Journal of Endocrinology, Metabolism and Diabetes of South Africa 2021; 26(3):82-88

https://doi.org/10.1080/16089677.2021.1903170

Open Access article distributed under the terms of the
Creative Commons License [CC BY-NC 4.0]
http://creativecommons.org/licenses/by-nc/4.0

JEMDSA

ISSN 1608-9677 EISSN 2220-1009
© 2021 The Author(s)

ARTICLE

Correlation between vitamin D serum levels and severity of diabetic
retinopathy in patients with type 2 diabetes mellitus

Gauhar Nadri®, Sandeep Saxena®*, Apjit Kaur®, Kaleem Ahmad®, Pragati Garg®, Abbas Ali Ma.hdi", Levent Akduman®,
Katarina Gazdikova®*, Martin Caprnda’, Pavol Vesely?, Peter Kruzliak™* and Vladimir Krasnik'

“Department of Ophthalmology, King George’s Medical University, Lucknow, India

bDepartment of Biochemistry, King George’s Medical University, Lucknow, India

“Department of Ophthalmology, Era’s Lucknow Medical College and Hospital, Lucknow, India

9Department of Ophthalmology, Eye Institute, St Louis University, St Louis, MO, USA

®Department of General Medicine, Faculty of Medicine, Slovak Medical University, Bratislava, Slovakia

f2nd Department of Internal Medicine, Faculty of Medicine, Comenius University and University Hospital, Bratislava, Slovakia

9Eye Clinic Vesely, Bratislava, Slovakia

ond Department of Surgery, Faculty of Medicine, Masaryk University and St. Annés University Hospital, Brno, Czech Republic
'‘Department of Ophthalmology, Faculty of Medicine, Comenius University in Bratislava and University Hospital, Bratislava, Slovakia

*Correspondence: Peter Kruzliak, kruzliakpeter@gmail.com; Sandeep Saxena,
sandeepsaxena2020@yahoo.com; Katarina Gazdikova, katarina.gazdikova@szu.sk

W) Check for updates

Purpose: To study the correlation of serum vitamin D levels with quantitative (central subfield thickness [CST], cube average
thickness [CAT]), cross-sectional (disorganisation of retinal inner layer [DRIL] and ellipsoid zone [EZ]) and topographic
parameters (retinal pigment epithelium [RPE]) on spectral domain optical coherence tomography (SD-OCT) in diabetic
retinopathy (DR), for the first time.

Methods: Eighty-eight consecutive cases of type 2 diabetes mellitus with no retinopathy (No DR; n = 22); non-proliferative DR
(NPDR; n = 22); proliferative DR (PDR; n = 22) and healthy controls (n = 22) were included, after sample size calculation. On SD-
OCT, physician-friendly grading systems were created for DRIL, EZ disruption and RPE alterations. Serum vitamin D was
analysed using a standard protocol. Statistical analysis was done using Pearson correlation, Student’s t-test, ANOVA,
Newman-Keuls test, chi-square test and univariate ordinal logistic regression analysis.

Results: Mean serum vitamin D levels (ng/ml) were: No DR = 23.36 + 2.00, NPDR = 17.88 + 1.86, PDR = 14.07 + 1.21, and controls
=25.11 + 1.59. Low vitamin D levels correlated significantly with severity of retinopathy, VA (r=0.50), CST (r=0.36), CAT (r=
0.41), DRIL (r=0.35), EZ disruption (r=0.40) and RPE alterations (r=0.37), respectively (p < 0.01). Significantly low vitamin D
levels were observed in subjects with DRIL present versus DRIL absent; EZ disruption, focal versus global versus intact; RPE
alterations, focal versus global versus none, respectively (p < 0.05).

Conclusions: Low serum vitamin D levels correlate with the presence of DRIL, EZ disruption and RPE alterations and increased
severity of DR.

Keywords: Diabetic retinopathy (DR), disorganization of retinal inner layer (DRIL), spectral domain optical coherence

tomography (SD-OCT), vitamin D

Introduction

Diabetes mellitus will be the seventh leading cause of deathin 2030,
as proposed by the World Health Organization (WHO).! There are
approximately 93 million people with diabetic retinopathy (DR),
17 million with proliferative DR, 21 million with diabetic macular
oedema, and 28 million with vision-threatening DR. The overall
prevalence of proliferative DR is 6.81% (6.74-6.89) worldwide.

