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Purpose: Recently, vitamin D insufficiency has increased and has been correlated to growth and puberty in children. 
This study was conducted to find the prevalence of subclinical vitamin D insufficiency and its influence on school-aged 
children in Korea.
Methods: The subjects of this study were 397 children aged 7 to 15 years who had been tested for 25-OH vitamin 
D3 among the outpatients of the Department of Pediatrics in Eulji General Hospital from March 2007 to February 
2011. Data for age, sex, comorbidities, serum 25-OH vitamin D3, height, weight, body mass index (BMI), and sunlight 
exposure time were collected before and after 3 months of vitamin D administration, retrospectively.
Results: Vitamin D insufficiency was present in 343 (86%) of the subjects. In the vitamin D insufficient group, chrono-
logical age was 8.96±1.72 years, mean height (z-score [z]) was 0.51±1.26, mean BMI (z) was 0.81±2.20, and bone 
age was 10.26±1.75 years. In the vitamin D sufficient group, chronological age was 9.61±1.77 years, mean height 
(z) was −0.66±0.98, mean BMI (z) was −0.01±1.16, and bone age was 9.44±2.12 years. A paired t-test showed 
that three months after vitamin D administration, the mean 25-OH vitamin D3 level in the insufficient group increased 
to 24.38 ±10.03 ng/mL and mean BMI (z) decreased to 0.67±1.06. 
Conclusion: In Korean school-aged children, vitamin D insufficiency were relatively higher and may be closely related 
with higher BMI. Insufficient rise of the level of vitamin D after supplementation suggest the new supplementation 
guidelines, especially for Korean children. 
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INTRODUCTION

　Vitamin D plays an important role in the growth 
and development of infants. It is essential for accel-
erating calcium absorption in the intestine and 

therefore has a vital role in the mineralization of 
bone [1]. 
　As nutrition has improved, rickets caused by vita-
min D deficiency was thought to have almost disap-
peared. However, many recent studies have reported 
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an increase in vitamin D deficiency worldwide [2]. 
Moreover, as the incidence of rickets, which had ini-
tially been decreasing, has recently been increasing, 
vitamin D deficiency due to an increase of breast-
feeding has been highlighted [3,4] and vitamin D in-
sufficiency is expected to be prevalent among 
school-aged children [5]. Furthermore, many stud-
ies have reported that even normal healthy persons 
who have no clinical symptoms can have vitamin D 
deficiency [6,7]. In addition, recent evidence sug-
gests that obesity itself is an independent risk factor 
for vitamin D insufficiency and that body fat is in-
versely proportional to the level of 25-OH vitamin D3 
in the serum [8]. Although the criteria for vitamin D 
deficiency are controversial, it has been reported that 
parathyroid hormone levels increase to compensate 
for the deficiency from 30 ng/mL or less of 25-OH vi-
tamin D3 in general so that it has been recom-
mended for healthy persons that the serum levels of 
30 ng/mL or more of 25-OH vitamin D3 should be 
maintained. Therefore, many studies have used 30 
ng/mL of 25-OH vitamin D3 in serum as a criterion to 
distinguish between normal and shortage groups 
with the shortage group subdivided into insufficient 
and deficient groups, however this is controversial 
[5,9]. In Korea, an increasing prevalence of vitamin 
D deficiency has been reported as well; however, 
most studies have concentrated on the correlation 
between the prevalence of vitamin D deficiency and 
the growth of infants aged less than 2 years old 
[10,11]. In contrast, a few studies [12,13] have been 
done on the effects of vitamin D insufficiency in 
school-aged children and adolescent in Korea. 
　Thus, this study was conducted to find out the 
prevalence and effects of subclinical vitamin D in-
sufficiency in school-aged children in Korea, as well 
as the way to replenish vitamin D insufficiency.

