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Association between serum 25-hydroxyvitamin D levels and myopia in

general Korean adults

Byung | Jung, Donghyun Jee'

Purpose: We performed this study to determine the association between serum 25-hydroxyvitamin
D [25(OH) D] level and myopia in adults. Methods: A total of 25,199 subjects aged >20 years were included
from the National Health and Nutrition Examination Survey 2008-2012. Blood 25(OH)D levels were
evaluated from blood samples. Refractive error was measured without cycloplegia. Myopia and high
myopia were defined as =-0.50 diopters (D) and >-6.0 D, respectively. Other covariates such as education,
physical activity, and economic status were obtained from interviews. Results: Linear regression analysis
showed that as 25(OH) D level increased by 1 ng/mL, myopic refractive error significantly decreased by 0.01
D (P <0.001) after adjusting for potential confounders including sex, age, height, education level, economic
status, physical activity, and sunlight exposure time. The odds ratios for myopia was 0.75 (95% Confidence
interval [CI]; 0.67-0.84, P <0.001) in the highest 25(OH) D quintile compared to the lowest quintile. The odds
ratios for high myopia was 0.63 (95% CI; 0.47-0.85, P < 0.001) in the highest 25(OH)D quintile compared
to the lowest quintile. Conclusion: Serum 25(OH)D level was inversely associated with myopia in Korean
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adults.
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Myopia is a common ocular condition that leads to visual
disturbance and affects 1.6 billion people worldwide.!'! Although
it can be considered a benign condition, myopia causes
severe public health problems and economic burdens.** For
example, an economic burden for myopia in Singapore is 755
million US dollars.®! The prevalence of myopia had increased
over several decades at an epidemic rate, especially in East
Asia.l! High myopia which is more than - 6.0 diopters(D) may
be associated with vision-threatening ocular diseases such as
glaucoma, macular degeneration, and retinal detachment.!”]
Recently, an increase of outdoor time showed a protective effect
against myopia progression in both cross-sectional studies!®”!
and longitudinal studies.'"'?! Two intervention studies have
reported a decrease in the progression of myopia by increasing
outdoor time,"” and a 3-year prospective cohort study has also
reported positive effects.'”! It was postulated that increased
intensity of sunlight outdoors induces an increase of dopamine
release in the retina which reduces growth in the eye and this
hypothesis has been demonstrated in a series of experimental
animal studies.'*”)

Vitamin D has a role not only in calcium regulation function
but also other biological functions such as antioxidation or
anti-inflammation.l'®?! Inverse associations between vitamin
D and chronic inflammation were reported in several human
studies.?!! Vitamin D was also found to be related to various

ocular diseases, suggesting that vitamin D can be used as
therapeutic potential.??! Previous reports using a Korean
representative population demonstrated that vitamin D was
inversely associated with age-related macular disease,®!
diabetic retinopathy,! cataract,™ and dry eye syndrome.*
No studies have been conducted so far about the association
between vitamin D levels and myopia in adults. Although
a previous study has reported positive association between
vitamin D and myopia in Korean National Health and Nutrition
Examination Survey (KNHANES), this study included
adolescents aged 13-18 years, not adults.’”! The adolescents
and adults would have different risk factors for myopia because
eyes of adults do not show axial elongation.

Some authors documented that the prevalence of myopia is
96.5% in Seoul, a metropolitan city, and 83.3% in Jeju, a rural
island, in 19-years-old male conscripts of South Korea.?**! In
addition, they have reported an extreme increase in myopia
over 40 years among Korean adults.’ This is a complex mix
of mechanisms. South Korea has changed from a poorly
educated society 100 years ago to one which leads the world
in educational outcomes according to the Programme for
International Student Assessment (PISA) surveys.!® This
combined with a tendency to spend less time outdoors,
associated perhaps with both urbanization and intense study
pressures, is likely to be the social cause of the increased
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prevalence of myopia in the younger generations. Older
Koreans are less myopic because they are less educated;
more likely to have spent a lot of time outdoors as a child,
to have occupations that take them outdoors as adults but
as they age, spend less time outdoors particularly when they
cease working. People who spend less time outdoors have
less opportunity for sunlight exposure, which is the stimulus
for production of vitamin D up to about 90%. In this study,
therefore, we examined the possible association between
serum 25-hydroxyvitamin D [25(OH) D] levels and myopia
in Korean adults using representative population-based data
from KNHANES. In addition, the result of the present study
was compared to those of our previous reports including other
ocular diseases.

