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Abstract: Vitamin D is a multifunctional pro-hormone, which is suggested to have protective effects against diabetes 
mellitus. Several studies showed a possible association between vitamin D deficiency and diabetic retinopathy (DR) 
in patients with diabetes. However, the results have been inconsistent. So, a systematic meta-analysis was per-
formed to comprehensively assess the association between serum 25-hydroxyvitamin D [25(OH)D] levels and DR in 
patients with diabetes. In this study, multiple databases were searched until May 2015 to identify relevant studies. 
The search term was “vitamin D” and “diabetic retinopathy”. We identified eleven studies on association between 
vitamin D deficiency and DR in patients with diabetes mellitus and five studies on association between vitamin 
D deficiency and DR in patients with T2DM, The data were accessed by software Review manager 5.2. A total of 
6851 diabetic patients and 2189 T2DM patients were finally included into the meta-analysis. Meta-analysis showed 
that there were obviously decreased serum 25(OH)D levels in DR patients [95% confidence interval (CI) 0.92 to 
2.51, P<0.00001]. Vitamin D deficiency was also significantly associated with increased risk of DR in patients with 
T2DM [odds ratio (OR) 1.15, 95% CI 0.84-1.56, P<0.00001]. Meta-analysis of three studies with adjusted estimates 
showed that vitamin D deficiency was independently associated with increased risk of DR in patients with type 2 
diabetes (OR 2.68, 95% CI 1.67-4.30, P<0.0001). We did not find evidence of publication bias. In conclusion, Vita-
min D is involved in the development of DR in diabetic patients, and vitamin D deficiency is very likely to be associ-
ated with DR in type 2 diabetic patients. Further studies are needed to validate the association between vitamin D 
deficiency and DR.
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Introduction

Diabetic retinopathy (DR), which is among the 
most common diabetes complications [21, 22, 
34], which affects more than 300 million indi-
viduals in the world with significant morbidity 
and mortality worldwide. Major risk factors for 
DR include a longer diabetes duration, age, 
smoking, poor glycemic control, and hyperten-
sion [10, 35], which have been strongly and 
consistently associated with DR across popul- 
ations.

In parallel to the increase in the prevalence of 
diabetes mellitus, there has been a resurgence 
of vitamin D deficiency worldwide [1, 8, 25, 29], 
and much evidence have suggested that VDD 
is involved in the development of various dis-
eases including diabetes [2, 3], cardiovascular 

disease [4, 7, 23], cancer [24], and autoimmune 
diseases. Recent studies have shown that VD 
has inhibitory effects on inflammation and pro-
liferation in endothelial cells, and angiogenesis 
[28, 31], which are involved in the development 
of DR. In addition, recent studies have also 
shown that Vitamin D receptor (VDR) is expre- 
ssed in retina [5, 6, 9], and VD has direct inhibi-
tory effects on the development of DR in experi-
mental animal models. Albert et al. revealed 
that VD inhibits retinal neovascularization in a 
mouse oxygen-induced ischemic retinopathy 
model. Ren et al. revealed that VD has protec-
tive effects on DR by inhibiting vascular endo-
thelial growth factor (VEGF) and transforming 
growth factor-b1 (TGF-b1) in the retinas of dia-
betic rats. In addition, some human genetic 
studies have shown that polymorphisms of VDR 
gene are associated with DR. These results 
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suggest a role of VD in the pathogenesis of the 
development of DR.

Several studies reported a high prevalence of 
vitamin D deficiency in DR patients with diabe-
tes. However, subsequent studies reported 
inconsistent results. As small sample size may 
have led to a weak or non-significant associa-
tions in those studies, the aim of this meta-
analysis was to examine the association bet- 

cross-sectional study which reported serum 
vitamin D levels of DR patients. Two authors 
(F.L. and K-X. W.) extracted data independently 
and disagreements were resolved by discus-
sion. Information on each study is provided in 
Table 1.

In the meta-analysis graphical representation, 
the area of the black square indicates the 
weight contributed by each study. Heterogeneity 

Table 1. Characteristics of observational studies on 25-hydroxyvitamin D levels and Diabetic Reti-
nopathy

Author Year Country Age
Control (DM) Case (BDR1, NPDR2, PDR3)

Number Male 25(OH)D (ng/ml) Number Male 25(OH)D (ng/ml)
HULYA AKSOY [10] 2000 Turkey 57.3±7.37 20 12 29.8±10.50 46 23 30.9±12.48 1

35.3±13.30 2
29.0±14.20 3

Naoki Shimo [11] 2014 Japan 28.5±5.5 31 - - 44 - -
HARLEENKAUR [12] 2011 Australia 14.9±2.4 95 - - 400 - -
Hala Ahmadieh [13] 2013 Lebanon 59±11 105 - - 31 - -
R. He [14] 2014 CHINA 59.03±11.67 625 317 18.86±7.12 895 456 17.44±6.19

15.36±4.81
Patricia A [15] 2014 American 62.7±11.1 1522 - - 268 - -
John F. Payne [16] 2012 Atlanta 82 24.3 41 23.6 2

21.1 3
Barbara J [17] 2014 Africa 55.2±13 84 39 38±11.3 66 26 25.1±14.8
Shokoufeh [18] 2014 Iran 54.8±9.4 153 27 10.3±9.4 72 15 9.0±7.0

10.1±6.8
Sarita Bajaj [19] 2014 India 52.85±8.26 104 - 23.10±6.12 54 - 19.25±7.86
Donghyun Jee [20] 2014 Korean 60.4±0.3 1738 954 18.7 (0.2) 375 204 18.3 (0.4)

Figure 1. Flow chart of literature search and study selection.

ween serum vitamin D and 
DR.

