 

Genotype        

GG 252 (84) 182  (73) 10.39  0.005* 
GC 40 (13) 55  (22)    
CC 8 (3) 13  (5)    
Dominant      
GG+GC 292 (97) 237 (95) 1.74 2.00 0.186 
CC 8   (3) 13   (5)  (0.81 - 4.91)  
Recessive      
GG 252 (84) 182 (73) 9.6 1.96 0.002* 
GC+CC 48 (16) 68 (27)  (1.29 - 2.97)  
Additive      
G 544 (91) 419 (84) 11.1 1.87    0.0008* 
C 56  (9) 81 (16)  (1.30 - 2.70)  

IL-6 -572 
G>C 

Controls  

n (%) 

300 (100) 

Patients  

n (%) 

250 (100) 

χ 2 OR (95% CI) P value 

Genotype        

GG 189 (63) 129 (52) 11.2  0.004* 
GC 95  (32) 91 (36)    
CC 16  (5) 30 (12)    
Dominant      
GG+GC 284 (95) 220 (88.6) 7.06 2.42 0.008* 
CC 16 (5) 30 (11.4)  (1.28 - 4.55)  
Recessive      
GG 189 (63) 129 (88) 6.80 1.59 0.009* 
GC+CC 111 (37) 121 (12)  (1.135 - 2.24)  
Additive      
G 473 (79) 349 (70) 11.3 1.61    0.0008* 
C 127 (21) 151 (30)  (1.22 – 2.11)  
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Table 4-26: Haplotype analysis of IL-6 -174G>C and -572G>C polymorphism in 

IDCM patients and control subjects 

 

Values are given in numbers and percentage, P value calculated by Yates corrected Chi-

square test, *P value (<0.05) indicates statistical significance, n, Number of subjects; χ 2, 

Chi-square; OR, Odds ratio; CI, Confidence interval 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IL-6 -174/-572 

Controls  

n (%) 

300 (100) 

Patients  

n (%) 

250 (100) 

χ 2 OR (95% CI) P value 

G-G 439 (73) 294  (59) Reference 

C-G 35  (6) 55   (11) 13.6 2.34 (1.49 - 3.67) 0.0002* 

G-C 106  (18) 123  (25) 12.6 1.73 (1.28 - 2.33) 0.0004* 

C-C 20  (3) 28  (5) 5.46 2.09 (1.15 – 2.09) 0.02* 



Results 

 

Role of Inflammatory Cytokine Gene Polymorphism in Pathophysiology of Cardiovascular 

Disease  107 

 

4.4 Genotype wise analysis of serum t-PA, PAI-1 and TF levels in 

patients with IDCM 

This study was conducted to analyze the role of fibrinolytic and coagulation system in 

the etiology of IDCM. One hundred and eighty IDCM patients were included in this 

study, which were divided on the basis of their left ventricular ejection fraction 

(LVEF).  

4.4.1  Baseline and clinical parameters of IDCM cases based on LVEF 

The baseline, clinical and biochemical characteristics of the study subjects are listed 

in Table 4.27. The IDCM patients with LVEF <25% (group I) had significantly higher 

TC (P = 0.01), TG (P = 0.002), v-LDL (P<0.0001), hs-CRP (P = 0.0002), serum t-PA 

(P = 0.03), serum PAI-1 (P = 0.0006) and TF (P = 0.04) when compared with patients 

with LVEF>25% (group II). The rest of the parameters did not show any significant 

difference between the two groups.  

4.4.2 The genotype wise distribution of the fibrinolytic and coagulation system 

of the study subjects 

The study patients showed varying concentrations of serum hs-CRP, t-PA, PAI-1 and 

TF levels, which appeared to be genotype dependent (Table 4.28). The TNF-α -308 

variant genotype (GA+AA) demonstrated significantly pronounced levels of serum t-

PA (P = 0.002), PAI-1 (P = 0.001) and TF (P = 0.02) compared to the GG genotype. 

The TNF-α -238 GA+AA group showed significantly elevated hs-CRP (P = 0.03) and 

serum TF (P = 0.03) only. The serum t-PA, PAI-1 levels were not different in both the 

groups (Table 4.28).  

 

At  position -857 and -863 the TNF-α variant genotypes showed significantly elevated 

levels of hs-CRP, t-PA, PAI-1 and TF (Table 4.28), whereas, the -1031 locus showed 

no significant difference between the two groups (Table 4.29).  

 

The carriers of IL-6 -174 and -572 variant genotypes (GC+CC) had significantly 

increased serum t-PA, PAI-1 and TF levels compared to the GG carriers. The hs-CRP 
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levels were however elevated only in the IL-6 -572 variant genotype (GC+CC) group 

(P = 0.01; Table 4.29).  

4.4.3 The genotype distribution of biochemical characteristics of IDCM 

patients with respect to LVEF 

The genotype distribution (TNF-α and IL-6 gene polymorphisms) of the biochemical 

characteristics of IDCM patients with respect to LVEF was analyzed (Tables 4.30; 

4.31; 4.32).  

 

The immune, fibrinolytic and coagulation markers showed significant variations at 

TNF-α -238G>A locus. The IDCM patients with LVEF<25% bearing the wild type 

genotype (GG) had significantly elevated hs-CRP (P = 0.0005) and PAI-1 (P = 0.006) 

as compared to patients with LVEF>25%. On the other hand, serum t-PA and TF 

showed no significant difference between the two groups. The patients with 

LVEF<25% showed the highest hs-CRP levels (5.26 ± 4.38) in the TNF-α -238 

variant group (GA+AA), and was significantly more than patients with LVEF>25% 

(P = 0.04).  

 

At the position -308G>A polymorphism of TNF-α, the hs-CRP and PAI-1 was 

significantly higher in the patients with LVEF<25% in both the wild (GG; P = 0.03; 

0.01) and variant (GA+AA; P = 0.001; 0.01) genotypes respectively. Whereas, the 

patients with severe disease (LVEF<25%) depicted elevated t-PA only in the GA+AA 

group. The TF did not show any variation with respect to LVEF in any of the 

genotype group (Table 4.30).  

 

The IDCM patients with LVEF<25% had markedly enhanced hs-CRP (P = 0.0008), t-

PA (P = 0.018) and PAI-1 (P = 0.004) levels in the CT+TT group as compared to 

patients with LVEF>25% at -857C>T position. The hs-CRP (P = 0.005) and TF (P = 

0.02) were significantly higher in the patients with LVEF<25% in the wild type (CC) 

group compared to patients with LVEF>25% (Table 4.30).  

 



Results 

 

Role of Inflammatory Cytokine Gene Polymorphism in Pathophysiology of Cardiovascular 

Disease  109 

 

The TNF-α -863C>A variant genotype (CA+AA) also demonstrated significant 

effects on serum hs-CRP (P = 0.005) and PAI-1 (P = 0.04) levels in patients with 

severe disease (LVEF<25%). On the contrary, the wild type genotype (CC), showed 

increased hs-CRP (P = 0.03), t-PA (P = 0.009) and TF (P = 0.009) in patients with 

LVEF<25% (Table 4.31).  

 

At -1031T>C locus of TNF-α the IDCM patients with LVEF>25% showed enhanced 

serum hs-CRP (P = 0.01), t-PA (P = 0.03), PAI-1 (P = 0.01) and TF (P = 0.02) levels 

in the TT genotype group (Table 4.31). Whereas, in patients with LVEF<25% hs-CRP 

(P = 0.008) and PAI-1 (P = 0.02) were significantly higher compared to those having 

LVEF<25% in the TC+CC group (Table 4.31).  

 

The IL-6 polymorphisms also demonstrated variations in IDCM patients according to 

the disease severity. The patients with LVEF<25% had significantly higher hs-CRP 

(P = 0.006; 0.0004) and PAI-1 (P = 0.001; 0.02) compared to patients with LVEF< 

25% in GC+CC group of -572 and -174 respectively (Table 4.32). In the wild GG 

group the patients with LVEF<25% had significantly elevated hs-CRP (P = 0.001) 

and TF (P = 0.04) at IL-6 -572 locus, and higher hs-CRP (P = 0.03), t-PA (P = 0.04) 

and PAI-1 (P = 0.008) levels at -174 position (Table 4.32). These results therefore 

strongly suggest an immune dependent role of fibrinolytic and coagulation system in 

the pathophysiology of IDCM. 
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Table 4-27: Baseline, clinical and biochemical characteristics of patients with 

IDCM according to ejection fraction 

 

 Group I Group II  

Characteristics LVEF<25% 
(n = 125) 

LVEF>25% 
(n = 55) 

P value 

Age(Yrs) 53.53 ±14.34 53.16 ± 13.91 0.87 

BMI (Kg/m2) 22.83 ± 2.84 23 ± 2.8 0.71 

Systolic BP (mm Hg) 134.80 ± 24.31 133.4 ± 16.75 0.697 

Diastolic BP (mm Hg) 83.83 ± 13.14 85.29 ± 16.75 0.530 

TC (mg/dL) 164.84 ± 40.41 149.07 ± 37.16 0.01* 

Triglycerides (mg/dL) 154.19 ± 60.36 125.32 ± 48.97 0.002* 

LDL-C (mg/dL) 91.25 ± 30.99 86.28 ± 33.64 0.514 

HDL-C (mg/dL) 36.69 ± 13.46 35.4 ± 8.68 0.780 

v-LDL (mg/dL) 30.83 ± 12.07 25.06 ± 9.79 <0.0001* 

Uric acid (mg/dL) 6.60 ± 1.98 6.51 ± 2.1 0.766 

hs-Crp (mg/dL) 4.81 ± 3.99 2.61 ± 2.44 0.0002* 
t-PA (ng/ml) 4.24 ± 2.93 3.27 ± 2.22 0.03* 
PAI-1 (ng/ml) 11.49 ± 9.46 6.94 ± 3.20 0.0006* 
TF (pg/mL) 177.59 ± 89.22 148.37 ± 84.40 0.04* 

 

Values are given as means ± SD. a
P value calculated by Student’s independent 

samples t test (unpaired).*P value (<0.05) indicates statistical significance. n, Number 

of subjects; BMI, Body mass index; BP, Blood pressure; HDL-C, High-density 

lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol; SD, Standard 

Deviation; TC, Total cholesterol; v-LDL, Very-low density lipoprotein; hs-CRP, high 

sensitivity C-reactive protein; LVEF, Left ventricular ejection pressure; t-PA, Tissue 

type plasminogen activator; PAI-1, Plasminogen activator inhibitor-1; TF, Tissue 

factor   
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Table 4-28: Basic and biochemical characteristics of patients with IDCM 

according to genotype-wise distribution of TNF-α gene  

 

Values are given as means ± SD. P value calculated by Student’s independent 

samples t test (unpaired).*P value (<0.05) indicates statistical significance. n, number; 

SD, Standard deviation; BMI, Body mass index; hs-CRP, high sensitivity-C reactive 

protein; t-PA, Tissue type plasminogen activator; PAI-1, Plasminogen activator 

inhibitor-1; TF, Tissue factor; LVEF, Left ventricular ejection fraction. 

 

 

 

Cytokine (SNP) Wild genotype Variant genotype 
P value TNF α -238 

G>A 
GG 

(n = 119) 
GA+AA 
(n = 61) 

Age (yrs) 52.86 ± 15.11 51.05 ± 14.46 0.57 
BMI (kg/m2) 22.78 ± 2.59 22.60 ± 1.96 0.73 
hs-Crp (mg/dL) 3.66±3.15 4.85 ± 4.29 0.036 
t-PA (ug/mL) 3.89 ± 2.88 4.04 ± 2.53 0.72 
PAI (ng/mL) 9.53 ±7.80 11.21 ± 9.27 0.20 
TF (pg/mL) 164.52 ± 90.35 193.13 ± 79.20 0.03 

TNF α -308 
G>A 

GG 
(n = 50) 

GA+AA 
(n = 130) P value 

Age (yrs) 49.78 ± 14.0 58.95 ± 15.22 0.08 
BMI (kg/m2) 22.74 ± 2.39 22.59 ± 2.19 0.79 
hs-Crp (mg/dL) 4.71±3.96 2.69±2.46 0.0007 
t-PA (ug/mL) 2.90 ± 1.79 4.26 ± 2.90 0.002 
PAI (ng/mL) 6.13 ± 2.28 9.98 ± 8.04 0.001 
TF (pg/mL) 156.98 ±81.32 185.46 ± 76.47 0.02 

TNF α -857 
C>T 

CC 
(n = 62) 

CT+TT 
(n = 118) P value 

Age (yrs) 51.58 ± 13.71 52.32 ±13.25 0.07 
BMI (kg/m2) 22.47 ± 3.16 22.59 ± 2.91 0.06 
hs-Crp (mg/dL) 3.33 ± 2.36 4.57±3.87 0.02 
t-PA (ug/mL) 3.19 ± 1.61 4.10 ±2.88 0.02 
PAI (ng/mL) 6.88 ± 3.36 10.47 ±8.80 0.002 
TF (pg/mL) 148.7 ± 78.85 178.28±84.92 0.02 

TNF α  -863 
C>A 

CC 
(n = 93) 

CA+AA 
(n = 87) P value 

Age (yrs) 55.12 ± 14.97 51.59 ± 13.10 0.09 
BMI (kg/m2) 22.70 ± 2.88 23.06 ± 2.79 0.39 
hs-Crp (mg/dL) 3.32 ± 2.70 4.52 ± 3.81 0.01 
t-PA (ug/mL) 3.43± 1.91 4.26 ± 2.62 0.01 
PAI (ng/mL) 7.66 ±6.41 10.31±8.03  0.01 
TF (pg/mL) 155.12±80.64 188.88±85.4 0.007 
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Table 4-29: Basic and biochemical characteristics of patients with IDCM 

according to genotype-wise distribution of TNF-α & IL-6 gene 

 

 

 

Values are given as means ± SD. P value calculated by Student’s independent 

samples t test (unpaired).*P value (<0.05) indicates statistical significance. n, number; 

SD, Standard deviation; BMI, Body mass index; hs-CRP, high sensitivity C reactive 

protein; t-PA, Tissue type plasminogen activator; PAI-1, Plasminogen activator 

inhibitor-1; TF, Tissue factor; LVEF, Left ventricular ejection fraction.  

 

 

 

 

 

 

 
Cytokine (SNP) 

Wild genotype Variant genotype 
P value 

TNF α -1031 
T>C 

TT 
(n = 95) 

TC+CC 
(n = 85) 

Age (yrs) 53.10 ± 15.23 53.77 ± 12.96 0.752 
BMI (kg/m2) 22.82 ± 2.83 22.95 ± 2.84 0.756 
Crp (mg/dL) 4.43±4.07 3.81 ± 3.29 0.266 
t-PA (ug/mL) 3.82 ± 2.92 4.08 ± 2.59 0.526 
PAI (ng/mL) 10.28 ±8.60 9.89 ± 8.08 0.756 
TF (pg/mL) 165.95 ± 85.30 171.7 ± 92.52 0.665 

IL-6 -174 
G>C 

GG 
(n = 131) 

GC+CC 
(n = 49) P value 

Age (yrs) 51.55 ± 15.23 51.84 ± 13.35 0.80 
BMI (kg/m2) 22.46 ± 3.15 22.78 ± 2.50 0.61 
Crp (mg/dL) 3.73 ± 3.42 5.23 ± 4.29 0.01 
t-PA (ug/mL) 3.44± 2.0 4.39 ± 3.3 0.02 
PAI (ng/mL) 6.07 ±3.43 10.76±8.72 < 0.0001 
TF (pg/mL) 156.96±76.37 195.86±86.3 0.0038 

IL-6 -572 
G>C 

GG 
(n = 95) 

GC+CC 
(n = 85) P value 

Age (yrs) 51.66 ± 15.17 53.79 ±13.43 0.50 
BMI (kg/m2) 22.47 ± 3.16 22.62 ± 2.10 0.84 
Crp (mg/dL) 4.56 ±4.15 3.67±3.12 0.10 
t-PA (ug/mL) 3.28 ± 2.0 4.68 ±3.28 0.0006 
PAI (ng/mL) 8.88 ± 6.9 11.46 ±9.55 0.03 
TF (pg/mL) 159.6± 83.68 187.03±84.90 0.03 
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Table 4-30: Genotypic characterization of biochemical markers of IDCM 

patients based on LVEF 

Values are given as means ± SD. P value calculated by Student’s independent 

samples t test (unpaired). P value (<0.05) indicates statistical significance. n, number; 

SD, Standard deviation; CRP, C- reactive protein; t-PA, Tissue type plasminogen 

activator; PAI-1, Plasminogen activator inhibitor-1; TF, Tissue factor; LVEF, Left 

ventricular ejection fraction.  

