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Abstract

Purpose: to demonstrate the connection between a lack of vitamin D and dry eyes and to assess
how vitamin D supplements affect both dry eyes and tear production.

Methods: A total of 60 patients (120 eyes) attending Benghazi Teaching Ophthalmology
Hospital were enrolled in the study, during the period from February 2021 to October 2021. The
ocular surface disease index, the time test, and the schirmer test were used to evaluate each
participant. For the examination of the serum vitamin D, blood samples were taken.

Results: There was significant increase in Tear Film Break-Up Time (TFBUT) and Schirmer test
after follow up while there was significant decrease in Ocular Surface Disease Index (OSDI)
after follow up.

Conclusions: Each patient's serum vitamin D levels must be checked when treating dry eye, and
if they are low, a supplement may be helpful.

Keywords: Supplement, Dry Eye, Vitamin D.

Introduction

The term "dry eye disease™ refers to a “multifactorial disease of the tears and ocular surface that
results in symptoms of discomfort, visual disturbance and tear film with potential damage to the
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ocular surface. It is accompanied by increased osmolarity of the tear film and subacute
inflammation of the ocular surface”. It is an extremely common condition, particularly in
postmenopausal women and elderly @.

25-hydroxyvitamin D is another name for vitamin D. [25(OH)D], has long been acknowledged
as one of the basic nutrients needed each day. The two main forms of vitamin D are
ergocalciferol (vitamin D2) and cholecalciferol (vitamin D3). Following exposure to ultraviolet
radiation in the morning, cholecalciferol is mostly produced in the skin. Ergocalciferol can be
gotten by eating specific foods or by subjecting plants to radiation. It is debated if there is a link
between inflammation and vitamin D. Higher vitamin D levels have been connected to lower
levels of inflammation, according to some studies, although the opposite has also been
suggested. The Animal studies have demonstrated that the metabolites of The effects of vitamin
D and its analogs are anti-inflammatory. ©.

In addition to influencing calcium homeostasis, vitamin D is a versatile hormone that also
influences immune system control, cell development, and survival. Vitamin D can activate and
affect numerous ocular tissues, indicating that it is a physiologically significant molecule with a
typical level between 20 and 40 ng/mL. Epidemiological studies have demonstrated that Vitamin
D levels and genetic variations affect a variety of visual conditions, including myopia, age-
related macular degeneration, diabetic retinopathy, and uveitis. Moreover, vitamin D works at
the cellular level to improve barrier function, lessen inflammatory mediators, and cause
malignant cells to die. ®.

Due to its secretory and anti-inflammatory qualities, Dry eyes may be impacted by vitamin D.
Lack of vitamin D may impair dopamine function, which regulates parasympathetic tone and
lowers tear production. .

The anti-inflammatory and secretory properties of vitamin D may affect wet eye. Lack of
vitamin D may compromise dopamine's ability to control parasympathetic tone and reduce tear
production. ©.

Inflammatory mediators (cytokines) linked to the etiology of dry eye are protected from by it. By
stimulating cathelicidin, an anti-microbial protein generated by corneal and conjunctival
epithelial cells, it may help prevent dry eyes. It also facilitates corneal and conjunctival wound
healing. ©.

Vitamin D concentrations in plasma have recently been revealed to be lower than those in tear
fluid that is directly extracted from the accessory and lacrimal glands. Lacrimal and auxiliary
glands, which produce tear fluid, express the putative vitamin D transporters megalin and
cubilin, .
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The retinal pigmentary Vitamin D receptors are present in the epithelium, endothelium, and
corneal epithelium. ®©.

Additionally, it has been revealed that vitamin D targets in salivary gland epithelium and
myoepithelial cells are significant, and that the rat parotid glands' production of saliva is
correlated with vitamin D levels. ©.

lon and fluid transport in the salivary glands are regulated by is vitamin D. Consequently,
vitamin D may control lacrimal glands' ability to produce tears by comparable methods. We still
don't fully comprehend how vitamin D and dry eyes are related. Either vitamin D is created in
the skin by exposure to sunlight or it is absorbed through the dietPrevitamin D3 is transformed
first into The kidney converts 25-hydroxyvitamin D3 [25(OH)D] into its active form, 1a,25-
dihydroxyvitamin D3 [1a,25(OH)D]. Assessment of a person's vitamin D status is done using
serum 25(OH)D concentrations. @9,

One disorder where Sjogren's syndrome and severe forms of dry eye have both been linked to
low vitamin D levels. which frequently includes severe aqueous deficient dry eye.