Methods

The present study adhered to the Declaration of Helsinki. In
addition, our study was approved by the institutional review
board. We used data from KNHANES. Study design and the
methods used have been reported elsewhere.”* KNHANES is
apopulation-based cross-sectional and a nationwide study. For
the present study, we included data obtained from KNHANES
2008-2012. For the current study, 38,596 individuals who

Attended to health interview and health
examination of KNHANES 2008-2012, n =38,596

Attended health interview and health examination
n=29,621
Subjects with blood 25-hydroxyvitaminD aged >
20 years,n =27,612

v
Subjects with blood 25-hydroxyvitamin D and
refraction examination aged > 20 years, n = 26,623

v

Aged 20 years older were included in the analysis
n = 25,199 (10,936 men and 14,263 women)

Figure 1: Flow diagram showing the selection of study participants

participated in KNHANES were enrolled. 8,975 participants
aged <20 years, 2,009 participants without blood 25(OH)D
levels, and 989 participants without refraction examination
were excluded from the study. Thus, 25,199 participants were
used in the final analysis [Fig. 1].

The analysis of blood 25(OH)D levels have been described in
the other studies.®?! A radioimmunoassay kit (DiaSorin Inc.,
Stillwater, MN, USA) was used for measurement of 25(OH)D
levels using a gamma counter (1470 Wizard, Perkin-Elmer,
Finland), followed by the standardization of vitamin D
procedure.? After an 8-h fast, blood samples were collected
and they were transported to the Neodin Medical Institute
after appropriate process. The detection limit of 25(OH) D
was 1.2 ng/ml

Refraction of the right eye without cycloplegia was measured
using an auto-refractor (KR-8800%; Topcon, Tokyo, Japan) with
spherical equivalents in both eyes being correlated (Pearson’s
correlation coefficient; 0.94, P <.001). We changed refractive
error into spherical equivalents by adding spherical refractive
error to the half of astigmatic refractive error. The definition
of myopia and high myopia was spherical equivalent to be
>-0.50 D and >-6.0 D, respectively.

Subjectsaged < 20 years n =8,975

Without examination of 25-hydroxyvitamin D,
n =2009

n =989

Pseudophakic (n=1,403) or aphakic eyes
(n=21)
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Table 1: Associations of baseline variables with myopia (< -0.5 D) and high myopia (< -6.0 D) among Korean adults
Characteristics Nonmyopia Myopia P Participants Pseudophakic or aphakic P
Number (%) 13052 (45.0) 12147 (55.0) 0.082 25199 1424 (3.7) <.001
Refractive error (diopters) 0.4 (0.0) -2.5(0.0) <.001 -1.0 (0.0) -0.4 (0.1) <.001
Age (yrs) 51.4+0.2 38.2+0.1 <.001 44.8+0.1 68.8+0.5 <.001
Male (%) 50.1 (0.5) 51.4 (0.5) <.082 50.8 (0.3) 39.4 (1.6) <.001
Height (cm) 162.5+0.1 165.8+0.1 <.001 164.2+0.1 157.0+0.3 <.001
Education level <.001 <.001