TNF-α -238 
G>A 

GG 
P 

value 

GA+AA 
P 

value EF <25% 
(n=78) 

EF >25% 
(n=41) 

EF <25% 
(n=47) 

EF >25% 
(n=14) 

hs-CRP 
(mg/dL) 

4.54±3.74 2.31±1.70 0.0005 5.26±4.38 2.78±1.51 0.04 

t-PA 
(ng/ml) 

4.21±3.12 3.29±2.88 0.09 4.28±2.62 3.24±2.11 0.17 

PAI-1 
(ng/ml) 

10.93±9.04 6.87±3.36 0.006 12.43±10.16 7.13±2.77 0.06 

TF (pg/mL) 173.01±92.05 148.3±85.80 0.15 185.2±84.74 148.32±83.30 0.15 

TNF-α -308 
G>A 

GG 
P 

value 

GA+AA 
P 

value EF <25% 
(n=33) 

EF >25% 
(n=17) 

EF <25% 
(n=92) 

EF >25% 
(n=38) 

hs-CRP  
(mg/dL) 

3.09±2.85 1.52±0.57 0.03 5.42±4.17 3.00±2.78 0.001 

t-PA 
(ng/ml) 

3.51±2.62 2.91±1.88 0.40 4.50±3.01 3.28±1.9 0.02 

PAI-1 
(ng/ml) 

12.58±10.53 6.21±2.32 0.01 11.10±9.08 7.26±3.50 0.01 

TF (pg/mL) 177.34±97.95 152.7±89.66 0.39 177.68±86.45 146.42±83.12 0.06 

TNF-α -857 
C>T 

CC 
P 

value 

CT+TT 
P 

value EF <25% 
(n=37) 

EF >25% 
(n=25) 

EF <25% 
(n=88) 

EF >25% 
(n=30) 

hs-CRP  
(mg/dL) 

4.00± 2.53 2.33±1.67 0.005 5.26±4.17 2.55±1.66 0.0008 

t-PA 
(ng/ml) 

3.36± 1.72 2.92±1.44 0.30 4.46±3.07 3.03±1.90 0.018 

PAI-1 
(ng/ml) 

7.05± 3.98 6.62±2.20 0.624 11.81±9.76 6.53±2.25 0.004 

TF (pg/mL) 167.20±91.14 121.42±45.18 0.02 189.8±85.19 155.96±81.41 0.09 
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Table 4-31: Genotypic characterization of biochemical markers of IDCM 
patients based on LVEF 

 

Values are given as means ± SD. P value calculated by Student’s independent 

samples t test (unpaired). P value (<0.05) indicates statistical significance. n, number; 

SD, Standard deviation; CRP, C- reactive protein; t-PA, Tissue type plasminogen 

activator; PAI-1, Plasminogen activator inhibitor-1; TF, Tissue factor; LVEF, Left 

ventricular ejection fraction.  

 

 

 

 

 

TNF-α       
-863 
C>A 

CC 
P 

value 

CA+AA 
P 

value EF <25 
(n=68) 

EF >25 
(n=25) 

EF <25 
(n=57) 

EF >25 
(n=30) 

hs-CRP  
(mg/dL) 

3.87±2.90 2.57±1.85 0.03 5.33±3.90 2.99±3.14 0.005 

t-PA 
(ng/ml) 

3.72±2.01 2.57±1.31 0.009 4.32±2.58 4.16±2.07 0.79 

PAI-1 
(ng/ml) 

8.34±7.31 5.79±1.78 0.08 11.58±9.32 7.89±3.79 0.04 

TF 
(pg/mL) 

168.13±83.87 119.7±59.20 0.009 197.65±79.28 172.21±95.24 0.18 

TNF-α       
-1031 
T>C 

TT 
P 

value 

TC+CC 
P 

value EF <25 
(n=78) 

EF >25 
(n=41) 

EF <25 
(n=47) 

EF >25 
(n=14) 

hs-CRP  
(mg/dL) 

5.12±4.26 2.79±3.04 0.01 4.45±3.66 2.44±1.65 0.008 

t-PA 
(ng/ml) 

4.22±3.28 2.87±1.44 0.03 4.26±2.50 3.69±2.78 0.350 

PAI-1 
(ng/ml) 

11.71±9.63 6.87±3.74 0.01 11.24±9.35 7.00±2.59 0.02 

TF 
(pg/mL) 

178.17±86.80 136.69±75.20 0.02 176.92±92.70 160.48±92.87 0.44 
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Table 4-32: Genotypic characterization of biochemical markers of IDCM 
patients based on LVEF 

 

Values are given as means ± SD. P value calculated by Student’s independent 

samples t test (unpaired).P value (<0.05) indicates statistical significance. n, number; 

SD, Standard deviation; CRP, C- reactive protein; t-PA, Tissue type plasminogen 

activator; PAI-1, Plasminogen activator inhibitor-1; TF, Tissue factor; LVEF, Left 

ventricular ejection fraction.  

 

 

 

 

 

 

IL-6 -572 
G>C 

GG 
P 

value 

GC+CC 
P 

value EF <25 
(n=61) 

EF >25 
(n=26) 

EF <25 
(n=56) 

EF >25 
(n=29) 

hs-CRP  
(mg/dL) 

5.20±4.35 2.31±1.38 0.001 4.32±3.48 2.40±1.74 0.006 

t-PA 
(ng/ml) 

3.41±1.93 2.94±2.18 0.30 5.26±3.59 3.57±2.26 0.02 

PAI-1 
(ng/ml) 

9.65±7.85 6.84±2.35 0.07 13.76±10.78 7.02±3.85 0.001 

TF 
(pg/mL) 

170.28±84.09 131.2±77.08 0.04 186.59±95.16 163.74±88.98 0.28 

IL-6 -174 
G>C 

GG 
P 

value 

GC+CC 
P 

value EF<25 
(n=91) 

EF>25 
(n=40) 

EF<25 
(n=34) 

EF>25 
(n=15) 

hs-CRP  
(mg/dL) 

4.14±3.62 2.80±2.73 0.03 6.60±4.43 2.13±1.36 0.0004 

t-PA 
(ng/ml) 

4.06±2.57 3.13±2.16 0.04 4.71±3.73 3.66±2.42 0.32 

PAI-1 
(ng/ml) 

11.09±9.34 7.03±3.43 0.008 12.56±9.85 6.69±2.56 0.02 

TF 
(pg/mL) 

172.59±85.76 148.9±86.71 0.14 190.97±97.98 146.96±80.80 0.13 
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4.5 Meta-analyses 

The results of the present study were analyzed with respect to other populations using 

the meta-analysis approach of all the studied SNPs.  

4.5.1 Meta-analysis of TNF- α gene polymorphisms 

Meta-analysis of all the studied TNF- α gene polymorphisms (-238, -308, -857, -863, 

and -1031) was conducted. 

4.5.1.1 Meta-analysis of TNF-α -238G>A gene polymorphism and risk of CVD 

A total of 10 studies with 4603 controls and 4032 patients were included in the TNF-α 

-238G>A meta-analysis on the basis of the inclusion criteria described earlier. The 

study characteristics are shown in Table 4.33. The cases were diagnosed with -

ischemic stroke (IS), DCM, CAD, acute coronary syndrome (ACS), or myocardial 

infarction (MI) by coronary angiography, echocardiography according to World 

Health Organization, and the controls were sampled from a healthy or non-CAD 

population. There were 5 studies from the European and 5 studies from the Asian 

countries. The genotype distribution of the included studies is tabulated in Table 4.34. 

Due to the lack of AA genotype in certain studies, the GG vs. GA+AA and G vs. A 

model were selected for the overall analysis.  

 

The forest plot of the GG vs. GA+AA model showing odds ratio (OR), 95% 

confidence interval (CI) and P value of the respective studies is presented in Figure 

4.1. The overall data under the fixed effect model did not show any significant 

association with the disease (OR = 0.99; P value = 0.93). Moreover, no heterogeneity 

was observed in the pooled studies (P value = 0.04; I2 = 47%; Table 4.35). In the 

subgroup analysis, the studies were divided on the basis of their ethnicity. The Asian 

studies demonstrated significant heterogeneity (P value = 0.01; I2 = 69%; Table 4.35), 

whereas, the Western studies did not show any heterogeneity among them (P value = 

0.96; I2 = 0.0%; Table 4.35). A similar trend was observed in the allelic model (G vs. 

A, Figure 4.2). The overall analysis did not reveal any significant risk with the disease 

(OR = 1.04; P value = 0.71) and reported no heterogeneity (P value = 0.05; I2 = 45%; 
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Table 4.35). In the sub group analysis, the Asian population depicted significant 

heterogeneity (P value = 0.01; I2 = 0.68%; Table 4.35), whereas, the western 

population did not show any (P value = 0.92; I2 = 0.0%; Table 4.35) genetic 

heterogeneity.   

 

The Begg’s funnel plot of both the models revealed no obvious asymmetry as shown 

in Figure 4.3. The Egger's regression test also supported the absence of publication 

bias (GA+AA vs.GG, P value = 0.91; G vs. A, P value = 0.63).  
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Table 4-33: Basic characteristics of included studies of TNF-α -238G>A gene 
polymorphism 

 

UK United kingdom; CAD coronary artery disease; MI myocardial infarction; ACS 

acute coronary syndrome; no-CVD, no cardiovascular disease; DCM dilated 

cardiomyopathy; IS ischemic stroke; HF, heart failure; HS hemorrhagic stroke; CHD 

coronary heart disease; CABG coronary artery bypass graft; IDCM idiopathic dilated 

cardiomyopathy; MI, myocardial infarction; WBC white blood cell; PBL peripheral 

blood lymphocytes; PCR polymerase chain reaction; RFLP restriction fragment 

length polymorphism; NM Not mentioned; HWE, hardy Weinberg equilibrium  

 

First 
author 

Country Disease Control 
Gene 
cell 

Genotyping 
Method 

HWE 
in 

control 
group 

Matched 

Allen UK CAD 
Healthy 

+ 
no CAD 

WBC PCR-RFLP NM 
Not 

matched 

Alikasifoglu Turkey DCM Healthy WBC PCR NM Age, sex 

Bennet Sweden MI Healthy WBC 
Allele specific 
Hybridization-
DASH 

yes Age 

Bruggink Netherlands HF 
Heart 

transplant 
doners 

PBL 
PCR- 
sequencing 

NM 
Not 

matched 

Spiroska Macedonia DCM Healthy PBL 
PCR-sequence 
specific 
primers 

yes 
Not 

matched 

Hou China CHD/MI Healthy WBC PCR-RFLP yes Age, sex 

Tong1 
Han 

(Chinese) 
IS Healthy PBL 

TaqMan 
SNP 
Genotyping 
assay 

yes 
Age, sex, 

ethnic 

Tong2 
Uyghur 

(Chinese) 
IS Healthy PBL 

TaqMan 
SNP 
Genotyping 
assay 

yes 
Age, sex, 

ethnic 

Cho 
South 
Korea 

CAD Healthy 
Whole 
blood 

PCR-
pyrosequencing 

yes Age, sex 
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Table 4-34: The TNF-α -238G>A genotype and allele distribution of the studies 
included in the meta-analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

First author 
Controls Patients 

GG GA AA G A GG GA AA G A 

Allen (2001) 290 38 1 618 40 162 17 1 341 19 

Alikasifoglu (2002) 62 22 3 146 28 46 15 2 107 19 

Bennet (2006) 1348 119 1 2815 121 1068 75 7 2211 89 

Bruggink (2008) 54 7 0 115 7 79 6 0 164 6 

Spiroska (2009) 276 23 2 575 27 48 3 0 99 3 

Hou (2009) 819 86 0 1724 86 1205 102 1 2512 104 

Tong1 (2010) 611 37 0 1259 37 609 39 0 1257 39 

Tong2 (2010) 89 11 0 189 11 91 9 0 191 9 

Cho (2013) 371 32 1 774 34 169 28 0 366 28 

Present data 
(2013) 

240 50 10 530 70 175 60 15 410 90 
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Figure 4-1: TNF-α -238G>A polymorphism and risk of CVD in Genotype model 

 

                   Forest plot shows association between -238G>A polymorphism and risk of CVD 

under GA+AA vs. GG; Weights are from fixed effect model; CI confidence interval; 

OR odds ratio 
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Figure 4-2: TNF-α -238G>A polymorphism and risk of CVD in Allelic model 

 

Forest plot shows association between -238G>A polymorphism and risk of CVD 

under G vs. A; Weights are from fixed effect model; CI confidence interval; OR odds 

ratio 
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Table 4-35: Subgroup analysis of the TNF-α -238G>A polymorphism in relation 
to CVD risk by ethnicity   

SNP 
Genotype 

model 
Ethnicity (no. 

of studies) 

Analysis 

model 
OR 

P value for 

heterogeneity 

Tau 

squared 
I2 (%) 

TNF-α    

-238G>A 

GA+AA 

vs.GG 

Asian (5) Random 0.837 0.01 0.119 69 

Western (5) Fixed 1.18 0.96 0.00 0.00 

Overall (10) Fixed 0.993 0.04 0.05 47 

G vs. C 

Asian (5) Random 1.15 0.014 0.102 68.1 

Western (5) Fixed 0.895 0.925 0.00 0.00 

Overall (10) Fixed 1.04 0.058 0.04 45.3 

 

The heterogeneity was considered signifiant when P<0.10 and I2>50 %. SNP, Single 

nucleotide polymorphism ; No number 

 

 

 

 

 

 

 

 

 

 

 

 



Results 

 

Role of Inflammatory Cytokine Gene Polymorphism in Pathophysiology of Cardiovascular 

Disease  123 

 

Figure 4-3: Begg’s funnel plot of the TNF-α -238G>A polymorphism  

GA+AA vs.GG 

 

G vs. A 
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4.5.1.2 Meta-analysis of TNF-α -308G>A gene polymorphism and risk of CVD 

A total of 31 studies (present study included) with 10,079 controls and 11,351 patients 

were included in the TNF-α -308G>A meta-analysis on the basis of the inclusion 

criteria. The genotype distribution, year of publication and disease of the included 

studies are shown in Table 4.36. The studies with CAD, MI, coronary stenosis, and 

dilated cardiomyopathy were included in the current meta-analysis. There were 21 

studies from the European and 10 studies from the Asian countries. Since the AA 

genotype was relatively rare in the study population, the AA and GA genotypes were 

combined and compared with GG genotype for overall analysis. The allelic model G 

vs. A was also selected for the overall analysis.  

