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Purproste. To assess the relationship between serum level of 25-hydroxyvitamin D (25(OH)D)
and refractive error in Korean adolescents.

MEetHODS. A total of 2038 adolescent aged 13 to 18 years, who participated in the Korea
National Health and Nutrition Examination Survey (KNHANES) from 2008 to 2011 underwent
refractive examination using an autorefractor. Serum 25(OH)D concentration and other
potential risk factors were examined. Multivariate regression analysis was performed to
investigate the association between serum 25(OH)D and spherical equivalent (SE).

ResuLts. Among the participants, 80.1% had myopia (—0.5 diopters [D] or more myopic) and
8.9% had high myopia (—6.0 D or more myopia). Age, total energy/Ca intake, area of
residence, parental income, and smoking experience were significantly different among
groups according to SE (All, P < 0.05). The age-adjusted distribution of SE according to serum
25(OH)D concentration showed a positive relationship (» = 0.067, P = 0.012). The myopia
group had a significant positive relationship between SE and serum 25(OH)D tertile
concentration (P = 0.020), whereas the nonmyopia group did not have any significant
relationship (P = 0.599). In multiple linear regression analyses, SE was significantly associated
with low serum 25(OH)D concentration after adjustment for area of residence, parental
income, total energy intake, dietary Ca intake, milk consumption, and smoking experience (P
= 0.047). The prevalence of high myopia was significantly associated with the lowest tertile
of serum 25(OH)D concentration after adjustment for the confounding factors (P = 0.017).

Concrusions. Low serum 25(OH)D concentration was associated with myopia prevalence in
Korean adolescents. This relationship was particularly notable in adolescents with high
myopia.
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yopia has emerged as a major health issue worldwide, and

its prevalence has increased rapidly in the past few
decades, particularly in East Asia.! In a previous study on
Singapore military conscripts, the myopia rate was noted as
81.3% in 2009.! In a study reporting the prevalence of major
eye disease in Korea, the prevalence of myopia was greatest in
those aged 12 to 18 years (78.8%), followed by 19 to 29 years
(75.3%).2 In a recent study on 19-year-old males in Korea, the
prevalence of myopia was even higher, at 96.5%.% Due to the
sharp myopic shift in the young generation of urban East Asian
and Southeast Asian populations, research has focused on
factors that could increase the risk of myopia.! Although the
causes of myopia are unclear, numerous studies have suggested

it to be associated with parental myopia,*> near work,*° school
67

achievements, and urbanization.

outdoor activities has been recognized as a protecting factor
against myopia.”® It is well established that increasing time
spent outdoors is associated with less myopia,>3-!! although
there is controversy about the association of time spent
outdoors and the myopia progression.

Considering that vitamin D is synthesized endogenously
from exposure to sunlight, it may serve as a biomarker of
outdoor activity.!®> Furthermore, polymorphisms within vitamin
D receptor (VDR) are associated with a low to moderate degree
of myopia; SNP (single nucleotide polymorphism) rs1635529
on chromosome 12, region q13.11, which is in the vicinity of
the genes of VDR, showed highly significant over transmission
to myopic individuals in families participating in the Collabo-
rative Longitudinal Evaluation of Ethnicity and Refractive Error
(CLEERE) Study.'¢

Despite the proposed role of vitamin D in myopia, no
previous population-based study has performed the prevalence
of myopia in association with blood levels of vitamin D. The
prevalence of vitamin D deficiency has increased worldwide
during the past few decades.!'>!718 A Korean nationwide
survey conducted in 2008 revealed that vitamin D insufficiency
(<20 ng/mL) was 55.9%, with the most common cases
occurring in the younger generation.!'® Korean adolescents
are especially reported to be at increased risk for vitamin D
insufficiency, which may be related to high latitude (34°-38°
N), increased use of sunscreen, reduced outdoor activity due to

Recently, time spent in
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48,777 Subjects selected for KNHANES 2008-2011
12,528 in 2008
12,722 in 2009
10,938 in 2010
10.589 in 2011

8,329 Non-participants were excluded (most
common reasons for non-participation were refusal
and absence due to eary working hours or business
travel}

3.220 in 2008 (participation rate: 74.3%)

2.644 in 2009 (participation rate: 79.2%)

2 485 in 2010 (participation rate’ 77 5%)

2,534 in 2011 {participation rate: 76 1%)

5513 participants who did not undergo
ophthalmic examination were excluded

|

—

28,031 Participants under 13 years or over 18
years of age were excluded

2,370 Participants aged 13 to 18 years I

332 Were excluded

191 Were missing data on Serum 25(0HID

106 Were missing data on refraction

35 Had previous strabismus surgery or amblyopia

2,038 Participants aged 13 to 18 years included in the analysis
1,076 male adolescents
962 female adolescents

Ficure 1. Flow diagram presenting the selection of study participants.

high educational pressure, and lack of vitamin D-fortified
foods.'?:2% In this regard, it is hypothesized that low vitamin D
status may play a significant role in the development of myopia
in adolescence; a critical period for bone accretion and
growth.?! Therefore, in this study, we focused on the
relationship between blood level of 25-hydroxyvitamin D
(25(OH)D) and refractive error in Korean adolescents.

