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Abstract: Introduction: We aimed to meta-analyze the association of interleukin (IL)-6 -174G>C and -634C>G poly-
morphisms with Diabetic Nephropathy (DN). Methods: Relevant studies were searched up to September 2015. 
Heterogeneity among the eligible studies was assessed by chi-square’s Q-statistic and I2 statistics. The random ef-
fect model was used for meta-analysis when significant heterogeneity was found. Otherwise, the fixed effect model 
was performed. Pooled odds ratios (ORs) and corresponding 95% confidence intervals (95% CIs) were calculated 
for evaluating the association of IL-6 -174G>C and -634C>G polymorphisms with DN susceptibility. Moreover, sub-
group analyses were performed according to the excretion rate of urinary albumin. The funnel plot was used to 
evaluate the publication bias. Results: A total of 7 studies were included in this study. The overall ORs showed that 
IL-6 -634C>G polymorphism significantly associated with the risk of DN (dominant model GG+GC vs. CC, pooled OR 
= 1.52, 95% CI: 1.21-1.91, P = 0.0003; recessive model GG vs. GC+CC, pooled OR = 2.41, 95% CI: 1.36-4.28, P 
= 0.003 and C-allelic model G vs. C, pooled OR = 1.59, 95% CI: 1.36-4.28, P = 0.003). No significant association 
was discovered between -174G>C polymorphism and DN. Result of subgroup analysis was identical with the overall 
models (P > 0.05). No obvious publication bias was found for the included studies. Conclusions: This meta-analysis 
indicates that IL-6 -634C>G polymorphism is a risk factor for DN, while IL-6 -174G>C polymorphism is not associated 
with DN.
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Introduction

Diabetic nephropathy (DN) is not only one of the 
most common microvascular complications of 
diabetes mellitus (DM) [1-3], but also one of the 
major causes of end-stage renal failure [4] or 
diabetes-related morbidity and mortality [5, 6]. 
It is reported that approximately 20-40% DM 
patients are diagnosed as DN after several 
years of DM [7]. Generally, DN is regarded as a 
multifactorial disease, and both environmental 
and genetic factors have been shown to be 
involved in its pathogenesis [8]. Currently, 
increasing evidence has proposed to the impor-
tant role of candidate genes in determining the 
susceptibility of DM [8]. 

Interleukin-6 (IL-6), is a multifunctional cyto-
kine and is produced by various types of cells 
including monocytes, lymphocytes, endothelial 

cells, fibroblasts and mesangial cells [9]. IL-6 
levels and polymorphisms have been identified 
to be associated with the risk of DN, and sev-
eral single-nucleotide polymorphisms (SNPs) 
have been screened out, among which the IL6-
174G>C, IL6 -634G>C are the most important 
[10-12]. For instance, IL-6 -634C>G polymor-
phism has been described as possible genetic 
susceptibility factor for the progression of DN 
[8]. With respect to 174G>C, CC homozygotes is 
shown to lower albumin excretion and protect 
from nephropathy in type 2 diabetes states 
when compared with that of with GC genotypes 
[13]. Nevertheless, whether IL-6 polymorphism 
is associated with DN has not been fully 
resolved as some studies reported that these 
two polymorphisms do not seem to contribute 
to the initiation of DM in type 2 DM patients 
[13-15].
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On account of the inconsistent conclusions and 
relatively small number of subjects involved in 
studies on the association of IL-6 polymor-
phism with DN susceptibility, we performed this 
meta-analysis in order to achieve an integrative 
understanding and make a comprehensive 
assessment of the association of -174G>C and 
-634C>G polymorphisms in IL-6 with the risk of 
DN.

Material and methods

Search strategy

Relevant studies were comprehensively sear- 
ched through public databases including Pub- 
Med (http://www.ncbi.nlm.nih.gov/pubmed), 
Embase (http://www.embase.com), China Na- 
tional Knowledge Infrastructure (CNKI, http://
www.cnki.net/), Wanfang database (Chinese, 
http://g.wanfangdata.com.cn/) and VIP data-
base (Chinese, http://www.cqvip.com/) up to 
September 2015. The strategy used for search-
ing were “Interleukin-6” or “IL-6” or “Interferon 
beta-2” or “B-cell differentiation factor” or 

ies, and the number of IL-6 -174G>C or -634C>G 
polymorphism based on which the odds ratio 
(OR) and its 95% confidence interval (95% CI) 
could be calculated to evaluated the associa-
tions between IL-6 -174G>C or -634C>G poly-
morphism and DN.