 

The forest plot of the GG vs. GA+AA model showing odds ratio (OR), 95% 

confidence interval (CI) and P value of the respective studies is presented in Figure 

4.4. The overall data under the random effect model did not show significant 

association with the disease (OR = 1.17; P value = 0.05), however, significant 

heterogeneity was observed in the pooled studies (P value = 0.00; I2 = 81%; Table 

4.37). In the subgroup analysis, both the Asian (P value = 0.00; I2 = 91.3%) and the 

western studies (P value = 0.00; I2 = 61.6%) demonstrated significant heterogeneity 

(Table 4.37). The studies were also analyzed according to the disease status. There 

were 22 studies with CAD related disorders and 9 studies with DCM. The studies 

with CAD did not show any significant association with the disease (P value = 0.62) 

and no significant heterogeneity was observed (P value = 0.03; I2 = 38.9%; Table 

4.37). Whereas, the studies with DCM demonstrated significant association with the 

disease (P value = 0.02) as well as heterogeneity (OR = 1.8; P value = 0.00; I2 = 

90.4%).  

 

A similar trend was observed in the allelic model (G vs. A). The forest plot of the G 

vs. A model showing odds ratio (OR), 95% confidence interval (CI) and P value of 

the respective studies is presented in Figure 4.5. The overall analysis did not reveal 

any significant risk with the disease (OR = 1.12; P value = 0.12), whereas, significant 

heterogeneity was present in the pooled studies (P value = 0.00; I2 = 81.2%; Table 
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4.37). Similarly, in the subgroup analysis, the Asian (P  value = 0.00; I2 = 89.2%) and 

the western studies (P value = 0.00; I2 = 68.5%) demonstrated significant 

heterogeneity (Table 4.37). The analysis according to the disease also demonstrated 

similar results. The studies with CAD related disorders demonstrated no significance 

(P value = 0.98) whereas, significant heterogeneity was observed (OR = 0.99; P value 

= 0.001; I2 = 56.7%). The studies with DCM also demonstrated significant association 

(P value = 0.03) along with significant heterogeneity (OR = 1.53; P value = 0.00; I2 = 

88.9%).   

 

The Begg’s funnel plot of both the models revealed no obvious asymmetry as shown 

in Figure 4.6. The Egger's regression test also supported the absence of publication 

bias (GA+AA vs. GG, P value = 0.52; G vs. A, P value = 0.57).   
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Table 4-36: The TNF-α -308G>A genotype distribution, year of publication and 
disease status of the included studies 

 

 

 

First author 
(Year) 

Disease 
Controls Patients 

GG GA AA GG GA AA 
Padovani (2000) MI 114 33 1 120 26 2 

Allen (2001) CAD 222 98 9 127 46 7 

Koch (2001) MI, CS 244 83 13 1266 483 42 

Chen (2001) CS 21 8 1 29 9 2 

Szalai (2002) CS 181 65 22 229 80 9 

Verdrell (2003) CS 159 46 2 231 92 18 

Georges (2003) CS 222 80 12 613 212 24 

LI (2003) CS, MI 138 20 0 102 10 0 

Xiang (2004) CS, MI, 163 19 0 148 14 0 

Tobin (2004) MI 337 146 22 365 163 19 

Antonicelli (2005) MI 246 64 - 224 69 - 

Dedoussis (2005) MI 227 10 0 206 29 2 

Tulyakova (2005) MI, CS 177 64 5 340 112 3 

Bennet (2006) MI 1037 412 48 799 340 28 

Giacconi (2006) MI, SA 160 28 2 82 20 3 

Sabrasi (2006) CS 185 53 3 175 63 10 

Elahi (2009) CS 41 40 14 59 36 2 

Hou (2009) CS 802 101 2 707 94 3 

Banerjee (2009) CS, MI 201 31 0 181 28 1 

Ghazouani (2010) CHD 267 124 15 265 142 11 

Chu (2012) CHD, MI 808 205 7 758 189 8 

Garg (2013) CHD 146 38 1 117 20 0 

Tiret (2000) DCM 288 95 13 322 100 6 

Ito (2000) DCM 47 3 0 35 13 0 

Alikasifoglu 
(2003) 

DCM 69 20 4 44 16 3 

Brooksbank 
(2008) 

DCM 265 72 12 218 96 16 

Bruggink (2008) DCM 44 15 2 23 16 1 

Spiroska (2009) DCM 231 66 4 43 8 0 

Liang (2010) DCM 87 18 5 73 29 8 

Ruppert (2010) DCM 221 141 12 195 211 11 
Present data 
(2014) 

DCM 223 64 13 72 149 29 
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Figure 4-4: TNF-α -308G>A polymorphism and risk of CVD in Genotype model 

 

 

Forest plot shows association between the -308G>A polymorphism and risk of CVD 

under GA+AA vs. GG; Weights are from Random effect model; CI confidence 

interval; OR odds ratio 
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Figure 4-5 : The TNF-α -308G>A polymorphism and risk of CVD in Allelic 

model 

 

 

Forest plot shows association between the -308G>A polymorphism and risk of CVD 

under G vs. A; Weights are from random effect model; CI, confidence interval; OR, 

odds ratio 

 

 

 



Results 

 

Role of Inflammatory Cytokine Gene Polymorphism in Pathophysiology of Cardiovascular 

Disease  129 

 

Table 4-37: Subgroup analysis of the TNF-α -308G>A polymorphism in relation 

to CVD risk 

Genotype 

model 

Ethnicity 

(no. of studies) 

Analysis 

model 
OR 

P value for 

heterogeneity 

Tau 

squared 
I2 (%) 

GG vs. 

GA+AA  

Asian (10) Random 1.35 0.00 0.599 91.3 

Western (21) Random 1.10 0.00 0.04 61.6 

Overall (31) Random 1.17 0.00 0.155 81 

GG vs. 

GA+AA 

According to the Disease status 

CAD (22) Fixed 1.01 0.03 0.02 38.94 

IDCM (9) Random 1.80 0.00 0.51 90.4 

Genotype 

model 

Ethnicity 

(no. of studies) 

Analysis 

model 
OR 

P value for 

heterogeneity 

Tau 

squared 
I2 (%) 

G vs. A 

Asian (10) Random 1.27 0.00 0.38 89.28 

Western (21) Random 1.05 0.00 0.05 68.59 

Overall (31) Random 1.12 0.00 0.119 81.2 

G vs. A 

According to the Disease status 

CAD (22) Random 0.99 0.001 0.03 56.7 

IDCM (9) Random 1.53 0.00 0.31 88.9 

 

The heterogeneity was considered significant when P<0.10 and I2>50 %, No number 
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Figure 4-6: Begg’s funnel plot of the TNF-α -308 G>A polymorphism and risk of 

CVD 

GG vs. GA + AA 

 

 

G vs. A 
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4.5.1.3 Meta-analysis of TNF-α -857C>T gene polymorphism and risk of CVD 

In this meta-analysis, 9 studies (present data integrated) with 4,907 controls and 4,738 

patients were included on the basis of the inclusion criteria. The study characteristics 

of the included studies are shown in Table 4.38. The studies with CAD, MI, IS and 

DCM were included in the current meta-analysis. There were 3 studies from European 

and 6 studies from the Asian countries. The genotype and allelic distribution of the 

included studies is tabulated in Table 4.39. The genotype model; CC vs. CT+TT, and 

allelic model; C vs. T was selected for the overall analysis. 

 

The forest plot of the CC vs. CT+TT model showing OR, 95% CI and P value of the 

respective studies is presented in Figure 4.6. The overall data under the random effect 

model did not show any significant association with the disease (OR = 1.11; P value = 

0.43). However, significant heterogeneity was observed in the pooled studies (P value 

= 0.00; I2 = 86.2%; Table 4.40). In the subgroup analysis (basis of their ethnicity), the 

Asian studies demonstrated significant heterogeneity (P value = 0.00; I2 = 90.3%; 

Table 4.40), whereas, the Western studies did not show any heterogeneity among 

them (P value = 0.46; I2 = 0.00%; Table 4.40).  

 

The forest plot of the allelic model (C vs. T) is presented in Figure 4.7.  The overall 

analysis revealed no significant association with the disease (OR = 1.09; P value = 

0.48). A significant heterogeneity was however reported among the studies (P value = 

0.00; I2 = 87.2%; Table 4.40). The subgroup analysis depicted strong heterogeneity in 

the Asian studies (P value = 0.00; I2 = 91.1%; Table 4.40) and none among western 

populations (P value = 0.51; I2 = 0.00%; Table 4.40).  

 

The Begg’s funnel plot of both the models revealed no obvious asymmetry as shown 

in Figure 4.8. The Egger's regression test also supported the absence of publication 

bias (CC vs. CT+TT, P value = 0.80; C vs. T, P value = 0.92).  
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Table 4-38: Basic characteristics of TNF-α -857C>T gene polymorphism of the    
included studies 

First  
Author 

Country Disease Control 
Gene 
cell 

Genoty
ping 

Method 

HWE 
in 

control 
group 

Matched 

Herrmann 1 Belfast MI Healthy WBC 

PCR-
SSCP 

sequenci
ng 

Yes 
Age, 

ethnicity 

Herrmann 2 France MI Healthy WBC 

PCR-
SSCP 

sequenci
ng 

Yes 
Age, 

ethnicity 

Bennet Sweden MI Healthy 
Whole 
blood 

AS 
hybridiz

ation-
DASH 

Yes Age 

Shi China IIS Healthy PBL 
PCR-

sequenci
ng 

Yes 
Age, 

Gender 

Liang China DCM 
 

Healthy 
 

PBL 
PCR-
RFLP 

No Ethnicity 

Cui 1 China IS 
 

Healthy 
 

NM 
PCR-

sequenci
ng 

Yes Ethnicity 

Cui 2 China IS 
 

Healthy 
 

NM 
PCR-

sequenci
ng 

Yes Ethnicity 

Cho 
South 
Korea 

CAD 
Healthy 

 
Whole 
blood 

PCR-
pyroseq
uencing 

Yes 
Age, 

Gender 

Present data Pakistan IDCM Healthy PBL 
PCR-
RFLP 

Yes 
Age, 

Gender, 
Ethnicity 

 

CAD coronary artery disease; MI myocardial infarction; DCM dilated 

cardiomyopathy; IS ischemic stroke; IIS idiopathic ischemic stroke; IDCM idiopathic 

dilated cardiomyopathy; WBC white blood cell; PBL peripheral blood lymphocytes; 

PCR polymerase chain reaction; SSCP single stranded conformational polymorphism; 

RFLP restriction fragment length polymorphism; AS allele specific; NM not 

mentioned; HWE hardy Weinberg equilibrium  
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Table 4-39: The TNF-α -857C>T genotype and allele distribution of the included 
studies 

First Author Year 
Controls Patients 

CC CT TT C T CC CT TT C T 

Herrmann 1 1998 125 45 1 295 47 153 41 1 347 43 

Herrmann 2 1998 340 155 13 835 181 302 122 10 726 142 

Bennet 2006 1265 210 21 2740 252 959 161 16 2079 193 

Shi 2009 53 14 3 120 20 51 15 1 117 17 

Liang 2010 81 25 4 187 33 84 24 2 192 28 

Cui 1 2012 700 299 28 1699 355 907 459 22 2273 503 

Cui 2 2012 529 262 30 1320 322 642 278 41 1562 360 

Cho 2013 277 118 9 672 136 133 54 10 320 74 

Present data 2014 197 93 10 487 113 83 129 38 295 205 
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Table 4-40: Subgroup analysis of the TNF-α -857C>T polymorphism in relation 

to CVD risk by ethnicity    

 

The heterogeneity was considered significant when P<0.10 and I2>50 % ; No number 

 

 

 

 

 

 

 

 

 

 

 

SNP Genotype 

model 

Ethnicity 

(no. of 

studies) 

Analysis 

model 
OR 

P value for 

heterogeneity 

Tau 

squared 

I2 

(%) 

TNF-α    

-857C>T 

CC vs. 

CT+TT 

Asian (6) Random 1.25 0.000 0.22 90.3 

Western 

(3) 
Fixed 0.93 0.468 0.00 0.00 

Overall (9) Random 1.11 0.000 0.13 86.2 

C vs. T 

Asian (6) Random 1.19 0.000 0.173 91.1 

Western 

(3) 
Fixed 0.944 0.516 0.00 0.00 

Overall (9) Random 0.854 0.000 0.111 87.28 
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Figure 4-7: TNF-α -857C>T polymorphism and risk of CVD in Genotype model 

 

 

                Forest plot shows association between the -857C>T polymorphism and risk of CVD under CC vs. CT+TT; 

Weights are from Random effect model; CI confidence interval; OR odds ratio 
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Figure 4-8: TNF-α -857C>T polymorphism and risk of CVD in Allelic model 

 

 

               Forest plot shows association between the -857C>T polymorphism and risk of CVD under C vs. T; 

Weights are from Random effect model; CI confidence interval; OR odds ratio 
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Figure 4-9: Begg’s funnel plot of the TNF-α -857C>T polymorphism and risk of 

CVD 

 

CC vs. CT+TT 

 

 

C vs. T 
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4.5.1.4 Meta-analysis of TNF-α -863C>A gene polymorphism and risk of CVD 

A total of 7 studies (present study included) with 3,256 controls and 3,758 patients 

were included in the TNF-α -863C>A meta-analysis on the basis of the inclusion 

criteria. The characteristics of the included studies are shown in Table 4.41. There 

were 3 studies from the Western and 4 studies from the Asian countries. The genotype 

and allelic distribution of the included studies is tabulated in Table 4.42. The 

genotype model; CC vs. CA+AA, and allelic model; C vs. A was selected for the 

overall analysis. 

 

The forest plot of the CC vs. CA+AA model showing OR, 95% CI and P value of the 

respective studies is presented in Figure 4.10. The overall data under the random 

effect model did not show any significant association with the disease (OR = 1.46; P 

value = 0.07), but demonstrated significant heterogeneity (P value = 0.00; I2 = 92.2%; 

Table 4.43). In the subgroup analysis (basis of their ethnicity), the Asian studies 

demonstrated significant heterogeneity (P value = 0.00; I2 = 91.9%; Table 4.43), 

whereas, the Western studies did not show any heterogeneity among them (P value = 

0.54; I2 = 0.00%; Table 4.43).  

 

The forest plot of the allelic model (C vs. A) is presented in Figure 4.11. The overall 

analysis revealed no significant association with the disease (OR = 1.27; P value = 

0.08). A significant heterogeneity was however reported among the studies (P value = 

0.00; I2 = 87.3%; Table 4.43). The subgroup analysis depicted strong heterogeneity in 

the Asian studies (P value = 0.00; I2 = 85.8%; Table 4.43) and none among western 

populations (P value = 0.64; I2 = 0.00%; Table 4.43).  

