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Summary: Previous studies reported the association between interleukin-6 (IL-6) –174G/C gene 
polymorphism and the risk of diabetic nephropathy in type 2 diabetes mellitus (T2DN). However, 
the results remain controversial. In the present study, we conducted a meta-analysis to further 
examine this relationship between IL-6 –174G/C gene polymorphism and T2DN. Three databases 
(PubMed, SinoMed and ISI Web of Science) were used to search clinical case-control studies about 
IL-6 –174G/C polymorphism and T2DN published until Apr. 14, 2018. Fixed- or random-effects 
models were used to calculate the effect sizes of odds ratio (OR) and 95% confidence intervals (95% 
CI). Moreover, subgroup analysis was performed in terms of the excretion rate of albuminuria. All 
the statistical analyses were conducted using Stata 12.0. A total of 11 case-control studies were 
included in this study, involving 1203 cases of T2DN and 1571 cases of T2DM without DN. Meta-
analysis showed that there was an association between IL-6 –174G/C polymorphism and increased 
risk of T2DN under the allelic and recessive genetic models (G vs. C: OR=1.10, 95%CI 1.03–1.18, 
P=0.006; GG vs. CC+GC: OR=1.11, 95%CI 1.02–1.21, P=0.016). In the subgroup analysis by 
albuminuria, a significant association of IL-6 –174G/C polymorphism with risk of T2DN was noted 
in the microalbuminuria group under the recessive model (OR=1.54, 95% CI 1.02–2.32, P=0.038). 
In conclusion, this meta-analysis suggests that IL-6 –174G/C gene polymorphism is associated with 
the risk of T2DN.
Key words: interleukin-6 (IL-6) –174G/C gene polymorphism; diabetic nephropathy; type 2 
diabetes mellitus; meta-analysis

Diabetic nephropathy (DN), one of the main 
microvascular complications of diabetes mellitus 
(DM), is a common cause of end-stage renal disease 
(ESRD)[1]. It is the main cause of increased risk of 
all-cause mortality and cardiovascular disease (CVD) 
mortality in DM patients[2]. The prevalence rate of DN 
in type 1 diabetes (T1DM) is approximately 33%–40%, 
and that of type 2 diabetes (T2DM) about 20%–25%[3].

Interleukin-6 (IL-6) is a multipotent cytokine 
that regulates immune and inflammatory responses[4]. 
DN patients showed an elevated serum level of IL-6 
generated by podocytes, mesangial cells, interstitial 
tissue, and tubules, which contributes to local and 
systemic inflammatory process in DN[5]. It was found 
that the level of IL-6 is associated with its –174G/C 

gene polymorphisms[6]. Among the studies on IL-6 
genetic polymorphism, IL-6 –174G/C polymorphism 
is also one of the earliest and most studied single-
nucleotide polymorphisms (SNPs)[7]. 

Currently, a number of studies examined the 
correlation between IL-6 –174G/C polymorphism 
and diabetic nephropathy in T2DM (T2DN), but the 
conclusions are inconsistent[8–15]. Papaoikonomou et 
al reported that IL-6 –174G/C polymorphism may 
increase the susceptibility to DN[10, 11, 14]. However, 
Abrahamian et al concluded that the IL-6 –174G/C 
polymorphism was not associated with the development 
of DN in T2DM[8, 9, 12, 13, 15]. Therefore, deeper insights 
into the relationship between the polymorphism of 
IL-6 –174G/C and T2DN is still required to further 
illuminate the pathogenesis of DN and the mechanism 
of the disease progression. Although one meta-analysis 
on their association was conducted two years ago[16], it 
was not comprehensive and no significant association 
was found between IL-6  –174G>C polymorphism and 
risk of T2DN. 
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In the present study, we conducted an updated 
meta-analysis of eligible case-control studies of IL-6 
–174G/C polymorphism and the risk of T2DN to 
further assess whether IL-6 –174G/C polymorphism 
can impact early DN, and whether this variant can 
contribute to the identification of patients with high 
risk of DN and therefore help provide them with 
tailored treatments.