Exclusion criteria of studies: Studies were 
excluded if any of the following situations exist-
ed: (1) the study was a review, report, comment 
or letter; (2) the genotype distribution in the 
control group did not accorded with Hardy-
Weinberg Equilibrium (HWE).

Data extraction and quality evaluation

The following information was independently 
extracted by two investigators, including the 
first author, publication year, country or region, 
ethnicity, the number of each genotype in the 
case group and control group, genotyping 
methods, general demography characteristics 
such as age and gender, control source. Discre- 
pancies of results between the two investiga-
tors were discussed with a third one until an 
agreement was reached. 

Figure 1. The flow chart for includ-
ed studies searched from PubMed, 
Embase, China National Knowl-
edge Infrastructure (CNKI), Wan-
fang database and VIP database.

“B-cell stimulatory factor” or 
“hepatocyte stimulatory fac-
tor” or “hybridoma growth fac-
tor” and “Diabetic nephropa-
thy” or “DN” and “polymorphi- 
sm” or “single nucleotide po- 
lymorphism” or “SNP” or “va- 
riation” or “mutation” or “ge- 
netic”. Meanwhile, references 
of retrieved studies were also 
checked for additional rele-
vant studies.

Inclusion and exclusion 
criteria

Inclusion criteria of studies: 
Studies meeting the following 
criteria were included: (1) the 
study was designed as a ca- 
se-control study; (2) patients 
were diagnosed as DN accord-
ing to World Health Organiz- 
ation (WHO) [16]; (3) the albu-
minuria or renal insufficiency 
caused by other diseases; (4) 
information was sufficient, in- 
cluding the genotype and al- 
lele data of IL-6 -174G>C or 
-634C>G polymorphism in 
both case and control stud-
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Table 1. Characteristics of studies included in the meta-analysis

Author Year Country Published 
language Ethnicity Sample size 

(case/control) Male, n Age (case/control, years) Control source Genotyping 
method SNP sites Qualityscore HWE, P

Abrahamian H 2007 Austria English - 31/44/66* 22/31/37 66 (60-69)/65 (59-72)/65 
(57/72)1

Patients without 
albuminuria

PCR -174G>C 5 0.627

An XH 2007 China Chinese Asia 93/65/88 48/31/45 55±14/61±10/51±15 Patients with  
normoalbuminuria

PCR-RFLP -634C>G 6 0.535

Deng YP 2004 China Chinese Asia 85/92/90 - - Patients with  
normoalbuminuria

PCR-RFLP -634C>G 6 0.202

Karadeniz M 2014 Turkey English - 43/43 - 58.31±10.44/52.23±9.39 T2DM patients 
without DN

PCR-RFLP -174G>C 5 0.080

Kitamura A 2002 Japan English Asia 138/154/162 58/66/79 63.5±8.5/63.4±9.1/62.1±7.2 Patients with  
normoalbuminuria

ELISA -634C>G 6 0.428

Ng DP 2008 USA English Caucasian 295/174 179/99 43±8/42±9 Patients with  
normoalbuminuria

RFLP -174G>C, -634C>G 6 0.665, 0.025

Papaoikonomou S 2013 Greece English Caucasian 94/59/278 218 66.5±9.96 Patients with  
normoalbuminuria

PCR-RFLP -174G>C 6 <0.001

*Data represent the micro-albuminuria group, the macro-albuminuria group and the control group, receptively. 1Data were presented as median (IQR).
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The included studies were respectively evalu-
ated by a 10 point system which was designed 
for quality assessment of genetic association 
studies [17]. If the study scored 8-10 points, 
then this study was regarded as excellent, while 
5-7 points was regarded as moderate and less 
than 5 points was regarded as poor [18].

