International Journal of Medical Science in Clinical Research and Review
Online ISSN: 2581-8945
Available Online at http://www.ijmscrr.in Volume 6|Issue 05 (September-October)[2023 Page: 935-942

Original Research Paper

Association between Vitamin D and Diabetic Retinopathy: The Clinical and

Pathophysiological Perspective
Authors:

"Mahfooz Alam, “Simi Zaka-ur-Rab, *Iram Tabish,’S. M. Zakir, *Mohd Saif, *Mohd Daiyyan
"Doctor, Department of Ophthalmology, *Professor, Department of Ophthalmology, *Doctor, Department of Medicine, *Doctor,
Department of Ophthalmology, *Doctor, Department of Ophthalmology, *Doctor, Department of Ophthalmology
Institute of Ophthalmology, INMC, AMU, Aligarh, Uttar Pradesh, India.

Corresponding Author:

Mahfooz Alam

Article Received: 05-September-2023, Revised: 25-September-2023, Accepted: 15-October-2023

ABSTRACT:

Various emerging evidences show that the prevalence of diabetes and its most common complication i.e., diabetic
retinopathy (DR) is increasing at a very rapid pace. Effective tools for its prevention and treatment are still a matter of
ongoing researches. Since decrease level of vitamin D is very commonly associated with patients of diabetes and vitamin
D has vascular protective properties, anti-inflammatory properties, and antioxidant actions. Multiple studies have reported
the association of VD deficiency (VDD) with DR and its severity and progression, whereas the effects of vitamin D
supplementation on the disease process are still not very clear. In this study we review the available evidences that
supports the possible association of Vitamin D with DR and the protective role it could provide to the patients of diabetic
retinopathy, so that we can conduct studies to see the beneficial effect of supplementation of vitamin D in diabetic

retinopathy.
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INTRODUCTION:

Vitamin D (VD) is a steroid hormone produced in the
skin after exposure to sun irradiation in the form of
cholecalciferol. Only 20% of total daily VD requirement
is fulfilled by dietary sources [1]. Active VD is produced
after hydroxylation in liver and kidney [1]. Activated
vitamin D, acts through its cognate vitamin D receptor
(VDR). There are two subtypes of VDR one is the
membrane-located mVDR, and other is the nuclear-
located nVDR. The non-genomic effects of VD, which
are exerted within seconds to minutes after its activation
and secondary signaling mechanisms implicated in
channel responses, adipocyte metabolism, insulinotropic
effects, and antiapoptotic pathways are regulated by
mVDR. However, the genomic effects of VD is
regulated by nVDR [1]. Vitamin D has both skeletal and
non-skeletal effects. Among the various extra skeletal
actions VD has been find to be involved in the regulation
of fundamental processes involved in cardiovascular
homeostasis [2], as well as in the inflammation
modulation and tuning of the innate and adaptive
immunity systems, which appear to be relevant in the
response to respiratory viral infections [3, 4]. Moreover,

different studies have shown the prevalence and role of
hypovitaminosis D in diabetes, as well as the role of VD
supplementation on the natural history of diabetes, its
progression, and the complications [5, 6]. To define
correctly the optimum level of vitamin D, there is quite
strong consensus among experts that 250HVD levels
below 12 ng/mL (30 nmol/L) represent deficiency and
levels above 30 ng/mL (75 nmol/L) are clearly
sufficient. Conversely, it is still grey area about the
clinical meaning of levels between 12 and 30 ng/mL
with thresholds of sufficiency at 20 ng/mL, [7] or > 30
ng/mL  [8] according to different guidelines.
Implementing the <20 ng/ml threshold [7],
approximatively thirty three percent of the world
population is vitamin D deficient [9]. Severe VD
deficiency, defined as < 12 ng/ml, can be found in about
seven percent of the global population [8].In a large
cross-sectional study conducted in America on over
8000 subjects, 42% of the US population display
insufficient VD levels in which the highest prevalence
was among African-Americans (82%) [10]. The
widespread deficiency of circulating VD [11] along with
its detrimental skeletal effects [12] has been associated
with development and progression of several diseases
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such as aging [13], cancer, obesity [14].