<Elementary school 29.5 (0.6) 6.6 (0.3) 16.9 (0.4) 62.9 (1.7)
Middle school 15.2 (0.4) 6.3 (0.3) 10.3 (0.3) 10.3 (1.0)
High school 34.7 (0.6) 44.1 (07) 39.9 (0.5) 18.2 (1.4)
>University 20.6 (0.6) 43.0 (0.7) 33.0 (0.6) 8.6 91.0)
Economic status 0.012 0.870
1%t quartile (low) 26.2 (0.6) 25.6 (0.7) 25.9 (0.5) 26.7 (1.4)
2 quartile 26.5 (0.6) 24.6 (0.6) 25.4 (0.5) 25.7 (1.5)
3 quartile 24.1 (0.5) 25.4 (0.6) 24.8 (0.4) 24.7 (1.3)
4™ quartile 23.2 (0.6) 24.4 (0.7) 23.9 (0.6) 22.9 (1.4)
Physical activity
Vigorous (day/week) 2.0 (0.0) 2.1 (0.0) 0.032 2.0 (0.0) 1.6 (0.1) <.001
Moderate (day/week) 2.3(0.0) 2.3(0.0) 0.797 2.3(0.0) 2.1 (0.1) 0.001
Walking (day/week) 5.0 (0.0) 5.1 (0.0) 0.002 5.1 (0.0 4.8 (0.1) 0.018
Sun exposure time (> 5 h) 21.5(0.7) 12.9 (0.5) <.001 16.8 (0.5) 22.2 (1.5) <.001
Vitamin D (ng/mL) 18.7 (0.1) 17.0 (0.1) <.001 17.8 (0.1) 18.8 (0.1) <.001

Data are expressed as meansz=standard deviation or frequency (%). The ANOVA was used for continuous variables, and the Chi-square test was used for

categorical variables

-10.07

Spherical equivalent (Diopters)

-20.07

T T T T
0 20 40 60

Serum 25-hydroxyvitamin D levels (ng/mL)

Figure 2: Correlation between 25-hydroxyvitamin D levels (ng/mL)
and refractive error (diopters), Pearson correlation coefficient = 0.136,
P < 0.001

The measurement of other covariates was described in
detail in the previous report.** Body mass indices were
calculated by dividing weight (kg) by height (m)> The
educational level of subjects was classified into 4 categories:
< elementary school graduate, middle school graduate, high
school graduate, and > university graduate. Economic status
was grouped into quartiles according to annual individual
earnings. Physical activity level was determined as actual days
per week of vigorous-, moderate-, or mild-intensity activity

over 20 min/day. Vigorous physical activity was one which led
to be out of breath at least over 20 mins at a time. Moderate
physical activity was one which led to be somewhat out of
breath at least over 20 mins at a time. The mild-intensity activity
was walking at least over 10 mins at a time. Sunlight exposure
time was classified as less than 5 hrs/day or more.

The SPSS® version 18.0 (SPSS, Chicago, IL, USA) was used
for statistical analyses. Since KNHANES used a stratified,
multistage sampling method, we incorporated sampling
weights as well as strata, sampling units in the statistical
analysis. Continuous variables were expressed with the
mean and standard error (SE), and categorical variables were
presented with the percentage and SE. To compare the patients’
demographic characteristics, Chi-square tests or ANOVA
were used. Logistic regression analyses were used after the
categorization of 25(OH) D levels into quintiles. To evaluate
the confounding effect by confounders, we calculated three
odds ratio (OR); the crude OR (Model 1), age and sex-adjusted
OR (Model 2), and sex, age, height, economic status, education
level, and physical activity adjusted OR (Model 3). For the
logistic regression analysis, we tested multicollinearity and
exclude variables that have a variance inflation factor more than
5. P values less than 0.05 were regarded as statistical significance.