Statistical analysis

Statistical analyses were performed by using 
the Rev. Man 5.2. Heterogeneity among studies 
was assessed by Chi-square’s Q-statistic [19] 
and I2 statistics. A significant Q-statistic (P < 
0.10) or I2 > 50% indicated the presence of sig-
nificant heterogeneity and then the random 
effect model (Dersimonian-Laird method) was 
used for meta-analysis. Otherwise, the fixed 
effect model (Mantel-Haenszel method) was 
performed [20]. Pooled odds ratios (ORs) and 
corresponding 95% confidence intervals (CIs) 
were calculated for evaluating the association 
of IL-6 polymorphisms with DN, including domi-
nant model, recessive model and C-allelic 
model. Meanwhile, according to the excretion 
rate of urinary albumin, subgroup analyses 
were conducted by dividing DN patients into 
three groups (Macro-albuminuria group, Micro-
albuminuria group and Normal albuminuria 
group). The sensitivity analysis was evaluated 
by omitting each of the included studies at one 
time [21]. Funnel plots were used to evaluate 
publication bias.

Results

Search results

The selection process for eligible studies was 
shown in Figure 1. Totally 148 potentially rele-

vant studies were obtained by the initial search 
strategy, among which 134 ones were excluded 
after screening for the titles and abstracts. 
Another 5 studies were found to be duplicates 
in the remaining 14 studies and were excluded. 
According to the full text, two studies were 
excluded due to lack of sufficient data. Thus, 
seven eligible studies were finally included in 
this meta-analysis [8, 12-15, 22, 23].

Characteristics of eligible studies

Among the 7 eligible studies, 3 ones focused on 
the association of IL-6 -174G>C polymorphism 
with risk for DN [12-14], 3 ones on the associa-
tion of IL-6 -634C>G polymorphism and DN 
susceptibility [8, 22, 23], and 1 on the associa-
tion of IL-6 -634C>G and -174G>C polymor-
phisms with risk for DN [15] (Table 1). These 
case-control studies were published between 
2004 and 2014. The average age ranged from 
53.1 to 66.5 years old. All studies were 5-6 
scores by the literature quality evaluation, 
which indicated a relatively appropriate level of 
literature set for the meta-analysis. The IL-6 
-174G>C or -634C>G genotype frequencies of 
controls in all included studies were in line with 
HWE (α = 0.05/7 = 0.007). Genotype distribu-
tion of participants in the eligible studies was 
shown in Table 2.

Meta-analysis of association between IL-6 poly-
morphisms and DN

The association of IL-6 -174G>C and -634C>G 
polymorphisms with susceptibility to DN was 
comprehensively assessed for dominant mo- 
del, recessive model and C-allelic model, res- 
pectively. Meanwhile, subgroup analysis, strati-

Table 2. Genotype distributions

Study
Case-micro-albuminuria Case-macro-albuminuria Control

Total C G CC CG GG Total C G CC CG GG Total C G CC CG GG
-174G>C polymorphism
    Abrahamian H, 2007 31 30 32 7 16 8 44 38 50 8 22 14 66 54 132 12 30 24
    Karadeniz M, 2014 43 14 72 0 14 29 43 25 61 6 13 24
    Ng DP, 2008 138 83 181 14 55 63 174 118 218 22 74 72
    Papaoikonomou S, 2013 94 67 121 18 31 45 59 41 77 12 17 30 258 200 316 69 62 127
-634C>G polymorphism
    An XH, 2007 93 125 61 48 29 16 65 67 63 22 23 20 88 124 50 43 38 6
    Deng YP, 2004 85 137 33 56 25 4 92 136 48 55 26 11 90 156 24 69 18 3
    Kitamura A, 2002 138 223 53 92 39 7 154 232 76 94 44 16 162 275 49 118 39 5
    Ng DP, 2008 138 25 245 3 19 113 174 32 308 4 24 142
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fied by excretion rate of urinary albumin, was 
conducted by dividing DN patients into three 
groups (Macro-albuminuria group, Micro-albu- 
minuria group and Normal albuminuria group).

