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ABSTRACT 

Cardiovascular diseases (CVD) are group of complex and multifactorial pathologies, in which interleukin-6 (IL-
6) gene polymorphisms have been associated with several components of the CVD. Thus, in this study, we thor-
oughly reviewed and meta-analyzed evidence on the association between the IL-6 (rs1800795) gene polymorphism 
and CVD. We systematically searched in the PubMed, Web of Sciences, and Scopus databases. The analyses were 
performed using five study groups based on (1) a combined pool of the overall populations, (2) the country of 
birth, (3) the continent of birth, (4) the diagnosis and (5) both location (country or continent) and diagnosis. The 
analysis included the allelic, homozygote, heterozygote, dominant and recessive models. The meta-analysis 
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showed that -174G>C (rs1800795) is a risk factor for CVD (allelic: OR=1.06, CI 95%=1.02-1.10. Z p value 
<0.0001; homozygous: OR=1.11, CI 95%=1.03-1.19, Z p value= 0.002; heterozygous: OR=1.08, CI 95%=1.03-
1.21, Z p value= 0.003; dominant: OR= 1.12, CI 95%= 1.07-1.18, Z p value= 0.001) and that this risk increases in 
the Chinese population. Additionally, we found that carriers of the C allele of 174G>C (rs1800795) polymorphism 
have an increase in the risk of coronary artery disease under the hereditary models assessed in the study. Using 
robust data, we found that IL-6 (rs1800795) -174G>C gene polymorphism is associated with CVD risk. 
 
Keywords: IL-6, inflammation, polymorphism, cardiovascular diseases, meta-analysis, genetic association 
 
 

INTRODUCTION 

Cardiovascular diseases (CVD) is define 
as the “pathological conditions involving the 
cardiovascular system including the heart; the 
blood vessels; or the pericardium” according 
to the MeSH (Medical Subject Headings) 
(https://www.ncbi.nlm.nih.gov/mesh). It is 
well known that inflammation plays a pivotal 
role in the development and progression of 
the CVD. Currently, one of the pro-
inflammatory cytokines mainly studied is the 
interleukin-6 (IL-6) (Coker et al., 2011; 
Banerjee et al., 2008; Balding et al., 2004; 
Bennet et al., 2003; Akinyemi et al., 2017). 

IL-6 is a mediator of the inflammatory and 
immune responses and affects a variety of 
metabolic processes. In fact, it was proved in 
some prospective studies (Humphries et al., 
2001, Jabir et al., 2017, Jenny et al., 2002) 
that high basal plasmatic levels of IL-6 have 
a pro-inflammatory and procoagulant effect, 
which are risk factors for cardiovascular dis-
eases. 

Moreover, there is evidence that show a 
pro-inflammatory genetic profile associated 
with IL-6 polymorphisms suggesting that 
these genomic variants can be used as genetic 
marker in several diseases in which the under-
lying pathophysiology is strongly linked to an 
inflammatory process (Elsaid et al., 2014; 
Chiappelli et al., 2005; Flex et al., 2004). In-
deed, there are association studies that have 
addressed the pathophysiological contribu-
tion of the IL-6 gene polymorphisms to CVD 
(Humphries et al., 2001, 2007; Jabir et al., 
2017; Jenny et al., 2002; Karahan et al., 
2005). The expression of IL-6 is regulated 
mainly at the transcriptional level (Li et al., 
2015; Liaquat et al., 2014). The promoter of 

the human IL-6 gene contains several poly-
morphisms; one commonly studied variant is 
the single G>C base exchange polymorphism 
in the promoter region of IL-6 gene, 174 base 
pairs (bp) upstream from the start site of tran-
scription (-174G>C, rs1800795) (Karahan et 
al., 2005; Li et al., 2015; Kelberman et al., 
2004; Kou et al., 2017; Lalouschek et al., 
2006). The -174G>C promoter polymor-
phism has been shown to be functionally im-
portant because it influences the transcription 
rate of the gene and the plasma concentrations 
of IL-6 (Satti et al., 2013; Sekuri et al. 2007; 
Sie et al., 2006). Therefore, the selection of 
this genetic variant associated with IL-6 pro-
duction is adequate to investigate the associa-
tion with CVD (Wang et al., 2015; Weger et 
al., 2005; Yang et al., 2015).  

Therefore, we aimed to perform a system-
atic review and a series of updated meta-anal-
yses to evaluate the participation of -174G>C 
IL-6 (rs1800795) gene polymorphism as a 
probable risk factor in coronary artery disease 
(CAD), ischemic stroke (IS), MI, and periph-
eral arterial occlusive disease (PAOD) due to 
the share underlying pathophysiology related 
to endothelial dysfunction and atherosclerosis 
(Theodorou and Boon, 2018; Ismaeel et al., 
2018). We focused on all case-control studies 
of the association between -174G>C IL-6 
(rs1800795) and these diseases under allele, 
homozygote, heterozygote, dominant and re-
cessive models. Based on the positive corre-
lation observed, we explored the association 
by country and continent according to the 
models of inheritance. 

The different diagnosis include CAD, IS, 
MI, and PAOD. We grouped results by CAD 
diagnosis to determine the presence of an as-
sociation with -174G>C IL-6 (rs1800795). 
Finally, we explored the data by diagnosis and 
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location. The specific objective of this analy-
sis was to clarify the role of 174G>C IL-6 
(rs1800795) gene polymorphism in cardio-
vascular diseases. 
 

MATERIALS AND METHODS 

The systematic review protocol and data 
extraction for the meta-analysis was designed 
in accordance with the Preferred Reporting 
Items for Systematic reviews and Meta-Anal-
ysis (PRISMA). This study has been previ-
ously registered in PROSPERO (PROSPERO 
2019 CRD42019125559). 

 
Eligible study search 

We carried out an exhaustive electronic 
search in databases including PubMed, Web 
of Sciences and Scopus to identify studies that 
evaluated the role of IL-6 gene polymorph-
isms as risk factors of cardiovascular dis-
eases. The search algorithm used to recognize 
the eligible studies was as follows: (“IL-6 
gene” or “rs1800795” or “-174G/C”) and 
(“CVD” or “CHD” or “CAD” or “MI” or 
“cardiovascular disease” or “coronary artery 
disease” or “atherosclerosis” or “ischemic 
disease” or “myocardial infarction” or 
“stroke” or “peripheral arterial occlusive dis-
ease”). Furthermore, we conducted a manual 
search to retrieve pertinent articles cited in 
previous meta-analyses, systematic reviews, 
cohort and case-control studies, among oth-
ers.  

 
Selection criteria 

We included full-length research studies 
that (1) addressed an independent association 
between IL-6 gene polymorphisms and its 
role in patients with cardiovascular diseases, 
(2) included a case and comparison group de-
sign, (3) presented either clearly stated geno-
types or sufficient information for estimation, 
(4) removed duplicate sample data, (5) were 
published in peer-reviewed journals, and (6) 
were written in English. 
 

