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Objective: Interaction between advanced glycation end-products (AGEs) and 
receptor for AGEs (RAGE) in cells could affect both extracellular and intracellular 
structure and function, which plays a pivotal role in diabetic microvascular 
complications. The results from previous epidemiological studies on the 
association between RAGE gene -374T/A polymorphism and diabetic retinopathy 
(DR) risk were inconsistent. Thus, we conducted this meta-analysis to summarize 
the possible association between RAGE -374T/A polymorphism and DR risk. 
Method: We searched all relevant articles on the association between RAGE 
-374T/A polymorphism and DR risk from PubMed, Cochrane Library, ScienceDi-
rect, Wanfang, VIP and Chinese National Knowledge Infrastructure (CNKI) web 
databases up to August 2016. Odds ratio (OR) with 95% confidence interval (CI) 
were calculated to assess those associations. All analyses were performed using the 
Review Manager software. 
Results: Nine case-control studies, including 1,705 DR cases and 2,236 controls 
were enrolled, and the results showed that the A allele of RAGE -374T/A polymor-
phism was significantly associated with increased DR risk in dominant model (TA/
AA vs. TT: OR=1.22, 95CI 1.05-1.41, p=0.006) and heterozygote model (TA vs. TT: 
OR=1.26, 95CI 1.07-1.47, p=0.005). The subgroup analysis by ethnicity showed that 
significantly increased DR risk was found in both Asian and Caucasian populations. 
Conclusion: This meta-analysis reveals that the A allele of RAGE -374T/A 
polymorphism probably increase DR risk.

Keywords: polymorphism, genetic, diabetic retinopathy, meta-analysis.

Introduction
Diabetic retinopathy (DR) is the most common diabetic 
microvascular complications, affecting approximately 
4.8% of diabetes mellitus patients all over the world.1 DR 
is one of the most important health threats and the lead-
ing cause of blindness in diabetes mellitus patients.2 The 
pathophysiology of DR, characterized as basement mem-
brane thickening, pericyte loss, endothelial cell dysfunction, 
microaneurysms, microvascular infarcts and neovascular-
ization, is complex and multifactorial, and has not yet 
been clarified.3-7 DR is a complex disease caused by mul-
tiple genetic, environmental, and clinical factors. Previous 
epidemiological studies have identified several risk factors 

in the pathogenesis of DR, including duration of diabetes, 
poor disease control, systemic hypertension and protein-
uria.8 However, these clinical risk factors account only for 
small portion of the severe forms of DR. Recently, numer-
ous reports have shown that genomics play an important 
role in the susceptibility and progression of DR.9-11

In diabetes mellitus patients, high levels of blood 
sugar lead to nonenzymatic protein glycation and the 
formation of advanced glycation end-products (AGE).12 
AGE could bind to a specific receptor known as receptor 
for advanced glycation end-products (RAGE).13 Many 
studies have investigated that AGEs and RAGE were 
over-expressed in DR.14,15 The interaction of AGE with 
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RAGE could lead to a positive feedback loop that en-
hances the expression of RAGE in the retina, then activates 
a number of transcription factors, adhesion molecules 
and tissue factor, and thus induces oxidative stress, cel-
lular dysfunction, increased vascular permeability, ad-
hesion molecule expression and cytokine production.16-18 
All of these effects could promote procoagulant and hy-
poxic state in the microcapillaries of the retina and leads 
to the initiation of the angiogenic process in prolifera-
tive DR. The RAGE gene is located on chromosome 
6p21.3 in MHC Class III region, and the -374T/A poly-
morphism is the well-characterized genetic variant of 
this gene.19,20 Researches have demonstrated that -374T/
A polymorphism of the RAGE gene could result in a T-
to-A nucleotide substitution, which leads to prevent the 
binding of a nuclear binding factor and thus increase 
RAGE gene transcription activity.20 Therefore, RAGE 
-374T/A variant may result in susceptibility to and pro-
gression of DR. 

Numerous case-control studies have observed the 
association between RAGE -374T/A polymorphism and 
DR risk.20-28 However, their results revealed tremendous 
disparity that may be attributed to possible selection 
bias or individual small-sized studies. Thus, we carried 
out the meta-analysis to distinguish the association 
between the RAGE -374T/A polymorphism and DR risk.

Method
Literature search
Eligible studies were identified using PubMed, Cochrane 
Library, ScienceDirect, Wanfang, VIP and CNKI web da-
tabases with following keywords: “diabetic retinopathy,”  

“RAGE or AGER Receptor for advanced glycation end-
products,” “-374T/A or -374A” and “polymorphism or 
mutation or variant” updated up to October17, 2015. 
Reference lists of relevant articles were reviewed manu-
ally to look for additional studies. We did not restrict 
language of the article in this process.

Inclusion and exclusion criteria
Articles included in this meta-analysis were required to 
meet the following requisites: a) observe an association 
between -374T/A polymorphisms in RAGE gene and DR 
risk; b) apply a case-control or cohort study design; c) 
have enough genotype frequencies in both case and con-
trol groups. The major exclusion criteria were: a) dupli-
cated articles in different databases; b) reviews, comments 
and editorials; c) low-quality studies, for example case-
only studies; d) insufficient data to calculate the effects; 
e) case groups enrolling type 1 diabetes mellitus (T1DM) 

patients only. We only included studies presenting good 
design quality and large sample sizes, in addition to sim-
ilar patient populations.