 

The Begg’s funnel plot of both the models revealed no obvious asymmetry as shown 

in figure 4.12. The Egger's regression test also supported the absence of publication 

bias (CC vs. CA+AA, P value = 0.20; C vs. A, P value = 0.29).  
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Table 4-41: Basic characteristics of TNF-α -863C>A gene polymorphism 
included studies 

CAD coronary artery disease; MI myocardial infarction; IIS idiopathic ischemic 

stroke; IDCM idiopathic dilated cardiomyopathy; WBC white blood cell; PBL 

peripheral blood lymphocytes; PCR polymerase chain reaction; SSCP single stranded 

conformational polymorphism; RFLP restriction fragment length polymorphism; AS 

allele specific; NM not mentioned; HWE hardy Weinberg equilibrium 

  

 

 

 

 

 

 

First  
Author 

Country Disease Control 
Gene 
cell 

Genotyping 
Method 

HWE 
in 

control 
group 

Matched 

Koch 1 Belfast MI Healthy WBC 
PCR-SSCP 
sequencing 

Yes 
Age, 

ethnicity 

Koch 2 France MI Healthy WBC 
PCR-SSCP 
sequencing 

Yes 
Age, 

ethnicity 

Bennet Sweden MI Healthy 
Whole 
blood 

AS 
hybridizatio

n-DASH 
Yes Age 

Shi China IIS Healthy PBL 
PCR-

sequencing 
Yes 

Age, 
Gender 

Cho 
South 
Korea 

CAD 
Healthy 

 
Whole 
blood 

PCR-
pyrosequenc

ing 
Yes 

Age, 
Gender 

Asifa Pakistan CAD Healthy PBL PCR-RFLP NM 
Age, 

Gender, 
Ethnicity 

Present 
data 

Pakistan IDCM Healthy PBL PCR-RFLP Yes 
Age, 

Gender, 
Ethnicity 
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Table 4-42: The TNF-α -863C>A genotype and allele distribution of the studies 

included 

 

 First Author Year 
Controls Patients 

CC CA AA C A CC CA AA C A 

Koch 1 2001 242 90 8 574 106 716 262 20 1694 302 

Koch 2 2001 242 90 8 574 106 546 227 20 1319 267 

Bennet 2006 1011 438 43 2460 524 792 314 37 1898 388 

Shi 2009 49 20 1 118 22 33 32 2 98 36 

Cho 2013 284 109 11 677 131 141 54 2 336 58 

Asifa 2013 201 101 8 503 117 92 215 3 399 221 

Present data 2014 194 98 8 486 114 130 108 12 368 132 
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Figure 4-10: TNF-α -863C>A polymorphism and risk of CVD in Genotype model 

 

 

Forest plot shows association between the -863C>A polymorphism and risk of CVD 

under CC vs. CA+AA; Weights are from Random effect model; CI confidence 

interval; OR odds ratio 
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Figure 4-11: TNF-α -863C>A polymorphism and risk of CVD in Allelic model 

 

 

Forest plot shows association between the -863C>A polymorphism and risk of CVD 
under C vs. A; Weights are from Random effect model; CI confidence interval; OR 
odds ratio 
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Table 4-43: Subgroup analysis of the TNF-α -863C>A polymorphism in relation 
to CVD risk by ethnicity   

  

SNP Genotype 

model 

Ethnicity 

(no. of 

studies) 

Analysis 

model 
OR 

P value for 

heterogeneity 

Tau 

squared 
I2 (%) 

TNF-α      

-863 C>A 

CC vs. 

CA+AA 

Asian (4) Random 2.01 0.000 0.47 91.9 

Western 

(3) 
Fixed 0.97 0.547 0.00 0.00 

Overall (7) Random 1.46 0.000 0.27 92.2 

C vs. A 

Asian (4) Random 1.57 0.000 0.175 85.8 

Western 

(3) 
Fixed 0.987 0.644 0.00 0.00 

Overall (7) Random 1.27 0.000 0.116 87.3 

 

The heterogeneity was considered significant when P<0.10 and I2>50 %, No  number 
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Figure 4-12: Begg’s funnel plot of the TNF-α -863C>A polymorphism and risk of 

CVD 

 

CC vs. CA+AA 

 

 

C vs. A 
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4.5.1.5 Meta-analysis of TNF-α -1031T>C gene polymorphism and risk of CVD 

The TNF-α -1031T>C meta-analysis consisted of a total of 8 studies (present study 

included) with 4,524 controls and 4,649 patients. The characteristics of the included 

studies are shown in Table 4.44. There were 2 studies from the Western and 6 studies 

from the Asian countries. The genotype and allelic distribution of the included studies 

is shown in Table 4.45. For the overall analysis, the genotype model; TT vs. TC+CC, 

and allelic model; T vs. C was selected.  

 

The forest plot of the genotype model; TT vs. TC+CC showing OR, 95% CI and P 

value of the respective studies is presented in Figure 4.13. Under the random effects 

model, no significant association was observed in the overall analysis (OR = 1.02; P 

value = 0.75). However, significant heterogeneity was documented in the pooled 

studies (P value = 0.02; I2 = 56.8%; Table 4.46). In the subgroup analysis, both the 

Asian (P value = 0.05; I2 = 54.4%) and the western studies (P value = 0.02; I2 = 

80.6%) demonstrated significant heterogeneity (Table 4.46).  

 

A similar trend was observed in the allelic model (T vs. C; Figure 4.14). The overall 

analysis revealed no significant association with the disease (OR = 1.01; P value = 

0.81), but heterogeneity existed in the pooled studies (P value = 0.04; I2 = 52.1%; 

Table 4.46). Similarly, the subgroup analysis depicted significant heterogeneity in 

both the Asian (P value = 0.06; I2 = 52.2%) and the western studies (P value = 0.04; I2 

= 75.9%).  

 

The Begg’s funnel plot of both the models revealed asymmetry as shown in Figure 

4.15. The Egger's regression test also demonstrated the presence of publication bias in 

both the models (TT vs. TC+CC, P value = 0.02; T vs. C, P value = 0.04).   
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Table 4-44: Basic characteristics of TNF-α -1031T>C gene polymorphism of the 

studies included in the meta-analysis 

 

First  
Author 

Country Disease Control 
Gene 
cell 

Genotyping 
Method 

HWE 
in 

control 
group 

Matched 

Bennet Sweden MI Healthy 
Whole 
blood 

AS 
hybridizatio

n-DASH 
Yes Age 

Ghazouani Tunisia CAD Healthy PBL PCR-RFLP Yes 
Age, 

Gender 

Shi China IIS Healthy PBL 
PCR-

sequencing 
Yes 

Age, 
Gender 

Liang China DCM 
 

Healthy 
 

PBL PCR-RFLP No Ethnicity 

Cui 1 China IS 
 

Healthy 
 

NM 
PCR-

sequencing 
Yes Ethnicity 

Cui 2 China IS 
 

Healthy 
 

NM 
PCR-

sequencing 
Yes Ethnicity 

Asifa Pakistan CAD Healthy PBL PCR-RFLP NM 
Age, 

Gender, 
Ethnicity 

Present data Pakistan IDCM Healthy PBL PCR-RFLP Yes 
Age, 

Gender, 
Ethnicity 

 

CAD coronary artery disease; MI myocardial infarction; IIS idiopathic ischemic 

stroke; IS  ischemic stroke; IDCM idiopathic dilated cardiomyopathy; PBL peripheral 

blood lymphocytes; PCR polymerase chain reaction; RFLP restriction fragment 

length polymorphism; AS allele specific; NM not mentioned; HWE hardy Weinberg 

equilibrium 
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Table 4-45: The TNF-α -1031T>C genotype and allele distribution of the 
included studies 

 

First Author Year 
Controls Patients 

TT TC CC T C TT TC CC T C 

Bennet 2006 889 523 68 2301 659 726 364 55 1816 474 

Ghazouani 2009 284 111 11 679 133 270 134 14 674 162 

Shi 2009 41 26 3 108 32 27 38 2 92 42 

Liang 2010 75 32 3 182 38 77 31 2 185 35 

Cui 1 2012 599 381 47 1579 475 872 475 41 2219 557 

Cui 2 2012 557 239 25 1353 289 650 281 30 1581 341 

Asifa 2013 182 110 18 474 146 178 106 26 462 158 

Present data 2014 176 107 17 459 141 133 102 15 368 132 
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Table 4-46: Subgroup analysis of the TNF-α -1031T>C polymorphism in relation 

to CVD risk by ethnicity    

 

SNP Genotype 

model 

Ethnicity 

(no. of 

studies) 

Analysis 

model 
OR 

P value for 

heterogeneity 

Tau 

squared 
I2 (%) 

TNF-α      

-1031 

T>C 

TT vs. 

TC+CC 

Asian (6) Random 1.03 0.05 0.02 54.5 

Western 

(2) 
Random 1.03 0.02 0.06 80.6 

Overall 

(8) 
Random 1.02 0.02 0.02 56.8 

T vs. C 

Asian (6) Random 1.01 0.06 0.01 52.2 

Western 

(2) 
Random 1.03 0.04 0.03 75.9 

Overall 

(8) 
Random 1.01 0.04 0.013 52.1 

 

The heterogeneity was considered significant when P<0.10 and I2>50 %, No number 
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Figure 4-13: TNF-α -1031T>C polymorphism and risk of CVD in Genotype 

model 

 

 

Forest plot shows association between the -1031T>C polymorphism and risk of CVD 

under TT vs. TC+CC; Weights are from Random effect model  
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Figure 4-14: TNF-α-1031T>C polymorphism and risk of CVD in Allelic model 

 

 

Forest plot shows association between the -1031T>C polymorphism and risk of CVD 

under T vs. C; Weights are from Random effect model; CI confidence interval; OR 

odds ratio 
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Figure 4-15: Begg’s funnel plot of the TNF-α -1031T>C polymorphism and risk 

of CVD 

 

TT vs. TC+CC 

 

 

T vs. C 
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4.5.2 Meta-analysis of IL-6 gene polymorphisms 

Meta-analysis of all the studied IL-6 gene polymorphisms (-174G>C and -572G>C) 

was conducted. 

4.5.2.1 Meta-analysis of IL-6 -174G>C gene polymorphism and risk of CVD 

A total of 31 studies (present studies included) with 15,262 controls and 11,998 

patients were included in the IL-6 -174G>C meta-analysis on the basis of the 

inclusion criteria. The genotype distribution, year of publication and disease of the 

included studies are shown in table 4.47. The studies with CAD, MI and DCM were 

included in the current meta-analysis. There were 19 studies from the Western and 12 

studies from the Asian countries. Due to the decreased prevalence of CC genotype in 

certain studies, the GC and CC genotypes were combined and compared with GG 

genotype for overall analysis. The allelic model G vs. C was also selected for the 

overall analysis.  

 

The forest plot of the GG vs. GC+CC model showing OR, 95% CI and P value of the 

respective studies is presented in Figure 4.16. The overall data under the random 

effect model showed significant association with the disease (OR = 1.22; P value = 

0.000), as well as significant heterogeneity was also observed (P value = 0.00; I2 = 

63.8%; Table 4.48). In the subgroup analysis, the Western studies demonstrated 

significant heterogeneity (P value = 0.003; I2 = 53.19%; Table 4.48), whereas, the 

Asian studies did not show any heterogeneity among them (P value = 0.08; I2 = 

38.3%; Table 4.45).  

 

Similar results were observed in the analysis of the allelic model as shown in the 

forest plot (Figure 4.17).  Significant association with the disease was observed in the 

overall analysis (OR = 1.13; P value = 0.000). Moreover, significant heterogeneity 

was also depicted across the studies (P value = 0.00; I2 = 69%; Table 4.48). The sub-

group analysis did not reveal any significant heterogeneity in both the Asian (P value 

= 0.04; I2 = 39%; Table 4.48), and the western populations (P value = 0.08; I2 = 

38.3%; Table 4.48).  
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Begg’s funnel plot of both the models revealed no obvious asymmetry as shown in 

Figure 4.18. The Egger's regression test also supported the absence of publication bias 

(GG vs. GC+CC), P value = 0.14; G vs. C, P value = 0.08).   
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Table 4-47: Basic characteristics of IL-6 -174G>C gene polymorphism of the 

included studies 

 

First  
Author 

Country 
Diseas

e 
Genotyping             (Controls/Patients)      

Total 
GG GC CC 

Georges France MI 231/170 336/340 105/104 672/614 
Humphries UK CAD 827/40 1263/95 470/25/160 2560/160 
Nauck Germany CAD 230/838 355/1238 144/499 729/2575 
Basso UK CAD 375/161 549/259 185/78 1109/498 
Bennet Sweeden MI 398/305 754/577 348/275 1500/1157 
Licastro Italy MI 46/35 44/88 7/15 97/138 
Lieb Germany MI 331/451 499/627 193/244 1023/1322 
Kelberman UK MI 240/227 240/219 81/61 561/507 
Rosner USA MI 822/204 973/233 294/85 2089/522 
Chiappelli Italy MI 127/71 106/112 24/21 257/204 
Wang China CAD 58/50 2/0 0/0 60/50 
Li China CAD 185/197 4/2 0/0 189/199 
Myśliwska Poland CAD 32/92 47/152 21/76 100/320 
Tütün Turkey CAD 35/11 15/6 0/4 50/21 
Liu China CAD 94/90 1/0 0/0 95/90 
Sekuri Turkey CAD 57/61 41/49 7/5 105/115 
Maitra India CAD 30/36 7/10 3/0 40/46 
Smith UK CAD 167/120 187/152 67/47 421/319 
Sarecka Poland CAD 36/35 64/74 21/33 121/142 
Banerjee India CAD 171/159 57/43 4/8 232/210 
Spiroska Mecedonia DCM 144/19 132/30 25/3 301/52 
Ghazouani Tunisia CAD 297/298 102/110 7/10 406/418 
Fan China CAD 129/84 1/0 0/0 130/84 
Coker Turkey MI 141/102 81/56 13/9 235/167 
Bennermo Sweeden MI 109/119 176/150 93/87 378/356 
Vakili Iran MI 202/153 229/234 19/63 450/450 
Liu China CAD 148/123 2/3 0/0 150/126 
Satti Pakistan CAD 38/18 14/11 0/7 52/36 
Biswas India MI 407/348 92/139 1/13 500/500 
Present data 1 Pakistan CAD 288/249 51/83 11/18 350/350 
Present data 2 Pakistan IDCM 252/182 40/55 8/13 300/250 
 

CAD coronary artery disease; DCM Dilated cardiomyopathy; IDCM Idiopathic 

dilated cardiomyopathy; MI myocardial infarction; UK United kingdom; USA United 

states of America 
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Figure 4-16: IL-6 -174 G>C polymorphism and risk of CVD in Genotype model 

 

 

Forest plot shows association between the -174G>C polymorphism and risk of CVD 

under GG vs. GC+CC; Weights are from Random effect model; CI confidence 

interval; OR odds ratio 
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Figure 4-17: IL-6 -174G>C polymorphism and risk of CVD in Allelic model 

 

 

Forest plot shows association between -174G>C polymorphism and risk of CVD 

under G vs. C; Weights are from Random effect model; CI confidence interval; OR 

odds ratio 
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Table 4-48: Subgroup analysis of the IL-6  -174G>C polymorphisms in relation 
to CVD risk by ethnicity    

 

SNP Genotype 

model 

Ethnicity(no. 

of studies) 

Analysis 

model 
OR 

P value for 

heterogeneity 

Tau 

squared 
I2 (%) 

IL-6       

-174 

G>C 

GG vs.                  

GC+CC 

Asian (12) Fixed 1.61 0.08 0.04 38.3 

Western (19) Random 1.11 0.003 0.02 53.19 

Overall (31) Random 1.22 0.000 0.05 63.8 

G vs. C 

Asian (12) Fixed 1.608 0.02 0.05 49.1 

Western (19) Fixed 1.03 0.04 0.006 39.1 

Overall (31) Random 1.16 0.000 0.03 69.0 

 

The heterogeneity was considered significant when P<0.10 and I2>50 %, No number 
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Figure 4-18: Begg’s funnel plot of the IL-6 -174G>C polymorphism  

 

GG vs. GC+CC 

 
G vs. C  
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4.5.2.2 Meta-analysis of the IL-6 -572G>C gene polymorphism and risk of CVD 

The IL-6 -572G>C meta-analysis consisted of a total of 16 studies (present data 

included) with 9,718 controls and 5,811 patients. The characteristics of the included 

studies are presented in Table 4.49. There were 8 studies from the Western and 8 

studies from the Asian countries. The genotype distribution, total sample size and year 

of publication of the included studies are shown in Table 4.50. The genotype model; 

GG vs. GC+CC, and allelic model; G vs. C was selected for the overall analysis.  