Vitamin D insufficiency has reached pandemic proportions with
nearly half of the world’s population at risk.>= Vitamin D, a fat-
soluble vitamin, has antioxidant, anti-inflammatory and anti-
angiogenic role in DR.>” Vitamin D receptors (VDR) are expressed
in the retinal ganglion cell layer, inner plexiform layer, inner
nuclear layer, outer plexiform layer, outer nuclear layer and
photo receptor layer? Recently it was shown that adult retinal
pigmentary epithelium-19 expresses mRNA and protein for all
vitamin D3 synthesising and metabolising components.’

Cross-sectional imaging of the retina and topography of the
retinal pigment epithelium (RPE) can be non-invasively and

precisely evaluated on spectral-domain optical coherence tom-
ography (SD-OCT).'® Disorganisation of retinal inner layers
(DRIL) has been found to be associated with a decrease in
visual acuity (VA)."" Early change in DRIL prospectively identifies
eyes with a high probability of subsequent VA improvement or
decline. Disruption of the ellipsoid zone (EZ) has been found to
be associated with a decrease in VA.">"'7 RPE topographic
alterations have been found to be associated with a decrease
in VA and EZ disruption.'®2'

The present study was undertaken to evaluate the correlation of
serum vitamin D levels with central subfield thickness (CST),
cube average thickness (CAT), DRIL, EZ disruptions and RPE
topographic alterations, for the first time.

Material and methods

All procedures performed in this study were in accordance with
the ethical standards of the institutional review board and with
the Helsinki Declaration and its later amendments. Written
informed voluntary consent was obtained from all study
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subjects. The study was a tertiary care centre based cross-sec-
tional study. Diagnosis of type 2 diabetes mellitus was made
according to American Diabetes Association (ADA) guidelines,
which include fasting plasma glucose level > 126 mg/dl, and
two-hour plasma glucose level > 200 mg/dl during an oral
glucose tolerance test.”> Mean duration of diabetes mellitus,
in years, was 7.48+5.59 in No DR, 9.78+5.62 in NPDR, and
10.81 £ 4.54 in PDR groups respectively. Based on the statistical
power of the study, more than 80% with alpha at 0.05, sample
size was calculated as 88. Sixty-six consecutive cases of type 2
diabetes mellitus, in the age group 40-70 years, were included.
Cases were divided into three groups based on the early treat-
ment diabetic retinopathy study (ETDRS) classification:** dia-
betes patients without retinopathy (NO DR, n=22), non-
proliferative diabetic retinopathy (NPDR, n=22) and prolifera-
tive diabetic retinopathy (PDR, n = 22). Twenty-two healthy con-
trols were also included. Subjects with any ocular or systemic
disease affecting retinal vascular pathology, age-related
macular degeneration, subjects with previous intravitreal injec-
tion(s), surgical or laser interventions were excluded. Subjects
with media haze at any level giving signal strength of less
than 7, on SD-OCT, were also excluded from the study. Subjects
with systemic diseases like cardiovascular disease, tuberculosis,
chronic liver disease and cancer were excluded. Any prior
disease that suggested baseline alterations in vitamin D and
calcium metabolism, such as hyperparathyroidism or hypopar-
athyroidism, or recent nephrolithiasis and subjects taking
vitamin supplements, calcium supplements, dietary sup-
plements, antioxidants, anti-inflammatory therapy or on any
medications causing change in vitamin D metabolism such as
rifampin,  phenobarbital and phenytoin were also
excluded. None of the study subjects were confined to bed
or their home and all were mobile. The cases and controls
had similar dietary habits to those popular in the geographic
region.