Data extraction
Two reviewers independently extracted the following 
data from the enrolled studies: The data of the enrolled 
studies, including authors, country, ethnicity, publica-
tion year, source of control, sample size, age, gender fre-
quencies, diabetes mellitus (DM) duration, body mass 
index (BMI) and hemoglobin A1c (HbA1c) levels, and 
genotype frequencies in both case and control groups. 
Disagreements regarding the extracted data between the 
two reviewers were thoroughly discussed in order to reach 
a final consensus.

Statistical analysis
The χ2 analysis was used to test Hardy-Weinberg equilib-
rium (HWE) in control groups and a p-value < 0.05 was 
considered as departure from HWE.29 Pooled odds ratio 
(OR) with 95% confidence intervals (CI) was calculated 
to assess the strength of the association between RAGE 

-374T/A polymorphism and DR risk in allelic comparisons 
(A vs. T), homozygote (AA vs. TT), heterozygote (TA vs. 
TT), dominant (AA/TA vs. TT) and recessive models (AA 
vs. TA/TT), respectively. Heterogeneity among studies 
was evaluated using χ2 test and I2. If substantial hetero-
geneity was present (p<0.10 or I2>50%), the random-effects 
model was used as the pooling method; otherwise, the 
fixed-effects model was applied.30,31 Finally, publication 
bias was evaluated using egger’s linear regression test.32,33 
All statistical analyses of this study were conducted by 
using Review Manager software version 5.2.11 (RevMan; 
Cochrane Collaboration).

Results
Characteristics of eligible studies
The flowchart shows the study selection procedures of 
this meta-analysis (Figure 1). After careful search and 
selection, nine case-control studies with 1,705 cases and 
2,236 controls were enrolled in this meta-analysis. Table 1 
shows the main characteristics of each study. Of the nine 
studies included, five were performed in Caucasian pop-
ulations and four in Asian populations. 

Association of rs1057035 and overall cancer susceptibility
When we pooled all the results of the studies included 
in our analysis, the results showed that RAGE -374T/A 
polymorphism was significantly associated with increased 
DR risk in dominant (TA/AA vs. TT: OR=1.22, 95CI 1.05-
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1.41, p=0.006) and heterozygote (TA vs. TT: OR=1.26, 
95CI 1.07-1.47, p=0.005) models. However, there was no 
association between RAGE -374T/A polymorphism and 
DR risk in allelic comparison, homozygote model, and 
recessive model. Subgroup analysis by ethnicity showed 
that significantly increased DR risk was found in Asian 
populations (TA/AA vs. TT: OR=1.22, 95CI 1.05-1.41, 
p=0.006; AA vs. TT/TA: OR=2.92, 95CI 1.47-7.48, p=0.030; 
AA vs. TT: OR=3.17, 95CI 1.23-8.16, p=0.020), and in 
Caucasian populations (AA vs. TT: OR=1.24, 95CI 1.03-
1.50, p=0.030). When stratified by case sample size, sig-
nificantly increased DR risk was observed in case sample 
size ≥ 150 group (TA vs. TT: OR=1.22, 95CI 1.02-1.45, 
p=0.030), but not in case sample size < 150 group in any 
of the models (Table 2).

Heterogeneity analysis
There was no significant heterogeneity observed in the 
allelic comparison (A vs. T), heterozygote model (TA vs. 
TT), and dominant model (AA/TA vs. TT) for overall anal-
ysis (PQ>0.10), thus, fixed effects model was performed to 
pool the data. However, significant heterogeneity was ob-
served in the homozygote (AA vs. TT) and recessive (AA vs. 
TA/TT) models for overall analysis (both PQ<0.10). Because 
of that, we performed the subgroup analyses to explore the 
source of heterogeneity. Although the results indicated 
that heterogeneity was still significant in Caucasian pop-
ulations (AA vs. TT/TA: PQ=0.03; AA vs. TT: PQ=0.03) and 
in case sample size < 150 group (AA vs. TT/TA: PQ=0.005; 
AA vs. TT: PQ=0.005), it clearly decreased in Asian popula-
tions (AA vs. TT/TA: PQ=0.88; AA vs. TT: PQ=0.87) and in 

FIGURE 1  Flow diagram of search strategy and study selection.

Articles included in the present meta-analysis (N=9)

Articles identified through PubMed, Cochrane Library, ScienceDirect,  

CNKI, Wanfang, VIP databases (N=574): 318 studies in English and  

256 studies in Chinese

Full-text evaluation and data collection after the first selection (N=54)

Excluded based on title and abstract review

Irrelevant articles (N=472)

Epidemiological studies (N=16)

Animal studies (N=21)

Studies analyzing other endpoints such as diabetic 

nephropathy or ischemic heart disease (N=11)

Further excluded:

Reviews or meta-analysis (N=22)

Insufficient data (N=3)

Overlapping data (N=10)

Other receptor for RAGE gene polymorphisms (N=10)
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case sample size ≥ 150 group (AA vs. TT/TA: PQ=0.15; AA 
vs. TT: PQ=0.19) (Table 2).