1 MATERIALS AND METHODS

1.1 Search Strategy
We systematically searched PubMed, SinoMed 

and ISI Web of Science databases for articles published 
until April 14, 2018. The following search terms were 
used: (1) “Interleukin-6” or “IL-6” or “rs1800795”; (2) 
“polymorphism” or “variant” or “mutation” or “SNP”; 
(3) “type 2 diabetes” or “nephropathy” or “diabetic 
nephropathy” or “diabetes nephropathy” or “renal 
disease” or “chronic kidney disease” or “impaired renal 
function” or “diabetic microvascular complications”. 
Meanwhile, the reference lists were also checked 
manually to acquire the additional eligible relevant 
articles.
1.2 Inclusion and Exclusion Criteria

We started with a preliminary screening of the 
title or summary and then with a full text review. 
Inclusion criteria consisted of (1) human studies of 
IL-6 –174G/C polymorphism associated with T2DN; 
(2) case-control studies or cohort studies; (3) studies 
with sufficient information of the genotype or allele 
frequency for extraction. Exclusion criteria were as 
follows: (1) studies with insufficient genotype data for 
data extraction; (2) reviews, case reports, letters and 
editorial articles; (3) studies on cells and animals; (4) 
studies focusing on a control group of healthy people. 
In multiple studies of the same or overlapping datasets, 
we chose the one with the highest quality or the largest 
sample size.
1.3 Data Extraction and Quality Assessment

The two investigators (Zhen-hai CUI and Xiao-
ting LU) independently extracted the data from 
included studies. Any disagreements between the 
two researchers were resolved by consulting the 
endocrinology expert (Hui-qing LI). The following 
characteristics were extracted from the selected 
articles: first author, publication year, country of the 
study population, sample size, albuminuria, genotype 
distribution among cases and controls, and genotyping 
methods. Subgroup analysis was performed in terms 
of albuminuria (microalbuminuria, macroalbuminuria 
and others). The included articles were graded using 
the Newcastle-Ottawa scale (NOS), with the NOS score 
greater than seven indicating a high-quality study.
1.4 Statistical Analysis

In view of the population heterogeneity of allele 

frequencies and disease rates, population stratification 
is usually considered as a problem in explaining the 
results of any candidate gene association that is not 
based on the use of family member controls. To exclude 
the interference of population stratification in the 
controls, we tested whether the genotype frequencies of 
controls were in Hardy-Weinberg equilibrium (HWE) 
using the χ2 test. If P<0.05, this study is considered 
not consistent with HWE. Statistical analyses were 
performed using STATA 12.0 (Stata Corporation, 
College Station, TX, USA). The association between 
IL-6 –174G/C polymorphism and DN risk was 
measured by the pooled OR with its corresponding 
95% CI. We assessed the association under five genetic 
models: allelic genetic model (G vs. C), the dominant 
genetic model (GG+GC vs. CC), the recessive genetic 
model (GG vs. CC+GC), the homozygote model (GG 
vs. CC), and the heterozygote genetic model (GC vs. 
CC). The heterogeneity among studies was evaluated 
using a χ2 test-based Q statistic and I2. If PQ statistic > 0.05 
or I2 was <50%, the fixed-effected model was used; on 
the contrary, the random-effected model was selected. 
Potential publication bias was estimated by visual 
inspection of the funnel plot and Egger’s regression 
test. The level of P<0.05 was considered significant. 

2 RESULTS

2.1 Characteristics of Included Studies
According to the search strategy, 935 articles were 

initially retrieved, and 365 obtained from the three 
databases were repetitive articles and were excluded 
through duplicate checking and manual screening. By 
reading the title and abstract, 11 literatures were selected, 
and then the full text was read (fig. 1). According to 
the inclusion and exclusion criteria, 11 individual case-
control studies from 8 articles with a total of 1203 cases 
of T2DN and 1571 cases of T2DM without DN were 
finally included into this meta-analysis, among which 
3 articles each had 2 independent studies (table 1). 
2.2 Meta-analysis Results

