
Introduction

Vasculitis is a heterogeneous disease that causes 
inflammation of the blood vessel wall and damage 
to systemic organ. Vasculitis is divided into large 
(Takayasu arteritis and giant cell arteritis), medium 
(polyarteritis nodosa and Kawasaki disease), and 

small vessel vasculitis (antineutrophilic cytoplasmic 
antibody (ANCA)-associated vasculitis and immune 
complex vasculitis), depending on the size of the in-
vading vessels, while Behçet’s disease and Cogan’s 
syndrome are classified as various vessel vasculitis 
(1). The clinical and pathological features are variable 
and depend on the site and type of affected blood 
vessels. The cause of vasculitis is unknown, but the 
prevailing hypothesis is that vasculitis is initiated by 
an environmental agent in genetically predisposed 
individuals (2).

Interleukin (IL)-6 is a pleiotropic cytokine that 
regulates immune function and is associated with 
various cancers, infectious diseases, as well as au-
toimmune diseases (3). IL-6 is thought to act as a 
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mediator between damaged vascular wall tissues and 
immune cells, and it is known to polarize naive T 
cells into Th17 cells. IL-6 levels are increased in vas-
culitis and IL-6 blockers were effective in the treat-
ment of vasculitis of large-medium vessels (4). Ge-
netic variants, particularly in the promoter region of 
genes, can alter gene function and expression of IL6. 
The IL-6 gene is located on chromosome 7p21 and 
has three promoter variants (rs1800795, rs1800796, 
and rs1800797) (5). The polymorphism of rs1800795 
(-174 G/C) consists of a single nucleotide change 
from G to C at position -174 in the promoter region 
and is associated with increased serum IL-6 protein 
levels (6). The IL6 rs1800795 polymorphism is as-
sociated not only with autoimmune diseases, such as 
rheumatoid arthritis and systemic lupus erythemato-
sus, but also with obesity and atherosclerosis (5-8).

Previous genetic studies have shown conflicting 
results: IL6 variants are either strongly associated or 
not associated with vasculitis diseases, such as Be-
hçet’s disease, Kawasaki disease, Takayasu arteritis, 
and giant cell arteritis, in different ethnic groups. 
The reasons for these disparities may be small sample 
sizes, low statistical power, and/or clinical heteroge-
neity. The aim of this study was to investigate the ge-
netic association between IL6 rs1800795 polymor-
phisms and susceptibility to disease in patients with 
vasculitis using a meta-analysis.

Methods

Identification of eligible studies and data extraction

A search was performed for studies that ex-
amined associations between IL6 polymorphisms 
and vasculitis. Genetic association studies that de-
termined the distributions of the IL6 rs1800795 
polymorphisms in vasculitis and in normal controls 
were included. The literature was searched using the 
PubMed and Embase databases to identify available 
articles in which IL6 polymorphisms were analyzed 
in vasculitis patients (up to January 2019). We listed 
combinations of key words and subject terms, such as 
“interleukin-6,” “IL-6,” “polymorphism,” “vasculitis,” 
“arteritis,” “Takayasu,” “giant cell arteritis,” “Kawasa-
ki,” “polyarteritis nodosa,” “Wegener,” “microscopic 
polyangiitis,” “eosinophilic granulomatosis,” “Churg-
Strauss,” “ANCA,” and “Behçet.” References from 

the identified studies were also investigated to iden-
tify additional studies not indexed by PubMed and 
Embase. The following information was extracted 
from each study: author, year of publication, ethnic-
ity of the study population, demographics, number 
of cases and controls, Hardy-Weinberg equilibrium 
(HWE) P value, and the allele and genotype fre-
quencies of the IL6 rs1800795 polymorphisms.

Inclusion and exclusion criteria

Studies in this meta-analysis included the fol-
lowing a: 1) case-control studies that determined the 
distributions of IL6 rs1800795 polymorphisms and 
susceptibility to vasculitis, and 2) detailed data re-
ported for case and control groups, or alternatively 
results that could be calculated from the data pro-
vided. Studies were excluded based on the follow-
ing: 1) overlapping data, 2) inability to determine the 
number of null and wild genotypes or alleles, and 3) 
review articles or abstracts-only publications. No re-
strictions were placed on race, language, ethnicity, or 
geographic area.