MATERIALS AND METHODS

Subjects
　The subjects of this study comprised 397 children 
aged between 7 and 15 years, who were tested for 
25-OH vitamine D3 among the outpatients of the 

Department of Pediatrics in Eulji General Hospital 
from March 2007 to February 2011 for growth 
assessment. Subjects who had underlying diseases 
that could affect growth (skeletal dysplasia, chromo-
somal disorders, growth hormone deficiency, thyroid 
hormone dysfunction, gonadal disorders, and chron-
ic systemic disease) were excluded from the study.

Method
　The survey was conducted with 397 children to-
gether with their parents, data for ages, sex, co-
morbidities, levels of 25-OH vitamine D3, height, 
weight, body mass index (BMI), growth velocity and 
sunlight exposure time (hour/week) were collected. 
This data was compared with the data for height, 
weight, BMI, levels of 25-OH vitamine D3 and 
change in growth velocity after oral administration 
of vitamin D for a follow-up period of 2.7-4.6 months 
(mean: 3.5 months) retrospectively. Height was 
measured with a Harpenden Stadiometer (Holtain 
Ltd., Crosswell, UK) while weight was measured 
with an electronic scale (GL-6000; G-TECH Interna-
tional Co., Ltd., Uijeongbu, Korea). Bone age was 
measured using the Greulich-Pyle method after tak-
ing a plain radiograph of the left hand and wrist. The 
z-scores of height, weight and BMI were calculated 
using the growth curve of the children and adoles-
cents in Korea in 2007. We assessed sunlight ex-
posure time (hour/week) by asking the parents how 
many hours of various outdoor activities were per-
formed by the subjects [14]. Levels of 25-OH vit-
amine D3 were measured using chemiluminiscent 
immunoassay. In this study, a serum level of 25-OH 
vitamin D3 less than 30 ng/mL was defined as vita-
min D insufficiency and more than 30 ng/mL was de-
fined as vitamin D sufficiency.
　Oral cholecalciferol 600 IU/day was administered 
to each insufficient subject according to the Institute 
of Medicine dietary guidelines [15].

Ethics statement 
　The study design was approved by the institutional 
review board of the Eulji Hospital Medical Center 
(2013-07-022). Informed consent was waived by the 
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Table 1. Characteristics of the Children according to the State of 25-OH Vitamin D3

Characteristic Total
25-OH vitamin D3

p-value
<30 ≥30

Number (male : female)
Clinical age (yr)
Bone age (yr)
Clinical age-bone age
25-OH vitamin D3 (ng/mL)
Weight (kg)
Weight (z)
Height (cm)
Height (z)
BMI (kg/m2)
BMI (z)
GV (cm/yr)
RW (hr/wk)

397 (105 : 292)
9.04±1.75

10.15±1.83
1.11±0.08

21.22±14.09
33.24±7.93
0.64±1.53

134.83±9.04
0.35±1.29

18.08±2.73
0.69±2.11
6.40±2.54
3.42±2.41

343 (80 : 263)
8.96±1.72

10.26±1.75
1.24±1.9

17.00±6.03
33.80±7.93
0.80±1.53

135.29±8.78
0.51±1.26

18.27±2.75
0.81±2.20
6.52±2.59
3.48±2.46

54 (25 : 29)
9.61±1.77
9.44±2.12

−0.18±1.7
47.96±20.00
29.66±6.92

−0.38±1.12
131.87±10.05
−0.66±0.98
16.63±2.22

−0.01±1.16
5.03±1.25
2.33±1.15

0.00
0.02
0.01
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.01
0.09
0.26

Values are presented as number or mean±standard deviation.
25-OH vitamin D3: 25-hydroxy vitamin D, Weght (z): weight z-score, Height (z): height z-score, BMI: body mass index, BMI (z): 
BMI z-score, GV: growth velocity, RW: regular work (sun exposed time by regular work per week).
Statistic significance: p＜0.05 by χ2 test.

board because of retrospective review of medical 
records.

Statistics
　For statistical analysis, SPSS version 12.0 (SPSS 
Inc., Chicago, IL, USA) was used and the results were 
represented as mean value±standard deviation. 
Comparison of the mean values between the vitamin 
D insufficient group and the vitamin D sufficient 
group was done with a parametric test using the 
Student’s t-test while the comparison of the differ-
ences in data before and after oral vitamin D admin-
istration was done with a paired t-test. For all the 
tests, a p＜0.05 was considered to indicate statistical 
significance. 