METHODS

Data Source and Participants

The Korea National Health and Nutrition Examination Survey
(KNHANES) is a nationwide, population-based, and cross-
sectional health examination and survey regularly conducted
by the Division of Chronic Disease Surveillance, Korea Centers
for Disease Control and Prevention, Ministry of Health and
Welfare, to monitor the general health and nutritional status of
people in South Korea. To date, KNHANES has been performed
in 1998 (KNHANES I), 2001 (KNHANES II), 2005 (KNHANES
I, 2007 to 2009 (KNHANES IV), and 2010 to 2012
(KNHANES V). It consists of a health interview survey, a
nutrition survey, and a health examination survey. A stratified,
multistage probability sampling design is used for the selection
of household units that participate in the survey. Additional
details regarding the study design and methods are provided
elsewhere.?223

Data from the fourth (KNHANES IV-2&3, 2008, 2009) and
fitth (KHANES V 1&2, 2010, 2011) studies were used to
estimate the association between serum 25(OH)D and
refractive error (the mean age of study population; 38.3 =
0.2 year [3-97 years]). Among 30,401 participants, 2370
individuals aged 13 to 18 years were selected for the current
study. Among these, 232 were excluded: 191 had missing
25(OH)D values, 106 had missing data for refractive error, and
35 had ocular pathology (presence of strabismus or ambly-
opia). A final 2038 participants (1076 male and 962 female
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adolescents) aged 13 to 18 years were used in this analysis as
shown in Figure 1. The KNHANES IV and V studies were
conducted according to the guidelines laid down in the
Declaration of Helsinki. All participants in the survey signed an
informed consent form. The institutional review board of St.
Vincent Hospital, College of Medicine, the Catholic University
of Korea (Seoul, Korea) approved the protocol.

Participant Data and Measurements

As a part of a standardized ophthalmic examination conducted
by epidemiologic survey members of the Korean Ophthalmo-
logic Society, all participants underwent noncycloplegic
autorefraction of both eyes using a nonaccommodative picture
target with standard background illumination on the Topcon
KR8800 autorefractor (Topcon, Tokyo, Japan). Spherical
equivalent (SE) refractive error was calculated as sphere +1/2
cylinder. Myopia was defined by an SE of —0.50 diopters (D) or
more myopic. Mild myopia was defined as greater than —3.0 D;
moderate myopia was defined as less than or equal to —3.0D;
and high myopia was defined as less than or equal to —6.0 D.

Demographic variables, include age, sex, area of residence,
parents’ income, alcohol drinking, and smoking experience.
Area of residence was categorized as urban and rural region.
Among the 16 districts of South Korea, eight major cities
(Seoul, Gyeonggi, Busan, Daegu, Incheon, Gwangju, Daejeoun,
and Ulsan) were grouped as urban areas, and the other
provinces (Gangwon, Chungbuk, Chungnam, Jeonbuk, Jeon-
nam, Gyeongbuk, Gyeongnam, and Jeju) were grouped as rural
areas. Participants were categorized in the low-income group if
their parents’ income belonged to the lowest quartile.
Regarding alcohol drinking, subjects were subdivided into
two groups based on the frequency of drinking for the past
year: less than once per month, and at least once per month
(once per month or more than once per month). Smoking was
defined as the presence of any experience of smoking in the
past (former smoker) or 1 or more day(s) of smoking in the
past 30 days (present smoker).

Nutrient intakes, including total energy and Ca intakes,
were assessed with a 24-hour dietary recall questionnaire
administered by a trained dietician. Dietary and supplemental
Ca intakes were compared with the dietary reference intake
(DRI for Ca of Korean children and adolescents: 1000 mg/d for
boys aged 12 to 14 years, 900 mg/d for girls aged 12 to 14
years, 900 mg/d for boys aged 15 to 18 years, and 800 mg/d for
girls aged 15 to 18 years.?* Calcium intake levels were
categorized into two groups: greater than or equal to the DRI
and, less than the DRI. A qualitative food frequency question-
naire (FFQ) was used to collect the dietary information with
food items described into 10 categories: (1) never or seldom,
(2) six to 11 times per year, (3) once per month, (4) two to
three times per month, (5) once per week, (6) two to three
times per week, (7) four to six times per week, (8) once per
day, (9) twice per day, (10) and three times per day. To adjust
for the dietary source of vitamin D, we compared the
consumption frequencies of milk and fish, which were
associated with the serum 25(OH)D concentrations in Korean
adolescents.?> Subjects were subdivided into two groups based
on the consumption frequency of milk and fish: at least once
per week, or less than once per week.