Statistical associations

Allele frequencies of genetic polymorphisms 
were determined by the allele counting method. The 
Chi-squared test was used to detect if the controls 
in each study conformed to HWE. The associations 
between the -174 G/C alleles and vasculitis were es-
timated by evaluating odds ratio (OR) and 95% con-
fidence interval (CI). We performed meta-analyses 
using the 1) allelic contrast (C vs. G), 2) recessive 
(CC vs. GC+GG), and 3) dominant (CC+GC vs. 
GG) models, and 4) heterozygote vs. dominant ho-
mozygote (GC vs. GG), 5) heterozygote vs. reces-
sive homozygote (GC vs. CC), and 6) homozygote 
comparison (CC vs. GG). Subgroup analyses were 
performed by ethnicity and vasculitis type to evalu-
ate ethnic- and disease-specific effects. Inter-study 
heterogeneity was assessed by Cochran Q test and 
I² statistics (P value <0.10 and I² ≥50 was regarded as 
statistically significant heterogeneity). If no signifi-
cance between study heterogeneity was detected, a 
fixed-effects model was used. Otherwise, a random-
effect model was used. Forest plots were drawn to 
visualize the overall effect. Meta-analysis was per-
formed using Review Manager Software, version 5.3.
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Publication bias

A funnel plot was used to analyze publication 
bias in a meta-analysis.

Results

Literature search

Twenty-one studies that investigated the rela-
tionship between IL6 polymorphisms and vasculitis 
were identified using PubMed and Embase. Eight 
studies were excluded for reasons such as another 
IL6 polymorphism, or the lack of suitable controls. 
Thus, 13 studies met the inclusion criteria (Figure 
1) (9-21).

Main characteristics of the included studies

A total of 13 studies were included, compris-
ing 1,294 vasculitis cases and 1,594 control subjects. 

There were 6 studies on Middle-Eastern populations, 
4 on Caucasian populations, and 3 on Asian popula-
tions. Among the vasculitis cases, Behçet’s disease (5 
studies), Kawasaki disease (2 studies), Takayasu arte-
ritis (2 studies), giant cell arteritis (2 studies), granu-
lomatosis with polyangiitis (1 study), and IgA vas-
culitis (1 study) were included in the present study. 
Other types of vasculitis were excluded because of a 
lack of case-control studies. Details of the IL6 poly-
morphism studies are summarized in Table 1.

Meta-analysis of relationships between IL6 rs1800795 
polymorphisms and overall vasculitis

Meta-analysis of rs1800795 polymorphisms re-
vealed significant association between overall vascu-
litis and the C allele (OR 0.87, 95% CI 0.76-0.99, P 
=0.03; Figure 2). A significant association was also 
found between overall vasculitis and rs1800795 poly-
morphism using a dominant model and heterozygote 
vs. dominant homozygote comparison (OR 0.80, 

Fig. 1. Flow chart of inclusion/exclusion criteria
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Table 1. Characteristics of the individual studies included in the meta-analysis

Study Population Numbers Disease HWE

First author (year) Country Ethnicity Case Control P value

Danda (2017) (9) India Asian 120 119 Takayasu arteritis 0.362

Saruhan-Direskeneli (2016) (16) Turkey Middle Eastern 94 108 Takayasu arteritis 0.451

Salvarani (2005) (18) Italy Caucasian 126 112 Giant cell arteritis 0.801

Gonzalez-Gay (2002) (20) Spain Caucasian 62 124 Giant cell arteritis 0.753

Assari (2018) (8) Iran Middle Eastern 55 139 Kawasaki disease 0.000

Weng (2010) (13) Taiwan Asian 211 221 Kawasaki disease 0.892

Zhou (2004) (19) USA Caucasian 117 123 Granulomatosis with polyangiitis 0.406

Talaat (2014) (10) Egypt Middle Eastern 87 97 Behçet’s disease 0.232

Hamzaoui (2014) (11) Iran Middle Eastern 43 43 Behçet’s disease 0.561

Amirzargar (2010) (12) Iran Middle Eastern 147 139 Behçet’s disease 0.000

Dilek (2009) (14) Turkey Middle Eastern 97 122 Behçet’s disease 0.091

Chang (2005) (17) Korea Asian 89 123 Behçet’s disease 0.000

Amoli(2007) (15) Spain Caucasian 46 124 IgA vasculitis 0.451

Fig. 2. OR and 95% CI of individual studies and pooled data for the association between C allele of IL6 rs18007954 and vasculitis in all 
study subjects

HWE: Hardy Weinberg Equilibrium; USA: United States of America; NA: not applicable
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95% CI 0.67-0.94, P =0.009 and OR 0.76, 95% CI 
0.63-0.92, P =0.005, respectively). There was no sig-
nificant relationship between other genetic models 
and vasculitis.