Results

The average serum 25(OH) D level was 17.8 ng/mL (standard
error [SE], 0.1 ng/mL). The prevalence of myopia and high
myopia was 55.5% (SE; 0.4%, 95% confidence interval [CI];
54.3-56.7) and 4.7% (SE; 0.2%, 95% CI; 4.4-5.1), respectively.
Table 1 showed that subjects with myopia had tendency to
have younger age (P < 0.001), taller height (P < 0.001), higher
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Table 2: Linear regression analysis between blood 25-Hydroxyvitamin D and refractive error (diopters) among adults

Characteristics Model 1 Model 2
p coefficient 95% ClI P p coefficient 95% ClI P

Vitamin D (ng/mL) 0.02 0.01, 0.02 <.001 0.01 0.01, 0.02 <.001
Sex (female) 0.02 -0.04, 0.08 0.532 -0.09 -0.19, -0.05 0.063
Age (yrs) 0.06 0.05, 0.06 <.001 0.04 0.04, 0.05 <.001
Height (cm) -0.00 -0.01, 0.05 0.653
Education level -0.29 -0.33, -0.25 <.001
Economic status -0.02 -0.05, 0.19 <.001
Physical activity

Vigorous (day/week) 0.03 0.01, 0.05 0.001

Moderate (day/week) 0.01 -0.01, 0.02 0.318

Walking (day/week) -0.02 -0.02, -0.02 0.022
Sunl exposure time (>5 h) 0.13 0.05-0.21 0.001

Model 1: adjusted for sex and age. Model 2: adjusted for sex, age, height, education level, economic status, physical activity. Crude p coefficient (95% Cl) was

0.05 (0.04-0.52)

Table 3: Logistic regression for the association between blood 25-Hydroxyvitamin D and myopia (< -0.5 diopter [D]) or

high myopia (< -6.0 D) among adults

Characteristics Myopia (< -0.5 D)

High myopia (< -6.0 D)

Model 1 P Model 2 P Model 1 P Model 2 P
Vitamin D (ng/mL) 0.98(0.97-0.98) <.001 0.98(0.98-0.99) <.001 0.97(0.96-0.99) 0.001 0.97(0.96-0.99) 0.009
Sex (female) 0.98(0.92-1.05) 0.703 1.11(0.99-1.24) 0.063 0.79(0.68-0.92) 0.003 1.35(1.06-1.72) 0.014
Age (yrs) 0.94(0.93-0.94) <.001 0.95(0.94-0.95) <.001 0.94(0.94-0.95) <.001 0.95(0.95-0.96) <.001
Height (cm) 1.00(0.99-1.00) 0.522 1.00(0.99-1.01) 0.535
Education level <.001 <.001
<Elementary school reference reference

Middle school 0.99(0.87-1.12) 1.12(0.69-1.80)

High school 1.53 (1.36-1.71) 1.72 (1.21-2.44)
>University 2.37 (2.09-2.68) 2.51(1.73-3.66)
Economic status 0.104 0.472

18t quartile (low) reference reference

2n quartile 0.90 (0.82-0.99) 0.98 (0.78-1.24)

3 quartile 0.96 (0.87-1.06) 1.07 (0.85-1.35)

4" quartile 0.90 (0.81-1.00) 1.17 (0.92-1.48)

Physical activity

Vigorous (day/week) 0.98(0.96-1.01) 0.324 0.96 (0.92-1.02) 0.234

Moderate (day/week) 1.00(0.98-1.02) 0.685 1.00(0.96-1.04) 0.826

Walking (day/week) 1.00(0.98-1.01) 0.829 1.04 (1.00-1.07)  0.021
Sun exposure time ( >5 h) 0.84(0.76-0.92)  0.001 0.88(0.68-1.13)

Model 1: adjusted for sex and age. Model 2: adjusted for sex, age, height, education level, economic status, physical activity, and sunlight exposure time. Crude

odds ratios (ORs) for myopia and high myopia were 0.95 (0.95-0.96) and 0.95 (0.9--0.96). ORs were expressed with 95% confidence intervals

education levels (P < 0.001), higher income levels (P = 0.012),
more vigorous physical activity (P =0.032), more walk (P=0.002),
a shorter sun exposure time (P < 0.001), and a lower serum
vitamin D level (P <0.001) than those without myopia. Vitamin
D and refractive error was significantly correlated (Pearson
correlation coefficient = 0.136, P < 0.001, Fig. 2)

In analysis for association between vitamin D and refractive
error, linear regression analysis showed that as 25(OH) D level
increased by 1 ng/mL, myopic refractive error significantly
decreased by 0.02 D (P <0.001) and 0.01 D (P <0.001) before and
after adjusting for potential confounders, respectively [Table 2].