Data extraction 
The following information was inde-

pendently extracted in each study by four in-
vestigators, while a fifth researcher verified 
and solved any discrepancies in the following 
categories: the surname of the first author, 
publication year, country of origin, ethnicity, 
diagnosis of cases and source of controls, in-
clusion/exclusion criteria of cases and con-
trols, number of cases and controls, and case 
and control genotype frequencies. When the 
studies included subjects of more than one 
ethnicity or diagnosis type, the genotype data 
were extracted separately.  

 
Quality assessment 

The quality of the studies included in the 
analysis was assessed separately by two re-
searchers using the Newcastle-Ottawa Scales 
(NOS); these scales are based on three main 
aspects: selection, comparability and ascer-
tainment of exposure. Only studies with a 
score of six stars or more were included in the 
meta-analysis (http://www.ohri.ca/pro-
grams/clinical_epidemiology/oxford.asp).  

 
Statistical analysis 

Firstly, using a chi-squared test, we tested 
the Hardy-Weinberg equilibrium (HWE) for 
genotype frequencies in cases and controls, 
where P<0.05 was considered statistically 
significant. Statistical analyses were per-
formed considering the following categories: 
a) carrier with disease, b) carrier without dis-
ease, c) non-carrier with disease, d) non-car-
rier without disease, the term “carrier” refers 
to the allele C of IL-6 (rs1800795 or -
174G>C). Then, the relation between IL-6 
(rs1800795 or -174G/C) polymorphism and 
CVD was addressed by the pooled ORs and 
their corresponding 95% confidence intervals 
under five genetic models, namely the allelic 
model (C vs G), the dominant model (CC+GC 
vs GG), the recessive model (CC vs CG+GG), 
the homozygous model (CC vs GG) and the 
co-dominant model (GC vs GG). To assess 
the significance of the pooled ORs, we used a 
Z test and considered a P <0.05 as statistically 
significant. For the meta-analysis, a total of 
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16 groups were created based on five catego-
ries: (1) combined from the overall popula-
tion, (2) based on the country of birth (China, 
Turkey, India and United Kingdom), (3) 
based on the continent of birth (Europeans 
and Africans), (4) dependent on diagnosis 
(CAD, IS, MI, PAOD, and healthy subjects as 
controls), and (5) based on both the diagnosis 
and the country or continent of origin (India + 
CAD, Europe + CAD, Europe + MI, and Eu-
rope + IS) and (6) based on smoking habits. 

In addition, the heterogeneity between the 
studies was analyzed by a Q-statistic test and 
the inconsistency was evaluated by an I2 sta-
tistic. The I2 results were (a) 0-25 absent, (b) 
25-50 low, (c) 50-75 moderate, and (d) 75-
100 high. 

Alternatively, I2 >50 % and Q test P value 
≤ 0.1 were taken as indicators of substantial 
heterogeneity, in which case, the effect model 
we used was random-effects (DerSimonian-
Laird method), failing that, the fixed effect 
model (Mantel-Haenszel method).  

The sensitivity analysis was conducted by 
sequentially omitting one article to evaluate 
the influence of an individual study and vali-
date the reliability of the results. Furthermore, 
the publication bias was diagnosed with 
Begg’s funnel plot and Egger’s regression 
test; P <0.05 was considered as a significant 
publication bias. The comprehensive meta-
analysis software version 2 (Biostat, Eng-
lewood, NJ/USA) was used for all the anal-
yses, and all p-values were two-tailed.  

 
RESULTS 

Characteristics of the eligible studies 
After excluding the overlapping articles 

of the literature search and applying the selec-
tion criteria mentioned previously, 74 re-
search articles (Coker et al., 2011; Banerjee et 
al., 2008, 2009; Balding et al., 2004; Bennet 
et al., 2003; Akinyemi et al., 2017; Hum-
phries et al., 2001, 2007; Jabir et al., 2017; 
Jenny et al., 2002; Elsaid et al., 2014; 
Chiappelli et al., 2005; Flex et al., 2004; Kara-
han et al., 2005; Li et al., 2015; Liaquat et al., 
2014; Kelberman et al., 2004; Kou et al., 
2017; Lalouschek et al., 2006; Satti et al., 

2013; Sekuri et al. 2007; Sie et al., 2006; 
Wang et al., 2015; Weger et al., 2005; Yang 
et al., 2015; Basso et al., 2002; Bennermo et 
al., 2011; Berg et al., 2009; Bhanushali et al., 
2013; Buraczynska et al., 2016; Chakraborty 
et al., 2013; Chamorro et al., 2005; Dan-
ielsson et al., 2005; Densem et al., 2005; Fan 
et al., 2011; Flex et al., 2002; Galimudi et al., 
2014; George et al., 2004; Georges et al., 
2001; Ghazouani et al., 2010, 2011; 
Greisenegger et al., 2003; Hongmei et al., 
2016; Jun et al., 2017; Licastro et al., 2004; 
Lieb et al., 2004; Maitra et al., 2008; Mao et 
al., 2016; Mastana et al., 2017; Mishra et al., 
2013; Mitrokhin et al., 2017; Myśliwska et 
al., 2006; Nauck et al., 2002; Panoulas et al., 
2009; Phulukdaree et al., 2013; Potaczek et 
al., 2007; Revilla et al., 2002; Rios et al., 
2010; Rosner et al., 2005; Salama and Ham-
mad, 2015; Sarecka et al., 2008; Silander et 
al., 2008; Smallwood et al., 2008; Smith et al., 
2008; Spoto et al., 2015; Stephens et al., 2004; 
Sun et al., 2014; Tong et al., 2010, 2013; Tret-
jakovs et al., 2007; Tuttolomondo et al., 2012; 
Tütün et al., 2006; Vakili et al. 2011) were se-
lected for the analysis. The flow diagram in 
Figure 1 shows the steps of the study selection 
process. 

Moreover, these 74 papers that included a 
total of 33,525 cases and 52,704 controls. In 
Table 1 are shown the genotypic frequencies 
in cases and controls of both the HWE analy-
sis and all included studies. These articles ad-
dressed the relation of the aforementioned 
diseases to the rs1800795 polymorphism; 
however, some articles displayed the geno-
type frequencies for the sample origin 
(France, Ireland, among others) (Georges et 
al., 2001; Rios et al., 2010) or the detailed di-
agnoses (MI, IS, CAD, PAOD) (Banerjee et 
al., 2008; Jenny et al., 2002; Sie et al., 2006; 
Nauck et al., 2002; Silander et al., 2008), for 
this reason, the frequencies were described 
separately. As a result, the meta-analysis dis-
tribution of the 74 articles was based on the 
country (China= 11, Turkey= 4, India= 8 and, 
United Kingdom= 9), continent (Europeans= 
37 and Africans= 3) and sample diagnosis 
(CAD= 27, IS= 10, MI= 13, PAOD= 4 and 
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healthy controls= 53). Moreover, other sub-
groups were integrated by the combination of 
two filters: (a) sample born in India and cases 
diagnosed with CAD (India + CAD: 6), (b) 
sample born in Europe and cases diagnosed 
with CAD (Europe + CAD=7), (c) sample 
born in Europe and cases diagnosed with MI 
(Europe + MI=9), and (d) sample born in Eu-
rope and cases diagnosed with IS (Europe + 
IS=5). The quality of the studies was evalu-
ated based on the NOS assessment (Supple-
mentary Table 1). 

