
itamin-D is a fat-soluble pro-hormone and has immunomodulatory
properties.1-3 Vitamin-D deficiency plays an important role in de-
velopment of cancer and several autoimmune diseases.1,2 It has also

been found that environmental and hormonal factors, the fat-soluble vita-
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The Relationship Between Vitamin D
Deficiency and Ocular Surface Clinical

Parameters in Patients with Non-Sjögren Dry Eye

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  To investigate the effect of vitamin-D deficiency on ocular surface clinical
parameters  in Non-Sjögren dry eye patients. MMaatteerriiaall  aanndd  MMeetthhooddss::  Forty patients with serum vi-
tamin D deficiency and 24 control subjects with normal vitamin D levels were included in this
study. Ocular surface disease index (OSDI) questionnaire, tear break-up time (TBUT), corneal
fluorescein staining and Schirmer 1 test without topical anesthesia  were performed to all pa-
tients. RReessuullttss::  The median vitamin-D levels were 10.5 (9.5-12.5) ng/mL in study and 24.5 (17.6-
35.2) ng/mL in the control group (p<0.001). The median OSDI scores were 27.77(18.75-37.50) in
study, 8.33 (6.25-28.41) in control group (p =0.071). The mean TBUT were 5.18±2.15 and 7.36±3.10
seconds and Schirmer scores were 12.18±6.44 and 18.57±8.99 mm in the study and control groups.
TBUT scores and Schirmer 1 results of the study group were significantly lower than the control
group (p=0.01 and 0.007 respectively). There was also a significant difference in corneal fluorescein
staining score between groups (p<0.001). CCoonncclluussiioonn::  Vitamin-D deficiency seems to have an effect
on ocular surface parameters however does not influence OSDI scores in patients with Non-Sjögren
dry eye syndrome.

KKeeyy  WWoorrddss::  Dry eye syndromes; vitamin D

ÖÖZZEETT  AAmmaaçç::  Non-Sjögren kuru göz hastalarında vitamin-D eksikliğinin oküler yüzey klinik para-
metrelere olan etkisini araştırmak. GGeerreeçç  vvee  YYöönntteemmlleerr::  Serum vitamin-D eksikliği olan 40 hasta ve
normal vitamin-D değerleri olan 24 kontrol hastası çalışmaya dahil edildi. Oküler yüzey hastalık in-
deksi (OYHİ), göz yaşı kırılma zamanı (GYKZ), korneal floresein boyanma ve topikal anestezisiz
Schirmer 1 test tüm hastalara uygulandı. BBuullgguullaarr::  Çalışma grubunda vitamin-D düzeyleri median
değeri 10,5 (9,5-12,5) ng/mL, kontrol grubunda ise 24,5 (17,6-35,2) ng/mL idi (p<0,001). Çalışma
grubunda OYHİ median değeri 27,77 (18,75-37,50), kontrol grubunda ise 8,33 (6,25-28,41) idi
(p=0,071). Ortalama GYKZ, çalışma ve kontrol grubunda sırasıyla  5,18±2,15 ve 7,36±3,10 saniye,
Schirmer değerleri 12,18±6,44 ve 18,57±8,99 mm idi. Çalışma grubunda GYKZ ve Schirmer 1 dü-
zeyleri, kontrol grubundan  anlamlı olarak daha düşüktü (p=0,01 and 0,007 sırasıyla). Korneal flo-
resein boyanma değerlerinde gruplar arasında anlamlı fark vardı (p<0,001). SSoonnuuçç::  Vitamin-D
eksikliğinin; oküler yüzey parametrelerine etkisi olabilir ancak Non-Sjögren kuru göz sendromunda
OYHİ düzeylerini etkilememiştir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Kuru göz sendromları; vitamin D
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mins such as vitamin-D may play a role in the path-
ogenic immunoregulatory process of Primary Sjö-
gren’s syndrome (Pss).4-6 Low levels of vitamin-D
may be related with low complements components
and the presence of cryoglobulins in predicting
eventual development of lymphoma in patients
with Ss.5

