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25-hydroxy Vitamin D Status in Healthy Korean School
Children and Adolescents: Striking Difference in Prevalence
of Vitamin D Deficiency with School Grade and Season

MS Kim, YH Kone, DY LEE

Abstract

Key words

Purpose: The aim of this study was to investigate the prevalence of vitamin D deficiency according to
school grade and season in healthy Korean children and adolescents. Method: We screened for vitamin D
deficiency using serum 25-hydroxyvitamin D (25-OHD) combined with anthropometric and laboratory
findings. Findings: Vitamin D deficiency was present in 72.3% of study subjects and prevalence of
vitamin D deficiency was higher in girls than in boys (76.6 vs 66.9%). During spring and winter, serum
25-OHD levels were found to be lower compared with other seasons. The prevalence of vitamin D
deficiency was highest (87.4%) in high school students and followed by middle school (78.8%) and
elementary school students (70.5%). The predictors for vitamin D deficiency were female, winter/spring
seasons and high school students. Conclusion: Adequate outdoor activities and/or oral vitamin D
supplements during winter and spring seasons should be necessary in female adolescents.

Adolescents; Korean children; School grade; Season; Vitamin D deficiency

Introduction

Vitamin D is an important fat-soluble vitamin
that functions as a pro-hormone and affects bone
mineralisation and calcium homeostasis. In addition,
vitamin D deficiency has recently been proposed as a
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risk factor for common chronic diseases, such as cancer,
cardiovascular disease, autoimmune diseases, and
allergy.'* Recent studies suggest that vitamin D
deficiency is important in children and adolescents, not
just in older people.’” The majority of the body's vitamin
D requirement must be covered by sunlight UVB-
induced conversion of 7-dehydrocholesterol to vitamin
D, in skin.® However, this route of supply is limited by
the reduced exposure to sunlight due to indoor living,
clothing, and the use of sunscreen, as well as by the
geographical and seasonal variation in UVB irradiance.
Many studies have reported low levels of 25-hydroxy
vitamin D (25-OHD) in different paediatric and
adolescent population.>7° ! Recently, Shin et al'?
reported the high prevalence of vitamin D deficiency in
Korean young adults. However, comprehensive data are
not available in Korean school children and adolescents
considering school grade including elementary school
and season.

The aim of this study was to investigate the vitamin D
status and the prevalence of vitamin D deficiency according
to school grade and season in healthy Korean school
children and adolescents.



Materials and Methods

Subjects

A total of 817 healthy Korean students aged 7 to 18 years
old were enrolled in this study between March 2011 and
February 2012. All subjects visited a Pediatric Department
Outpatient Clinic, Jeonbuk National University Hospital
for health evaluation. Students were excluded if they had
acute or chronic illness, including obesity (body mass index,
BMI above 95th percentile), precocious puberty, endocrine
disorders or any rickets-like signs and symptoms or took
any form of calcium or vitamin D supplements. To
determine differences based on the clinical characteristics
and 25-OHD level, the subjects were subdivided according
to gender (boys, n=320; girls, n=497), school grade
(elementary school aged 7 to 12 years, n=659; middle
school aged 13 to 15 years, n=94; high school aged 16 to
18 years, n=64) and season (spring, March to May, n=267;
summer, June to August, n=217; fall, September to
November, n=139; winter, December to February, n=194).
The clinical and laboratory characteristics of the subjects
were obtained by reviewing the medical records.

The study was approved by the Institutional Review
Board of the Clinical Research Institute of Jeonbuk National
University Hospital, and informed consent was obtained
from students and their parents.

Anthropometric and Laboratory Measurements

Anthropometric measurements were performed by the
same physician according to a standardised procedure.
Body weights were measured to the nearest 0.01 kg using
calibrated balances or electronic scales, and heights were
measured to the nearest 0.1 cm. Body mass index (BMI)
was calculated as the weight in kilograms divided by the
square of height in meters. Blood samples were taken in
the morning after 12 hours of fasting, and following
laboratory data were included: plasma glucose, serum
calcium, phosphorus, alkaline phosphatase, triglycerides,
total cholesterol and low-density lipoprotein (LDL)
cholesterol. Serum 25-OHD levels were measured by a
chemiluminescence immunoassay (Roche, Indianapolis, IN,
USA).