Meta-analysis results of the correlation between 
genetic models of IL-6 –174G/C polymorphism and DN 
are shown in table 2. There was an association between 
IL-6 –174G/C polymorphism and increased risk of DN 
under the allelic and recessive genetic models (G vs. C: 
OR=1.10, 95% CI 1.03–1.18, P=0.006; GG vs. CC+GC: 
OR=1.11, 95% CI 1.02–1.21, P=0.016) (fig. 2A, 2D). 
However, the dominant, homozygous and heterozygous 
model were independent of the risk of DN (GG vs. CC: 
OR=1.15, 95% CI 0.99–1.34, P=0.064; GC vs. CC: 
OR=1.10, 95% CI 0.95–1.29, P=0.211; GG+GC vs. 
CC: OR=1.13, 95% CI 0.98–1.31, P=0.084) (fig. 2B, 
2C, 2E). Subgroup analysis according to albuminuria 
showed a significantly increased risk of DN in T2DM 
in the micro-albuminuria group under a heterozygous 
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Fig. 1 Study flow diagram
DN: diabetic nephropathy; rs1800795: IL-6 –174G/C gene

Table 1 Characteristics of included studies in the meta-analysis

First author Year Country
Sample size Diabetes

 type Albuminuria
Genotype distribution

(case/control) Genotyping
method PHWE NOS

(case/control) CC CG GG
Abrahamian 1[8] 2007 Austria 31/66 Type 2 Micro 7/12 16/30 8/24 PCR-RFLP 0.63 8
Abrahamian 2[8] 2007 Austria 44/66 Type 2 Macro 8/12 22/30 14/24 PCR-RFLP 0.63 8
Ng 1[9] 2008 USA 138/174 Type 2 Macro 14/22 55/74 63/72 PCR-RFLP 0.66 9
Ng 2[9] 2008 USA 157/174 Type 2 NA 24/22 45/74 83/72 PCR-RFLP 0.66 9
Papaoikonomou 1[10] 2013 Greece 94/278 Type 2 Micro 18/69 31/62 45/127 PCR-RFLP 0.00 8
Papaoikonomou 2[10] 2013 Greece 59/278 Type 2 Macro 12/69 17/62 30/127 PCR-RFLP 0.00 8
Karadeniz[11] 2014 Turkey 43/43 Type 2 Micro 0/6 14/13 29/24 PCR-RFLP 0.08 8
Zambrano-Galvn[12] 2015 Mexico 70/60 Type 2 Micro 0/0 12/18 58/42 PCR-RFLP 0.17 8
Rodrigues[13] 2015 Brazil 80/20 Type 2 NA 6/1 19/6 55/13 PCR-RFLP 0.78 7
Neelofar[14] 2017 India 50/50 Type 2 NA 1/3 11/19 38/28 PCR-RFLP 0.92 7
Hameed[15] 2018 India 448/414 Type 2 NA 40/45 160/156 248/213 RT-qPCR 0.05 7
Micro: microalbuminuria; NA: not available

Table 2 Summary of OR and 95%CI for IL-6 –174G/C polymorphism and the risk of diabetic nephropathy

Genetic models Outcomes No. of study
Effect size

P
Heterogeneity

Model
OR 95%CI I2 (%) P

G vs. C Total 11 1.10 (1.03–1.18) 0.006 0.0 0.500 F
Micro 4 1.13 (0.95–1.36) 0.166 38.7 0.180 F
Micro 3 1.08 (0.93–1.26) 0.331 0.0 0.671 F
NA 4 1.10 (1.01–1.19) 0.029 10.9 0.338 F

GG vs. CC Total 11 1.15 (0.99–1.34) 0.064 0.0 0.663 F
Micro 4 1.28 (0.85–1.94) 0.244 48.7 0.143 F
Micro 3 1.17 (0.85–1.61) 0.343 0.0 0.746 F
NA 4 1.11 (0.93–1.32) 0.262 0.0 0.588 F

GC vs. CC Total 11 1.10 (0.95–1.29) 0.211 22.4 0.237 F
Micro 4 1.54 (1.02–2.32) 0.038 36.0 0.209 F
Micro 3 1.18 (0.85–1.63) 0.319 0.0 0.746 F
NA 4 0.95 (0.79–1.15) 0.628 14.3 0.321 F

GG vs. CC+GC Total 11 1.11 (1.02–1.21) 0.016 0.0 0.517 F
Micro 4 1.07 (0.85–1.34) 0.553 25.2 0.261 F
Micro 3 1.06 (0.86–1.30) 0.598 0.0 0.716 F
NA 4 1.14 (1.03–1.26) 0.011 32.0 0.220 F

