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Corneal endothelial changes in patients with vitamin D deficiency

Cem Cankaya, Tongabay Cumurcu, Abuzer Gunduz

Purpose: The purpose of this study is to evaluate the effect of vitamin D deficiency on corneal endothelial
layer using specular microscopy. Methods: Fifty-eight eyes of 58 patients whose vitamin D level was below
15 ng/ml and who had no ocular pathology were included in the study (Group 1). Forty eyes of 40 age-and
sex-matched subjects were enrolled as control group (Group 2). Corneal endothelial cell density (CD),
coefficient of variation (CV), hexagonal cell ratio (HEX), and central corneal thickness (CCT) were
measured using specular microscopy (Konan Medical Inc., Nishinomiya, Japan). The obtained data were
compared between the groups. Results: There was no significant difference between the groups in terms
of age and gender (P = 0.344, P = 0.399, respectively). The mean CD value was 2772.79 + 202.21 cells/mm?
in Group 1 and 2954.97 + 116.89 cells/mm? in Group 2 (P = 0.001). The mean CV value was 30.31 + 3.65 in
Group 1 and 28.20 + 2.71 in Group 2 (P = 0.003). The mean HEX value was 46.56 + 6.32 in Group 1 and
51.07 +£5.28 in Group 2 (P = 0.001). The mean CCT value was 555.87 + 36.90 u in group 1 and 549.0 +37.39 u
in Group 2 (P = 0.96). Conclusion: Vitamin D deficiency may affect the corneal endothelial layer. Patients
with vitamin D deficiency should be evaluated for endothelial parameters in particular before an intraocular
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surgery. Further studies are needed to confirm our results.
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Vitamin D is a group of fat-soluble prohormones that can be
synthesized endogenously in appropriate biological conditions.
It includes vitamin D3 (cholecalciferol) and vitamin D2
(ergocalciferol). Vitamin D3 is produced from its precursor
7-dehydrocholesterol by ultraviolet (UV) irradiation in the
skin. Some amount of vitamin D3 can be supplied by dietary
products. Vitamin D2 derives from UV irradiation of ergosterol
which is a membrane sterol.l'?!

In the liver, vitamin D3 is converted to calcidiol (calcifediol)
25-hydroxyvitamin D3 (25[OH] D3) and vitamin D2
is converted to 25-hydroxyergocalciferol (25[OH]
D2) by the 25-hydroxylase. 25(OH)D3 is converted to
1,25-dihydroxycholecalciferol (1,25[OH]2D3-calcitriol) by 1o
hydroxylase in the kidneys and many tissues (the active form
of vitamin D3). To determine the vitamin D status in serum,
these two vitamin D metabolites are measured.

According to the Kidney Dialysis Outcomes Quality
Initiative guidelines, if the circulating 25(OH) D3 level is
below 5 ng/ml, it is accepted as severe vitamin D deficiency;
if the level is between 5 and 15 ng/ml, it is accepted as mild
vitamin D deficiency; if the level is between 15 and 29 ng/ml,
it is accepted as vitamin D insufficiency; and if the level is
higher than 30 ng/ml, it is accepted as normal (preferred range
is between 40 and 60 ng/mL)."!

The most important effect of vitamin D is on calcium,
phosphorus metabolism and on bone mineralization. In
recent years, it was revealed that vitamin D deficiency and
insufficiency are related with common cancers, cardiovascular
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diseases, metabolic syndromes, infectious, and many chronic
diseases including autoimmune diseases.!! Vitamin D3 has
been reported to increase the production of anti-inflammatory
cytokines while reducing the production of pro-inflammatory
cytokines. Hence, vitamin D3 is considered to play an
important role in the inflammation process. Beside the immune
regulation, vitamin D also plays important roles in cell
proliferation, differentiation, apoptosis, and angiogenesis.”*!