Physical activity was measured by self-report using the
International Physical Activity Questionnaire.?® Moderate
physical activity was categorized as “yes” when participants
engaged in moderate-intensity physical activity for more than
20 minutes at a time and more than 3 times/wk. Moderate-
intensity physical activity was defined as the physical activity
that causes a slight increase in breathing or heart rate for at
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least 10 minutes, such as when carrying light loads, cycling at a
regular pace, or playing tennis.

Anthropometric measurements were performed by a
specially trained examiner. Waist circumference was measured
to the nearest 0.1 cm in a horizontal plane at the level of the
midpoint between the iliac crest and the costal margin at the
end of normal expiration. Body mass index (BMI) was
calculated as the individual’s weight in kilograms divided by
the square of the individual’s height in meters.

Serum 25(OH)D Measurements

Serum levels of 25(OH)D were assayed according to an agreed
protocol. Overnight fasting-blood samples were collected
from each participant during the survey, and serum 25(OH)D
levels were measured by radioimmunoassay (DiaSorin, Still-
water, MN, USA) using a gamma counter (1470 Wizard; Perkin
Elmer, Turku, Finland). The interassay coefficients of variation
(CV) were 2.8% to 6.2% for 2008 to 2009 samples and 1.9% to
6.1% for 2010 to 2011 samples. The KNHANES study
participates were evaluated via the Vitamin D Standardization
Program, so the measurement of 25(OH)D was standardized
with the recently developed National Institute of Standards and
Technology-Ghent University reference procedure.?” Subjects
were categorized into tertiles (T) of vitamin D and with cut-off
values, which were determined separately for male and female
adolescents.

Statistical Analyses

Statistical analyses were performed using the SAS survey
procedure (version 9.2; SAS Institute, Inc., Cary, NC, USA) to
reflect the complex sampling design and sampling weights of
KNHANES and to provide nationally representative prevalence
estimates. The procedures included unequal probabilities of
selection, oversampling, and nonresponse so that inferences
could be made about the Korean adolescent participants.

Participants’ characteristics were described using means
and standard errors for continuous variables and numbers and
percentages for categorical variables according to the SE. The
association in refractive error across the tertiles of serum
25(OH)D concentration was also examined in the myopia
group and the nonmyopia group.

Simple and multiple linear regression analyses were used to
examine the association between serum 25(OH)D concentra-
tion and SE. First, we adjusted for age and sex (Model 1). We
then adjusted for age, sex, and other confounders that showed
differences of borderline significances (P < 0.250) according
to the SE (Model 2). In myopic population (SE —0.50 D or more
myopic), a multiple logistic regression analysis were also
performed to compare the odds of being high myopia (a group
with the upper tertile of serum 25(OH)D versus a group with
the lower tertile of serum 25(OH)D). For all analyses, P values
were two-tailed and less than 0.05 was considered to indicate
statistical significance.

RESULTS

Among the study participants, 80.1% had myopia (0.5 D or
more myopic) and 8.9% had high myopia (—6.0 D or more
myopia). The proportion of wearing correction glasses was
45.3%. Spherical equivalence in the right and left eyes was
highly correlated (Pearson’s correlation = 0.91, P < 0.001).
Therefore, only data for the right eyes were presented.

The clinical characteristics according to grade of myopia are
shown in Table 1. The study participants were aged 15.4 *= 0.1
years in the nonmyopia group, 15.5 * 0.1 years in the mild
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myopia group, 15.5 £ 0.1 years in the moderate-myopia group,
and 16.0 = 0.1 years in the high-myopia group (P < 0.001).
The proportion of wearing correction glasses was 6.4 £ 1.9%
in nonmyopia, 21.9 * 1.7% in mild myopia, 83.4 = 1.8% in
moderate myopia, and 92.9 * 2.4% in high myopia (P <
0.001). Body heights were 165.7 = 0.5 cm in the nonmyopia
group, 166.5 * 0.4 cm in the mild-myopia group, 166.3 * 0.4
cm in the moderate-myopia group, and 168.2 = 0.7 cm in the
high myopia group (P = 0.019). The weight, BMI, and waist
circumference were not significantly different among the
groups (P = 0.421, 0.778, and 0.480, respectively). The serum
25(OH)D concentrations were 16.3 *= 0.3 ng/mL in the
nonmyopia group, 16.4 * 0.3 ng/mL in the mild-myopia
group, 16.0 £ 0.3 ng/mL in the moderate-myopia group, and
15.2 = 0.4 ng/mL in the high-myopia group (P = 0.054). Daily
total energy intake and daily Ca intake were significantly
different among the groups (P = 0.025 and 0.028). Consump-
tion frequencies of milk and fish were not significantly
different among the groups (P = 0.174 and 0.748).