The best-corrected visual acuity was documented on the
logMAR scale. Age and gender of subjects were documented.
All study subjects underwent detailed fundus evaluation using
stereoscopic slit lamp biomicroscopy and indirect ophthal-
moscopy. Digital fundus photography and fluorescein angio-
graphy were done using a Zeiss fundus camera FF 450 Plus
(Carl Zeiss Meditec, Jena, Germany). Study subjects underwent
SD-OCT using the macular cube 512 x 128 feature of Cirrus
High Definition SD-OCT (Carl Zeiss Meditec Inc, Dublin, CA,
USA). Central subfield thickness and cube average thickness
were documented in um.>* Central subfield thickness was
defined as thickness of the central circle in the circular map
known as the ETDRS Grid. Cube average thickness was
defined as an overall average thickness for the internal limiting
membrane-retinal pigment epithelium tissue layer over the
entire 6 X 6 mm square scanned area. The authors created phys-
ician-friendly SD-OCT based grading systems for DRIL, EZ and
RPE. Disorganisation of inner retinal layers was defined as the
inability to delineate the inner retinal layer boundaries; any of
the boundaries of the ganglion cell layer-inner plexiform
(GCL-IPL) complex, inner nuclear layer and outer plexiform
layer. DRIL was graded as: grade 0, DRIL absent; and grade 1,
DRIL present (Figure 1). If intraretinal cysts were observed in
the outer nuclear layer, resulting in overall retinal thickening,
but the inner retinal layers could be still demarcated, then
DRIL was not considered to be present. Loss of the normal
foveal contour did not constitute DRIL by itself unless there
was concurrent loss of retinal layer boundaries. The ellipsoid
zone was defined as the second hyper-reflective band of the

Figure 1: SD-OCT showing presence of disorganisation of retinal inner
(DRIL) layers.

Figure 2: SD-OCT showing focal ellipsoid zone (EZ) disruption.

outer retinal layers, on horizontal and vertical SD-OCT scans.
Ellipsoid zone disruption was graded as:'® Grade 0: intact photo-
receptor ellipsoid zone; Grade 1: focal disruption (photo-
receptor ellipsoid zone disruption indicating subfoveal
localised involvement; Figure 2); and Grade 2: global disruption
(photoreceptor ellipsoid zone disruption indicating generalised
involvement within the macular cube). Retinal pigment epi-
thelium topographic alterations were defined as undulations
on a single-layer retinal pigment epithelial (SL-RPE) map. RPE
topographic alterations were graded as:*° grade 0, no RPE
alterations; grade 1, RPE alterations in up to two quadrants;
and grade 2, RPE alterations in more than two quadrants
(Figure 3). Two experienced observers masked to the status of
diabetic retinopathy assessed the grades of DRIL, EZ disruption
and RPE alterations. The interobserver correlation was com-
puted using Spearman’s rank correlation.

Blood samples were collected from study groups using a stan-
dard protocol. Fasting blood samples were drawn by vein punc-
ture using a 5 ml metal-free plastic syringe fitted with a 24-gauge
stainless steel needle under sterile conditions and blood samples
were collected in a 4 ml vacutainer. The volume of the samples
ranged from 7 ml to 8 ml. Blood was transferred into glass
tubes for separation of serum. The tubes containing blood
were set on to the stand and left for 30 minutes to allow the
blood to clot. Subsequently, the samples were centrifuged at
1000x g for 10 minutes and serum was carefully removed to
another tube. Haemoglobin, blood sugar fasting and post-pran-
dial, glycated haemoglobin (HbA1c) and serum vitamin D were
analysed. Haemoglobin A;c was measured using high-perform-
ance liquid chromatography.

Serum vitamin D levels were measured by a chemiluminescence
delayed, one-step assay on the Abbott Architect i-1000SR
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Figure 3: Segmentation map of retinal pigment epithelium (RPE)
showing gradings of topographic alterations.

analyzer (Abbott Diagnostics, Wiesbaden, Germany). The 25-OH
vitamin D assay was performed using chemiluminescence
immunoassay (CMIA) technology with flexible assay protocols
referred to as Chemiflex.

Statistics

Data were summarised as Mean = SE (standard error of the
mean). Continuous 2 independent groups were compared by
Student’s t test. Continuous more than 2 independent groups
were compared by one-way analysis of variance (ANOVA) and
the significance of mean difference between groups was done
by Newman-Keuls post hoc test after ascertaining normality
by Shapiro-Wilk test and homogeneity of variance between
groups by Levene’s test. Categorical (discrete) groups were
compared by chi-square (%) test. Pearson correlation analysis
was done to assess association between the variables. Indepen-
dent predictor(s) for severity of diabetic retinopathy was
assessed by univariate ordinal logistic regression analysis. A
two-tailed (a#=2) p<0.05 was considered statistically signifi-
cant. Analyses were performed on SPSS software (Windows
version 17.0; SPSS Inc, Chicago, IL, USA).