A. Role of Vitamin D in Diabetes:

Reduced 250HVD levels have been reported to be
involved in the pathophysiology of skeletal fragility of
patients with diabetes and in patients of endocrine
diseases [15, 16]. In vivo studies have shown that T2DM
rats display lower levels of 1,250HVD as compared to
controls [17], probably due to impaired renal and hepatic
metabolism of VD [18]. Various studies has been
reported that patients with T2DM had decreased levels
of 250HVD [19]. In a recent study, an inverse
association has been reported between VD levels and
poor glycemic control in patients with T2DM [20]. Low
levels of 250HVD are commonly found in obese non
diabetic subjects, and are inversely correlated with BMI
and adiposity [21].In a very long prospective cohort
study (The Copenhagen City Heart Study) involving
about 10,000 patients, reported an association between
low VD levels and increased risk of T2DM; in fact, the
cumulative incidence of T2DM increased with
decreasing VD concentrations at baseline, and when
categorized by VD concentrations patients in the lowest
quartile had an hazard ratio of 1.35 (95% CI 1.0.9-1.66)
of developing T2DM [22].

B. Diabetic Retinopathy: An Overview:

Diabetes is the leading cause of blindness in individuals
between age 20 to 65y and diabetic retinopathy is the
commonest complication of DM. According to a
population-based study in Iran, the prevalence of
diabetic retinopathy was 37% among type 2 diabetic
patients [23]. A latest meta-analysis including 35
prevalence and four incidence studies of diabetic eye
disease (DED) among individuals with diabetes in
Europe has recently been published [24]. Any diabetic
retinopathy (DR) was prevalent in 25.7% (95% CI 22.8—
28.8%). The prevalence was significantly higher in
persons with T1IDM as compared to persons with T2DM
(54.4% vs. 25.0%). The pooled mean annual incidence
of any DR in patients with T2DM was 4.6% (95% CI
2.3-8.8%). It is very important to note that currently
there are no widely effective interventions that can be
used to prevent and/or to treat DR except for control
glucose and blood pressure. Large epidemiological
studies have shown that the threshold for the appearance
of DR is at HbAlc levels of 6.5% [25].

C. Role of Vitamin D in Diabetic Retinopathy:

Aksoy et al, 2000 conducted a study and found an
inverse relationship between presence and severity of
DR, and VD concentrations, being the lowest in
proliferative DR and the highest in diabetic patients
without DR [26]. Yuan et al, 2019 in a hospital-based

cross-sectional study consisting of 889 diabetic
retinopathy (DR) and non-DR (NDR) patients showed
that vitamin D deficiency is significantly associated with
risk of proliferative diabetic retinopathy. They showed
that an association between vitamin D deficiency and
risk of PDR exists (OR=1.69, 95% CI 1.40-2.05; 12=0%,
p=0.61). They also noted that an association between a
nonlinear trend for vitamin D decrease with risk of DR
was significant (chi2=16.53, p=0.0003) [27]. In another
study conducted by Nadri et al, 2019 which included
seventy-two consecutive cases of type 2 diabetes
mellitus it was concluded that the serum vitamin D
levels of <18.6 ng/mL serve as sensitive and specific
indicator for proliferative disease, among patients of DR
[28]. Ashinne et al, 2018 conducted a study and reported
that in Asian Indians with type 2 diabetes, lower serum
25(OH)D was associated with increased severity of DR
and the presence of VDD was associated with a two-fold
increased risk for proliferative DR [29]. In a cross-
sectional study conducted on patients aged from 20 and
60 years, to find out the impact of Vitamin D deficiency
on retinopathy and hearing loss among type 2 diabetes
patients, Bener et al, 2018 reported a strong positive
association between vitamin D, retinopathy and hearing
loss among T2DM patients [30]. In 2011, a cross-
sectional study on over 500 patients showed that VD
deficiency was associated with increased prevalence of
DR in T1DM patients; in this study, the prevalence of
DR was double in VD deficient as compare with VD
sufficient patients (18% vs 9%, respectively; p = 0.02);
and in logistic regression, DR was associated with VD
deficiency (OR 2.12 [95% CI 1.03—4.33]) [31]. In a sub-
analysis of the Field Study, a placebo-controlled trial on
nearly 10,000 T2DM patients, showed that subjects with
hypovitaminosis D had a higher cumulative incidence of
microvascular events; in fact, a 50 nmol/L difference in
VD levels was associated with a 18% (p = 0.007)
increase in risk of microvascular complications [32]. In
other sub-analysis of the Rotterdam Study, a prospective
cohort study on over 5500 patients, showed that patients
with hypovitaminosis D were at increased risk for DR,
independently of the presence of cardiovascular risk
factors [33]

D. Effect of vitamin D Supplementation:

The active form of VD calcitriol supplementation has
been shown to reduce the choroidal vasculature
angiogenesis [34]. However, despite the reasonable
rationale discussed in the various above studies, the
research on the effect of VD supplementation on DR in
humans are still not in satisfactory numbers. In fact,
although treatment of DR is often associated with the
administration of dietary supplements [35] only small
number of studies specifically supplementing VD in
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patients with DR have been published so far [36]. These
were short term studies mainly focusing on biochemical,
immunological, and inflammatory markers of vascular
damage in patients with DR showing marginal effects of
the VD supplementation on these parameters [36].