Definition of Vitamin D Deficiency

Serum 25-OHD levels were categorised as adequate,
insufficient, or deficient based on the literature.'* Vitamin
D deficiency was defined as <20 ng/mL, severe deficiency
as <10 ng/mL, insufficiency as 20-<30 ng/mL, and
sufficiency as 230 ng/mL.
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Statistical Analyses

All variables are expressed as the means + standard
deviation (SD). All analyses were conducted using the SPSS
17.0 (SPSS Inc., Chicago, IL, USA). Differences in clinical
and biochemical parameters between groups were assessed
by Student #-test and one-way ANOVA. Chi-square test was
used to compare frequencies of vitamin D deficiency status.
Pearson's correlation analysis was performed to demonstrate
the relationship between students' vitamin D level and other
parameters. And in order to identify independent risk factors
of vitamin D deficiency, we used a logistic multivariate
regression model.

Results

Clinical Characteristics and Serum 25-OHD Levels in
Studied Subjects

The clinical characteristics and serum 25-OHD levels
of subjects are shown in Table 1. The mean age and BMI
was 10.242.7 years and 18.414.2 kg per m?, respectively.
Mean serum 25-OHD level was 16.78%+6.09 ng/mL, which
was significantly higher in boys than in girls (17.7526.54
vs 16.1245.71 ng/mL, p<0.005). The whole prevalence of
vitamin D deficiency was 72.3%, and the prevalence of

Table 1  Clinical and laboratory characteristics of 817 healthy
school children and adolescents
Total Boys Girls P value
(n=817, (n=320, (n=497,
100.0%) 39.2%) 60.8%)
Age (years) 10.2+2.7 11.4+2.8 9.41£2.3  0.000
BMI (kg/m?) 18.4+4.2 19.0+4.1  18.144.2 0.008

Schceool grade (%) 0.000

Elementary 659 (80.7) 215(32.6) 444 (67.4)
school

Middle school 94 (11.5) 66 (70.2) 28 (29.8)

High school 64 (7.8) 39(60.9) 25(39.1)

Season (%) 0.082
Spring 267 (32.7) 86(32.2) 181 (67.8)
Summer 217 (26.6) 95(43.8) 122 (56.2)

Fall 139 (17.0) 62 (44.6) 77 (554)
Winter 194 (23.7) 77 (39.7) 117 (60.3)

25-OHD (ng/mL) 16.78+6.09 17.78x6.54 16.12+5.71 0.000
<20 ng/mL (%) 591 (72.3) 211 (65.9) 380 (76.6) 0.001

Data are means = SDs or number of students.

BMI: body mass index; ALP: alkaline phosphatase; LDL-cholesterol,

low-density lipoprotein cholesterol; 25-OHD: 25-hydroxy vitamin D.
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vitamin D deficiency was higher in girls than in boys (76.6%
vs 66.9%, p<0.001). In contrast, only 2.2% of students
(boys, 3.8%; girls, 1.1%) had a serum 25-OHD level of
greater than 30 ng/mL (Table 2).

Differences in Serum 25-OHD Level by Season

Mean serum 25-OHD level was significantly different
according to month and season (Figure 1). From March to
August, serum 25-OHD level gradually increased, reaching
its highest level in August (22.4+6.3 ng/mL), then
decreased, reaching its lowest level in February (11.9%
4.2 ng/mL, Figure 1a). Even though there was a difference
only in age between different seasons, serum 25-OHD levels
in summer and fall were significantly higher than those in
spring and winter (20.415.8, 19.1+6.1 vs 15.5+5.2, 12.9+

4.4 ng/mL, p<0.001, Figure 1b). As expected, the
prevalence of vitamin D deficiency in winter and spring
were significantly higher than those of summer or fall
(93.8, 80.9 vs 53.9, 54.7%, p<0.005, Figure 2 & Table 2).
Furthermore, prevalence of severe vitamin D deficiency was
significantly higher in winter and spring than those of
summer and fall (15.0, 26.3 vs 1.8, 5.8%, p<0.005).