Results

Demographic, clinical and optical coherence tomography-
based quantitative, cross-sectional and topographic parameters
in the study subjects are shown in Table 1.

Analysis of variance showed no statistically significant differ-
ence in age among the study groups (F=0.03, p=0.993). A
chi-square test showed similar sex frequency among the
groups (> =4.89, p = 0.180). Interobserver correlation for DRIL,
EZ grades and RPE grades was observed to be p=0.78 (p <
0.001). Inter-correlation of different variables in the study

subjects is shown in Table 2. Pearson correlation analysis
showed that low serum vitamin D levels significantly correlated
with HbA1c (r=0.38, p <0.001), VA (r=0.50, p <0.001) (Figure
4), CST (r=0.36, p<0.001) (Figure 5), CAT (r=0.41, p<0.001)
(Figure 6), DRIL (r=0.35, p<0.01), EZ grades (r=0.40, p<
0.001) and RPE grades (r=10.37, p < 0.001).

Student’s t-test showed significantly lower Vitamin D levels
in subjects with DRIL present as compared with DRIL absent
(p=0.001) (Table 3). Similarly, ANOVA showed significant
positive correlation between low serum vitamin D levels
and EZ disruption grading (p<0.001) (Table 3). Further,
the Newman-Keuls test showed significant lower mean
serum vitamin D levels in focal and global disruption as
compared with intact EZ (p<0.01). Similarly, ANOVA
showed significant positive correlation between low serum
vitamin D levels and RPE alterations (p=0.002) (Table 3).
Further, the Newman-Keuls test showed significantly lower
mean vitamin D level in both focal and global alterations
as compared with no RPE alterations (p <0.05). Univariate
logistic regression analysis showed significant association
of severity of retinopathy with HbA1c, VA, vitamin D, CST,
CAT, CV, DRIL, grades of EZ disruption and RPE alterations
(p<0.001) (Table 4).

Discussion

Low serum vitamin D levels have been found to be associated
with increasing severity of DR, as revealed by recent meta-ana-
lyses.?>% The present study also highlighted significant positive
correlation between low serum vitamin D levels and severity of
diabetic retinopathy. Significant correlation between serum
vitamin D levels with CST, CAT, DRIL and grades of EZ disruption
and RPE alterations on SD-OCT were observed for the first time.
Also, a positive correlation was observed between low serum
vitamin D levels and VA.

Vitamin D, a fat-soluble secosteroid and a multifunctional
hormone, has many diverse functions including effects on
immune regulation, cellular inflammation pathways, endo-
thelial cell proliferation, angiogenesis and apoptosis, in addition
to its well-established traditional role in regulating calcium
homeostasis.>”’2° Qur recent study highlighted that increased
serum ionised calcium induces retinal photoreceptor apoptosis
resulting in increased EZ disruption in DR.*°

Vitamin D deficiency has been shown to impair insulin synthesis
and secretion in animal models of diabetes.' Active vitamin D
mediates its biological actions by binding to vitamin D recep-
tors. Vitamin D receptors have been identified in the human
retina and have been implicated in the pathogenesis of DR.2°
Vitamin D receptor expression plays a significant role during
retinal vascular development, especially during maturation of
retinal vasculature, by promoting pericyte quiescence and
endothelial survival. Vitamin D deficiency leads to thickened
basement membrane and reduced number of pericytes,
which are believed to increase the permeability and incompe-
tence of the retinal vasculature.?

Vitamin D plays a role in the pathogenesis of diabetic retinopa-
thy through its effects on the immune system. Several inflam-
matory cytokines (TNF-a, TNF-B, IL-6, and plasminogen
activator inhibitor-1) are upregulated in patients with type 2
diabetes. Vitamin D decreases the production of several pro-
inflammatory cytokines (IL-2, IL-6, IL-8, IL-12 and TNF-).533
Vitamin D also exerts an anti-inflammatory effect by decreasing
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Table 1: Demographic, clinical and optical coherence tomography-based quantitative, cross-sectional and topographic parameters in the study
subjects (mean =+ SE)
Variables Controls (n=22) (%) No DR (n=22) (%) NPDR (n=22) (%) PDR (n=22) (%) F/)(2 value p-value
Age (years) 53.45+1.57 53.18+1.20 53.77 £1.42 53.64 £ 1.66 0.03 0.993
Sex (%):