 

Role of rs1800795 in CVD in the overall 
population 

We evaluated the participation of -
174G>C (rs1800795) as a probable risk fac-
tor for CVD. The findings reveal a statistical 
association of this polymorphic variant in four 
of the five models proposed previously (al-
lelic: OR=1.06, CI 95%=1.02-1.10, Z p value 
<0.0001; homozygous: OR=1.11, CI 
95%=1.03-1.19, Z p value= 0.002; heterozy-
gous: OR=1.08, CI 95%=1.03-1.21, Z p 
value= 0.003; dominant: OR= 1.12, CI 95%= 
1.07-1.18, Z p value= 0.001; (Supplementary 
Table 2). 

Regarding the recessive model, a statisti-
cal association was only observed in the pres-
ence of heterogeneity (OR= 1.18, CI 95%= 
1.04-1.34, Z p value= 0.008, I2=77.64). There 
was no evidence of publication bias in the five 
genetics models proposed, all models are 
shown in the Supplementary Figures. 

 

Figure 1: Flow-chart diagram to selected studies in the meta-analysis 
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Table 1: Genotypic distribution of the studies included in the systematic review and meta-analysis 

First Author Country Continent 

Cases Controls 

Diagno-
sis 

Mean 
age 

Male / 

female 
N GG GC + 

CC HWE 
Mean 
age 

Male / 
female 

N GG GC + 
CC HWE 

Georges 
2001  

France / Ire-
land 

Europeans MI NA NA 614 170 444 0.003 NA NA 672 231 441 0.379 

Georges 
2001  

France Europeans MI NA NA 428 125 303 0.050 NA NA 500 184 316 0.966 

Georges 
2001 

Ireland Europeans MI NA NA 186 45 141 0.018 NA NA 172 47 125 0.088 

Humphries 
2001 

UK Europeans CAD 56.7 NA 160 40 120 0.016 56 NA 2560 827 1733 0.750 

Jenny 2002 USA 
North Amer-

icans 
Angina + 
MI + IS 

72.4 
115 / 
108 

440 60 380 0.997 72.3 
193 / 
298 

491 72 419 0.997 

Jenny 2002 USA 
North Amer-

icans 
Angina 72.4 

115 / 
108 

223 29 194 0.986 72.3 
193 / 
298 

491 72 419 0.997 

Jenny 2002  USA 
North Amer-

icans 
MI 73.8 132 / 85 217 31 186 0.996 72.3 

193 / 
298 

491 72 419 0.997 

Jenny 2002 USA 
North Amer-

icans 
IS 75.5 85 / 119 204 34 170 0.958 72.3 

193 / 
298 

491 72 419 0.997 

Revilla 2002  Spain Europeans LS 64.9 60 / 22 82 27 55 0.978 64.8 55 / 27 82 37 45 0.440 

Flex 2002  Italy Europeans PAOD 75 51 / 33 84 44 40 0.193 76 89 / 94 183 53 130 0.103 

Nauck 2002 Germany Europeans CAD+MI 63.77 
1928 / 
653nm 

3940 1274 2666 0.323 58.3 
365 / 
337 

729 230 499 0.763 

Nauck 2002 Germany Europeans CAD 63.77 
1928 / 
653 nm 

2575 838 1737 0.275 58.3 
365 / 
337 

729 230 499 0.763 

Nauck 2002 Germany Europeans MI 63.21 
1091 / 
296 nm 

1365 436 929 0.868 58.3 
365 / 
337 

729 230 499 0.763 

Basso 2002 UK Europeans CAD+MI 56 NA 498 161 337 0.140 56 NA 1109 375 734 0.536 

Bennet 2003 Sweden Europeans MI 61 
852 / 

361 nm 
1157 305 852 0.953 61 

1054 / 
507nm 

1500 398 1102 0.836 



EXCLI Journal 2019;18:331-355 – ISSN 1611-2156 
Received: March 06, 2019, accepted: April 09, 2019, published: June 07, 2019 

 

 

337 

First Author Country Continent 

Cases Controls 

Diagno-
sis 

Mean 
age 

Male / 

female 
N GG GC + 

CC HWE 
Mean 
age 

Male / 
female 

N GG GC + 
CC HWE 

Greisen- 
egger 2003 

Austria Europeans IS+TIA 49.2 129 / 85 214 81 133 0.391 NA NA 214 76 138 0.473 

Stephens 
2004 

UK Europeans CVD 69.6 NA 188 80 108 0.954 65.5 NA 364 155 209 0.993 

Licastro 
2004 

Italy Europeans MI 65 138 / 0 138 35 103 0.000 57 97 / 0 97 46 51 0.626 

Flex 2004  Italy Europeans IS 76.2 
132 / 
105 

237 100 137 0.192 76.1 
107 / 
116 

223 56 167 0.107 

Balding 
2004 

Ireland Europeans IS 69 63 / 42 105 33 72 0.068 37.1 
226 / 
163 

389 123 266 0.470 

George 
2004 

UK Europeans RAS 67 NA 100 36 64 0.284 46.5 NA 100 34 66 0.882 

Lieb 2004 Germany Europeans MI 57 
985 / 
337 

1322 451 871 0.310 52 
471 / 
552 

1023 331 692 0.848 

Kelberman 
2004  

UK Europeans MI 52 507 / 0 507 227 280 0.486 51.6 561 / 0 561 240 321 0.098 

Rosner 2005 USA 
North Amer-

icans 
MI 58.7 522 / 0 522 204 318 0.195 58.8 2089 / 0 2089 822 1267 0.823 

Karahan 
2005  

Turkey Europe-Asia PAS  46 / 40 83 55 28 0.094  36 / 47 86 54 32 0.064 

Chiapelli 
2005 

Italy Europeans MI 67 204 / 0 204 71 133 0.024 71 257 / 0 257 127 130 0.767 

Danielsson 
2005 

Sweden Europeans PAOD 73 
71 / 37 

nm 
95 22 73 0.412 NA NA 200 53 147 0.888 

Weger 2005 Austria Europeans RAO 69.1 105 / 77 182 64 118 0.000 70.9 
172 / 
135 

307 107 200 0.005 

Densem 
2005  

UK Europeans CaT 50.5 NA 116 31 85 0.356 NA NA 519 202 317 0.097 
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First Author Country Continent 

Cases Controls 

Diagno-
sis 

Mean 
age 

Male / 

female 
N GG GC + 

CC HWE 
Mean 
age 

Male / 
female 

N GG GC + 
CC HWE 

Chamorro 
2005  

Spain Europeans IS 67 191 / 82 273 104 169 0.517 64 62 / 43 105 46 59 0.503 

Sie 2006  Netherlands Europeans CHD+MI NA NA 671 231 440 0.578 NA NA 5013 1815 3198 0.086 

Sie 2006 Netherlands Europeans CHD NA NA 463 158 305 0.774 NA NA 5013 1815 3198 0.086 