Meta-analysis of relationships between IL6 rs1800795 
polymorphisms and vasculitis in the different ethnicity 
groups

This study included three ethnic groups. The 
first group is Middle Eastern, which included Ira-
nian, Turkish, and Egyptian populations. People of 
Spanish, Italian, and American heritage were includ-
ed in the Caucasian group. The third group, i.e., the 
Asian group, included Indian, Taiwanese, and Ko-
rean populations. We performed ethnicity-specific 
meta-analysis of the Middle Eastern, Caucasian, and 
Asian populations. P values for allele comparisons 
in the Middle Eastern, Caucasian and Asian popu-
lation were 0.10, 0.26, and 0.37, respectively, with 
no significant association between IL6 rs1800795 
polymorphism and vasculitis. There were no signifi-
cant associations among all genetic models of IL6 
rs1800795 and vasculitis in the different ethnicities.

Meta-analysis of relationships between IL6 rs1800795 
polymorphisms and vasculitis subgroups

According to the 2012 revised International 
Chapel Hill Consensus Conference Nomenclature 
of Vasculitides (CHCC2012) (1), subgroup analy-
sis was performed by dividing vasculitis into large, 
medium, small, and variable vessel vasculitis. In large 
vessel vasculitis, meta-analysis of IL6 rs1800795 
polymorphisms revealed significant associations be-
tween the disease and the C allele (OR 0.77, 95% 
CI 0.61-0.96, P =0.02). A significant association 
was also found between large vessel vasculitis and 
this polymorphism using a dominant model and 
heterozygote vs. dominant homozygote comparison 
(OR 0.70, 95% CI 0.52-1.93, P =0.01 and OR 0.69, 
95% CI 0.51-0.93, P =0.01, respectively; Figure 3). 
In medium vessel vasculitis, there were significant 
associations between the dominant model and het-
erozygote vs. dominant homozygote comparison of 
IL6 rs1800795 and disease (OR 0.49, 95% CI 0.25-
0.88, P =0.02 and OR 0.46, 95% CI 0.25-0.85, P 
=0.01, respectively; Table 2). In small and variable 
vessel vasculitis, there were no associations between 

allele contrast and genetic models of IL6 rs1800795 
and diseases.

Heterogeneity and publication bias

Fixed effect models were used because there was 
no significant heterogeneity in allele contrast and the 
genetic models of IL6 rs1800795 polymorphism and 
overall vasculitis. However, in the subgroup analysis 
conducted for sensitivity analysis, some random ef-
fect models were used because of the heterogeneity 
in several gene models (Table 2). The genotype of the 
control groups of 10 studies were in HWE, but those 
of three studies were not in HWE (9, 13, 18).

Funnel plots were drawn for meta-analyses of 
IL6 polymorphisms that included more than 10 
studies to identify publication bias. Funnel plots 
were generally symmetrical, with 7 on the left and 6 
on the right (Figure 4).

Discussion

IL-6 is a pleiotropic cytokine that is mainly in-
creased during inflammation. Serum IL-6 levels are 
increased in Takayasu arteritis and giant cell arteri-
tis, and IL-6 is an important molecule in the patho-
physiology of the inflammation process of Takayasu 
arteritis and giant cell arteritis (22). IL-6 plays a role 
as a biomarker of intravenous immunoglobulin treat-
ment for Kawasaki disease in non-responders (23), 
and inhibitors of IL-6 are effective in the treatment 
of Takayasu arteritis and giant cell arteritis (22). 
Most of the studies on the association of IL6 with 
vasculitis were focused on large vessels; however, in 
granulomatosis with polyangiitis and microscopic 
polyangiitis, the serum levels of IL-6 were elevated, 
the expression of IL-6 was increased upon biopsy, 
and treatment with tocilizumab, an IL-6 receptor 
inhibitor, was effective (24). Although tocilizumab 
has been reported to be effective in Behçet’s disease-
related uveitis (25), studies of IL-6 treatment against 
small or various vessel vasculitis are still lacking.

