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A B S T R A C T

Obesity is a common metabolic disorder with increasing trend all around the world. Owing to the role of pro-
inflammatory cytokines on obesity, we aimed to investigate the role of interleukin-6 (IL-6) polymorphisms on
risk of obesity.

Electronic literatures were searched in Web of Science, PubMed, Embase, and Scopus. The references of
relevant reviews and included studies were also manually checked. All types of observational studies from 1
January 1992 to 28 February 2018 were included. Odds ratio (OR) was estimated by fixed and random effect
model. Subgroup analysis was carried out based on age statues.

Pooling analysis of eligible studies have been considered for rs2069845 and rs1800796, and no significant
results were observed. Minor allele of IL-6 rs1800797polymorphism decreased the risk of obesity/overweight in
allelic 0.74 (0.59–0.92), dominant 0.65 (0.49–0.85), and over-dominant 0.66 (0.51–0.87) models. Fourteen
eligible studies were included for rs1800795. According to BMI, C allele showed increased risk of obesity in
genetic models containing homozygote model 1.47 (1.02–2.12) for body mass index (BMI)≥ 25 vs. BMI < 25,
recessive model 1.32 (1.07–1.63) for BMI≥ 30 vs. BMI < 25, and homozygote model 1.35 (1.10–1.66) for
BMI≥ 30 vs. BMI < 30. In overall definition of obesity more significant results were observed, including
homozygote model in obese vs. normal 1.71 (1.14–2.56). Similarly, subgroups analysis revealed additional
significant results.

Minor alleles of rs1800795 raised and rs1800797 reduced the risk of obesity, while rs1800796 and rs2069845
may not be associated. However, more observational studies are recommended to confirm these results.

1. Introduction

Obesity is a common disease and considered as a disproportionate
increase in adipose tissue [1]. In recent decades, the prevalence of
obesity has been doubled in many countries and is continuously in-
creased in most parts at the rest of the world [2]. It is estimated that
more than 50% of the world population could be obese or overweight
by 2030 [3]. Obesity is strongly associated with a pro-inflammatory
state, vascular dysfunction, multiple organ damage, thrombotic dis-
orders, high blood cholesterol and imbalances in metabolic home-
ostasis. These physiological effects ultimately lead to the development
of a range of morbidities, including cardiovascular disease, type 2

diabetes, osteoarthritis, gallbladder disease and cancers [4–6].
Obesity as a multifactorial disease is caused by different factors such

as genetic and environmental. More than 40 percent of the body mass
index (BMI) variations are related to genetic factors [7]. Recent studies
provide significant evidence for risk loci of obesity and its related traits
[8,9], which plays key role in understanding the pathophysiology of
obesity. Many studies have revealed that polymorphisms in some pro-
tein-coding genes are involved in biological processes that influence
body composition, body weight regulation, and obesity. For instance
the first intron of the fat mass and obesity-associated (FTO) gene
(rs9939609 and rs17817449 variants), iroquois homeobox3 (IRX3)
gene (rs3751723), methylene tetrahydrofolate reductase (MTHFR) gene
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(C677T), adiponectin gene (ADIPOQ) gene ( rs266729) and APOA2 (c.-
492T > C) polymorphism are correlated with obesity [10–13].

Accumulation of the pro-inflammatory macrophages in adipose
tissues is one of the hallmarks of obesity, as a chronic inflammatory
disease, this condition prominently release cytokines [14]. IL-6 is a
pleiotropic inflammatory cytokine linked to obesity and has been
considered as a “metabolic hormone” which affects glucose, protein and
lipids metabolism [15].