Female 8 (36.4) 13 (59.1) 6 (27.3) 9 (40.9)

Male 14 (63.6) 9 (40.9) 16 (72.7) 13 (59.1) 4.89 0.180
Hb (gm/dl) 11.60 = 0.31 11.72+0.35 10.91 +0.49 11.38+0.37 0.84 0.474
HbA1c (%) 5.35+0.11 7.99 +£0.49 8.22+0.43 8.84+0.55 12.65 < 0.001
Blood sugar F (mg/dl) 83.14£1.96 141.70£10.14 161.44 £10.52 181.43 £9.95 22.75 < 0.001
Blood sugar PP (mg/dI) 104.90 £ 2.09 217.18+15.17 251.03 +£13.37 260.97 £12.30 36.30 < 0.001
Vitamin D (ng/ml) 25.11£1.59 23.36 +£2.00 17.88 +1.86 14.07 £1.21 8.95 < 0.001
VA (logMAR) 0.09+£0.02 0.36 + 0.04 0.68 +0.07 1.18 £0.02 112.64 < 0.001
CST (um) 24791 +2.62 256.55+12.20 328.27 £ 23.80 500.09 + 23.86 42.34 < 0.001
CAT (um) 255.64 +1.08 282.23 +8.94 298.55+7.87 389.23+10.54 52.89 < 0.001
CV (mm?) 9.56 +0.03 9.91+£0.23 10.75 +£0.29 13.68 £ 0.43 43.38 < 0.001
DRIL (%):

Absent 22 (100.0) 22 (100.0) 12 (54.55) 0

Present 0 0 10 (45.45) 22 (100.0) 52.00 < 0.001
EZ grade (%):

Intact EZ 22 (100.0) 22 (100.0) 10 (45.5) 0 67.20 < 0.001

Focal disruption 0 0 6 (27.3) 2 (9.1)

Global disruption 0 0 6 (27.3) 20 (90.9)

RPE grade:

No alteration 22 (100.0) 22 (100.0) 15 (68.2) 0

Focal alteration 0 0 4(18.2) 12 (54.5)

Global alteration 0 0 3(13.6) 10 (45.5) 59.14 < 0.001

the proliferation of helper T-cells, cytotoxic T-cells and natural
killer cells.3? Vitamin D deficiency has been found to be associ-
ated with vascular endothelial dysfunction in middle-aged and
elderly adults.*

This compromise of the blood-retinal barrier leads to leakage of
plasma constituents, resulting in intra-retinal oedema with
resultant increase in CST, CAT and DRIL. Our earlier studies
demonstrated that CST and CAT increased with severity of dia-
betic retinopathy.'”™"?

Vitamin D may also contribute via angiogenesis mechanisms.
Vitamin D inhibits ischemia-mediated retinal neovascularisa-
tion.3' An active metabolite of vitamin D, calcitriol, is a potent
in vivo inhibitor of retinal neovascularization. It inhibits in

Table 2: Inter-correlation of different variables in the study subjects (n = 88)

vitro retinal endothelial cell capillary morphogenesis.® Further-
more, calcitriol also downregulates hypoxia-inducible factor-1
(HIF-1) transcriptional activity, as well as HIF-1 target genes,
such as vascular endothelial growth factor (VEGF).>® As several
of the complications in diabetic retinopathy, such as macular
oedema and neovascularisation, are driven by VEGF production,
vitamin D could exert its positive role via calcitriol-mediated
VEGF reduction. 36738

Our earlier studies have showed that increased grades of EZ dis-
ruption are associated with increased serum VEGF levels and
severity of DR."” Vitamin D receptors have been detected in
the photoreceptor layer of retina. Therefore, low vitamin D
levels result in increased EZ disruption through calcitriol-
mediated VEGF upregulation.