GG+GC vs. CC Total 11 1.13 (0.98–1.31) 0.084 0.0 0.508 F
Micro 4 1.37 (0.94–2.00) 0.101 44.8 0.164 F
Micro 3 1.18 (0.87–1.59) 0.293 0.0 0.778 F
NA 4 1.04 (0.88–1.24) 0.643 0.0 0.499 F

Micro: microalbuminuria; NA: not available

Articles from PubMed, SinoMed and
ISI Web of Science (n=935)

Articles evaluating rs1800795 
polymorphisms and DN risk (n=11)

Articles included in the meta-analysis
(n=8)

Potentially relevant studies (n=935)

Excluded (n=365)

Excluded (n=559)

Excluded (n=3)

PubMed (n=198)
SinoMed (n=255)
ISI Web of Science (n=482)

Repetitive articles in three databases (n=365)

Not related to rs1800795 and DN (n=559)

Reviews (n=2)
No data available (n=1)
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2013
2014
2015
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5.40
10.14
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0.00

15.98

1.06 (0.57, 1.97)
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1.18 (0.85, 1.63)

6.30
11.94
6.46
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Fig. 2 Forest plots for meta-analysis of association between IL-6 –174G/C polymorphism with DN risk in type 2 diabetes
A: allelic genetic model; B: homozygote model; C: heterozygote genetic model; D: recessive genetic model; E: dominant genetic 
model. Micro: microalbuminuria; Macro: macroalbuminuria; NA: not available

model (OR=1.54, 95%CI 1.02–2.32, P=0.038), while 
there was no correlation between IL-6 –174G/C 
polymorphism and DN risk in macro-albuminuria 
group under all genetic models (fig. 2).
2.3 Publication Bias

Funnel plot and Egger’s test were used to assess 
the publication bias in this meta-analysis. The shape 
of the funnel plots did not reveal obvious evidence of 
asymmetry (fig. 3). Besides, Egger linear regression 
test also indicated no evidence of publication bias 
among studies included in this meta-analysis (95%CI 
–0.67–2.07, PEgger=0.278). Thus, the results above 
suggested that there was no obvious publication bias 
for this meta-analysis.

3 DISCUSSION

DN is one of the serious microvascular 
complications of DM[1]. The high incidence of DN 
calls for its earliest possible detection. Although 
microalbuminuria has been widely used for screening 
DN, it is still not the earliest biomarker for diagnosis of 
DN. When microalbuminuria appears, DN has already 
progressed to the third stage. Microalbumin excretion 

may also be affected by position, exercise, urinary tract 
infection, stress response, and protein intake. Moreover, 
up to now there is no diagnostic tool that can predict 
the patients at high risk of DN before any damage is 
present. Therefore, many efforts have been made to 
identify earlier predictable biomarkers of DN. Among 
them, genetic biomarkers may provide a new insight 
into the prediction and diagnosis of DN[17, 18]. A number 
of these candidate genes, including vascular endothelial 
growth factor A (VEGFA)[19], chemokine receptor 
5 (CCR5)[20], erythropoietin (EPO)[21], interleukin-8 
(IL-8)[22], adiponectin  C1Q and collagen domain 
containing (ADIPOQ)[23] and so on, were reported to 
be significantly correlated with the occurrence of DN. 
In this meta-analysis, we showed a correlation between 
IL-6 –174G/C polymorphism and DN risk, suggesting 
that IL-6 –174G/C polymorphism may possibly be 
a helpful candidate biomarker for the prediction and 
early diagnosis of DN.