The positive and negative associations between obesity and IL-6
polymorphisms have been demonstrated in previous studies. For in-
stance; some studies indicate the association between IL-6 poly-
morphisms in multiple locus rs2069845 [16], rs1800796 [17], and
rs1800795 [18] with obesity/obesity related traits while the others
found no association for rs2069845 [19], rs1800796 [20], rs1800797
[17], and rs1800795 [16]. Association between IL-6 polymorphisms
and obesity has been investigated in two previous review studies. A
systematic review on association between adipokines genes and obesity
has also been previously reported in 2012 [21] that included limited
studies. In addition, the control group was not healthy subjects (for
instance in Bouhaha et al), and also defined obesity as BMI≥ 25. An-
other is a meta-analysis about rs1800795, in 2018 [22], which cannot
be considered as a reliable meta-analysis, based on multiple critical
reasons. It contains several critical mistakes in study inclusion, data
extraction, searching relevant studies, obesity definition, and also some
limitations in data analysis. In this case, Suazo et al [23] only studied
the obese subjects but which was not eligible for inclusion. Obese
children with and without metabolic syndrome have been compared in
this study. The most important mistake have been taken place about
Hamid et al [20], authors of the meta-analysis that changed case and
control genotypes, related numbers of the cases in both the control and
original article and vice versa. Furthermore, original genotype of the
control group was not in Hardy–Weinberg equilibrium (HWE) [20].
Bouhaha et al [24] also included T2DM patients in healthy control
group. In addition, there were several other problems in their meta-
analysis, for example, people with BMI more than 25 (overweight) were
considered as obese.

Till now, the relation between IL-6 polymorphisms and the risk of
obesity has not been clearly defined. Owing to the significance of IL-6 in
obesity and inflammation, and lack of a comprehensive study, this
study seeks the following questions; what are the relationships between
IL-6 polymorphisms, and the risk of obesity/obesity related traits?
Which polymorphisms show more relevant association with suscept-
ibility to obesity/obesity related traits? Consequently, we aim to sys-
tematically search and investigate the relation between obesity and
polymorphisms in the IL-6 gene in order to perform a comprehensive
meta-analysis based on obesity and its traits.

2. Material and methods

2.1. Flow diagram

The methods of this systematic review was developed according to
the PRISMA-P (Preferred Reporting Items for Systematic review and
Meta-Analysis Protocols) 2015 checklist [25]. The PRISMA 2009 flow
diagram [26] was used to depict the flow of process and numbers of
articles being reviewed through the different phases of our systematic
review (Fig. 1).

2.2. Registration

The protocol of this systematic review was registered in
International Prospective Register for Systematic Reviews (PROSPERO)
(https://www.crd.york.ac.uk/prospero/), with registration number
ID=CRD42018098907.

2.3. Inclusion and exclusion criteria

Any observational studies (case-control, cross-sectional, and cohort)
describing the association between IL-6 related polymorphisms and
obesity/obesity related factors, were eligible for inclusion in this sys-
tematic review. All other studies such as interventional, diagnostic
value, review articles, opinions, animal studies, commentaries, dupli-
cate publications (the most recent and complete version will be used),
anonymous reports were not included. Primary documents were
screened according to this review objective and PECO criteria
(Participants, Exposure, Comparisons, and Outcomes). Studies with
deviation from adjusted HWE and with lack of primary data or in-
sufficient data for estimating odds ratios and 95%CI were excluded. The
studies which possess only obese people were excluded. Studies along
with limitation in grouping (normal and overweight/obese) were ex-
cluded, for instance the studies investigating difference in mean of BMI
without any classifications, or considering association of IL-6 poly-
morphisms with weight gain or fat mass were excluded. Obesity related
traits, BMI, waist-to-hip ratio (WHR), Waist circumference (WC), were
included. Subjects included as control group should be clearly divided
in mentioned studies (according to the above traits) based on normal
weight, and obesity/overweight. Controls were also not restricted to
healthy people.

This study imposed a restriction on publication date from 1 January
1992 to 28 February 2018. This restriction was based on the reason that
most recent publications were relevant studies.

There was no restriction on the language of relevant documents.
Other languages except English were translated by free language
translation services or by a translator. Participants are in both genders
(female or male), with no limitation for age and ethnicity. All geno-
typing methods were included.