E. Vascular Protection by Vitamin D in Diabetes:
Mechanisms:

VD protects vessels against the harmful effect of
diabetes by several interconnected mechanisms. An
association between VD and vascular function has been
described in patients with diabetes [37]. A report
described improvement in vascular function parameters
in diabetic patients, after oral supplementation of
vitamin D [38]. Furthermore, in patients with diabetes
and VD deficiency reduced endothelium-dependent
microvascular function, assessed by iontophoresis of
acetylcholine, when compared to patients with diabetes
and non-deficient VD levels [39]. Experimental studies
have shown that VD improves endothelial dysfunction
and promotes vascular regeneration through the
activation of VDR which further  regulates the
expression of numerous genes involved in basic
processes of potential link to cardiovascular function
[40]. It is noteworthy that VDR is expressed in EC,
pericytes, and vascular smooth muscle cells (VSMC).

F. Proposed Mechanisms of VD Protection in
DR:

F.1. Modulation of Nitric Oxide:

VD reduces oxidative stress In diabetic mice VD
mitigates oxidative stress through a multitude of
intertwined mechanisms, such as enhancing the
antioxidant  defence  systems [41], preserving
mitochondrial function restoring eNOS function, and
reducing the activation of monoamine oxidases (MAQ)
[42].VD increases eNOS-dependent NO production VD
promoted NO production in EC [37]. In the presence of
oxygen, NADPH and other co-factors, eNOS catalyzes
the oxidation of L-arginine to form L-citrulline and NO.
Nitric oxide diffuses easily across the cell membrane to
the adjacent VSMC where it leads to a cascade of events,
resulting in VSMC relaxation and thereby dilation of the
vessel. In addition, NO is known to exert vasculo-
protective activities, such as enhancement of endothelial
cell survival [43] and inhibition of platelet aggregation.
Therefore, NO has key role in the pathogenesis of DR
[44] and its modulation by VD may have protective
effects in DR. A recent study showed that exposure to a
high level of glucose caused upregulation of pro-
inflammatory cytokines and a decrease in anti-oxidant
enzyme expression both in vitro and in vivo. VD
supplementation increased cell viability, reduced

reactive oxygen species production and caspase-3/7
activities in high glucose-treated retinal pigmented
epithelial cells suggesting that VD can protect the retina
from high-glucose-induced oxidative damage and
inflammation [45]. VD enhances vascular endothelial
growth factor (VEGF) synthesis and release VEGF has a
key pathogenetic role in proliferative DR [46]. VD
induces up-regulation of VEGF and of its receptors, by
direct binding of VDR to two areas of the VEGF
promoter [47]. VEGF primarily exerts its effect in DR
through the production of vasodilatory mediators. In
addition, VEGF signalling through its cognate receptor,
increases eNOS — indirectly via calmodulin, directly via
phosphorylation of eNOS, and via increase of eNOS
levels - and thereby
increases NO.

E2. Role of Vitamin D in Modulation of
Inflammation and the Immune System:

Immune and inflammatory mechanisms also associated
with development of diabetic retinopathy. Vitamin D
reduces chronic inflammation [48] by inhibiting the
activation of the ROS/ TXNIP/NLRP3 inflammasome
pathway [49], and by suppressing the nuclear factor-
kappaB (NF-«B) signaling pathway [50]. Apart from
this, VD plays major role in the immune-system vascular
activities like it increases the activity of myeloid
angiogenic cells, by restoring their function and by
enhancing their recruitment [51], it modulates the
immune system [52], by promoting the innate immune
response and inhibiting the adaptive immune response
[53], and by regulating regulatory T cells and immature
dendritic cells, and thereby halting the progression of
angiopathy [54] and it also decreases the number and
activation of macrophages and dendritic cells in the
retina [55].Vitamin D decreased diabetes-induced ROS
and exerted protective effects against retinal vascular
damage and cell apoptosis in association with inhibition
of the ROS/ TXNIP/NLRP3 inflammasome pathway in
diabetic rat and in human retinal cells [55]. Moreover ,
patients with proliferative DR were reported to have
decreased serum level of 1,250HVD and increased
production of IFN-y, TNF-a, IL-6, and IL-17A, by anti-
CD3 and anti-CD28 antibodies activated PBMCs
whereas 1, 250HVD  significantly inhibited the
proliferation of PBMCs, as well as the secretion of IFN-
¥, TNF-a, IL-6, and IL-17A [56].

