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ABSTRACT

Objective: To assess the association of vitamin D (VD) and diabetic retinopathy (DR) in patients with
type 2 diabetes mellitus (T2DM).

Method: Literature search was conducted for studies assessing the association of VD and DR. Total 9
studies have a sum total of 1741 patients were included for final analysis.

Results: The concentration of VD in controls ranged from 17.5+£3.6 to 31.9+12.9 ng/ml, while for
T2DM patients without retinopathy it ranged from 11.9444.21 to 23.10+6.12 ng/ml. T2DM patients
with retinopathy had the lowest concentration, ranging from 10.0245.61 to 19.25+7.86 ng/ml. A higher
percentage of T2DM patients without (50.7% to 68.80%) and with (31.2% to 79.63%) retinopathy had
VD deficiency (VDD).

Discussion: An inverse association between VD levels and DR was observed. The concentration of
VD decreases as the stage of DR advances. VD seems to be an easily modifiable risk factor for DR.
Thus, VD supplementation should be encouraged in population at higher risk for diabetic
complications.

Keywords: Vitamin D, cholecalciferol, retinopathy, vitamin D deficiency, diabetic retinopathy,
diabetic complications, type 2 diabetes, systematic review.

Introduction

With the rapid increase in the incidence of
diabetes mellitus (DM) in recent years, the
complications related to diabetes have become a
larger health problem. Inadequately controlled
diabetes precipitates various long-term
microvascular (blindness, neuropathy and
nephropathy) and macrovascular
(cardiovascular and stroke) complications (1, 2)

which form the leading cause of morbidity and
mortality in diabetic patients worldwide (1).
Diabetic retinopathy (DR) being one of the most
prevalent complication of diabetes, is
considered as a major culprit of blindness
globally (1, 3). DR is also the most common
cause of non-traumatic visual loss in the
working-age population. It has been estimated
that the worldwide prevalence of DR was 93
million (35%) and the prevalence of vision-
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threatening DR was 28 million (10.2%) among
diabetic patients in 2010 (4). World Health
Organization estimates that throughout the time
DR accounts for approximately 5% of the
worldwide prevalence of blindness, the
prevalence rises sharply to 15-17% in developed
countries (3).

There are various risk factors that have
been suspected in the pathogenesis of DR, like
hypertension and hyperglycemia. Although,
hypertension and hyperglycemia have
demonstrated strongest association,
interventions directed at improving these factors
have shown moderate success. Thus, the
interactions among neural and retinal vascular
dysfunction and the mechanisms leading to
retinal pathology including neovascularisation
have been questioned recently (3).

In addition to the classical role in skeleton
and bone health, vitamin D (VD) has been
identified to exert non-classical pleiotropic
effects such as anti-inflammatory,
antiangiogenic, antiproliferative, and
immunomodulatory properties (5). It is also
considered to positively regulate hypertension
and blood glucose levels (6). Moreover, it has
been established that maintaining VD at
adequate levels can be a useful technique to
prevent type 2 diabetes mellitus (T2DM) (7).
T2DM and VD deficiency (VDD) have been
considered as pandemic diseases with a number
of health consequences. Furthermore, VDD is
known to be more common in patients with
diabetes (5). VDD has an established role in
developing the risk of diabetic complications as
VD is considered to affect the risk for
retinopathy, due to its immunomodulatory
properties (3). However, the effect of low levels
of VD on causation of type 1 DM (T1DM) is well
established, the association between VDD and
T2DM is not consistent. Evidences collected
from many epidemiological studies, indicate
that most of the T2DM cases are attributable to
manageable habits and lifestyle changes.
Therefore, the identification of easily modifiable
risk factors is crucial for the prevention of

diabetes and its complications (1). Since, the
evidence regarding the association of vitamin is
limited (8), and, the prevalence of VDD is
contentious in T2DM patients (9), this
systematic review has been conducted to
establish or refute the association between VD
and DR.

A recent PubMed search (till March 31,
2017), with the use of terms “vitamin D” and
“retinopathy,” yielded only 159 publications.
Thus, few studies have addressed the question of
the potential implication of VD in the
pathogenesis of DR. Among these studies there
were only 9 publications that met the inclusion
criteria. The aim of this study was to collect
available evidence on the association between
VD and DR, and to summarize the results by
performing a systematic review of published
studies according to Meta-analysis of
Observational Studies in Epidemiology
(MOOSE) group recommendations (10). The
primary objective of this review is to assess
whether there is an association between VD
status and DR in T2DM.