Vitamin D has been studied in many different areas in ocular
diseases including ocular inflammation, ocular angiogenesis,
glaucoma, diabetic ocular involvement, dry eye disease,
and optic nerve in multiple sclerosis.’') However, anterior
segment findings in particular corneal involvement during
vitamin D deficiency are very limited. Since the aqueous humor
is the primary source responsible for the feeding of corneal
endothelial layer, endothelial abnormalities can be expected
due to accumulated inflammatory cytokines and multiple toxic
products in the aqueous humor of the patients with vitamin D
deficiency. Our hypothesis in the current study is that whether
corneal endothelium is affected by these processes such as
inflammation, oxidation, and apoptosis observed in vitamin D
deficiency and focus on underlying mechanisms. To the best of
our knowledge, this is the first study in literature investigating
the corneal endothelial layer status in patients with vitamin D
deficiency.

This is an open access journal, and articles are distributed under the terms of
the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License,
which allows others to remix, tweak, and build upon the work non-commercially,
as long as appropriate credit is given and the new creations are licensed under
the identical terms.

For reprints contact: reprints @medknow.com

Cite this article as: Cankaya C, Cumurcu T, Gunduz A. Corneal endothelial
changes in patients with vitamin D deficiency. Indian J Ophthalmol
2018;66:1256-61.

© 2018 Indian Journal of Ophthalmology | Published by Wolters Kluwer - Medknow



September 2018

Cankaya, et al.: Vitamin D deficiency and corneal endothelial changes 1257

Methods

The study was performed prospectively at the Ophthalmology
and Internal Medicine Department of the Inonu University
Medical Faculty. The study group (Group 1) was composed
of fifty-eight eyes of 58 patients with vitamin D deficiency
(25-60 years of age). Forty eyes of 40 age- and sex-matched
participants were enrolled as control group (Group 2).

The patients whose serum vitamin D levels were
detected <15 ng/ml during routine checkup at Internal Medicine
Department were referred to Ophthalmology department and
included in the study as Group 1. Serum vitamin D levels of
participants in Group 2 were higher than 15 ng/ml. They were
also referred to Ophthalmology Department from Internal
Medicine Department. The serum vitamin D levels of the
patients were assessed by enzyme-linked immunosorbent assay.

All participants gave informed consent before the study
and the tenets of the Declaration of Helsinki were followed.
The study was reviewed and approved by the Malatya Ethics
Committee (Reference number: 2017/93).

A complete ophthalmic evaluation was performed
in all participants including assessment of visual acuity,
anterior segment evaluation to rule out some certain ocular
conditions that might affect the corneal endothelium, and
posterior segment evaluation after dilating pupils by +90D
biomicroscopy to rule out certain posterior segment conditions
such as glaucoma.

Participants who had a systemic disease such as diabetes
mellitus and hypertension, previous ocular surgery or laser
therapy, history of any corneal disorder, trauma history,
and glaucoma were excluded from the study. Furthermore,
patients older than 60 year were not included in the study since
possibility of age-related endothelial cell loss.

Specular microscopy (Konan Medical Inc., Nishinomiya,
Japan) imaging was performed on the eyes of the patients
with vitamin D deficiency and healthy individuals by the
same ophthalmologist. Each eye was measured 3 times
and the average values were recorded. Corneal endothelial
cell density (CD) (cells/mm?), coefficient of variation (CV),
hexagonal cell ratio (HEX), and central corneal thickness (CCT)
values were calculated automatically using the software of the
specular microscope [Figs. 1 and 2]. The obtained data were
compared between the groups.

Statistical analysis

SSPS for Windows software version 17.0 (SSPS Inc., Chicago,
IL, USA) was used for the analysis. According to the power
analysis, at least 40 participants were required in each group.
Measurable data of the study was presented as mean + standard
deviation. According to the Shapiro-Wilk test statistic, the
parametric test statistic was used because of the normal
distribution (P >0.05) of the data. An Independent sample -test
was used to compare two groups. Pearson correlation analysis
test was used for correlation analysis. P < 0.05 was considered
as statistically significant.