2.4. Electronic searches

In order to identify the relevant papers on IL-6 miRNA poly-
morphisms and obesity, online systematic search of literature was
performed on PubMed, Web of Science, Scopus, and Embase. A total of
7251 documents were identified, which 2928 of them were duplicate
publications and were excluded. Search syntax was performed by
combine medical subject headings (MeSH, from PubMed), Emtree terms
(from Embase), and using free text words. Key search terms were
“obesity”, “Interleukin-6”, “Polymorphism, Single Nucleotide” and
their equivalents. Boolean operators “OR” and “AND” were used for
combining search terms. Detailed PubMed search syntax is presented in
supplementary Table 1. Also, quality assessment has been applied by
Newcastle-Ottawa Scale (NOS) method [27].

2.5. Searching other sources

To identify any additional relevant studies, we also manually
checked the references of included primary studies (hand searching),
references of the relevant review.

2.6. Screening/Eligibility/Included studies

Screening and eligibility were performed in three following steps.
First, All 4323 identified documents were imported into Excel database
and were numbered. Second, two reviewers independently scrutinized
relevant documents by checking the title and/or abstract (M.G and
S.S.). They categorized each document in one of the included, excluded
and borderline groups. Included documents by both of the reviewers
were selected for full-text eligibility assessments. Excluded documents
were eliminated from the study. Inclusion or exclusion of other docu-
ments was resolved by consensus strategy and/or third person strategy.
Accordingly, 72 documents were included based on eligibility assess-
ment. Finally, full texts eligibility for remained documents
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independently were scrutinized by two reviewers. Eligibility checking
was made according to the inclusion criteria described in the type of
study and type of participant (see above). Agreement and disagreement
strategies described in screening were also carried out for eligibility.
Eligibility assessment was carried out using data extraction forms and
methods of dealing with missing data that are described in the fol-
lowing sections. However, a total 19 studies were qualified for being
included in this systematic review and adequate data were included in
final meta-analysis for quantitative synthesis. Other studies were ex-
cluded based on described reasons in Fig. 1. Fourteen included studies
were related to rs1800795.

2.7. Data extraction and management

First, the data extraction was performed by two reviewers (M.G. and
S.S.) for included documents using the forms desinged to obtain the
following data: (1) Study data: the name of first author, country of the
study implementation, year of publication, study design, (2) Other data:
age status, ethnicity, type of polymorphism, genotyping methods,
obesity trait, genotyping data, minor allele frequency (MAF), sample
size, source of controls (CP; clinical base or PB; population base), odds
ratio (OR),95% CIs and other related raw data.

Second, data extraction forms and full texts of eligible documents

were evaluated by two reviewers (M.G. and S.S.). They independently
extracted the original data based on designed formats. Disagreements
between reviewers were resolved by two strategies described in
screening. Plot digitizer (http://arohatgi.info/WebPlotDigitizer/app/)
used to assess the exact data presented in the charts.

2.8. Dealing with missing data

The missing, incompletion or unclearness was resolved by con-
tacting the corresponding author(s). Three emails were sent. If we did
not receive any response, the document was excluded from the meta-
analysis.

2.9. Analysis

2.9.1. Meta-analysis
Meta-analysis was performed when sufficient studies were included.

Meta-analysis was done by using R program (3.5.2) and STATA soft-
ware V.13 (StataCorp LP, College Station, Texas, USA). Odds ratio
(effect size) and 95% CI were assessed to investigate the associations
between each polymorphism in IL-6 gene and obesity. The meta-ana-
lysis was done by using five following genetic models: dominant model,
recessive model, homozygous model, heterozygote model, and allelic

Fig. 1. The flow diagram of the screening possess.
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model. Level of heterogeneity between primary studies was obtained by
the Cochran’s Q test (p < 0.05 is statistically significant), random ef-
fect model was performed for significant Cochran’s Q and other non-
significant results were interpreted with a fixed effect model. Subgroup
analysis was applied based on age status.

2.9.2. Sensitivity analysis
Sensitivity analyses were performed with leave-one-out method by

excluding studies one by one to investigate the effect of each primary
study on the final meta-analysis results.