Methods

Criteria for Considering Studies for the
Analysis

All the studies which were retrieved from
different search sources based on search terms
were screened according to the predefined
inclusion and exclusion criteria. Cohort/cross-
sectional/case control studies assessing the
association between VD and retinopathy in
T2DM patients were included in this systematic
review. Studies on T1DM, not related to DR, not
assessing VD levels, pediatric studies,
retrospective studies, studies reporting
combined result on both TIDM and T2DM,
studies reporting combined data on
complications of diabetes and studies with
insufficient data were excluded.
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Data sources and searches

We conducted an electronic literature
search strategy for different PUBMED (till
September 2016) for English language to
identify studies on retinopathy. We further
searched for additional trials in
http://www.clinicaltrials.gov and
http://ctri.nic.in. The search terms used were
vitamin D and retinopathy. Full-text articles
were retrieved and reviewed for performing
systematic review.

Data extraction and analysis

Data extraction from the selected studies
was conducted. Standard Excel spreadsheets
were used for the data extraction. The following
data were collected from the included studies:

162 records identified through
database searching

v

102 potentially relevant articles
identified and evaluated

d——>| meta-analysis, systemic review and

first author, year of publication, number of
participants, mean age, duration of diabetes,
HbA Ic levels, body mass index, insulin therapy,
total cholesterol, triglycerides, high density
lipoprotein and low density lipoprotein.

Results
Search Results

The literature search results are
summarized in the flowchart below (Fig. 1).
After application of the inclusion and exclusion
criteria, predefined in the study protocol, a total
of 9 randomized controlled trials (RCTs) were
included in the final systematic analysis.
Amongst the nine studies included in the
systematic review, six studies compared the VD
levels in controls and in T2DM patients with DR

18 records excluded on the basis of
animal studies

29 records excluded on the basis of

review article

13 records excluded on the basis of
other study design, non-comparative
study, case reports, editorial, letter,
practice guideline, comment, erratum

A 4

v

9 studies included in the systematic
review

93 articles excluded:

17 studies on type 1 diabetes

37 studies not related to diabetes retinopathy

15 studies not assessing vitamin D levels

11 pediatric studies

4 retrospective studies

3 studies reporting combined result on both
type 1 and type 2 diabetes

2 studies reporting combined data on
complications of diabetes

4 studies reporting insufficient data

Fig. 1: Flow diagram of the literature search strategy.
Number of studies identified and rejected at each stage are described.
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(1, 9, 11-14), and 4 studies demonstrated the
difference between controls and T2DM patients
without DR (1, 11-13), one study demonstrated
the difference in the levels in T2DM patients
with or without DR, and further with Grade 1 or
Grade 2-4 DR (8), one study compared the VD
levels in patients without DR with non-sight
threatening DR (NSTDR) and sight threatening
DR(STDR) (15), two studies demonstrated the
difference between control, T2DM patients with
proliferative DR(PDR) (9, 14) and one study
compared the VD levels in controls, T2DM with
PDR and non-proliferative DR (NPDR) (16).

Clinical Characteristics of Study Participants

A total of 9 studies were included,
analyzing 1,741 diabetic patients. The mean age
of controls ranged from 50.7+13 to 60.1+10.9
years, for diabetics without retinopathy the age
ranged from 53.22+0.867 to 58.28+11.39 years,
while for diabetics it ranged from 52.85+8.26 to
61.6+11.5 years. Mean duration of diabetes in
diabetics without retinopathy ranged from
7.24£5.5 to 11.24£5.34 years, whereas, for
diabetics with retinopathy the duration ranged
from 5.34+£3.09 to 13.9+£7.3 years. In the
diabetics without retinopathy the HbAlc levels
ranged from 7.3+1.2% to 10.36+0.65%.
However, in diabetics with retinopathy the levels
ranged from 7.7+1.4% to 10.884+0.55%. The
mean duration of diabetes in patients with PDR
was 22.0+10.5 years, while for NPDR it was
18.9£11.1 years. For patients with NSTDR and
STDR, the mean duration of diabetes was
10.31£7.05 and 11.68+7.26 years, respectively,
while the HbAlc level was 8.94+2.17% and
8.954+2.30% for patients with NSTDR and
STDR, respectively (Table 1).