Dry eye is an inflammatory, autoimmune,
multifactorial disease of the tears and the ocular
surface with various signs and symptoms.5-9 It is ob-
served in approximately 33% of the world popula-
tion. Dry eye disease contains two etiopathogenic
groups. These are aqueous tear-deficient dry eye
and evaporative dry eye. Aqueous tear deficient
group includes Ss and Non-Ss dry eye groups.5 Non-
Ss dry eye disease has several causes as lack of
lacrimal gland, impairment or dysfunction of the
lacrimal gland, reflex block and drug action.8 Non-
Ss dry eye is a form of aqueous tear-deficiency
when the systemic autoimmune features have been
excluded.8

Non-Ss dry eye can also be secondary to dif-
ferent conditions such as medications, hormonal
changes, environment and neural alterations. Al-
though the mechanism of Non-Ss dry eye patho-
genesis is not clearly understood, hyperosmolarity
and the inflammation are known to be respon-
sible.8

Based on the role of anti-inflammatory and
immunoregulatory properties of vitamin-D; the de-
ficiency of vitamin-D may induce dry eye as an au-
toimmune and inflammatory disease. Because of
close relationship between vitamin-D and inflam-
mation, we aimed to investigate the effect of vita-
min-D deficiency on tear break-up time (TBUT),
corneal staining, Schirmer test and ocular surface
disease index (OSDI) scores in Non-Ss patients.

MATERIAL AND METHODS

The study was undertaken between March 2013
and July 2013, in Training and Research Hospital,
Department of Ophthalmology and was designed
as a prospective clinical study. This study was car-
ried out with the Institutional Review Board/Ethics
Committee approval. Informed consent was ob-

tained from each patient. The research adhered to
the tenets of the Declaration of Helsinki.

Forty patients with serum vitamin D defi-
ciency and 24 control subjects without serum vita-
min D deficiency were included in the study. The
patients with vitamin-D deficiency were referred
to our polyclinic randomly from the family medi-
cine department. The patients with PSs or other
systemic rheumatic diseases, vitamin B12 defi-
ciency, ocular surface disorders, wearing contact
lenses and a history of any ocular surgery were ex-
cluded from the study. Vitamin D status may be af-
fected by factors such as food fortification and sun
exposure.3 We asked the patients with an interview
about the daily intake of the fatty fish (salmon,
tuna, mackerel, etc.), dairy products, egg yolks, and
which contain vitamin D.3 The nutritional status
and eating habits of the patients were similar.
Serum concentrations of vitamin D were measured
by LC-MS/MS method (Shimadzu API 3200, Ap-
plied biosystem,USA).10 All blood samples were
only taken between March and July because of the
possible variation throughout the year. The serum
vitamin D levels was described as; severe deficiency
<10 ug/L, moderate deficiency 10-24 ug/L, desired
> 30 ug/L and toxic >150 ug/L)[10]. Dry eye symp-
toms as; irritation, a foreign body sensation, burn-
ing, presence of stringy mucus discharge and
transient blurring of vision were assessed by the oc-
ular surface disease index (OSDI; Allergan, Inc,
Irvine, CA, USA) questionnaire. The OSDI consists
of 12 questions on symptoms within the past week
and yields scores ranging from 0 (least severe) to
100 (most severe). A score of 12 is typically used
as a cutoff for normal, 13-22 for mild dry eye, 23-
32 for moderate dry eye, and ≥ 33 for severe dry
eye.11-13 The total OSDI score was measured as; total
OSDI score x 25/total number of questions an-
swered.11,12

The TBUT and Schirmer 1 test were evalu-
ated after a full ophthalmologic examination.
TBUT  and Schirmer 1 test without topical 
anesthesia were performed to all patients thirty
minutes intervals after the ophthalmologic ex-
amination by the same examiner. Patients were
avoided from ocular manipulations and any top-
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ical drops prior to the tests since this may affect
the results. The examiner was masked as to the
vitamin D status of the subjects.

