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Abstract
Interleukin-6 and Tumor Necrosis Factor-α has the major role in the cardiovascular diseases. The role of IL-6 in causing
cardiovascular disease, ageing related problems, congenital heart problems in children and elderly are now the major target in
research for finding solution to cardiovascular problems. The increased levels of IL-6 causes all these problems which are mainly
due to polymorphism in gene coding for IL-6. The tumor necrosis factor-α is also found to be associated with the cardiovascular
problems. The increased TNF-α levels cause nutritive stress thereby damaging the endothelial function. The increase in TNF-α
level is also found to be associated with gene polymorphisms, leading to increased risk of heart failures. In some case it acts as a
biomarker, especially in elderly heart failure patients, and the gene polymorphisms of TNF-α were correlated with coronary artery
disease. Concisely, some SNP may increase the risk of Cardiovascular diseases.
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1. Introduction
Interleukin-6 (IL-6) was first named as B-Cell Differentiation
Factor, because it’s promotes B-cell differentiation and
survival [1] IL-6 is one of the members in the IL-6–type
family. it’s also comprise ciliary neurotrophic factor,
leukemia inhibitor factor, and oncostatin-M it’s having the
different functions, like the directive of hematopoiesis,
immune responses, acute-phase responses, inflammation, also
called pleiotropic cytokine [2]. l-6 receptor contains a receptor,
IL-6–binding chain (IL-6Ra) and gp130,called the signalinducing component. IL-6R having the two forms,
membrane-bound and soluble respectively [3]. From the
different stimuli responses IL-6 produced by different cells,
like endothelial cells, monocytes, fibroblasts, macrophages [2].
The T cells, B cells, hepatocytes, hemopoietic cells,
leukocytes are the main targets of the IL-6 [4] in this IL-6
receptors binds and leads to the different signal transduction
pathways, like PI3K, JAK/STAT, ERK [5] T-cell proliferation,
plasma-cell production, B-cell differentiation and survival,
promoted by the IL-6 [6]. The cytogenetic location of the IL-6
gene is 7p21 [7] with 7 exons which have approximate
genomic DNA in 12.8 kb [8].
In 1975, an endotoxin induced serum factor which
responsible for the necrosis of tumours discovered by
carswell et al., after called Tumour necrosis factor alpha
(TNF-α) [9]. It’s a proinflammatory and pleiotropic cytokine
[10]
contains 157 aminoacids, polypeptide in nature [11]. TNF
alpha has 2 receptors, respectively a high affinity receptor in
55kDa, and low affinity receptor in 75kDa [12, 13] and
regulated in different pathophysiological conditions [14]
Activated macrophages are the main resource of the Tumour
necrosis factor alpha, also have the two type of molecule
membrane bound and cell associated forms [15] TNF alpha
produced by the fibroblasts, lymphocytes, neutrophils, mast
cells and smooth muscle cells. It’s rapidly produced but not in
stored state [16] The TNF-alpha gene located chromosome 6,
near to this location genes involved in many functions [17]
In past studies the variable TNF alpha production were seen
in healthy peoples [18] because too much TNF alpha levels in