F.3. Vitamin D and Advanced Glycation end
Products (AGEs):

Advanced glycation end products (AGEs) are destructive
molecules in the body that, at high levels, contribute to
the progression of various chronic diseases. Numerous
studies have suggested a modifying effect of vitamin D
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on AGEs and their receptors. Kheirouri et al, 2020 did a
study to summarize the effects of vitamin D on AGEs
and their receptors They investigated the effect of
vitamin D treatment on AGEs. Sixty percent of the
interventional and experimental studies indicated that
vitamin D treatment reduced AGE levels. They also
found that no significant changes in the serum levels of
AGE:s after vitamin D treatment. They also reported a
protective effect of vitamin D on RAGE protein or
mRNA expression. Vitamin D treatment may possibly
be beneficial to reduce AGE levels and to augment
SRAGE levels, particularly in vitamin D-deficient
situations. Treatment with this vitamin may be effective
in reducing RAGE expression in some disease
conditions, but might be even harmful under normal
conditions. The inhibitory or stimulatory effects of
vitamin D on AGE receptors are mediated by various
signaling pathways, MAPK/NF-xB, ADAM10/MMP9
and ATIR. In populations with chronic diseases and
concomitant  hypovitaminosis D,  vitamin D
supplementation can be used as a strategy to ameliorate
AGE-mediated complications by modifying the AGE-
RAGE and sRAGE systems [57]. Low vitamin D status
is correlated with increased insulin resistance, glycated
hemoglobin and AGE formation [58]. In the diabetic
retina, advanced AGEs, accumulated under
hyperglycemic conditions, modify proteins promoting
oxidative stress, increase inflammatory cytokines and
induce anomalous crosslinking of ECM proteins that
alter vascular structure and function [59]. AGEs could
lead to the disorder of calcium signaling involving ROS
generation, which, together with calcium mobilization,
causes an inflammatory response through the activation
of NLRP3 inflammasome [60]. So far very little
evidence on the effects of 1,25(0OH)2D3
supplementation on AGE formation in DR, has been
reported. It has been described that hypovitaminosis D is
of limited importance for the development of micro
inflammation and accumulation of AGEs [61]. Other
investigators demonstrated that 1,25 (OH)2D3
influences AGE—Receptor for the Advanced Glycation
End product (RAGE) system significantly reducing
RAGE gene expression in peripheral blood mononuclear
cells of diabetic patients and, therefore, preventing
vascular oxidative stress [62]. RAGE is significantly
higher in the diabetic retina, particularly in Muller glia.
RAGE signaling stimulates an inflammatory response.
In fact, its inhibition decreases diabetes-induced
capillary degeneration, blocks cytokine responses
induced by high glucose in vitro and diabetes-induced
upregulation of the retinal intercellular adhesion
molecule (ICAM) in vivo [63, 64]. VD supplementation
in T2DM patients down-regulates the levels of AGEs
and the gene expression of its cognate receptor (RAGE);

these mechanisms appear to be at least in part mediated
by glyoxalase I enzyme (GLO1) — an enzyme involved
in the degradation and removal of AGEs — as VD
supplementation tends to increase its expression [65]. In
addition, VD modulates the vascular effects of AGEs by
reducing the diabetes-induced increase of IL-6 and of
NF«B-p65 DNA binding activity, both key mediators of
AGE:s signalling [66]. AGEs and RAGE are among the
major pathways involved in the pathophysiology of
diabetic complications and of DR [67], as their
interaction induces the translocation of NF-kB, and the
subsequent transcription of endothelial dysfunction
biomarkers, such as intercellular adhesion molecule-1
(ICAM-1), endothelin-1, and E-selectin [68].

CONCLUSIONS:

The above reviewed clinical and pathophysiological
aspects suggest that VD deficiency has important role in
the development and progression of DR. As discussed
above that vitamin D deficiency is very common and it
detrimental effects have a global impact [69], and related
with the development and progression of T2DM, it can
be suggested to determine the levels of VD in DR
patients. Moreover, it can be suggested to integrate VD
with cholecalciferol in patients with DR and severe VD
deficiency, as well as in the general population [70]. We
also seen that VD has a multidirectional protection to
vascular cells enhancing vascular repair, reversing
endothelial dysfunction, decreasing inflammation, and/or
oxidative stress. Comprising all the above discussions
we reach a conclusion that there is a strong rationale for
a well-organized, randomized clinical trial to find the
effect of VD supplementation on diabetic retinopathy in
terms of its onset and progression as well as its
complications.

