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Abstract

Purpose

To investigate associations between serum 25-hydroxyvitamin D levels and dry eye syn-

drome (DES), and to evaluate the differential effect of vitamin D on ocular diseases includ-

ing age-related macular disease (AMD), diabetic retinopathy (DR), cataract, and DES.

Methods

A total of 16,396 participants aged >19 years were randomly selected from the Korean

National Health and Nutrition Examination Survey. All participants participated in standard-

ized interviews, blood 25-hydroxyvitamin D level evaluations, and comprehensive ophthal-

mic examinations. DES was defined by a history of clinical diagnosis of dry eyes by a

physician. The association between vitamin D and DES was compared to the associations

between vitamin D and AMD, DR, cataract, and DES from our previous studies.

Results

The odds of DES non-significantly decreased as the quintiles of serum 25-hydroxyvitamin D

levels increased (quintile 5 versus 1, OR = 0.85, 95%CI: 0.55–1.30, P for trend = 0.076)

after adjusting for potential confounders including age, sex, hypertension, diabetes, smok-

ing status, and sunlight exposure times. The relative odds of DES (OR = 0.70, 95% CI:

0.30–1.64) and cataract (OR = 0.76, 95% CI: 0.59–0.99) were relatively high, while those of
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DR (OR = 0.37, 95% CI: 0.18–0.76) and late AMD (OR = 0.32, 95% CI: 0.12–0.81) were

lower in men.

Conclusions

The present study does not support an association between serum 25-hydroxyvitamin D

levels and DES. The preventive effect of serum 25-hydroxyvitamin D may be more effective

for DR and late AMD than it is for cataract and DES.

Introduction
Dry eye syndrome (DES) is one of the most common ocular diseases and has been recognized
as an important public health problem. Dry eye is associated with chronic eye pain and an
increased risk of ocular surface diseases, such as corneal ulcers and corneal abrasions. DES is a
multifactorial disorder of the tear film and ocular surface. During the past decades, many stud-
ies have demonstrated that inflammation is the core mechanism that plays a key role in the
pathogenesis of DES [1]. Oxidative stress-induced inflammation may be involved in the func-
tional decline of tear production [2, 3]. In addition, ocular surface inflammation was associated
with excessive tear evaporation, which leads to tear film instability. We previously demon-
strated that decreasing inflammatory cytokines and increasing anti-oxidant cytokines in tears
can improve the symptoms and signs of DES [4, 5].

Vitamin D is a multifunctional hormone which plays a significant role in various biological
functions in addition to its traditional role in regulating calcium homeostasis. Vitamin D can
reduce inflammatory mediators and shows anti-oxidative functions [6–8]. Many human stud-
ies have shown an inverse relationship between vitamin D and chronic diseases associated with
chronic inflammation including diabetes mellitus, hypertension, heart disease, multiple sclero-
sis, schizophrenia, and rheumatoid arthritis [9]. In the eye, vitamin D levels influence the
development of a wide range of pathologies such as myopia [10], age-related macular degener-
ation (AMD) [11], diabetic retinopathy (DR) [12, 13], and uveitis. We previously reported an
inverse association between vitamin D and AMD [14], DR [15], and age-related cataracts [16]
in the Korean general population. However, to the best of our knowledge, no population-based
epidemiologic studies have evaluated the associations between vitamin D levels and DES. The
cornea, a main component of the ocular surface, contains vitamin D receptors and significant
vitamin D concentrations, which suggests that vitamin D in the cornea may play a role in the
anterior segment of the eye [17]. Therefore, we hypothesized that serum vitamin D levels play
a role in DES development. To test our hypothesis, we examined the relationship between
serum 25-hydroxyvitamin D levels and DES in a representative Korean population. In addi-
tion, we compared the association between vitamin D and DES to the associations between
vitamin D and other ocular diseases including AMD, DR, and cataract from our previous
reports to evaluate the differential effect of vitamin D on ocular diseases.