blood circulation leads to the cardiac effects and reduce the
vascular confrontation [19] clinical appearances of heart failure
[20]
, left ventricular dysfunction [21], cardiomyopathy [22]. The
role of the IL-6 and TNF-α in cardiovascular diseases is
discussed below.
2. Interleukin 6 (IL-6) levels and gene polymorphisms in
cardiovascular diseases
Like a sword it’s has two inflammatory characters pro and
anti-inflammatory. The reason why people seeking IL6 levels
and it’s polymorphism is because, there are 2 reasons, it’s not
only produced by immune cells, but some other cells like
vascular smooth muscle cells, cardiovascular components,
monocytes and macrophages also involve in the production of
the Interleukin 6, participates the cardiac metabolism in the
cardiovascular diseases [23-26] Past studies showed that IL-6
increased levels associated with the coronary heart disease,
with the activation of the sympathetic nervous system. [27-28]
associates with development of heart failure, cardiac function
loss, dysfunction of left ventriculars [29].
The Women’s Health and Aging study (WHAS)
demonstrated that women with CVD, those with elevated
serum IL-6 levels had a high risk of death in women, but the
study did not find this relationship among those without CVD
[30]
some more research indicates IL-6 as well as TNFα,
shows a representative markers of cardiovascular disease in
woman [31].
Also in children with IL-6 were analyzed in congenital heart
disease, in progression and development of the congenital
heart disease. And this study opens in a new way, IL-6 levels
positively correlated with the congenital heart disease. In
future it will lead to the different kind of results [32]. In
contrast, Tuomisto et al. (2006) [33] study showed that CRP
and TNF-α, not important predictor among men. However,
Scharnagl et al. (2010) [34] found IL-6 to be more strongly
related with all-cause of cardiovascular diseases. Other recent
studies had revealed that increased serum IL-6 will give
important information for the risk of all-cause mortality in
cardiovascular diseases [35, 36].
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A previous study established that serum IL-6 level is a good
interprter of acute heart failure patients who’s having long
and short term progress of disease [37]. In two other
prospective studies, long-term serum IL-6 levels were related
with CHD (Danesh et al., 2008). Haugen et al. (2008) [38]
showed that an increased IL-6 concentration predicts
mortality in elderly heart failure patients. Panichi et al. (2004)
[39]
reported plasma IL-6 to be a stronger predictor of total and
cardiovascular mortality than CRP in patient’s undergone
haemodialysis. Recently, Dongfang et al. (2013)[40] confirmed
these reports that the positive association to IL-6 level and
following risk of mortality, resulting that serum IL-6 is a
stronger interpreter of total and cardiovascular mortality than
CRP, which supports the probable role of inflammation in the
progression and prognosis of CHD. The possible functions by
serum IL-6 participates to CHD pathogenesis, first, serum IL6 is the major stimulator of hepatic acute-phase response,
which is related with increased blood viscosity and elevated
level of platelet number and its activity. Second, the paracrine
and autocrine activation of monocytes in the vessel walls by
IL-6 will leads to the deposition of fibrinogen [41]. Third, IL-6
reduces the activity of lipoprotein lipase, thus increasing the
uptake of lipids by macrophages (Hardardottir et al., 1994).
Fourth, the circulating IL-6 also enhances the hypothalamicpituitary-adrenal axis, the activation of which is related with
hypertension, obesity and insulin resistance [42]. In a recent
study from diet induced rats, the IL-6 levels were analyzed,
and stated that IL-6 levels related to the risk of cardiovascular
diseases [43].
Zheng et al., 2012 conducted meta-analysis using literature
search. They took 27 research studies to prove which
polymorphism in the IL-6 gene leads to the Coronary heart
disease. Finally the Meta analysis shows that the 2174G/C
polymorphism not contributed to elevated dangers of
Coronary heart disease. on the other hand, the 2572G/C
polymorphism associated with Coronary heart disease
development [44]. A recent study indicates IL-6 G(-174)C
polymorphism in cardiovascular disease in type 2 diabetes
patients whose having the C allele [45] but it’s not associated
with the cardiovascular disease in old peoples [46] in same year
a different study also conformed these results [47] Another
study reports showed polymorphism in IL-6 gene 572 G/C
region associated with coronary heart disease, also
particularly they stated G allele in an significant genetic
marker, because these polymorphisms elevated the levels of
the lipoprotein and plasma lipid [48].
3. Role of TNF and Cardiovascular Diseases
In 1990 the first work had done in assessing the TNF alpha
levels in the heart failure patients, and it’s were elevated, at
the end stage [49]. Continuous studies show that the TNF alpha
levels were increased in heart failure patients [50] after that
levels of tumour necrosis factor showed association in heart
failure patients [51-52] Research in both animal models and
humans provides convincing evidence identifying TNF-α as
one of several regulators of vascular homoeostasis. The free
radical of NO produced by NO synthase (NOS) with a help of
terminal guanidino nitrogen of L-arginine, in the oxidation
process.TNF-α controls the expression and activity of NOS
which exerts direct effects on the production of NO [54]
Further studies have also shown that TNF-α considerably
decreased eNOS expression in ECs [55, 56] and consequently

