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Abstract: Tumor necrosis factor-α (TNF-α) has been reported to be associated with gestational diabetes mellitus 
(GDM), but results from previous studies are conflicting. Thus, a meta-analysis was performed to clarify the ef-
fects of this polymorphism on GDM risk. Web of Science, Embase, PubMed and CNKI databases were retrieved to 
determine the eligible TNF-α -308G>A polymorphism studies and the susceptibility of the GDM risk. Finally, a total 
of 7 articles with 465 cases and 589 controls fulfilled the inclusion criteria. The pooled odds ratio (OR) with 95% 
confidence interval (95% CI) was calculated to examine the associations. Meta-analysis results showed that the 
TNF-α -308G>A polymorphism is associated with a significantly increased risk of GDM (AA vs GG: OR = 5.17, 95% CI 
2.78-9.61; GA vs GG: OR = 1.73, 95% CI 1.22-2.45; the dominant model: OR = 2.21, 95% CI 1.37-3.56; the reces-
sive model: OR = 4.26, 95% CI 2.34-7.78). In the subgroup analysis according to the ethnicity, we found that the 
TNF-α -308G>A polymorphism was associated with GDM risk in Asians, but not in other ethnic groups. The present 
article suggested that the TNF-α -308G>A polymorphism is associated with a significantly increased risk of GDM, 
especially in Asians.
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Introduction

Gestational diabetes mellitus (GDM) is one of 
the most common pregnancy complications [1]. 
The prevalence of GDM, with a rising trend 
globally, varies by area and ethnic population. 
In the past decade, the incidence of GDM is 
about 1-3% of all pregnancies in western coun-
tries [2], and 5-10% among Asian pregnancies 
[3]. GDM has short and long-term adverse con-
sequences for women and their offspring, 
including susceptibility to metabolic syndrome 
and type 2 diabetes mellitus [4]. Although the 
precise pathophysiological mechanisms of 
GDM are unclear, it is generally believed that 
GDM and type 2 diabetes mellitus (T2DM) 
share the same underlying pathological mecha-
nisms, including insulin resistance and beta 
cell dysfunction leading to metabolic changes 
[5]. Furthermore, several studies have revealed 
that susceptible genes are involved in T2DM 
and probably also contribute to the genetic 
aetiology of GDM.

Insulin resistance has been associated with 
abnormal secretion of pro-inflammatory cyto-
kines such as tumor necrosis factor-α (TNF-α) 
and interleukin (IL)-6 and decreased produc-
tion of anti-inflammatory mediators such as 
IL-4 and IL-10 [6]. TNF-α is an inflammatory 
cytokine produced by macrophages, which can 
induce cellular growth, death, and regenera-
tion. The TNF-α gene is located in the major his-
tocompatibility complex III region on chromo-
some 6p21.3. Genetic screening of the TNF-α 
gene has revealed that the -238G/A (rs361525) 
and -308G/A (rs1800629) polymorphisms in 
the promoter region of TNF-α, have been relat-
ed to high TNF-α production [7]. TNF-α -308G/A 
is a G to A transition at nucleotide position 308 
in the promoter region of this gene.

A number of studies have reported the associa-
tion between GDM risk and TNF-α -308G/A 
polymorphisms, but the results are controver-
sial. A single case-control study may not have 
enough statistical power to comprehensively 
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demonstrate this complex relationship because 
the sample size involved is relatively small. 
Meta-analysis is a helpful method to analyze 
complicated data from case-control studies 
that are somewhat limited by small sample 
sizes and may represent lower statistical power 
[8]. The purpose of this meta-analysis was to 
investigate the association between the TNF-α 
-308G>A polymorphism and GDM risk through 
conducting a meta-analysis of all relevant arti-
cles published to date.

Methods

Literature search

A systematic document retrieval was perform- 
ed of the Web of Science, Embase, PubMed 
and CNKI databases from their inception to 
2017 without language restrictions. We used 
the following keywords: “tumor necrosis factor” 
or “-308G/A” or “rs1800629” and “gestational 
diabetes mellitus”. All relevant reports identi-
fied were included without language restriction. 
In addition, the references of all the selected 
articles were manually and independently 
searched by two researchers. If more than one 
article was published in the same population, 
we selected the most complete and updated 
publication for this analysis.

Inclusion and exclusion criteria

The publications that we have chosen for our 
research had to meet the following criteria: 1) 
case-control studies that included GDM pa- 
tients and healthy controls; 2) studies that eval-
uated the relationship of TNF-α -308G>A poly-

morphism with GDM risk; 3) all cases were 
diagnosed as having GDM; 4) studies that 
included sufficient data for analysis. We exclud-
ed articles that met the following criteria: 1) 
review papers and animal studies; 2) studies 
that included a lack of data; and 3) articles that 
did not present the target alleles.

Data extraction

Two investigators independently extracted ge- 
netic data from the relevant databases accord-
ing to the selection criteria. All disagreements 
in the extracted data were resolved via a se- 
nior investigator. The following information was 
extracted from the publications: first author’s 
surname, publication date, ethnicity, diagnostic 
criteria of participants, genotyping method, 
mean age of case and control, mean BMI of 
case and control, frequency of genotypes, p 
value for Hardy-Weinberg Equilibrium (HWE) 
test.