The polymorphism of the promoter region of 
IL6 has been implicated in the production and ex-
pression of IL-6. In this study, we performed a meta-
analysis of the association between IL6 rs1800795 
polymorphisms in the IL6 promotor region and vas-
culitis, and the C allele and GC genotype were all 
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Fig. 3. OR and 95% CI of individual studies and pooled data for the association between IL6 rs1800795 polymorphisms and large vessel 
vasculitis. (A) allelic contrast, (B) recessive and (C) dominant model, and (D) heterozygote vs. dominant homozygote, (E) heterozygote vs. 
recessive homozygote, and (F) homozygote comparison
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associated with a low prevalence of vasculitis. IL-6 
is also associated with acute vascular events, and the 
GG genotype of rs1800795 in IL6 has been found to 
be associated with the severity of acute vascular dis-
ease (26). In addition, the C allele of rs1800795 was 

associated with low prevalence of rheumatoid arthri-
tis, psoriasis, systemic lupus erythematosus, febrile 
seizures, tuberculosis, and sepsis (27-32). However, 
the C allele was associated with high susceptibility 
to Grave’s disease (33), and there was no association 

Table 2. Meta-analysis of associations between the IL6 rs1800795 polymorphisms and vasculitis according to category

               Test of association 　 　 Test of heterogeneity

OR 95% CI P 　 Model P I2(%)

Large vessel

C vs. G 0.77 0.61-0.96 0.02 F 0.64 0

CC vs. GC+GG 0.83 0.50-1.38 0.47 F 0.13 48

CC+GC vs. GG 0.70 0.52-0.93 0.01 F 0.46 0

GC vs. GG 0.69 0.51-0.93 0.01 F 0.15 44

GC vs. CC 0.94 0.35-2.55 0.91 R 0.03 66

CC vs. GG 0.73 0.43-1.23 0.24 F 0.22 32

Medium vessel

C vs. G 0.69 0.44-1.10 0.12 F 0.92 0

CC vs. GC+GG 1.95 0.42-9.00 0.39 NA NA NA

CC+GC vs. GG 0.49 0.27-0.88 0.02 F 0.54 0

GC vs. GG 0.46 0.25-0.85 0.01 F 0.46 0

GC vs. CC 0.36 0.08-1.71 0.20 NA NA NA

CC vs. GG 1.17 0.24-5.63 0.85 NA NA NA

Small vessel

C vs. G 1.01 0.75-1.35 0.96 F 0.92 0

CC vs. GC+GG 0.96 0.56-1.65 0.89 F 0.99 0

CC+GC vs. GG 1.04 0.67-1.62 0.85 F 0.92 0

GC vs. GG 1.05 0.61-1.80 0.86 F 0.94 0

GC vs. CC 1.16 0.54-2.53 0.70 F 0.88 0

CC vs. GG 0.99 0.53-1.86 0.98 F 0.98 0

Variable vessel

C vs. G 0.94 0.76-1.15 0.53 F 0.24 27

CC vs. GC+GG 1.03 0.23-4.55 0.97 R 0.08 68

CC+GC vs. GG 1.00 0.62-1.61 0.99 R 0.06 59

GC vs. GG 0.96 0.52-1.74 0.88 R 0.01 68

GC vs. CC 2.76 0.93-8.16 0.07 F 0.89 0

CC vs. GG 0.88 0.39-2.02 0.77 F 0.28 15

OR: odds ratio; CI: confidence interval; R: random effects model; F: fixed effects model; NA: not applicable
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between IL6 rs1800795 polymorphism and suscep-
tibility to osteoarthritis or obesity (34, 35). IL-6 
stimulates the production of most acute-phase pro-
teins, including C-reactive protein (CRP) (36), and 
the C allele of rs1800795 may play a protective role 
in most autoimmune diseases and infectious diseases 
in which CRP can be elevated. In addition, there 
was no association between the rs1800795 polymor-
phism and the level of circulating IL-6 with health 
(37), and the relationship between the genotypes of 
the IL6 promoter region and the expression of IL-6 
is complex and varies depending on the producing 
cell type (21); thus, the role of the polymorphisms 
may differ in each disease.