Sie 2006  Netherlands Europeans MI NA NA 208 73 135 0.569 NA NA 5013 1815 3198 0.086 

Mysliwska 
2006 

Poland Europeans CAD 62 232 / 88 320 93 227 0.369 63.2 70 / 30 100 32 68 0.685 

Lalouschek 
2006 

Austria Europeans IS+TIA 53 
257 / 
147 

404 143 261 0.356 49 
253 / 
162 

415 156 259 0.537 

Tütün 2006 Turkey Europe-Asia CAD   21 11 10 0.137   50 35 15 0.575 

Sekuri 2007 Turkey Europe-Asia CAD 46.3 88 / 27 115 61 54 0.325 44.3 83 / 22 105 57 48 0.918 

Potacsek 
2007 

Poland Europeans PAOD   50 17 33 0.772   30 15 15 0.006 

Flex 2007 Italy Europeans PAOD 74.7 84 / 73 157 57 100 0.502 76 95 / 111 206 54 152 0.071 

Tretjakovs 
2007 

Latvia Europeans CHD 52.5 20 / 0 20 10 10 0.000 51 NA 20 10 10 0.000 

Humphries 
2007 

UK Europeans CHD 56.6 NA 231 62 169 0.016 56.1 NA 2479 801 1678 0.862 

Smallwood 
2008 

Australia Australian AAA 73.3 626 / 0 626 222 404 0.868 72.3 650 / 0 650 224 426 0.228 

Banerjee 
2008  

India Asians IS+HeS 58.6 113 / 63 176 123 53 0.015 57.4 143 / 69 212 156 56 0.888 

Banerjee 
2008 

India Asians IS 58.6 NA 112 77 35 0.069 57.4 143 / 69 212 156 56 0.889 

Banerjee 
2008 

India Asians HeS 58.6 NA 64 46 18 0.341 57.4 143 / 69 212 156 56 0.888 

Maitra 2008 India Asians CAD 57.17 
239 / 
45nm 

46 36 10 0.268 45.53 31 / 9 40 30 10 0.044 
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First Author Country Continent 

Cases Controls 

Diagno-
sis 

Mean 
age 

Male / 

female 
N GG GC + 

CC HWE 
Mean 
age 

Male / 
female 

N GG GC + 
CC HWE 

Smith 2008 UK Europeans CAD 64.8 NA 319 120 199 0.919 NA NA 421 167 254 0.255 

Sarecka 
2008  

Poland Europeans CAD 43.8 120 / 58 178 43 135 0.652 35.4 154 / 48 202 60 142 0.479 

Silander 
2008 

Finland Europeans 
CHD+IS+

CVD 
59 

294 / 
103 

1067 287 780 0.462 57.9 
461 / 
175 

1918 579 1339 0.464 

Silander 
2008  

Finland Europeans CHD 59 
294 / 
103 

397 110 287 0.315 57.9 
461 / 
175 

636 193 443 0.573 

Silander 
2008 

Finland Europeans IS 59 96 / 52 148 37 111 0.742 57.9 
488 / 
181 

669 201 468 0.875 

Silander 
2008 

Finland Europeans CVD 59 
369 / 
153 

522 140 382 0.662 57.9 
443 / 
170 

613 185 428 0.743 

Banerjee 
2008 

India Asians 
CAD: 

MI+USAP
56.3 166 / 44 210 159 51 0.039 56 166 / 66 232 171 61 0.759 

Panoulas 
2009 

UK Europeans RA+CVD 63 NA 88 23 65 0.000 NA NA 422 148 274 0.417 

Berg 2009  Norway Europeans CAD 60 106 / 24 130 87 43 0.000 57 36 / 64 100 81 19 0.000 

Ghazouani 
2010 

Tunisia Africans CAD 58.1 331 / 87 418 298 120 0.967 56.7 
299 / 
107 

406 297 109 0.838 

Tong 2010 China Asians IS 61.12 
379 / 
269 

748 747 1 0.979 61.69 
437 / 
311 

748 743 5 0.896 

Rios 2010 Brazil 
South Amer-

icans 
CAD 55.7 89 / 49 414 254 160 0.002 51.8 50 / 65 253 151 102 0.980 

Rios 2010 
Brazil / Afri-

can 
South Amer-

icans 
CAD 55.7 89 / 49 138 96 42 0.248 51.8 50 / 65 115 69 46 0.277 

Rios 2010  
Brazil / Cau-

casian 
South Amer-

icans 
CAD 55.7 184 / 92 276 158 118 0.008 53 63 / 75 138 82 56 0.348 

Fan 2011 China Asians CHD 52.1 45 / 39 84 84 0 0.000 52.3 76 / 54 130 129 1 0.950 

Ghazouani 
2011 

Tunisia Africans CAD 58.1 331 / 87 418 298 120 0.967 56.7 
299 / 
107 

406 297 109 0.838 
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First Author Country Continent 

Cases Controls 

Diagno-
sis 

Mean 
age 

Male / 

female 
N GG GC + 

CC HWE 
Mean 
age 

Male / 
female 

N GG GC + 
CC HWE 

Coker 2011 Turkey Europe-Asia MI 53.4 117 / 50 167 102 65 0.659 53.9 
125 / 
110 

235 141 94 0.713 

Bennermo 
2011  

Sweden Europeans MI 54 
298 / 66 

nm 
356 119 237 0.005 54 

298 / 
66nm 

378 109 269 0.215 

Vakili 2011 Iran Asians MI 53.5 
229 / 
221 

450 153 297 0.094 50 
225 / 
225 

450 202 248 0.000 

Tuttolo-
mondo 2012  

Italy Europeans IS 71.9 45 / 51 96 40 56 0.653 71.4 16 / 32 48 14 34 0.001 

Tong 2013 China Asians CAD 61.4 243 / 83 326 201 125 0.000 60.6 
210 / 
131 

341 220 121 0.014 

Chakraborty 
2013 

India Asians IS 54 69 / 31 100 57 43 0.433 52.5 83 / 37 120 73 47 0.435 

Satti 2013 Pakistan Asians CAD 46.4 20 / 16 36 18 18 0.064 35.2 30 / 22 52 38 14 0.574 

Mishra 2013  India Asians CAD 56.33 262 / 48 310 218 92 0.680 54.18 197 / 33 230 172 58 0.919 

Bhanushali 
2013  

India Asians CAD 48 80 / 20 100 77 23 0.208 50 70 / 80 150 120 30 0.097 

Phuluk-
daree 2013 

South Africa Africans CAD 37.5 41 / 0 41 29 12 0.971 37.5 61 / 0 61 34 27 0.064 

Liaquat 
2014  

Pakistan Asians IDCM 53 181 / 69 250 182 68 0.004 53.7 208 / 92 300 252 48 0.001 

Galimudi 
2014 

India Asians CAD 65 134 / 66 200 113 87 0.142 64 142 / 58 200 72 128 0.300 

Sun 2014  China Asians CAD 61.2 205 / 91 296 191 105 0.000 56.4 
182 / 
145 

327 236 91 0.000 

Elsaid 2014 Egypt Africans IHD 53.54 73 / 35 104 0 104 0.000 45.3 NA 104 26 78 0.694 