Frequency of rural residence differed significantly according
to the degree of myopia (P = 0.008). The frequency of regular
physical activity did not differ significantly among the groups
(P = 0.622). The frequency of low parental income differed
significantly according to the degree of myopia (P = 0.004).
The proportion of smoking experience was 24.5 £ 0.7% in
nonmyopia, 24.2 £ 0.8% in mild myopia, 17.0 * 0.6% in
moderate myopia, and 11.1 = 0.3% in high myopia (P =0.002).

The distribution of refractive error (SE) according to the
serum 25(OH)D concentration is shown in Figure 2. There was
a positive relationship between serum 25(OH)D concentration
and SE after adjustment for age (» = 0.067, P = 0.012). Figure 3
shows that the myopia group had a significant positive
relationship between SE and serum 25(OH)D tertile concentra-
tion (P = 0.020), whereas the nonmyopia group did not have
any significant relationship (P = 0.599). Tertile cutoff values of
25(OH)D (ng/mL) were T1 less than 13.83, T2 13.83 to less than
18.37, T3 greater than or equal to 18.37 for male adolescents,
and T1 less than 13.01, T2 13.01 to less than 16.99, T3 greater
than or equal 16.99 for female adolescents.

The results of multiple linear regression analyses are shown in
Table 2. The SE was significantly associated with low serum
25(OH)D concentration after adjustment for age and sex (P =
0.012), which was maintained after adjustment for age, sex, area
of residence, parental income, total energy intake, milk consump-
tion, daily calcium intake, and smoking experience (P = 0.047).

To assess the impact of serum 25(OH)D on degree of
myopia, the myopia group was categorized further into low to
moderate myopia (—0.5 to —6.0 D) and high myopia (<—6.0 D)
(Table 3). Multiple logistic regression analysis revealed that the
prevalence of high myopia was significantly associated with
serum 25(OH)D tertiles after adjustment for age and sex (P =
0.016), which was maintained after adjustment for age, sex,
area of residence, parental income, total energy intake, milk
consumption, daily Ca intake, and smoking experience (P =
0.017). Especially the odds of being high myopia in a group
with the upper tertile of serum 25(OH)D were significantly
lower than those in a group with the lower tertile of serum
25(OH)D (odds ratio [OR]: 0.55; 95% confidence interval [CI]:
0.34, 0.90).

DISCUSSIONS

We found a significant association between low serum
25(OH)D concentration and myopia in Korean adolescents
aged 13 to 18 years. Serum 25(OH)D concentration was an
independent predictor of refractive error after adjustment for
potential confounding factors such as age, sex, area of
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Tasie 1. Clinical Characteristics of Study Subjects According to the Spherical Equivalent in Korean Adolescents (1 = 2038)

Nonmyopia Mild Myopia Moderate Myopia High Myopia

SE>-05D -30D<SE<-05D -60D<SE<-30D SE<-60D P Value
Numbers 405 (19.9%) 855 (41.9%) 596 (29.2%) 182 (8.9%)
Age, y 154 = 0.1 154 = 0.1 155 = 0.1 16.0 = 0.1 <0.001
Sex, % of male 527 £ 1.3 55.3 = 0.9 515 £ 1.1 53.3 = 0.6 0.678
Spherical equivalent, D 0.3 * 0.1 —-1.6 £ 0.0 —4.2 £ 0.0 —7.4 * 0.1 <0.001
Wearing of correction glasses, % 64+ 19 219 = 1.7 834 + 1.8 929 + 2.4 <0.001
Height, cm 165.7 = 0.5 166.5 = 0.4 166.3 = 0.4 168.2 = 0.7 0.019
Weight, kg 583 = 0.9 59.4 + 0.5 58.7 * 0.6 60.1 = 1.0 0.421
BMI, kg/m? 21.1 £ 03 213 £ 0.1 21.1 £ 0.2 212 £ 03 0.778
Waist circumference, cm 71.1 = 0.6 71.7 = 0.4 70.9 £ 0.5 71.7 £ 0.8 0.480
Serum 25(OH)D concentration, ng/mL 163 £ 0.3 16.4 = 0.3 16.0 = 0.3 152 = 0.4 0.054
Total energy intake, kcal/d 2085.8 = 68.9 21789 * 44.3 2196.6 *+ 44.0 1959.8 = 71.5 0.025
Energy from fat, % 22.8 £ 0.6 222+ 04 23205 230 £ 0.7 0.440
Energy from carbohydrate, % 629 = 0.6 63.6 £ 0.5 625 * 0.5 626 = 1.0 0.512
Energy from protein, % 142 £ 0.3 14.2 £ 0.2 143 £ 0.2 144 £ 04 0.962
Daily Ca intake > DRI, % 83 *+ 1.8 104 = 1.4 13919 53 * 18 0.028
Milk consumption > 1/wk, % 29.0 £ 29 30.7 £ 19 36.5 + 2.6 31.2 43 0.174
Fish consumption > 1/wk, % 18.6 £ 2.5 19.0 £ 1.6 19.0 = 2.0. 229 =32 0.748
Area of residence, % of rural regions 185 = 0.7 20.8 = 1.2 11.6 = 0.6 151 0.3 0.008
Low income, % 219 £ 0.7 16.3 = 0.7 11.2 £ 0.5 11.7 = 0.36 0.004
Smoking experience, % 245 £ 0.7 242 * 0.8 17.0 = 0.6 11.1 £ 0.3 0.002
Alcohol drinking, % 328 £ 08 31.9 £ 0.9 28.7 £ 0.7 36.3 £ 0.5 0.391
Regular physical activity, % 30.5 = 0.7 27.9 = 0.8 25.7 = 0.7 275+ 04 0.622