these contributes to nitrative stress and impair endothelial
function. Several studies suggests that TNF-α damage NOmediated vasodilation and endothelium-dependent in various
vascular beds, for example, mouse coronary arterioles [57] rat
coronary arterioles [58], cat carotid arteries [59] and bovine
small coronary arteries [60].
Picchi et al. (2006) [58] suggested that endothelial dysfunction
in diabetic, may have role in production of TNF-α effects.
The contribution of TNF-α in ischaemia/reperfusion injury in
TNF 1.6 mice, which over express TNF-α in cardiac tissue.
Myocardial ischaemia/reperfusion increase in the expression
of TNF-α, which induced activation of xanthine oxidase and
the production of O2•−, leading to coronary endothelial
dysfunction [61]. Gao et al. (2007) [57] demonstrated that
advanced glycation end-product/receptor for advanced
glycation end-product and NF-κB signalling contribute a
major role in elevating the levels and local vascular TNF-α
production. The elevated TNF-α expression induces the
production of ROS, leading to endothelial dysfunction in
patients with type 2 diabetes. Endothelial dysfunction related
with TNF-α in pathophysiological condition is linked to
excess production of ROS and a decrease in NO
bioavailability, which appears to affect several aspects of
CVD.
In polymorphism studies, a recent study from Pakistani
population showed pathogenesis of coronary heart disease in
TNF alpha 863C/A, but not in 1031 T/C region [62]. Also there
were no association proved in 308 G/A region in the TNF
alpha gene [63]. Different polymorphisms in the TNF alpha
gene were analyzed in this study, finally they found 5
polymorphisms associated with myocardial infarction, also
the levels of the TNF alpha. it also suggested TNF alpha
levels associated to the myocardial infarction, with a analyze
of 1561 normal people and 1213 patient samples [64] Nonalcoholic Fatty Liver Disease people from Chinese Han
population increased risk of Coronary Artery Disease whose
having the TNF alpha 238 G/A polymorphism [65] on the other
hand a meta-analysis from very recent study proved there was
no association between 238 G/A polymorphism, Coronary
Artery Disease risk [66].
4. Conclusion
The entire role of IL-6 and TNF-α in causing the
cardiovascular disease has been discussed. There are many
more unknown factors found to be associated with the
progression of the cardiovascular diseases. In addition to the
genetic polymorphism, certain environmental factors are also
associated in causing cardiovascular disease. Treating the
genetic polymorphism in cardiovascular disease is still under
process. Until a proper and exact cure is obtained, exposure to
pollutants which might cause cardiovascular disease can be
avoided. Though the increased levels of IL-6 and TNF-α are
found to be involved in cardiovascular disease, the complete
analysis of how the increased levels exactly cause
cardiovascular disease are yet to be determined as many other
ailments of patients having cardiovascular disease might
increase the levels of IL-6 and TNF-α.
5. References
1. Teranishi T, Hirano T, Arima N. Human helper T cell
factor(s) (ThF). II. Induction of IGG production in B
lymphoblastoid cell lines and identification of T cell-

8

International Journal of Medical and Health Research

2.

3.

4.

5.
6.

7.

8.

9.

10.

11.

12.
13.
14.
15.

16.