Materials and Methods

Study Population
This study used data acquired for the Korean National Health and Nutrition Examination
Survey (KNHANES), which is a nationwide and population-based cross-sectional study con-
ducted by the Korean Ministry of Health and Welfare and the Division of Chronic Disease
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Surveillance at the Korean Centers for Disease Control and Prevention. The study design and
the methods on KNHANES are reported in detail elsewhere [18, 19]. KNHANES adopted a
rolling sampling design, which was used to perform a stratified, complex, multistage probabil-
ity cluster survey, with proportional allocations based on the National Census Registry for the
non-institutional Korean civilian population. Data for the present study were obtained from
the fifth (2010–2012) KNHANES to estimate the association between serum 25-hydroxyvita-
min D levels and DES. 25,534 individuals who participated in KNHANES were enrolled. Of
these, we excluded 6,755 subjects who were aged<19 years, 1,593 subjects who did not have
their serum 25-hydroxyvitamin D levels measured, and 790 subjects who skipped the question
on the diagnosis of DES. Finally, 16,396 participants aged�19 years were included (Fig 1). The
study design followed the tenets of the Declaration of Helsinki for biomedical research. The
institutional review board at the Catholic University of Korea in Seoul approved protocols for
this study. All participants provided signed, written informed consent.

Fig 1. Flow diagram showing the selection of study participants.

doi:10.1371/journal.pone.0149294.g001
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Assessment of Serum 25-Hydroxyvitamin D Levels
The analysis of serum 25-hydroxyvitamin D levels is described previously [14–16]. Serum sam-
ples were collected after an 8-h fast, and serum 25-hydroxyvitamin D levels were measured by
a radioimmunoassay kit (DiaSorin Inc., Stillwater, MN, USA) using a gamma counter (1470
Wizard, Perkin-Elmer, Waltham, MA, USA), which is often used in mass surveys such as
KNHANES. KNHANES participates in the Vitamin D Standardization Program; hence, the
measurement of 25-hydroxyvitamin D was standardized in accordance with the National Insti-
tute of Standards and Technology-Ghent University reference procedure [20]. All serum sam-
ples were appropriately processed, promptly refrigerated, and transported cold to a laboratory
that is certified by the Korean Ministry of Health andWelfare at the Neodin Medical Institute
in Seoul. Blood samples were analyzed within 24 hours after transportation. The detection
limit for 25-hydroxyvitamin D by radioimmunoassay is 1.2 ng/ml, and the interassay coeffi-
cients of variation were 1.9–6.1% for samples taken between 2010 and 2012. In addition to ana-
lyzing serum 25-hydroxyvitamin D levels, fasting glucose, hemoglobin A1c (HbA1c), total
cholesterol, and triglyceride levels were measured using a Hitachi 7600 clinical analyzer (Hita-
chi High-Technologies Corporation, Tokyo, Japan).

Dry Eye Syndrome Assessments and Other Variables
DES examination and the diagnosis of KNHANES have been described in detail elsewhere [21,
22]. DES was defined by a history of a clinical diagnosis of dry eye syndrome by a physician,
based on responses to a questionnaire. The questionnaire included the following yes/no ques-
tion: "Have you ever been diagnosed by an ophthalmologist as having DES?" Demographic
information was collected during health interviews. Height and weight measurements were
obtained while subjects wore light clothing and no shoes. Body mass indices were calculated as
follows: weight (kg)/height (m)2. Smoking status was self-reported, and subjects were classified
as current smokers, past smokers, or non-smokers. Data on sunlight exposure were obtained
by asking the participants whether they were exposed to the sun for< 2 h, 2–5 hrs, or� 5 h
per day. Three blood pressure measurements were taken at 5-min intervals using a sphygmo-
manometer with the subjects sitting down, and the average of the second and third measure-
ments was used for the analysis. The presence of diabetes mellitus was defined as a fasting
blood-glucose level�126 mg/dL or the use of anti-glycemic medication. The presence of
hypertension was defined as a systolic blood pressure�140 mmHg, a diastolic blood pressure
�90 mmHg, or use of antihypertensive medication.