Data are presented as the means * standard error, or percent * standard error.

residence, parental income, total energy intake, milk con-
sumption, daily Ca intake, and smoking experience (Table 2).
The association between serum 25(OH)D and refractive error
was significant particularly in the high-myopia group (Table 3).
Consistent with our study, Mutti and Marks?® reported that

10.0

5.0

0.0

SE

-5.0

-10.071

-15.0

r=0.067 p=0.012

¢

o-

T T
20 30

Serum 25(OH)D (ng/mL)

Ficure 2. The distribution of refractive error according to the serum 25(OH)D concentration for the whole population.

40

50

blood vitamin D level in myopia was lower than in the absence
of myopia. To our knowledge, however, this is the first large
scale, population-based study on the association between
serum vitamin D concentration and refractive error in
adolescents using nationally representative data.
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Female; <13.01 13.01 to<16.99 >16.99 ng/ml
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Serum 25(OH)D (tertile)

Ficure 3. The changes of serum 25(OH)D concentration according to the SE in the myopia group and the nonmyopia group. Spherical equivalent
values in myopia subjects declined significantly as serum 25(OH)D level decreased across the tertiles (P = 0.020). Tertile (T) cutoff values of
25(OH)D (ng/mL) were T1 less than 13.83, T2 13.83 to less than 18.37, T3 greater than or equal to 18.37 for male adolescents, and T1 less than
13.01, T2 13.01 to less than 16.99, T3 greater than or equal to 16.99 for female adolescents.

Significant protective association between increasing time
outdoors and myopia has been reported.”~!! However, the
mechanisms how time outdoors might affect refractive error
development is not entirely understood. The hypothesis for the
association, includes the increased retinal dopamine in
response to brighter light intensity in outdoors,® (as shown
in animal model in which the increased dopamine release was
shown to suppress axial elongation?), and the increased depth
of focus in response to brighter light intensity and the low
accommodative demand for distance vision.>° As suggested by
Mutti et al.,'®?% it may also be related with the cutaneous
synthesis of vitamin D, a product of sunlight.

Vitamin D is an essential component for intestinal
absorption of Ca, playing an important role in bone growth
and mineral and Ca homeostasis.?! The 25(OH)D concentra-
tion is the most commonly used indicator of vitamin D status.!>
Childhood to adolescence is a critical period for bone accretion
and growth; therefore, low-vitamin D status in this period is
associated with numerous negative skeletal or other systemic
consequences.'® Also, there is increasing evidence that serum
25(OH)D level is relevant to several chronic diseases, including
metabolic syndrome, cardiovascular, autoimmune and infec-
tious diseases, and cancer.!'8 Recent data for KNHANES 2008

showed that vitamin D insufficiency was highly prevalent in
Korean adolescents, particularly those in higher school
grades.'® Adolescents are susceptible to myopia incidence
and progression. In the Australian Myopia Progression Study,
the annual incidence of myopia was 2.2% and 4.1% in those
aged 12 and 17 years, respectively.’! Considering of the
epidemiologic evidence that time spent in outdoors has a
protecting effect on myopia and the genetic basis on the
association of vitamin D and myopia,®'®3233 vitamin D
deficiency in adolescence period is presumed to affect the
incidence or progression of myopia.

