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ABSTRACT

Background: The level of interleukin-6 (IL-6) and its gene polymorphism are associated with the
end-stage renal disease (ESRD) and the related complications. This study aimed to investigate the
correction between IL-6 -174G/C polymorphism and ESRD by meta-analysis.

Methods: Using the databases including PubMed, Embase, Cochrane library, CNKI, and CBM, the
data of case-control studies on correlation between IL-6 -174G/C polymorphism and ESRD from
database establishment to January 2016 were collected. According to inclusion and exclusion cri-
teria, the quality of literatures was evaluated. The relevant research data were extracted, followed
by meta-analysis using Revman 5.3 software (London, UK). The combined odds ratio (OR) and
95% confidence interval (95%Cl) of each genetic model were calculated, and the publication bias
data was assessed using the Stata 12.0 software (College Station, TX).

Results: A total of five literatures were included, with 1199 cases in case group and 1089 cases
in control group. Meta-analysis showed that, there was no significant correlation between each
genetic model of IL-6 -174G/C polymorphism and ESRD [(C versus G): OR=1.36, 95%Cl (0.69,
2.66), p=.38; (CC+ GC versus GG): OR=1.28, 95%Cl (0.58, 2.82), p=.54; (CC versus GG+ GC):
OR=1.71, 95%Cl (0.82, 3.54), p=.15; (CC versus GG): OR=1.74, 95%Cl (0.76, 3.99), p=.19; (GC
versus GG): OR=1.18, 95%CIl (0.55, 2.54), p =.67]. The race subgroup analysis showed that, there
was no significant correlation between each genetic model of IL-6 -174G/C polymorphism and
ESRD in the Caucasians (p > .05).

Conclusion: IL-6 -174G/C polymorphism has no significant correlation with the susceptibility risk
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of ESRD, and may not be a risk factor for ESRD.

Introduction

The onset of chronic kidney disease is insidious, and
many patients do not pay enough attention to it. With
the development of disease, the chronic kidney disease
will eventually progress to the end-stage renal disease
(ESRD). Finally, the patients need to rely on renal
replacement therapy or renal transplantation to sustain
their lives." However, the progression speed of ESRD
varies in different individuals, which may be due to the
different genetic susceptibility to disease.? ESRD
presents a chronic systemic inflammatory state, and the
inflammation may be an important pathophysiological
factor in promoting the progression from primary renal
disease to ESRD.>* The genetic variation of cytokines
can lead to the diversity of immune and inflammatory
response. Therefore, studying on the polymorphism of
cytokine genes plays an important role in finding
the cause of renal failure and the mechanism of

disease progression.5 It is found that, the level of inter-
leukin-6 (IL-6) and its gene polymorphisms are associ-
ated with the ESRD and the related complications.>™® At
present, there are some researches on the correlation
between the polymorphism of IL-6 gene -174G/C and
ESRD. However, due to the small sample size and
regional and ethnic differences, the conclusions of the
presented researches are controversial. The study carried
out a meta-analysis of published case-control studies on
polymorphisms of IL-6 gene -174G/C and ESRD. The
objective was to explore the correlation between the IL-
6 -174G/C polymorphism and the susceptibility to ESRD.

Materials and methods
Inclusion and exclusion criteria

The inclusion criteria were as follows: (i) literatures
about correlation between the IL-6 -174G/C
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polymorphism and the risk of ESRD; (ii) containing two
groups of subjects, in which the subjects in case group
was clinically diagnosed as ESRD, and the subjects in
control group were the healthy population unrelated
with ESRD; (iii) the data of IL6 -174G/C allele or geno-
type distribution could be obtained, and there were
enough data to calculate the odds ratio (OR) and 95%
confidence interval (95%Cl); and (iv) the distribution of
gene frequency in control group was in line with
Hardy-Weinberg equilibrium (HWE).

The exclusion criteria were as follows: (i) reviews,
case reports, non-case-control studies; (ii) literatures in
which the results did not contain the IL-6 -174G/C poly-
morphism; (i) reports in which the genotypes were not
complete, the full text or detailed data were not avail-
able, or there was no enough data to calculate OR or
95%Cl; and (iv) if the data of was repeatedly published
in a number of publications, the study of the highest
quality was selected.