Results

The mean participant age was 44.4 + 10.89 years in Group 1
(31 women, 27 men) and 41.5 + 8.17 years in Group 2

(20 women, 20 men). There were no significant differences
between the groups with respect to age or sex (P = 0.344,
P =0.399, respectively) [Table 1].

The mean vitamin D level was 4.93 +2.91 ng/ml in Group 1
and 44.45 +5.45 ng/ml in Group 2. Average best-corrected visual
acuity was 0 logMAR in both groups. Intraocular pressure,
anterior segment biomicroscopic examinations, and posterior
segment findings were normal in both the groups.

The mean CD value was 2772.79 + 202.21 cells/mm? in
Group 1 and 2954.97 + 116.89 cells/mm? in Group 2. The
mean CV value was 30.31 + 3.65 in Group 1 and 28.20 + 2.71
in Group 2. The mean HEX value was 46.56 + 6.32 in Group 1
and 51.07 + 5.28 in Group 2. The mean CCT value was
555.87 + 36.90 w in Group 1 and 549.0 + 37.39 u in Group 2.

There was a statistically significant decrease in CD and
HEX values in Group 1 when compared the control group
([P = 0.001], [P = 0.001]). The mean CV value in Group 1
was statistically greater when compared the control group
(P = 0.003). There was no statistically significance in terms
of CCT between the groups (P = 0.96) [Table 2] [Figs. 3-6].
Correlation analysis showed no significant correlation between
the vitamin D levels and parameters including CD, CV, HEX,
and CCT (P > 0.05).

Discussion

The target cells of the vitamin D in the eye were firstly
demonstrated by calbindine, a calcium-binding protein,
present in largely different sets of nerve cells in the central
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Figure 1: Specular microscopy image shows the endothelial layer of
a case with Vitamin D deficiency

Table 1: Demographic features of the groups

Features Group 1 (n=58) Group 2 (n=40) P
Age, mean+SD, 44.4+10.89(27-60) 41.5+8.17(29-59) 0.344
(range)

Gender 31/27 20/20 0.399

(female/male)

n: Number of the cases, SD: Standard deviation
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Table 2: Comparison of endothelial parameters between the groups

Group 1 Group 2 95% ClI Mean difference P
Mean+SD Range Mean+SD Range Lower Upper
CD (cells/mm?) 2772.79+202.21  2347-3135  2954.97+116.89  2774-3350 -252.64 -111.71 -182.18 0.001
Ccv 30.31+3.65 23-41 28.20+2.71 20-34 0.76 3.46 2.1 0.003
HEX 46.56+6.32 32-61 51.07+5.28 41-61 -6.92 -2.08 -4.5 0.001
CCT (p) 555.87+36.90 479-628 549.0+37.39 484-675 -8.25 22.01 6.87 0.96

CD: Endothelial cell density, CV: Coefficient of variation, HEX: Hexagonal cell ratio, CCT: Central corneal thickness, Cl: Confidence interval, SD: Standard deviation
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Figure 2: Specular microscopy image shows the endothelial layer of
a healthy participant
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Figure 4: Graph shows the distribution of coefficient of variation in
Group 1 and 2

nervous system and also in retinal tissue. Later, vitamin
D receptors (VDR) were demonstrated in the cornea,
lens, ciliary body and retinal pigment epithelium, corneal
epithelium, ganglion cell layer, and retinal photoreceptors
by immunohistochemical stainings. Recently, the presence
of vitamin D hydroxylase activity has been shown in
corneal epithelial and endothelial cells, scleral fibroblasts,

cD =
*
3250,00 78
]
2750,00
200,00
2250,00
T T
1
GROUP 1AND 2

Figure 3: Graph shows the distribution of cell density in Group 1 and 2
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Figure 5: Graph shows the distribution of hexagonal cell ratio in
Group 1 and 2

nonpigmented epithelium of ciliary body, and adult retinal
pigment epithelium cell cultures. Moreover, it also has been
shown that the majority of these cells can convert the 25(OH)
D3 to the 1,25(0OH) 2D3 which is the active form of vitamin
D. Interestingly, corneal limbal epithelial cell cultures have
been shown to produce de novo vitamin D, similar to skin cells
following UV-B exposure.'! Other sources of vitamin D in
the eye are the aqueous humor, vitreous and tear film layers,
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Figure 6: Graph shows the distribution of central corneal thickness
in Group 1 and 2

in which vitamin D metabolites are detected with oral vitamin
D supplementation in rabbits and rats.>'