The pooled result showed that -634C>G poly-
morphism significantly increased the risk of DN 
in dominant model (GG+GC vs. CC, pooled OR = 
1.52, 95% CI: 1.21-1.91, P = 0.0003; Figure 
2A), recessive model (GG vs. GC+CC, pooled 
OR: 2.41, 95% CI: 1.36-4.28, P = 0.003; Figure 
2B), and C-allelic model (G vs. C, pooled OR = 
1.59, 95% CI: 1.27-1.99, P < 0.0001; Figure 
2C). When stratified by excretion rate of urinary 
albumin, the results for the Macro-albuminuria 
group and the Micro-albuminuria group were 
both identical with the overall models (P < 
0.05) (Table 3). 

The pooled result showed no significant asso-
ciation between -174G>C polymorphism and 
DN susceptibility for dominant model (GG+GC 

vs. CC, pooled OR = 0.96, 95% CI: 0.75-1.23, P 
= 0.75; Figure 3A), recessive model (GG vs. 
GC+CC, pooled OR: 0.75, 95% CI: 0.54-1.05, P 
= 0.09; Figure 3B) and C-allelic model (G vs. C, 
pooled OR = 1.04, 95% CI: 0.72-1.50, P = 0.83; 
Figure 3C). Subgroup analysis also showed no 
significant associations between -174G>C poly-
morphism and DN susceptibility for patients in 
the Macro-albuminuria group or Micro-albu- 
minuria group (Table 3).

Evaluation for sensitivity and publication bias

The results for the sensitivity analysis show- 
ed that the overall combined ORs were not 
changed when omitting each of the included 
studies, which means the conclusion of our 
research was relatively reliable and stable. 
Furthermore, the symmetrical funnel plot was 
symmetrical, implying that there was no obvi-
ous publication bias for the included studies 
(Figure 4).

Table 3. Summary of outcomes

Outcomes No. of 
study

Participants 
(case/control)

Heterogeneity
Model

Effect size
P

P I2 OR 95% CI
-174G>C polymorphism
    Dominant model (CC+CG vs. GG) 4 403/859 0.67 0% F 0.96 (0.75, 1.23) 0.75
        Subgroup-micro-albuminuria 3 168/367 0.31 14% F 1.02 (0.70, 1.49) 0.90
        Subgroup-macro-albuminuria 3 235/492 0.70 0% F 0.92 (0.66, 1.27) 0.60
    Recessive model (CC vs. CG+GG) 4 403/859 0.49 0% R 0.75 (0.54, 1.05) 0.09
        Subgroup-micro-albuminuria 3 168/367 0.13 51% R 0.68 (0.27, 1.76) 0.43
        Subgroup-macro-albuminuria 3 235/492 0.84 0% R 0.79 (0.50, 1.23) 0.29
    C-allele comparison (C vs. G) 4 806/1826 0.002 74% R 1.04 (0.72, 1.50) 0.83
        Subgroup-micro-albuminuria 3 336/788 0.002 83% R 1.00 (0.46, 2.17) 1.00
        Subgroup-macro-albuminuria 3 470/1038 0.03 71% R 1.06 (0.67, 1.67) 0.80
-634C>G polymorphism
    Dominant model (CC+CG vs. CC) 4 765/854 0.48 0% F 1.52 (1.21, 1.91) 0.0003
        Subgroup-micro-albuminuria 3 316/340 0.40 0% F 1.27 (0.92, 1.76) 0.15
        Subgroup-macro-albuminuria 4 449/514 0.70 0% F 1.80 (1.31, 2.47) 0.0003
    Recessive model (GG vs. CG+GG) 4 765/854 0.04 55% R 2.41 (1.36, 4.28) 0.003
        Subgroup-micro-albuminuria 3 316/340 0.69 0% R 2.08 (1.06, 4.10) 0.03
        Subgroup-macro-albuminuria 4 449/514 0.006 76% R 2.86 (1.10, 7.45) 0.03
    C-allele comparison (G vs. C) 4 1524/1696 0.79 0% R 1.59 (1.27, 1.99) < 0.0001
        Subgroup-micro-albuminuria 3 632/678 0.11 50% R 1.33 (1.02, 1.75) 0.04
        Subgroup-macro-albuminuria 4 892/1018 0.15 36% R 1.80 (1.28, 2.55) 0.0008
F: fixed effect model; R: random effects model; OR: odds ratio; CI: confidence intervals.