REFERENCES:

Bouillon R, Carmeliet G, Verlinden L, van Etten E,
Verstuyf A, Luderer HF, et al. Vitamin D and
human health: lessons from vitamin D receptor null
mice. Endocr Rev. 2008;29:726-76.

Ni W, et al. Elimination of vitamin D receptor in
vascular endothelial cells alters vascular function.
Hypertension. 2014;64:1290- 8.

Chun RF, et al. Impact of vitamin D on immune
function: lessons learned from genome-wide
analysis. Front Physiol. 2014;5:151.

Puig-Domingo M, Marazuela M, Giustina A.
COVID-19 and endocrine diseases. A statement
from the European Society of endocrinology.
Endocrine. 2020;68(1):2-5.

IJMSCRR: September-October 2023

Page | 938



10.

11.

12.

13.

14.

15.

Bouillon R, Marcocci C, Carmeliet G, Bikle D,
White JH, Dawson-Hughes B, et al. Skeletal and
extra-skeletal actions of vitamin D: current evidence
and outstanding  questions.  Endocr  Rev.
2019;40(4):1109-51.

Giustina A, Adler RA, Binkley N, Bouillon R,
Ebeling PR, Lazaretti-Castro M, et al. Controversies
in vitamin D: summary statement from an
international conference. J Clin Endocrinol Metab.
2019;104:234-40.

Ross AC, Manson JE, Abrams SA, Aloia JF,
Brannon PM, Clinton SK, et al. The 2011 report on
dietary reference intakes for calcium and vitamin D
from the Institute of Medicine: what clinicians need
to know. J Clin Endocrinol Metab. 2011;96(1):53—
8.

Holick MF, Binkley NC, Bischoff-Ferrari HA,
Gordon CM, Hanley DA, Heaney RP, et al.
Evaluation, treatment, and prevention of vitamin D
deficiency: an Endocrine Society clinical practice
guideline. J Clin Endocrinol Metab.
2011;96(7):1911-30.

Lips P. Worldwide status of vitamin D nutrition. J
Steroid Biochem Mol Biol. 2010;121(1-2):297-
300.

Forrest KY, Stuhldrener WL. Prevalence and
correlates of vitamin D deficiency in US adults.
Nutr Res. 2011;31:48-54.

Holick MF. The vitamin D deficiency pandemic:
approaches for diagnosis, treatment and prevention.
Rev Endocr Metab Disord. 2017;18(2):153-65.
Canalis E, Giustina A, Bilezikian JP. Mechanisms
of anabolic therapies for osteoporosis. N Engl J
Med. 2007;357(9):905-916.

Ferri E, Casati M, Cesari M, Vitale G, Arosio B.
Vitamin D in physiological and pathological aging:
lesson from centenarians. Rev Endocr Metab
Disord. 2019;20(3):273-82.

de Oliveira LF, de Azevedo LG, da Mota SJ, de
Sales LPC, Pereira-Santos M. Obesity and
overweight decreases the effect of vitamin D
supplementation in adults: systematic review and
meta-analysis of randomized controlled trials. Rev
Endocr

Metab Disord. 2020;21(1):67—76.

Mazziotti G, Formenti AM, Adler RA, Bilezikian
JP, Grossman A, Shardella E, et al. Glucocorticoid-
induced osteoporosis: pathophysiological role of
GH/IGF-I and PTH/VITAMIN D axes, treatment
options and guidelines. Endocrine. 2016;54(3):603

16.

17.

18.

19.

20.

21.

22.

23.

24. .

25.

26.

27.

Mazziotti G, Bilezikian J, Canalis E, Cocchi D,
Giustina A. New understanding and treatments for
osteoporosis. Endocrine. 2012;41(1):58-69.
Ishimura E, Nishizawa Y, Koyama H, Shoji S,
Inaba M, Morii H. Impaired, vitamin D metabolism
and response in spontaneously diabetic GK rats.
Miner Electolyte Metab. 1995;21:205- 10.

Hough S, Fausto A, Sonn Y, Dong-Jo OK, Birge
SJ, Avioli LV. Vitamin D metabolism in the chronic
streptozotocin-induced diabetic rats. Endocrinology.
1983;113:790-6.

Pietschmann P, Schernthaner G, Woloszczuk W.
Serum osteocalcin levels in diabetes mellitus:
analysis of the type of diabetes and microvascular
complications. Diabetologia.
1988;31:892-5.