The results of According to the Dry Eye Questionnaire 5, for every 10 unit drop in vitamin D
levels, the severity of dry eye symptoms rose by 1.24 units (normal values are between 20 and 40
ng/mL). It is less certain, though, if vitamin D helps with less severe cases of dry eyes. Even
though Despite the fact that there was no relationship between vitamin D levels and the severity
of dry eye (based on objective markers), people with higher vitamin D levels were found to have
fewer symptoms related to the condition. ®%.

Therefore, our goals were to show relationship between a vitamin D shortage and dry eyes as
well as to assess how vitamin D supplements affected both conditions.

Patient and methods

= Following approval by the Ophthalmology Department (Faculty of Medicine / University of
Benghazi) ethics committee, a total of 60 patients (120 eyes) receiving care at the Benghazi
Teaching Ophthalmology Hospital were included in the study from February 2021 to October
2021. The Benghazi Teaching Ophthalmology Hospital conducts all examinations. The patients
who were included matched the following inclusion and exclusion requirements.

Inclusion Criteria:

e Any patient with vitamin D deficiency and dry eye.
e Adult age above 45 years old.
e Both male and female.
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e Patients with dry eye.
e Serum 25 hydroxycholecalciferol below 20 ng/ml.

Exclusion Criteria:

e Ophthalmological disease that defect tear film as Sjegren syndrome, systemic rheumatic
diseases, vitamin B12 deficiency, ect.

e Ophthalmic surgery or corneal scar.

e Allergy to fluorescein or local anesthesia.

e History of smocking.

e Recent drugs use interfere with lacrimal function.

e Active ocular infection or allergi.

e Use of contact lenses.

All patients were subjected to the following:
= Written informed consent.
= History taking including:

v" Name, gender, age, occupation.

v All participants were questioned Considering the symptoms and indicators of dry eye,
including redness, burning, dryness, a feeling of something alien in the eye, temporary
blurred vision, and photophobia.

v Diurnal variation of symptoms (if these symptoms were worse toward the end of the day
or in the morning) and workplace stress (air conditioning) were asked to the patients.

v Also, history taking included smoking history, medical and surgical history, and topical
and systemic drug intake.

= Slit lamp examination especially for conjunctival Time for tear film breakup and hyperemia.
Slit lamp analysis included ocular signs of dry eye e.g. superficial punctate keratitis, mucous
plaques and filaments on the cornea, lower tear meniscus, temporal conjunctival folds, thickened
eyelid margins and telangiectasia of their blood vessels, and Meibomian gland orifices and their
secretions.

= The lacrimal function assessment was performed in specific order by:

1- Tear breakup time (TBUT) can be measured using the Oxford Schema with 2%
fluorescein corneal staining.
2- 2. A 0.4% Benox eye drop modification to the Schirmer's test.
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3- 3- The 12-item OSDI (Ocular Surface Disease Index), a survey on the symptoms and
telltale indicators of dry eyes. In the wake of the administration of vitamin D supplements
for three months, these measurements were again performed.

= Blood test for serum 25 (OH) vitamin D by enzyme-linked immunoabsorbed assay at 1°
day, and after 3 months (done in same laboratory) and supplement vitamin D (1,25
dihydroxy cholecalciferol) IM 200,0001U once monthly for three consecutive months for all
participants.

The assessments of all subjects were done at same room in same stabile conditions. The interval
time between The examinations/tests of the ocular surfaces lasted for at least five minutes.

Instrumentation:
% Tear Film Break-up Time Test (TFBUT):

In order to assess the tear film's stability, this technique was described. After being injected into
the patient's tear film, fluorescein was instructed to distribute uniformly across the cornea by
encouraging the patient to blink repeatedly. With the help of a slit lamp and a wide cobalt blue
light beam, the tear film was inspected.The period between the last blink and the first dry patch
appearing in the tear film is referred to as the TFBUT. (Fig. 1). To a tear break-up time to
identify dry eyes of less than 10 seconds will be considered the cut-off value.

Tear Film Breakup Time (TFBUT) Blink Induction Period (BIP)

Maximum Blink Interval (MBI)

Figure (1): Tear film break up time test *?
+»* Schirmer Test:

The test was carried out to determine how many tears were present (Fig. 2). Without using
topical anesthesia, a In order to avoid touching the cornea or eyelashes, a | gently inserted a 35 X
5 mm Schirmer filter paper strip between each eye's bottom eyelid. The patient was told to
gradually close their eyes. After five minutes, the strip was removed, and the amount of moisture
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on the filter paper was calculated. A tear film thickness of less than 10 mm was considered dry.