Variables Vitamin D Hb HbA1c VA CAT cv DRIL EZ grades RPE grades
Vitamin D 1.00

Hb 0.12"™ 1.00

HbA1c —0.38*** 0.12" 1.00

VA —0.50%** -0.10™ 0.44%** 1.00

CST —0.36%** -0.21™ 0.17™ 0.771%** 1.00

CAT —0.471%** -0.19™ 0.31** 0.72%** 0.87*** 1.00

v —0.42%** -0.19™ 0.29%* 0.68*** 0.88*** 0.95%** 1.00

DRIL —0.35** —0.27* 0.24* 0.78*** 0.78*** 0.76*** 0.70*** 1.00

EZ grades —0.40%** —0.22* 0.27* 0.82*** 0.84*** 0.87*** 0.77*** 0.94*** 1.00

RPE grades —0.37%** —-0.18™ 0.32** 0.771%** 0.75%** 0.74*** 0.76*** 0.74*** 0.84*** 1.00

ns = non-significant, p > 0.05, *p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 4: Correlation between serum vitamin D and visual acuity (VA).
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Figure 5: Correlation between serum vitamin D and central subfield thickness (CST).
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Figure 6: Correlation between serum vitamin D and cube average thickness (CAT).
RPE secretes VEGF (an angiogenic factor) and PEDF (pigment active form of vitamin D. Vitamin D exert its anti-angiogenic

epithelium derived factor; anti-angiogenic factor). ARPE-19 action by interruption of the angiogenesis signalling
expresses the machinery for vitamin D3 and can produce an pathway.>® Our earlier studies have shown significant increase
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Table 3: Correlation of vitamin D with SD-OCT-based cross-sectional
and topographic parameters in study subjects (n =88)

Cross-sectional and Vitamin D
topographic (ng/ml) t/F- p-
parameters n mean * SE value value
DRIL:
Absent 56 22.77 £1.32 3.47 0.001
Present 32 1643+ 1.14
EZ grade:
Intact EZ (grade 0) 54 2296 +1.33 7.95 <0.001
Focal disruption 8 19.56 + 2.67
(grade 1)
Global disruption 26 15.04 £ 1.06
(grade 2)
RPE grade:
No alteration (0) 59 2247 +1.23 6.97 0.002
Focal alteration (1) 16 1717 £1.52
Global alteration (2) 13 14.02+1.78

Table 4: Independent predictors of severity of diabetic retinopathy

using univariate logistic regression analysis (n = 88)

Univariate

Predictors OR (95% Cl) p-value
Age 0.99 (0.94-1.05) 0.848
Sex:

Female Ref 0.699

Male 0.86 (0.40-1.84)
Hb 1.09 (0.88-1.34) 0.439
HbA1c 0.62 (0.51-0.76) < 0.001
Blood sugar F 0.97 (0.96-0.98) < 0.001
Blood sugar PP 0.98 (0.97-0.99) < 0.001
Vitamin D 1.11 (1.06-1.16) < 0.001
VA 0.00 (0.00-0.00) < 0.001
CST 0.98 (0.98-0.99) < 0.001
CAT 0.95 (0.94-0.97) < 0.001
v 0.26 (0.17-0.41) < 0.001
DRIL:

Absent

Present 0.02 (0.01-0.07) < 0.001
EZ grade:

Intact EZ

Focal disruption 0.07 (0.02-0.29) < 0.001

Global disruption 0.00 (0.00-0.02) < 0.001
RPE grade:

No alteration

Focal alteration 0.01 (0.00-0.05) < 0.001

Global alteration 0.01 (0.00-0.05) < 0.001

Ref = reference group, OR = odds ratio, Cl = confidence interval. In discrete group,

odds ratio was evaluated against reference group.

in RPE alterations with severity of DR.'®?° Low serum vitamin D
levels, through the effect on these receptors, result in RPE topo-

graphic alterations.

Conclusion

To conclude, low serum vitamin D levels correlate with the pres-
ence of DRIL, EZ disruption and RPE alterations and increased

severity of diabetic retinopathy.

Disclosure statement — No potential conflict of interest was
reported by the authors.

References

1.

20.

21.

World Health Organization: Media Centre. Diabetes - Fact Sheet no.
312. Geneva: WHO; 2015.