Literature retrieval strategy

Database of Pubmed, Embase, Cochrane library, CNKI,
and CBM were retrieved, and the retrieval time ranged
from database establishment to January 2016. The sub-
ject terms included “interleukin-6”, “IL-6", “end-stage
renal disease”, “ESRD” and “polymorphism”. The referen-
ces attached to the retrieved literature were inquired by
hand, aiming to find the literatures which were not
included according to above inclusion criteria.

Literature screening, quality assessment, and data
extraction

According to the inclusion and exclusion criteria, two
researchers independently conducted the literature
screening, quality assessment and data extraction, with
the cross checking. The disagreement between two
researchers was solved by discussion or by the assist-
ance of the third researcher. According to the evalu-
ation criteria of case-control study in Newcastle Ottawa
scale (NOS),” the quality of the included literatures was
evaluated. The evaluation criteria included three aspects
including selection of research subjects, comparability
of research subjects and risk factor exposure. The total
score was nine points, and the one with >5 points pre-
sented the high quality study. The data were extracted
according to the data extraction form, which were as
follows: first author of literature, publication year, nation
and race of research subjects, distribution and number
of alleles and genotypes in case group, and whether
the gene frequency distribution in control group was
consistent with HWE.
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Statistical analysis

%> test was used to determine whether the gene fre-
quency distribution of the control group was consistent
with HWE. p <.05 was considered not meeting HWE.
Meta-analysis was carried out using Revman 5.3 soft-
ware (London, UK). The combined OR and 95%CI of five
genetic models (allele, dominant model, recessive
model, homozygous model, and heterozygous model)
were calculated. 72 test was used to evaluate the het-
erogeneity in included literatures. p<.1 or *>50%
indicated the presence of heterogeneity among these
literatures. The randomized effects model was used for
analysis. Otherwise, the fixed effects model was applied.
The subgroup analysis was performed based on the
population race. The analysis of sensitivity was carried
out by evaluating the stability after one-by-one elimi-
nating study. Begg's and Egger’s tests in Stata 12.0 soft-
ware (College Station, TX) were used to quantitatively
evaluate the publication bias of the results of included
literatures, and p < .05 indicated the publication bias.

Results

Basic characteristics and quality of included
literatures

According to the literature retrieval strategy, 275 litera-
tures were initially obtained. According to the inclusion
and exclusion criteria, the repeated literatures, reviews,
case reports, and non-case-control literatures were
excluded. Seven case-control literatures'®'® were
included, among which two literatures were excluded
after calculating the HWE of gene frequency of control
group. Finally, five literatures'*'® were remained,
including 1199 cases in case group and 1089 cases in
control group (Figure 1). The subjects in three litera-
tures were Caucasians, with Africans in one
literature and Asians in one literature. The basic charac-
teristics and quality of included literatures were shown
in Table 1.

Results of meta-analysis

The meta-analysis was performed on the five case-
control literatures about the correlation of the IL-6
-174G/C  polymorphism and ESRD. Results were
shown in Table 2. There was no statistically significant
correlation between each genetic model of IL-6 -174G/C
polymorphism and ESRD [(C versus G): OR=1.36, 95%ClI
(0.69, 2.66), p=.38 (Figure 2); (CC+GC versus GG):
OR =1.28, 95%Cl (0.58, 2.82), p =.54 (Figure 3); (CC ver-
sus GG+ GC): OR=1.71, 95%Cl (0.82, 3.54), p=.15
(Figure 4); (CC versus GG): OR = 1.74, 95%Cl (0.76, 3.99),
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Pubmed (n=126) ’ ‘ Embase (n=101) ’ | CCRT (n=48) |

|
!

Excluding the repeated
literatures (n=35)

Preliminary screening by reading
the title and abstract (n=240)

Excluding reviews, case
reports and non-case-control
studies (n=233)

‘ Screening by reading the

whole text (n=7)

‘ 5 literatures were included

Figure 1. Flowchart on the selection of the literatures.