We noted the typical Schirmer test results for the left and right eyes.

Figure (2): Schirmer strips. ¢?

+¢ Ocular Surface Disease Index (OSDI)

Ocular Surface Disease Index® (OSDI®)*

Ask your patients the following 12 questions, and circle the number in the box that best represents eact
answer. Then, fill in boxes A, B, C, D, and E according to the instructions beside each.

An Most Halt Some None
Have experienced any of the of the of the of the of the of the
Tollowing during the last week? time time. time time time
1. Eyes that are sensitive to ight? . . 4 3 2 1 0
2. Eyes that feel grify? . ... 4 3 2 1 0
3. Paintul or sore eyes? _...... ... 4 3 2 1 0
4. Blurred vision? .. .. ... . . 4 3 2 1 o
5. POOCVISION? ....oiiiiiiiinans 4 3 2 1 0
Subtotal score for answers 1 to §
Have probloms with your eyes A Most Halt
fimited you In performing any of of the of the of the of the of the
| the toliowing during the last week? _tme  tme  tme  tme  tme | WA
6. ROMENGY. isvvesianisnsias 4 3 2 1 0 NA
7. Driving at night? 4 3 2 1 0 NA
8. Working with a computer or R 3 2 4 o
bank machine (ATM)?.......... NA
8. WalchingTV? ................ 4 3 2 1 o NA
Subtotal score for answers 6 to 9
Have your eyes fell uncomfortable Al Most Halt o Nome
In any of the following situntions ofthe  ofthe  ofthe  ofthe  of the
during the last week? time time time time time NA
10. Windy conamions?. . .. ......... 4 3 2 1 0 NA
11. Places or areas with low . a 2 B 0
humidity (very dry)? . ......... NA
12. Areas that are alr conditioned?. . . 4 3 2 1 o NA

Subtotal score for answers 10 to 12 [:]
Add subtotals A, B, and C to obtain D -
| (D = sum of scores for all | : |

| (ﬁrw"wm-'m‘ld)l—”

Please turn over the questionnaire to calculate the patient's final OSDI® score.

Figure (3): Ocular Surface Disease Index.
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Ethical approval:

The research and data gathering complied with all applicable laws and the Helsinki Declaration's
tenets. Approval by the ophthalmology department (faculty of medicine /University of Benghazi)
and ethics committee.

Statistical analysis

IBM SPSS Statistics for Windows, version 23 (Armonk, New York: IBM Crop USA) was used
to analyze the data. While non-parametric data is presented as median (percentile range),
parametric data is expressed as mean SD. Paired student t-tests were used for the statistical
comparisons the Wilcoxon signed rank tests on non-parametric data and the tests on parametric
data. Categorical data were represented by frequency and percentage. The Spearman correlation
coefficient test was used to assess the relationship between the variables (2-tailed). The level of
relevance will be displayed at P0.05.

Results

Table (1): Demographic and clinical data of the studied group

Patients
(N=60)
Age 55.2+7 Median 54.5 (Range 46-72)
Gender M 15 25%
F 45 75%

Data are represented using mean + SD or number (%) when appropriate

Patients' The median age was 55.2 years, with ranges ranging from 46 to 72. 75% of them were
women. (Table 1).

Table (2): The lacrimal function assessment of the studied group before and after vitamin D
supplement

Basal Follow up Z P
(N=60) (N=60)
TFBUT 9 13 6.75 <0.001
(7-10) (11-15)
Schirmer test 9 22 6.74 <0.001
(8-11.7) (19-25)
OSDI 34 30 6.78 <0.001
(31-37) (28-32)

Eur. Chem. Bull. 2023, 12(Issue 7), 3059-3072
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The median of the data is shown (25th-75th Quartiles). Data analyzed using Wilcoxon signed
rank test.

There was significant increase in TFBUT and Schirmer test after follow up while there was
significant decrease in OSDI after follow up (Table 2).

Table (3): Vitamin D of the studied group before and after vitamin D supplement

Basal Follow up t P
(N=60) (N=60)
Vitamin D 11+38 31.3+4.3 62.1 <0.001

The data are shown as mean SD. utilizing a paired t test to examine the data
There was significant increase in vitamin D after follow up (Table 3).

Table (4): Spearman correlation between vitamin D and lacrimal function assessment before
vitamin D supplement

r P Correlation
TFBUT basal 0.69 <0.001* Direct
Schirmer test basal 0.87 <0.001~* Direct
OSDI basal -0.89 <0.001~* Indirect

While there was a negative link between vitamin D and basal OSDI, there was a positive

correlation between vitamin D and basal TFBUT and basal Schirmer test. (Table 4).