Vitamin D Concentration and Diabetic
Retinopathy

The mean concentration of VD in controls
ranged from 17.543.6 to 31.9+£12.9 ng/ml, while
the mean concentration of VD for T2DM
patients without retinopathy ranged from
11.94+4.21 t0 23.1046.12 ng/ml. T2DM patients
with retinopathy had the lowest concentration,

ranging from 10.02+5.61 to 19.25+7.86 ng/ml.
The VD level in T2DM patients with NPDR was
23.6+£10.3, whereas, for PDR the concentration
ranged from 11.62+5.69 to 21.10+10.5 ng/ml.
Patients without DR had the highest levels
(20.5£8.1 ng/ml) as compared to patients with
Grade 1 (20£9 ng/ml) and Grade 2-4 DR
(18.6+11 ng/ml). Similarly, patients without DR
had the highest levels (18.86+7.12 ng/ml) as
compared to patients with NSTDR (17.44+6.19
ng/ml) and STDR (15.36+4.81 ng/ml) (Table 2).

Prevalence of Vitamin D Deficiency and
Diabetic Retinopathy

Prevalence of VDD ranged from 34.61%
to 53% in controls. A higher percentage of
T2DM patients without retinopathy and with
retinopathy had VDD, which was in the range of
50.7% to 68.80% in the former and 31.2% to
79.63% in the latter, respectively. Twenty-one
percent T2DM patients with PDR had VDD,
whereas, 18.5% T2DM patients with simple
retinopathy had VDD. Percentage of T2DM
patients having VDD was higher in Grade 2-4
DR (67.1%) vs 55.6% with Grade 1 DR.
Prevalence of VDD was higher in patients with
STDR (85.24%) as compared to NSTDR
(70.18%)(Table 3).

Discussion

DM being the most common endocrine
disorder with its increasing prevalence every
year needs to be addressed urgently (17), as the
complications of diabetes may become larger
health problem. As evident by many
epidemiologic studies, most T2DM cases are
attributable to modifiable habits and lifestyle
factors. Thus, the recognition of easily malleable
risk factors is crucial for the prevention of
diabetes and its complications (1).

Inadequately controlled DM precipitates
various long-term microvascular (blindness,
nephropathy, and neuropathy) and
macrovascular (cardiovascular and stroke)
complications (1, 2), which forms the leading
cause of morbidity and mortality in patients of
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Table 1 : Clinical characteristics of study participants