In this study, there was a positive relationship between
serum 25(OH)D and refractive error after adjustment for age
(Fig. 2). This relationship retained significance after adjustment
for the dietary factors related to serum 25(OH)D (milk
consumption and Ca intake) and other confounding factors
such as area of residence and socioeconomic status, which
were associated with myopia prevalence in previous studies
(Table 2). This suggests that serum 25(OH)D may also play a
direct role in myopia development. One possibility is that low
serum 25(OH)D might result in myopia development, via
impaired contraction and relaxation of the ciliary muscles,
because vitamin D is associated with alteration of intracellular

TaBle 2. Multiple Linear Regression Analysis for the Association Between Serum 25(OH)D Concentration and Refractive Error (D) in Korean

Adolescents (n = 2038)

Model 1:
Adjusted for Age and Sex

Model 2:
Adjusted for Age, Sex, Area of Residence,
Parental Income, Total Energy Intake,
Milk Consumption, Daily Calcium Intake, and Smoking

Beta 95% CI P Value Beta 95% CI P Value
Serum 25(OH)D concentration 0.03 0.00, 0.05 0.012 0.03 0.00, 0.06 0.047
Age —0.09 —0.16, —0.03 0.035 —0.10 —0.17, —0.02 0.016
Sex -0.07 —0.30, 0.16 0.121 0.10 —0.16, 0.36 0.451
Area of residence —-0.36 —0.70, —0.03 0.035
Low income 0.61 0.13, 1.09 0.012
Total energy intake 0.07 —0.08, 0.23 0.349
Milk consumption —0.14 —0.43, 0.15 0.329
Daily calcium intake (>DRID) —0.37 —0.84, 0.09 0.115
Smoking experience 0.63 0.25, 1.00 0.001
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Tasle 3. Multiple Logistic Regression Analysis for the Association Between Serum 25(OH)D Tertiles and High Myopia in Myopic Korean

Adolescents (12 = 1633)

Model 1:
Adjusted for Age and Sex

Model 2:
Adjusted for Age, Sex, Area of Residence,
Parental Income, Total Energy Intake,
Milk Consumption, Daily Calcium Intake, and Smoking

OR 95% CI P Value OR 95% CI P Value
Serum 25(OH)D T3 vs. T1 0.57 0.37, 0.89 0.016 0.55 0.34, 0.90 0.017
Serum 25(OH)D T2 vs. T1 0.82 0.53, 1.27 0.69 0.41, 1.14
Age 1.20 1.08, 1.33 <0.001 1.23 1.09, 1.39 <0.001
Sex 1.02 0.70, 1.48 0.490 0.88 0.58, 1.33 0.542
Area of residence 0.84 0.51, 1.39 0.500
Low income 0.69 0.31, 1.53 0.363
Total energy intake 0.72 0.53, 0.97 0.032
Milk consumption 1.15 0.76, 1.74 0.509
Daily calcium intake (>DRI) 0.62 0.27, 1.38 0.241
Smoking experience 0.48 0.24, 0.95 0.036

Ca level.?3-35Another possibility is that Ca deficiency second-
ary to vitamin D deficiency causes head deformity, which may
be include deformation of the orbits, leading to myopia of
prematurity, as shown in the study of Carroll et al.>® They
reported that the extra-enteral Ca supplementation did not
change refractive status in extremely low birth weight infants,
because head shape was not changed in Ca supplementation
group.3©

In this study, the association between serum 25(OH)D and
refractive error was particularly evident in the populations
with high myopia (Table 3). High myopia is associated with
reduced scleral collagen accumulation, scleral thinning, and
loss of scleral tissue.>” In myopic ocular growth, it is known
that the retinoscleral signal pathway as well as IOP play a
role.3” Among several known local growth factors, retinoic
acid is known to serve as a bidirectional factor in the
retinoscleral signal, regulating eye growth.38-40 Retinoic acid
and VDR form heterodimers, which participate in signaling and
cell-cycle regulation. Vitamin D is known to initiates the
formation of the VDR/retinoic acid heterodimer.*! Therefore,
the low-serum vitamin D status is thought to affect pathological
scleral growth, possibly via retinoic acid. The proteomic and
genetic association between VDR and high myopia shown in
previous studies may support this hypothesis.>?33 Despite
several line of genetic evidences, however, the interplay of
environmental and genetic polymorphisms at multiple loci
needs to be considered, as myopia is a multifactorial disease.

Our study has some limitations. First, the refractive status
was not checked under cycloplegic conditions and the range of
hyperopic refractive errors could be compressed in the
regression analysis due to involuntary accommodation. How-
ever, we tried to reduce the potential misclassification of a
myopia diagnosis using the subject’s wearing of correction
glasses. The study may also be confounded by a lack of data on
relevant variables such as information on total time outdoors,
parental myopic status, season of measurement, and sunlight
exposure. In this study, measurement of sunlight exposure was
substituted by regular physical activity. Regular physical
activity is known to affect the level of serum vitamin D in a
previous study.?° Further supporting variables related to
outcomes of vitamin D such as serum parathyroid hormone
levels or bone parameters were not measured. These
limitations should be addressed in future studies.

Myopia is one of the most common causes of visual
impairment worldwide, and the high cost associated with its
correction significantly contributes to public health and

economic concerns. The apparent association of low serum
25(OH)D concentration with myopia, particularly with high
myopia, suggests that more attention should be paid to efforts
such as increasing vitamin D supplementation, as well as
increasing the engagement of children in outdoor activity to
prevent myopia. Basic interventional research on relevant
mechanisms of low serum 25(OH)D concentration on scleral
growth is needed.

