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VITAMIN D AND OPHTHALMOPATHIES. A REVIEW

SUMMARY
The importance of vitamin D3 (hydroxycholecalciferol) as one of the liposoluble vitamins is known in the prevention and treatment of metabolic bone diseases 
(rickets, osteomalacia, osteoporosis). In recent years, however, information has increased on the importance of vitamin D3 in numerous organ systems and in 
the pathogenesis of various diseases, e. g. ophthalmopathies. The immunological functions of vitamin D3 are the subject of studies dealing with autoimmune 
optic nerve disorders and their results appear to have a positive effect on demyelinating diseases. It also plays an important role in maintaining the thickness of 
the retinal nerve fiber layer, but its additional administration has not been successful. Optical neuritis may be the first sign of multiple sclerosis. It appears that 
sufficient serum vitamin D3 levels may protect patients from deterioration in the form of a further attack of demyelination. The course of diabetic retinopathy 
is probably also influenced by vitamin D3, inter alia, by correlating the fact that its receptor and the enzymes of its metabolism are expressed on the retina. 
Low serum levels of vitamin D3 may even trigger age-related macular degeneration. Conversely, higher dietary intake of vitamin D3 may positively affect 
neovascularization. The optimal level of hydroxycholecalciferol is between 60 and 200 nmol /l, the severe deficit represents a decrease below 25 nmol/l. The 
body can normally produce up to 10,000 IU of this vitamin after exposure to sunlight. However, the demonstration of its protective character in connection 
with the mentioned diseases of the retina and optic nerve will require a sufficient number of studies to confirm the facts found so far about this rediscovered 
vitamin.
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INTRODUCTION

The overall concept of vitamins dating back to the end 
of the 19th century is already obsolete. Vitamins were 
originally defined as “vital amines”, i.e. substances that 
the body cannot synthesise on its own, but must ingest 
through food, and which are chemically amines. Sub-
stances that we do not historically classify as vitamins 
fulfil t his d efinition, an d, co nversely, so me su bstances 
that we have historically classified a s v itamins d o n ot 
fulfil this definition. In the case of vitamin D3 (cholecalci-
ferol) the terms “vitamin” and “hormone” overlap.

Vitamin D metabolism
The production of the active form of vitamin D is re-

gulated by the requests of calcium and phosphorus. 
Their decreased plasma levels stimulate the parathy-
roid glands to produce parathyroid hormone (PTH). 
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PTH binds to osteoblasts in bone, liver and nephrons 
of the kidney. It stimulates the 1-α-hydroxylase respon-
sible for the production of active vitamin D. It should 
be emphasised that, in addition to nephrons, 1-α-hy-
droxylase activity has also been demonstrated in the 
skin, immune system cells and osteoblasts. This is one 
of the reasons why extrarenal production of the acti-
ve form of vitamin D is possible, which also explains its 
nonskeletal effects [1,2].

Since vitamin D is a substance of a steroid nature, its 
effects are mediated through the vitamin D nuclear re-
ceptor (VDR), which acts as a transcription factor acti-
vated by a ligand. It is the distribution of VDR receptors 
that explains the pleiotropic effects of vitamin D [1,2].

The normal level of vitamin D is between 60 and 200 
nmol/l; a decrease below 25 nmol/l [3] represents a se-
vere deficit.

Vitamin D comprehensively affects bone metabolism 
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and is essential for proper skeletal development. Its defi-
ciency in childhood results in insufficient growth and the 
development of rickets. In adulthood, vitamin D deficien-
cy leads to the development of secondary hyperparathy-
roidism with subsequent mobilisation of calcium from 
the bone. The result is the development of osteoporosis 
or osteomalacia, and/or their combinations [2].

Vitamin D deficiency is responsible for a senile type 
of osteoporosis with an extraordinary epidemiological 
dimension [2].

Vitamin D deficiency also plays an important role in 
the aetiopathogenesis of Crohn’s disease, oncological 
diseases (breast, ovaries, prostate, pancreas, colon), 
dyslipidaemia, arterial hypertension, autoimmune di-
seases such as multiple sclerosis, rheumatoid arthritis, 
lupus erythematodes, autoimmune thyroiditis and type 
1 diabetes mellitus [1,2], polycystic ovarian syndrome 
[4], SARS-CoV-2 infection [5], and just as importantly, 
the following ophtalmopathies.

Vitamin D and ophtalmopathies
In ophthalmology, the importance of vitamin D su-

pplementation is mainly investigated in the context 
of inflammatory autoimmune impairment of the optic 
nerve, which is associated with central nervous system 
(CNS) demyelinating diseases. Studies have long fo-
cused on the immunological functions of vitamin D in 
relation to the treatment of these diseases [6]. A study 
comparing IgG-autoantibodies’ levels against protein 
aquaporin 4 in patients newly diagnosed with optic 
neuromyelitis (neuromyelitis optica, NMO), using MRI, 
showed that NMO-IgG-negative patients had signifi-
cantly higher rates of exposure to sunlight and higher 
serum levels of hydroxycholecalciferol compared to 
NMO-IgG-positive patients. Patients with negative 
NMO-IgG also consumed significantly higher amounts 
of vitamin D. This study suggests that vitamin D may 
play an important role in NMO pathogenesis due to its 
effect on NMO-IgG synthesis [7].

Several studies also suggest a link between serum 
vitamin D levels and the thickness of the retinal nerve 
fibre layer (RNFL) or ganglion cell layer (GCL) thickness, 
measured using optical coherence tomography (OCT). 
In patients with vitamin D deficiency, significant decre-
ases in both RNFL and GCL were observed after over-
coming optical neuritis, compared to patients with suf-
ficient vitamin D. In another study comparing patients 
at an early stage of diabetic retinopathy with vitamin 
D deficiency to patients with sufficient vitamin D, the 
mean thickness of RNFL was significantly reduced in vi-
tamin D-deficient patients compared to patients with 
sufficient vitamin D, indicating a potential neuropro-
tective effect of vitamin D [10].