In subgroup analysis, large and medium vessel 
vasculitis showed similar results. The C allele was 
associated with a lower prevalence of vasculitis, but 
no significant difference was found in homozygote 
comparisons. Considering that the dominant ho-
mozygote was associated with a higher prevalence 
of vasculitis when compared with heterozygotes and 
heterozygotes + recessive homozygotes, the associa-
tion may be due to the difference between heterozy-
gote and dominant homozygote. It is suggested that 
the GC genotype results in a lower risk of vasculitis 
compared with the GG genotype, particularly for 
large and medium vessels. There were no genetic 
models associated with small and variable vessel 
vasculitis. In the case of small vessel vasculitis, there 
were only two studies of granulomatosis with poly-
angiitis from ANCA-associated vasculitis and IgA 
vasculitis from immune complex vasculitis, suggest-
ing heterogeneity and bias. Variable vessel vasculi-

tis was included only in studies in Behçet’s disease, 
which is a heterogeneous disease, and other genetic 
backgrounds such as human leukocyte antigen (HLA)-
B51 may be more closely related.

There was no association between IL6 polymor-
phisms and vasculitis in sub-analyses based on eth-
nicity. This is likely because of the heterogeneity of 
vasculitis in each ethnic group. In case of the Middle 
Eastern populations, four studies on Behçet’s disease, 
which did not show any association with IL6 poly-
morphisms, one on Takayasu arteritis, and one on 
Kawasaki disease were included. In the case of the 
Caucasian populations, two studies on giant cell ar-
teritis, one on granulomatosis with polyangiitis, and 
one on IgA vasculitis were included. In the case of 
the Asian populations, one study each on Takayasu 
arteritis, Kawasaki disease, and Behçet’s disease was 
included. However, the prevalence and presentations 
of vasculitis varies by race and ethnicity, and epige-
netics differ based on the type of vasculitis; thus, fur-
ther studies are needed (2, 38, 39).

This is the first meta-analysis of the association 
between IL6 rs1800795 polymorphisms and vas-
culitis, but there are some limitations. First, vascu-
litis is a heterogeneous disease with multiple types. 
However, subgroup analysis was performed by clas-
sifying vasculitis according to CHCC2012. Second, 
not all studies in this meta-analysis were consistent 
with HWE, possibly leading to heterogeneity of the 
meta-analysis. Although heterogeneities were preva-
lent, a test of heterogeneity showed no significant 
heterogeneity in the meta-analysis including overall 
vasculitis, and the fixed-effect model was used in all 
genetic models. Third, the distinction of ethnicity 
was unclear in countries with mixed ethnicities such 
as in India and the United States of America. Lastly, 
IL6 polymorphisms may be associated with disease 
severity as well as susceptibility, but we did not per-
form a meta-analysis for this association.

In conclusion, this meta-analysis detected sig-
nificant associations between IL6 rs1800795 poly-
morphisms and susceptibility to vasculitis, especially 
for large and medium vessels. The C allele and GC 
genotype exert protective effects against vasculitis. 
However, owing to the heterogeneity of vasculitis, 
large-scale studies involving various ethnicities and 
subtypes of vasculitis are necessary.

Fig. 4. Funnel plots for IL6 rs1800795 and susceptibility of vas-
culitis



J.H. Jung, H. Seok, S.J. Choi, et al.310

References

  1.  Sunderkotter CH, Zelger B, Chen KR, et al. Nomenclature of cu-
taneous Vasculitis: Dermatologic Addendum to the 2012 Revised 
International Chapel Hill Consensus Conference Nomenclature of 
Vasculitides. Arthritis Rheumatol 2018; 70: 171-184.

  2.  Renauer P, Coit P, Sawalha AH. Epigenetics and Vasculitis: a Com-
prehensive Review. Clin Rev Allergy Immunol 2016; 50: 357-366.

  3.  Sohn MH, Hur MW, Kim DS. Interleukin 6 gene promoter polymor-
phism is not associated with Kawasaki disease. Genes Immun 2001; 
2: 357-362.

  4.  Calabrese LH, Rose-John S. IL-6 biology: implications for clinical 
targeting in rheumatic disease. Nat Rev Rheumatol 2014; 10: 720-
727.