Differences in Serum 25-OHD Level by School Grade
The mean serum 25-OHD level was gradually decreased
from elementary school to high school (17.1£6.0 vs 13.8+
6.2 ng/mL, p<0.005, Figure 3). There was a significant
difference in the prevalence of vitamin D deficiency among
students of different school grade (p<0.001, Table 2 &
Figure 4a). As shown in Figure 4a and Table 2, prevalence

Table 2  Clinical and laboratory characteristics according to serum 25-OHD levels

25-OHD (ng/mL) <10 10 to <20 20 to <30 230 P value
Number of patient (%) 103 (12.6) 488 (59.7) 208 (25.5) 18 (2.2)
25-OHD (ng/mL) 8.2t1.4 15.0£2.8 23.8+2.7 33.9£3.9 0.000
Age (years) 11.243.1% 10.243.6T 9.6+2.4% 10.142.7F 0.000
BMI (kg/m?) 18.816.9 18.5£3.9 18.2+2.9 18.7£2.9 0.663
ALP (IU/L) 245.8+£105.5 266.2£86.3 257.1£77.3 244.5193.3 0.127
Calcium (mg/dL) 9.81£0.4 10.1+4.2 9.910.4 9.7£0.6 0.754
Phosphorus (mg/dL) 4.840.7 5.1£3.9 5.0£0.5 4.910.5 0.805
Cholesterol (mg/dL) 163.61£28.1 163.6+27.3 160.2+25.4 152.4£29.5 0.238
Triglyceride (mg/dL) 97.4164.2 92.0£56.8 88.9+53.0 75.8+28.9 0.465
LDL-cholesterol (mg/dL) 92.6£21.9 91.44£25.1 92.3£26.1 76.7£3.5 0.749
Gender 0.000

Boys 33 (10.3) 178 (56.6) 97 (30.3) 12 (3.8)

Girls 70 (14.1) 310 (62.5) 111 (22.3) 6 (1.1)

Ratio 0.47 0.57 0.87 2.0
Season 0.001

Spring (%) 40 (15.0) 176 (65.9) 51 (19.1) 0(0.0)

Summer (%) 4(1.8) 113 (52.1) 88 (40.6) 12 (5.5)

Fall (%) 8(5.8) 68 (48.9) 58 (41.7) 5(3.6)

Winter (%) 51 (26.3) 131 (67.5) 11(5.7) 1(0.5)
School grade 0.000

Elementary (%) 72 (10.9) 392 (59.6) 180 (27.3) 15(2.2)

Middle (%) 18 (19.2) 56 (59.6) 18 (19.1) 2 (2.1)

High (%) 17 (26.5) 39 (60.9) 7 (10.9) 1 (1.6)

Data are means £ SDs or number of students.

» TStatistical significances were tested by one way analysis of variances among groups. The same markers indicate non-significant difference among

groups based on Duncan multiple comparison test.

BMI: body mass index; ALP: alkaline phosphatase; LDL-cholesterol: low-density lipoprotein cholesterol; HDL-cholesterol: high-density lipoprotein
cholesterol; 25-OHD: 25-hydroxy vitamin D.
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Figure 1

The changes of serum 25-OHD levels according to (a) month (January-December) and (b) season (spring-winter). Bars mean

the 95th confidence intervals. Statistical significances were tested by one-way analysis.
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Figure 2 Prevalence of serum 25-OHD levels >10, 10 to <20,
20 to <30 and 230 ng/mL according to season. P=0.001 was
calculated by chi-squared test.

Figure 3  The serum 25-OHD levels in elementary, middle
and high school students. Bars mean the 95th confidence intervals.

Statistical significances were tested by one-way analysis.
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Figure4  Prevalence of serum 25-OHD levels >10, 10 to <20, 20 to <30 and 230 ng/mL according to (a) school grade, and (b) low

grade (7 to 9 years) and high grade (10 to 12 years) elementary school students. P values were calculated by chi-squared test.
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of vitamin D deficiency was found to be highest in high
school students (87.4%), then, followed by middle school
students (78.7%) and elementary school students (70.5%).
Furthermore, prevalence of severe vitamin D deficiency was
significantly higher in middle and high school students than
those of elementary school (19.2, 26.5 vs 10.9%,
p<0.001). However, there was no difference in prevalence
of vitamin D deficiency between the low grade (7 to 9 years)
and high grade (10 to 12 years) elementary school students
(69.3 vs 71.9%, p>0.05, Figure 4b).