The role of vitamin D has been studied in many ocular
disorders including dry eye syndrome, glaucoma, uveitis-ocular
inflammation, ocular angiogenesis, age-related macular
degeneration, diabetic retinopathy, and optic neuritis,
particularly in multiple sclerosis. The most important role of
vitamin D in these disorders is anti-inflammatory effect."”!

Oxidation, inflammation, and angiogenesis in the ocular
tissues may lead to dysfunction and cell loss. It has been
demonstrated that vitamin D inhibits the production of
pro-inflammatory cytokines, including interleukin (IL)-2, IL-12,
interferon-y, and tumor necrosis factor-o.. On the other hand,
the production of anti-inflammatory cytokines such as IL-4,
IL-10, and tumor growth factor-f has been demonstrated to
increase in the presence of vitamin D.[¢]

Yin et al. have revealed that there are significant vitamin
D2 and D3 metabolites levels in both aqueous and vitreous
humor of rabbits and the amounts of these metabolites in
aqueous and vitreous humor were found to be proportional
to the dietary vitamin D3 supplementation. In the same
study, it has also been demonstrated that corneas of rabbit,
mouse, and human contain VDR mRNA and 1a-hydroxylase
mRNA," namely, the more circulating vitamin D3 and the
more vitamin D3 metabolites in both aqueous and vitreous
humor. At this point of view, we can consider that one
with vitamin D deficiency has low amount of vitamin D
metabolites in aqueous leading to more inflammation and
more oxidation. Hence, we tried to evaluate whether corneal
endothelial functions affected from this inflammation and
oxidation. In this context, we aimed to evaluate corneal
endothelial indices including CV, HEX, corneal endothelial
CD, and CCT by specular microscopy. These indices give
valuable information in particular morphologic structure
of endothelium layer. Quantitative analysis of images taken
by specular microscopy allows to obtain numerical values
such as CD, cell shape, and size variation percent. While the
CV is an objective criterion of polymegethism, HEX is an

objective criterion of pleomorphism. CD is the cell number/1
mm?. Clinically, CCT can be evaluated as an indicator for the
endothelial functions.['$!

There are many studies in the literature investigating
endothelial layer and CCT during active and inactive periods
of uveitis with different etiologies. MacDonald et al. have
demonstrated that intraocular inflammation affects the
corneal endothelial functions resulting in an increase in
corneal thickness.” Banaee et al. have revealed an increase
in CCT value in acute unilateral anterior uveitis compared to
unaffected eye.?!! Cankaya and Kalayci have demonstrated
an increase in CCT values in active Behget’s patients when
compared to inactive and control group.? With respect to
endothelial indices, in the study conducted by Alfawaz et al., CV
and HEX values were detected lower in eyes with the history of
uveitis when compared to healthy participants.[* In parallel to
the studies performed on uveitic eyes, we also found lower HEX
CD values and higher CV values indicating polymegethism and
pleomorphism in endothelial cell layer. So we can think that
inflammatory cytokines that may increase in aqueous humor of
the patients in vitamin D deficiency are one of the underlying
mechanisms that may lead to corneal endothelial cell damage
with the similar mechanism seen in uveitis.