-

Excluding 2 literatures not
consistent with HWE

Table 1. Basic characteristics and quality of included literatures on correlation between IL-6 -174G/C polymorphism and ESRD.

Case group Control group
First author Year Race Country GG GC CC N GG GC CC N HWE (P) NOS scores
Buckham'? 2010  Caucasian  Blended countries 217 299 107 623 194 258 90 542 0.79 6
Kandil'® 2013 African Egypt 54 14 2 70 21 8 1 30 0.83 7
Losito™ 2003  Caucasian UK 94 57 10 161 105 58 6 169 0.56 7
Ng' 2008  Caucasian  USA 83 45 24 152 72 74 22 168 0.66 7
Ranganath'® 2009 Asian India 162 80 16 258 515 53 1 569 0.76 6

IL-6: interleukin-6; ESRD: end-stage renal disease; HWE: Hardy-Weinberg equilibrium; NOS: Newcastle Ottawa scale.

Table 2. Meta-analysis of literatures on correlation between IL-6 -174G/C polymorphism and ESRD in Caucasians.

Heterogeneity test

Combined effect

Subgroup Genotype comparison (%) p Statistical model OR 95%Cl p
Total C versus G 95 <.01 REM 1.36 0.69-2.66 38
CC+ GC versus GG 95 <.01 REM 1.28 0.58-2.82 54
CC versus GG + GC 70 .01 REM 1.71 0.82-3.54 15
CC versus GG 75 <.01 REM 1.74 0.76-3.99 .19
GC versus GG 94 <.01 REM 1.18 0.55-2.54 67
Caucasians C versus G 22 .28 FEM 1.01 0.88-1.16 .86
CC+ GC versus GG 59 .09 REM 0.93 0.67-1.30 .68
CC versus GG + GC 0 .57 FEM 112 0.86-1.46 42
CC versus GG 0 .55 FEM 1.09 0.81-1.45 .58
GC versus GG 69 .04 REM 0.87 0.58-1.30 .50

ESRD: end-stage renal disease; OR: odds ratio; 95%Cl: 95% confidence interval; REM: randomized effects model; FEM: fixed effects model.

p=.19 (Figure 5); (GC versus GG): OR=1.18, 95%ClI
(0.55, 2.54), p=.67 (Figure 6)].

Results of race subgroup analysis

The results of the subgroup analysis based on popula-
tion race showed that, there was no statistically signifi-
cant correlation between each genetic model in -174G/
C polymorphism and ESRD in Caucasians [C versu G):
OR=1.01, 95%CI (0.88, 1.16), p=.86 (CC+ CG versus;
GG: OR=0.93), 95%CI (0.67, 1.30), p=.68 (CC versus
GG+ CG (0.86): OR=1.12, 95%Cl, 1.46, p=.42 (CC);

versus GG (OR=1.09, 95%Cl): (0.81, 1.45), p=.58
(CG; versus GG): OR=10.87, 95%Cl (0.58, 1.30), p=.50]
(Table 2).

Results of sensitivity analysis

The sensitivity analysis was carried out by the method
of evaluating the stability after one-by-one eliminating
study eliminating single study. There was no significant
change in the amount of the combined effects after in
turn eliminating 1 literature. This indicated that the
results of each literature were stable and reliable.
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Experimental Control Odds Ratio Odds Ratio

udy or Subgrou nt Total Total Weight M-H, Random. 95% C| M-H, Random, 95% C|
1111
Buckham, 2010 513 1246 438 1084 21.6% 1.03[0.87,1.22) +
Losito, 2003 77 322 70 338 206% 1.20[083,1.74] T
Ng, 2008 a3 304 118 336 20.8% 0.81[0.58,1.13] .
Subtotal (95% Cl) 1872 1758 62.9% 1.01[0.85, 1.20] L ]
Total events 683

Heterogeneity: Tau®= 0.01; Chi*= 2.56, df= 2 (P = 0.28), F= 22%
Test for overall effect Z=0.09 (P =0.93)