In analysis for association between vitamin D and
myopia, logistic regression analysis showed OR for myopia
was 0.98 (95% confidence interval [CI], 0.97-0.98) before
adjustment as 25(OH) D level increased by 1 ng/mL, and
this association was not changed after adjustment (OR; 0.98,
95% CI, 0.98-0.99). For high myopia, OR was 0.97 (95% CI,
0.96-0.99) as 25(OH) D level increased by 1 ng/mL, and this
association was not changed after adjustment (OR; 0.97, 95%
CI, 0.96-0.99, Table 3).

After the categorization of vitamin D levels into quintiles,
the prevalence of myopia decreased from 62.9% in the lowest
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Table 4: Association between blood 25-hydroxyvitamin D and prevalence of myopia among adults

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

Both gender 55.0 (0.4)
Quintile 1 (<12.6) 2911/5074 62.9 (0.8) reference reference reference
Quintile 2 (12.6-15.6) 2709/5074 59.4 (0.9) 0.86 (0.78-0.95)* 0.89 (0.80-1.00) 0.89 (0.80-1.00)
Quintile 3 (15.6-18.8) 2472/5059 55.5 (0.9) 0.74 (0.67-0.82)* 0.82 (0.74-0.92)* 0.83 (0.75-0.93)*
Quintile 4 (18.8-23.2) 2240/5018 51.6 (0.9) 0.64 (0.58-0.70)* 0.83 (0.75-0.93) 0.86 (0.77-0.95)*
Quintile 5 (> 23.2) 1815/4974 43.8 (1.0) 0.47 (0.42-0.52)* 0.70 (0.63-0.78)* 0.75 (0.67-0.84)*
P for trend <.001 <.001 <.001 <.001

Men 55.7 (0.6)
Quintile 1 (<13.8) 1247/2198 63.8 (1.2) reference reference reference
Quintile 2 (13.8-17.0) 1186/2191 60.3 (1.3) 0.85 (0.74-0.97)* 0.93 (0.80-1.00) 0.90 (0.77-1.05)
Quintile 3 (17.0-20.2) 1057/2187 55.6 (1.3) 0.71 (0.61-0.81)* 0.85 (0.73-0.99)* 0.83 (0.71-0.97)*
Quintile 4 (20.2-24.8) 977/2191 52.9 (1.4) 0.63 (0.55-0.73)* 0.88 (0.75-1.03) 0.90 (0.76-1.06)
Quintile 5 (>24.8) 758/2169 42.2 (1.4) 0.42 (0.36-0.49)* 0.65 (0.55-0.76)* 0.70 (0.59-0.82)*
P for trend <.001 <.001 <.001 <.001

Women 54.3 (0.5)
Quintile 1 (<11.9) 1647/2881 62.1 (1.1) reference reference reference
Quintile 2 (11.9-14.7) 1554/2889 59.3 (1.1) 0.89 (0.79-1.01) 0.93 (0.81-1.06) 0.92 (0.80-1.06)
Quintile 3 (14.7-17.6) 1399/2864 53.8 (1.1) 0.72 (0.63-0.81)* 0.82 (0.71-0.94)* 0.83 (0.72-0.96)*
Quintile 4 (17.6-21.8) 1285/2849 50.6 (1.2) 0.64 (0.57-0.73)* 0.83 (0.72-0.95)* 0.87 (0.75-0.99)*
Quintile 5 (> 21.8) 1037/2780 43.5(1.3) 0.48 (0.42-0.55)* 0.74 (0.65-0.85)* 0.79 (0.68-0.91)*
P for trend <.001 <.001 <.001 0.001

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, height, education level, economic status, physical activity, and sun exposure time. *P<0.05

st
®2nd
m3rd
m4th
= Sth

Prevalence of any myopia (%)

Total Men Women

Quintiles of blood 25-hydroxyvitamin D (ng/mL)

Figure 3: The prevalence of myopia by blood vitamin D quintiles,
P < 0.001

quintile to 43.8% in the highest quintile (P < 0.001, Fig. 3). The
prevalence of high myopia decreased significantly from 6.4% in
the lowest quintile to 2.5% in the highest quintile (P <0.001, Fig 4).

