G1£9-¢60C ‘NSSI®

https://doi.org/10.4082/kjfm.2017.38.2.81 e Korean J Fam Med 2017,38:81-85 Kl F M

= QOriginal Arlicle

Association Between Serum
25-Hydroxyvitamin D Levels and Dry
Eye in Korean Adults: A Study Based on
Korean National Health and Nutrition
Examination Survey, 2010-2011

Min Ji Kim', Hye Rim Hwang'?*, Yun-Jin Kim'?, Sang-Yeoup Lee***, Jeong-Gyu Lee'?, Dong-Wook Jeong>?,
Yun Hee Kim'

'Department of Family Medicine, Pusan National University Hospital, Busan, Korea

*Department of Family Medicine, Pusan National University School of Medicine, Yangsan, Korea

*Department of Family Medicine, Pusan National University Yangsan Hospital, Yangsan, Korea

*Medical Education Unit, Medical Research Institute, Pusan National University School of Medicine, Yangsan, Korea

Background: Dry eye is a common disease. Many patients continue to experience residual symptoms despite opti-
mal treatment. Thus, new treatment options are required. The purpose of this study was to evaluate the association
between serum 25-hydroxyvitamin D [25(OH)D] levels and dry eye.

Methods: This study was performed using data from the fifth Korean National Health and Nutrition Examination
Survey, which is a cross-sectional study of the Korean population that was conducted from 2010 to 2011. We in-
cluded adults aged >19 years who underwent ophthalmologic interviews and examinations. We excluded subjects
who had comorbid conditions (rheumatoid arthritis, thyroid disease, chronic kidney disease, or depression) that
are associated with dry eye. The subjects were divided into normal and dry eye groups. The dry eye group consisted
of those who had clinically diagnosed dry eye syndrome or symptoms. Multiple logistic regression analysis was
conducted to determine the association between serum 25(OH)D levels and dry eye.

Results: In the univariate model, the 25(OH)D levels were lower in the dry eye group than in the normal group
(P=0.01). A significant association was found between severe vitamin D deficiency (<10 ng/mL) and dry eye
(P=0.04). However, after multivariate adjustment, the statistical significance of the association disappeared (P-val-
ues=0.49, vitamin D insufficiency; P=0.33, vitamin D deficiency; P=0.18, severe vitamin D deficiency).

Conclusion: Severe vitamin D deficiency was associated with dry eye in an unadjusted model, but the association
was not statistically significant after adjustment.
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INTRODUCTION

Dry eye is one of the most common eye diseases. Patients with dry eye
experience chronic inflammation of the lacrimal gland and ocular sur-
face, with high concentrations of several inflammatory mediators in-
cluding cytokines and T-lymphocytes."? Tumor necrosis factor (TNF)-
o, interleukin (IL)-1, and IL-6 were detected in the conjunctivae of dry
eyes.*? As it can lead to ocular discomfort, visual disturbance, fatigue,
and decreased quality of life, dry eye is a significant public health is-
sue.*®

The current treatment of dry eye is limited to artificial tears, topical
lubricant, plugging of the lacrimal punctae, or topical anti-inflamma-
tory treatment; further, inflammation of the ocular surface of the dry
eye has been reduced by using antioxidants and omega-3.”* However,
a large number of patients complain of residual symptoms even after
the use of optimal medical therapies; therefore, an alternative treat-
ment option is required.”

Vitamin D, a fat-soluble vitamin, is produced in the skin after expo-
sure to sunlight or is obtained via dietary intake. Vitamin D is activated
by hydroxylation in the kidneys and liver. Activated vitamin D regu-
lates calcium metabolism, and cell proliferation and differentiation; in
addition, it is involved in the regulation of immune function and bone
metabolism, and in the mechanism of pathogenesis of various can-
cers, immune diseases, and vascular diseases.’®'? The anti-inflamma-
tory effect of activated vitamin D is achieved by blocking the activation
of T-helper cells and cytotoxic T cells, and reducing the production of
inflammatory mediators such as IL-2, IL-6, IL-8, and IL-12.""'¥) Fur-
thermore, vitamin D inhibits inflammatory factors such as C-reactive
protein, TNF-q, IL-1, and IL-6, and induces IL-10 production.'>'®
Therefore, it has been suggested that vitamin D may be used for the
treatment of dry eye. However, studies investigating the association
between vitamin D and dry eye are lacking. Therefore, this study
aimed to evaluate the association between serum 25-hydroxyvitamin
D [25(0OH)D] levels and dry eye in Korean adults on the basis of data
from the Korea National Health and Nutrition Examination Survey
(KNHANES).