RESULTS

Characteristics of the subjects
1. Characteristics of the children at the start of the 

study

　In total, 397 children, including 105 boys and 292 
girls (26.4% and 73.6% of the total number of children 
examined, respectively), were examined. The mean 
chronological age was 9.04±1.75 years and the mean 

bone age was 10.15±1.83 years. The mean value of 
25-OH vitamine D3 measured prior to vitamin D ad-
ministration was 21.22±14.09 ng/mL, which was be-
low the value used to define vitamin D sufficiency (30 
ng/mL), and the mean weight and height were 
33.24±7.93 kg [mean weight (z-score; z), 0.64±1.53] 
and 134.83±9.04 cm [mean height (z), 0.35±1.29], 
respectively. In addition, BMI was 18.08±2.73 kg/m2 
[BMI (z), 0.69±2.11] and the mean growth velocity 
was 6.40±2.54 cm/year. The mean sunlight exposure 
time of the children was 3.42±2.41 hr/week (Table 1).
　The mean value for 25-OH vitamin D3 was only 
above 30 ng/mL for the 12 year age group, for which it 
was 30.35±16.53 ng/mL. For all the other age group, 
the mean value for 25-OH vitamine D3 was ＜30 
ng/mL, indicating that approximately 86% of the chil-
dren examined had vitamin D insufficiency (Fig. 1).

2. Characteristics of the children according to the 

level of vitamin D
　At the beginning of the treatment, there were 
more children in the vitamin D insufficient group 
(343 [86%]) than in the sufficient group (54 [14%]). 
In particular, there were more girls than boys in the 
insufficient group. The chronological age in the vita-
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Fig. 1. The level of 25-OH vitamin D3 according to the age.

Fig. 2. Comparison of the characteristics before and after vitamin
D administration.

min D insufficient group was 8.96±1.72 years, 
which was less than that in the vitamin D sufficient 
group (9.61±1.77 years), while the bone age in the 
vitamin D insufficient group was 10.26±1.75 years, 
which was more than that in the vitamin D sufficient 
group (9.44±2.12 years; p＜0.05). The difference be-
tween bone age and chronological age was higher in 
the vitamin D insufficient group. 
　The mean weight (z) for the vitamin D insufficient 
group was 0.80±1.53, which was greater than the 
value for the sufficient group (−0.38±1.12). The 
mean height (z) in the vitamin D insufficient group 
was 0.51±1.26, which was also higher than the value 

for the sufficient group (−0.66±0.98; p＜0.05). The 
mean growth velocity in the vitamin D insufficient 
group was 6.52±2.59 cm/year, which was greater 
than the value for the sufficient group (5.03±1.25 
cm/year), although no significant difference was 
shown between them. The mean BMI (z) for the in-
sufficient group was 0.81±2.20, which was higher 
than the value for the sufficient group (−0.01±1.16; 
p＜0.05) (Table 1).

Changes in the characteristics of the insuffi-
cient group following vitamin D adminis-
tration
　After mean 3.5 months of treatment with vitamin 
D, the mean 25-OH vitamin D3 level in the serum of 
the subjects increased significantly from 15.54±5.87 
ng/mL to 24.38±10.03 ng/mL. In addition the average 
height (z) increased significantly from 0.63±1.26 to 
0.86±1.23 after vitamin D administration (p＜0.05). 
On the other hand, the mean weight (z) decreased 
from 0.79±1.12 to 0.61±3.89, together with the mean 
BMI (z), from 0.87±2.82 to 0.67±1.06, although 
these differences were not significant (Fig. 2).