Statistical Analyses
Statistical analyses were performed using the IBM1 SPSS1 software version 18.0 (IBM,
Armonk, NY, USA). Strata, sampling units, and sampling weights were used to obtain point
estimates and standard errors. Participant characteristics were described using means and stan-
dard errors for continuous variables and percentages and standard errors for categorical vari-
ables based on the presence of DES. Analysis of variance or chi-square tests were used to
compare the patients’ demographic characteristics. To evaluate the association between
25-hydroxyvitamin D and DES, serum 25-hydroxyvitamin D levels were categorized into quin-
tiles, and simple and multiple logistic regression analyses were used. After calculating the crude
odds ratios (OR) (Model 1), values were adjusted for age and sex (Model 2). They were then
further adjusted for other confounding factors including smoking, hypertension, diabetes, and
sunlight exposure times (Model 3). All variables considered for the logistic regression analyses
were examined for multicollinearity, and only variables with a variance inflation factor<5
were used. P values were two-tailed, and a P value< 0.05 indicated statistical significance.
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Results
Of the 17,186 eligible subjects aged>19 years who had their serum 25-hydroxyvitamin D levels
measured, 16,396 (95.4%) subjects had their cataract statuses examined. The prevalence of DES
is 9.8% (Standard error [SE], 0.5%). The prevalence of DES is significantly higher in women
(mean: 15.0%, SE: 0.9%) than in men (mean: 4.5%, SE: 0.5%, P< 0.001). The demographic
characteristics of these subjects according to their DES statuses are summarized in Table 1,
while data standardized by age and sex are shown in S1 Table. Average serum 25-hydroxyvita-
min D levels were 17.1 ng/mL, and the prevalence of DES was 9.8% (un-weighted num-
ber = 1,679). Subjects with DES were more likely to be female (P< 0.001), older (P = 0.009),
and non-smokers (P< 0.001), and were more likely to have lower diastolic blood pressures
(P< 0.001), lower triglycerides (P = 0.006), and shorter sun-exposure times (P = 0.005).

The demographic and clinical characteristics of the patients according to blood 25-hydroxy-
vitamin D quintiles showed that as serum 25-hydroxyvitamin D levels increased, participants
were more likely to be male (P trend< 0.001), older (P trend< 0.001), hypertensive (P
trend = 0.001), and smokers (P trend< 0.001), and were more likely to have higher total cho-
lesterol (P trend = 0.010) and have experienced longer sun exposures (P< 0.001, Table 2, and
S2 Table after standardization by age and sex). Average blood 25-hydroxyvitamin D levels

Table 1. Demographic and clinical characteristics, according to dry eye syndrome (DES) status, as reported in the Korean National Health and
Nutrition Examination Survey 2010–2012.

Characteristics DES
(n = 1679)

No DES
(n = 14717)

p Participants
(n = 16396)

no exam
(n = 2383)

p Total
(n = 18779)

Male (%) 22.7 (2.1) 52.4 (0.7) < .001* 49.5 (0.6) 47.8 (3.1) .256 49.4 (0.5)

Age (yrs) 47.7 (1.0) 44.9 (0.3) .009 46.3 (0.5) 44.0 (1.2) .357 44.6

Body mass index (kg/m2) 23.4 (0.1) 23.7 (0.1) .149 23.6 (0.1) 24.2 (0.2) .054 23.9 (0.1)

Systolic blood pressure
(mmHg)

117.1 (0.9) 119.1 (0.3) .063 118.1 (0.4) 119.3 (1.4) .752 119.1 (0.7)

Diastolic blood pressure
(mmHg)

74.1 (0.5) 76.9 (0.2) < .001* 75.5 (0.2) 76.6 (0.2) .231 75.9 (0.5)

Fasting glucose (mg/dL) 96.4 (1.0) 96.8 (0.3) .763 96.6 (0.5) 100.2 (2.1) .120 98.5 (1.1)

HbA1c (%) 5.71 (0.1) 5.73 (0.0) .714 5.72 (0.0) 5.89 (0.1) .141 5.81 (0.0)

Total cholesterol (mg/dL) 187.7 (2.0) 187.9 (0.7) .914 187.8 (1.0) 188.2 (3.6) .926 188.0 (1.5)

Triglyceride (mg/dL) 122.7 (4.7) 136.8 (2.1) .056 129.8 (2.6) 145.4 (12.4) .202 137.4 (6.3)

25-hydroxyvitamin D (ng/mL) 16.9 (0.3) 17.4 (0.1) .182 17.1 (0.2) 17.7 (0.4) .426 17.5 (0.2)

Diabetes (%) 7.2 (1.4) 8.6 (0.6) .376 8.5 (0.5) 11.9 (2.8) .187 8.6 (0.5)

Hypertension (%) 31.9 (2.9) 30.4 (0.9) .627 30.5 (0.9) 36.6 (4.3) .106 30.7 (0.9)

