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Dry Eye Assessment in Patients With Vitamin D Deficiency
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Objectives: The aim of this study was to evaluate tear film function in
patients with vitamin D deficiency.
Methods: In a single center, 60 eyes of 30 patients with vitamin D
deficiency (group 1), and 60 eyes of 30 healthy individuals (group 2)
were evaluated using the Ocular Surface Disease Index (OSDI)
questionnaire, Schirmer I test, tear break-up time (TBUT), scoring of
ocular surface fluorescein staining using a modified Oxford scale, and
tear osmolarity.
Results: Tear osmolarity values, OSDI, and Oxford scale scores were
significantly higher in group 1 (30969 mOsm/L, 35.78621.44 and
1.360.9, respectively) compared with group 2 (295610 mOsm/L,
18.69617.21 and 0.460.8, respectively) (P,0.001 for all). Schirmer I test
and TBUT results in group 1 (8.563.7 mm and 8.760.6 sec, respectively)
were significantly lower compared with group 2 (16.662.4 and 18.160.5,
respectively) (P,0.001 for all).
Conclusions: This study demonstrates that vitamin D deficiency is
associated with tear hyperosmolarity and tear film dysfunction. Patients
with vitamin D deficiency may be prone to dry eye.
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V itamin D refers to a group of fat-soluble secosteroids respon-
sible for enhancing intestinal absorption of calcium, iron,

magnesium, phosphate, and zinc. It is not strictly a vitamin, and
may be considered a hormone as its synthesis and activity occur
in different locations. Although commonly known for its role in
calcium homeostasis, vitamin D also plays important roles in
immune regulation, proliferation, differentiation, apoptosis, and
angiogenesis. Vitamin D deficiency and genetic variations may
cause a wide range of ocular pathologies, such as myopia, age-
related macular degeneration, diabetic retinopathy, uveitis, and
dry eye.1,2

Vitamin D deficiency may also cause dry eye, as studies have
reported dry eye syndrome (DES) to be a localized autoimmune
disease, and researchers recently hypothesized that vitamin D plays
a role in the disorder because of its antiinflammatory properties.3

Dry eye, described by increased osmolarity of the tear film and

inflammation of the ocular surface, causes ocular discomfort, visual
disturbance, and tear film instability with potential damage to the
ocular surface.4 Hyperosmolarity provides proinflammatory stress
to the ocular surface.5

In this study, we aimed to investigate tear film function in
patients with vitamin D deficiency.

MATERIALS AND METHODS
A total of 60 eyes of 30 patients with vitamin D deficiency

(group 1) and 60 eyes of 30 healthy individuals without signs or
symptoms of dry eye disease or other ocular pathologies (group 2)
were included in this single-center, cross-sectional observational
study. The mean data of two eyes for each patient were assessed.
All participants were examined by an internal medicine

specialist (O.O.) for routine check-up, and then referred to
ophthalmology department. Subjects were excluded if they
presented with primary Sjögren syndrome or other systemic rheu-
matic disease history, vitamin B12 deficiency, a history of smok-
ing, current or recent drug use that could affect the lacrimal
functional unit, active ocular infection or allergy, ocular surface
scarring, previous eye surgery, or current contact lens use. The
ophthalmologist (S.K.E.) who examined the subjects was blind to
their vitamin D levels. Vitamin D deficiency was defined as a 25
(OH) D serum level less than 20 ng/mL. The serum vitamin D
levels of the participants were assessed by enzyme-linked immu-
nosorbent assay.
The study was reviewed and approved by the Istanbul Medipol

University Ethics Committee, and written informed consent was
obtained from each patient before enrollment. The study was
conducted in accordance with the tenets of the Declaration of
Helsinki.
Initially, patients completed the International Ocular Surface