Quality evaluation

The quality of the included articles was as- 
sessed according to the Newcastle-Ottawa 
Quality Assessment (NOS) scale [9]. The sys-
tem was divided into three domains with the 
maximum score of 9 points: 4 points for the 
selection of the study groups, 2 points for the 
comparability of the groups, and 3 points for 
the ascertainment of either the exposure or 
outcome of interest for the case-control stud-
ies. Seven stars are considered the cut-off to 
distinguish “high-quality research” from “low-
quality research”.

Figure 1. Detailed process of study selection.
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Table 1. Characteristics of the included studies for meta-analysis

Study included Year Area Race Diagnostic 
criteria Control group Published 

language
Mean age of 
case/control

Mean BMI of 
case/control Cases/Controls

Genotype distribution  
GG/GA/AA HWE 

test
Quality 
scores

Case Control
Chang 2005 China Asian OGTT confirmed Normal glucose tolerant Chinese 30.0/28.0 22.7/31.4 35/35 10/7/18 22/5/8 0.00 5

Yang 2005 China Asian OGTT confirmed Normal glucose tolerant Chinese 29.0/27.0 21.1/20.8 110/159 91/25/4 106/14/0 0.50 6

Zhang 2008 China Asian OGTT confirmed Normal glucose tolerant Chinese 30.1/28.5 NA/NA 30/30 8/9/13 19/11/0 0.22 5

Montazeri 2010 Malaysia Asian OGTT confirmed Normal glucose tolerant English NA/NA NA/NA 110/102 103/4/3 94/6/2 0.00 5

Gueuvoghlanian-Silva 2012 Brazil Mixed GDM patients Non-diabetic participants English 31.3/29.1 28.9/23.2 79/169 59/18/2 133/31/4 0.19 5

Guzmán-Flores 2013 Mexico Mixed OGTT confirmed Normal glucose tolerant English 33.0/25.6 29.6/24.5 51/44 43/7/1 39/5/0 0.70 4

Chen 2016 China Asian OGTT confirmed Normal glucose tolerant Chinese 28.7/29.8 27.3/24.2 50/50 15/25/10 31/17/2 0.86 6
HWE, Hardy-Weinberg equilibrium.
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Statistical analysis

We used the X2 test to assess the HWE of the 
control group for each study, and P < 0.05 was 

considered significant disequilibrium [10]. The 
per-allele OR and 95% CIs were calculated for a 
homozygote comparison (AA vs GG, a heterozy-
gote comparison (GA vs GG), a dominant model 

Table 2. Summary of different comparative results

Variables Na
AA versus GG GA versus GG Dominant model Recessive model

OR [95% CI] Pa OR [95% CI] Pa OR [95% CI] Pa OR [95% CI] Pa

Total 7 5.17 (2.78-9.61) 0.18 1.73 (1.22-2.45) 0.42 2.21 (1.37-3.56) 0.06 4.26 (2.34-7.78) 0.30
    Ethnicity
        Asian 5 6.84 (3.33-14.09) 0.21 2.03 (1.31-3.14) 0.34 2.71 (1.83-4.01) 0.10 2.33 (2.68-10.59) 0.29
        Mixed 2 1.41 (0.32-6.14) 0.64 1.30 (0.73-2.32) 0.97 1.32 (0.76-2.31) 0.86 1.34 (0.31-5.79) 0.63
    HWE
        Yes 5 6.99 (3.03-16.14) 0.13 1.82 (1.25-2.65) 0.60 2.21 (1.55-3.15) 0.14 5.84 (2.54-13.42) 0.19
        No 2 3.43 (1.33-8.80) 0.24 1.35 (0.27-6.60) 0.09 1.85 (0.36-9.49) 0.03 2.83 (1.16-6.90) 0.38
OR: odds ratio; CI: confidence interval; Pa value of Q test for assessing heterogeneity, aNumber of comparisons.

Figure 2. Meta-analysis of the relationship between the TNF-α -308G>A polymorphism and GDM risk.
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(AA+GA vs GG) and a recessive model (AA vs 
GA+GG) between groups. I2 values were calcu-
lated to quantify the percentages of total va- 
riation across studies, with I2>25%, 50%, and 
75% indicating low, moderate, and high hetero-
geneity, respectively [11]. When moderate or 
high between-study variation was found, a ran-
dom-effect model was performed to estimate 
the pooled ORs with their corresponding 95% 
CIs. Sensitivity analysis based on the leave-
one-out method was used to evaluate the in- 
fluence of each article on the overall results 
[12]. We assessed publication bias by using 
Egger’s test [13]. Meta-analysis was performed 

a significantly increased risk of GDM (see 
Figure 2: AA versus GG: OR = 5.17, 95% CI = 
2.78-9.61; GA versus GG: OR = 1.73, 95% CI = 
1.22-2.45; Dominant model: OR = 2.21, 95%  
CI = 1.37-3.56; Recessive model: OR = 4.26, 
95% CI = 2.34-7.78). We then performed strati-
fied analysis to investigate the effect of ethnic-
ity and HWE of control. As for ethnicity, in- 
creased cancer risk was found in Asians (AA 
versus GG: OR = 6.84, 95% CI = 3.33-14.09; 
GA versus GG: OR = 2.03, 95% CI = 1.31-3.14; 
Dominant model: OR = 2.71, 95% CI = 1.83-
4.01; Recessive model: OR = 2.33, 95% CI = 
2.68-10.59).