The adjusted odds of myopia decreased as 25(OH)D
quintiles increased after controlling potential confounders
(P for trend <0.001, Table 4). The OR for myopia in the highest
vitamin D quintile was 0.47 (95%ClI; 0.42-0.52) compared with
lowest vitamin D quintile. After adjustment of covariates, ORs
for myopia increased to 0.75 (95%CI; 0.67-0.84). Stratified
analysis by gender demonstrated that adjusted OR for myopia
in highest versus lowest quintile was 0.70 (95% CI; 0.59-0.82)
in men and 0.79 (95% CI; 0.68-0.91) in women.

Prevalence of high myopia (%)

Total Men

Women

Quintiles of blood 25-hydroxyvitamin D (ng/mL)

Figure 4: The prevalence of high myopia by blood vitamin D quintiles,
P < 0.001

For high myopia, the adjusted odds decreased as 25(OH)
D quintiles increased after adjustment (P for trend <0.001,
Table 5). The OR for high myopia in the highest vitamin D
quintile was 0.36 (95%CI; 0.27-0.48) compared with the lowest
vitamin D quintile. After adjustment of covariates, ORs for high
myopia increased to 0.63 (95%CI; 0.47-0.85). Stratified analysis
by gender demonstrated that adjusted OR for myopia in highest
versus lowest quintile was 0.62 (95% CI; 0.39-0.98) in men and
0.81 (95% CI; 0.57-1.14) in women.

Discussion

Our study demonstrated that the adjusted risk of myopia and
high myopia decreased significantly as the increase of serum
25(0OH) D levels in adults.
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Table 5: Association between blood 25-hydroxyvitamin D and prevalence of high myopia among Korean adults

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

Both gender 7 (0.2)
Quintile 1 (<12.6) 283/5074 4(0.4) reference reference reference
Quintile 2 (12.6-15.6) 241/5074 3(0.4) 0.81 (0.66-0.99)* 0.88 (0.72-1.00) 0.90 (0.73-1.10)
Quintile 3 (15.6-18.8) 212/5059 6 (0.4) 0.70 (0.57-0.88)* 0.83 (0.67-1.04) 0.86 (0.68-1.07)
Quintile 4 (18.8-23.2) 175/5018 0(0.4) 0.60 (0.48-0.76)* 0.83 (0.65-1.06) 0.86 (0.67-1.10)
Quintile 5 (>23.2) 110/4974 2.5(0.3) 0.36 (0.27-0.48)* 0.58 (0.43-0.78)* 0.63 (0.47-0.85)*
P for trend <.001 <.001 0.001 0.007

Men 4.2(0.2)
Quintile 1 (<13.8) 107/2198 7 (0.6) reference reference reference
Quintile 2 (13.8-17.0) 102/2191 5.1 (0.6) 0.88 (0.63-1.23) 0.96 (0.69-1.35) 0.97 (0.68-1.37)
Quintile 3 (17.0-20.2) 76/2187 1(0.5) 0.69 (0.49-0.98)* 0.82 (0.58-1.17) 0.82 (0.57-1.17)
Quintile 4 (20.2-24.8) 64/2191 0(0.4) 0.49 (0.34-0.71)* 0.66 (0.45-0.95) * 0.68 (0.47-0.99)"
Quintile 5 (>24.8) 38/2169 2.3 (0.5) 0.38 (0.24-0.59)* 0.57 (0.35-0.90)* 0.62 (0.39-0.98)*
P for trend <.001 <.001 0.003 0.010