METHODS

1. Study Population
This cross-sectional study analyzed data consolidated from the years
2010 and 2011 of the KNHANES (2010-2012). The KNHANES has been
conducted by the South Korea Centers for Disease Control and Pre-
vention since 1998 and consists of the following three parts: health ex-
amination, health interview, and nutrition surveys. The survey was re-
viewed and approved by the institutional review board of the South
Korea Centers for Disease Control and Prevention (2010-02CON-21-C,
2011-02CON-06-C).

The KNHANES (2010-2011) included 15,932 adults aged >19 years
who underwent ophthalmologic interviews and examinations. After

excluding 6,583 subjects with comorbid conditions (rheumatoid ar-
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thritis, thyroid disease, chronic kidney disease, or depression) that are
associated with dry eye, 9,349 subjects were included in the analyses.
Evaluation of age, sex, monthly house income level, residential area,
educational level, employment status, body mass index (BMI), comor-
bidity (hypertension, diabetes, and dyslipidemia), cigarette smoking,
binge drinking, regular physical activity, sleep duration, sun exposure
time, and history of eye surgery were included in the analyses. Binge
drinking was defined as drinking >7 drinks in one place at least once
per month for men, or drinking >5 drinks in one place at least once per
month for women. Regular physical activity was defined as 30 minutes
of moderate physical activity performed more than three times in a

week.

2. Measurement of Vitamin D Level

Serum 25(OH)D levels were commonly used to represent vitamin D
status because 25(OH)D is the most stable component of various
forms of vitamin D in vivo. Serum 25(OH)D levels were measured us-
ing radioimmunoassay (1470 WIZARD gamma-counter; PerkinElmer,
Turku, Finland). The serum 25(0H)D levels ranged from 4 to 51 ng/
mL, and the values were divided into 4 groups'”*” as follows: severe
vitamin D deficiency (<10 ng/mL), vitamin D deficiency (10-19 ng/
mL), vitamin D insufficiency (20-29 ng/mL), and vitamin D sufficiency
(>30 ng/mL).

3. Criteria for Dry Eye

The subjects were divided into 2 groups as follows: normal and dry eye
groups. The dry eye group included patients with clinically diagnosed
dry eye syndrome or symptoms. The normal group included those
who answered “no” to the following questions: “Have you ever been
diagnosed with dry eye syndrome by a physician?” and “Have you ever
felt the symptoms of dry eye?” Subjects who responded “yes” to at

least one of the questions were included in the dry eye group.

4. Statistical Analyses

We used complex sample analysis according to the statistical guide-
lines of the Korea Centers for Disease Control and Prevention for ana-
lyzing raw data from the KNHANES. To determine differences between
the groups, we used chi-square tests to compare categorical variables
and linear regression analysis to analyze continuous variables. Multi-
ple logistic regression analysis was used to evaluate the association be-
tween serum 25(0OH)D level and dry eye, and the results were reported
as odds ratios (ORs) and 95% confidence intervals (Cls). Statistical sig-
nificance was set at a P-value <0.05. The PASW SPSS software ver. 18.0
(SPSS Inc., Chicago, IL, USA) was used for all the analyses.

RESULTS

1. Baseline Characteristics of the Study Subjects
Of the 9,349 subjects, 7,921 were assigned to the normal group (mean
age, 44.34+0.33 years) and 1,428 were assigned to the dry eye group

(mean age, 44.73+0.66 years). The sex distribution was significantly
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different between the groups (normal group: 57.4% men and 42.6%
women; dry eye group: 37.4% men and 62.6% women; P<0.001). The
frequency of full-time paid work was significantly higher in the normal
group (68.4%) than in the dry eye group (62%, P<0.001).