Figure 3. Sensitivity analysis of the relationship between the TNF-α -308G>A 
polymorphism and GDM risk.

Figure 4. Egger’s funnel plot test. 

using STATA software ver- 
sion 12.0 (Stata Corporation, 
College Station, Texas).

Results

Eligible studies 

The search identified 55 rele-
vant studies, seven of these 
were case-control studies 
that met our inclusion criteria 
and were included in this 
meta-analysis [14-20]. The 
flow chart of study selection is 
shown in Figure 1. Among the 
7 case-control studies, there 
were 5 studies about Asians, 
and 2 studies about mixed 
ethnicities. The genotype dis-
tributions in the controls of all 
studies were in agreement 
with HWE except for two stud-
ies [14, 17]. All included stud-
ies were of low quality as the 
quality score assessment of 
each one was less than or 
equal to 6 points. The base-
line characteristics of the 
included articles are summa-
rized in Table 1.

Meta-analysis results

The main results of this meta-
analysis are presented in 
Table 2. In pooled analysis 
using data from all 7 studies, 
meta-analysis results showed 
that the TNF-α -308G>A poly-
morphism is associated with 



TNF-α polymorphism and gestational diabetes mellitus

6549 Int J Clin Exp Med 2019;12(6):6544-6550

Sensitivity analysis was performed by omission 
of non-HWE studies and the final result was not 
altered, indicating the final conclusion of meta-
analysis had statistical significance (Table 2). 
In addition, sensitivity analysis was performed 
and the results showed that no individual study 
affected the pooled OR (Figure 3), because no 
substantial change was found.

Publication bias

The potential publication bias was evaluated 
via funnel plot and Egger’s test. No publication 
bias was found on visual inspection of the fun-
nel plot (Figure 4). And Egger’s test suggested 
that no publication bias was present in any of 
the comparison models (P>0.05).

Discussion 

GDM is a global public health problem and  
the incidence rate is increasing yearly. Insulin 
resistance induced by pregnancy is rapidly 
reversed upon delivery [21] and is thought to 
be secondary to both greater maternal adipos-
ity and other hormones, including human pla-
cental lactogen, progesterone, leptin, cortisol, 
prolactin, human chorionic gonadotropin, and 
TNF-α as well as other inflammatory mediators 
that are produced by placental and other tis-
sues [22]. Additionally, evidence is accumulat-
ing that susceptibility to GDM has a genetic 
component [23]. We conducted a meta-analy-
sis to investigate the potential association be- 
tween the -308G>A polymorphism in TNF-α, a 
genetic variant of a known T2DM loci, and GDM 
risk [24].

Our meta-analysis, of 7 articles including 465 
cases and 589 controls from different ethnic 
origins, provided us a much higher possibility 
to reach the reasonably strong conclusion. As 
far as we know, this is the first meta-analysis 
performed to investigate the relationship of the 
TNF-α -308G>A polymorphism with GDM. The 
results indicated a significant association be- 
tween this polymorphism and GDM risk, with 
no evidence of between-study heterogeneity. In 
the subgroup analysis by ethnicity, a significant 
association between the TNF-α -308G>A poly-
morphism and GDM was found in Asians, but 
not in the mixed population.

The mechanism of how TNF-α -308G>A poly-
morphism relates to GDM risk remains unclear. 
Several studies have shown that TNF-α plays a 

key role in the pathogenesis of insulin resis-
tance [25, 26]. And the TNF-α -308G>A poly-
morphism increases TNF-α levels and insulin 
resistance in women with GDM [19, 27, 28]. In 
addition, evidence suggest that the TNF-α 
-308G>A and -238G/A polymorphisms syner-
gistically increased the risk of GDM [19]. In- 
teraction between other risk factors and this 
polymorphism in relation to GDM need to be 
further studied.

Several limitations should be addressed. 
Firstly, there are few relevant articles and the 
sample size was not large. Furthermore, all 
included studies were low-quality studies ac- 
cording to NOS Scale. Secondly, because of the 
lack of original data, our results were based on 
unadjusted estimates of ORs without adjust-
ment for individual’s age, sex and environment 
factors (the mother’s healthy lifestyle or the 
exposures to other risk factors). Thirdly, we only 
chose articles from the Web of Science, Em- 
base, PubMed and CNKI databases, and might 
have missed studies in other languages.

Our meta-analysis suggests that the TNF-α 
-308G>A polymorphism is associated with 
GDM susceptibility, especially in Asians. Further 
well-designed articles with larger sample sizes, 
and more environmental factors are needed to 
validate our findings.
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