Table (5): Spearman correlation between vitamin D and lacrimal function assessment after

vitamin D supplement.

r P Correlation
TFBUT follow up 0.29 0.02 Direct
Schirmer test follow up 0.42 0.001 Direct
OSDI follow up -0.69 <0.001 Indirect

While there was a negative link between vitamin D and follow-up OSDI, there was a positive
correlation between vitamin D and follow-up TFBUT and Schirmer tests. (Table 5).

Discussion

About 60% of adults have dry eye disease, a prevalent, multifactorial, chronic ocular illness (13).
The reported increased prevalence of dry eyes may be a result of racial differences or
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environmental factors. The condition results in visual disruption, ocular discomfort (such as
irritation and a feeling of a foreign body), and abnormalities of the cornea and conjunctiva (14).

Current therapies for this persistent condition (such ocular lubricants) are not very successful.
(1)

25-hydroxyvitamin D is another name for vitamin D [25(OH)D], has long been acknowledged
as one of the basic nutrients needed each day. The two main forms of vitamin D are
ergocalciferol (vitamin D2) and cholecalciferol (vitamin D3). While cholecalciferol is mostly
formed in the skin as a result of exposure to UV radiation, ergocalciferol can be acquired by
consuming specific foods. If a connection exists between vitamin D and inflammation, it is up
for debate. Despite the fact that some studies (16) indicated that increased vitamin D levels
reduced inflammation, some researchers contend that inflammation is the cause of decreased
vitamin D. "3 Animal tests have shown that the metabolites of vitamin D and its analogs have
anti-inflammatory effects. "9,

The few investigations into vitamin D's effects impact on dry eyes show conflicting outcomes.
One disorder where Sjogren's syndrome, which commonly includes severe aqueous keratitis, has
been associated with low vitamin D levels and severe forms of dry eye deficient dry eye. .

It was shown that the severity of For every 10 units lower vitamin D levels, dry eye symptoms as
measured by the Dry Eye Questionnaire rose by 1.24 units. It is less certain, though, if vitamin D
helps with less severe cases of dry eyes. Even though there was no correlation between vitamin
D levels and the severity of dry eye (based on objective markers), People with higher vitamin D
levels were found to have fewer symptoms related to the condition. ®%.

Additionally, studies show that those with vitamin D deficiencies fared worse on tests that gauge
tear production and quality, such as the TBUT and the Schirmer's test. 9.

Despite a non-significant correlation between blood vitamin D levels and the severity of dry eye
disease, Jee et al. discovered that higher blood vitamin D levels decreased the chance of
developing dry eye illness. ?% 2.

By establishing Our investigation into the effects of vitamin D supplementation on dry eyes is
motivated by the link between a vitamin D deficiency and dry eyes eye and tear function.

This prospective cross-sectional study on 60 dry eye patients was undertaken by the
ophthalmology division of the faculty of medicine at Benghazi University.

Our research showed that 75% of the patients were female, with a mean age of 55.2 7 years and a
range of 46 to 72 years. The mean values before were TFBUT (9 sec), Schirmer test (9mm), and
OSDI (34 point), and after were TFBUT (13sec), Schirmer test (22mm), and OSDI (30 point).
The lacrimal function evaluation of the study group prior to and during vitamin D supplemental

3067
Eur. Chem. Bull. 2023, 12(Issue 7), 3059-3072



Impact of Vitamin D Supplement on Dry Eye

Section A -Research paper

usage identified a substantial increase in TFBUT and Schirmer test after follow up while a
significant decrease in OSDI after follow up (p 0.001).

This was in line with the results of an EI Said research et al. (3) that examined how the
Individuals with vitamin D insufficiency can benefit from tear film. The patients in their study
had a median age of 51.60 11.921 years and ranged in age from 20 to 67.

With a mean before of 11 ng/ml and an after of 31.3 ng/ml, the current study's comparison of the
studied group's vitamin D levels before and after demonstrated a statistically significant increase
in vitamin D after follow-up.

El Said et al. ® revealed that the mean 25-hydroxy vitamin D level for the group under study
was 8.22 4.814 ng/ml, with a range of 6 to 18.50 ng/ml. Following treatment, Increased vitamin
D levels.

Yang et al. @ found that, overall, the sample's At baseline, serum vitamin D levels increased by
36%, from 80.8 to 109.9 nmol/l. (p 0.001).