Duration .
First | Study | o | | Male | Female Age of Hl';;“ellc 1(311(\;1 tll:':r“;;)“y TC TG '({n?gL/ LDL
) N N ,
author | design %o ) (yrs) diabetes (%) mz) (%) (mg/dl) | (mg/dl) dI) (mg/dl)
(yrs)
5426+ 577+ | 25.02 15172 | 153.81 | 31.76 | 104.51
Reddy | Cross. NDC | 99} 55 B Loz | NA 020 |+516| A | 41090 | £17.54 | £220 | 523
etal, | section- 5746+ | 10.69t | 10.88 | 2439 182.73 | 16936 | 27.99 | 12026
2015 | glcase | DR | 821 58 2 1003 | 610 055 |51 | A | 41077 | £13.02 | £129 | 620
(1) | control 5322+ | 1124+ | 1036% | 24.14 171.47 | 185.94 | 26.02 | 121.16
DNR ) 82| 57 B 0867 | 534 065 |+434| A | i1504 | £1722 | £1.68 | +4.90
Ahmadi- 592+ 30.9+
choral | Cross- | Cases | 136 | 387 | 613 | S777 | 8657 | 79516 | "0 NA NA NA | NA | NaA
2013 | section- 60.1% 28.8+
a1 al | Controls | NA | 392 | 608 | -0 NA NA | NA NA NA | NA | Na
ie- + + + + + =+
Alewbic-| Obsery-|  Ng | 144 | 5138 | 4862 | S5 | 72mss | 73010 | 312 NA | 1816+ | 13745 | 48.65 | 1116
meetal, | aional 103 5.2 37 824 | 109 | 309
2015 | case
60.3+ 31.8+ 185.1% | 1405+ | 522+ | 106.4%
trol . . 9473 | 8.348.
8 | contro R 139 | 5108 | 48.92 | Ut | 139473 | 83484 | T 7| NA 05 | 157 | iss | 302
5828+ | 820+ | 8.85: | 2428 472+ | 171+ | 1.08% | 2,79+
NDR 16251 50.72 1 4928 17,55 | (oo 260 | 1352 | NA 1.01 139 | 029 | 0.83
?‘:2081[4 Cross- 5890+ | 1031+ | 8.94% | 24.44 483+1. | 1.85¢1. | 1.09+ | 2.79+
Sec;;"“ NSTDR | 562 | 50.88 | 49.11 14y 7.05 217 |34 NA 28 95 | 027 | 087
(15)
60.664 11.68: | 8.95: | 2424 468+ | 1.6t | L1l | 271
STDR | 333 | 5105 | 4895 1 1) 47| 726 230 | w352 | NA 126 | 142 | 031 | 083
+ +
Bajajer | Cross- | Cases | 158 | 60.12 | 39.88 Ségz 53'3:9 NA NA NA NA NA NA NA
al, 2014 | section- : :
al case 51.87
(12) | control | Controls | 130 | 61.25 | 3875 | 2“0 | NA NA | NA | NA NA NA | NA | NaA
507+ 224+ 1742+ | 75.6+ | 563 | 63.1%
+
NDNR | 45 | 21 | 533 i’ NA 5:06 | 7 NA o T4 s |
Longo- All 550+ 25.8+ 2032+ | 131.8+ | 453+ | 86.7+
=+
Mbenza | . | T2DM 65 | 367 13 NA 19341 75 NA 562 | 455 | 275 | 457
et al, T2DM
control 56.6+ 26.3+ 205.1+ | 1252+ | 46.6= | 86.2+
2014 . 5 j: . . .. . ..
w‘It)h]gut 10| 32 B0 a4 NA - 198843 "5y | 383 546 | 456 | 1188 | 428
(13)
T2DM 53.4+ 252+ 2008+ | 137+ | 435+ | 473+
+
with DR 26| 666 1 5 NA ] 9843 g 391 586 | 451 | 358 | 495
Controls | 20 | 40 60 556 '164i NA NA | NA | NA NA | NA | NA | Na
+
Aksoy NDR | 20 | 60 40 597 '411 43£517 | NA | NA | NA NA NA | NA | NA
etal, '
2000 Cross- 56,01
section-| BDR | 15 | 4666 | 5333 | 0 | 748620 | NA | NA | NA NA NA | NA | NA
(14) al :
PrePDR | 14 | 50 50 557 '811i 97+454 | NA | NA | NA NA NA | NA | NA
+ +
PDR | 17 | 52.94 | 47.05 | >3 12.1 NA | NA | NA NA NA | NA | Na
6.07 4.62
. + +
Suzuki Cases | 581 | 5456 | 4543 | OV0F | 118286 | 77214 | 2 NA NA NA | NA | Na
etal, | Case 11.5 3.9
2006
control 58.0% 22.0¢
© Controls | 51 | 4901 | 50.98 | /- NA | 48506 | g NA NA NA | NA | NA
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ND or 62.0+ 27.9+
4+
on  INA| s L oNa | S NA | sse0s | 1T NA NA | NA | NA | NA
NDand | ()1 g5 | oNa | O8] Na [ssw03 | B wa NA | NA | NA | NA
Payne | Cros | OP 13.3 8.0
+ +
etal, | section-| NoBDR | NA | 51 | NA 6121'43 74278 | 7.542.0 3;; 24 NA | NA | NA | NA
2012 o . .
683% | 18.9% 312t
+
16) NPDR [ NA | 53| Na | or LT |02 7 NA | NA | NA | NA
598 | 220+ EERE"
PDR | NA [ 50 | Na |50 2R0E [ saeg |20 74 NA | NA | NA | NA

Data are mean+tstandard deviation.

*Data in meantstandard error.

DR: diabetic retinopathy, DNR: diabetic without retinopathy, NDC: non-diabetic controls, ND: non-
diabetic, OD: ocular disease, NR: non-retinopathy, R: retinopathy, NDR: no diabetic retinopathy,
NSTDR: non-sight threatening diabetic retinopathy, STDR: sight threatening diabetic retinopathy,
BDR: background diabetic retinopathy, NA: not available, BMI: body mass index, LDL: low-density
lipoprotein, TC: total cholesterol, TG: triglycerides, HDL: high-density lipoprotein.