Disease Index (OSDI) survey. All subjects underwent a full
ophthalmological examination in the same order, including visual
acuity assessment, standardized slit-lamp examination, and
fundus examination. The dry eye examinations were performed
in a specific order: the tear osmolarity measurement, tear break-
up time, corneal fluorescein staining scoring using the Oxford
Schema, and anesthetized Schirmer test. The testing for all
subjects was performed in the same room at the same stable
conditions (humidity, temperature, etc). The interval between
each of the measurements/tests on the ocular surface was at
least 5 min.
Tear osmolarity measurements were evaluated using a TearLab

osmometer (TearLab Corp., San Diego, CA). Tears were collected
from the inferior lateral tear meniscus. Three consecutive measure-
ments were obtained, and their mean was used for statistical
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analysis. For corneal fluorescein staining, after moistened fluores-
cein strips were introduced to the conjunctival sac, the entire
cornea was examined by slit-lamp evaluation with a yellow barrier
filter and cobalt blue illumination. The staining was graded using
the Oxford Scheme 6-point scale (from 0 through 5).6

Tear break-up time (TBUT) was assessed after instillation of 2%
fluorescein staining under a cobalt blue filter. The time interval
between the last complete blink and the appearance of the first dry
spot was recorded (Fig. 1). The mean of three consecutive meas-
urements was obtained. The Schirmer I test was performed with
topical anesthesia using a standardized filter strip (Bio-Tech Vision
Care, Ahmedabad, India). The amount of wetting was measured
after 5 min.
The normality of the distribution of each of the parameters was

checked using the Kolmogorov–Smirnov normality test. The tear
osmolarity, Schirmer I test with anesthesia, TBUT values, and
Oxford and OSDI scores between groups were compared using
independent student t test. A P-value less than 0.05 was considered
statistically significant.

RESULTS
The mean subject age was 33.960.9 years (range: 25–42 years)

in group 1 (14 women, 16 men) and 33.860.9 years (range: 25–43
years) in group 2 (15 women, 15 men). There were no significant
differences between the groups with respect to age or sex
(P¼0.941 and P¼0.796, respectively). Summary statistics are
shown in the Table 1. The mean tear osmolarity was significantly
higher in group 1 compared with group 2 (P,0.001) (Fig. 1).
The Schirmer I test values and TBUT measurements for group 1

were significantly lower compared with those for group 2
(P,0.001) (Figs. 2 and 3).
The mean superficial punctate staining, as measured by the

Oxford scale, differed significantly between group 1 and group 2
(P¼0.001) (Fig. 4). The mean Ocular Surface Disease Index scores
were significantly higher in group 1 compared with group 2
(P,0.001) (Fig. 5).

FIG. 1. Tear break-up time showing breaks in the fluorescein after 8
sec on an eye of a patient with vitamin D deficiency.

FIG. 2. Comparison of tear osmolarity values between groups.

FIG. 3. Comparison of Schirmer test values between groups.

TABLE 1. The Comparisons of the Mean Tear Film Parameters and
OSDI Scores Between Two Groups

Parameter Group 1 Group 2 Pa

Tear osmolarity, mOsm/L ,0.001
Mean6SD 30969 295610
Range 282–330 270–318

Schirmer test, mm ,0.001
Mean6SD 8.563.7 16.662.4
Range 2–21 11–30

Oxford scores ,0.001
Mean6SD 1.360.9 0.460.8
Range 0–4 0–3

TBUT, sec ,0.001
Mean6SD 8.760.6 18.160.5
Range 3–18 13–24

OSDI ,0.001
Mean6SD 35.78621.44 18.69617.21
Range 8–77 3–83

aIndependent samples t test.

OSDI, Ocular Surface Disease Index; SD, standard deviation;
TBUT, tear break-up time.
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DISCUSSION
Vitamin D, a fat-soluble vitamin produced in the skin after

exposure to ultraviolet light, and which occurs naturally in a small
number of foods, has found to be important in metabolism. It is
well known that vitamin D regulates serum calcium and phosphate
levels and thereby has an important role in maintaining bone
health. Current studies also have shown the relationship between
vitamin D and autoimmune diseases such as type I diabetes
mellitus, multiple sclerosis, rheumatoid arthritis, systemic lupus
erythematosus, and inflammatory bowel diseases.7,8