 

The forest plot of the genotype model; GG vs. GC+CC showing OR, 95% CI and P 

value of the respective studies is presented in Figure 4.18. Under the random effects 

model, no significant association was observed in the overall analysis (OR = 0.95; P 

value = 0.61). On the other hand, significant heterogeneity was documented in the 

pooled studies (P value = 0.006; I2 = 53.6%; Table 4.51). In the subgroup analysis, the 

Asian studies demonstrated significant heterogeneity (P value = 0.002; I2 = 69%; 

Table 4.51), whereas, the Western studies did not show any heterogeneity among 

them (P value = 0.52; I2 = 0.00%; Table 4.51).  

 

The forest plot of the allelic model (G vs. C) is presented in Figure 4.19. The overall 

analysis revealed no significant association with the disease (OR = 0.97; P value = 

0.70). ). A significant heterogeneity was however reported among the studies (P value 

= 0.00; I2 = 79.9%; Table 4.51). The subgroup analysis depicted strong heterogeneity 

in the Asian studies (P value = 0.00; I2 = 89.1%; Table 4.51) and none among western 

populations (P value = 0.48; I2 = 0.00%; Table 4.51).  

 

The Begg’s funnel plot of both the models revealed no obvious asymmetry as shown 

in Figure 4.20. The Egger's regression test also supported the absence of publication 

bias (GG vs. GC+CC, P value = 0.06; G vs. C, P value = 0.21).  
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Table 4-49: Basic characteristics of IL-6 -572G>C gene polymorphism of the 
included studies 

First  Author Country Disease Control Gene  Cell 
Genotyping 

Method 

HWE 
in 

control 
group 

Matched 

Humphries Germany CAD No-CVD 
Not 

mentioned 
PCR- RFLP Yes 

Not 
matched 

Georges 
France, 
Belfast 

MI Healthy WBC PCR Yes Age 

Basso UK CHD Healthy NM PCR- RFLP yes 
Age, 

smoking 

Kelberman1 North Europe CHD Healthy Whole blood PCR- RFLP Yes 
Not 

matched 

Kelberman2 South Europe CHD Healthy Whole blood PCR- RFLP Yes 
Not 

matched 

Fu China CAD Healthy NM PCR- RFLP Yes Age, sex 

Wei China CAD Healthy NM PCR- RFLP Yes Age, sex 

Yamada Japan IS/HS Healthy Whole blood 
PCR- sequence 
specific probes-
suspension array 

Yes 
Not 

matched 

Smith UK CABG Healthy NM sequencing yes 
Not 

mentioned 

Fragoso Mexico ACS Healthy Whole blood TaqMan Yes Age, sex 

Jia China CAD Healthy Whole blood 
Fluorescent 

resonance energy 
transfer 

No Age 

Tong1 
Han 

(Chinese) 
IS Healthy PBL 

TaqMan 
SNP Genotyping 

assay 
yes 

Age, sex, 
ethnic 

Tong2 
Uyghur 

(Chinese) 
IS Healthy PBL 

TaqMan 
SNP Genotyping 

assay 
yes 

Age, sex, 
ethnic 

Coker Turkey MI Healthy BMCs PCR Yes 
Age, SBP, 

BMI 

Present data 1 Pakistan IDCM Healthy Whole blood PCR-RFLP Yes Age, sex 

Present data 2 Pakistan CAD Healthy Whole blood PCR-RFLP Yes Age, sex 

 

UK United kingdom; CAD coronary artery disease; MI myocardial infarction; ACS 

acute coronary syndrome; no-CVD, no cardiovascular disease; IS ischemic stroke; HS 

hemorrhagic stroke; CHD coronary heart disease; CABG coronary artery bypass 

graft; IDCM idiopathic dilated cardiomyopathy; WBC white blood cell; PBL 

peripheral blood lymphocytes; BMCs blood mononuclear cells; PCR polymerase 

chain reaction; RFLP restriction fragment length polymorphism; SBP systolic blood 

pressure; BMI body mass index; NM not mentioned; HWE hardy Weinberg 

equilibrium 
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Table 4-50: The IL-6 -572G>Cgenotype distribution of the included studies 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

First Author Year 
Controls Patients 

GG GC CC Total GG GC CC Total 

Humphries  2001 2224 225 9 2458 135 19 0 154 

Georges  2001 589 73 3 665 552 58 1 611 

Basso  2002 959 116 2 1077 425 56 1 482 

Kelberman1 2004 215 26 0 241 199 23 1 223 

Kelberman2 2004 260 43 3 306 234 48 0 282 

Fu  2006 4 90 166 260 16 101 128 245 

Wei  2006 2 55 113 170 9 67 89 165 

Yamada  2006 112 760 1138 2010 54 345 742 1141 

Smith  2008 368 51 12 431 423 50 5 478 

Fragoso  2010 108 103 36 247 115 146 23 284 

Jia  2010 15 107 88 210 22 130 79 231 

Tong1  2010 35 212 401 648 38 269 341 648 

Tong2  2010 22 55 33 110 11 57 32 100 

Coker  2011 169 45 21 235 126 30 11 167 

Present study 1 2013 189 95 16 300 129 91 30 250 

Present study 2 2013 217 113 20 350 187 123 40 350 
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Figure 4-19: IL-6 -572G>C polymorphism and risk of CVD in Genotype model 

 

 

Forest plot shows association between the IL-6 -572G>C polymorphism and risk of 

CVD under GC+CC vs. GG; Weights are from random effect model; CI confidence 

interval; OR odds ratio 
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Figure 4-20: IL-6 -572G>C polymorphism and risk of CVD in Allelic model 

 

 

Forest plot shows association between the -572G>C polymorphism and risk of CVD 

under G vs. C; Weights are from random effect model; CI confidence interval; OR 

odds ratio 
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Table 4-51: Subgroup analysis of the IL-6  -572G>C polymorphism in relation to 
CVD risk by ethnicity    

 

 

The heterogeneity was considered significant when P<0.10 and I2>50 %, No number 

 

 

 

 

 

 

 

 

 

 

 

 

 

SNP 
Genotype 

model 

Ethnicity 
(no. of 

studies) 

Analysis 

model 
OR 

P value for 

heterogeneity 

Tau 

squared 
I2 (%) 

IL-6    

-572 

G>C 

GC+CC 

vs.GG 

Asian (8) Random 0.958 0.002 0.135 69 

Western 

(8) 
Fixed 1.00 0.52 0.00 0.00 

Overall 

(16) 
Random 0.958 0.006 0.05 53.6 

G vs. C 

Asian (8) Random 0.994 0.000 0.12 89.1 

Western 

(8) 
Fixed 0.925 0.485 0.00 0.00 

Overall 

(16) 
Random 0.970 0.000 0.04 79.9 
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Figure 4-21: Beggs funnel plot of the IL-6 -572G>C polymorphism and risk of 

cardiovascular disease (CVD) 
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Figure 4-22: The electropherogram

of at -238 and -308 position of TNF

                                  

 

A representative electropherogram of 4% agarose gel stained by ethidium bromide 

showing genotype pattern obtained with Msp I restriction digest at 

TNF-α.  Lane  LD  represents  100

undigested PCR amplified (152

characterized as GG (133bp and 19bp), GA (152bp, 133bp and 19bp) and AA 

(152bp). 19bp fragment cannot be seen on the gel

 

A representative electropherogram of ethidium bromide stained 4% agarose gel 

showing genotype pattern obtained with 

TNF-α polymorphism. Lane LD represents 100 bp DNA ladder (Fermen

Germany) while lane UD refers to th

The other lanes refer to genotype p

(134bp, 114bp and 20bp) and AA (134

seen. 

 

  LD         UD        

  GG          GG         

nflammatory Cytokine Gene Polymorphism in Pathophysiology of Cardiovascular 

The electropherogram of 4% agarose gel showing genotype

position of TNF-α. 

A representative electropherogram of 4% agarose gel stained by ethidium bromide 

showing genotype pattern obtained with Msp I restriction digest at -238 position of 

Lane  LD  represents  100bp  DNA  ladder  while  lane  UD  refers  to  th

undigested PCR amplified (152bp) fragment. The other lanes refer to genotype pattern 

characterized as GG (133bp and 19bp), GA (152bp, 133bp and 19bp) and AA 

cannot be seen on the gel 

A representative electropherogram of ethidium bromide stained 4% agarose gel 

showing genotype pattern obtained with NcoI restriction digest at -308 position of

α polymorphism. Lane LD represents 100 bp DNA ladder (Fermen

Germany) while lane UD refers to the undigested PCR amplified (134bp) fragment. 

The other lanes refer to genotype pattern characterized as GG (114bp, 20bp), GA 

(134bp, 114bp and 20bp) and AA (134bp). On the gel, 20 bp fragments cannot be 

LD         UD        GG        GA      GG        GG      AA         

           GG          GG         AA        GA           UD           LD
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agarose gel showing genotype pattern 

A representative electropherogram of 4% agarose gel stained by ethidium bromide 

238 position of 

bp  DNA  ladder  while  lane  UD  refers  to  the 

bp) fragment. The other lanes refer to genotype pattern 

characterized as GG (133bp and 19bp), GA (152bp, 133bp and 19bp) and AA 

 

 

 

A representative electropherogram of ethidium bromide stained 4% agarose gel 

308 position of 

α polymorphism. Lane LD represents 100 bp DNA ladder (Fermentas, 

bp) fragment. 

attern characterized as GG (114bp, 20bp), GA 

bp). On the gel, 20 bp fragments cannot be 

GA      GG        GG      AA         GG 

GA           UD           LD 
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Figure 4-23: The electropherogram

of at -857 and -863 position of TNF

 

 

A representative electropherogram of ethidium bromide stained 4% agarose gel 

showing genotype pattern obtained with 

-857 position. Lane LD represents 100

lane UD refers to the undigested PCR amplified (128

refer to genotype pattern characteriz

22bp) and TT (128bp).  On the gel, 22

 

 

A representative electropherogram of ethidium bromide stained 4% agarose gel 

showing genotype pattern obtained with 

-863 position. Lane LD represents 100 bp DNA ladder (Fermentas, Germany) while 

lane UD refers to the undigested PCR amplified (125

refer to genotype pattern characterized as CC (125bp), CA (

and AA (101bp, 24bp).  On the gel, 24

  CC      CC     CT       

  CA      CC     CA     CC     CC     C
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The electropherogram of 4% agarose gel showing genotype pattern 

position of TNF-α. 

A representative electropherogram of ethidium bromide stained 4% agarose gel 

pattern obtained with TaiI restriction digest at 

. Lane LD represents 100bp DNA ladder (Fermentas, Germany) while 

e undigested PCR amplified (128bp) fragment. The other lanes 

attern characterized as CC (106bp, 22bp), CT (128bp, 106bp and 

bp).  On the gel, 22bp fragments cannot be seen 

 

A representative electropherogram of ethidium bromide stained 4% agarose gel 

showing genotype pattern obtained with TaiI restriction digest at 

. Lane LD represents 100 bp DNA ladder (Fermentas, Germany) while 

undigested PCR amplified (125bp) fragment. The other lanes 

refer to genotype pattern characterized as CC (125bp), CA (125bp, 101bp and 24bp) 

and AA (101bp, 24bp).  On the gel, 24bp fragments cannot be seen.  

       CC      CT      CT      TT       CT      LD     UD

CA      CC     CA     CC     CC     CA     CA     CC    AA      LD     UD
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agarose gel showing genotype pattern 

 

A representative electropherogram of ethidium bromide stained 4% agarose gel 

restriction digest at TNF-α                       

bp DNA ladder (Fermentas, Germany) while 

bp) fragment. The other lanes 

bp), CT (128bp, 106bp and 

 

A representative electropherogram of ethidium bromide stained 4% agarose gel 

estriction digest at TNF-α                       

. Lane LD represents 100 bp DNA ladder (Fermentas, Germany) while 

bp) fragment. The other lanes 

1bp and 24bp) 

CC      CT      CT      TT       CT      LD     UD 

A     CA     CC    AA      LD     UD 
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Figure 4-24: The electropherogram of 3% agarose gel showing genotype pattern 

of at -1031 position of TNF

 

 

A representative electropherogram of ethidium bromide stained 3% agarose gel 

showing genotype pattern obtained with 

-1031 position. Lane LD represents 100

lane UD refers to the undigested PCR amplified (

refer to genotype pattern characterized as TT (298bp), TC (298bp, 190bp and 108bp) 

and CC (190bp, 108bp).  
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: The electropherogram of 3% agarose gel showing genotype pattern 

1031 position of TNF-α 

e electropherogram of ethidium bromide stained 3% agarose gel 

showing genotype pattern obtained with BpiI restriction digest at 

. Lane LD represents 100bp DNA ladder (Fermentas, Germany) while 

undigested PCR amplified (298bp) fragment. The other lanes 

attern characterized as TT (298bp), TC (298bp, 190bp and 108bp) 
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: The electropherogram of 3% agarose gel showing genotype pattern 

 

e electropherogram of ethidium bromide stained 3% agarose gel 

restriction digest at TNF-α                      

bp DNA ladder (Fermentas, Germany) while 

bp) fragment. The other lanes 

attern characterized as TT (298bp), TC (298bp, 190bp and 108bp) 

LD     UD     TC     TT     TT      CC      TC     TC     TT    TC     TT 
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Figure 4-25: The electropherogram of 3% agarose gel showing genotype pattern 

of at -174 and -572 position of IL-6 

 

    

 

 A representative electropherogram of ethidium bromide stained 3% agarose gel 

showing genotype pattern obtained with Nla III restriction digest at -174 position. 

Lane LD represents 100 bp DNA ladder (Fermentas, Germany) while lane UD refers 

to the undigested PCR amplified fragment. The GG genotype showed three bands of 

208bp, 171bp and 29bp, CC genotype showed bands of 171bp, 122bp, 86bp and 29bp, 

whereas the heterozygous GC showed 208bp, 171bp, 122bp, 86bp and 29bp bands on 

the gels. 

 

 

 

 

 

A representative electropherogram of ethidium bromide stained 3% agarose gel 

showing genotype pattern obtained with MbiI/BsrB1 restriction digest at -572 

position. Lane LD represents 100 bp DNA ladder (Fermentas, Germany) while lane 

UD refers to the undigested PCR amplified (251bp) fragment. The other lanes are 

characterized as GG (146bp and 105bp), GC (251bp, 146bp and 105bp) and CC 

(251bp). 

   LD           UD       CC         GG       GG         GG        GC       GC   

 LD     UD     GG     CC     CC     GG     GG     GC    GG     GG 
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5 DISCUSSION 

The CVD is consistently budding as the most prevalent cause of mortality worldwide. 

The epidemiological transition in the 20th century has placed CVD as the principal 

cause of global disability. According to the global health projections; it is going to 

remain the foremost cause of mortality in 2030 (WHO, 2013). The increased 

susceptibility to cardiac diseases is attributable to both the environmental and genetic 

factors. The role of the conventional risk factors like sedentary life styles, unhealthy 

dietary habits, overweight/obesity and smoking is still primary. However, due to 

recent advances in the research methodologies, many novel risk factors are emerging 

that are proving to have a vital role in CVD pathology. Among them the role of 

inflammatory cytokines is crucial and still ambiguous. The imperative yet 

controversial role of these cytokines in the etiology of CVD has prompted this 

research to investigate the influence of inflammatory markers on the disease in 

Pakistani population.  

 

The Asian region has been documented to have a higher CVD burden as compared to 

the western populations, and majority of this burden is held by the economically 

disadvantaged populations that are mainly in the south Asian region (Nishter, 2002). 

Pakistan is among these under-developed regions equally affected by the CVD 

epidemic as the rest of the world, however, there is very limited documented data 

regarding this problem. The present study demonstrated a high prevalence of multiple 

cardiovascular risk factors; including deranged lipid profile, elevated blood pressure, 

smoking, and increased BMI in the study population. Recently, Hussain et al. (2013) 

reviewed the assessment of cardiovascular risk in the south Asian population, and 

documented the increased prevalence of risk factors (traditional and unconventional) 

in these populations. Moreover, it was also documented that the risk profiles of these 

populations are not only different between countries but diversity also exists within 

one population (Hussain et al., 2013).  