Sun exposure (%) .005 .732

< 2hrs/day 68.9 (2.5) 60.0 (1.1) 60.9 (1.0) 62.0 (3.7) 60.9 (1.0)

2–5 hrs/day 22.7 (2.2) 26.8 (0.9) 26.5 (0.8) 29.1 (3.3) 26.5 (0.8)

> 5hrs/day 8.4 (1.8) 13.2 (0.8) 12.6 (0.8) 8.9 (2.0) 12.5 (0.7)

Smoking status < .001* .134

Never (%) 75.2 (2.4) 53.4 (0.8) 55.6 (0.7) 48.2 (4.4) 55.3 (0.7)

Former (%) 14.9 (2.0) 20.9 (0.7) 20.3 (0.7) 19.9 (2.9) 20.3 (0.6)

Current (%) 9.9 (1.6) 25.7 (0.7) 24.1 (0.7) 31.8 (4.0) 24.4 (0.7)

Data are expressed as weighted means or weighted frequency (%) with standard errors.

* p < 0.05

doi:10.1371/journal.pone.0149294.t001
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were 17.3 ng/mL (95% confidence interval [CI], 17.0–17.6). Men had significantly higher blood
25-hydroxyvitamin D levels (18.3 ng/mL, 95% CI, 17.9–18.6) than women (16.4 ng/mL, 95%
CI, 16.0–16.8, P< 0.001). Women, but not men, showed significant differences in their serum
25-hydroxyvitamin D levels in relation to the presence of hypertension (P< 0.001, Table 3).
The prevalence of vitamin D deficiency is 71.6 ± 1.1%, and the prevalence of vitamin D defi-
ciency was higher in women (65.8 ± 1.4%) than in men (77.3 ± 1.3%, P< 0.001).

The odds of DES significantly decreased across the quintiles of the serum 25-hydroxyvita-
min D levels (P for trend = 0.026, Model 1). However, this association was attenuated after
adjusting for potential confounders including age, sex, hypertension, diabetes, smoking, and
sun light exposure times (P for trend = 0.076, Model 3). Higher serum 25-hydroxyvitamin D
levels were significantly associated with the decreasing odds of DES (Model1, quintile 5 versus
1, OR = 0.73, 95%CI: 0.51–0.97). However, this association was also attenuated after adjusting
for potential confounders (Model 3, quintile 5 versus 1, OR = 0.85, 95%CI: 0.55–1.30, Fig 2). In
subgroup analysis by gender, the OR of DES in those with higher serum 25-hydroxyvitamin D
levels versus those with low levels was lower in men than women (Model 3, quintile 5 versus 1,
adjusted OR = 0.70 in men, OR = 0.92 in women), but this was not statistically significant
(Table 4). The prevalence of DES was not different between subjects with and without vitamin
D deficiency (Table 5). The relative odds of DR (OR = 0.37, 95% CI: 0.18–0.76)[15] and late-
AMD (OR = 0.32, 95% CI: 0.12–0.81)[14] in subjects with the highest vitamin D quintile
versus the lowest one were relatively low, whereas the relative odds of cataract (OR = 0.76, 95%

Table 2. Demographic and clinical characteristics by quartile blood 25-Hydroxyvitamin D categories among representative Korean adults aged 19
years or older.

Characteristics Quartile blood 25-Hydroxyvitamin D level (ng/mL)

< 12.3 12.3–15.2 15.2–18.0 18.0–21.9 > 21.9 P for trend

Unweighted number 3280 3286 3272 3285 3273

Male (%) 37.7 (1.6) 43.2 (1.8) 49.3 (1.7) 59.7 (1.9) 58.5 (2.0) < .001*

Age (yrs) 41.2 (0.7) 42.8 (0.6) 45.2 (0.6) 47.1 (0.6) 50.3 (0.6) < .001*

Body mass index (kg/m2) 23.2 (0.1) 23.8 (0.1) 23.8 (0.1) 24.1 (0.1) 23.6 (0.1) .043

Systolic blood pressure (mmHg) 117.2 (0.6) 117.0 (0.5) 117.8 (0.6) 120.4 (0.7) 121.8 (0.7) < .001*

Diastolic blood pressure (mmHg) 75.7 (0.4) 76.1 (0.4) 76.1 (0.3) 77.7 (0.4) 77.5 (0.4) .001*