The TBUT was measured after fluorescein
staining. Subjects were instructed to blink, and the
tear film was examined using the cobalt blue filter
of a slit-lamp biomicroscope. The time interval in
seconds between the instillment of fluorescein and
the appearance of the first randomly distributed
dry spot was enrolled as the TBUT. This method
was repeated three times for each eye, and the av-
erage of the results was registered as the mean
TBUT.11 TBUT of less than 10 seconds was accepted
as abnormal. Corneal fluorescein staining was eval-
uated using cobalt blue illumination following the
15-point NEI/Industry scale (grades of 0-3 for five
regions of the ocular surface), after TBUT meas-
urements.14

The Schirmer 1 test was applied without anes-
thesia by placing a standardized strip of filter paper
in the 1/3 lateral tarsal conjunctiva away from the
cornea. Outcomes were expressed in millimeters
after 5 minutes of wetting.15

STATISTICAL ANALYSIS

Data were analyzed using SPSS 18.0 for Win-
dows. All data were presented as mean ± standard
deviation or median and interquartile range. The
number of patients in the study and control group
were determined according to the Post-hoc
power analysis.  Categorical variables were com-
pared by the chi-square test. Comparison of para-

metric values between the two groups was per-
formed by means of independent samples t test.
Comparisons of nonparametric values between
the 2 groups were performed by Mann-Whitney
U test. A two-tailed p value < 0.05 was regarded
as significant.

RESULTS

The mean age of study group subjects and control
subjects were 50±16 years (range 28-77 years) and
45±13 years (range 24-63 years), respectively
(p=0.162). Thirty six of them were female and 4 of
them were male in study group, 17 of them were
female and 7 of them were male in control group.
More female and older population in the study
group was purely coincidental. The baseline char-
acteristics of subjects were shown in Table 1. The
median vitamin-D levels were 10.5 (9.5-12.5)
ng/mL in the study group and 24.5 (17.6-35.2)
ng/mL in control group (p<0.001). The OSDI scores
were 27.77 (18.75-37.50) in study, 8.33 (6.25-28.41)
in control group. The difference between groups
was not significant (p =0.071). The mean TBUT,
were 5.18±2.15 and 7.36±3.10 seconds and
Schirmer 1 score of study  group and control group
were 12.18±6.44 and 18.57 ±8.99 mm respectively.
The TBUT scores and Schirmer 1 test values of
study group were significantly lower than the con-
trol group (p=0.01 and p=0.007 respectively). The
mean corneal fluorescein staining score was
1.45±1.13 in study group and 0.17±0.38 in control
group (p<0.001).
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Parameters Study group (n=40) Control group (n=24) p

Mean age ± SD, years 50±16 45±13 0.162

Gender (Female/Male) 36/4 17/7 0.08

SerumVitamin-D levels, ng/mL median (interquartil range) 10.5 (9.5-12.5) 24.5 (17.6-35.2) <0.001

OSDI scores median (interquartil range) 27.77 (18.75-37.50) 8.33 (6.25-28.41) 0.071

TBUT, seconds (mean ± SD) 5.18±2.15 7.36±3.10 0.01

Corneal fluorescein staining score (mean ± SD) 1.45±1.13 0.17±0.38 <0.001

Schirmer test scores, mm (mean ± SD) 12.18±6.44 18.57±8.99 0.007

TABLE 1: The baseline characteristics and clinical parameters of subjects.

SD: Standard deviation; OSDI: Ocular surface disease index; TBUT: Tear break up time.



DISCUSSION

Clinically, the reduced intake of vitamin-D 
is found to increase the prevalence of certain 
autoimmune diseases, such as type I diabetes mel-
litus, multiple sclerosis, rheumatoid arthritis, sys-
temic lupus erythematosus and inflammatory
bowel diseases.10 Vitamin-D binding protein (DBP)
binds the vitamin-D metabolites with high affin-
ity.10 DBP may play a role as a neutral acute-phase
reactant. The important immunoregulatory func-
tions of the fat-soluble vitamins (vitamins A, D and
E) and their role in the regulation of autoimmune
diseases have been shown.15,16 Especially the vita-
min-D deficiency occurs at a higher rate in patients
with autoimmune disorders.15,17-19

The effect of environmental and hormonal
factors, such as vitamin D were mentioned in the
pathogenic process of dry eye disease.4,6 It is now
accepted that dry eye is a localized autoimmune
disease and irregular protective immunoregulation
and proinflammatory pathways of the ocular sur-
face cause this disorder.20

Recent studies have focused on the inflamma-
tory biologic markers  in establishing treatment
strategies to cover the multifactorial nature of Non-
Ss dry eye.8 Increased levels of proinflammatory
cytokines and markers have been observed in the
tears and the ocular surface of Non-Ss dry eye  pa-
tients. Upregulation of inflammatory cytokines, in-
cluding interleukin-1α and IL1β has been observed
in Non-Ss dry eye.8