The distribution of BMI was significantly different between the
groups (normal group: 4.4%, <18.5 kg/m? 39.1%, 18.5-22.9 kg/m?

Table 1. Baseline demographic characteristics of the participants according to the
presence of dry eye syndrome or symptoms

Characteristic N?r:rzn?! SZJZF;J;JD Drggeyz 4g2rg;1 P P-value*
Age (v) 44.34+0.33 44.73+0.66 0.56
Sex <0.001
Male 4,065 (57.4) 476 (37.4)
Female 3,856 (42.6) 952 (62.6)
Monthly house income level 0.22
Lowest quintile 1,331 (15.3) 251 (14.8)
Second to third quintile 3,913 (57.8) 742 (55.4)
Highest quintile 1,966 (26.9) 419 (29.8)
Residential area 0.15
Urban 5,749 (79.1) 1,146 (82.4)
Rural 1,546 (20.9) 282 (17.6)
Educational level 0.15
<High school 2,655 (26.4) 480 (27.7)
High-school graduate 2,745 (40.0) 478 (36.2)
>High school 2,516 (33.6) 468 (36.1)
Employment status <0.001
Full-time paid work 5,015 (68.4) 799 (62.0)
Unemployed 2,871 (31.6) 626 (38.0)
Body mass index (kg/m? 0.02
<185 313 (4.9 73 (5.3
18.5-22.9 2,823 (39.1) 586 (43.6)
>23.0 4,008 (56.6) 740 (51.1)
Comorbidity
Hypertension 1,684 (16.2) 353 (18.2) 0.11
Diabetes mellitus 626 (6.0) 127 (6.7) 0.35
Dyslipidemia 736 (7.2) 199 (10.4) <0.001
Health behavior risk factors
Smoking <0.001
Current smoker 1,944 (30.3) 201 (19.3)
Ex-smoker 1,780 (21.3) 268 (17.5)
Non-smoker 4,178 (48.4) 959 (63.2)
Binge drinking®
Yes 2,759 (51.8) 389 (43.4) <0.001
Sleep duration (h) 0.35
6-8 6,238 (83.9) 1,102 (81.9)
<6 1,057 (12.7) 223 (14.4)
>8 269 (3.4) 44 (3.7)
Regular physical activity* 693 (9.7) 117 (8.4) 0.30
Sun exposure time (h) <0.001
<2 4,340 (58.3) 935 (65.9)
2-5 1,815 (27.2) 298 (20.1)
>5 1,125 (14.5) 192 (14.1)
History of eye surgery 887 (8.8) 302 (19.3) <0.001

Values are presented as mean=standard error or frequency (%).

*Analyzed using chi-square tests or independent t-tests. 'Defined as drinking >7
drinks in one place at least once per month for men or drinking >5 drinks in one
place at least once per month for women. *Defined as 30 minutes of moderate
physical activity performed more than three times in weeks.
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56.6%, >23.0 kg/m?’; dry eye group: 5.3%, <18.5 kg/m?’; 43.6%, 18.5-22.9
kg/m? 51.1%, >23 kg/m? P=0.02).

The distribution of smoking status was significantly different be-
tween the groups (normal group: 30.3% current smokers, 21.3% ex-
smokers, and 48.4% non-smokers; dry eye group: 19.3% current smok-
ers, 19.5% ex-smokers, and 63.2% non-smokers; P<0.001). The fre-
quency of binge drinking was significantly higher in the normal group
(51.8%) than in the dry eye group (43.4%, P<0.001). The distribution of
subjects with sun exposure time was significantly different between
the groups (normal group: 58.3%, <2 hours; 27.2%, 2-5 hours; 14.5%,
>5 hours; dry eye group: 65.9%, <2 hours; 20.1%, 2-5 hours; 14.1%, >5
hours; P<0.001). The percentage of subjects with a history of eye sur-
gery was significantly lower in the normal group (8.8%) than in the dry
eye group (19.3%, P<0.001). Other general characteristics were not sig-
nificantly different (Table 1).