Fasting glucose (mg/dL) 95.7 (0.9) 96.6 (0.8) 96.7 (0.8) 97.2 (0.7) 97.6 (0.7) .497

HbA1c (%) 5.6 (0.0) 5.7 (0.0) 5.7 (0.0) 5.7 (0.0) 5.8 (0.0) .240

Total cholesterol (mg/dL) 184.7 (1.6) 187.4 (1.3) 186.3 (1.4) 191.6 (1.3) 189.7 (1.6) .010*

Triglyceride (mg/dL) 132.6 (4.6) 138.6 (6.2) 129.9 (3.4) 144.9 (4.2) 131.8 (3.6) .046

Diabetes (%) 8.6 (1.4) 8.2 (1.1) 8.7 (1.1) 7.6 (1.1) 9.3 (1.1) .869

Hypertension (%) 27.7 (1.9) 25.9 (1.7) 30.4 (2.0) 31.5 (2.1) 36.9 (2.0) .001*

Sun exposure (>5hrs/day, %) < .001*

< 2hrs/day 68.8 (1.8) 66.6 (1.8) 63.6 (2.0) 55.6 (2.0) 49.3 (2.3)

2–5 hrs/day 24.2 (1.7) 24.8 (1.6) 25.1 (1.7) 29.9 (1.8) 28/3 (1.8)

> 5hrs/day 7.0 (1.1) 8.6 (1.2) 11.4 (1.4) 14.5 (1.5) 12.7 (0.8)

Smoking status < .001*

Never (%) 61.4 (1.9) 60.3 (1.8) 55.9 (1.9) 50.9 (2.0) 49.2 (1.9)

Former (%) 16.4 (1.4) 16.5 (1.4) 20.0 (1.6) 23.7 (1.7) 25.2 (1.6)

Current(%) 22.3 (1.6) 23.2 (1.7) 24.1 (1.6) 25.4 (1.7) 25.7 (1.7)

Data are expressed as weighted means or weighted frequency (%) with standard errors.

* p < 0.05

doi:10.1371/journal.pone.0149294.t002
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Table 3. Gender difference of blood 25-Hydroxyvitamin D levels (ng/mL) of men and women according to age group and other variables among
representative Korean adults aged 19 years or older. Blood 25-hydroxyvitamin D levels were expressed as weighted estimates [%] (standard errors [%],
95% confidence intervals).

Characteristics Blood 25-Hydroxyvitamin D level (ng/mL)

Men (n = 7080) P Women (n = 9316) P

All subjects aged 19+ years

Age groups < .001* < .001*

19–29 yrs 16.5 (0.2) 14.4 (0.2)

30–39 yrs 17.4 (0.3) 15.9 (0.2)

40–49 yrs 18.7 (0.3) 16.0 (0.2)

50–59 yrs 19.6 (0.2) 17.3 (0.2)

60–69 yrs 20.2 (0.3) 18.4 (0.3)

70+ 18.8 (0.6) 18.1 (0.3)

Dry eye syndrome .953 .807

None 18.2 (0.6) 16.5 (0.4)

Dry eye syndrome 18.3 (0.1) 16.4 (0.2)

Hypertension .217 < .001*

Non-hypertension 18.2 (0.2) 16.1 (0.1)

Hypertension 18.6 (0.2) 17.4 (0.3)

Sun exposure < .001* < .001*

< 2hrs/day 17.6 (0.2) 15.9 (0.2)

2–5 hrs/day 18.3 (0.3) 16.8 (0.3)

> 5hrs/day 20.1 (0.4) 19.1 (0.7)

Smoking status .011 < .001*

Never 17.8 (0.3) 16.6 (0.2)

Former 18.7 (0.2) 15.3 (0.4)

Current 18.0 (0.2) 14.8 (0.4)

Data are expressed as weighted means or weighted frequency (%) with standard errors.

* p < 0.05

doi:10.1371/journal.pone.0149294.t003

Fig 2. The odds ratios of dry eye syndrome according to quintiles of blood vitamin D levels (reference
group = <12.3 ng/ml)

doi:10.1371/journal.pone.0149294.g002
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CI: 0.59–0.99)[16] and DES were relatively high in men (Table 6). In women, serum vitamin D
levels were not associated with ocular diseases.