2.9.3. Assessment of reporting biases
The potential publication bias in primary studies was assessed by

Begg’s and Egger’s tests.

3. Results

3.1. Characteristics of eligible studies

A total of 7251 articles were retrieved based on our systematic
search. The flow diagram of the screening process is presented in Fig. 1.
Finally, 27 observational studies were included. These studies were
related to six IL-6 polymorphisms (rs1800795, rs1800796, rs1800797,
rs2069845, IL-6 190 C/T, and rs1554606).

3.2. Quantitative data synthesis

3.2.1. IL-6 rs2069845 polymorphism and risk of obesity
Four studies were related to rs2069845. Two of them did not have

sufficient data. Meta-analysis for two other studies does no show sig-
nificant results (results not shown).

3.2.2. IL-6 rs1800796 polymorphism and risk of obesity
Seven studies for rs1800796 were included. Two of them did not

have sufficient data. Two others were not in HWE. In three other stu-
dies, two were classified in obese/overweight vs. normal subjects. They
were analyzed but did not show any significant results (results not
shown).

3.2.3. IL-6 rs1800797 polymorphism and risk of obesity
Six studies were found for rs1800797. Two of them did not have

sufficient data. Data for four other studies had two different classifi-
cations for obesity, two studies were comparing obese/overweight vs.
normal and two others compared obese vs. normal/overweight. There
were significant results in meta-analysis of obese/overweight vs.
normal group. Minor allele of IL-6 rs1800797 polymorphism decreased
the risk of obesity/overweight in allelic model 0.74 (0.59–0.92),
dominant model 0.65 (0.49–0.85), and over-dominant model 0.66
(0.51–0.87).

3.2.4. IL-6 rs1800795 polymorphism and risk of obesity
3.2.4.1. Basic characteristics and classifications. For IL-6 rs1800795
(174G/C) firstly twenty-one observational studies with genotyping
data were included. Seven studies were not in HWE. Fourteen articles
with control groups that their allele and genotype frequencies were in
HWE were included in the meta-analysis. All the control groups were
healthy individuals. The basic characteristics of the studies included in
the systematic review are shown in Table 1. Total samplesize according
to the different classification for cases and controls are shown in
supplementary Tables 2 and 3.

3.2.4.2. Meta-analysis. The meta-analysis was carried out for
rs1800795 polymorphism according to BMI and overall definitions of
obesity and fourteen articles based on five genetic models were
included. According to BMI≥ 25 vs. BMI < 25 (overweight/obese
vs. normal) C allele showed increased risk of obesity in dominant model

1.21 (1.08–1.36), allelic model 1.17 (1.08–1.27), recessive model 1.27
(1.08–1.49), heterozygote model CG vs. GG 1.16 (1.02–1.31), CC vs. CG
1.19 (1.01–1.41), and homozygote model CC vs. GG 1.55 (1.11–2.16).
Also, two borderline increases in heterozygote model CC vs. GC 1.18
(0.99–1.39), recessive model CC vs. GC+GG 1.33 (0.98–1.81) were
observed. In BMI≥ 30 vs. BMI < 25 groups, the C allele increased the
risk of obesity in dominant model 1.16 (1.00–1.36), allelic model 1.16
(1.04–1.30), heterozygote model CC vs. CG 1.27 (1.02–1.59), and a
borderline increase in homozygote model 1.53 (0.99–2.35). In
BMI≥ 30 vs. BMI < 30 (obese vs. normal/overweight), the risk
allele was associated with obesity in dominant model 1.15
(1.00–1.33), allelic model 1.14 (1.03–1.25), recessive model 1.23
(1.03–1.48), homozygote model CC vs. GG 1.35 (1.10–1.66) and a
borderline increase in heterozygote model GC vs. GG 1.19 (0.99–1.44)
was detected. All significant results are illustrated in Fig. 2. Funnel plots
for publication bias are presented in supplementary Fig. 1. Results
related to P-value for different genetic models are presented in
supplementary Table 4. Results for sensitivity analysis are not shown.