1122
Ranganath, 2008 12 516 55 1138 20.7% 5.46(3.88, 7.69] “m

Subtotal (95% CI) 516 1138 20.7% 5.46[3.88, 7.69] <>

Total events 12 55

Heterogeneity: Not applicable

Test for overall effect: Z= 9.72 (P < 0.00001)

1133

Kandil, 2013 18 140 10 60 16.4% 0.74[0.32,1.71) ———

Subtotal (95% CI) 140 60 16.4% 0.74[0.32, 1.71] -

Total events 18 10

Heterogeneity: Not applicable

Test for overall effect Z=0.71 (P=0.48)

Total (95% CI) 2528 2956 100,0% 1.36 [0.69, 2.66]

Total events 813 691

Heterogeneity: Tau®= 0.54; Chi*= 84.33, df= 4 (P < 0.00001); = 85% =001 0:1 H 1}1 1uu:

Test for overall effect: Z=0.88 (P=0.38)

Test for subaroun differences: Chi*= 77.05. df= 2 (P < 0.00001). F'= 97.4% Fatvours [expenmental] Favours [coniro]

Figure 2. Meta-analysis on correlation between allele (C versus G) and ESRD.

Experimental Control Odds Ratio Odds Ratio
Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% C|
Buckham, 2010 406 623 348 542 2115% 1.04[082,133)
Losito, 2003 67 161 64 169 205% 1.17[0.75,1.82]
Ng, 2008 69 152 96 168 205% 0.62[0.40,0.97]
Subtotal (95% Cl) 936 879 62.5% 0.93[0.67, 1.30]
Total events 542 508

Heterogeneity: Tau®= 0.05; Chi*= 4.88, df= 2 (P = 0.09); "= 59%
Testfor overall effect: Z=0.42 (P = 0.68)

1222

Ranganath, 2008 96 258 54 569 209% 5.65(3.88,8.24] —_—
Subtotal (95% Cl) 258 569 20.9% 5.65[3.88,8.24] &>
Total events 96 54

Heterogeneity: Not applicable
Test for overall effect: Z=9.00 (P < 0.00001)

1233

Kandil, 2013 16 70 9 30 166% 0.69[0.26,1.81] =
Subtotal (95% CI) 70 30 16.6% 0.69 [0.26, 1.81] i
Total events 16 9

Heterogeneity: Not applicable
Test for overall effect Z=0.75 (P = 0.45)

Total (95% CI) 1264 1478 100.0% 1.28 [0.58, 2.82] ?

Total events 654 571

Heterogeneity. Tau®= 0.75, Chi*= 73.75, df= 4 (P < 0.00001), F=95%
Testfor overall effect Z= 0.61 (P = 0.54)

Test for subarouo differences: Chi*= 54 05. df = 2 (P < 0.00001). ¥ = 86.3%

0.01 01 1 10 100
Favours [experimental] Favours [control]

Figure 3. Meta-analysis on correlation between dominant model (CC+ CG versus GG) and ESRD.

Experimental Control Odds Ratio Odds Ratio

udy or Subgrou nts _ Total Total Weight M-H, Random, 95% C| M-H, Random, 95% C|
1311
Buckham, 2010 107 623 90 542 33.9% 1.04[0.77,1.42) -
Losito, 2003 10 161 6 169 209% 1.80[0.64,5.07] T
Ng, 2008 24 152 22 168 285% 1.24[067, 2.33] b
Subtotal (95% Cl) 936 879 833% 1.12[0.85, 1.46] >
Total events 141 118

Heterogeneity: Tau®= 0.00; Chi*=1.13, df= 2 (P = 0.57); F= 0%
Testfor overall effect Z= 0.80 (P =0.42)

1322

Ranganath, 2008 16 258 1 6§69 96% 37.55[4.95 284.76) —
Subtotal (95% Cl) 258 569 9.6% 37.55[4.95, 284.76] ——i—
Total events 16 1

Heterogeneity: Not applicable

Test for overall effect Z= 3.51 (P = 0.0005)