Discussion
The crude odds of DES significantly decreased across the quintiles of serum 25-hydroxyvita-
min D levels, and higher serum 25-hydroxyvitamin D levels were significantly associated with
decreasing odds of DES. However, these associations were attenuated after adjusting for con-
founders. In addition, the relative odds of DR and late AMD were relatively low, while those of
cataract and DES were high.

After adjusting for potentially confounding factors including sex, age, smoking, hyperten-
sion, diabetes, and sunlight exposure times, subjects in the highest serum 25-hydroxyvitamin

Table 4. Association between blood 25-hydroxyvitamin D and prevalence of dry eye syndrome (DES) among representative Korean adults.

Vitamin D quintiles (ng/mL) Case/total number Prevalence Model 1 Model 2 Model 3

Both gender 9.8 (0.5)

Quintile 1 (<12.34) 384/2896 10.6 (1.3) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Quintile 2 (12.34–15.27) 382/2904 10.3 (1.2) 0.97 (0.74–1.43) 0.93 (0.71–1.41) 0.95 (0.75–1.49)

Quintile 3 (15.27–18.03) 315/2957 9.7 (1.1) 0.90 (0.63–1.28) 0.85 (0.59–1.22) 0.86 (0.58–1.27)

Quintile 4 (18.03–21.98) 305/2980 8.9 (1.2) 0.80 (0.54–1.18) 0.74 (0.50–1.10) 0.77 (0.51–1.17)

Quintile 5 (>21.98) 293/2980 8.5 (1.1) 0.73 (0.51–0.97) 0.71 (0.48–1.04) 0.85 (0.55–1.30)

P for trend .043 .026 .025 .076

Men 4.5 (0.5)

Quintile 1 (<13.47) 90/1327 5.1 (1.1) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Quintile 2 (13.47–16.54) 67/1423 3.4 (0.9) 0.65 (0.33–1.27) 0.64 (0.33–1.26) 0.55 (0.25–1.19)

Quintile 3 (16.54–19.39) 81/1330 5.0 (1.2) 0.98 (0.50–1.91) 0.92 (0.48–1.76) 0.87 (0.44–1.73)

Quintile 4 (19.39–23.20) 84/1331 5.2 (1.1) 1.01 (0.55–1.87) 0.94 (0.50–1.78) 0.67 (0.31–1.47)

Quintile 5 (>23.20) 62/1352 3.9 (1.2) 0.76 (0.35–1.61) 0.68 (0.32–1.43) 0.70 (0.30–1.64)

P for trend .690 .884 .625 .543

Women 15.0 (0.9)

Quintile 1 (<11.64) 268/1867 14.3 (2.1) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Quintile 2 (11.64–14.40) 280/1867 16.4 (1.9) 1.17 (0.76–1.80) 1.15 (0.75–1.78) 1.28 (0.81–2.01)

Quintile 3 (14.40–17.10) 256/1861 16.2 (2.0) 1.15 (0.74–1.80) 1.11 (0.71–1.75) 1.11 (0.68–1.79)

Quintile 4 (17.10–20.90) 245/1859 13.8 (2.1) 0.95 (0.60–1.50) 0.90 (0.57–1.42) 0.95 (0.58–1.55)

Quintile 5 (>20.90) 246/1862 14.2 (2.0) 0.99 (0.61–1.60) 0.90 (0.55–1.48) 0.92 (0.55–1.54)

P for trend .841 .656 .386 .387

Prevalence was expressed as weighted estimates [%] (standard errors [%], 95% confidence intervals).

Model 1: Crude. Model 2: adjusted for sex and age. Model 3: adjusted for sex, age, diabetes, hypertension, sunlight exposure time, smoking, and body

mass index.

doi:10.1371/journal.pone.0149294.t004

Table 5. Prevalence of dry eye syndrome (DES) in subjects with or without vitamin D deficiency (25-hydroxyvitamin D < 20 ng/mL).