DISCUSSION

　In this study, we showed that, in Seoul, Korea, 
86% of the school-aged children examined had vita-
min D insufficiency. In addition, we showed that vi-
tamin D insufficiency had a tendency to increase 
BMI and advance bone age. And vitamin D in-
sufficiency remained even though vitamin D was ad-
ministered according to the guideline.
　Several previous studies have reported similar re-
sults as our study. Neyestani et al. [16] reported that 
86% of children in Tehran had vitamin D in-
sufficiency, while their result was based on the defi-
nition of vitamin D insufficiency as less than 37.0 
nmol/L (15 ng/mL) of 25-OH vitamine D3. Weng et 
al. [17] also reported that about 68% of children ex-
amined in Philadelphia, Pennsylvania during the 
winter time were vitamin D insufficient (serum lev-
els of 25-OH vitamine D3＜30 ng/mL). Thus, al-
though the criteria were different from region to re-
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gion, 70% to 90% of school age children have been re-
ported to be vitamin D insufficient. 
　It has been known that vitamin D insufficiency is 
associated with dark skin pigmentation or race, fe-
male gender, living in a northern latitude, lack of di-
rect sun exposure, and the winter season [18]. 
Therefore, we suspect that the reasons for the extent 
of vitamin D insufficiency seen in this study could be 
latitude, indoor urban lifestyle, and short sun ex-
posure time. In countries that are in a similar lat-
itude as South Korea (33o-43o), such as Italy 
(38o-45o), Spain (37o-43o), and the USA (25o-47o), 
serum levels of 25-OH vitamine D3 were all within 
the range of vitamin D insufficiency (22.36 ng/mL in 
Italy, 23.96 ng/mL in Spain, and 27.36 ng/mL in the 
USA [19]). In addition, an indoor urban lifestyle and 
short sun exposure time might also affect vitamin D 
insufficiency, as reported in the study of Choi et al. 
[20]. Additionally, they reported that vitamin D in-
sufficiency (＜30 ng/mL 25-OH vitamin D3) was 
found in 86.7% of males and 93.4% of females in all 
groups in Korea. In particular, they reported that the 
mean 25-OH vitamin D3 value for girls was lower 
than that of boys in the puberty age group (10 to 19 
years). In our study, the mean serum 25-OH vit-
amine D3 value in the insufficient group was 
17.00±6.03 ng/mL, and the ratio of girls to boys in 
the insufficient group was 3 : 1, as opposed to 1 : 1 in 
the sufficient group, which showed that there were 
more girls in the insufficient group. We initially hy-
pothesized that the reason for this result might be 
that the girls had shorter sun exposure time and 
higher BMI (z) than the boys, but there was no sig-
nificant difference in either the sun exposure time or 
the BMI (z) values between boys and girls in the in-
sufficient group in 3-month follow-up period. 
Therefore, long term follow up may be required.
　Chronological age in the insufficient group was 
less than that in the sufficient group but the bone age 
was greater and growth velocity was faster in the in-
sufficient group. Similarly, in 2001, Villamor et al. 
[21] reported that school-age girls with insufficient 
vitamin D underwent menarche about one year ear-
lier than children with sufficient vitamin D. Even 