Li 2015  China Asians CAD NA 
224 / 
141 

365 213 152 0.000 NA 
212 / 
153 

365 245 120 0.385 

Spoto 2015  Italy Europeans 
CKD+CV

D 
62 NA 221 23 198 0.000 NA NA 463 277 186 0.132 
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First Author Country Continent 

Cases Controls 

Diagno-
sis 

Mean 
age 

Male / 

female 
N GG GC + 

CC HWE 
Mean 
age 

Male / 
female 

N GG GC + 
CC HWE 

Yang 2015  China Asians CAD NA 
237 / 
173 

410 198 212 0.088 NA 
177 / 
233 

410 239 171 0.683 

Wang 2015 China Asians CAD 65.4 
232 / 
170 

402 153 249 0.017 62.4 
232 / 
170 

402 182 220 0.263 

Salama 
2015  

Egypt Africans TIA 60.7 50 / 56 106 31 75 0.053 59.7 16 / 18 34 12 22 0.867 

Buraczyn-
ska 2016  

Poland Europeans CVD 65.8 
376 / 
362 

738 138 600 0.000 NA NA 612 195 417 0.252 

Hongmei 
2016 

China Asians CAD 62.64 189 / 86 275 256 19 0.409 61.43 
185 / 
111 

296 282 14 0.560 

Mao 2016  China Asians CAD 62.65 145 / 79 224 142 82 0.000 56.82 
147 / 
113 

260 193 67 0.000 

Kou 2017 China Asians CVD 53.8 
252 / 
288 

540 277 263 0.120 54.1 
267 / 
275 

542 311 231 0.208 

Jun 2017  China Asians 
CHD+CA

D 
63.5 

442 / 
418 

860 450 410 0.447 64.2 
438 / 
424 

862 503 359 0.993 

Mitrokhin 
2017  

Russia Europeans CAD 70.37 109 / 89 198 62 136 0.772 74.94 33 / 83 117 33 84 0.956 

Mastana 
2017  

India Asians CAD 45.02 111 / 26 138 105 33 0.693 49.51 125 / 19 131 91 40 0.197 

Jabir 2017  
Saudi Ara-

bia 
Asians CAD 60.6 

62 / 
38nm 

90 3 87 0.718 47.7 
58 / 
42nm 

89 3 86 0.693 

Akinyemi 
2017  

Nigeria/ 
Ghana 

Africans IS 61.34 
198 / 
231nm 

428 3 425 0.944 60.26 
236 / 
247 

483 5 478 0.381 

Myocardial infarction (MI); Coronary artery disease (CAD); Ischemic stroke (IS); Peripheral arterial occlusive disease (PAOD); Renal artery stenosis (RAS); Transient ischemic attack (TIA); Retinal 
artery occlusion (RAO); Abdominal aortic aneurysm (AAA); Chronic kidney disease (CKD); Idiopathic dilated cardiomyopathy (IDCM); Hemodyalisis (HD); Stable angina pectoris (SAP); unstable angina 
pectoris (USAP); Hypertension (HT); left ventricular hypertrophy (LVH); hemorrhagic stroke (HeS); Acute coronary syndromes (ACS); lacunar stroke (LS); pediatric arterial stroke (PAS); Rheumatoid 
arthritis (RA); ischemic heart disease (IHD); coronary heart disease (CHD); cardiovascular diseases (CVD); cardiac transplant (CaT); not available (NA); no match with the original manuscript published 
(nm). 
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Role of rs1800795 in CVD by country of 
birth 

In this analysis, we performed a meta-
analysis in four different countries: China, In-
dia Turkey, and the United Kingdom. Firstly, 
in the Chinese population, there was no evi-
dence of heterogeneity in the genetic models 
and rs1800795 was a risk factor due to its as-
sociation with CVD (allelic OR=1.36, CI 
95%=1.26-1.48, Z p value= <0.0001 (Figure 
2); homozygous OR= 1.91, CI 95%=1.61-
2.27, Z p value= <0.0001; heterozygous 
OR=1.21, CI 95%=1.09-1.34, Z p value= 
<0.0001; dominant OR= 1.16, CI 95%=1.05-
1.27, Z p value= 0.002; recessive OR= 1.78, 
CI 95%= 1.51-2.10, Z p value <0.0001). 

Secondly, we evaluated the polymor-
phism involvement in a sample population 
from the United Kingdom; the result shows a 
significant association with risk under the het-
erozygous model (OR=1.16; CI 95%= 1.02-
1.31; Z p value 0.018); (Figure 3). Further-
more, the dominant model revealed an associ-
ation (OR= 1.15, CI 95%= 1.00-.131, Z p 

value 0.039, I2=29.28) in the presence of 
moderate heterogeneity, this was not main-
tained in its absence of heterogeneity. As for 
the articles with Turkish and Indian samples, 
the same five genetic models were carried 
out; however, the data did not show an asso-
ciation of -174G>C variant as a probable risk 
factor in those populations. 

The Egger test was not statistically signif-
icant in the five genetic models performed, 
thus suggesting the absence of publication 
bias. 

 
Role of rs1800795 in CVD by continent of 
birth 

For this analysis, we divided the sample 
into two groups the first of European and the 
second of African participants. As for the first 
group, the findings indicated that -174G>C 
variant is a significant risk factor for CVD un-
der the dominant model (OR=1.07; CI 95%= 
1.00-1.14; Z p value = 0.026); (Figure 4). 

 
 
 

 
Figure 2: Forest plot of the allelic model in subjects born in China 
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Figure 3: Forest plot of the heterozygous model in subjects born in the United Kingdom 

 
Figure 4: Forest plot of the dominant model in subjects born in Europe
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Moreover, under the heterozygous model 
(OR=1.18; CI 95%= 1.02-1.36; Z p value = 
0.022; I2=83.47), also reveals an association 
of this variant with CVD in the presence of 
high heterogeneity. Nevertheless, after ex-
cluding the studies that predispose to hetero-
geneity, this association was not observed. 
Regarding the African population, no statisti-
cal association was observed under any ge-
netic model. 

Begg’s funnel or Egger’s test did no pre-
sent asymmetry or statistical significance, 
thus suggesting the absence of publication 
bias in the genetic models analyzed (Supple-
mentary Figures). 

 
Role of rs1800795 in CVD by clinical  
diagnosis 

The available data allowed the creation of 
five analysis groups with subjects diagnosed 

with CAD, IS, MI, PAOD, as well as with 
healthy subjects as controls. First, we evalu-
ated the risk of -174G>C for CAD; under the 
five models used, a significant association 
was observed (allelic: OR=1.14, CI 
95%=1.04-1.23, Z p value 0.002; homozy-
gous: OR=1.50, CI 95%=1.28-1.76, Z p value 
<0.0001; Figure 5; heterozygous: OR=1.10, 
CI 95%=1.02-1.19, Z p value= 0.013; domi-
nant: OR= 1.23, CI 95%= 1.11-1.35, Z p 
value <0.0001; recessive OR= 1.31, CI 95%= 
1.10-1.56, Z p value =0.002). Then, we eval-
uated this association in subjects with PAOD 
and found a protective effect of the -174G>C 
polymorphism under the recessive model 
(OR=0.39, CI 95%=0.26-0.59, Z p value 
<0.0001; Figure 6). Regarding the cases diag-
nosed with IS and MI, the data did not show 
any statistical relation with the rs1800795 ge-
nomic variant (Supplementary Table 3).  