Women 5.2 (0.3)
Quintile 1 (<11.9) 168/2881 6 (0.6) reference reference reference

Quintile 2 (11.9-14.7) 137/2889 0(0.5) 0.74 (0.57-0.97)* 0.78 (0.60-1.03) 0.78 (0.59-1.03)

Quintile 3 (14.7-17.6) 130/2864 4 (0.6) 0.79 (0.59-1.04) 0.93 (0.70-1.23) 0.96 (0.71-1.28)
Quintile 4 (17.6-21.8) 118/2849 9 (0.5) 0.70 (0.52-0.93)* 0.93 (0.69-1.25) 0.96 (0.71-1.30)
Quintile 5 (>21.8) 81/2780 3.4 (0.5) 0.48 (0.34-0.66)* 0.75 (0.53-1.05) 0.81 (0.57-1.14)
P for trend 0.001 <.001 0.350 0.634

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, height, education level, economic status, physical activity, and sun exposure time. *P<0.05

Table 6: Comparison of strength in the association between serum 25-hydroxyvitamin D and various ocular pathologies in

Korean adults

Adjusted odds ratio of disease (highest versus lowest quintile)

Both gender

Men

Women

Diabetic retinopathy

Late age-related macular degeneration

Cataract
Dry eye syndrome
Myopia

0.66 (0.38-1.13)
0.75 (0.33-1.58)
0.86 (0.71-1.04)

0.85 (0.55-1.30)
0.75 (0.67-0.84)*

0.37 (0.18-0.76)*
0.32 (0.12-0.81)*
0.76 (0.59-0.99)*
0.70 (0.30-1.64)
0.70 (0.59-0.82)*

1.58 (0.78-3.20)
1.90 (0.66-5.44)
0.84 (0.66-1.07)
0.92 (0.55-1.54)
0.79 (0.68-0.91)*

*P<0.05

After adjusting for potentially confounding factors, subjects
in the highest serum 25(OH) D quintile had a 19.1% lower risk of
myopia compared with those in the lowest quintile. Our finding
is supported by previous research of the Western Australian
Pregnancy Cohort Study, in which the prevalence of myopia
is significantly higher in individuals with vitamin D deficiency
compared with those with sufficient levels.?! Several studies
have examined this association in adolescents or young adults.
A case-control study of 22 adolescents reported that adolescents
with myopic eyes had lower serum vitamin D levels than those
with nonmyopic eyes.*! Another study of 946 subjects aged
20 years and a study of 2,038 Korean adolescents reported that
myopic participants had lower vitamin D levels.”**! However,
longitudinal studies using prospectively collected data from
an ongoing birth cohort study failed to discover an association
between vitamin D levels and later myopia.*”*! More recently,
an epidemiologic study of 2,666 children aged 6 years
demonstrated thatlower vitamin D levels were associated with
longer axial length and a higher risk of myopia.?”!

Although serum vitamin D level reflects sunlight exposure,
which affects the prevalence of myopia in children through
inhibition of eye growth, this effect may not be applied to
adults, because eyeball growth is usually occurring in children
or adolescents when the body grows. However, pathologic
myopia showed that the axial length continues to increase with
increasing age in adults period.***! One possible explanation
for this result is that polymorphisms within the vitamin D
receptor are associated with myopia. A single nucleotide
polymorphism, rs 1635529 on chromosome 12 region q13.11,
which is in the vicinity of the gene encoding the vitamin D
receptor, demonstrated significant over transmission in subjects
in myopia.*? In addition, proteomic and genetic associations
were found between the vitamin D receptor and high myopia in
previous studies.** Another explanation is due to the parallel
effect of spending time outdoors in slowing the development of
myopia and promoting vitamin D synthesis. The questionnaire
assessment of sunlight-exposure variable in the present study
was the binary variable containing only two levels, implicating
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that this variable was not well-quantified. Thus, we cannot
assure that vitamin D has a causal role in relation to myopia. In
addition, the reduction of the association after the inclusion of
sunlight-exposure variable may suggest that the two variables
may be, at least to some extent, covariates. The most plausible
explanation is that children who are more active outside during
childhood thus less likely to be myopic and are likely to have a
tendency to spend more time outdoors later in life. This trend
is probably reinforced by the fact that the children who become
more myopic are those with better education and are thus more
likely to have indoor jobs. However, the present study does
not solve the causality issue, in which vitamin D might have a
causal role for prevention of myopia.

