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Abstract: Some studies were conducted to investigate the association between signal transducer and activator 
of transcription 4 (STAT4) polymorphisms and diabetes risk. However, the results were inconsistent. We thus did 
a meta-analysis. We searched the articles in the PubMed, Embase and CNKI databases (the last search updated 
on November 2014). Pooled odds ratios (OR) with 95% confidence intervals (CI) were derived from random-effects 
models or fixed-effects models. Ten case-control studies with 18931 cases and 23833 controls were included in 
this study. STAT4 rs7574865 polymorphism was significantly associated with diabetes risk (OR = 1.28; 95% CI 
1.16-1.42; P < 0.00001). This polymorphism also increased type 1 diabetes risk significantly (OR = 1.27; 95% CI 
1.15-1.41; P < 0.00001). In the subgroup analysis by ethnicity, a significant association was found among Asians 
(OR = 1.33; 95% CI 1.04-1.71; P = 0.02) and Caucasians (OR = 1.24; 95% CI 1.12-1.38; P < 0.0001). In the sub-
group analysis by age, both children (OR = 1.28; 95% CI 1.12-1.45; P = 0.0002) and adults (OR = 1.27; 95% CI 
1.13-1.42; P < 0.0001) with this polymorphism showed increased diabetes risk. Other STAT4 polymorphisms were 
not investigated in this meta-analysis due to insufficient data. This meta-analysis indicated that STAT4 rs7574865 
polymorphism was associated with diabetes risk.
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Introduction

Diabetes is one of the metabolic diseases. 
More than 20 million Americans and over 170 
million individuals worldwide suffer from diabe-
tes [1]. Type 1 diabetes (T1D) and T2D are two 
main forms of this disease. Diabetes is thought 
to develop from an interaction between envi-
ronmental and genetic factors, indicating that 
there is a strong genetic basis for this disease 
[2-4].

Signal transducer and activator of transcription 
4 (STAT4) is a central mediator in generating 
inflammation during protective immune 
responses and immune-mediated diseases. 
Because STAT4 is required for the development 
of fully functional Th1 cells, STAT4-deficient 
mice are protected from the effects of T-cell-
mediated autoimmune diseases. In models of 
experimental diabetes, STAT4-deficient mice 
display less disease and decreased parame-
ters of inflammation compared with WT mice 
[5, 6]. Therefore, STAT4 might play an important 

role in the development of diabetes, especially 
T1D.

STAT4 was mapped on chromosome 2q32.2-
q32.3. Several polymorphisms, such as 
rs11889341, rs7574865, rs8179673, and 
rs10181656 have been identified. The most 
commonly studied functional variant in the 
STAT4 gene is rs7574865. This polymorphism 
has been reported to be associated with some 
diseases, such as rheumatoid arthritis, hepato-
cellular carcinoma, ulcerative colitis, and pul-
monary tuberculosis [7-10]. Some studies also 
investigated the association between STAT4 
polymorphisms and diabetes risk [11-20]. 
However, the results remained inconclusive. 
One meta-analysis including three studies tried 
to determine the association between STAT4 
rs7574865 polymorphism and diabetes risk 
[21]. However, Zheng et al. found that this poly-
morphism was not associated with T1D [21], 
which was inconsistent with recent studies [19, 
20]. Therefore, we performed a meta-analysis 
to clarify the association between STAT4 poly-
morphisms and diabetes risk.
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Materials and methods

Search for publications

We searched the articles using the search 
terms “Signal transducer and activator of tran-
scription 4”, “STAT4”, “diabetes” and “polymor-
phism” in the PubMed, Embase and CNKI data-
bases, and the last search updated on 
November 2014. Additional studies were iden-
tified by a hand search of references of original 
studies or review articles on the association 
between STAT4 polymorphisms and diabetes 
risk. No publication date or language restriction 
were imposed.

Inclusion and exclusion criteria

The following inclusion criteria were used: (1) 
the study should have evaluated the associa-

tion between the STAT4 polymorphisms and 
diabetes risk; (2) the study should have a case-
control design; (3) sufficient data should have 
been provided in order to calculate odds ratios 
(OR) and 95% confidence intervals (CI). Studies 
were excluded if any of the following conditions 
applied: (1) irrelevant to diabetes or STAT4; (2) 
abstract or review; (3) non-clinical study; (4) 
studies were repeated or publications over- 
lapped.

Data extraction

Two investigators independently extracted data 
and reached consensus on the following char-
acteristics of the selected studies: the first 
author’s name, year of publication, ethnicity of 
the study population, diabetes type, ages 
group, numbers of cases and controls, and 
STAT4 polymorphisms.