 
 
 
 

 

Figure 5: Forest plot of the homozygous model in subjects diagnosed with CAD 
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Figure 6: Forest plot of the recessive model in subjects diagnosed with PAOD 
 
 
In some articles, a hospital population was 

included in the control group; herein, only 
healthy subjects were used as controls. The 
results of this analysis revealed a role 
of -174G>C polymorphism as a risk factor for 
CVD under the allelic (OR= 1.12, CI 95%= 
1.07-1.18, Z p value <0.0001; Figure 7), ho-
mozygous (OR= 1.23, CI 95%= 1.11 1.37, Z 
p value <0.0001), heterozygous (OR= 1.17, 
CI 95%= 1.10-1.24, Z p value <0.0001), and 
dominant models (OR= 1.24, CI 95%= 1.16-
1.31, Z p value <0.0001). Nonetheless, in the 
presence of heterogeneity, an association was 
found under the recessive model (OR= 1.31, 
CI 95%= 1.11-1.54, Z p value <0.0001; 
I2=76.56), but not when the articles favoring 
heterogeneity were excluded. We did not find 
publication bias using Egger’s test in the ge-
netics models previously mentioned (Supple-
mentary Figures). 

 
Role of rs1800795 in CVD by diagnosis and 
geographical location 

Finally, we conducted an analysis with 
two filter criteria: diagnosis (CAD, MI, or IS) 
and geographical location (India or Europe), 
which allowed for the formation of four 
groups: India + CAD, Europe + CAD, Europe 
+ MI and Europe + IS (Table 2). Using five 
genetic models with or without heterogeneity, 
we did not observe a statistically significant 
participation of -174G>C as a possible 

marker. We did not find publication bias us-
ing Egger’s test in the five genetic models 
conducted (Supplementary Figures). 

 
Role of rs1800795 in CVD by smoking  
habits 

Finally, due to the importance that could 
have some risk factors in CVD we performed 
an analysis by the smoking habits. The arti-
cles with available data showing the genotype 
distribution by tobacco used were only six ar-
ticles (Humphries et al., 2001; Greisenegger 
et al., 2003; Balding et al., 2004; Sie et al., 
2006; Mysliwska et al., 2006; Mishra et al., 
2013). However, even we discarded the stud-
ies that were favoring the heterogeneity no 
evidence of association was found (allelic: 
OR=1.34, CI 95%=0.94-1.92, Z p value 
0.103; homozygous: OR=1.01, CI 95%=0.88-
1.16, Z p value 0.853; heterozygous: 
OR=1.08, CI 95%=0.70-1.67, Z p value= 
0.724; dominant: OR= 1.28, CI 95%= 0.85-
1.91, Z p value 0.226; recessive OR= 1.18, CI 
95%= 0.73-1.91, Z p value =0.480) (Supple-
mentary Table 4). Egger's test did not reveal 
publication bias. 
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Table 2: Meta-analysis of the association between rs1800795 polymorphism with clinical diagnosis and ethnicities 

Study 
groups 

Allele  Homozygote  Heterozygote 

(n) OR (95% CI) P  I2  Q  Egger  OR (95% CI) P  I2  Q  Egger  OR (95% CI) P  I2  Q  Egger  

India + 
CAD 

6 0.87(0.64-1.18) 0.382 65.40 0.013 0.834 6 0.91(0.42-1.97) 0.821 44.67 0.108 0.673 6 0.83(0.57-1.20) 0.329 65.61 0.013 0.657 

5 1.02(0.83-1.26) 0.807 3.796 0.385 0.207 5 1.42(0.71-2.87) 0.317 0.000 0.497 0.054 5 0.97(0.77-.1.24) 0.864 0.000 0.462 0.949 

Europe + 
CAD 

7 1.10(0.95-1.27) 0.198 58.43 0.025 0.117 7 1.11(0.89-1.39) 0.323 32.52 0.180 0.235 6 1.09(0.93-1.27) 0.253 14.91 0.318 0.318 

6 1.01(0.93-1.10) 0.673 0.000 0.523 0.236 6 1.01(0.85-1.20) 0.866 0.000 0.562 0.430       

Europe + 
MI 

9 1.04(0.95-1.14) 0.313 61.29 0.008 0.072 9 1.03(0.89-1.18) 0.668 31.71 0.164 0.251 9 1.11(0.94-1.32) 0.198 72.32 0.000 0.065 

7 0.99(0.94-1.06) 0.960 16.18 0.306 0.949 8 1.00(0.89-1.13) 0.913 8.811 0.362 0.437 7 1.00(0.89-1.11) 0.968 34.65 0.164 0.967 

Europe + 
IS 

5 0.87(0.58-1.31) 0.533 87.80 <0.00 0.783 5 0.86(0.32-2.32) 0.772 88.34 <0.00 0.646 5 0.92(0.66-1.28) 0.647 55.49 0.061 0.440 

4 1.07(0.91-1.26) 0.381 2.647 0.379 0.584 3 1.52(0.99-2.32) 0.054 0.000 0.667 0.072 3 1.19(0.91-1.55) 0.193 0.000 0.951 0.236 

             

Study 
groups 

Dominant  Recessive 

(n) OR (95% CI) P  I2  Q Egger  OR (95% CI) P  I2  Q  Egger 

India + 
CAD 

6 0.83(0.57-1.20) 0.332 69.14 0.006 0.863 6 1.00(0.56-1.77) 0.996 17.24 0.302 0.898 

5 1.00(0.80-1.26) 0.971 0.000 0.482 0.553       

Europe + 
CAD 

7 1.15(0.95-1.38) 0.130 41.19 0.116 0.098 7 1.04(0.85-1.27) 0.666 34.66 0.163 0.405 

6 1.07(0.93-1.23) 0.335 10.98 0.345 0.274 6 0.97(0.84-1.13) 0.753 0.000 0.612 0.884 

Europe + 
MI 

9 1.11(0.94-1.31) 0.198 73.70 <0.00 0.052 9 1.00(0.91-1.10) 0.927 0.000 0.912 0.354 

7 1.00(0.89-1.11) 0.998 39.8 0.131 0.952       

Europe + 
IS 

5 0.86(0.55-1.34) 0.513 77.34 0.001 0.880 5 0.86(0.37-2.03) 0.746 87.06 <0.00 0.620 

4 1.08(0.81-1.43) 0.575 24.73 0.263 0.051 3 1.36(0.89-2.06) 0.149 8.956 0.333 0.340 
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Figure 7: Funnel plot of the allelic model in healthy subjects as controls 

 

 
DISCUSSION 

It is well known that inflammatory medi-
ators, especially IL-6, are central to the devel-
opment of cardiovascular diseases. A consid-
erable number of the polymorphisms were 
identified in the IL-6 gene, especially inside 
the non-coding promoter sequence. It has 
been reported that these polymorphisms exert 
a powerful influence on the expression of this 
gene. Hence, we evaluated the participation of 
the -174G>C (rs1800795) IL-6 gene poly-
morphism as a probable risk factor for cardi-
ovascular diseases. First, we explored the par-

ticipation of -174G>C (rs1800795) polymor-
phism as a possible risk factor for CVD in the 
overall population of the included studies. 