Prevalence of DES (%) No Vitamin D deficiency Vitamin D deficiency p

Both 8.5 (0.9) 10.3 (0.6) .123

Men 4.3 (0.8) 4.6 (0.6) .720

Women 14.8 (2.0) 15.1 (1.0) .902

Data are expressed as weighted means or weighted frequency (%) with standard errors.

doi:10.1371/journal.pone.0149294.t005
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D quintile had a 15% lower risk of DES than subjects within the lowest quintile. However, the
95% CI of this association included the null point of 1.0 and did not show statistical signifi-
cance. Our study is consistent with a previous cross sectional study that serum 25 vitamin D
levels were not associated with the presence or severity of disease, although higher vitamin D
levels were associated with decreased subjective DES symptoms [23]. However, other case-con-
trol studies reported that vitamin D deficiency was associated with the decreased tear break-up
time and Shirmer test scores, which imply that vitamin D deficiency may be associated with
dry eye symptoms [24, 25]. The present study did not find a significant inverse association
between vitamin D and DES. We hypothesized that serum vitamin D has a limited effect
on DES. Serum vitamin D may have difficulty in reaching the cornea, due to its lack of
vasculature.

Several studies reported that vitamin D can be anti-inflammatory at the ocular surface. In a
mouse model, topical administration of vitamin D inhibits migration of Langerhans cells and
maturation, and delayed neovascularization of the central cornea [26]. In a rat keratoplasty
model, topical vitamin D protected against keratoplasty rejection, inhibiting the pro-inflamma-
tory cytokines interleukin-1 and tumor necrosis factor [27]. However, these studies used topi-
cal vitamin D and not serum vitamin D. We hypothesized that the effect of serum vitamin D
on the cornea may be limited due to the decreased blood supply to the cornea.

To further support our hypothesis, we compared the relative odds of DES in subjects in the
highest vitamin D quintile versus those in the lowest quintile with their relative odds of other
ocular diseases including DR, AMD, and cataract, from our previous studies using the same
KNHANE population (Fig 3) [14–16]. In men, the relative odds of DR (OR = 0.37, 95% CI:
0.18–0.76) or late AMD (OR = 0.32, 95% CI: 0.12–0.81) are lower than cataract (OR = 0.76,
95% CI: 0.59–0.99) or DES (OR = 0.70, 95% CI: 0.30–1.64). The distribution of OR is consistent
with the location of the lesion in ocular anatomy. The retina and macula, where relative lower
ORs were observed, are located in the posterior part of the eye, whereas the lens and cornea,
where relatively higher ORs were observed, are in the anterior part of the eye. The retina and
macula have more blood supply than the lens and cornea do. The effect of serum vitamin D
may be attenuated in case of decreased blood supply, because serum vitamin D reaches the eye
through the blood supply. In addition, the lens may be more affected by sunlight (UVB), which
is a risk factor for cataracts, than it is by vitamin D. On the contrary, the macula would be less
influenced by the harmful effect of UVB, because only a small portion of UVB reaches to the
retina. This suggests that different locations of ocular lesions may be the cause of the differen-
tial effects of vitamin D.

Table 6. Relative association between serum 25-hydroxyvitamin D and ocular diseases including dia-
betic retinopathy (DR), vision threatening diabetic retinopathy (VTDR), age-relatedmacular degenera-
tion (AMD), cataract and dry eye syndrome (DES) among representative Korean adults.

Adjusted odds ratio of disease
(quintile 5 versus 1)

Both gender Men Women

DR 0.66 (0.38–1.13) 0.37 (0.18–0.76)* 1.58 (0.78–3.20)

VTDR 0.64 (0.25–1.59) 0.30 (0.08–1.08) 1.97 (0.79–4.90)

Late AMD 0.75 (0.33–1.58) 0.32 (0.12–0.81)* 1.90 (0.66–5.44)

Cataract 0.86 (0.71–1.04) 0.76 (0.59–0.99)* 0.84 (0.66–1.07)

DES 0.85 (0.55–1.30) 0.70 (0.30–1.64) 0.92 (0.55–1.54)

* p < 0.05

doi:10.1371/journal.pone.0149294.t006
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Another interesting finding is that the inverse association between vitamin D and ocular
disease is significant in men, but not in women. Although the adjusted ORs of DR, AMD, and
cataract in the highest quintile versus the lowest one were significantly decreased in men, such
an association was not shown in women (Fig 3). Moreover, the ORs of DR and AMD in
women have the opposite direction to those in men. One possible reason is that men are usu-
ally involved in more activities outside, which leads to greater exposure to sunlight than
women. Sunlight exposure is the main driver for vitamin D production in the skin. Another
possible reason is that women have reduced sensitivities to vitamin D, or they may more fre-
quently use sunlight protective instruments such as clothes, sun block cream, hats, or sun-
glasses. However, this is purely speculative. Further studies are required to identify the factors
responsible for this gender difference and to elucidate the exact sex-specific biological
mechanisms.