Publication bias
Both the funnel plots and Egger’s linear regression test 
indicated that there was no significant publication bias 
in any of the above-mentioned inherited models (data 
not shown).

Discussion
This meta-analysis included nine case-control studies 
with 1,705 DR cases and 2,236 controls, and the results 
showed that the A allele of RAGE -374T/A polymorphism 
was significantly associated with increased DR risk in the 
dominant and heterozygote models.

The deregulation of AGEs and RAGE is supposed to 
play a pivotal role in diabetes mellitus development and 
progression.34 Many studies have investigated that AGEs 
and RAGE were overexpressed in the target organ of dia-
betic microvascular complications.35 AGEs and RAGE 
play a complex role in DR through their ability to activate 
several intracellular cascades, such as NADPH-oxidase/
NF-Kb and p21ras/MAP-kinase/AP-1 pathway.36 The 
interaction of AGE with RAGE could lead to a positive 
feedback loop that enhances the expression of RAGE in 
the retina, then induces oxidative stress, cellular dysfunc-
tion, increased vascular permeability, adhesion molecule 
expression, cytokine production and initiation of coagu-
lation, and thus causes a plethora of deleterious effects.16-18

Given the critical function of RAGE in oxidative stress 
and inflammatory response in DR, it is reasonable to 
suppose that host genomic polymorphism of RAGE may 
influence DR risk. -374T/A polymorphism is located in 
the promoter region of the RAGE gene, which could affect 
RAGE mRNA and protein expression. Recently, several 
studies have researched the role of -374T/A polymorphism 
in the etiology of DR.20-28 However, their results were not 
consistent. One meta-analysis was conducted by Lu et 
al.37 to assess the association of RAGE -374T/A polymor-
phism with DR risk. However, there were numerous ad-
vantages of our research over that of Lu et al.37 First, our 
meta-analysis included a total of nine Chinese populations 
with 1,705 DR cases and 2,236 controls, which enrolled 
more studies and subjects than the aforementioned stud-
ies. Second, compared with the study by Lu et al., our 
meta-analysis performed a subgroup analysis that could 
clarify possible bias from different ethnic populations 
and sample sizes.37 Therefore, our meta-analysis could 
provide additional precision to characterize the associa-
tion of the RAGE -374T/A polymorphism with DR risk. 

Third, the study by Lu et al. did not find an association 
of the RAGE -374T/A polymorphism with DR risk in any 
genetic models.37 However, our meta-analysis results 
showed that the A allele of RAGE -374T/A polymorphism 
was significantly associated with increased DR risk in 
both the dominant and heterozygote models. The A allele 
of RAGE -374T/A polymorphism may prevent the bind-
ing of a nuclear binding factor, leading to increased RAGE 
gene transcription activity, and thus contributes to in-
crease the risk of DR.

In the subgroup analysis by ethnicity, there were differ-
ent results in Asian and Caucasian populations. One reason 
may be that the number of studies and number of subjects 
in Asian and Caucasian populations were relatively small, 
yielding insufficient statistical power to observe the same 
association in different populations. The other reason may 
be that Asian and Caucasian populations have different 
genetic backgrounds, life-styles, and dietary habits, and 
therefore produce different degrees of DR susceptibility.

In addition, significant heterogeneity was observed in 
our meta-analysis. Thus, we performed subgroup analyses 
stratified by ethnicity and sample size in order to explore 
the potential sources of heterogeneity, and the results clear-
ly showed less heterogeneity in Asian populations and in 
case sample size ≥ 150 group, which was still significant in 
Caucasian populations and in case sample size < 150 group. 
The reason may be that we were not able to perform an 
analysis adjusted for the demographic characteristics and 
clinical features, which were also sources of heterogeneity 
as the unavailable individual data of the eligible studies.

Despite the meaningful results from our meta-analysis, 
there were also some limitations. First, although we in-
cluded nine studies with 3,941 subjects to investigate the 
association of RAGE -374T/A polymorphism with DR risk, 
sample size was still not big enough to provide adequate 
statistical power. Second, there are other important genetic 
polymorphisms involved in AGE-RAGE interaction and the 
downstream oxidative stress and inflammatory response 
pathways that may affect the risk of DR, such as AGEs, en-
dothelin 1, nitric oxide synthase 3, and lymphotoxin-α gene 
polymorphisms. Nevertheless, we did not research the po-
tential interactions of the RAGE -374T/A polymorphism 
with them as there were no sufficient data.

In conclusion, our meta-analysis suggests that the A 
allele of RAGE -374T/A polymorphism might confer a 
moderately augmented risk for DR. We also conducted a 
subgroup analysis for ethnicity, the potential confound-
ing of DR, to further clarify this association. Further 
well-designed studies with larger sample sizes and function 
researches are warranted to validate our findings.
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