Table 2 : Vitamin D concentration and diabetic retinopathy

Vitamin D levels (ng/ml)
Author Controls T2DM T2DM T2DM T2DM T2DM | Grade | Grade NSTDR STDR P value
with DR | without | withPDR | with with | 1DR | 2-4DR
DR NPDR  |simple DR

Reddy et

a’=(21‘))15 23.25+61.03 | 17.12+1.05 | 16.71£0.97 NA NA NA NA NA NA NA <0.05*
Ahmadieh

9“1(1112)013 225412 | 21.8+13.7 | 12.355 NA NA NA NA NA NA NA <0.001*
Alcubierre

e’al(,8§015 NA 19.2+10.1 | 20.5+8.1 NA NA NA | 2049 | 18.6+11 NA NA <0.05%*
He et al,

2((1);‘ NA NA 18.86+7.12 NA NA NA NA NA | 17.44£6.19 | 15.3624.81 | <0.01#
Bajaj et

012122)14 27.1949.36 | 23.10£6.12 | 19.25+7.86 NA NA NA NA NA NA NA =0.0001*
Longo-

Mbenza ef | 30.85+6.81 | 15.22+4.4 | 10.0245.61 NA NA NA NA | NA NA NA <0.0001*
al, 2014 (13)

Aksoy et

01212;))00 24.28+6.71 | 11.94+4.21 NA 11.6245.69 |  NA NA NA NA NA NA <0.001*
Suzuki et 175436

al, 2006 17.6+6.6 NA 15.148.0 NA 16.5£6.4 | NA NA NA NA <0.05##

)

Payne et

al,(IZé))IZ 31.9£12.9 NA NA 21.1£10.5 | 23.6£103 | NA NA NA NA NA <0.001*

Data are mean+standard deviation.

T2DM: type 2 diabetes mellitus, DR: diabetic retinopathy, PDR: proliferative diabetic retinopathy,
NPDR: non-proliferative diabetic retinopathy, NSTDR: non-sight-threatening diabetic retinopathy,
STDR: sight-threatening diabetic retinopathy, NA: notavailable.

* cases vs control.

** grade 2-4 retinopathy vs no retinopathy.

#NSTDR and STDR vs without DR.

##PDR vsno DR.
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Table 3 : Prevalence of vitamin D deficiency and diabetic retinopathy

Prevalence of VDD (%)
First Author | Controls | DM without DM with DM | T2DM | T2DM | Grade | Grade | NSTDR | STDR | P value
retinopathy | retinopathy | with with with 1 DR 2-4
PDR | simple | NPDR DR
DR
Reddy et al,
2015 45 66 63 NA | NA NA NA | NA NA NA | <0.05*
ey
Ahmadieh
etal, 2013 53 68.8 312 NA | NA NA NA | NA NA NA NA
(11)
Alcubierre
etal,2015 | NA 50.7 61.9 NA | NA NA | 556 | 67.1 NA NA | <0.05%*
()]
He et al,
2014 NA 63.61 NA NA | NA NA NA NA 70.18 | 85.24 | <0.01#
(15)
Bajaj et al,
2014 34.61 NA 79.63 NA | NA NA NA NA NA NA | =0.0001
(12)
Suzuki et NA
al, 2006 60.3 NA 210 | 185 NA NA | NA NA NA NA
)

Data are mean+standard deviation.

T2DM: type 2 diabetes mellitus, DR: diabetic retinopathy, PDR: proliferative diabetic retinopathy,
NPDR: non-proliferative diabetic retinopathy, NSTDR: non-sight-threatening diabetic retinopathy,
STDR: sight-threatening diabetic retinopathy, NA: not available.

* cases vs control.
** ograde 2-4 retinopathy vs no retinopathy.
#NSTDR and STDR vs without DR.

diabetes worldwide (1). DR being one of the
most prevalent microvascular complications is
considered as a major culprit of blindness
globally (1, 3). Various risk factors have been
implicated in the pathogenesis of DR. Although,
hypertension and hyperglycemia have
demonstrated strongest association with the DR,
interventions directed at improving these have
shown moderate success. Thus, the interactions
among neural and retinal vascular dysfunction
and the mechanisms leading to retinal pathology

including neovascularisation have been
questioned recently (3).

VDD has been associated with increased
risk of chronic diseases, such as cancer, T2DM,
cardiovascular disease, and autoimmune
diseases including T1DM and multiple sclerosis,
as evident from epidemiologic studies (1, 8, 18).
Moreover, a wide prevalence of VDD and DM
has been observed across all ages,
socioeconomic conditions, races, and
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geographic regions. Despite, the well-
established effect of hypovitaminosis D on
causation of T1DM, the relationship between
VD insufficiency and T2DM is inconsistent (1).