Table 1. Characteristics of the included studies in this meta-analysis
First author Year Ethnicity Diabetestype Age group Case number Control number HWE Polymorphisms
Lee 2008 Asian T1D Children 389 152 Yes rs11889341, rs7574865, 

rs8179673, rs10181656

Martinez 2008 Caucasian T1D Children 311 716 Yes rs7574865

Zervou 2008 Caucasian T1D Children 101 203 Yes rs7574865

Fung 2009 Caucasian T1D Children 8010 9733 Yes rs7574865

Kofteridis 2009 Caucasian T2D Adult 126 344 Yes rs7574865

Howson 2011 Caucasian T1D Adult 590 938 Yes rs7574865

Park 2011 Asian T1D Children 418 1060 Yes rs11889341, rs7574865, 
rs8179673, rs10181656

Plagnol 2011 Caucasian T1D Children 8506 10118 Yes rs7574865

Fourati 2012 Caucasian T1D Adult 70 162 Yes rs7574865

Bi 2013 Asian T1D Children 410 407 Yes rs7574865, rs3024866
PCR, polymerase chain reaction; HWE, Hardy-Weinberg equilibrium; NA, not available.

Figure 1. Meta-analysis for the association between STAT4 rs7574865 polymorphism and diabetes risk. 
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Statistical analysis

OR and 95% CI were employed to evaluate the 
strength of the association between STAT4 
polymorphisms and diabetes risk. Departure 
from Hardy-Weinberg equilibrium (HWE) in con-
trols was tested by the chi-square test. The Q 
statistic and the I2 statistic were used to assess 
the degree of heterogeneity among the studies 

A total of 10 case-control studies with 18931 
cases and 23833 controls on the association 
between STAT4 polymorphisms and diabetes 
risk were included for this meta-analysis [10-
20]. There were 3 studies of Asian population 
and 7 studies of Caucasian population. One 
study included T2D patients, while other stud-
ies all included T1D patients. Three studies 
used adults and 7 studies used Children. All 

Figure 2. Cumulative meta-analysis of the association between STAT4 
rs7574865 polymorphism and diabetes risk.

included in the meta-analy-
sis. If heterogeneity was 
observed among the stud-
ies, the random-effects 
model was used to estimate 
the pooled OR (the Der- 
Simonian and Laird method). 
Otherwise, the fixed-effects 
model was adopted (the 
Mantel-Haenszel method). 
The Galbraith plot was used 
to find the source of the het-
erogeneity. Subgroup analy-
ses were carried out by eth-
nicity, diabetes type, and 
age group. Cumulative meta-
analysis was carried out. 
Sensitivity analysis was per-
formed through sequentially 
excluded individual studies 
to assess the stability of the 
results. The potential publi-
cation bias was examined 
visually in a funnel plot of log 
[OR] against its standard 
error (SE), and the degree of 
asymmetry was tested using 
Egger’s test.

All statistical tests were per-
formed using Revman 5.1 
software (Nordic Cochrane 
Center, Copenhagen, Den- 
mark) and STATA 11.0 soft-
ware (Stata Corporation, 
College Station, TX, USA). A P 
value < 0.05 was considered 
statistically significant, exce- 
pt for tests of heterogeneity 
where a level of 0.10 was 
used.

Results

Characteristics of studies

Figure 3. Sensitivity analysis of the association between STAT4 rs7574865 poly-
morphism and diabetes risk.
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studies investigated the association between 
STAT4 rs7574865 polymorphism and diabetes 
risk. Two studies reported the results of 
rs11889341, rs8179673 and rs10181656, 
one study reported the result of rs3024866. All 
studies suggested that the distribution of geno-
types in the controls was consistent with HWE. 

cantly (OR = 1.27; 95% CI 1.15-1.41; P < 
0.00001). In the subgroup analysis by ethnicity, 
a significant association was found among 
Asians (OR = 1.33; 95% CI 1.04-1.71; P = 0.02) 
and Caucasians (OR = 1.24; 95% CI 1.12-1.38; 
P < 0.0001). In the subgroup analysis by age, 
both children (OR = 1.28; 95% CI 1.12-1.45; P = 

Figure 4. Galbraith plot of STAT4 rs7574865 polymorphism and diabetes risk.

Figure 5. Funnel plot of the associations between STAT4 rs7574865 polymor-
phism and diabetes risk.

The characteristics of each 
case-control study are pre-
sented in Table 1.