Clinical Characteristics According to 25-OHD Status
and Risk Factors for Vitamin D Deficiency

Anthropometric and laboratory results of subject groups
assigned as severe deficient, deficient, insufficient, and
adequate vitamin D level were shown in Table 2. No
significant difference was found between these four groups
in terms of BMI, serum alkaline phosphatase, calcium,
phosphorus and cholesterols. Whereas mean age, gender,
school grade and season were significantly different in
severe vitamin D deficient group compared with those of
vitamin D insufficient or adequate group (p<0.005, Table
2). Pearson's correlation results are listed in Table 3. Serum
25-OHD level was only significantly inversely correlated
with only age. In multivariate logistic regression analysis,
predictors for vitamin D deficiency were female
(odds ratio [OR]; 1.678), winter/spring seasons
(OR; 12.963/3.620) and high school students (OR; 2.644,
Table 4).

Discussion

It is clear that low vitamin D levels in children and adults
are sufficiently common to be considered a significant
public health issue in many parts of the world."* Variations
in prevalence of vitamin D deficiency across different
countries are explained by factors including latitude, skin
color, clothing, and diet. Korean adolescents theoretically
are at increased risk for vitamin D deficiency because of
the high latitude (34-38°N), increased use of sunscreen,
reduced outdoor activity and lack of vitamin D-fortified
foods.

In this cross-sectional study, we found that vitamin D
deficiency and insufficiency are common in healthy school
children and adolescents. About 72.3% exhibited a serum
25-OHD level less than that considered to represent
deficiency (<20 ng/mL), 25.5% showing levels considered
insufficient (20-<30 ng/mL) and with only 2.2% showing

levels of sufficiency (=30 ng/mL). These findings are in
line with previous studies, which showed high prevalence
of vitamin D deficiency in young adults.>’ Recently, a
population-based survey performed by Kim et al'* in Korea
reported that 68.1% of participants aged 10 to 18 years had
serum 25-OHD levels <20 ng/mL. Our study also
demonstrated that girls had a higher prevalence of vitamin
D deficiency than boys. Some studies have supported a
higher prevalence of vitamin D deficiency in girls than

Table3  Correlation between 25-OHD levels and clinical and
laboratory parameters
P ¥

Age 0.000 -0.155
BMI 0.120 -0.057
ALP 0.880 -0.005
Cholesterol 0.052 -0.072
Triglyceride 0.051 -0.086
LDL-cholesterol 0.570 -0.030
Calcium 0.738 -0.012
Phosphorus 0.613 -0.018
Coefficients(y) and p value were calculated using Pearson's correlation

analysis.

BMI: body mass index; ALP: alkaline phosphatase; TG: triacylglyceride;
LDL-cholesterol: low-density lipoprotein cholesterol; 25-OHD: 25-
hydroxy vitamin D.

Table4  Factors independently associated with deficiency of
serum 25-OHD levels
OR 95% CI P value
Sex
Male - - -
Female 1.678 1.230, 2.289 0.001
Season*
Spring 3.620 2.413,5.430 0.000
Summer - - -
Fall 1.031 0.672, 1.5810 0.913
Winter 12.963 6.820, 24.639 0.000
School gradeT
Elementary - — —
Middle 1.545 0.918, 2.601 0.061
High 2.644 1.101, 6.354 0.015

*Seasons were grouped as spring (March to May), summer (June to
August), fall (September to November) and winter (December to February).
TAll students were divided as elementary school (7-12 years old), middle
school (13-15 years old) and high school (16-18 years old) according to
age.