The average vitamin D concentrations were low (17.1 ng/mL), which is lower than the vita-
min D deficiency criteria (20.0 ng/mL). Moreover, vitamin D levels increased with age. These
findings are supported by previous studies in which the prevalence of vitamin D insufficiency
was about 70% or higher, and elderly people had higher vitamin D levels compared with young
people in countries such as Korea and Thailand [28–31]. One possible explanation is that aged
persons have more opportunity to spend time to do outdoor activities. The rapid economic
development in Korea often means that young people have indoor jobs, whereas old persons
have outdoor jobs [29].

Alternative explanation for result of the present study is that DES may be associated with
vitamin D receptor dysfunction, not serum 25-hydroxyvitamin D levels [32]. Unfortunately,
we could not confirm it, because KNHANES did not have information on the vitamin D recep-
tor dysfunction. In addition, it is possible that vitamin D may get direct access to the cornea.
Vitamin D is a fat-soluble steroid that should be taken up by the lacrimal gland and possibly
secreted in tears onto the ocular surface.

The results from this study warrant further investigation. Vitamin D levels differ according
to the latitude, ethnicity, and culture of the study population. Vitamin D production in the skin
varies with UVB exposure, which is affected by many factors including sun bathing, time spent

Fig 3. The comparison of odds ratios of dry eye syndrome (DES), cataract, age-related macular degeneration (AMD), any diabetic retinopathy (DR),
and vision-threatening DR (VTDR) according to blood vitamin D levels (reference group = lowest vitamin D quintile group).

doi:10.1371/journal.pone.0149294.g003
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outside, clothing traditions, the use of sun protection agents, and skin color [33]. In addition,
exposure to UVB declines from the equator to the polar regions, creating a gradient of vitamin
D production in the skin. Thus, the effect of vitamin D on ocular diseases may differ in differ-
ent parts of the world, which needs further study in the future.

In the present study only serum 25-hydroxyvitamin D levels were examined to assess the
vitamin D status. However, recent advancements in technology make the measurement of
metabolites of vitamin D possible [34]. Given that measuring only 25-hydroxyvitamin D can-
not give the complete explanation about association between vitamin D and disease, further
study is needed to include the measuring vitamin D metabolites.

The relatively large number of participants and the study’s design are the major strengths of
this study. Another strength is the rigorous quality control for the measurements of serum
25-hydroxyvitamin D levels. This study also has several limitations. First, DES was evaluated
by a self-reported method that was not based on the clinical examination, which may cause
bias in the diagnosis of DES. The questionnaire did not include the current status of DES and
that of potential patients. Even though DES is a complex disorder, with subtypes such as tear
deficiency DES and evaporative DES, the severity of DES was not assessed by measures such as
the keratoconjunctival epithelial damage score in the present study. Second, it was not possible
to adjust for seasonal variations in serum 25-hydroxyvitamin D levels because KNHANES
does not contain information about the dates on which the blood samples were taken. A recent
study showed that an Asian population did not display any significant seasonal variations in its
vitamin D status [35], whereas, another study reported significant seasonal variation, with
lower vitamin D levels in winter [36]. In addition, we could not control for potential confound-
ers DES-like symptoms such as recurrent corneal erosion, conjunctivochalasiasis, various neu-
ropathies, or epithelial basement membrane dystrophy, and DES-inducing conditions such as
depression, rheumatoid arthritis, or contact lens wear, which were not available in KNHANES.
Third, ocular vitamin D levels were not examined. Serum vitamin D levels may not reflect ocu-
lar vitamin D levels. Finally, the current study is cross-sectional in its design, which makes
inferring causality difficult.

To the best of our knowledge, the study provides the first population-based epidemiologic
data on the associations between serum 25-hydroxyvitamin D levels and DES. We did not find
a significant inverse association between serum 25-hydroxyvitamin D levels and DES in a rep-
resentative Korean population. For prevention or treatment of DES, topical vitamin D is likely
to be better rather than systemic vitamin D. Furthermore, our study suggests a differential
effect of vitamin D on DR, AMD, cataract, and DES. The effect of vitamin D on these ocular
diseases may differ by the location of the lesion in the eye.
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