17.

replacing factor- (TRF) like factor(s). Journal of
immunology (Baltimore, Md: 1950). 1982; 128(4):1903-8.
Hurst SM, Wilkinson TS, McLoughlin RM. Il-6 and its
soluble receptor orchestrate a temporal switch in the
pattern of leukocyte recruitment seen during acute
inflammation. Immunity 2001; 14(6):705-14.
Honda M, Yamamoto S, Cheng M et al. Human soluble
IL-6 receptor: its detection and enhanced release by HIV
infection. Journal of immunology (Baltimore, Md: 1950).
1992; 148(7):2175-80.
Akdis M, Burgler S, Crameri R. Interleukins, from 1 to
37, and interferon-gamma: receptors, functions, and roles
in diseases. The Journal of allergy and clinical
immunology. 2011; 127(3):701-21 e1-70.
Taga T, Kishimoto T. Gp130 and the interleukin-6 family
of cytokines. Annual review of immunology. 1997;
15:797-819.
Hirano T, Taga T, Nakano N et al. Purification to
homogeneity and characterization of human B-cell
differentiation factor (BCDF or BSFp-2). Proceedings of
the National Academy of Sciences of the United States of
America 1985; 82(16):5490-4.
Sehgal PB, Zilberstein A, Ruggieri RM et al. Human
chromosome 7 carries the beta 2 interferon gene.
Proceedings of the National Academy of Sciences of the
United States of America 1986; 83(14):5219-22.
Bowcock AM, Kidd JR, Lathrop GM et al. The human
interferon-beta
2/hepatocyte
stimulating
factor
/interleukin-6 gene: DNA polymorphism studies and
localization to chromosome 7p21. Genomics. 1988;
3(1):8-16.
Carswell EA, Old LJ, Kassel RL et al. An endotoxininduced serum factor that causes necrosis of tumors.
Proceedings of the National Academy of Sciences of the
United States of America 1975; 72(9):3666-70.
Azzawi M, Hasleton P. Tumour necrosis factor alpha and
the cardiovascular system: its role in cardiac allograft
rejection and heart disease Cardiovascular research 1999;
43(4):850-9.
Hlodan R, Pain RH. The folding and assembly pathway
of tumour necrosis factor TNF alpha, a globular trimeric
protein. European Journal of biochemistry/ FEBS. 1995;
231(2):381-7.
Beutler B, Van Huffel C. Unraveling function in the TNF
ligand and receptor families. Science (New York, NY)
1994; 264(5159):667-8.
Vassalli P. The pathophysiology of tumor necrosis
factors, Annual review of immunology 1992; 10:411-52.
Torre-Amione G, Kapadia S, Lee J et al. Expression and
functional significance of tumor necrosis factor receptors
in human myocardium Circulation 1995; 92(6):1487-93.
Chensue SW, Remick DG, Shmyr-Forsch C et al.
Immunohisto chemical demonstration of cytoplasmic and
membrane-associated tumor necrosis factor in murine
macrophages, The American Journal of pathology. 1988;
133(3):564-72.
Kapadia S, Lee J, Torre-Amione G et al. Tumor necrosis
factor-alpha gene and protein expression in adult feline
myocardium after endotoxin administration, The Journal
of clinical investigation. 1995; 96(2):1042-52.
Mellick GD. TNF gene polymorphism and quantitative
traits related to cardiovascular disease: getting to the

18.

19.
20.

21.

22.
23.
24.

25.

26.

27.

28.

29.

30.