2. Serum 25(OH)D Levels

The serum 25(OH)D level in the normal group (17.58+0.19 ng/mL)
was significantly higher than that in the dry eye group (16.96+0.26 ng/
mL, P=0.01). In addition, the serum 25(0OH)D level of those aged 19-39
years was significantly higher in the normal group (16.48+0.19 ng/mL)
than in the dry eye group (15.72+0.31 ng/mL, P=0.016). Serum 25(0H)
D levels were not significantly different for any other variables (Table

2).

3. Relationship between Serum 25(OH)D Level and Dry Eye
OR was 1.20 (95% CI, 0.77 to 1.86) for vitamin D insufficiency, 1.453

Table 2. Serum 25-hydroxyvitamin D [25(0H)D] levels according to dry eye status

- Normal grou Dry eye grou "
Characteristic (n=7.921 ,gng /EL) (n:1y, 4%’819[19 /[fﬂ_) P-value
Total 17.58+0.19 16.96+0.26 0.01
Age (y)
19-39 16.48+0.19 15.72+0.31 0.01
40-64 18.73+0.24 18.19+0.38 0.16
>65 19.41+0.33 18.76+0.58 0.26
Sex
Male 18.49+0.21 17.98+0.40 0.21
Female 16.33+0.19 16.33+0.28 0.99
Comorbidity
Hypertension 18.44+0.88 18.60+0.46 0.71
Diabetes mellitus 17.60+1.69 18.25+0.87 0.45
Dyslipidemia 17.04+1.05 17.74+0.57 0.22
Health behavior-related risk factors
Smoking
Current smoker 17.90+0.25 17.48+0.59 0.58
Ex-smoker 18.72+0.24 18.01+0.45 0.1
Never-smoker 16.88+0.19 16.47+0.27 0.13
Binge drinking" 17.86+0.21 16.42+0.40 0.27
History of eye surgery 17.84+0.29 17.64+0.54 0.71

Values are presented as mean=standard deviation.

*Analyzed by using independent chi-square tests. "Defined as drinking >7 drinks in
one place at least once per month for men or drinking >5 drinks in one place at
least once per month for women.
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Table 3. Logistic regression analysis model for the unadjusted odds of dry eye based on vitamin D levels, and model 2 for the adjusted odds of dry eye based on vitamin D

levels
Vitamin D status OR (95% Cl) P-value* Multivariate OR' (95% Cl) P-value*
Sufficient 1 (reference) - 1 (reference) -
Insufficient 1.20 (0.77-1.86) 0.41 1.23 (0.67-2.25) 0.49
Deficient 1.45(0.95-2.21) 0.08 1.30 (0.75-2.25) 0.33
Severely deficient 1.61 (1.00-2.61) 0.04 1.42 (0.84-2.40) 0.18

Sufficient: =30 ng/mL; insufficient: 20—29 ng/mL; deficient: 10-19 ng/mL; severely deficient: <10 ng/mL.

OR, odds ratio; Cl, confidence interval.

*Analyzed using logistic regression analysis and a complex sample; statistical significance set at P<0.05. "Adjusted for age, sex, body mass index, smoking, binge drinking,

sun exposure time, and history of eye surgery.

(95% CI, 0.95 to 2.21) for vitamin D deficiency, and 1.61 (95% CI, 1.00
to 2.61) for severe vitamin D deficiency in the crude model. Compared
with vitamin D sufficiency, a lower serum 25(0OH)D level was associat-
ed with an increased risk of dry eye. In particular, severe vitamin D de-
ficiency was significantly correlated with dry eye (OR, 161; 95% CI, 1.00
to 2.61) (Table 3).

OR was 1.24 (95% CI, 0.66 to 2.41) for vitamin D insufficiency, 1.30
(95% CI, 0.75 to 2.25) for vitamin D deficiency, and 1.42 (95% CI, 0.83
to 2.41) for severe vitamin D deficiency after adjusting for age, sex,
BMI, smoking, binge drinking, sun exposure time, and history of eye
surgery. Vitamin D level tended to decrease as the risk of a diagnosis
or symptoms of dry eye increased. However, the OR for vitamin D sta-
tus did not significantly correlate with dry eye (Table 3).