 

 The elevated levels of the lipid profile (36% of the whole studied population) are the 

most prominent finding of the current epidemiological analyses; as they are raised in 
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CVD patients (Table 4.1), smokers (Table 4.4) and subjects with raised BMI (Table 

4.5) in the study population. The liberal use of saturated and trans fats in daily 

cooking especially deep frying along with lack of physical activity are one the  

profound features of Pakistani culture, thus leading to raised lipid levels. Previous 

studies in our population has provided diverse results; Jafar et al. (2005) reported high 

TC levels in 34.5%, Kayani et al. (2011) documented 10% and Khan et al. (2013) 

found 16% of all study subjects had raised cholesterol levels. In 2011, a study in 

Lancet reported the mean TC levels in the Asians not the highest but they were 

continuously on the rise owing to the epidemiological transition towards urbanization 

(Farzadfar et al., 2011). Therefore, the deranged lipid levels are the most prominent 

risk factor of CVD in Pakistan. 

 

The variations in the prevalence of CVD with respect to gender have also been 

investigated in the current study. In the whole studied population females had 

increased lipid levels as compared to males (Table 4.2). Furthermore, this increased 

vulnerability became more prominent when the patients were analyzed according to 

gender (Table 4.3). Previously, a high propensity of CVD in Pakistani women has 

been reported. Jaffer et al. (2005) initially reported that women are at equally high 

risk of developing CVD as men. Later on, the NHSP survey declared that women are 

at a greater risk for CVD than men (Jaffer et al., 2006). Additionally, in 2008 more 

electrocardiographic evidence of ischemia was documented in women than in men 

(Jaffer et al., 2008). In all these studies, increasing age has been hypothesized as the 

cause of increased prevalence of CVDs in women. However, in the current study the 

risk factors are more prominent at an early age (Table 4.6). Women in Pakistani 

culture are under educated, married at an early age, have no awareness about 

modifiable risk factors. The economic and psychological dependence on males 

restricts their access to health care. These facts emphasize on the urgent need to 

explore the reasons behind this enormous burden of CVD and the presence of risk 

factors in women. 

The clinical and biochemical characteristics of control subjects and patients according 

to the disease phenotype were also analyzed.  All the cardiovascular risk factors were 

strongly associated with the disease (Table 4.7). Patients suffering from essential 
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hypertension had the highest levels of CVD risk factors. These findings are consistent 

with Jaffer et al. (2005) who documented the SBP as an independent risk factor of 

CAD. Previously, He et al. (2005) also reported that hypertension has the highest 

attributable risk of cardiovascular mortality in China.  All these findings point 

towards increased vulnerability of Pakistani population towards CVD. Although the 

risk factors are somewhat defined but the data is very scarce. The influence of these 

risk factors on the development of CVD is further propagated by the prominent role of 

the genetic factors. This pronounced susceptibility of the Asian population towards 

CVD has been evident through many studies (Cho et al., 2013; Garg et al., 2013). 

However, nominal work has been done in identifying the novel risk markers for CVD 

in our population.  

 

CAD is a multifaceted polygenic disorder with complex etiology. The identification 

of the disease causing genetic variants may unveil the novel biological mechanisms 

underlying the endothelial dysfunction leading to atherosclerosis. Currently, the 

emergence of GWAS has led to the discovery of these new biological pathways. 

These studies have identified more than 30 independent genetic susceptibility loci 

associated with CAD. However, most of the disease susceptible variants identified by 

GWAS have been conducted in the populations of European descent (Schunkert et al., 

2011; Peden et al., 2011). The GWAS conducted in Asian populations (although very 

few) have also identified the genetic variants associated with CAD like: BRAP at 

12q24 (Ozaki et al., 2009) and C5orf105 at 6p24.1 (Wang et al., 2009). Lee and co-

workers conducted a GWAS and a replication study in the Koreans and Japanese 

populations on the CAD risk variants previously identified in the European 

populations. They confirmed SNPs in three loci of CAD, providing additional 

evidence to the risk association. However, multiple potential biases existed in this 

study in which null association, overestimation of the risk profile, population 

stratification and exaggerated effect size was included (Lee et al., 2013). Although, 

GWAS have thus far made major contributions in unraveling the genetics of CVD, 

but these genetic risk variants explain only a minute fraction of heritability and the 

biological explanations for the identified associations remain largely unknown. 
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Therefore, we have limited our research to unravel the pathogenesis of the causal 

association of cytokines and CVD. 

 

Inflammation and atherosclerosis have now been proved as risk factors for almost all 

types of CVD. Evidence shows the abundance of cytokine producing immune cells in 

the atherosclerotic lesion, thus strongly attesting CVD as an inflammatory disorder 

(Frostegard et al., 1999). The exact mechanism of the role of inflammation in 

atherosclerosis however is still questionable. New analytical tools are currently 

undertaken to assess this causal association, and Mendelian randomization approach 

is the most common (Rietzschel and De Buyzere, 2012). The present study was 

conducted to evaluate the relation of the TNF-α [-1031T>C and -863C>A] and IL-6  

[-174G>C and -572G>C] gene polymorphisms with CAD in a Pakistani population. 

  

The pro-inflammatory mediators and inflammatory cells precipitate an inflammatory 

response that plays a major role in the CAD progression (Libby et al., 2000). 

Numerous genetic components are implicated in the patho-physiology of CAD. 

Studies on the involvement of the promoter polymorphisms of TNF-� and IL-6 genes 

in CAD regulation hold legitimate clinical importance due to the potential damaging 

effect of these pro-inflammatory cytokines. Very few studies have investigated the 

TNF-α gene -1031T>C and -863C>A polymorphism in relation to CAD. In the 

current study, the TNF-α -1031T>C gene polymorphism had no quantifiable influence 

on CAD in all the models analyzed (genotype, dominant, recessive and allele; Table 

4.9). The non-significant (P = 0.41) TNF-� -1031C allele frequency in controls 

(23.4%) compared to CAD patients (25.4%) indicated the protective role of   -1031C 

allele in the present population. In another study, TNF-� -1031C allele have been 

reported as protective in atherosclerotic severity (Oda et al., 2007). These findings are 

similar to Ghazouani et al. who reported no link of the TNF-� -1031T>C 

polymorphism and CAD in a Tunisian population (Ghazouani et al., 2009). Bennet 

and colleagues also demonstrated similar findings in Swedish patients with MI 

(Bennet et al., 2006). On the contrary, Kamoun et al. (2007) established a relation 

between this polymorphism with Behcet’s disease (another inflammatory condition) 

in a Tunisian population. Therefore, variations exist in the role of TNF-α -1031T>C 
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gene polymorphism in inflammation. Due to this genetic heterogeneity, more studies 

among diverse ethnic groups are required to ascertain its exact role in CVD.  

 

The TNF-α -863C>A polymorphism had significant association in the genotype, 

dominant and allelic model with CAD in the present study (Table 4.9). The frequency 

of the -863A allele was notably higher in patients (35.4%) compared to controls 

(18.9%). These results were in accordance with Xiang and co-workers, who revealed 

significant differences among the genotype and allele frequencies of this SNP among 

coronary heart disease patients and controls along with elevated serum TNF-α levels 

(Xiang et al., 2004). Similarly, these results are in agreement with Yamada et al. 

(2006) and Shi et al. (2009), who indicated the significant association of the TNF-α    

-863C>A gene polymorphism with subarachnoid hemorrhage and idiopathic stroke 

patients respectively. On the other hand, a number of studies have reported no link 

between this polymorphism and CVD. A lack of association was observed in the 

genotype frequency of patients with MI and CAD when compared with controls 

(Bennet et al., 2006; Cho et al., 2013). Furthermore, Koch et al. depicted no relation 

of -863C>A and CVD (CAD, MI) in 2001, and later confirmed its non-significance in 

re-stenosis after coronary stenting in Germany (Koch et al., 2001; 2003). These 

results strongly portray the geographical diversity as studies in the Asian region show 

significant link; however, the populations from the western descendents do not.  

Hence, the results of the current study strongly suggest that the presence of the -863A 

allele elevates the risk profile of CAD patients in Pakistan.  

 

The TNF-α promoter polymorphisms may affect the transcriptional activity by means 

of alteration in the transcription factor binding sites (Baseggio et al., 2004). The 

variant alleles of TNF-� -1031(C) and -863(A) have been associated with increased 

gene expression (Higuchi et al., 1998). The factors involved in the accession of the 

transcription factors (cis-acting) to TNF-� gene promoters include; regulatory 

elements binding factors (NF-
B, organic cation transporter-1) and modifications in 

the secondary structure of DNA motifs (van Heel et al., 2002). Evidence indicates the 

increased promoter activity of the TNF-� -863A allele during lipopolysaccharide 

stimulation as compared to -863C allele (Udalova et al., 2000). Moreover, the 
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enhanced promoter activity as a result of TNF-� -863C>A polymorphism position, 

due to allele specific chromatin remodeling and transcription factors recruitment of 

the cytokine’s gene has also been reported (Skoog et al., 2006). These facts imply 

increased serum TNF-� levels as a result of C>A variation at -863 position, thus 

effecting the pathophysiology of CAD.  

 

The haplotype analysis of TNF-� (-863, -1031) revealed a significant association of 

the A-T and A-C haplotypes with the wild (-863C/-1031T) haplotype (Table 4.11). 

The -863A allele was also a part of a rare haplotype, which was more frequently 

present in MI cases (Bennet et al., 2006). The biochemical markers (serum TC, hs-

CRP, uric acid) were significantly eminent in the -863 variant genotype group (Table 

4.14). Additionally, a significantly increased frequency of -863 polymorphic genotype 

(CA+AA) in severe CAD patients (77%) compared to SVD patients (62%) was 

observed. This further ascertains the role of this locus in CAD in Pakistani population 

(Table 4.17).  In contrast, the -1031T>C polymorphism did not show any link with the 

biochemical profile and disease severity in the studied population (Table 4.14; 4.17).  

The secretion of inflammatory cytokines from the macrophages and activated T cell in 

the initial atherosclerotic lesion is the central aspect of CAD pathogenesis (Stephan et 

al., 2004). The IL-6 is among these arrays of cytokines that has a prominent role in 

bridging the inflammation and atherosclerosis. This is supported by the association of 

increased IL-6 levels with the risk of MI in healthy men (Ridker et al., 2000). 

Moreover, it is one of the main inducers of pro-inflammatory CRP (Paffen and 

deMaat, 2006). In the hepatocytes, the CRP synthesis is regulated by IL-6, which 

subsequently is up-regulated by IL-1 and TNF-� (Castell et al., 1990). Therefore, a 

very intricate relationship exists between the effect of IL-6 and CVD. The plasma IL-

6 levels are dependent upon the IL-6 gene, and gene polymorphisms (especially in the 

promoter region) ultimately affecting the transcriptional activity, thereby up-

regulating its plasma levels.  Numerous studies have highlighted IL-6 gene as a 

candidate gene for the CAD susceptibility (Bennermo et al., 2011; Coker et al., 2011; 

Vakili et al., 2011). Many functional polymorphisms have been identified in the IL-6 

gene, however, the current study is focused on mainly two promoter polymorphisms: 

IL-6 -174G>C and IL-6 -572G>C.  
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The role of IL-6 -174G>C variant has been extensively studied in many populations, 

and both alleles (G and C) have been autonomously associated with CVD and its 

complications. However, a lot of ambiguity existed among studies about the relation 

of this locus and CAD. In comparison to the studies conducted in European countries, 

the number of studies in Asia is relatively less. A familial (30 indigenous Pakistani 

families) study conducted by Satti et al. (2013), demonstrated a significant 

relationship of the variant genotype (CC) with CAD. The analysis of the current study 

also revealed corresponding results. The genotype, recessive and allelic model 

showed significant differences between patients vs. controls, whereas, the dominant 

model had no effect (Table 4.10). The increased prevalence of -174C allele in patients 

(17%) as compared to controls (10.4%) suggest its role in the atherosclerotic process. 

In agreement to our findings, Yin and co-researchers also associated IL-6 -174G>C 

polymorphism with atherosclerotic risk in a meta-analysis of 50 studies including 

33,514 subjects (Yin et al., 2013). On the contrary, some studies could not prove any 

association of the IL-6 rs1800795 gene variant and CAD in Turkish and Tunisian 

populations (Sekuri et al., 2007; Ghazouani et al., 2010).  

 

In the current study group, the carriers of the variant genotype (GC+CC) had elevated 

serum CRP, TC and uric acid (Table 4.15). The IL-6 variant genotype has been linked 

with raised inflammatory markers by many researchers. Vickers and associates 

reported increased circulating CRP in -174CC carriers and declared CRP as a 

heritable risk marker for CVD (Vickers et al., 2002). Additionally, the IL-6 

polymorphic group has been associated with elevated IL-6 and hs-CRP levels in 

various cardiovascular studies (Ozdemi et al., 2008; Unal et al., 2008; Satti et al., 

2013). In the C allele carriers, the circulating IL-6 has been shown to reach at its peak 

level, after 6 hours of coronary bypass surgery (Brull et al., 2001). Conversely, there 

are studies available that have associated the G allele with raised IL-6 levels 

(Rauramaa et al., 2000; Fernandez-Real et al., 2000; Libra et al., 2006; Greisenegger 

et al., 2009). These divergent results demonstrate dramatic genetic variations owing to 

multiple racial and ethnic groups.  
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The relation of IL-6 -572G>C polymorphism with CAD risk was also assessed. In a 

meta-analysis, Yang and colleagues reported that this polymorphism is associated 

with a mild to moderate risk of CAD (Yang et al., 2013). The results from the current 

CAD study group also depicted similar findings, with significant association in all the 

genetic models (genotype, dominant, recessive, allelic).  In terms of genotype 

frequency, the CC genotype was almost twice in patients (11.5%) than controls 

(5.7%; Table 4.10).  The -572C allele was also significantly more frequent in CAD 

patients (29%) when compared with controls (22%). The -572C allele carriers have 

demonstrated substantially increased IL-6 levels 6 hours post CABG surgery (Brull et 

al., 2001). In the Chinese Han population, the IL-6-572GC genotype has been 

suggested as an independent risk factor for IS (Tong et al., 2010). Whereas, lack of 

association of the IL-6 -572G>C variant with MI was observed in the Northern 

Europe and Turkish population (Kelberman et al., 2004; Coker et al., 2011).  

 

The increased levels of TC, TG, vLDL, hs-CRP and uric acid was also observed in the 

variant genotype group (GC+CC) as illustrated in Table 4.15. The effect of IL-6 gene 

promoter polymorphisms and its circulating levels have been associated with multiple 

CVDs.  Wong and co-researhers carried out a study on the Hong Kong Chinese 

population which elaborated that the promoter variant at -572 position produces its 

effect indirectly via influencing CRP and fibrinogen in response to pro-inflammatory 

stimulus (Wong et al., 2007). Therefore, the risk of development of CVD is 

influenced not only by the inflammation but the IL-6 response to the genetic 

variations. The response of IL-6 gene to these polymorphisms has however revealed 

contradictive findings in different populations. One of the reasons behind these 

discrepancies is the divergent distribution of allelic frequencies among different 

populations around the world. This will be discussed in detail with regards to meta-

analysis later. Since the frequency of -572G allele is considerably high in this study 

group, therefore the G allele is referred as the wild and C allele as the variant type.  