31.

heart of the matter, European Journal of human genetics:
EJHG. 2007; 15(6):609-11.
Pociot F, Briant L, Jongeneel CV et al. Association of
tumor necrosis factor (TNF) and class II major
histocompatibility complex alleles with the secretion of
TNF-alpha and TNF-beta by human mononuclear cells: a
possible link to insulin-dependent diabetes mellitus.
European Journal of immunology. 1993; 23(1):224-31.
Finkel MS, Oddis CV, Jacob TD et al. Negative inotropic
effects of cytokines on the heart mediated by nitric oxide.
Science (New York, NY) 1992; 257(5068):387-9.
Piano MR, Bondmass M, Schwertz DW. The molecular
and cellular pathophysiology of heart failure. Heart &
lung: the Journal of critical care. 1998; 27(1):3-19; quiz
20-1.
Schreiner GF. Immune modulation of cardiac cell
function. Transactions of the American Clinical and
Climatological Association 1998; 109:39-49; discussion
49-50.
Oral H, Kapadia S, Nakano M et al. Tumor necrosis
factor-alpha and the failing human heart. Clinical
cardiology 1995; 18(9 Suppl 4):Iv20-7.
Mesri M, Altieri DC. Endothelial cell activation by
leukocyte microparticles. Journal of immunology
(Baltimore, Md: 1950). 1998; 161(8):4382-7.
Loppnow H, Libby P. Proliferating or interleukin 1activated human vascular smooth muscle cells secrete
copious interleukin 6. The Journal of clinical
investigation. 1990; 85(3):731-8.
Gwechenberger M, Mendoza LH, Youker KA et al.
Cardiac myocytes produce interleukin-6 in culture and in
viable border zone of reperfused infarctions Circulation
1999; 99(4):546-51.
Kaneko K, Kanda T, Yokoyama T et al. Expression of
interleukin-6 in the ventricles and coronary arteries of
patients with myocardial infarction. Research
communications
in
molecular
pathology
and
pharmacology 1997; 97(1):3-12.
Tsutamoto T, Hisanaga T, Wada A et al. Interleukin-6
spillover in the peripheral circulation increases with the
severity of heart failure, and the high plasma level of
interleukin-6 is an important prognostic predictor in
patients with congestive heart failure. Journal of the
American College of Cardiology. 1998; 31(2):391-8.
Munger MA, Johnson B, Amber IJ et al. Circulating
concentrations of proinflammatory cytokines in mild or
moderate heart failure secondary to ischemic or
idiopathic dilated cardiomyopathy, The American
Journal of cardiology. 1996; 77(9):723-7.
Raymond RJ, Dehmer GJ, Theoharides TC et al.
Elevated interleukin-6 levels in patients with
asymptomatic left ventricular systolic dysfunction.
American heart Journal. 2001; 141(3):435-8.
Volpato S, Guralnik JM, Ferrucci L et al. Cardiovascular
disease, interleukin-6, and risk of mortality in older
women: the women's health and aging study Circulation
2001; 103(7):947-53.
Cortez-Cooper M, Meaders E, Stallings J et al. Soluble
TNF and IL-6 receptors: indicators of vascular health in
women without cardiovascular disease vascular medicine
2013; 18(5):282-9.