Al Dossari KK, Ahmad G, Aljowair A, et al.
Association of vitamin d with glycemic control in
Saudi patients with type 2 diabetes: a retrospective
chart review study in an emerging university
hospital. J Clin Lab Anal. 2020;34(2): e23048.
Véazquez-Lorente H, Molina-Lopez J, Herrera-
Quintana L, Gamarra-Morales Y, Lopez-Gonzélez
B, Planells E. Association between body fatness and
vitamin D3 status in a postmenopausal population.
Nutrients. 2020;12(3):667. Published 2020 Feb 29.
Afzal S, Bojesen SE, Nordestgaard BG. Low
vitamin D and risk of type 2 diabetes: a prospective
cohort study and metaanalysis. Clin Chem.
2013;59:381-91.

Javadi MA, Katibeh M, Rafati N, Dehghan MH,
Zayeri F, Yaseri M, Sehat M, Ahmadieh H.
Prevalence of diabetic retinopathy in Tehran
province: a population-based study. 2009;9:12

Li JQ, Welchowski T, Schmid M, Letow J,
Wolpers C, PascualCamps 1, et al. Prevalence,
incidence and future projection of diabetic eye
disease in Europe: a systematic review and
metaanalysis. Eur J Epidemiol. 2020;35(1):11-23.
International Expert, C. International expert
committee report on the role of the A1C assay in the
diagnosis of diabetes. Diabetes Care. 2009;
32:1327-34.

Aksoy H, Akcay F, Kurtul N, Baykal O, Avci B.
Serum 1,25 dihydroxy vitamin D (1,25(0OH)2D3),
25 hydroxy vitamin D (25(OH)D) and
parathormone levels in diabetic retinopathy. Clin
Biochem. 2000; 33:47-51.

Yuan J, Zhou JB, Zhao W, Zhang RH, Cai YH, Shu
LP, Qi L, Yang JK. Could Vitamin D be Associated

IJMSCRR: September-October 2023

Page | 939



28.

29.

30.

31.

32.

33.

34.

35.

36.

with Proliferative Diabetic Retinopathy? Evidence
from Pooling Studies. Horm Metab Res. 2019
Nov;51(11):729-734.

Nadri G, Saxena S, Mahdi AA, Kaur A, Ahmad
MK, Garg P, Meyer CH. Serum vitamin D is a
biomolecular biomarker for proliferative diabetic
retinopathy. Int J Retina Vitreous. 2019 Nov 5;
5:31.

Ashinne B, Rajalakshmi R, Anjana RM, Venkat
Narayan KM, Jayashri R, Mohan V, Hendrick AM.
Association of serum vitamin D levels and diabetic
retinopathy in Asian Indians with type 2 diabetes.
Diabetes Research and Clinical Practice 2018;
139:308-313.

Bener A, Eliacik M, Cincik H, Oztiirk M, DeFronzo
RA, AbdulGhani M. The Impact of Vitamin D
Deficiency on Retinopathy and Hearing Loss
among Type 2 Diabetic Patients. Biomed Res Int.
2018 Jul 9; 2018:2714590.

Kaur H, Donaghue KC, Chan AK, Benitez-Aguirre
P, Hing S, Lloyd M, et al. Vitamin D deficiency is
associated with retinopathy in children and
adolescents with type 1 diabetes. Diabetes Care.
2011; 34:1400-2.

Keech A, Simes RJ, Barter P, Best J, Scott R,
Taskinen MR, et al. Effects of long-term fenofibrate
therapy on cardiovascular events in 9795 people
with type 2 diabetes mellitus (the FIELD study):
randomised controlled trial. Lancet. 2005;
366:1849-61.

Mutlu U, et al. Vitamin D and retinal microvascular
damage: the Rotterdam Study. Medicine
(Baltimore). 2016;95:e5477.

Merrigan SL, Park B, Ali Z, Jensen LD, Corson
TW, Kennedy BN. Calcitriol and non-calcemic
vitamin D analogue, 22- oxacalcitriol, attenuate
developmental and  pathological  choroidal
vasculature angiogenesis ex vivo and in vivo.
Oncotarget. 2020;11(5):493-509. Published 2020
Feb 4.

Kowluru RA, Zhong Q, Santos  JM,
Thandampallayam M, Putt D, Gierhart DL.
Beneficial effects of the nutritional supplements on
the development of diabetic retinopathy. Nutr
Metab (Lond.). 2014;11(1):8.