Yau JW, Rogers SL, Kawasaki R, et al. Meta-Analysis for Eye disease
(META-EYE) study group. Global prevalence and major risk factors
of diabetic retinopathy. Diabetes Care. 2012;35:556-564.
Karefylakis C, Sérnblad S, Ariander A, et al. Effect of vitamin D sup-
plementation on body composition and cardiorespiratory fitness
in overweight men—a randomized controlled trial. Endocrine.
2018;61:388-397.

Holick MF. Vitamin D: importance in the prevention of cancers, type
1 diabetes, heart disease, and osteoporosis. Am J Clin Nutr.
2004;79:362-371.

Saponaro F, Marcocci C, Zucchi R, et al. Hypovitaminosis D in
patients with heart failure: effects on functional capacity and
patients’ survival. Endocrine. 2017;58:574-581.

Palomer X, Gonzéalez-Clemente JM, Blanco-Vaca F, et al. Role of
vitamin D in the pathogenesis of type 2 diabetes mellitus.
Diabetes Obes Metab. 2008;10:185-197.

Albert DM, Scheef EA, Wang S, et al. Calcitriol is a potent inhibitor of
retinal neovascularization. Invest Ophthalmol Vis Sci. 2007;48:2327-
2334,

Craig TA, Sommer S, Sussman CR, et al. Expression and regulation of
the vitamin D receptor in the zebrafish, Danio rerio. J Bone Miner
Res. 2008;23:1486-1496.

Alsalem JA, Patel D, Susarla R, et al. Characterization of vitamin D
production by human ocular barrier cells. Invest Ophthalmol Vis
Sci. 2014;55:2140-2147.

. Saxena S, Sadda S. Emerging technologies in retinal diseases. New

Delhi: Jaypee Medical Publishers; 2009.

. Sun JK, Lin MM, Lammer J, et al. Disorganization of the retinal inner

layers as a predictor of visual acuity in eyes with center-involved dia-
betic macular edema. JAMA Ophthalmol. 2014;132:1309-1316.

. Maheshwary AS, Oster SF, Yuson RM, et al. The association between

percent disruption of the photoreceptor inner segment-outer
segment junction and visual acuity in diabetic macular edema.
Am J Ophthalmol. 2010;150:63-67.

. Saxena S, Srivastav K, Cheung CM, et al. Photoreceptor inner

segment ellipsoid band integrity on spectral domain optical coher-
ence tomography. Clin Ophthalmol. 2014;8:2507-2522.

. Saxena S, Ruia S, Prasad S, et al. Increased serum levels of urea and

creatinine are surrogate markers for disruption of retinal photo-
receptor external limiting membrane and inner segment ellipsoid
zone in type 2 diabetes mellitus. Retina. 2017;37:344-349.

. Ahuja S, Saxena S, Meyer CH, et al. Central subfield thickness and

cube average thickness as bioimaging biomarkers for ellipsoid
zone disruption in diabetic retinopathy. Int J Retina Vitreous.
2018;4:41.

. Sharma SR, Saxena S, Mishra N. The association of grades of photo-

receptor inner segment-ellipsoid band disruption with severity of
retinopathy in type 2 diabetes mellitus. J Case Rep Stud.
2014;2:205-207.

. Jain A, Saxena S, Khanna VK, et al. Status of serum VEGF and ICAM-1

and its association with external limiting membrane and inner
segment-outer segment junction disruption in type 2 diabetes mel-
litus. Mol Vis. 2013;19:1760-1768.

. Sinha S, Saxena S, Prasad S, et al. Association of serum levels of anti-

myeloperoxidase antibody with retinal photoreceptor ellipsoid zone
disruption in diabetic retinopathy. J Diabetes Complications.
2017;31:864-868.

. Mishra N, Saxena S, Shukla RK, et al. Association of serum Ne-

Carboxy methyl lysine with severity of diabetic retinopathy. J
Diabetes Complications. 2016;30:511-517.

Sharma S, Saxena S, Srivastav K, et al. Nitric oxide and oxidative
stress is associated with severity of diabetic retinopathy and
retinal structural alterations. Clin Exp Ophthalmol. 2015;43:429-436.
Khatri M, Saxena S, Kumar M, et al. Resistive index of ophthalmic
artery as a bioimaging biomarker for the severity of diabetic retino-
pathy. Biomark J. 2017;3:16-21.



88

Journal of Endocrinology, Metabolism and Diabetes of South Africa 2021; 26(3):82-88

22

23.