Although some studies indicate a positive effect of suf-
ficient vitamin D in patients with NMO, its administration 
to patients with low serum vitamin D levels did not pro-
duce the expected effect. A study on the effect of vitamin 
D on RNFL thickness, using OCT, followed 52 patients 

with confirmed unilateral NMO, aged 15-38 years, with 
low serum levels of 25-hydroxyvitamin D. In 27 patients 
given vitamin D (50 000 IU/week) at 6 months, the mean 
RNFL thickness decreased from 111.3 μm to 91.4 μm. Si-
milarly, 25 placebo patients had a decrease in RNFL thick-
ness from the original 113.7 μm to 96.1 μm. Thus, the ad-
dition of vitamin D to standard NMO treatment had no 
effect on the thickness of the RNFL [11].

A study was also conducted to evaluate the effects 
of the preventive administration of vitamin D3 on con-
version to SM and changes to MRI in patients with NMO 
and low serum vitamin D levels. One group of patients 
received 50 000 IU of vitamin D3 weekly for 12 months 
and the other group received a placebo. During fol-
low-up, in only 5 patients taking the placebo there was 
no further attack of demyelination, while no further at-
tack occurred in the group of patients taking vitamin 
D3. In addition, the incidence of new CNS lesions on MRI 
was significantly lower in the vitamin D group than in 
the placebo group. Thus, administration of vitamin D 
may have a protective effect on conversion to MS. 

However, further monitoring with a longer duration is 
needed to confirm this finding. [12]. A recent laboratory 
study also suggested a possible beneficial effect of vita-
min D in improving the effectiveness of glucocorticoids 
in relapse. Although some indicators of disease activity 
have been significantly reduced after vitamin D supple-
mentation, the evidence gathered so far is insufficient 
to draw a definitive conclusion about the effects of vita-
min D supplementation on clinical parameters [13].

The conclusions of a number of studies regarding the 
beneficial effect of vitamin D in demyelinating optic 
neuritis are still ambiguous. Determining whether vi-
tamin D can serve as prophylaxis for NMO and MS, or 
even reduce the rate of disability or relapse, requires 
further investigation [6].

The aforementioned diabetic retinopathy is one of 
the world-leading causes of blindness. The disease first 
manifests as a non-proliferative form (NPDR). Increasing 
damage to the retinal vasculature later leads to vascu-
lar leakage and diabetic macular oedema, vascular scle-
rosis results in ischaemia, angiogenesis and possibly 
neovascularisation of the retina, a proliferative form of 
diabetic retinopathy (PDR). Studies in animal models 
for diabetic retinopathy suggest that calcitriol supple-
mentation protects against retinal neovascularisation. 
Many other studies also document the antiangiogenic 
effect of vitamin D, although primarily in tumour mo-
dels [14]. The potential effect of vitamin D on the re-
tina is supported by evidence that VDR and enzymes 
involved in its metabolism are expressed in the retina 
[15]. Meta-analyses in patients showed a significant 
association between vitamin D deficiency and diabetic 
retinopathy, as well as a statistically significant diffe-
rence in mean serum vitamin D levels between patients 
without diabetic retinopathy. It is also interesting that 
patients with PDR have significantly lower mean serum 
vitamin D levels than patients with NPDR [16]. A study 
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published in 2018 confirmed the protective effect of 
vitamin D, by significantly reducing the rate of retinal 
cell apoptosis and vascular permeability in the retinas 
of diabetic rats. Thus, vitamin D has considerable po-
tential in the treatment of diabetic retinopathy [18]. 

However, the clinical relevance of the above-men-
tioned studies remains unclear. There is currently no 
information in the available literature on the effect of 
vitamin D supplementation in patients with diabetic 
retinopathy. However, it is possible that further stu-
dies will demonstrate the positive effect of vitamin D 
supplementation. Vitamin D supplementation as a pro-
tective mechanism against the development and prog-
ression of this type of retinopathy therefore requires 
further investigation [14].

The study has also recently focused on the effect of 
vitamin D on age-related macular degeneration (AMD). 
The most convincing evidence that vitamin D has a 
beneficial effect on VPDM is its ability to modulate the 
immune system, as well as its ability to inhibit inflam-
mation and angiogenesis [17]. Cumulative data from 
experimental observational studies suggest that low 
serum vitamin D levels may be a potential risk factor 
for the development of VPDM. However, although the-
se studies are useful to investigate the possible rela-
tionship between vitamin D and VPDM, they are not in-

tended to establish a causal relationship. Intervention 
studies evaluating the effect of vitamin D supplemen-
tation in preventing the onset or progression of VPDM 
are still lacking. Therefore, there are no specific nutri-
tional recommendations regarding vitamin D intake in 
relation to primary or secondary prevention of VPDM. 
However, several studies have examined the relation-
ship between vitamin D in food and VPDM [18]. Such a 
study published in 2017 confirmed that a higher dieta-
ry vitamin D intake was associated with a significantly 
lower risk of VPDM progression to advanced form. A 
beneficial effect has been observed mainly in relation 
to the development of neovascularisation [19].

CONCLUSION

With the current increasing body of evidence indica-
ting the importance of vitamin D in clinical medicine, 
attention should be focused on this hormone. Of cour-
se, there are still a number of unanswered questions 
left on the issue of the pleiotropic effects of vitamin D, 
to which answers will surely be sought in the near fu-
ture. This applies both to target vitamin D levels, and 
to the refinement of vitamin D dosing in non-skeletal 
indications, which will probably be different from those 
in bone indications [1,2].
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