After evaluating heterogeneity, we found 
that this polymorphism increased the risk for 
CVD under the allelic (C), homozygous (CC), 
heterozygous (CG) and dominant (CC + CG) 
models. In accordance with the present re-
sults, previous studies have demonstrated that 
higher levels of IL-6 are associated with 
the -174CC genotype or C allele in patients 
(Panoulas et al., 2009; Liu et al., 2006; Stoica 
et al., 2010). Taken together, these results 
suggest that when the -174C is present, pa-
tients exhibit higher levels of IL-6. 

Study name Statistics for each study Exposed / Total Odds ratio and 95% CI

Odds Low er Upper 
ratio limit limit p-Value Cases Controls

Georges J.L. 2001 1.178 1.007 1.377 0.040 548 / 1228 546 / 1344

Humphries S.E. 2001 1.097 0.874 1.377 0.423 145 / 320 2203 / 5120

Jenny N.S. 2002 1.060 0.878 1.279 0.546 555 / 880 606 / 982

Greisenegger S. 2003 1.020 0.775 1.341 0.889 170 / 428 168 / 428

Balding J. 2004 0.886 0.650 1.209 0.446 84 / 210 334 / 778

George S. 2004 0.829 0.555 1.237 0.358 75 / 200 84 / 200

Karahan Z.C. 2005 0.850 0.507 1.425 0.538 34 / 166 40 / 172

Chiapelli M. 2005 1.417 1.076 1.866 0.013 154 / 408 154 / 514

Danielsson P. 2005 1.029 0.729 1.454 0.869 94 / 190 195 / 400

Mysliwska J. 2006 1.121 0.815 1.543 0.482 303 / 640 89 / 200

Lalouschek W. 2006 1.095 0.899 1.334 0.368 335 / 808 326 / 830

Sekuri C. 2007 0.972 0.635 1.490 0.898 59 / 230 55 / 210

Potacsek D.P. 2007 1.214 0.631 2.334 0.562 43 / 100 23 / 60

Tretjakovs P. 2007 1.000 0.416 2.403 1.000 20 / 40 20 / 40

Humphries S.E. 2007 1.054 0.870 1.277 0.592 205 / 462 2136 / 4958

Maitra A. 2008 0.629 0.259 1.523 0.304 10 / 92 13 / 80

Smith A.J. 2008 1.019 0.824 1.259 0.865 246 / 638 321 / 842

Sarecka B. 2008 1.243 0.934 1.654 0.136 177 / 356 179 / 404

Banerjee I. 2009 1.003 0.686 1.467 0.987 59 / 420 65 / 464

Ghazouani L. 2010 1.105 0.842 1.449 0.472 130 / 836 116 / 812

Tong Y. 2010 0.199 0.023 1.709 0.141 1 / 1496 5 / 1496

Fan W.H. 2011 0.513 0.021 12.676 0.684 0 / 168 1 / 260

Ghazouani L. 2011 1.105 0.842 1.449 0.472 130 / 836 116 / 812

Chakraborty B. 2013 1.151 0.743 1.784 0.528 51 / 200 55 / 240

Mishra A. 2013 1.249 0.887 1.759 0.202 101 / 620 62 / 460

Wang K. 2015 1.348 1.101 1.652 0.004 327 / 804 271 / 804

Salama H. 2015 1.456 0.837 2.531 0.183 107 / 212 28 / 68

Hongmei Y. 2016 1.477 0.733 2.976 0.275 19 / 550 14 / 592

Kou L. 2017 1.253 1.036 1.515 0.020 317 / 1080 270 / 1084

Jun M. 2017 1.260 1.081 1.468 0.003 482 / 1720 407 / 1724

Mastana S. 2017 0.757 0.464 1.236 0.266 34 / 276 41 / 262

Jabir N.R. 2017 0.935 0.537 1.629 0.814 149 / 180 149 / 178

Akinyemi R. 2017 1.008 0.726 1.401 0.961 783 / 856 883 / 966

1.125 1.071 1.181 0.000

0.5 1 2

Protection Risk
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This shows the influence of the polymor-
phism in increasing IL-6 gene transcription 
and predisposing to greater myocardial or 
vascular injury. Several studies and the large 
sample size included in this meta-analysis 
provided more reliable information related to 
the association of IL-6 (rs1800795) gene pol-
ymorphism and CVD.  

Additionally, previous studies have sug-
gested that there could be differences in gene 
frequencies between populations (Humphries 
et al., 2007; Ghazouani et al., 2010; 
Greisenegger et al., 2003; Hongmei et al., 
2016). Thus, our objective was to explore the 
involvement of -174G>C in CVD by per-
forming a sub-analysis on different nationali-
ties and geographic locations. The results 
showed that in the studies within the Chinese 
population, there was a strong association of 
the IL-6 (rs1800795) polymorphism with 
CVD. 

Indeed, depending on the model, C allele 
carriers developed an increased risk (1.16 to 
1.91 fold) of having CVD. Our results suggest 
that the risk in the Chinese population is 
higher than in other populations analyzed in 
this study. We analyzed the same association 
with subjects born in the United Kingdom, 
Turkey or India. Under a heterozygous model, 

we only found a significant association for the 
British population after discarding the hetero-
geneity. 

Additionally, we made a diagram of the 
allelic frequencies of the cases by popula-
tions, in which the distribution of the risk al-
lele is observed (Figure 8).  

A possible explanation for this might be 
that, in different populations, the underlying 
genetic mechanisms that predispose to the 
same pathology may be achieved by different 
genotypes affecting distinct mediating mech-
anisms. Therefore, the influence of the popu-
lation genomes needs to be taken into account 
when considering the effect of -174G>C, es-
pecially in complex and multifactorial dis-
eases such as CVD. Afterward, we decided to 
explore this issue more precisely with the fol-
lowing analysis. Depending on the sample na-
tionality, the available data allowed for the 
formation of two groups (Europeans and Af-
ricans), for which the same methodological 
procedure was used. Under a dominant model 
(OR = 1.07, CI 95% = 1.00-1.14, Z p value = 
0.026), only one statistically significant asso-
ciation was observed after measuring hetero-
geneity in the European population. 