24,

25.

26.

27.

28.

29.

30.

31.

. American Diabetes Association. 2. Classification and diagnosis of

diabetes. Diabetes Care. 2017;40(Supplement 1):511-S24.

Early Treatment Diabetic Retinopathy Study Research Group.
Grading diabetic retinopathy from stereoscopic Color fundus
Photographs—An Extension of the Modified Airlie House classifi-
cation. Ophthalmology. 1991;98:786-806.

Virgili G, Menchini F, Casazza G, et al. Optical coherence
tomography (OCT) for detection of macular oedema in patients
with diabetic retinopathy. Cochrane Database Syst Rev. 2015;1:
CD008081.

Luo BA, Gao F, Qin LL. The association between vitamin D deficiency
and diabetic retinopathy in type 2 diabetes: a meta-analysis of
observational studies. Nutrients. 2017;9:307.

Zhang J, Upala S, Sanguankeo A. Relationship between vitamin D
deficiency and diabetic retinopathy: a meta-analysis. Can J
Ophthalmol. 2017;52:219-224.

Haussler MR, Jurutka PW, Mizwicki M, et al. Vitamin D receptor
(VDR)-mediated actions of 1a,25(0OH)2vitamin D3: Genomic and
non-genomic mechanisms. Best Pract Res Clin Endocrinol Metab.
2011;25:543-559.

Fleet JC. Rapid, membrane-initiated actions of 1, 25 dihydroxyvita-
min D: what are they and what do they mean? J Nutr.
2004;134:3215-3218.

Hossein-nezhad A, Holick MF. Vitamin D for health: a global perspec-
tive. Mayo Clin Proc. 2013;88:720-755.

Ankita SS, Nim DK, et al. Retinal photoreceptor apoptosis is associ-
ated with impaired serum ionized calcium homeostasis in diabetic
retinopathy: An in-vivo analysis. J Diabetes Complications.
2019;33:208-211.

Mathieu C, Gysemans C, Giulietti A. Vitamin D and diabetes.
Diabetologia. 2005;48:1247-1257.

32.

33.

34.

35.

36.

37

38.

39.

Jamali N, Wang S, Darjatmoko SR, et al. Vitamin D receptor
expression is essential during retinal vascular development and
attenuation of neovascularization by 1, 25(0OH)2D3. PloS One.
2017;12:e0190131.

Liang Y, Liu Y, Lai W, et al. 1,25-Dihydroxy vitamin D3 treatment attenu-
ates osteopenia, and improves bone muscle quality in Goto-Kakizaki
type 2 diabetes model rats. Endocrine. 2019;64:184-195.

Jablonski KL, Chonchol M, Pierce GL, et al. 25-Hydroxyvitamin d
deficiency is associated with inflammation-linked vascular endo-
thelial dysfunction in middle-aged and older adults. Hypertension.
2011;57:63-69.

Ben-Shoshan M, Amir S, Dang DT, et al. 1a, 25-dihydroxyvitamin D3
(calcitriol) inhibits hypoxia-inducible factor-1/vascular endothelial
growth factor pathway in human cancer cells. Mol Cancer Ther.
2007;6:1433-1439.

Wang J, Xu X, Elliott MH, et al. Muller cell-derived VEGF is essential
for diabetes-induced retinal inflammation and vascular leakage.
Diabetes. 2010;59:2297-2305.

. Wakabayashi Y, Usui Y, Okunuki Y, et al. Correlation of vascular

endothelial growth factor with chemokines in the vitreous in dia-
betic retinopathy. Retina. 2010;30:339-344.

Wang X, Wang G, Wang Y. Intravitreous vascular endothelial
growth factor and hypoxia-inducible factor 1a in patients with
proliferative  diabetic  retinopathy. Am J  Ophthalmol.
2009;148:883-889.

Majewski S, Skopinska M, Marczak M, et al. Vitamin D3 is a potent
inhibitor of tumor cell-induced angiogenesis. J Investig Dermatol
Symp Proc. 1996;1:97-101.

Received: 25-10-2020 Accepted: 11-03-2021



	Abstract
	Introduction
	Material and methods
	Statistics

	Results
	Discussion
	Conclusion
	Disclosure statement
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