  5.  Katkam SK, Rajasekhar L, Kumaraswami K, Kutala VK. Association 
of IL -6 -174 G>C polymorphism with the risk of SLE among south 
Indians: evidence from case-control study and meta-analysis. Lupus 
2017; 26: 1491-1501.

  6.  Hu M, Yu Z, Luo D, et al. Association between -174G>C polymor-
phism in the IL-6 promoter region and the risk of obesity: A meta-
analysis. Medicine (Baltimore) 2018; 97: e11773.

  7.  Li F, Xu J, Zheng J, et al. Association between interleukin-6 gene 
polymorphisms and rheumatoid arthritis in Chinese Han population: 
a case-control study and a meta-analysis. Sci Rep 2014; 4: 5714.

  8.  Chumaeva N, Hintsanen M, Pulkki-Raback L, et al. Interleukin-6 
gene polymorphism, chronic stress and atherosclerosis: interleukin-
6-174G>C polymorphism, chronic stress and risk of early atheroscle-
rosis in the Cardiovascular Risk in Young Finns Study. J Psychosom 
Res 2014; 76: 333-338.

  9.  Assari R, Aghighi Y, Ziaee V, et al. Pro-inflammatory cytokine sin-
gle nucleotide polymorphisms in Kawasaki disease. Int J Rheum Dis 
2018; 21: 1120-1126.

10.  Danda D, Goel R, Danda S, et al. Interleukin-17F and interleukin-6 
gene polymorphisms in Asian Indian patients with Takayasu arteritis. 
Hum Immunol 2017; 78: 515-520.

11.  Talaat RM, Ashour ME, Bassyouni IH, Raouf AA. Polymorphisms 
of interleukin 6 and interleukin 10 in Egyptian people with Behcet’s 
disease. Immunobiology 2014; 219: 573-582.

12.  Hamzaoui A, Klii R, Harzallah O, Mahjoub T, Mahjoub S. Polymor-
phism of interleukin 6 -174 G/C in Behcet disease: Case series and 
review of literature. Acta Med Iran 2014; 52: 811-815.

13.  Amirzargar A, Shahram F, Nikoopour E, et al. Proinflammatory cy-
tokine gene polymorphisms in Behcet’s disease. Eur Cytokine Netw 
2010; 21: 292-296.

14.  Weng KP, Ho TY, Chiao YH, et al. Cytokine genetic polymorphisms 
and susceptibility to Kawasaki disease in Taiwanese children. Cir J 
2010; 74: 2726-2733.

15.  Dilek K, Ozcimen AA, Saricaoglu H, et al. Cytokine gene polymor-
phisms in Behcet’s disease and their association with clinical and 
laboratory findings. Clin Exp Rheumatol 2009; 27: S73-S78.

16.  Amoli MM, Martin J, Miranda-Filloy JA, Garcia-Porrua C, Ollier 
WER, Gonzalez-Gay MA. Lack of association between interleukin-6 
promoter polymorphism at position -174 and Henoch-Schönlein 
purpura. Clin Exp Rheumatol 2007; 25: S6-S9.

17.  Saruhan-Direskeneli G, Biçakçigil M, Yilmaz V, et al. Interleukin 
(IL)-12, IL-2, and IL-6 Gene Polymorphisms in Takayasu’s Arteritis 
from Turkey. Hum Immunol 2006; 67: 735-740.

18.  Chang HK, Jang WC, Park SB, et al. Association between interleukin 
6 gene polymorphisms and Behçet’s disease in Korean people. Ann 
Rheum Dis 2005; 64: 339-340.

19.  Salvarani C, Casali B, Farnetti E, et al. Interleukin-6 promoter poly-
morphism at position -174 in giant cell arteritis. J Rheumatol 2005; 
32: 2173-2177.

20.  Zhou Y, Huang D, Paris PL, Sauter CS, Prock KA, Hoffman GS. 
An analysis of CTLA-4 and proinflammatory cytokine genes in We-
gener’s granulomatosis. Arthritis Rheum 2004; 50: 2645-2650.

21.  Gonzalez-Gay MA, Hajeer AH, Dababneh A, et al. IL-6 promoter 
polymorphism at position -174 modulates the phenotypic expression 
of polymyalgia rheumatica in biopsy-proven giant cell arteritis. Clin 
Exp Rheumatol 2002; 20: 179-184.