 

 

Figure 8: Allele frequencies of cases by population 



EXCLI Journal 2019;18:331-355 – ISSN 1611-2156 
Received: March 06, 2019, accepted: April 09, 2019, published: June 07, 2019 

 

 

349 

By taking the previous analysis into con-
sideration, we can suggest that this associa-
tion might be influenced by the studies of par-
ticipants born in the United Kingdom. These 
findings confirmed the assumption that eth-
nicity increases the level of complexity of ge-
netic functional studies, considering the dif-
ferences in gene frequencies between popula-
tions (Satti et al., 2013; Sekuri et al., 2007; Sie 
et al., 2006). 

Consequently, the consideration of ances-
tral components of disease may become more 
relevant to understand inherited cardiovascu-
lar risk (Wang et al., 2015; Tütün et al., 2006; 
Vakili et al. 2011). 

An initial objective of the project was to 
better understand the influence of both the 
genes and the specific DNA sequence variants 
responsible for the etiology of cardiovascular 
diseases. For this reason, we evaluated the 
role of -174G>C through the specific diagno-
sis of the patient groups with CAD, PAOD, 
MI, and IS; only healthy subjects were chosen 
as healthy controls (HC). 

Importantly, we found that this polymor-
phism is associated with CAD. In fact, under 
the genetic models used, carriers of -174G>C 
have an increased risk for CAD between 1.10 
times and 1.50 times. It is well known that 
high basal IL-6 plasma levels, which exert 
pro-inflammatory and pro-coagulant effects, 
have proven to be predictive of CVDs (Wang 
et al., 2015; Tuttolomondo et al., 2012; Tütün 
et al., 2006; Vakili et al. 2011). Our results 
confirm the risk effect of C carriers 
of -174G>C on CAD. In fact, this finding 
broadly supports the work of Phulukdaree et 
al., who observed that the presence of the IL-
6 -174G>C the C allele influences the levels 
of IL-6 and increases the risk of CAD in 
South African Indians (Phulukdaree et al., 
2013). Taken together, these results further 
support the use of IL-6 gene polymorphism 
174G>C, and IL-6 levels as CAD genetic 
marker. 

On the other hand, we were aware that 
there could be other variables affecting the re-
sults. For that reason, a more selective analy-
sis was performed which only included 

healthy subjects as a comparison group. We 
found a 1.02 to 1.25 fold increased risk of car-
diovascular diseases, supports our previous 
association of -174C carriers with CVD. 

In addition, in the PAOD analysis, the re-
cessive model C allele of -174G>C is associ-
ated with protection [OR = 0.39, CI 95%= 
(0.26-0.59), Z p value <0.0001]. In fact, Flex 
et al. reported that GG homozygous subjects 
have a 4.6-fold risk of developing PAOD 
compared with CC homozygous patients 
(Flex et al., 2002); this result thus reinforced 
the idea that the C allele could confer a pro-
tective effect. However, the analysis per-
formed in MI and IS patients did not reveal 
any association. This discrepancy could be 
explained in part by the in vitro observations 
of Terry et al., who reported that IL-6 expres-
sion is regulated differently in various cells 
(Terry et al., 2000). Consequently, the levels 
of this interleukin may be dependent on the 
gene expression of a particular cell type and 
its associated phenotype.  

Additionally, we know that the effect 
of -174G>C on circulating IL-6 is more com-
plex and may be dependent on multiple vari-
ables. Hence, our final approach involved ex-
amining the role of -174G>C in not only Eu-
ropeans with CAD, MI, and IS, but also in In-
dia participants with CAD. The aforemen-
tioned subjects were organized into four 
groups: Europe + CAD, Europe + MI, Europe 
+ IS and India + CAD. Of interest, even after 
the heterogeneity was discarded in the anal-
yses, no association with -174G>C polymor-
phism was found.  

Furthermore, it is well known that there 
are several risk factors involved in the CVDs. 
One of the most common studied is the smok-
ing habits, which it has been hypothesized 
that could play a role as risk factor. Neverthe-
less, in our findings no relationship was re-
vealed. However, this could be an effect of a 
small sample size, due to only six studies the 
data was available to perfom the analysis. An-
other reason could be that almost all of the 
studies included are conducted in Caucasians 
(Humphries et al., 2001; Greisenegger et al., 
2003; Balding et al., 2004; Sie et al., 2006; 
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Mysliwska et al., 2006) and it is possible that 
other risk factors could be interfered in this 
type population. 

Also, previous studies had already per-
formed some of the analysis made in our arti-
cle (Ma et al., 2011; Zheng et al., 2012; Yin 
et al., 2012, 2013; Yang et al., 2013; Jin et al., 
2014; Hou et al., 2015; Liu et al., 2015) how-
ever, these previous reports failed to take into 
consideration the following aspects. First, 
while previous works only analyzed one or 
two sub-groups, the number of analyses per-
formed here (total groups: China, United 
Kingdom, Turkey, India, Europeans, Afri-
cans, CAD, PAOD, MI, IS; HC, India +CAD, 
Europe + CAD, Europe + MI and Europe + 
IS) include 16 sub-groups that evaluated the 
influence of the ethnicity, diagnosis, geo-
graphical localization, or a combination of 
them. Second, our sample size is larger; while 
the sample in previous studies contained 6 to 
48 articles, we included 74 articles in this 
meta-analysis and 85 in the systematic re-
view. Lastly, while some of the previous stud-
ies included data from master’s or doctoral 
theses, our meta-analysis sample consisted of 
only articles published in peer-reviewed jour-
nals.  

The interpretation of the meta-analysis re-
sults is subject to certain limitations. First, we 
need to consider the sample size. Although 
the total number of study subjects was 33,525 
cases and 52,704 controls, in some sub-anal-
ysis groups, such as PAOD or India, the arti-
cle sample size could be considered small. 
This could have an effect in the outcomes. 
Nevertheless, there were 16 sub-analyses per-
formed in this work; the sheer quantity should 
be considered a strength because it allows for 
a general panorama of the effect of -174G>C 
in CVD. Second, we performed an analysis to 
evaluate the publication bias but found that it 
could not be discarded, because most of the 
articles were from either Europe or Asia. Fur-
ther research is, therefore, an essential next 
step to provide more definitive evidence. 
Third, the effect of the -174G>C polymor-
phism is complex and depends on the pres-

ence of age, BMI, and other clinical charac-
teristics, which were not evaluated in this 
meta-analysis.  

However, a detailed systematic review 
was indeed performed to explore these char-
acteristics in the included articles. Fourth, re-
moving non-English literature and articles 
without related data from the analysis might 
affect results.  Nevertheless, our inclusion 
and exclusion criteria allowed for the inclu-
sion of quality studies. Finally, this meta-
analysis did not take into consideration the 
possibility of linkage disequilibrium between 
polymorphisms, as well as gene-gene or gene-
environment interactions. 

In this study several characteristics were 
considered that can influence the role 
of -174G/C as a risk factor for CVD, such as 
the clinical situation of the control group.  

In conclusion our results indicate that C 
allele of IL-6 gene polymorphism 
(rs1800795) is associated with increased risk 
for CVD. 

This association is mainly observed in 
Chinese and British populations and patients 
with CAD. 

However, the -174G>C polymorphism 
was also found to be a protective factor for 
PAOD. Further research is needed to fully un-
derstand the participation of the -174G>C 
variant in CVD. 
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