This is in agree with a study done by Meng et al. ®® Patients with DED had reduced serum
25(0OH) vitamin D levels, according to a study. Furthermore, they discovered that the results of
the TFBUT and Schirmer tests are affected by low vitamin D levels.

Another study done by Yildirim et al. “% indicated that decreased TFBUT and Schirmer test
outcomes were seen in patients with vitamin D deficiency.

In disagreement with our study Jeon et al. ®® demonstrated that there is no connection between
DED and serum vitamin D levels. According to early studies, higher serum vitamin D levels
were linked to a non-significantly lower incidence of DED. According to their findings, serum
vitamin D levels climbed, men's risks decreased while women's risks rose.

Our research revealed a negative correlation between vitamin D and the baseline OSDI in the
evaluation and a positive correlation between vitamin D and the baseline TFBUT and Schirmer
test of lacrimal function prior to vitamin D supplementation. The Spearman connection link the
evaluation and vitamin D of lacrimal function following vitamin D administration revealed a
positive Schirmer and TFBUT follow-up tests and vitamin D, although there is a negative
correlation between the OSDI and vitamin D.

In agreement with our study, El Said et al. © reported that the range of 1.0 to 12.5 mm and the
mean value for the Schirmer test was 6.48 mm. TFBUT ranges from 0 to 8 seconds, with a mean
value of 3.62 to 2.04 seconds. With a mean of 32.58 to 9.607 points, the OSDI had a range of 13
to 48 points. Schirmer's test and TFBUT scores were found to be significantly higher following
therapy as compared to baseline levels (P 0.001). When compared to baseline levels, OSDI
values were significantly reduced following therapy; they were 16.42 9.254 (P 0.001) after 10

weeks.
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Yang et al. ) The average OSDI score was found to be considerably lower after vitamin D
treatment overall; at baseline, it was 21.0 14.1 and after vitamin D treatment, it was 10.5 10.4 (p
= 0.02), demonstrating a decrease in the symptoms of dry eye. seven patients who have low
vitamin D levels showed no discernible difference in tear quality according to Schirmer's test,
which contrasts tear quality before and after treatment (22 10.79 vs. 21 12.49; p > 0.05).

Jin et al. @ Schirmer's test revealed that the average TBUT was 3.34 1.61 seconds, the average
OSDI was 33.92 23.28, and the average tear secretion was 6.52 4.63 mm. There was a positive
connection between tear break-up time (TBUT) and serum 25 (OH) D levels (r = 0.389, p 0.001).
Serum 25(OH)D levels and tear production had a positive correlation (r = 0.428, p 0.001). Ocular
symptoms as evaluated by the OSDI and serum 25(OH)D levels did not correlate (r = 0.070, p =
0.549).

Liu et al. ® found that there was a positive association between TBUT and serum 25 (OH) D
levels (Pearson correlation test: r = 0.389, P = 0.001; and r = 0.428, P 0.001). The TBUT was
shorter in the vitamin D-deficient group than the vitamin D-sufficient group in the vitamin D
group (P =0.022).

Jain et al. ® TFBUT was discovered to have significantly reduced in vitamin D patients
insufficiency. They also demonstrated that those with vitamin D deficiency had higher OSDI
ratings.

Demerci et al. ®® conducted a study in which the average age of the vitamin D-deficient group
OSDI scores were considerably higher (35.78 21.44). Patients with low vitamin D levels
experienced dry eyes and insufficient tear production. Patients with vitamin D deficiencies
reportedly had higher OSDI scores.

A significant difference in TBUT was discovered by one-way ANOVA (p = 0.005). In contrast
to the sufficient group (4.09 1.81 seconds; p = 0.022) and the insufficient group (3.71 1.61
seconds), the inadequate group's tear break-up time (2.63 1.27 seconds) was shorter. Significant
variations in tear secretion One-way ANOVA was used to compare the three groups (p = 0.005).
The findings of Schirmer's test revealed that the inadequate group's tear secretion was lower
(4.83 2.27 mm) than the sufficient group's (9.91 7.85 mm; p = 0.004).

Galor et al. Y discovered revealed lower levels of DES symptoms were substantially correlated
with higher vitamin D levels (1.24% decline for every 10% increase in vitamin D, p=0.01).

Conclusion:

Dry eye is a common problem. Insufficient tear volume or function is the cause of the shaky tear
film and surface characteristics of the eye. tracking vitamin D levels in the blood is crucial while
treating dry eye; if necessary, a supplement may be beneficial.
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