Figure 2. The forest plot of association between IL-6 -634C>G polymorphism and DN susceptibility under dominant 
model (A), recessive model (B), or C-allelic model (C). 
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Discussion

We performed a meta-analysis for published 
studies on the associations of IL-6 -174G>C 
and -634C>G polymorphisms with susceptibili-
ty to DN, and to our knowledge, this is the first 
meta-analysis for evaluation of the association 
between IL-6 polymorphisms and DN. Totally 7 
eligible studies were included in this meta-anal-
ysis, and pooled results showed that -634C>G 
polymorphism could significantly increase the 
risk of DN in dominant model, recessive model 
and C-allele model. Nevertheless, no signifi-
cant association was found between -174G>C 

ong these SNPs, 174G>C and 634G>C poly-
morphisms have been most studied in DN 
because of their important functions [11, 28]. A 
previous study indicates that IL-6 -634C>G is 
associated with an elevated secretion of IL-6 
production, whereby the inflammatory response 
may contribute to the development of DN [8]. 
-174G>C polymorphism in the IL-6 gene has 
also been identified as an independent risk fac-
tor for DN in patients with type 2 DM [14]. The 
current study suggested that individual with 
IL-6 -634C>G polymorphism had a significantly 
higher risk of DN, while, no significant associa-
tion was found between IL-6 -174G>C polymor-

Figure 4. The funnel plot of studies involved IL-6 -174C>G polymorphism (A) 
and IL-6 -634C>G polymorphism (B). 

polymorphism and DN sus-
ceptibility under any of allelic 
or genotype models.

Familial aggregation and eth-
nic-specific prevalence rates 
demonstrate that suscepti- 
bility to DN has an inherent 
genetic basis, and a number 
of risk variants, each with a 
nominal effect, have been 
identified and collectively they 
contribute to the disease [24]. 
IL-6 is a multifunctional cyto-
kine that is well known for 
amplifying the inflammatory 
response via regulating cell 
adhesion, mediating the ex- 
pression of chemotactic mol-
ecules and stimulating the 
release of other cytokines 
[25]. Increasing evidence has 
proved that IL-6 is important 
in conferring genetic suscepti-
bility to a host of human dis-
eases including osteoporosis 
[26], systemic-onset juveni- 
le chronic arthritis [10], and 
metabolic syndrome [27]. Se- 
veral single-nucleotide poly-
morphisms (SNPs) have been 
screened out in the IL-6 pro-
moter by molecular dissection 
and identified to be associat-
ed with the initiation and/or 
development of DN [10]. Am- 

Figure 3. The forest plot of association between IL-6 -174G>C polymorphism and DN susceptibility under dominant 
model (A), recessive model (B), or C-allelic model (C).
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phism and risk of DN. Although many factors, 
including the imbalanced distribution of inflam-
matory factors by the IL-6 genotype and the 
heterogeneous ethnic background, may con-
tribute to the inconsistent association of IL-6 
polymorphisms at positions -174G and -634 
with DN risk and further study is necessary to 
illustrate the mechanism of IL-6 in the occur-
rence and development of DN, our results sug-
gest that IL-6 -634C>G would result in a higher 
risk of DN.

The limitations of this study should be dis-
cussed. First of all, a relatively small number of 
articles were included into our study due to the 
limited information on the association of IL-6 
polymorphisms with DN. Secondly, covariates 
(such as confounding factor of gender and age) 
were not taken into consideration, which might 
be potential factors that affect the DN develop-
ment. In addition, population involved in the 
eligible studies distribute in areas of Asia, 
Europe and America, which might remind us 
about the genetic heterogeneity among these 
study objects.

Conclusion

In conclusion, this meta-analysis suggests that 
the mutations of IL-6 -634C>G increase the 
risk of DN, which means C-allele is the risk all- 
ele of DN, while the association of IL-6 -174G>C 
polymorphism with DN did not be observed. 
Further analysis with more studies or partici-
pant is still necessary to confirm the effect of 
C-allele on DN risk.
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