Overall it has been observed that based on classification of obesity,
C allele increased obesity risk. In Obese vs. Normal groups, risk of
obesity was significantly increased in recessive model 1.37 (1.12–1.67),
allelic model 1.24 (1.03–1.48), heterozygote model CC vs. CG 1.30
(1.05–1.61) and homozygote model CC vs. GG 1.71 (1.14–2.56). In
Obese vs. Normal/Overweight groups, risk allele increased the risk of
obesity in homozygote model CC vs. GG 1.46 (1.17–1.82), allelic model
C vs. G 1.16 (1.04–1.29), dominant model CC+CG 1.20 (1.02–1.42)
and recessive model 1.26 (1.04–1.52). Finally in Overweight/Obese vs.
Normal the association was observed in dominant model 1.46
(1.08–1.98), allelic model 1.31 (1.06–1.63), heterozygote model CG vs.
GG 1.38 (1.02–1.89), homozygote model CC vs. GG 1.53 (1.08–2.17),
and recessive model 1.35 (1.01–1.79). Also, subgroup analysis revealed
additional significant results. All significant results are illustrated in
Fig. 3. Funnel plots for publication bias is presented in supplementary
Fig. 2. Results for sensitivity analysis are not shown. Results related to
P-value for different genetic models are presented in supplementary
Table 4.

4. Discussion

Pro-inflammatory adipokines are increased in enlarged adipose
tissue based on the chronic inflammatory response. The relation be-
tween obesity, inflammation, and cancer are described in previous re-
views [43–45]. It is clear that pro-inflammatory cytokines like IL-6
plays significant role in association between obesity and obesity related
multifactorial diseases. IL-6 increases during obesity, diabetes, and in-
sulin resistance [46]. Other obesity related cytokines including leptin,
resistin, and visfatin can also increase production of IL-6. IL-6 blocks
cells apoptosis and keep them alive during inflammation [47]. Fur-
thermore, many observational studies focus on the relation between IL-
6 polymorphisms and obesity, inflammation, metabolic syndrome [48]
and obesity related cancers [49–51]. Based on aforementioned rela-
tions, we aimed to systematically investigate the role of IL-6 gene
polymorphisms in obesity and its related traits. Eventually, nineteen
eligible documents were finally included in our study, which were re-
lated to five polymorphisms in IL-6 gene (rs1800795, rs1800796,
rs1800797, rs2069845, 190 C/T). Since the obesity definition was not
similar in all included studies, we carried out different analysis based
on BMI and overall definition of obesity (BMI/WC/WHR). We did not
find any significant association between rs1800796 or rs2069845 var-
iants and the risk of obesity. It may be related to the small number of
eligible studies for these polymorphisms. The age status was different in
included studies for rs2069845 variant. For rs1800796 variant in ad-
dition to the difference in age, definition of obesity and ethnicity were
also variable in included studies. Thus, based on these factors were not
able to conclusively rule out relation between rs1800796 and
rs2069845 with obesity. More observational studies along with larger
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sample size are needed to proceed to a meta-analysis with definitive
results.

The results for rs1800797 were significant. It seemed that this

variant had a protective effect on overweight/obesity. While the
number of included studies was small, but previous evidence assumed
protective role of this variant on the risk of type 2 diabetes (T2D) [52].
The observation of these results might be due to the similar pro-in-
flammatory role of IL-6 on both obesity and T2D. But in overall, based
on the low numbers of included studies for these variants the results
were not conclusive. More observational studies are required to confirm

Fig. 2. Forest plots of ORs for the association of rs1800795 polymorphism with
risk of obesity (according to BMI). Figure (A) shows BMI≥ 25 vs. BMI < 25;
A.1 (CC+CG vs. GG), A.2(C vs. G), A.3(CG vs. GG), A.4(CC vs. GG), A.5(CC vs.
CG), A.6 (CC vs. CG+GG). Figure (B) shows BMI≥ 30 vs. BMI < 25;
B.1(CC+CG vs. GG), B.2(C vs. G), B.3(CC vs. CG). Figure (C) shows BMI≥ 30
vs. BMI < 30; C.1(CC vs. GG), C.2(C vs. G), C.3(CC+CG vs. GG), C.4 (CC vs.
CG+GG).