Results of meta-analysis

Because the data of 
rs11889341, rs8179673, 
rs10181656, and rs3024- 
866 polymorphisms were 
limited, only the association 
between STAT4 rs7574865 
polymorphism and diabetes 
risk was calculated in this 
meta-analysis. STAT4 rs75- 
74865 polymorphism was 
significantly associated with 
diabetes risk (OR = 1.28; 
95% CI 1.16-1.42; P < 
0.00001), as shown in Figure 
1. This polymorphism also 
increased T1D risk signifi-
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0.0002) and adults (OR = 1.27; 95% CI 1.13-
1.42; P < 0.0001) with this polymorphism 
showed increased diabetes risk. All the results 
are listed in Table 2.

Cumulative meta-analysis and sensitivity 
analysis

With regard to the cumulative meta-analysis, 
the evidence was observed to support a signifi-
cant association of the STAT4 rs7574865 poly-
morphism and diabetes risk (Figure 2). As 
shown in Figure 3, sensitivity analysis did not 
influence the result excessively by omitting any 
single study.

Heterogeneity analysis

There was significant heterogeneity (I2 = 65%, P 
= 0.002) in the meta-analysis. As shown in 
Figure 4, three studies were the outliers. After 
excluding these studies, the heterogeneity 
effectively decreased and there was no obvi-
ous heterogeneity among the remaining stud-
ies (I2 = 0%, P = 0.63). Besides, the result was 
still statistically significant (OR = 1.22, 95% CI 
1.13-1.31, P < 0.00001).

Test of publication bias

The shape of the funnel plot seemed symmetri-
cal (Figure 5). Egger’s test showed no evidence 
of publication bias (P = 0.122).

Discussion

This meta-analysis systematically investigated 
the STAT4 polymorphisms and diabetes risk. 
Ten case-control studies with a total of 18931 
cases and 23833 controls were included. In 
this meta-analysis, STAT4 rs7574865 polymor-
phism was significantly associated with diabe-
tes risk, especially T1D. In the subgroup analy-

sis by ethnicity, both Asians and Caucasians 
with STAT4 rs7574865 polymorphism had an 
increased diabetes risk. In the subgroup analy-
sis by age, the increased risk of diabetes was 
detected in both children and adults. Moreover, 
to investigate the stability of the result, we per-
formed sensitivity analyses. Removal of each 
study did not alter the result, suggesting the 
reliability of our result. The cumulative meta-
analysis showed a trend of significant associa-
tion between this polymorphism and the risk of 
diabetes. Again, this procedure proved that our 
result was robust. Thus, results from this meta-
analysis suggested that STAT4 rs7574865 poly-
morphism was associated with diabetes risk.

A previous study suggested that selective inhi-
bition of the STAT4 signal transduction pathway 
might prevent clinical insulin-dependent diabe-
tes mellitus in prediabetic individuals at risk 
[6]. In addition, Yang et al. indicated that inter-
ruption of IL-12-mediated STAT4 activation pre-
vented autoimmune diabetes in NOD mice [22]. 
The rs7574865 polymorphism is located in the 
third intron of the STAT4 gene, and its actual 
functional consequence remains to be identi-
fied, given that the connection between diabe-
tes and STAT4 rs7574865 polymorphism is not 
clear so far. It was possible that rs7574865 
polymorphism might influence STAT4 produc-
tion or phosphorylation procedure. This ques-
tion should be assessed in the future.

Some limitations in this meta-analysis should 
be addressed. First, only published studies that 
were included in the selected electronic data-
bases were identified; it is possible that some 
relevant published or unpublished studies may 
have been missed. Second, the effect of gene-
gene and gene-environment interactions was 
not addressed in this meta-analysis, because 
of limited available data. Third, other STAT4 

Table 2. The effect of STAT4 rs7574865 polymorphism on diabetes 
No. of 

studies
Test of association

Model
Heterogeneity

OR (95% CI) Z P Value χ2 P Value I2 (%)
Overall 10 1.28 (1.16-1.42) 4.79 < 0.00001 R 25.79 0.002 65
T1D 9 1.27 (1.15-1.41) 4.55 < 0.00001 R 23.91 0.002 67
Asian 3 1.33 (1.04-1.71) 2.25 0.02 R 4.95 0.08 60
Caucasian 7 1.24 (1.12-1.38) 4.13 < 0.0001 R 15.38 0.02 61
Children 7 1.28 (1.12-1.45) 3.74 0.0002 R 21.52 0.001 72
Adult 3 1.27 (1.13-1.42) 4.07 < 0.0001 F 1.98 0.37 0
F, fixed-effects model; R, random-effects model.
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polymorphisms were not investigated in this 
meta-analysis due to insufficient data.

This meta-analysis suggested that STAT4 
rs7574865 polymorphism was a risk factor of 
diabetes.
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