Acknowledgments

The authors thank the Epidemiologic Survey Committee of the
Korean Ophthalmologic Society for conducting examination in
KNHANES and for supplying data for this study.

Disclosure: J.A. Choi, None; K. Han, None; Y.-M. Park, None;
T.Y. La, None

References

1. Mutti DO, Cooper ME, O’Brien S, et al. Candidate gene and
locus analysis of myopia. Mol Vis. 2007;13:1012-1019.

2. Yoon KC, Mun GH, Kim SD, et al. Prevalence of eye diseases in
South Korea: data from the Korea National Health and
Nutrition Examination Survey 2008-2009. Korean ] Opbthal-
mol. 2011;25:421-433.

3. Jung SK, Lee JH, Kakizaki H, Jee D. Prevalence of myopia and
its association with body stature and educational level in 19-
year-old male conscripts in Seoul, South Korea. Invest
Opbthalmol Vis Sci. 2012;53:5579-5583.

4. Saw SM, Carkeet A, Chia KS, Stone RA, Tan DT. Component
dependent risk factors for ocular parameters in Singapore
Chinese children. Opbthalmology. 2002;109:2065-2071.

5. Mutti DO, Mitchell GL, Moeschberger ML, Jones LA, Zadnik K.
Parental myopia, near work, school achievement, and child-
ren’s refractive error. Invest Opbthalmol Vis Sci. 2002;43:
3633-3640.

6. Lee YY, Lo CT, Sheu §J, Lin JL. What factors are associated with
myopia in young adults? A survey study in Taiwan Military
Conscripts. Invest Opbthalmol Vis Sci. 2013;54:1026-1033.

7. Guo Y, Liu LJ, Xu L, et al. Outdoor activity and myopia among
primary students in rural and urban regions of Beijing.
Opbthalmology. 2013;120:277-283.

8. Rose KA, Morgan IG, Ip J, et al. Outdoor activity reduces the

prevalence of myopia in children. Ophthalmology. 2008;115:
1279-1285.



Investigative Ophthalmology & Visual Science

Serum Vitamin D in Myopia

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Sherwin JC, Reacher MH, Keogh RH, et al. The association
between time spent outdoors and myopia in children and
adolescents: a systematic review and meta-analysis. Opbthal-
mology. 2012;119:2141-2151.

Dirani M, Tong L, Gazzard G, et al. Outdoor activity and
myopia in Singapore teenage children. Br J Opbthalmol. 2009;
93:997-1000.

Jones LA, Sinnott LT, Mutti DO, et al. Parental history of
myopia, sports and outdoor activities, and future myopia.
Invest Ophbthalmol Vis Sci. 2007;48:3524-3532.

Jones-Jordan LA, Sinnott LT, Cotter SA, et al. Time outdoors,
visual activity, and myopia progression in juvenile-onset
myopes. Invest Ophthalmol Vis Sci. 2012;53:7169-7175.

Wu PC, Tsai CL, Wu HL, Yang YH, Kuo HK. Outdoor activity
during class recess reduces myopia onset and progression in
school children. Ophthalmology. 2013;120:1080-1085.

Saw SM, Nieto FJ, Katz J, Schein OD, Levy B, Chew §]J. Factors
related to the progression of myopia in Singaporean children.
Optom Vis Sci. 2000;77:549-554.

Muller DN, Kleinewietfeld M, Kvakan H. Vitamin D review. J
Renin Angiotensin Aldosterone Syst. 2011;12:125-128.

Mutti DO, Cooper ME, Dragan E, et al. Vitamin D receptor
(VDR) and group-specific component (GC, vitamin D binding
protein) polymorphisms in myopia. Invest Opbthalmol Vis
Sci. 2011;52:3818-3824.

Braegger C, Campoy C, Colomb V, et al. Vitamin D in the
healthy European pediatric population. J Pediatr Gastro-
enterol Nutr. 2013;56:692-701.

Cashman KD. Vitamin D in childhood and adolescence.
Postgrad Med J. 2007;83:230-235.

Choi HS, Oh HJ, Choi H, et al. Vitamin D insufficiency in
Korea-a greater threat to younger generation: the Korea
National Health and Nutrition Examination Survey
(KNHANES) 2008. J Clin Endocrinol Metab. 2011;96:643-
651.

Lee YA, Kim HY, Hong H, et al. Risk factors for low vitamin D
status in Korean adolescents: the Korea National Health and
Nutrition Examination Survey (KNHANES) 2008-2009. Public
Health Nutr. 2013;6:1-8.

Chung M, Lee ], Terasawa T, Lau J, Trikalinos TA. Vitamin D
with or without calcium supplementation for prevention of
cancer and fractures: an updated meta-analysis for the U.S.
Preventive Services Task Force. Ann Intern Med. 2011;155:
827-838.