The haplotype analysis of the IL-6 -174G>C and -572G>C polymorphism resulted in 

the positive associations among all the haplotypes (Table 4.12). The most significant 

was the comparison between the G-G and C-G haplotype (OR = 1.88; P value = 

0.002). The IL-6 gene transcriptional control is very complex and even very subtle 
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variations can bring about considerable effects. This has been very effectively 

elaborated by Terry et al. (2000), who demonstrated the co-operative influence of IL-

6 promoter region polymorphisms on the transcriptional regulation. Their results 

suggested that the base difference at one polymorphic site does not act independently, 

and it is influenced by the functional variation at another variant site. Thus, the IL-6 

promoter polymorphisms affect its transcription by intricate pathways influenced by 

haplotypes (Terry et al., 2000). The findings of the present analysis were attested by 

the logistic regression analysis, which clearly demonstrated the association of the 

studied polymorphisms with CAD (Table 4.13). Finally, the results regarding the role 

of cytokines in CAD in Pakistani population is very complex and we have been only 

able to touch the tip of the ice berg. This population is prone to higher CAD risk, and 

it is suggested that these polymorphisms can be the one of the reasons. More studies 

are required to testify these results along with plasma levels of the inflammatory risk 

markers.  

 

In the third part of this study, the focus was shifted from the common disease to rather 

un-common CVD; IDCM. This was undertaken to assess the role of cytokine gene 

variations in the mechanics of disease pathology. IDCM is a combination of dilation 

and impaired contraction of either left or both ventricles (Richardson et al., 1996). It 

is one of the principal causes of CVD complications leading to heart transplantation 

(Gungor et al., 2011). The etiology of IDCM has been linked to various genes that 

encode cytoskeletal proteins (Jefferies and Towbin, 2010), sarcomeric protein 

(Change and Potter, 2005), intercalated protein and Z-disk (Olsen et al., 2002) and 

nuclear membrane protein (Parvari and Levitas, 2012). However, the role of genes 

encoding the non-sarcomeric and structural components of the cardiomyocytes with 

regards to IDCM has not been thoroughly investigated. Furthermore, the reported 

nucleotide variants have only accounted for a minute proportion of the molecular 

aspects underlying the disease pathogenesis. The involvement of the inflammatory 

reactions in myocardial diseases have been ascribed by many scientists (Metzger and 

Anderson, 2011; Marchant et al., 2012), and the role of immune system in IDCM has 

also been hypothesized (Mobini and Andersson, 2005). The genetic research is now 

focused on the quest to identify the candidate genes and their respective variants that 
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have elemental roles in regulating the immune response. In order to discover novel 

DCM susceptible genes, various epidemiological studies have been done and some 

have pointed towards gene variations in the HLA locus as a risk factor for myocardial 

immune reactions (Li et al., 2008; Portig et al., 2009). Liu et al. (2005) and Ruppert et 

al. (2010) have previously reported association of SNPs in the gene encoding 

cytotoxic T-lymphocyte antigen 4 with DCM risk. These evidences indicate 

imperative influence of inflammation on DCM development. IDCM has multi 

factorial etiology and various cardiac conditions can lead to DCM phenotype; 

however, the precise underlying mechanism of IDCM is still ambiguous. Increased 

circulating cytokines along-with their release from the myocardium in IDCM patients 

have been reported (Ohtsuka et al., 2001; Chang et al., 2003). It has also been 

documented that elevated cytokines alone are sufficient to mimic heart failure 

phenotype, including cardiomyopathy (Kubota et al., 1997). The TNF-α and IL-6 

have been proved to play a crucial role in DCM pathology; increased plasma TNF-α 

levels and TNF-receptors have been shown in DCM patient (Torre-Amione et al., 

1996). Likewise, a study conducted by Aukrust et al. (1999) demonstrated enhanced 

IL-6 levels and up regulation of gp130 receptors in patients with DCM.  In the pretext 

of the involvement of these pro-inflammatory cytokines in the disease development, 

the present study was conducted. The relation of TNF-α and IL-6 gene 

polymorphisms with IDCM was investigated in the current study. A total of five SNPs 

of TNF-α (-238G>A, -308G>A, -857C>T, -863C>A and -1031T>C) and two SNPs of 

IL-6 (-174G>C and -572G>C) were investigated.  

 

In the IDCM study group, the TNF-α -238G>A gene polymorphism was found to be 

significantly associated with the disease in genotype (P = 0.02), dominant (P = 

0.009), and allelic model (P = 0.004; Table 4.20). The frequency of -238A allele in 

IDCM cases (18%) was predominantly higher than controls (12%). This corresponds 

to a previous study that documented similar frequency of -238A allele in DCM 

patients on left ventricular assist device support (18%) compared to those on medical 

therapy (3%) (Bruggink et al., 2008). Bennet et al. (2006) and Tong et al. (2010) 

studied this polymorphism in MI and IS risk in the Swedish and Chinese population, 

but their results were in contradiction to the present findings. Similarly, Alikasifoglu 
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et al. (2003) and Spiroska et al. (2009) did not report any association of TNF-α           

-238G>A gene polymorphism in the Turkish and Macedonian populations with 

IDCM. However, recently Cho et al. (2013) suggested this polymorphism to be an 

independent risk factor for CAD in a Korean population. The increased serum levels 

of TNF-α has been associated with -238 variant in different CVD (Bruggink et al., 

2008; Mohamed et al., 2010). This increase has been observed to modulate the 

cardiac functions by inducing left ventricular dysfunction (Suffredini et al., 1989), 

remodeling (Pagani et al., 1992) and cardiomyocyte apoptosis (Irwin et al., 1992). 

The physiologic levels of TNF-α have been conferred to play a cyto-protective role in 

the heart (Nakano et al., 1998; Kurrelmeyer et al., 2000). These findings suggest that 

TNF-α -238G>A may affect the pathological process of the disease, however, the 

extent of this is not known yet. This variant locus has been studied by many groups 

with respect to multiple diseases. The role of TNF-α -238G>A in DCM patients 

however, has been investigated in limited populations (Alikasifoglu et al., 2002; 

Bruggink et al., 2008; Spiroska et al., 2009). The current analysis is the pioneer study 

of TNF-α -238G>A polymorphism in IDCM in Pakistan.  

 

The TNF-α polymorphism (G>A) at position -308 is the most extensively studied 

locus in almost all the inflammatory conditions. Wilson and co-researchers reported 

this bi allelic variant first in 1993 (Wilson et al., 1993). The -308A allele potentiates 

the transcriptional activity and is known to be associated with enhanced levels of 

TNF-α (Wilson et al., 1997; Allen, 1999). The elevated serum levels of TNF-α are 

known to affect the endothelial cell hemostatic function, thus modifying the risk of 

development of coronary events (Plutzky et al., 2001). Specific cytokine gene 

polymorphisms have been associated with worse prognosis in patients with IDCM 

(Adamopoulos et al., 2011). Several studies on TNF-α -308 gene polymorphisms 

have been conducted in patients with IDCM, which yielded conflicting results mainly 

due to ethnic variations (Ito et al., 2000; Alikasifoglu et al., 2003; Adamopoulos et 

al., 2011). South Asians are considered to be at an increased risk for cardiovascular 

complications and it is probable that mutations in their genes may predispose them to 

the disease.  
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In this case-control study, a significant difference in the TNF-α -308 variant genotype 

was observed between IDCM cases and healthy controls (Table 4.20). The TNF-α -

308A allele was present in 41% of IDCM cases, which was notably higher than 

controls at 15% (P<0.0001). A similar trend was observed in the -308A allele 

frequency from patients with DCM in the Han Chinese (Liang et al., 2010), and 

Japanese population (Ito et al., 2000). A study from the African population also 

confirmed a positive association of the TNF-α -308G>A polymorphism with IDCM 

(Brooksbank et al., 2008). Tiret et al. (2000) reported no association of 

polymorphisms of eight candidate genes (including TNF-α -308G>A) with the risk of 

IDCM in Macedonian people. Similarly, the studies in the French and Turkish 

populations also showed no link between the TNF-α -308G>A polymorphism and 

DCM (Alikasifoglu et al., 2003; Adamopoulos et al., 2011). Due to these contrasting 

findings, Luo et al. (2013) recently conducted a meta-analysis to find out the overall 

role of this polymorphism in all the studies conducted on DCM. Their overall results 

showed increased frequency of the variant genotype (GA+AA) in the DCM patients 

and suggested the association of the -308G>A polymorphism with DCM. The exact 

underlying mechanism regarding the effect of TNF-α on cardiomyocytes is not clear. 

The elevated TNF-α levels are known to modulate the cardiac functions sequentially 

by causing; depression in cardiac contractility, induction of cardiomyocyte apoptosis, 

dysfunctioning of the myocardial metabolism, stimulation of left ventricular 

remodeling thus causing DCM (Bruggink et al., 2008). Furthermore, in transgenic 

mice the over-expression of TNF-α was shown to induce heart failure and DCM 

(Kubota et al., 1997). In the south Asian region, no study has yet been done on this 

variant genotype with respect to cardiomyopathy. The results from this study group 

postulate a probable role of TNF-α in the disease etiology.  

 

There is paucity of data on TNF-α -857C>T, -863C>A and -1031T>C polymorphisms 

with reference to DCM. These SNPs were therefore investigated in the present DCM 

study group. The TNF-α -863C>A variant was significantly associated with IDCM in 

the genotype, dominant and allelic model (Table 4.21). Whereas, TNF-α 

polymorphism at -1031 position was not found to be associated with DCM in any 

genetic model studied (Table 4.22). A study conducted by Liang and co-researchers 
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did not find any relation of these loci (-857C>T, -863C>A, -1031T>C) with DCM 

(Liang et al., 2010). This is the only study conducted to investigate the association of 

these SNPs with DCM. Therefore, the present study is the first study to investigate the 

association of -863C>A polymorphism with IDCM. Whereas, in the case of                

-1031T>C locus, it is the first study in a south Asian population that has been 

conducted in IDCM patients.  

 

The studies conducted on the role of TNF-α polymorphism at -857 (C>T) has 

revealed no significant relation with CVD. The studies on MI and CAD have been 

carried out in the Belfast, Swedish, French and North Korean population that reported 

lack of association of this locus with the disease process (Herrmann et al., 1998; 

Bennet et al., 2006; Cho et al., 2013). Similarly, no link of -857C>T variant was 

found in patients of ischemic stroke (Shi et al., 2009; Cui et al., 2012). The result of 

the present IDCM group however, has reported distinct findings with significant 

association in all the genetic models studied (Table 4.21). The TNF-α -857 TT+TC 

genotype has been reported with significantly increased circulating TNF-α in smokers 

compared to non-smokers (Bennet et al., 2006). It was hypothesized that the presence 

of -857T allele caused the interaction of TNF-α and p65subunit of NF-кB leading to 

raised NF-кB expression (Anto et al., 2002).  This interaction is further dependent on 

the presence of a transcription factor OCT1, which specifically binds to NF-кB in the 

presence of the -857T allele, and not the -857C allele (van Heel et al., 2002). Thus, it 

can be suggested that -857C normally leads to increased TNF-α levels but, in some 

inflammatory diseases the -857T allele can stimulate the TNF-α transcription through 

NF-кB-OCT-1 pathways. Since inflammation plays a pivotal role in etio-pathogenesis 

of IDCM, therefore, this pathway needs further in depth investigation.   

 

In the haplotype based analysis, strong influence of TNF-α -308A allele was observed 

in two constructs (-238/-308/-1031, -308/-857/-863) studied in IDCM patients and 

controls (Table 4.23; 4.24). In the (-238/-308/-1031) haplotype construct, the -238A 

and -308A allele were dominatingly associated with the disease pathology (Table 

4.23). Similarly, in the other haplotype (-308/-857/-863) group, the prominent effect 

of -308A allele was observed. However, the significant association of G-T-A 
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haplotype demonstrated the association of -857T and -863A allele with IDCM (Table 

4.24). Bennet et al. (2006) reported a rare haplotype involving -863A/-1031T allele in 

association with MI risk. These findings suggest a strong interaction of neighboring 

polymorphisms that can regulate the TNF-α based pathology in IDCM.  

 

The effect of IL-6 on myocardial activity has been well documented both in vivo as 

well as in vitro studies. In vivo, subcutaneous IL-6 administration in rats led to 

deterioration of cardiac contractile function in a dose-dependent manner (Janssen et 

al., 2006). In vitro studies have shown that IL-6 directly affects the isolated papillary 

muscle through negative inotropic mechanism, mainly due to up-regulation of nitric 

oxide synthase 2 in the myocardium (Finkel et al., 1992). In the isolated cardiac 

myocytes, the sarcoplasmic reticulum Ca2+ ATPase is down regulated by IL-6, 

thereby depressing the myocardial contractility (Villegas et al., 2000). Furthermore, 

the IL-6 administration into the cultures of rat cardiac myocyte caused reduced 

expression of cardiac actin, α-myosin heavy chain and β-myosin heavy chain (Patten 

et al., 2001). Enhanced inflammatory cytokine levels have been reported in DCM 

patients verses non-failing hearts (Torre-Amione et al., 1996). IL-6 levels via gp130 

receptor have been known to be up regulated in patients with IDCM (Aukrust et al., 

1999). The IL-6 -174G>C and -572G>C polymorphism were investigated in the 

current IDCM study group to identify its link in the disease mechanics. Both these 

loci have been extensively studied in CAD, but IDCM has not been thoroughly 

explored.  

 

The IL-6 -174G>C variant genotype (GC+CC) was more prevalent in IDCM (27%) 

compared with healthy controls at 16% (P = 0.002). Similarly, the C allele frequency 

(16%) was significantly higher among IDCM cases than controls (9%) in the study 

population (P = 0.0008; Table 4.25). Contrary to the present results, lack of 

association between the IL-6 -174G>C polymorphism with DCM has been 

documented in Macedonian and Greek population (Spiroska et al., 2009; 

Adamopoulos et al., 2011). Another study demonstrated that the IL-6 -174C allele 

prevalence and the cytokine levels were significantly high in patients with aortic 

aneurysms. The same report also demonstrated that the -174CC genotype was 
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associated with increased cardiovascular events (Jones et al., 2001). Evidence shows 

that the IL-6 C allele carriers (-174,-572) had higher levels of the cytokine compared 

with the G allele individuals following coronary artery bypass surgery (Brull et al., 

2001). Similar results were obtained when the IL-6 -572G>C polymorphism was 

investigated for IDCM risk. A high frequency of the -572C variant allele in DCM 

cases vs. controls suggested a positive association of this SNP with the disease in the 

study subjects (P = 0.0008; Table 4.25). So far, no study has yet been conducted on 

IDCM patients with regards to the IL-6 -572G>C polymorphism. Higher IL-6 

concentration has been associated with the development of heart failure (Deliargyris 

et al., 2000). The role of IL-6 in IDCM has not been clearly defined; Feldman et al. 

(2000) has suggested that TNF-α may be sufficient to induce the IL-6 gene and 

protein expression in a variety of cell types, leading to a ‘cytokine cascade’ in the 

setting of heart failure. Additionally, Chang et al. (2003) identified a significant 

positive correlation between the levels of TNF-α and IL-6; moreover, enhanced IL-6 

levels have been reported at coronary sinus than that of systemic artery in patients 

with IDCM in the same study. Therefore, the myocardium appears to be the major 

source of pro-inflammatory cytokines in DCM. Finally, the findings of Yan et al. 

(2010) supported the concept that IL-6 is probably involved in the pathological 

cascade through complex direct/indirect mechanisms, and thus can be used as a 

potential biomarker for the prediction of heart failure. Despite all these findings, the 

basic underlying pathway that defines the role of IL-6 in IDCM is still unclear.  

 

To address to these issues, the current study was extended to understand the novel 

pathways that bridge the immunological and pathophysiological mechanisms behind 

DCM onset and progression. The findings of the present study demonstrated 

significantly high CRP from IDCM cases with <25% vs. >25% ejection fraction 

(Table 4.27). High CRP is associated with LV dysfunction and is indicative of 

morbidity and mortality in patients of heart failure (Araújo et al., 2009). 