Zévorkova M, Vetvicka V, Richter J, Kral V,
Liehnova I, Rajnohova DL. Effects of glucan and
Vitamin D supplementation on obesity and lipid
metabolism in diabetic retinopathy. Open Biochem
J. 2018; 12:36-45. Published 2018 Mar 30.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Jha P, Dolan LM, Khoury PR, Urbina EM, Kimball
TR, Shah AS. Low serum vitamin D levels are
associated with increased arterial stiffness in youth
with type 2 diabetes. Diabetes Care. 2015;38: 1551
7.

Sugden JA, Davies JI, Witham MD, Morris AD,
Struthers AD. Vitamin D improves endothelial
function in patients with type 2 diabetes mellitus
and low vitamin D levels. Diabet Med. 2008;25:
320-5.

Munisamy S, Kamaliah MD, Suhaidarwani AH,
Zahiruddin ~ WM, Rasool AH. Impaired
microvascular endothelial function in vitamin D-
deficient  diabetic  nephropathy  patients. J
Cardiovasc Med (Hagerstown). 2013; 14:466—71.
Merke J, Milde P, Lewicka S, Higel U, Klaus G,
Mangelsdorf DJ, et al. Identification and regulation
of 1,25-dihydroxyvitamin D3 receptor activity and
biosynthesis of 1,25-dihydroxyvitamin D3. Studies
in cultured bovine aortic endothelial cells and
human dermal capillaries. J Clin Invest. 1989;
83:1903-15.

Sinha A, Hollingsworth KG, Ball S, Cheetham T.
Improving the vitamin D status of vitamin D
deficient adults is associated with improved
mitochondrial oxidative function in skeletal muscle.
J Clin Endocrinol Metab. 2013;98:E509-13.

Sturza A, Vaduva A, Utu D, Ratiu C, Pop N, Duicu
O, et al. Vitamin D improves vascular function and
decreases monoamine oxidase a expression in
experimental diabetes. Mol Cell Biochem. 2019;
453:33-40.

Uberti F, Lattuada D, Morsanuto V, Nava U, Bolis
G, Vacca G, et al. Vitamin D protects human
endothelial cells from oxidative Rev Endocr Metab
Disord (2021) 22:715-727 725 stress through the
autophagic and survival pathways. J Clin
Endocrinol Metab. 2014; 99:1367-74.

Opatrilova R, Kubatka P, Caprnda M, Biisselberg
D, Krasnik V, Vesely P, et al. Nitric oxide in the
pathophysiology of retinopathy: evidences from
preclinical and clinical researches.  Acta
Ophthalmol. 2018;96(3):222-31.

Tohari AM, Almarhoun M, Alhasani RH, Biswas L,
Zhou X, Reilly J, et al. Protection by vitamin D

IJMSCRR: September-October 2023

against high-glucoseinduced damage in retinal
pigment epithelial cells. Exp Cell Res.
2020;392(1):112023.

Page | 940



46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

o7.

Wong TY, Cheung CM, Larsen M, Sharma S, Simé
R. Diabetic retinopathy. Nat Rev Dis Primers. 2016;
2:16012. Published 2016 Mar 17.

Cardus A, Panizo S, Encinas M, Dolcet X, Gallego
C, Aldea M, et al. 1,25-dihydroxyvitamin D3
regulates VEGF production through a vitamin D
response element in the VEGF promoter.
Atherosclerosis. 2009; 204:85-9.

Lee V, Rekhi E, Hoh Kam J, Jeffery G. Vitamin D
rejuvenates aging eyes by reducing inflammation,
clearing amyloid beta and improving visual
function. Neurobiol Aging. 2012; 33:2382-9.

Ye X, et al. ROS/TXNIP pathway contributes to
thrombin induced NLRP3 inflammasome activation
and cell apoptosis in microglia. Biochem Biophys
Res Commun. 2017; 485:499-505.

Yuan Y, Das SK, Li MQ. Vitamin D ameliorates
impaired wound healing in streptozotocin-induced
diabetic mice by suppressing NF-kappaB-mediated
inflammatory genes. Biosci Rep. 2018;38.

Wong MS, et al. Vitamin D promotes vascular
regeneration. Circulation. 2014; 130:976 86.
Vanherwegen AS, Gysemans C, Mathieu C.
Vitamin D endocrinology on the cross-road between
immunity and metabolism. Mol Cell Endocrinol.
2017; 453:52-67.

Chun RF, et al. Impact of vitamin D on immune
function: lessons learned from genome-wide
analysis. Front Physiol. 2014; 5:151.