Based on the fact that DES is now widely accepted as a localized
autoimmune disease, researchers recently hypothesized that vitamin D
plays a role in dry eyes because of its antiinflammatory properties.
The pathophysiology of DES involves osmotic, mechanical, and
inflammatory insults to the tear film, epithelium, and subepithelial
nerve plexus. As indicated in the Dry Eye Workshop (DEWS) report,
osmolarity is considered to be one of the most objective assessments
for dry eye disease and is thought to be the central mechanism in the
pathogenesis of ocular surface damage.3 Tear hyperosmolarity stim-
ulates death of the epithelial surface cells and a cascade of inflamma-
tory events, which lead to loss of mucin-producing goblet cells. This
exacerbates the tear film instability and contributes to the circle of
events that negatively affects ocular surface.9

Yildirim et al.10 demonstrated that patients with vitamin D defi-
ciency developed dry eye and impaired tear function. They reported
lower scores in Schirmer test and TBUT, and higher in OSDI scores
in patients with vitamin D deficiency than in controls.11 Another
study by Kurtul et al.12 reported that vitamin D deficiency decreases
the TBUT and Schirmer test values and may be associated with dry
eye symptoms in non-Sjögren syndrome. They found TBUT scores
and Schirmer-1 results of the study group were significantly lower
than the control group. These results were similar with our findings.
Additionally, we investigated tear osmolarity in patients with vita-

min D deficiency. In our study, patients with vitamin D deficiency
showed significantly higher tear osmolarity levels, lower Schirmer I
scores, and lower TBUT values compared with controls.
Yin et al.13 demonstrated that 25(OH)D3 and its active metabo-

lite 1,25(OH)2D3, both enhance corneal epithelial barrier function.
Lin et al.14 demonstrated that oral vitamin D supplementation af-
fects vitamin D metabolite concentrations in the anterior segment
of the eye. Reins et al.,11 furthers our understanding of vitamin D’s
protective function, showing that vitamin D is able to diminish
inflammation even after removal of the stimulus. Bang et al.15 have
shown that vitamin D metabolism may be involved in the patho-
genesis of primary Sjögren’s syndrome.
Recently, there is much interest in understanding how diet,

hormones, and habits influence ocular surface health and tear
production. Many studies have found a beneficial effect of omega-3
on ocular health.16,17 Galor et al.18 found no effect of Mediterranean
diet on DES but found that higher vitamin D levels had a small, but
favorable effect on DES symptoms. There may be a possible pro-
tective effect of vitamin D supplementation on tear film; however,
recently no data have proved this hypothesis. Further studies includ-
ing replacement of vitamin D may help us to understand the relation-
ship between vitamin D and dry eye.
Limitations in this study include the low number of subjects and

the lack of screening of inflammatory markers such as IL-6, TNF-
alpha, and MMP-9. Another important limitation is the lack of
a control group consisting of patients with dry eye without vitamin D
deficiency. Comparing tear film parameters between dry eye patients
with or without vitamin D deficiency could be more helpful to clarify
the pathogenesis of dry eye disease. Nevertheless, this study has
shown increased tear osmolarity and abnormal tear film in patients
with vitamin D deficiency.
In conclusion, vitamin D is a multifunctional hormone, which

plays an important role in ocular health.19 There was no pathogno-
monic sign that we can distinguish dry eye with vitamin D defi-
ciency only by a slitlamp. Patients with vitamin D deficiency
should be further evaluated if they have syndromes causing dry
eye and also dry eye patients be tested for vitamin D deficiency.
Future research is needed with more patients to clear the role of
vitamin D in dry eye pathogenesis.

REFERENCES

1. Autier P, Boniol M, Pizot C, et al. Vitamin D status and ill health: A
systematic review. Lancet Diabetes Endocrinol 2014;2:76–89.

2. Chowdhury R, Kunutsor S, Vitezova A, et al. Vitamin D and risk of cause
specific death: Systematic review and meta-analysis of observational cohort
and randomised intervention studies. BMJ 2014;348:g1903.

3. Stevenson W, Chauhan SK, Dana R. Dry eye disease: An immune mediated
ocular surface disorder. Arch Ophthalmol 2012;130:90–100.