9

International Journal of Medical and Health Research

32. Wang D, Wang R, Fang J et al. Elevated serum levels of
Ghrelin, TNF-alpha and IL-6 in congenital heart disease.
Pediatrics international: official Journal of the Japan
Pediatric Society., 2015.
33. Tuomisto K, Jousilahti P, Sundvall J et al. C-reactive
protein, interleukin-6 and tumor necrosis factor alpha as
predictors of incident coronary and cardiovascular events
and total mortality. A population-based, prospective
study. Thrombosis and haemostasis 2006; 95(3):511-8.
34. Scharnagl H, Stojakovic T, Weihrauch G et al. p124
interleukin-6 is stronger associated with all-cause and
cardiovascular mortality than c-reactive protein, serum
amyloid a and fibrinogen (the luric study).
Atherosclerosis Supplements 2010; 11(2):42.
35. Rao M, Guo D, Perianayagam MC et al. Plasma
interleukin-6 predicts cardiovascular mortality in
hemodialysis patients. American journal of kidney
diseases: the official Journal of the National Kidney
Foundation. 2005; 45(2):324-33.
36. Fan ZX, Hua Q, Li YP et al. Interleukin-6, but not
soluble adhesion molecules, predicts a subsequent
mortality from cardiovascular disease in patients with
acute ST-segment elevation myocardial infarction, Cell
biochemistry and biophysics. 2011; 61(2):443-8.
37. Pudil R, Tichy M, Andrys C et al. Plasma interleukin-6
level is associated with NT-proBNP level and predicts
short- and long-term mortality in patients with acute
heart failure. Acta medica (Hradec Kralove) / Universitas
Carolina, Facultas Medica Hradec Kralove. 2010;
53(4):225-8.
38. Haugen E, Gan LM, Isic A et al. Increased interleukin-6
but not tumour necrosis factor-alpha predicts mortality in
the population of elderly heart failure patients,
Experimental and clinical cardiology 2008; 13(1):19-24.
39. Panichi V, Maggiore U, Taccola D et al. Interleukin-6 is
a stronger predictor of total and cardiovascular mortality
than C-reactive protein in haemodialysis patients.
Nephrology, dialysis, transplantation: official publication
of the European Dialysis and Transplant Association European Renal Association 2004; 19(5):1154-60.
40. Su D, Li Z, Li X et al. Association between serum
interleukin-6 concentration and mortality in patients with
coronary artery disease, Mediators of inflammation 2013;
2013:726178.
41. Van der Poll T, Levi M, Hack CE et al. Elimination of
interleukin 6 attenuates coagulation activation in
experimental endotoxemia in chimpanzees, The Journal
of experimental medicine. 1994; 179(4):1253-9.
42. Mastorakos G, Chrousos GP, Weber JS. Recombinant
interleukin-6 activates the hypothalamic-pituitary-adrenal
axis in humans, The Journal of clinical endocrinology
and metabolism. 1993; 77(6):1690-4.
43. Bao P, Liu G, Wei Y. Association between IL-6 and
related risk factors of metabolic syndrome and
cardiovascular disease in young rats. International
Journal of clinical and experimental medicine. 2015;
8(8):13491-9.
44. Zheng GH, Chen HY, Xiong SQ. Polymorphisms of 174G>C and -572G>C in the interleukin 6 (IL-6) gene
and coronary heart disease risk: a meta-analysis of 27
research studies PlOS one 2012; 7(4):e34839.