1333

Kandil, 2013 z 70 130 72% 0.85[0.07,9.78] s

Subtotal (95% CI) 70 30 12% 0.850.07,9.78] e ——

Total events 2 1

Heterogeneity: Not applicable
Test for overall effect Z=0.13 (P=0.90)

Total (95% Cl) 1264 1478 100.0% 1.71[0.82, 3.54] Rt
Total events 159 120

Heterogeneity: Tau®= 0.39; Chi*=13.25, df= 4 (P = 0.01); F=70%

Test for overall effect Z=1.43 (P=0.15)

Test for subaroun differences: Chi*=11.45. df= 2 (P = 0.003). F=825%

0.01 01 10 100
Favours [experimental] Favours [control)

Figure 4. Meta-analysis on correlation between recessive model (CC versus GG + CG) and ESRD.
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Experimental Control Odds Ratio Odds Ratio
Study or Subgrou) Events  Total Events Total Weight M-H, Random, 95% C| M-H, Random, 95% CI
1411
Buckham, 2010 107 324 90 284 31.4% 1.06[0.76, 1.49] —
Losito, 2003 10 104 6 111 216% 1.86 [0.65, 5.32] -T-
Ng, 2008 24 107 22 94 27.4% 0.95[0.49,1.83] e
Subtotal (95% CI) 535 489  80.4% 1.08 [0.81, 1.45] >
Total events 141 118
Heterogeneity: Tau®= 0.00; Chi*=1.20, df= 2 (P=0.55); = 0%
Test for overall effect: Z= 0.55 (P = 0.58)
1422
Ranganath, 2008 16 178 1 516 11.1%  50.86 [6.69, 386.50] ———
Subtotal (95% Cl) 178 516 11.1% 50.86 [6.69, 386.50] e
Tolal events 16 1
Heterogeneity: Not applicable
Testfor overall effect Z= 3.80 (P = 0.0001)
1433
Kandil, 2013 2 56 1 22 85% 0.78[0.07, 9.04] s
Subtotal (95% CI) 56 22 85% 0.78[0.07,9.04] e ——
Total events 2 1
Heterogeneity: Not applicable
Test for overall effect Z=0.20 (P=0.84)
Total (95% Cl) 769 1027 100.0% 1.74[0.76, 3.99] —agfip—
Total events 159 120
Heterogeneity: Tau®= 0.54; Chi*= 15.78, df = 4 (P = 0.003); F= 75% =0 o 0=1 110 mu}

Test for overall effect Z=1.31 (P=0.19)
Test for subaroun differences: Chi*= 12 66. df= 2 (P = 0.001) F=1854%

Favours [experimental] Favours [control]

Figure 5. Meta-analysis on correlation between homozygous model (CC versus GG) and ESRD.

Experimental Control

Odds Ratio

nts Total Weight M-H, Random, 95% CI

Buckham, 2010 209 516 258 452 21.7% 1.04 [0.80,1.34)
Losito, 2003 57 151 58 163 20.6% 1.10(0.69,1.74)

Ng, 2008 45 128 74 146 204% 0.53([0.32, 0.86] —

Subtotal (95% C1) 795 761  62.8% 0.87 [0.58, 1.30]

Total events 401 390

Heterogeneity: Tau®= 0.09; Chi*= 6.40, df= 2 (P = 0.04); "= 63%

Test for overall effect Z= 0.68 (P = 0.50)

1522

Ranganath, 2008 80 242 53 568 21.1% 4.80(3.25, 7.08] -
Subtotal (95% CI) 242 568 21.1% 4.80[3.25,7.08] <>
Tolal events 80 53

Heterogeneity: Not applicable

Testfor overall effect Z=7.89 (P < 0.00001)

1533

Kandil, 2013 14 68 8 29 161% 0.68[0.25, 1.86) ==
Subtotal (95% CI) 68 29 16.1% 0.68 [0.25, 1.86] ~—

Total events 14 8

Heterogeneity: Not applicable

Testfor overall effect Z= 0.75 (P = 0.45)

Total (95% Cl) 1105 1358 100.0% 1.18[0.55, 2.54]

Total events 495 451

Heterogeneity: Tau®= 0.69; Chi*= 61.54, df= 4 (P < 0.00001); "= 94% =001 0=1 7 1:0 mu}

Test for overall effect: Z= 0.42 (P = 0.67)

Test for subaroun differences: Chi*= 39.91.df= 2 (P < 0.00001). F=85.0%

Favours [experimental] Favours [control]

Figure 6. Meta-analysis on correlation between heterozygous model (CG versus GG) and ESRD.