Fig. 2. (continued)
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the protective role of this variant as observed in current study.
For rs1800795 variant, there was a previous meta-analysis study

[22] with several mistakes which has been described in introduction. In
addition, they missed seven studies which should be included in their
meta-analysis [16,31,34–36,40,42], which may be related to their

incomprehensive search strategy and small number of databases. Un-
fortunately, they wrongly included 5115 (71%) people, missed 4433
people that must have been included, and only 2095 (29%) people were
properly included in their study. These consequently made their ana-
lysis completely unreliable. We assessed the effect of rs1800795 poly-
morphism on the risk of obesity and overweight. In overall our data
decisively shows that rs1800795 increases the risk of obesity based on
different genetic models. These associations were observed for both
BMI and overall definitions of obesity. Subgroup analysis based on age
status revealed more significant results. In line with our data, there
were also several lines of evidence which demonstrated this poly-
morphism significantly increases the risk of other inflammatory

Fig. 3. Forest plots of ORs for the association of rs1800795 polymorphism with
risk of obesity (according to all definitions). Figure (A) shows Obese vs. Normal;
A.1(CC vs. CG+GG), A.2(C vs. G), A.3(CC vs. CG), A.4(CC vs. GG), A.5
(CC+CG vs. GG), A.6 (CG vs. GG). Figure (B) shows Obese vs. Normal/
Overweight; B.1(CC vs. GG), B.2(C vs. G), B.3(CC+CG vs. CC), B.4(CC vs.
CG+GG), B.5 (CC vs. CG), B.6 (CG vs. GG). Figure (C) shows Obese/
Overweight vs. Normal; C.1 (CC+CG vs. CC), C.2(C vs. G), C.3(CG vs. GG),
C.4(CC vs. GG), C.5(CC vs. CG), C6(CC vs. CG+GG).

Fig. 3. (continued)
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diseases including systemic lupus erythematosus (overproduction of IL-
6 is responsible in this disease) [53], T2DM [54], and coronary artery
disease [55].

Our study possess following strengths: First, this is the first sys-
tematic review, for evaluating the role of IL-6 gene polymorphisms in
obesity that helps to better comprehend the relation of inflammatory
components with obesity susceptibility. Likewise, the previous meta-
analysis in this subject had several limitations. Second, to find out all
relevant articles and reduce publication bias we searched four most
important databases and other sources such as hand-searching, refer-
ences of relevant reviews and contacting the corresponding authors.
Third, this study was performed without any language limitations, so
there was no language bias. Fourth, this study has high power and

strength reliability based on comprehensive search strategy, analyzing
obesity with the different rage of BMI, definitions, and ages.

There are also some limitations in our study. First, some studies had
to be excluded because of their insufficient data even after email to
corresponding author. Second, because of lacking sufficient documents

Fig. 3. (continued)

Fig. 3. (continued)
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and definitions for obesity in some studies we were not able to carry out
a strong meta-analysis for all included polymorphisms. Third, due to
insufficient data and studies, haplotype analysis for these polymorph-
isms was not possible. Fourth, it should be noted that in a multifactorial
disease like obesity, several factors with different mechanisms are in-
volved. But we only studied one genetic risk effect and many other co-
founding, cultural and environmental factors were not included in our
study.

5. Conclusions

In conclusion this meta-analysis has shown that minor allele (C) of
rs1800795 significantly increases the risk of obesity. The minor allele
(A) for rs1800797 may also decrease the risk of obesity while
rs1800796 and rs2069845 may not be associated, however it cannot be
certainly concluded. More observational studies in the future are re-
commended to reach a conclusion on the role of IL-6 variants in obesity.
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