22.  Yoshifuji H. Pathophysiology of large vessel vasculitis and utility of 
interleukin-6 inhibition therapy. Mod Rheumatol 2019; 29: 287-293.

23.  Wu Y, Liu FF, Xu Y, et al. Interleukin-6 is prone to be a candidate 
biomarker for predicting incomplete and IVIG nonresponsive Ka-
wasaki disease rather than coronary artery aneurysm. Clin Exp Med 
2019; 19: 173-181.

24.  Berti A, Cavalli G, Campochiaro C, et al. Interleukin-6 in ANCA-
associated vasculitis: Rationale for successful treatment with tocili-
zumab. Semin Arthritis Rheum 2015; 45: 48-54.

25.  Atienza-Mateo B, Calvo-Rio V, Beltran E, et al. Anti-interleukin 6 
receptor tocilizumab in refractory uveitis associated with Behcet’s dis-
ease: multicentre retrospective study. Rheumatology (Oxford) 2018; 
57: 856-864.

26.  Greisenegger S, Endler G, Haering D, et al. The (-174) G/C poly-
morphism in the interleukin-6 gene is associated with the severity of 
acute cerebrovascular events. Thromb Res 2003; 110: 181-186.

27.  Dar SA, Haque S, Mandal RK, et al. Interleukin-6-174G > C 
(rs1800795) polymorphism distribution and its association with rheu-
matoid arthritis: a case-control study and meta-analysis. Autoimmun-
ity 2017; 50: 158-169.

28.  Nie G, Xie CL, Cao YJ, et al. Meta-analysis of IL-6 -174G/C poly-
morphism and psoriasis risk. Genet Mol Res 2016; 15.

29.  Cui YX, Fu CW, Jiang F, Ye LX, Meng W. Association of the inter-
leukin-6 polymorphisms with systemic lupus erythematosus: a meta-
analysis. Lupus. 2015; 24: 1308-1317.

30.  Chen Q, Li M, Zhang X, Zhang X, Zhong R, Lin W. Association 
between interleukin-6 gene polymorphisms and febrile seizure risk: a 
meta-analysis. Medicine 2019; 98: e17167.

31.  Yu Z, Wit W, Xiong L, Cheng Y. Associations of six common func-
tional polymorphisms in interleukins with tuberculosis: evidence from 
a meta-analysis. Pathog Dis 2019.

32.  Hu P, Chen Y, Pang J, Chen X. Association between IL-6 polymor-
phisms and sepsis. Innate Immun 2019; 25: 465-472.

33.  Imani D, Rezaei R, Razi B, Alizadeh S, Mahmoudi M. Association 
between IL6-174 G/C polymorphism and Graves’ disease: a system-
atic review and meta-analysis. Acta Med Iran 2017;55: 665-671.

34.  Ai Z, Ning X, Shou T, Tang W, Luo Y, Zhang J. Association of in-
terleukin-6 promoter polymorphism with knee osteoarthritis: a meta-
analysis. Chin Med J (Engl) 2014; 127: 2492-2496.

35.  Gholami M, Sharifi F, Shahriari S, Khoshnevisan K, Larijani B, Amo-
li MM. Association of interleukin-6 polymorphisms with obesity: a 
systematic review and meta-analysis. Cytokine 2019 ;123 :154769.

36.  Boiardi L, Casali B, Farnetti E, et al. Relationship between interleu-
kin 6 promoter polymorphism at position -174, IL-6 serum levels, 
and the risk of relapse/recurrence in polymyalgia rheumatica. J Rheu-
matol 2006; 33: 703-708.

37.  Huang M, Wang L, Ma H, Wang J, Xiang M. Lack of an associa-
tion between interleukin-6 -174G/C polymorphism and circulating 
interleukin-6 levels in normal population: a meta-analysis. DNA Cell 
Biol 2013; 32: 654-664.

38.  Piram M, Maldini C, Mahr A. Effect of race/ethnicity on risk, pres-
entation and course of connective tissue diseases and primary systemic 
vasculitides. Curr Opin Rheumatol 2012; 24: 193-200.

39.  Kobayashi S, Fujimoto S. Epidemiology of vasculitides: differences 
between Japan, Europe and North America. Clin Exp Nephrol 2013; 
17: 611-614.