Nutritional status, particularly
micronutrients, might influence the risk for DR
by affecting the biochemical mechanisms
underlying DR (1, 3). Moreover, studies have
suggested that VD might influence the risk for
diabetes and its complications (1). VD has
shown pleiotropic effects such as, suppression of
cell-mediated immunity, regulation of cell
proliferation, stimulation of neurotropic factors
like nerve growth factor, glial cell line-derived
neurotrophic factor, neurotropin, suppression of
renin—angiotensin—aldosterone system,
reduction of albuminuria, immunomodulatory
effects (12), anti-inflammatory effects, anti-
angiogenic, and anti-fibrotic properties (12, 19)
and therefore all these VD effects may provide a
potential link between VDD and diabetic
complications (3) including DR, as there are
rising evidences that, inflammation and
angiogenesis are involved in the initiation and
propagation of DR (19). Findings from some
recent studies show a significant inverse
association between 25-hydroxyvitamin D [25
(OH)D] levels and the prevalence of diabetic
microangiopathy, thus suggesting that VD and
microvascular complications are strictly inter-
related. Nonetheless, whether lower levels of
VD are the cause or result of the microvascular
complications are currently unknown (2).
Moreover, the possible role of vitamins in the
pathogenesis of diabetic complications is of
much interest (8).

In a study conducted on T2DM patients
low blood VD concentrations were found to be
associated with an increased risk of macro- and
microvascular disease events (18).
Additionally, a study found an inverse
relationship between 25(OH)D and the severity
of DR, thus concluding that, lower 25 (OH)D
status strongly correlates with a higher
prevalence of microvascular complications in
T2DM patients (2). Another study including

both TIDM and T2DM patients, showed an
association between the severity of DR and
prevalence of VDD (20). Aninverse association
of 25 (OH)D levels with DR was demonstrated
only in men. However, the sex-related variation
in the relationship between 25 (OH)D levels and
DR is uncertain (19). Furthermore, a meta-
analysis demonstrated that VDD is more
prevalent in diabetic patients, and that VD
supplementation may delay or prevent diabetic
complications (21).

In contrast to most reports, serum 25-OH
VD concentrations did not differ between
subjects with or without diabetes in a
retrospective study (21). Another study
conducted retrospectively including both TIDM
and T2DM patients, found no association
between serum 25(OH)D and the presence and
severity of DR (3). Thus, the evidence behind
the association between VD and retinopathy is
non-confirmatory, hence, this systematic review
was performed.

The VD levels were found to be inversely
associated with the presence of DR. The controls
had the highest levels as compared to T2DM
patients with or without DR. Additionally,
T2DM patients without DR had higher levels
than the patients with DR. Moreover, VDD has
been found to be associated not only with the
presence of DR but also with severity of DR. The
concentration of VD decreased at advanced
stages. Patients with Grade 2-4 DR had the lower
concentration as compared to Grade 1, whereas,
patients without DR had higher levels than
Grade 1 patients. Similarly, patients with STDR
had lower concentration than patients with
NSTDR, while patients without DR had highest
concentration. Controls had highest
concentration as compared to T2DM patients
with simple PDR, NPDR and PDR, with PDR
patients having the least concentration. All the
studies included in this systematic review
showed a significant association between the VD
levels and DR.
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VDD was highly prevalent in the T2DM
patients. However, two studies demonstrated
that, the prevalence of VDD was higher in
patients without DR than in patients with DR (1,
11), suggesting the prevalence of VDD
irrespective of the presence of DR, whereas, one
study demonstrated a higher prevalence of VDD
in T2DM patients with retinopathy as compared
to without retinopathy (8). An increased
prevalence of VDD was observed in advanced
stages of DR. The prevalence of VDD was
higher in patients with PDR as compared to
simple DR (9). A higher percentage of patients
with Grade 2-4 had VDD that patients with
Grade 1 DR. Prevalence of VDD was higher in
patients with STDR than in NSTDR (15).

Despite, the scarce evidence behind the
association of VD and DR, this systematic
review suggests an inverse association between
the two. However, the question on the potential
role of VD in the pathogenesis of diabetic
retinopathy is yet to be answered (8). Given
previous research indicating possible anti-
inflammatory and antiangiogenic properties of
VD, the connection between VD and DR
warrants further studies (20).

Conclusion

Through this systemic review, it was
observed that there is an inverse association
between the VD levels and DR. Additionally, the
concentration of VD decreases as the stage of
DR advances. Moreover, the prevalence of VDD
is higher in T2DM patients as compared to
controls, which further increases in the advanced
stages of DR. Based on the results, it is advisable
that VD levels should be routinely monitored in
T2DM patients, as VD seems to be an easily
modifiable risk factor for DR. VD
supplementation should be encouraged in
population at higher risk for the diabetic
complications.
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