Bang et al. emphasized the clinical and patho-
genic significance of vitamin-D metabolites in
Pss.21 Müller et al. found severely diminished blood
concentrations of  vitamin-D levels in patients with
Pss.22 Galor et al. mentioned the small but favor-
able effect of higher vitamin D levels on dry eye
symptoms.23

The relation between vitamin D deficiency
and Ss was shown in previous studies.1-4 Agmon-
Levin et al. emphasized that low levels of vitamin-
D correlated with the presence of peripheral
neuropathy and lymphoma among PSs patients in
their study.4

In our study none of the patients had autoim-
mune disease like Ss which could affect the ocular
surface parameters. We researched the possible
link between vitamin-D deficiency and ocular sur-
face clinical findings in Non-Ss dry eye. TBUT
scores and Schirmer 1 test values of the study group
were significantly lower than the control group. In
contrast, the difference in OSDI scores were not
significant between groups. This may be due to the
small size of the patients in our study. We demon-
strated that vitamin-D deficiency may be associ-
ated with the dry eye symptoms according to
decreasing TBUT and Schirmer values and increas-
ing the corneal staining scores.

Kinds of systemic therapies are being used to
induce tear components or mucin secretion and
to reduce inflammation and  dry eye symptoms.
Some of them are; forms of steroidal and nons-
teroidal antiinflammatory agents, oral choliner-
gic agonist, vitamin A and D, neurotransmitters
and neuropeptides besides usual topical drops
used for dry eye treatment.14 The vitamin-D 
supplementation is suggested for chronic autoim-
mune diseases and recommended in the treat-
ment of the many rheumatic conditions.4,16

Tincani et al. referred that vitamin-D supple-
mentation as an additional way for optimization
of Ss treatment. Because of the associations be-
tween hypovitaminosis D and severe complica-
tions of Ss, it can be proposed that vitamin D
supplementation should be given to patient with
Ss.5 Although it is difficult to suggest that oral vi-
tamin D supplementation decreases the symptoms
of dry eye; as we learned from phone visits; cor-
rection of decreased serum vitamin-D levels with
oral supplementations may reduce some of the dry
eye symptoms (irritation, a foreign body sensation,
burning, presence of stringy mucus discharge and
transient blurring of vision) of these patients. But
there is no statistically proven data about this sub-
ject. There is a need to look at the changes of the
parameters when the vitamin-D level would be
normalized in vitamin-D deficient group, but we
could not convince all the patients to come to the
hospital again for a new examination after the oral
supplementation. Other studies can be also made
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to compare the changes in ocular surface clinical
parameters after the oral supplementation of vita-
min-D. This is the one of the limitation criterions
of our study. 

Vitamin A levels can also be evaluated based
on the role of vitamin A on dry eye disease.16 But
we could not reach the datas of all patients. We
could observe the nutritional status and eating
habits of the patients and other nutrition status ex-
cept vitamin-D by an interview. There is no statis-
tically proven data about this subject. The results
could have been affected because of the coincident
higher female rate and older population in the
study group in our study. These are the other lim-
itation criterions of our study.

Bozkurt et al. mentioned serum 25-(OH)D
levels were significantly lower in the winter
compared with the summer season in local Turk-
ish population.24 They told about the prevalence

of 25-(OH)D deficiency was 94% in the winter
and 85% in the summer. They emphasized no
differences in the 25-(OH)D levels according to
age or sex. Although Turkey is a Mediterranean
country, they suggest checking periodically
the levels of 25-(OH)D of Turkish people and
giving appropriate supplements. There are 
limited data on the prevalence of vitamin D de-
ficiency among healthy people in the other
Mediterranean countries. Vierucci et al. detected
vitamin D deficiency in 49.9% of healthy adoles-
cents in Italy.25

So evaluation of serum vitamin-D levels in
patients with dry eye symptoms is important, the
role of vitamin-D should not be disregarded in
their clinical follow up. Further studies including
large populations are needed to investigate the
possible role of vitamin D levels  in Non-Ss dry
eye disease.
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