We compared the results of the present study with those of
previous studies for other ocular diseases from our previous
reports based on same KNHANES data [Table 6].22¢ In
males, the OR of age-related macular degeneration, diabetic
retinopathy, cataract, and dry eye syndrome were 0.32 (95% CI,
0.12-0.81), 0.37 (95% CI, 0.18-0.76), 0.76 (95% CI, 0.59-0.99),
and 0.70 (95% CI, 0.30-1.64), respectively. The present study
showed that OR for myopia was 0.70 (95% CI, 0.59-0.82).
Interestingly, age-related macular degeneration and diabetic
retinopathy whose pathology is located in posterior part of
eyeball had relative lower OR, while cataract and dry eye
syndrome whose pathologic location is in anterior eye showed
relative higher OR. Main pathologic lesions of myopia occur
in the sclera and are widely located from the anterior to the
posterior part of the eyeball. We reasoned that association
between vitamin D and myopia was more consistent than
that between vitamin D and other ocular diseases by three
findings. First, the 95% confidence interval of myopia was
narrower than those of the other ocular diseases. Second,
the association between vitamin D and myopia was found in
both sexes, whereas the association between vitamin D and
other ocular diseases was observed only in male. Finally, ORs
of myopia were significantly decreased in those in the third,
fourth, and fifth vitamin D quintiles. However, ORs of other
ocular diseases were significantly decreased in only those in
the fifth vitamin D quintile.

The differential effects of vitamin D may be due to different
blood supply status at different location of the lesion. For
example, blood supply in the macular and retina would be
greater than in the lens and cornea. Thus, serum vitamin D
affects less lens and cornea becomes small because of poor
blood supply. The sclera is more vascularized than the retina,
macula, lens, and cornea.This might be one of the reasons why
vitamin D had a more consistent association with myopia in
both men and women than the other ocular diseases evaluated
by us.

The effect of vitamin D on myopia may differ in different
parts of the world because vitamin D levels differ according to
the latitude of the geography of study population.*! Exposure
to ultraviolet rays declines from the equator to the polar region,
creating a gradient of vitamin D production in the skin. The
latitude of South Korea is from 33 to 37 © of the north. The main
strengths of the present study are to enroll 25,199 participants
and nationwide study design. Our study had some limitations.
First, refractive error was evaluated without cycloplegia. It
may cause the problem to overestimate myopia. However,
main problem of measurement without cycloplegia may

attenuate the probability of finding an association. Second, the
current study design is a cross-sectional study, which made
difficulties in reasoning causality. Third, seasonal variations
of vitamin D levels were not considered, because KNHANES
does not support information about sampling season. Fourth,
although serum Vitamin D was inversely associated with
myopia, the prevalence was still at 43.8% in the lowest quintile.
This suggests that there are other significant factors that we
did not deal with, in our study. Finally, some covariates such
as outdoor activity or near work were not incorporated in
this analysis, because these variables were not available in
KNAHNES.

Conclusion

In conclusion, our study presented evidence of an association
between serum 25(OH) D level and myopia in adults. We
found a significant inverse association between serum 25(OH)
D level and myopia in both men and women drawn from the
general Korean population. However, our study has limitation
of evidence on vitamin D as a causal agent given that the
adjustment of time spent outdoors is insufficient, and study
design is cross-sectional. Further study on therapeutic potential
of vitamin D is needed such as randomized clinical trials.
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