45. Buraczynska M, Zukowski P, Drop B et al. Effect of G(174)C polymorphism in interleukin-6 gene on
cardiovascular disease in type 2 diabetes patients
Cytokine 2015; 79:7-11.
46. Jenny NS, Tracy RP, Ogg MS et al. In the elderly,
interleukin-6 plasma levels and the -174G>C
polymorphism are associated with the development of
cardiovascular disease. Arteriosclerosis, thrombosis, and
vascular biology 2002; 22(12):2066-71.
47. Nauck M, Winkelmann BR, Hoffmann MM et al. The
interleukin-6 G(-174)C promoter polymorphism in the
LURIC cohort: no association with plasma interleukin-6,
coronary artery disease, and myocardial infarction.
Journal of molecular medicine (Berlin, Germany). 2002;
80(8):507-13.
48. Wei YS, Lan Y, Liu YG et al. [Relationship between
interleukin-6 gene polymorphism and coronary heart
disease and its effect on plasma lipid levels]. Zhongguo
wei zhong bing ji jiu yi xue = Chinese critical care
medicine = Zhongguo weizhongbing jijiuyixue. 2006;
18(4):233-6.
49. Levine B, Kalman J, Mayer L et al. Elevated circulating
levels of tumor necrosis factor in severe chronic heart
failure. The New England Journal of medicine. 1990;
323(4):236-41.
50. Testa M, Yeh M, Lee P et al. Circulating levels of
cytokines and their endogenous modulators in patients
with mild to severe congestive heart failure due to
coronary artery disease or hypertension, Journal of the
American College of Cardiology. 1996; 28(4):964-71.
51. Ferrari R, Bachetti T, Confortini R et al. Tumor necrosis
factor soluble receptors in patients with various degrees
of congestive heart failure Circulation 1995; 92(6):147986.
52. MacGowan GA, Mann DL, Kormos RL et al. Circulating
interleukin-6 in severe heart failure. The American
Journal of cardiology. 1997; 79(8):1128-31.
53. Moncada S, Palmer RM, Higgs EA. Nitric oxide:
physiology,
pathophysiology
and
pharmacology
Pharmacological reviews 1991; 43(2):109-42.
54. MacNaul KL, Hutchinson NI. Differential expression of
iNOS and cNOS mRNA in human vascular smooth
muscle cells and endothelial cells under normal and
inflammatory conditions. Biochemical and biophysical
research communications 1993; 196(3):1330-4.
55. Xia Z, Liu M, Wu Y et al. N-acetylcysteine attenuates
TNF-alpha-induced human vascular endothelial cell
apoptosis and restores eNOS expression. European
Journal of pharmacology. 2006; 550(1-3):134-42.
56. Goodwin BL, Pendleton LC, Levy MM et al. Tumor
necrosis factor-alpha reduces argininosuccinate synthase
expression and nitric oxide production in aortic
endothelial cells. American Journal of physiology Heart
and circulatory physiology. 2007; 293(2):H1115-21.
57. Gao X, Belmadani S, Picchi A et al. Tumor necrosis
factor-alpha induces endothelial dysfunction in Lepr (db)
mice Circulation 2007; 115(2):245-54.
58. Picchi A, Gao X, Belmadani S et al. Tumor necrosis
factor-alpha induces endothelial dysfunction in the
prediabetic metabolic syndrome Circulation research
2006; 99(1):69-77.

10

International Journal of Medical and Health Research

59. Aoki N, Siegfried M, Lefer AM. Anti-EDRF effect of
tumor necrosis factor in isolated, perfused cat carotid
arteries. The American Journal of physiology. 1989;
256(5 Pt 2):H1509-12.
60. Ahmad M, Zhang Y, Zhang Y et al. Role of
isoprenylcysteine carboxyl methyltransferase in tumor
necrosis factor-alpha stimulation of expression of
vascular cell adhesion molecule-1 in endothelial cells.
Arteriosclerosis, thrombosis, and vascular biology 2002;
22(5):759-64.
61. Zhang C, Xu X, Potter BJ et al. TNF-alpha contributes to
endothelial dysfunction in ischemia/reperfusion injury.
Arteriosclerosis, thrombosis, and vascular biology. 2006;
26(3):475-80.
62. Asifa GZ, Liaquat A, Murtaza I et al. Tumor necrosis
factor-alpha gene promoter region polymorphism and the
risk of coronary heart disease. The Scientific World
Journal. 2013; 2013:203492.
63. Chu H, Yang J, Mi S et al. Tumor necrosis factor-alpha
G-308. A polymorphism and risk of coronary heart
disease and myocardial infarction: A case-control study
and meta-analysis, Journal of cardiovascular disease
research. 2012; 3(2):84-90.
64. Bennet AM, Van Maarle MC, Hallqvist J et al.
Association of TNF-alpha serum levels and TNFA
promoter polymorphisms with risk of myocardial
infarction Atherosclerosis 2006; 187(2):408-14.
65. Cheng Y, An B, Jiang M et al. Association of Tumor
Necrosis Factor-alpha Polymorphisms and Risk of
Coronary Artery Disease in Patients With Non-alcoholic
Fatty Liver Disease Hepatitis monthly 2015;
15(3):e26818.
66. Hua XP, Zhang XD, Kwong JS et al. Tumor necrosis
factor-alpha G-238A polymorphism and coronary artery
disease risk: a meta-analysis of 4,222 patients and 4,832
controls, Therapeutics and clinical risk management
2015; 11:1429-36.d.

11