Publication bias

As shown in Figure 7, the scatter distributions in funnel
plot of publication bias were symmetrical, with p > .05
in both Begg's and Egger’s test. This indicated that the
included literature had no significant publication bias.

Discussion

ESRD patients are in the state of micro inflammation,
which is closely related to vascular sclerosis, anemia,
erythropoietin resistance, malnutrition, and infection.
These are the important reasons for increased mortality
rate of ESRD."” IL-6 is one of the most studied cytokines
in chronic kidney disease. The rise of IL-6 levels in ESRD
patients is related to the genetic factors (e.g. polymor-
phisms of single nucleotide), renal function decline,

solute retention in uremia, capacity load/chronic heart
failure, persistent infection and factors related to dialy-
sis (biocompatibility, dialysis fluid, etc.).'®

Most of the studies show that, the population carry-
ing G allele in IL-6 -174G/C polymorphism have higher
IL-6 level than carrying CC genotype. The G allele can
promote the inflammatory response.'®'®?' Another
study shows that, the CC genotype is associated with
cardiovascular events in the hemodialysis patients.®
Losito et al.'* find that, the patients with GC + CC geno-
type have higher diastolic blood pressure and left ven-
tricular thickness than patients with GG genotype. Ng
et al.'”” find that, the polymorphism of IL-6 -174G/C
gene is related to the risk of ESRD. Ranganath et al.'®
believe that, the frequency of C allele in ESRD patients
is significantly higher than that in the control group.
Buckham et al.'? and Kandil et al.'® suggest that,
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Figure 7. Funnel plot of IL-6 -174G/C polymorphism.

there is no correlation between IL-6 gene polymorph-
ism and ESRD. In this study, five case-control studies are
included. In these five studies, the NOS scores are more
than five points, so the included literatures have high
quality. The meta-analysis results show that, there is no
correlation between IL-6 -174G/C polymorphism and
ESRD. According to race subgroup analysis, it is found
that there is still no correlation between IL-6 -174G/C
polymorphism and ESRD in Caucasians.

The results of this study have significant heterogen-
eity, and the heterogeneity source can be found by sub-
group analysis or sensitivity analysis. The subgroup
analysis finds that, the heterogeneity is decreased in
the studies of allele, recessive model and homozygous
model in Caucasians, but the moderate heterogeneity
still exists among the dominant model and heterozy-
gous model. In this study, the difference in the charac-
teristics of research subjects, disease diagnostic
methods, alleles detection methods, region and envir-
onment can lead to the existence of heterogeneity. In
this study, by using the one-by-one eliminating method,
Ranganath et al.’s study'® should be removed, in which
the heterogeneity of genetic model is reduced. In add-
ition, in Ranganath et al.’s study,'® the subjects are
Asians. This indicates that the different races may be
the source of heterogeneity. There is no significant
change in the re-estimation of the combined effect. The
literatures included in this study have no publication
bias in statistical significance, which shows that the
results of this study are stable and reliable.

This study has some limitations. Firstly, the sample
size is relatively small. The race subgroup analysis is
only conducted in the Caucasians and the subgroup
races. The collected data are not comprehensive.
Secondly, parts of the included literatures are lack of
indexes such as age, sex, laboratory biochemical indica-
tors in cases and control groups, so the stratified sub-
group analysis based on these factors cannot be
performed, and the combined results are affected by
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confounding factors. In addition, the results of this
study are not consistent with the results of reported
studies. The conclusion still needs to be further con-
firmed by more large-sample, multi-center, and high-
quality case-control studies, for providing a theoretical
basis for clarifying the function of IL-6 gene polymorph-
ism in the pathogenesis of ESRD.
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