Methods

We generally followed the 
Meta-analysis of Observatio- 
nal Studies in Epidemiology 
(MOOSE) guidelines. We sea- 
rched literature published in 
PubMed, EBSCO, and Springer 
database until May 2015 to 
identify relevant studies that 
assessed the association 
between serum 25-hydroxyvi-
tamin D and DR. Search terms 
included “vitamin D” and “dia-
betic retinopathy”.

Because there were no cohort 
studies, we could only select 
and analyze case-control and 
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was estimated by I2, substantial hetero-geneity 
exists when I2 exceeds 50%. A random effect 
model was used if heterogeneity was observed, 
while the fixed-effect model was applied in the 
absence of heterogeneity. All analyses were 
performed using Review Manager 5.2 software 
(Cochrane Collaboration, Oxford, England). A P 
value of less than 0.05 was considered to be 
statistically significant.

Results

Figure 1 presents a flow chart of the study 
selection process. We initially identified a total 
of 383 articles. After screening titles and 
abstracts, reviews and irrelevant articles, 15 
relevant articles remained for full-text evalua-
tion. Finally 11 studies were included in our 
study. Characteristics of the selected studies 
are presented in Table 1.

Meta-analysis of 25-hydroxyvitamin D and DR

In total, 6851 participants were included in this 
analysis. There was significant heterogeneity 
among the 11 studies (I2 = 84%, P<0.00001) 
and therefore a random effect model was used. 
The serum 25OHD levels of DM group was 1.51 
ng/mL [95% confidence interval (CI): 0.92-2.51, 
P<0.0001] lower than in control group (Figure 
2A).

Meta-analysis of 25-hydroxyvitamin D and DR 
in patient with T2DM

A total of 2189 participants were included. 
Again a random effects model was used 
because of significant heterogeneity among the 
5 studies (I2 = 98%, P<0.00001). The serum 
25OHD levels of T2DM group were 1.15 ng/ 
mL [95% confidence interval (CI): 0.84-1.56, 

Figure 2. Meta-analysis of DM group and T2DM group. A: DM; B: T2DM.



Serum 25-hydroxyvitamin D levels and diabetic retinopathy

12846	 Int J Clin Exp Pathol 2016;9(12):12843-12848

P<0.00001] lower than the control group 
(Figure 2B).

Discussion

Recently, studies have evaluated the associa-
tion between VD and the risk of DR [10, 32]. 
However, the results remain conflicting and 
inconsistent, and thus a systematic review and 
meta-analysis of association between the VD 
and DR were of great value. Our meta-analysis 
shows that patients with DR have a lower level 
of serum 25OHD. 

If this association represents a causal link, 
complex mechanisms may be involved. Vitamin 
D affects on insulin secretion and insulin sensi-
tivity [27]. It has immunosuppressive effect, 
anti-fibrotic properties and causes suppression 
in rennin-angiotensin system (RAS). A recent 
study suggested that vitamin D inhibited retinal 
neovascularization in a mouse model of c reti-
nopathy and restrained endothelial cell prolif-
eration in cell culture. Further rischaemie-
search indicated that vitamin D had a protective 
effect on diabetic retinopathy via the inhibition 
of inflammation, vascular endothelial growth 
factor [33] and transforming growth factor-β1 
(TGFβ1) expression in retinal tissues. Some 
study VD can inhibit the oxidative stress among 
DM patients with DR [36]. Data from animal 
models support a causal role for vitamin D defi-
ciency in proliferative retinopathy. Vitamin D 
deficiency may play a role in the pathogenesis 
of diabetic retinopathy. Masayuki Ouchi et al. 
represents Vitamin D-binding protein existed in 
vitreous from diabetic macular edema, which 
may play a role in the pathogenesis.

Some clinical trials have shown beneficial 
effects of vitamin D receptor (VDR) on DR [30]. 
Furthermore, the vitamin D receptor (VDR) is 
present in the human retina, and polymor-
phisms of VDR gene are related to retinopathy 
in patients with type 1 diabetes [26]. Data from 
Taverna MJ also support the association 
between VDR and low risk for severe diabetic 
retinopathy, especially in patients with long 
duration. Cyganek K et al. reported that VDR 
gene polymorphisms did not constitute a risk 
factor for type 2 diabetes patients in Polish. 
Zhelong Liu et al. did not find any association of 
the three polymorphisms (BsmI, ApaI and TaqI) 
with an increased diabetic microvascular com-
plications (DMI) risk in overall and subgroup 

analysis by meta-analysis. However, due to 
complicated interactions of environmental fac-
tors and multiple genes, the precise role of VDR 
gene FokI polymorphism in DR remains elusive. 
Additional future studies should be performed 
to focus on the function of the VDR gene FokI 
polymorphism.

In the present meta-analysis, there existed a 
significant heterogeneity among the eleven 
studies. The sources of heterogeneity may 
come from ethnicity, gender, age, and so on, 
which was not performed on account of lack of 
information in these studies.

Conclusions

In conclusion, this meta-analysis had pooled all 
the available data related to the 25OHD and 
DR, and indicated that the 25OHD may be an 
increased susceptibility to DR. Therefore, more 
well-designed and large sample studies are 
warranted to confirm this conclusion, and to 
fully understand the mechanism of DR. 
Additionally, prospective cohort studies in com-
bination with analyses of other gene and envi-
ronment factors are also necessary to explore 
the true effect of the 25OHD on the risk of DR.
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