4. The definition and classification of dry eye disease: Report of the definition
and classification subcommittee of the International Dry Eye WorkShop
(2007). Ocul Surf 2007;5:75–92.

5. Luo L, Li DQ, Corrales RM, et al. Hyperosmolar saline is a proinflammatory
stress on the mouse ocular surface. Eye Contact Lens 2005;31:186–193.

6. Bron AJ, Evans VE, Smith JA. Grading of corneal and conjunctival staining
in the context of other dry eye tests. Cornea 2003;22:640–650.

7. Pelajo CF, Lopez-Benitez JM, Miller LC. Vitamin D and autoimmune
rheumatologic disorders. Autoimmun Rev 2010;9:507–510.

8. Feng R, Li Y, Li G, et al. Lower serum 25 (OH) D concentrations in type 1
diabetes: A meta-analysis. Diabetes Res Clin Pract 2015;108:71–75.

9. Baudouin C, Aragona P, Messmer EM, et al. Role of hyperosmolarity in the
pathogenesis and management of dry eye disease: Proceedings of the
OCEAN group meeting. Ocul Surf 2013;11:246–258.FIG. 5. Comparison of Oxford scores between groups.

FIG. 4. Comparison of tear break-up time values between group-
s.

G. Demirci et al. Eye & Contact Lens � Volume 44, Number 5, September 2018

S64 Eye & Contact Lens � Volume 44, Number 5, September 2018

Copyright � 2018 Contact Lens Association of Ophthalmologists, Inc. Unauthorized reproduction of this article is prohibited.



10. Yildirim P, Garip Y, Karci AA, et al. Dry eye in vitamin D deficiency: More
than an incidental association. Int J Rheum Dis 2015;19:49–54.

11. Reins R, McDermott AM, Badour H. Vitamin D decreases IL-8 expression
after induction of inflammation and influences Gene expression in human
corneal epithelial cells. Paper presented at American Academy of Optome-
try Meeting, Denver, CO, 12 November 2014.

12. Kurtul BE, Özer PA, Aydinli MS. The association of vitamin D deficiency
with tear break-up time and Schirmer testing in non-Sjögren dry eye.
Eye (Lond) 2015;29:1081–1084.

13. Yin Z, Pintea V, Lin Y, et al. Vitamin D enhances corneal epithelial barrier
function. Invest Ophthalmol Vis Sci 2011;52:7359–7364.

14. Lin Y, Ubels JL, Schotanus MP, et al. Enhancement of vitamin D metab-
olites in the eye following vitamin D3 supplementation and UV-B irradia-
tion. Curr Eye Res 2012;37:871–878.

15. Bang B, Asmussen K, Sørensen OH, et al. Reduced 25-hydroxyvitamin D
levels in primary Sjögren’s syndrome. Correlations to disease manifesta-
tions. Scand J Rheumatol 1999;28:180–183.

16. Brignole-Baudouin F, Baudouin C, Aragona P, et al. A multicentre, double-
masked, randomized, controlled trial assessing the effect of oral supplemen-
tation of omega-3 and omega-6 fatty acids on a conjunctival inflammatory
marker in dry eye patients. Acta Ophthalmol 2011;89:e591–e597.

17. Sullivan BD, Cermak JM, Sullivan RM, et al. Correlations between nutrient
intake and the polar lipid profiles of meibomian gland secretions in women
with Sjogren’s syndrome. Adv Exp Med Biol 2002;506:441–447.

18. Galor A, Gardener H, Pouyeh B, et al. Effect of a Mediterranean dietary
pattern and vitamin D levels on dry eye syndrome. Cornea 2014;33:437–441.

19. Reins RY, McDermott AM. Vitamin D: Implications for ocular disease and
therapeutic potential. Exp Eye Res 2015;134:101–110.

Eye & Contact Lens � Volume 44, Number 5, September 2018 Dry Eye in Vitamin D Deficiency

� 2016 Contact Lens Association of Ophthalmologists S65

Copyright � 2018 Contact Lens Association of Ophthalmologists, Inc. Unauthorized reproduction of this article is prohibited.