though the authors could not explain direct causality, 
they suggested the mechanisms underlying their ob-
servations might be quick progress to obesity or an in-
crease in insulinlike growth factor 1. Likewise, we hy-
pothesize that growth in the insufficient group might 
conclude sooner than in the sufficient group, so more 
long term follow up studies should be conducted. In 
the present study, the insufficient group had higher 
values for mean weight (z), mean height (z), and 
mean BMI (z) than the sufficient group, which is in 
contrast to the results from a previous study showing 
lower growth in the vitamin D insufficient group 
[22]. We observed a higher mean BMI (z) in the in-
sufficient group. It is known that obesity-associated 
vitamin D insufficiency is likely to be because of a de-
creased bioavailability of vitamin D3 from cutaneous 
and dietary sources, as vitamin D3 is deposited in 
body fat compartments [23]. 
　In our study, the mean value for 25-OH vitamine 
D3 for the 12 years age group is above 30 ng/mL 
(30.35 ng/mL; Fig. 2). However, that group com-
prised only 15 (4%) people. The analysis from this 
retrospective study suggests that the investigated 
data could have had such results due to the small 
number of subjects in the 12 years age group.
　After mean 3.5 months of vitamin D admin-
istration, the serum level of 25-OH vitamin D3 in-
creased, as did mean height (z), whereas mean 
weight (z) and BMI (z) decreased. But the decrease 
in BMI (z) was not significant.
　In this study, we administered 600 IU/day to the 
subclinical vitamin D insufficient subjects according 
to Institute of Medicine dietary guidelines, although 
there have been no absolute guideline about vitamin 
D supplementation to treat vitamin D insufficiency. 
Misra et al. [24] recommend that all infants and chil-
dren who do not ingest at least 1 L of vitamin D–for-
tified milk per day, receive vitamin D 400 IU/day as a 
supplement. And for children aged 1-18 years who 
are vitamin D insufficient, a treatment regimen con-
sisting of 2,000 IU/day of vitamin D2 or vitamin D3 
for at least 6 weeks or with 50,000 IU of vitamin D2 
once a week for at least 6 weeks to achieve a blood lev-
el of 25-OH vitamin D3 above 30 ng/mL, followed by 
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maintenance therapy of 600-1,000 IU/day was sug-
gested by Holick et al. [25]. Because the vitamin D 
level was increased after 3 months of vitamin D ad-
ministration, but was still less than 30 ng/mL, vita-
min D supplementation greater than what we ad-
ministered in this study may be needed. The latter 
suggestion is considered more appropriate to our 
study.
　A negative correlation between BMI (z) and serum 
vitamin D concentration has been proposed in many 
studies [26,27]. The present study showed a negative 
correlation between BMI (z) and changes in 25-OH 
vitamine D3 serum levels, comparing the results be-
fore and after vitamin D administration (Fig. 2). 
Viljakainen et al. [28] claimed that acceleration of 
bone mineral accretion was found in the femur and 
lumbar spine in adolescent girls, after they took oral 
vitamin D, showing decreased bone resorption and 
increased bone mineral content, which could ac-
count for the increase in mean height (z) and the 
mean growth range after taking oral vitamin shown 
in the present study. 
　However, in this study, because we administered 
vitamin D only to those patients diagnosed with vita-
min D insufficiency, there was no follow up data for 
the control group. In addition, there was only mean 
3.5 months of vitamin D administration and there 
were differences in the starting ages for oral vitamin 
D administration. These were the limitations of our 
study. Factors such as inconsistent seasons, latitude 
and race were not considered during the follow up in 
the present study. Additional studies will be required 
as these considerations should be taken into account. 
And sun exposure time, which has been proposed to 
be the most influential factor on serum levels of 
25-OH vitamin D3 in previous studies [29] did not ap-
pear to affect the levels of 25-OH vitamin D3.
　In spite of these limitations, this study is im-
portant because it focused on school-aged children, 
in contrast to previous studies which were mainly 
about infants. Also, we suggest that doses of oral 
cholecalciferol greater than 600 IU/day may be need-
ed for vitamin insufficient groups because even 
though we administered oral cholecalciferol at 600 

IU/day for three months, the serum 25-OH vitamin 
D3 level remained ＜30 ng/mL; We suspect this, as 
well as the short time spent by the children on out-
door activities might be the reasons for vitamin D 
insufficiency.
　In summary, our study showed the following re-
sults:
　First, the levels of vitamin D in the serum of 
school-aged children in Korea could be determined. 
Although clinical symptoms such as rickets, bowing, 
growth retardation, and seizure were not found, vi-
tamin D insufficiency was shown to be present in a 
high percentage of school-aged children in Korea. In 
addition, the greater the level of vitamin D in-
sufficiency, the greater the BMI increased and the 
more advanced bone age for the chronological age 
was showed. 
　Second, after only mean 3.5 months of taking vita-
min D, an increase in the level of 25-OH vitamin D3 
in the serum of the children was seen, although the 
level was still less than 30 ng/mL. Therefore more re-
search about vitamin D supplementation might be 
required.
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