Sati et al. have studied corneal endothelial parameters
in patients with chronic renal failure (CRF). A significant
difference was seen in CD, whereas no significant change was
seen in terms of polymegethism and pleomorphism according
to their results.? Diaz-Couchoud et al. compared the dialyzed
and nondialyzed groups, and they found a statistically
significant decrease in CD; however, no significant difference
was observed in terms of polymegethism and pleomorphism.®!
On the other hand, Ohguro et al. revealed that the patients
undergoing hemodialysis represent polymegethism and
pleomorphism with a normal range of CD.?! In our study,
a statistically significant difference was observed in all three
parameters including CD, CV, and HEX. It is well documented
that vitamin D deficiency occurs in patients with CRF and the
relationship between vitamin D and increased inflammation
mediators in these group patients is still being investigated.*!
As a result of the mentioned studies, we can hypothesize
that increased urea-like multiple toxic products in the serum
of the patients with CRF may affect the corneal endothelial
cells at certain rates by accumulating in the aqueous humor.
Furthermore, during vitamin D deficiency, multiple toxic
products may increase in both serum and aqueous humor with
similar mechanisms. Therefore, we can think that besides the
inflammatory cytokines, increased multiple toxic products
during vitamin D deficiency are the second underlying
mechanism for endothelial cell damage.

In many studies, vitamin D deficiency has been linked to
increased oxidative stress and decreased antioxidant status. It
has been demonstrated that vitamin D protects the cultured
human endothelial cells and retinal cone cells from oxidative
damage and activates the protective Nrf2-KEAP1 antioxidant
pathway in rats with diabetes.® Humans studies are limited
and a bit conflicting. In a study conducted by Codofier-Franch
et al., it has been demonstrated that lower vitamin D levels
are related with higher levels of oxidative stress biomarkers
including plasma malondialdehyde and nitrotyrosine
concentrations in obese children.” In another study conducted
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by Pourghassem Gargari, a positive association between
vitamin D and plasma total antioxidant capacity has been
found.! de Almeida et al. have revealed significantly lower
plasma antioxidant capacity in patients with chronic hepatitis
and vitamin D deficiency.P"! Gradinaru et al. have reported
that serum vitamin D levels are inversely correlated with two
oxidative stress biomarkers including oxidized low-density
lipoprotein and advanced protein peroxidation products in
elderly diabetic patients.* Since antioxidant/oxidative stress
balance is affected by many factors including habitual diet,
smoking, obesity, inflammation, food supplements, aging, and
presence of chronic diseases, and none of the above-mentioned
studies has independent study group, humans studies are still
conflicting. Despite these studies, we can consider the impaired
antioxidant/oxidative stress balance mechanism observed in
the deficiency of vitamin D as the third underlying mechanism
that may lead to corneal endothelial cell damage.

Apart from its classical functions, it has been demonstrated
that vitamin D is able to regulate proliferation and cell
differentiation, apoptosis, angiogenesis, and gene regulation.
Ithas been demonstrated in animal studies that the exposure of
vitamin D to lymphocytes results in decreased cell proliferation
and apoptosis.”! The mechanism is yet unclear. Therefore,
programmed cell death (apoptosis), which may occur in
vitamin D deficiency, might be the 4" factor that causes corneal
endothelial cell loss.

Like any other study, our study has some limitations. First
one is the number of patients. Second, it would be better to
consider the endothelial parameters at baseline and after
vitamin D supplements for treatment in same patients group.
Third, it would be better to measure vitamin D levels not only
in serum but also in aqueous humor or tear. Fourth, there may
be some sources of error relevant to device used in the study. To
deal with this source of error, all measurements were repeated
three times and the average value was recorded.

In this study, significant changes were observed in CD, CV,
and HEX values, which are the quantitative data of specular
microscopy in vitamin D deficiency. However, CCT values
were in normal range in this group of patients. If CCT is
normal and the endothelial indices such as CD, CV, and HEX
are abnormal, it indicates that despite the corneal endothelial
layer being affected, its functions remained normal, that is,
corneal decompensation is not observed.

Conclusion

In conclusion, although these changes in endothelial cell
functions do not lead to corneal decompensation, it should
be kept in mind that a patient with vitamin D deficiency may
develop corneal decompensation after an intraocular surgery
such as phacoemulsification.
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