DISCUSSION

In the present study, in which the association between serum 25(OH)
D level and dry eye was evaluated using data from the KNHANES-V
(2010-2011), the serum 25(0OH)D level (17.58+0.19 ng/mL) in the nor-
mal group was significantly higher than that in the dry eye group
(16.96+0.26 ng/mL). This study was performed in Korean adults older
than 19 years who had no medical history of disease associated with
dry eye (rheumatoid arthritis, thyroid disease, chronic renal failure,
and depression; P=0.01). In addition, the OR of severe vitamin D defi-
ciency for dry eye was 1.61 (95% CI, 1.00 to 2.61; P=0.04). However, in
the adjusted model, this was not statistically significant.

In a previous study, each 10-ng/mL increase in serum vitamin D
levels, measured using 25(0H)D, was associated with a significant de-
crease in dry eye symptoms, as assessed using the 5-item dry eye
questionnaire and tear film parameters.” Moreover, in the same study,
Mediterranean diet had an effect to improve systemic inflammatory
markers.

Further, Yildirim et al.?” reported an association between dry eye
and impaired tear function in patients with vitamin D deficiency, simi-
lar to the results of the present study, in which the dry eye group had
significantly lower serum 25(OH)D levels than the normal group
(P=0.01). Moreover, a lower serum 25(OH)D level was associated with
an increased risk of dry eye, particularly in case of a severe vitamin D
deficiency (OR, 1.61; 95% CI, 1.00 to 2.61; P=0.04). However, after ad-
justing for age, sex, BMI, smoking, binge drinking, sun exposure time,
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and history of eye surgery, this was not statistically significant (OR,
1.42; 95% CI, 0.84 to 2.40; P=0.18).

This study has certain limitations. First, dry eye syndrome and
symptoms were diagnosed using only a simple questionnaire rather
than subjective symptoms, physical examination results, or abnormal
test results. Second, although seasonal variations can affect serum
25(0OH)D levels, the present study did not consider this variable. Third,
as this study was conducted only on Korean population, it is difficult to
apply our findings in the general population. Fourth, our statistical
methods or variables might have been different from those used in
previously conducted studies. Finally, the cross-sectional nature of this
study did not allow for evaluation of the cause-and-effect relationship
between serum 25(OH)D level and dry eye. Our study results could
have errors due to these limitations. Therefore, further prospective co-
hort studies are needed.

However, this study has several strengths. It is the first to investigate
the association between vitamin D level and dry eye in adults using
data from the KNHANES, which is a large-scale survey representing
the Korean general population. Although our results showed that the
serum 25(OH)D level in the normal group was significantly higher
than that in the dry eye group, in Korean adults older than 19 years, we
did not find a significant association between serum 25(0OH)D level
and dry eye after adjustment for various confounding factors.

In conclusion, the present study revealed no significant association
between vitamin D level and dry eye. Further studies are needed to
confirm the relationship.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was reported.

REFERENCES

1. Stern ME, Beuerman RW, Fox RI, Gao J, Mircheff AK, Pflugfelder SC.
The pathology of dry eye: the interaction between the ocular surface
and lacrimal glands. Cornea 1998;17:584-9.

2. Stern ME, Gao J, Siemasko KE Beuerman RW, Pflugfelder SC. The role
of the lacrimal functional unit in the pathophysiology of dry eye. Exp
Eye Res 2004;78:409-16.

3. Massingale ML, Li X, Vallabhajosyula M, Chen D, Wei Y, Asbell PA.
Analysis of inflammatory cytokines in the tears of dry eye patients.



Min Ji Kim, etal. ® Vitamin D Levels and Dry Eye in Korean Adults

Iz

~

10.

11.

Cornea 2009;28:1023-7.