Endomyocardial biopsies of DCM patients showed that CRP is present in the 

myocardium and is co-localized with macrophages and complement system proteins 

(Zimmermann et al., 2009). Evidence shows that CRP promotes fibrosis and 

inflammation in angiotensin II-induced cardiac remodeling (Zhang et al., 2010). 
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Consistent with other studies of CVD, high CRP from IDCM cases in the current 

study is not surprising. However, it is interesting to note that IDCM patients with 

<25% ejection fraction had significantly high CRP compared with the >25% LVEF 

group. Since no data have been reported on this particular aspect earlier, therefore, 

further studies are required to establish clinical implications of high CRP in group I 

cases (Table 4.27). Therefore, in the light of these results it can be assumed that CRP 

may have a role in LV dysfunction and remodeling that may support the present 

observation of elevated CRP from the <25% ejection fraction group.   

 

Furthermore, it was noted that IDCM patients with <25% LVEF had significantly 

higher serum t-PA, PAI-1 and TF levels compared with cases of >25% ejection 

fraction (Table 4.27). The fibrinolytic and the coagulation components are of key 

importance in cardiovascular events. The elevated levels of t-PA and CRP are 

independently indicative of cardiovascular events (Gram et al., 2000). It has been 

demonstrated previously that the mRNA encoding t-PA is increased during vascular 

remodeling (Javed et al., 2001). The t-PA and PAI-1 mass concentrations have also 

been shown to be associated with incidence of myocardial infarction (Thögersen et 

al., 1998). Therefore, t-PA levels may represent a link between cardiovascular disease 

and markers of inflammation.  

 

The results of the current study also demonstrate that the cytokines’ variant genotypes 

were more prevalent in IDCM patients with <25% vs. >25% LVEF individuals. 

Experimental studies show that inflammatory cytokines and endotoxin up-regulates 

PAI-1 in the mice and rat hearts (Sawdey et al., 1991). Mcfelda et al. (2002) 

demonstrated that the human adult cardiac myocytes express elevated levels of PAI-

1in the presence of inflammatory cytokines. Endothelial cell damage and deregulation 

of endothelial cell matrix (ECM) composition are important factors involved in 

IDCM. PAI-1 is expressed in extravascular, intravascular compartments and 

subendothelial extracellular matrix. It orchestrates the cell adhesion and migration 

through integrins and ECM components (Schafer et al., 2010). Increased PAI-1 

production increases thrombogenicity and thus causes endothelial dysfunction. 
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Schafer et al. (2010) suggested that endothelial cell damage associated with increased 

PAI-1 expression recurs in cardiac transplant recipients with IDCM.  

 

The role of TF in idiopathic DCM is not fully understood. Down regulation of TF 

expression in DCM has been observed and this reduction is thought to influence the 

structural integrity and contractility of the myocardial cells (Szotowski et al., 2005). 

TF affects the structural integrity and contractility of the myocardial muscle. 

Hypertensive and ventricular hypertrophy patients revealed reduced TF (Luther et al., 

2000); this reduction could be due to phenotypic changes in the myocardium. This 

notion may be supported by data suggesting that mice expressing low human TF 

revealed myocardial fibrosis and ventricular dysfunction (Pawlinski et al., 2000). 

Although significantly high TF levels (P = 0.04) from pooled data from <25% vs. 

>25% of IDCM cases was noted, however, this increase was consistent when 

compared between patients with the polymorphic alleles (Table 4.28; 4.29).       

 

CRP directly increases the TF expression through endothelial and smooth muscle cell 

proliferation and also induces the expression of cytokines with pro-thrombotic 

properties (Cirillo et al., 2005). Therefore, the impression of CRP has changed as a 

mediator of inflammation to prognostic predictor, as it has the ability to affect the pro-

thrombotic and proliferative ability of the endothelial and smooth muscle cells. In 

patients with LVEF <25%, the present findings specifically show increased levels of 

serum CRP in all the studied polymorphic sites of TNF and IL-6. However, the serum 

TF levels showed variations some of which produced significant results whereas 

others were in significant (Table 4.30; 4.31; 4.32).  

 

The underlying mechanisms contributing to left ventricle reduced ejection fraction 

(LVREF; <25% LVEF) may be due to loss of cardiac myocytes which may result 

from apoptosis, necrosis, or autophagy. These modalities of cell death may be due to 

oxidative stress prevalent in the cardiomyocytes (Gurusamy et al., 2009). Ischemia, 

toxicity, or inflammatory status could alter the balance between collagen deposition 

and degradation in the heart tissue, and hence extracellular matrix remodeling may 

lead to LV dilation (Janicki et al., 2004). Loss of cardiomyocytes and their 
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replacement by collagen leads to patchy areas of fibrosis that may contribute to LV 

dysfunction. In advanced LVREF (<25% LVEF), in addition to the above mentioned 

modalities, endothelial dysfunction exacerbate cardiac performance leading to 

deterioration of the disease. Endothelial dysfunction may be due to increased levels of 

TNF and IL-6 (Torrie-amione et al., 1996).  Perhaps, the increased concentrations of 

TNF and IL-6 may be due to severity of the disease pathophysiology in heart failure 

patients with depressed LV ejection fraction (Torrie-amione et al., 1996; Lomni et al., 

1997). 

 

TNF and IL-6 gene polymorphism contribute to functional levels of the cytokines in 

circulation. The objective to investigate this study group was not aimed to address the 

cytokines’ polymorphism in IDCM. In essence, this investigation is aimed to 

determine the serum levels of CRP, t-PA, PAI-1, and TF in relation to LV ejection 

fraction of IDCM cases. Since a prominent association of these factors in patients 

with depressed ejection fraction (<25% LVEF) was found, therefore, it is assumed 

that interplay of the fibrinolytic and coagulation system components may influence 

the clinical outcome of the disease in IDCM patients.     

 

In the last part of the present study, the meta-analyses of all the studied 

polymorphisms were carried out to investigate the region and ethnicity based effect of 

the SNPs in CVD. In this meta-analyses the association between the TNF-α promoter 

(-238G>A, -308G>A, 857C>T, -863C>A, -1031T>C) and the IL-6 (-174G>C,            

-572G>C) polymorphisms with CVD susceptibility was addressed.  

 

The meta-analysis of the TNF-α -238 locus revealed absence of any significant 

relation of this SNP with CVD in overall analysis in both models studied. However, 

ethnicity based sub-group analysis showed strong heterogeneity in the Asian 

population (Table 4.35). The TNF-α -238G>A polymorphism has not been thoroughly 

investigated yet, and this analysis is limited to the European (Allen et al., 2001, 

Bennet et al., 2006, Bruggink et al., 2008, Spiroska et al., 2009), Asian (Hou et al., 

2009, Tong et al., 2010, Cho et al., 2013)  and Turkish population (Alikasifoglu et al., 

2003). Therefore, the present results are applicable only to these ethnic groups. More 



Discussion 

 

Role of Inflammatory Cytokine Gene Polymorphism in Pathophysiology of Cardiovascular 

Disease  189 

 

studies with large sample size along with correlative serum TNF-α level should be 

carried out to determine its role in CVD. 

 

Contrary to -238 locus, the TNF-α -308G>A polymorphism has been extensively 

studied in almost all types of CVDs. Due to this reason, this meta-analysis was carried 

out only in the CVDs studied in the present work i.e. CAD and IDCM.  In the pooled 

analysis and ethnicity based sub-group analysis no significant association with CVD 

was observed in both models (Table 4.37). These results were contradictory to the 

findings of Zhang et al. (2011), which portrayed the presence of -308A variant as a 

risk factor of CHD in the Caucasians but not in the Asians, Indians, or Africans. The 

included studies were then stratified according to the disease status, which depicted 

no association with CAD. However, the -308G>A polymorphism was found to be 

significantly associated with IDCM (Table 4.37). The results of a recent meta-analysis 

conducted by Luo et al. (2013) were in agreement to the current findings, and 

suggested a link of this variant with IDCM susceptibility. The number of studies 

carried out in DCM group are limited and do not portray all the ethnic groups, 

therefore the current meta-analysis has its limitations. Despite these limitations, the 

results of the current analysis suggest a strong link of the -308G>A transition in 

IDCM.  

 

The pooled results of the TNF-α -857C>T meta-analysis did not demonstrate any 

significant association with CVD in both the models and ethnicity. However, the 

presence of significant heterogeneity in the overall results and Asian studies strongly 

portray genetic diversity within populations (Table 4.40). Since minimal studies have 

been carried out in this locus with respect to CVD, therefore, the lack of association 

cannot be ascertained. Moreover, this polymorphism has been checked only in CAD, 

IS and DCM and the sample size of the individual studies was also not consistent. So, 

to ascertain the role of -857C>T transition in CVD, large population based studies are 

required. 

 

Like the TNF-α -857C>T data, the meta-analysis of -863C>A variant was also 

inconclusive for CVD risk. Out of the seven studies, prominent genetic heterogeneity 
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and borderline significance (P = 0.05) was observed in the studies conducted in the 

Asian (n = 4) populations (Table 4.43). The TNF-α -863C>A polymorphism has 

neither been explored fully in all types of CVDs nor has the major ethnic regions been 

investigated. If more studies are conducted in this area, may be a conclusive result can 

be obtained.  

 

The meta-analysis performed on the studies corresponding to the TNF-α -1031T>C 

polymorphism showed no CVD risk due to this transition in the pooled analysis 

(Figure 4.13; 4.14). The prominent heterogeneity in the western population and 

significant publication bias strongly suggest that the studies conducted on this locus 

are not enough to ascertain its significance in CVDs risk assessment. Out of six 

studies that has been done in Asian population (present data included), the CAD and 

DCM has been explored in only one study. The frequency of -1031T allele is 

uniformly high in all the populations; its protective role in CVD needs to be 

confirmed through larger population based studies.  

 

The work conducted on the two SNPs of IL-6 (-174G>C and -572G>C) was analyzed 

with respect to CVD risk. The -174G>C polymorphism has been extensively studied 

in CAD. The current meta-analysis was conducted on 31 studies (present data 

included); it contained 30 studies on CHD and only one on DCM. The overall results 

demonstrated significant association of this variant with CVD risk in both the models 

studied (Figure 4.16; 4.17). These results are in agreement to a meta-analysis by Jin et 

al. (2014) who suggested that -174G to C transition contributes to MI risk. The co-

dominant model (GG vs. CC) was reported to be significantly associated with CAD 

risk in a meta-analysis of 15 studies conducted by Yang et al. (2013). They 

demonstrated no significance in the sub-group analysis which is contrary to the 

current findings. In the present results, the Asian population demonstrated highly 

significant association of the -174 variant with CVD risk along with the absence of 

heterogeneity. The pooled analysis of the western studies however showed significant 

association and heterogeneity with regards to CVD risk (Table 4.48).  These findings 

correspond to another very interesting meta-analysis by Niu et al. (2012) which 

provided strong evidence of the causal association of the serum IL-6 levels with the 
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progression of CAD in the White population. Niu and colleagues demonstrated that 

the -174C allele had 4% increased risk of developing CAD in the overall analysis. 

Moreover, the ethnicity based subgroup statistics indicated that the -174C allele 

carriers in the White population were associated with a 12% increased risk of CAD, 

whereas, the risk was remarkably reduced in the East Asian population. On the other 

hand, two meta-analyses conducted by Yin et al. in 2012 (20 studies with CHD) and 

2013 (50 studies with atherosclerosis) suggested a major role of the IL-6 -174G>C 

polymorphism in atherosclerotic diseases (Yin et al., 2012; 2013). These studies 

strongly propagate the importance of this locus in CVD susceptibility, but the 

presence of high heterogeneity demands that these results should be interpreted with 

caution.  

 

The -572G>C polymorphism unlike the -174 locus has not been thoroughly explored. 

The present meta-analysis on 16 studies (current studies included), had 10 studies on 

CAD, 3 on IS and one study each on CABG, ACS and IDCM. The pooled analysis 

(GG vs. GC+CC) did not reveal any significant association with CVD, but significant 

heterogeneity was observed in overall and sub-group (ethnicity based) analysis (Table 

4.51). This heterogeneity can be attributed to the variation in the frequency of G and 

C allele among different populations. According to the studies conducted in the 

African-American countries the frequency of -572G allele is considerably high 

(Humphries et al., 2001; Georges et al., 2001; Kelberman et al., 2004). Whereas, the -

572C allele has been reported to be highly prevalent in China and Japan (Fu et al., 

2006; Wei et al., 2006; Yamada et al., 2006; Jia et al., 2010; Tong et al., 2010). A 

meta-analysis (13 studies) conducted by Zheng et al. (2012) proposed that the -572G 

to C transition may contribute to CHD development. In another meta-analysis, Yang 

et al. (2013) declared GG vs. GC+CC is the best model to illustrate the association of 

the IL-6 -572G/C polymorphism and CAD risk. Thus, the -572 variant needs to be 

further investigated with regards to circulating IL-6 levels so that the role of this 

polymorphism in CVD can be ascertained.  
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Concluding Remarks 

The contribution of the conventional CVD risk factors in the progression of 

cardiovascular complications has been unanimously accepted worldwide. These risk 

factors can neither be attributable to overall cardiovascular risk, nor can they predict 

the increased prevalence. However, the detrimental effects of the genetic and 

environmental factors on the clinical phenotypes of complex CVD cannot be ignored. 

The exponential rise of the CVD incidence, decline in longevity and sudden 

premature death in the south Asian population therefore exhibit a special 

susceptibility for these diseases that is not explained by the traditional risk factors. 

Thus the health professionals are currently in search of new therapeutic avenues. For 

this they require identification and characterization of the genes associated with CVD 

and their modifiers, combined with the knowledge of population-specific risk factors 

that would improve the prevention, treatment and quality of care in a high risk 

population like Pakistan. Research methodologies like association studies using 

candidate gene approach and meta-analyses are extensively used to locate variations 

in the genetic architecture associated with CVD.  

The role of inflammatory cytokines (TNF-α, IL-6) gene polymorphisms has been 

proposed in the CAD previously, however, the data in a resource constrained country 

like Pakistan is very scarce. Moreover, the association of some polymorphic loci with 

IDCM has not been explored in any population previously. Therefore, the current 

study will not only provide information of the predisposing genetic factors of the 

Pakistani population, it will also add new information to the genetic inventory of the 

world.  The present study has also proposed novel pathways that link the 

inflammation to the CVD pathology via fibrinolytic and coagulation markers. 

Although the work presented here in this regard is preliminary but it can open new 

therapeutic targets for the cardiac research in years to come. Lastly, the comparison of 

the genetic architecture of a Pakistani population with the other regions has provided 

the insight about the diversity, variability and heterogeneity of this region.  

There are certain limitations in the current study. The sample size of the individual 

study group is small. The results of the genotype analyses could not be correlated with 
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the serum TNF-α and IL-6 levels. This study should therefore be considered as an 

exploratory investigation suggesting strong association of said SNPs with CAD and 

IDCM patients. These markers cannot be the causative factors of CVD but they 

enhance the predisposition of the studied population towards CAD and IDCM. These 

findings should be replicated in other populations with larger sample size to establish 

the link of these loci with CVDs.  

Future prospects 

The findings of this study can be carried forward in many directions. Research 

methodologies like linkage analysis, fine mapping and genome wide association 

studies can be undertaken to locate novel genes associated with CAD and IDCM. The 

immunohistochemisry of the cardiac tissue can reveal the novel molecular pathways 

that may provide new pharmacologic targets. The cross talk between inflammation 

and fibrinolytic system can be further researched to confirm present findings. In short, 

the identification and characterization of these new risk determinants will assist in 

improving the treatment strategies of complex CVD in the community.   
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