Genetic research may provide valuable 
information for the pathophysiology and potential 
therapeutic targets of DN, and in recent years, more 
and more studies on genetic susceptibility to DN have 
been conducted[24], including genetic variants of IL-6, 
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Fig. 3 Assessing publication bias in this meta-analysis
A: Funnel plot result; B: Egger’s test result
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IL-10, IFN-γ and TNF-α, which could mediate chronic 
inflammatory. Chronic inflammatory processes are 
involved in the development of diabetic microvascular 
complications[25]. IL-6 is a pleiotropic cytokine that 
amplifies the inflammatory response by regulating the 
cell adhesion, mediating the expression of chemokines 
and stimulating the release of other cytokines[26]. 
Patients with DN have shown higher levels of 
inflammatory cytokines, including IL-6, which is 
positively correlated with the level of proteinuria[27]. 
Histological studies observed that the severity of 
mesangial expansion was associated with expression 
of IL-6 mRNA in mesangial cells[28]. Molecular studies 
investigated single nucleotide polymorphisms (SNPs) 
of the IL-6 gene, including rs1800795 (–174G/C), 
rs1800796, rs2069837, rs1524107 and rs2069840, 
and reported a relationship between augmentation 
of IL-6 expression with renal injury in a cohort of 
type 2 diabetes patients in Taiwan, China[29]. Also in 
Caucasian, Ng et al[9] found that 6 SNPs (rs2069827, 
rs1800796, rs1800795(–174 G/C), rs2069837, 
rs2069840 and rs2069861) were significantly more 
prevalent among type 2 diabetes patients with DN 
than those without DN. Among the numerous studies 
on the polymorphism of IL-6 gene in DN, due to the 
important function of –174G/C polymorphism in the 
IL-6 promoter region, there are many researches on 
–174G/C polymorphism. The –174G/C polymorphism 
has been found to be correlated with retinopathy and 
nephropathy[30] and increase albumin-to-creatinine 
ratio[31] in type 1 diabetes.

Nevertheless, the results of previous studies about 
IL-6 –174G/C polymorphism and the risk of T2DN 
are inconsistent and controversial. For example, some 
studies demonstrated that there was no association 
between IL-6 –174G/C polymorphism and DN 
risk[8, 9, 12, 13, 15], but another ones showed a significant 
correlation between them[10, 11, 14]. Although a meta-

analysis has been published to assess this relationship, 
there were only four case-control studies in that study, 
and no correlation was found[16]. In order to estimate 
the correlation more accurately, we collected all data 
and conducted this meta-analysis study. This study 
is an update of the previous meta-analysis, including 
11 case control studies, with a total of 1203 T2DN 
patients and 1571 T2DM patients without DN. In 
addition, the previous study only included three gene 
models (allelic genetic model, the dominant genetic 
model and the recessive genetic model), whereas in our 
study, besides the three gene models used, another two 
gene models (the homozygote genetic model and the 
heterozygote genetic model) were also employed. Our 
study revealed that there was a correlation between 
IL-6 –174G/C polymorphism and T2DN risk. In this 
meta-analysis, the results showed that the risk of 
T2DN patients with G allele was 1.10 times that of 
non-carriers (G vs. C: OR=1.10, 95% CI 1.03–1.18, 
P=0.006), and the recessive model was associated with 
the risk of T2DN (GG vs. CC+GC: OR=1.11, 95% 
CI 1.02–1.21, P=0.016). In the subgroup analysis by 
albuminuria, a significant association between IL-6 
–174G/C polymorphism and DN risk was also observed 
in the microalbuminuria group under the recessive 
model (OR=1.54, 95% CI 1.02–2.32, P=0.038), which 
indicates that this genetic variant is associated with early 
DN, namely the urine microalbumin stage. However, 
no correlation was found in the macroalbuminuria 
group under any genetic model. The possible causes 
of this negative result may be insufficient sample size, 
longer course of disease and other factors that need to 
be determined.

There are some limitations in this meta-analysis. 
First, possible misclassification causes bias. For 
example, most studies cannot exclude potential DN 
cases in the control group, and DN may appear with the 
progression of DM. In addition, the microalbuminuria 
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of patients with DN in early stage is reversible. 
Therefore, cases and controls may be misclassified in 
some studies. Second, the conclusions were based on 
a relatively small study sample (1203 T2DN patients 
and 1571 T2DM without DN). Larger sample size 
studies will be needed to verify the role of the variant 
in DN susceptibility in the future. Finally, the results 
were based on unadjusted OR values, and to accurately 
estimate the relationship between IL-6 –174G/C gene 
polymorphism and the risk of T2DN, it is necessary to 
take into account the effects of multiple factors, such as 
race, age, gender distribution, body mass index (BMI), 
glycemic control and blood pressure and diabetes 
duration on the risk of T2DN. 

In summary, our meta-analysis demonstrated that 
IL-6 –174 G allele contributes to the increased risk 
of T2DN. The results obtained in our study might be 
helpful in identifying patients with high risk of DN. 
This conclusion requires further large sample, multi-
center and high-quality case-control studies to provide 
theoretical basis for clarifying the role of IL-6 gene 
polymorphism in the pathogenesis of DN.
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