Takeda M, et al. Oral administration of an active
form of vitamin D3 (calcitriol) decreases
atherosclerosis in mice by inducing regulatory T
cells and immature dendritic cells with tolerogenic
functions. Arterioscler Thromb Vasc Biol. 2010;
30:2495-503.

Lul, LuQ, ChenW, LiJ, Li C, Zheng Z. Vitamin
D3 protects against diabetic retinopathy by
inhibiting high-glucose-induced activation of the
ROS/TXNIP/NLRP3 inflammasome pathway. J
Diabetes Res. 2018; 2018:8193523. Published 2018
Feb 22.

Yi X, Sun J, Li L, et al. 1,25-Dihydroxyvitamin D3
deficiency is involved in the pathogenesis of
diabetic retinopathy in the Uygur population of
China. IUBMB Life. 2016;68(6):445-51.

Kheirouri S, Alizadeh M. Vitamin D and advanced
glycation end products and their receptors.
Pharmacological  Research. 2020 Aug 1,
158:104879.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Dalgard C, Petersen MS, Weihe P, Grandjean P.
Vitamin D status in relation to glucose metabolism
and type 2 diabetes in septuagenarians. Diabetes
care. 2011 Jun 1;34(6):1284-8.

Coucha M, Elshaer SL, Eldahshan WS, Mysona
BA, EI-Remessy AB. Molecular mechanisms of
diabetic retinopathy: potential therapeutic targets.
Middle East African Journal of Ophthalmology.
2015 Apr;22(2):135.

Song Y, Wang Y, Zhang Y, Geng W, Liu W, Gao
Y, Li S, Wang K, Wu X, Kang L, Yang C.
Advanced glycation end products regulate anabolic
and catabolic activities via NLRP3-inflammasome
activation in human nucleus pulposus cells. Journal
of cellular and molecular medicine. 2017
Jul;21(7):1373-87.

Sebekova K, Stiirmer M, Fazeli G, Bahner U, Stib
F, Heidland A. Is vitamin D deficiency related to
accumulation of advanced glycation end products,
markers of inflammation, and oxidative stress in
diabetic  subjects. Biomed Res Int. 2015;
2015:958097.

Yu Y, Wang L, Delguste F, Durand A, Guilbaud A,
Rousselin C, Schmidt AM, Tessier F, Boulanger E,
Neviere R. Advanced glycation end products
receptor RAGE controls myocardial dysfunction
and oxidative stress in high-fat fed mice by
sustaining mitochondrial dynamics and autophagy-
lysosome pathway. Free Radical Biology and
Medicine. 2017 Nov 1; 112:397-410.

Zong H, Ward M, Madden A, Yong PH, Limb GA,
Curtis TM, Stitt AW. Hyperglycaemia-induced pro-
inflammatory responses by retinal Mdller glia are
regulated by the receptor for advanced glycation
end-products  (RAGE). Diabetologia. 2010
Dec;53(12):2656-66.

Lei XJ, Xu YL, Yang YQ, Bing YW, Zhao YX.
Vitamin Dreceptor regulates high-level glucose
induced retinal ganglion cell damage through
STAT3 pathway. Eur Rev Med Pharmacol Sci.
2018 Nov;22(21):7509-7516.

Omidian M, et al. Effects of vitamin D
supplementation on advanced glycation end
products signaling pathway in T2DM patients: a
randomized, placebo-controlled, double blind
clinical trial. Diabetol Metab Syndr. 2019; 11:86.
Talmor Y, Golan E, Benchetrit S, Bernheim J,
Klein O, Green J, et al. Calcitriol blunts the
deleterious impact of advanced glycation end

IJMSCRR: September-October 2023

Page | 941



products on endothelial cells. Am J Physiol Renal regeneration in male mice. Endocrinology. 2016;

Physiol. 2008;294: F1059-64. 157:4032—40.

67. Chen M, Curtis TM, Stitt AW. Advanced glycation  69. Bilezikian JP, Bikle D, Hewison M, et al.
end products and diabetic retinopathy. Curr Med MECHANISMS IN ENDOCRINOLOGY: Vitamin
Chem. 2013;20(26):3234-40. D and COVID-19. Eur J Endocrinol. 2020

68. Leisegang MS, Babelova A, Wong MSK, Helfinger ~ 70. Ebeling PR, et al. MANAGEMENT OF
V, Weillmann N, Brandes RP, et al. The NADPH ENDOCRINE DISEASE: therapeutics of vitamin
oxidase Nox2 mediates vitamin D-induced vascular D. Eur J Endocrinol. 2018;179(5):R239- 59.

IJMSCRR: September-October 2023 Page | 942