Stern ME, Gao J, Schwalb TA, Ngo M, Tieu DD, Chan CC, et al. Con-
junctival T-cell subpopulations in Sjogren’s and non-Sjogren’s patients
with dry eye. Invest Ophthalmol Vis Sci 2002;43:2609-14.

. Definition and Classification Subcommittee of the International Dry

Eye WorkShop. The definition and classification of dry eye disease: re-
port of the Definition and Classification Subcommittee of the Interna-
tional Dry Eye WorkShop (2007). Ocul Surf 2007;5:75-92.

Miljanovic B, Dana R, Sullivan DA, Schaumberg DA. Impact of dry eye
syndrome on vision-related quality of life. Am J Ophthalmol
2007;143:409-15.

Drouault-Holowacz S, Bieuvelet S, Burckel A, Rigal D, Dubray C, Li-
chon JL, et al. Antioxidants intake and dry eye syndrome: a crossover,
placebo-controlled, randomized trial. Eur J] Ophthalmol 2009;19:337-
42.

Pinazo-Duran MD, Galbis-Estrada C, Pons-Vazquez S, Cantu-Dibildox
J, Marco-Ramirez C, Benitez-del-Castillo J. Effects of a nutraceutical
formulation based on the combination of antioxidants and ®-3 essen-
tial fatty acids in the expression of inflammation and immune re-
sponse mediators in tears from patients with dry eye disorders. Clin
Interv Aging 2013;8:139-48.

. Galor A, Gardener H, Pouyeh B, Feuer W, Florez H. Effect of a Mediter-

ranean dietary pattern and vitamin D levels on Dry Eye syndrome.
Cornea 2014;33:437-41.

Stumpf WE. Vitamin D: soltriol the heliogenic steroid hormone: so-
matotrophic activator and modulator: discoveries from histochemical
studies lead to new concepts. Histochemistry 1988;89:209-19.
Hewison M. Vitamin D and the immune system: new perspectives on

12.

14.

15.

16.

19.

20.

2

—_

www.kjfm.or.kr 85

an old theme. Endocrinol Metab Clin North Am 2010;39:365-79.
Krishnan AV, Feldman D. Mechanisms of the anti-cancer and anti-in-
flammatory actions of vitamin D. Annu Rev Pharmacol Toxicol
2011;51:311-36.

. Adams JS, Hewison M. Update in vitamin D. J Clin Endocrinol Metab

2010;95:471-8.

Lee V, Rekhi E, Hoh Kam J, Jeffery G. Vitamin D rejuvenates aging eyes
by reducing inflammation, clearing amyloid beta and improving visual
function. Neurobiol Aging 2012;33:2382-9.

Schwalfenberg GK. A review of the critical role of vitamin D in the
functioning of the immune system and the clinical implications of vi-
tamin D deficiency. Mol Nutr Food Res 2011;55:96-108.

Liu LC, Voors AA, van Veldhuisen DJ, van der Veer E, Belonje AM, Szy-
manski MK, et al. Vitamin D status and outcomes in heart failure pa-
tients. Eur ] Heart Fail 2011;13:619-25.

. Holick ME Vitamin D deficiency. N Engl ] Med 2007;357:266-81.
18.

Misra M, Pacaud D, Petryk A, Collett-Solberg PE Kappy M; Drug and
Therapeutics Committee of the Lawson Wilkins Pediatric Endocrine
Society. Vitamin D deficiency in children and its management: review
of current knowledge and recommendations. Pediatrics 2008;122:398-
417.

Dawson-Hughes B, Heaney RP, Holick ME Lips P, Meunier PJ, Vieth R.
Estimates of optimal vitamin D status. Osteoporos Int 2005;16:713-6.
Wang TJ, Pencina MJ, Booth SL, Jacques PE Ingelsson E, Lanier K, et
al. Vitamin D deficiency and risk of cardiovascular disease. Circulation
2008;117:503-11.

. Yildirim P, Garip Y, Karci AA, Guler T. Dry eye in vitamin D deficiency:

more than an incidental association. Int ] Rheum Dis 2016;19:49-54.

https://doi.org/10.4082/kjfm.2017.38.2.81