Kim HA, Lee SY, Kwon HS, et al. Gender differences in the
association of insulin resistance with metabolic risk factors
among Korean adolescents: Korea National Health and
Nutrition Examination Survey 2008-2010. Diabetes Res Clin
Pract. 2013;99:54-62.

Choi Y], Lee MS, An SY, et al. The relationship between
diabetes mellitus and health-related quality of life in Korean
adults: the Fourth Korea National Health and Nutrition
Examination Survey (2007-2009). Diabetes Metab J. 2011;35:
587-594.

Choi YS, Moon HK. Vitamin D. In Dietary Reference Intakes
for Koreans. 2nd ed. Seoul: The Korean Nutrition Society;
2010.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

30.

37.

38.

39.

40.

41.

IOVS | April 2014 | Vol. 55 | No. 4 | 2047

Yu A, Kim J, Kwon O, et al. The association between serum 25-
hydroxyvitamin d concentration and consumption frequen-
cies of vitamin d food sources in Korean adolescents. Clin
Nutr Res. 2013;2:107-114.

Craig CL, Marshall AL, Sjostrom M, et al. International physical
activity questionnaire: 12-country reliability and validity. Med
Sci Sports Exerc. 2003;35:1381-1395.

Sempos CT, Vesper HW, Phinney KW, et al. Vitamin D status as
an international issue: national surveys and the problem of
standardization. Scan J Clin Lab Invest Suppl. 2012;243:32-
40.

Mutti DO, Marks AR. Blood levels of vitamin D in teens and
young adults with myopia. Optom Vis Sci. 2011;88:377-382.

MccCarthy CS, Megaw P, Devadas M, Morgan IG. Dopaminergic
agents affect the ability of brief periods of normal vision to
prevent form-deprivation myopia. Exp Eye Res. 2007;84:100-
107.

Deng L, Gwiazda J, Thorn E Children’s refractions and visual
activities in the school year and summer. Optom Vis Sci. 2010;
87:406-413.

French AN, Morgan IG, Burlutsky G, Mitchell P, Rose KA.
Prevalence and 5- to G-year incidence and progression of
myopia and hyperopia in Australian school children. Ophthal-
mology. 2013;120:1482-1491.

Duan X, Lu Q, Xue P, et al. Proteomic analysis of aqueous
humor from patients with myopia. Mol Vis. 2008;14:370-377.
Annamaneni S, Bindu CH, Reddy KP, Vishnupriya S. Associa-
tion of vitamin D receptor gene start codon (Fokl) polymor-
phism with high myopia. Oman J Opbthalmol. 2011;4:57-62.
Korbmacher C, Helbig H, Haller H, Erickson-Lamy KA,
Wiederholt M. Endothelin depolarizes membrane voltage and
increases intracellular calcium concentration in human ciliary
muscle cells. Biochem Biophys Res Commun. 1989;164:
1031-1039.

Lepple-Wienhues A, Stahl E Willner U, Schifer R, Wiederholt
M. Endothelin-evoked contractions in bovine ciliary muscle
and trabecular meshwork: interaction with calcium, nifedipine
and nickel. Curr Eye Res. 1991;10:983-989.

Carroll WE Fabres J, Nagy TR, Frazier M, et al. Results of
extremely-low-birth-weight infants randomized to receive
extra enteral calcium supply. J Pediatr Gastroenterol Nutr.
2011;53:339-345.

McBrien NA, Gentle A. Role of the sclera in the development
and pathological complications of myopia. Prog Retin Eye Res.
2003;22:307-338.

Kim RY, Stern WH. Retinoids and butyrate modulate fibroblast
growth and contraction of collagen matrices. Invest Ophthal-
mol Vis Sci. 1990;31:1183-1186.

Seko Y, Shimokawa H, Tokoro T. In vivo and in vitro
association of retinoic acid with form-deprivation myopia in
the chick. Exp Eye Res. 1996;63:443-452.

McFadden SA, Howlett MH, Mertz JR. Retinoic acid signals the
direction of ocular elongation in the guinea pig eye. Vision
Res. 2004;44:643-653.

Tavera-Mendoza L, Wang TT, Lallemant B, et al. Convergence
of vitamin D and retinoic acid signaling at a common hormone
response element. EMBO Rep. 2006;7:180-185.



	f01
	t01
	f02
	f03
	t02
	b01
	b02
	b03
	b04
	b05
	b06
	b07
	b08
	t03
	b09
	b10
	b11
	b12
	b13
	b14
	b15
	b16
	b17
	b18
	b19
	b20
	b21
	b22
	b23
	b24
	b25
	b26
	b27
	b28
	b29
	b30
	b31
	b32
	b33
	b34
	b35
	b36
	b37
	b38
	b39
	b40
	b41