25-OHD: 25-hydroxy vitamin D; OR: odds ratio; CI: confidence interval.



boys,!>!1¢ while other studies have not found any gender
differences.!'” It may be due to less physical activity and
low dietary calcium and vitamin D intake in girls.'*!#

Previous studies have demonstrated that aging, obesity,
and winter season were associated with lower serum 25-
OHD levels."-! In the present study, serum 25-OHD levels
showed strong seasonal variation with the lowest serum
25-OHD levels in winter and spring. This result was similar
to that reported previously for population of temperate
regions including Korea.?'>* Seasonal variation of serum
25-OHD is caused by the strong dependence on the
exposure to sunlight. Brot et al** reported that seasonal
fluctuation is associated with duration and frequency of
sun exposure. With regard to 25-OHD;, half-life of 2 months,
the highest annual vitamin D levels in northern hemisphere
are expected in August/September and the lowest in
February/March.? In the present study, we observed
maximum serum 25-OHD levels in August and minimum
levels in February. Therefore, spring and winter season is
one of the most potent predictor of low vitamin D status in
temperate regions including Korea. It needs to be
appreciated that unprotected sun exposure is the major
source of vitamin D for both children and adults, and in the
absence of sun exposure it is difficult to obtain an adequate
amount of vitamin D from dietary sources without
supplementation to satisfy the body's requirement.

The higher prevalence of vitamin D insufficiency in
younger age groups was noted in the National Diet and
Nutrition Survey (NDNS) 1992-2001 of the United
Kingdom and NHANES 2001-2004 of the United States.®
The study by Choi et al’ based on the Fourth Korea National
Health and Nutritional Examination Surveys (KNHANES
IV) conducted in 2008 found that about 60% of study
subjects aged 10 to 19 years had a serum 25-OHD level of
less than 20 ng/mL. In the present study, prevalence of
vitamin D deficiency in students increased from elementary
school students, reaching the highest in high school students
(70.5% vs 87.4%). However, there was no difference in
the prevalence of vitamin D deficiency between low grade
aged 7-9 years and high grade aged 10-12 years elementary
school students. These results suggest that the different
prevalence of vitamin D deficiency in students were not
just related to age, but rather related to school grade. The
main factor that explains the association between school
grade and/or age and vitamin D status seems not to be
related to the duration of outdoor activities, which
presumably reflects each subject's amount of sunlight
exposure.® It has been assumed that school children and
adolescents, especially Korean middle and high school
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students spend much of the daytime indoor for study and
the proportion of physical exercise in the curriculum is
reduced compared to the past.>* Moreover, most physical
training programs for middle and high school students are
carried out in a gymnasium. Even if we did not obtain
information on each subject's amount of sunlight exposure,
we speculate that this pattern of school life is most likely
to have affected serum 25-OHD levels in our students.
Therefore, we suggest that the changes of curriculum in
middle and high school should be considered to increase
sunlight exposure at school.

Several studies have suggested that the recommended
dietary allowances of the Institute of Medicine may be
inadequate, especially for patients who have underlying
conditions or are receiving medications that put them at
risk for vitamin D deficiency.?”*® The Endocrine Practice
Guidelines Committee required at least 600 IU of vitamin
D for children aged 1-18 years.” The Korean Nutritional
Society recommended a daily intake of 200 IU vitamin D
for young Korean adults.* Based on our results, however,
we suggest that school children and adolescents are now at
greater risk for vitamin D deficiency, and may need vitamin
D supplementation as much as or even more dosage than
that for elderly.

There are some limitations in this study: 1) the
proportions of middle and high school students were too
small compared with elementary school; 2) we did not
obtain data regarding individual's vitamin D intake through
diet, which might have affected the individual's vitamin D
status, and duration of outdoor activities, which reflect the
amount of sunlight exposure; 3) This study was a single-
center observational and cross-sectional study, with
different subjects studied in different seasons.

In conclusion, vitamin D deficiency was a common
problem in healthy Korean school children and adolescents
and the prevalence of vitamin D deficiency was very high
in middle and high school adolescent during winter and
spring seasons. As our results suggest, middle and high
school students are at greater risk of vitamin D deficiency,
especially in spring and winter seasons. Based on these
results, we suggest that curriculum in school, especially
middle and high school should be changed for encouraging
outdoor activity to exposure of sunlight.
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