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ABSTRACT

Purpose: This study aimed to investigate the seasonal changes in vitamin D levels in a healthy 
pediatric population living in mid-latitude East Asian urban areas.
Methods: A pediatric population was selected from single secondary hospital visitors. 
Clinical data and serum vitamin D levels were collected retrospectively. Statistical analyses 
were performed based on the month of the blood sampling date, subject age, and vitamin D 
supplementation history. The data were categorized into three subgroups based on serum 
vitamin D levels—adequate (≥30 ng/mL), insufficient (20–29 ng/mL), and deficient (<20 ng/mL).
Results: Of the 481 patients, 172 had vitamin D supplementation history. More than 
70% of the total study population had inadequate vitamin D levels (<30 ng/mL). The 
non-supplemented group and the supplemented group showed significantly uneven 
monthly distribution of the adequate, insufficient, and deficient subgroups. Only the non-
supplemented group showed significantly different average vitamin D levels in the summer 
months compared to the winter months. In the non-supplemented group, vitamin D levels 
were the lowest in March, the highest in August and September. Significant relevance was 
noted between vitamin D supplementation status and vitamin D serum level in February 
and March. There was no significant difference between different age groups in terms of the 
distribution of vitamin D levels.
Conclusion: Currently-widespread vitamin D replacement methods seem to have some effect 
on increasing the overall serum vitamin D levels, specifically during late winter when natural 
serum vitamin D levels plunge. However, they are unable to fully compensate the seasonal 
fluctuation.
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INTRODUCTION

Vitamin D, known as the sunshine vitamin, has two major forms. Vitamin D3 
(cholecalciferol) is endogenously synthesized in the body after exposure to ultraviolet (UV) 
B rays and prevalent in animal-origin food [1]. It can also be obtained through vitamin 
D2 (ergocalciferol) supplementation. Vitamin D3 is more effective at increasing serum 
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25-hydroxyvitamin D [25(OH)D] concentrations than vitamin D2 [2]. Calcitriol is the 
1-hydroxylation product of calcifediol (25-OH vitamin D3) derived from cholecalciferol.

Vitamin D, a fat-soluble substance, plays a major role in calcium homeostasis and bone 
metabolism in our body. Vitamin D receptors are widely distributed in the small and large 
intestines, osteoblasts, activated T and B lymphocytes, pancreatic beta cells, and skin. 
Therefore, lack of vitamin D can cause not only rickets and osteomalacia but also various non-
musculoskeletal diseases [3]. Recently, the multidisciplinary focus on vitamin D has uncovered 
an association between vitamin D deficiency (VDD) and certain pathologic conditions such as 
diabetes, hyperparathyroidism, hypertension, and coronary heart diseases [1,4,5].

Although the cutoff value for VDD is controversial, parathyroid hormone levels increase to 
compensate for the deficiency when serum 25-OH vitamin D3 levels are approximately ≤30 ng/
mL. Thus, it is recommended to maintain 25-OH vitamin D3 serum levels at ≥30 ng/mL [6,7].

VDD has been defined by the Institute of Medicine as a 25(OH)D level <0.8 IU (1 IU=25 ng). 
Vitamin D insufficiency has been defined as a 25(OH)D level of 21–29 ng/mL [5,8-10]. A 
recent study involving a South Korean pediatric population suggests a cutoff of 18.0 ng/mL to 
classify children as vitamin D deficient [11].

VDD most commonly occurs in people who live in countries distant from the equator and 
who consume foods that are not fortified with vitamin D. Living in higher latitudes has been 
identified as a risk factor for VDD [12]. Vitamin D acquired through dietary intake is hardly 
sufficient, which makes daylight exposure important [10].

Most vitamin D in the human body is synthesized by exposure to 290–315 nm UVB radiation 
[4,8]. Factors influencing vitamin D3 production in the skin include UV ray intensity, location 
where the person resides, UV exposure time, vitamin intake, physical activity, and skin color 
[13,14]. Previous studies have shown that vitamin D levels are higher in most subjects in the 
summer than in the winter, suggesting that seasonal changes in sunshine quantity influence 
serum vitamin D concentration [14].

The mid-latitude regions of the northern hemisphere experience four seasons—spring (March–
May), summer (June–August), autumn (September–November), and winter (December–
February), depending on the temperature change, which is affected by the solar altitude. Solar 
illumination angle and sunshine duration affect vitamin D production [14]. In these areas, it is 
not possible to synthesize sufficient amounts of vitamin D in certain seasons [15].

Furthermore, it is difficult to maintain regular sunlight exposure with a modernized urban 
lifestyle, even among younger children.

Therefore, medical authorities including the American Association of Pediatrics recommend 
that all infants, children, and adolescents should receive a certain amount of daily vitamin 
D intake to prevent rickets and maintain vitamin D levels >20 ng/mL (50 nmoL/L) [3]. The 
Dietary Reference Intakes for Koreans (KDRIs) 2015 released by the Korean Nutrition Society 
also recommend a target vitamin D serum level of >20 ng/mL. Although there is a debate on 
the appropriate dosage, an increase of 0.5–1.5 ng/mL in the serum 25-OH-D level for every 
supplementary 100 IU/day [16-24] has been observed, with various sources recommending 
supplementation of 600 IU (15 μg) vitamin D per day for children aged 1–17 years [25,26]. The 
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KDRIs 2015 has increased the recommended daily allowance for adolescents and adults from 
5 to 10 μg/day, based on recent findings [15]. For South Korean infants and children, 5 μg/day 
of vitamin D is recommended currently.

Symptoms of VDD include fatigue, tiredness, depression, back pain, and bone loss. However, 
these symptoms are often significantly subtle to notice or significantly ambiguous. However, 
chronic VDD without symptoms exists, which can gradually lead to serious bone disorders 
such as rickets or osteomalacia in children [27,28]. Therefore, the absence of symptoms does 
not guarantee sufficient serum vitamin D levels. Moreover, vitamin D also has non-skeletal 
benefits; it reduces the risk of cardiovascular mortality, diabetes mellitus, some types of 
cancer, allergy, asthma, infectious diseases, or renal diseases [29], which adds weight to the 
recommendations that more aggressive vitamin D supplementation is required.

The pediatric population of Seoul, South Korea, is characterized by East Asian ethnicity, 
resides at a latitude of 37°34′N, and has modernized lifestyles. Existing studies from different 
backgrounds cannot be applied to this population; hence, tailored research regarding vitamin 
D status according to numerous variables is required.

This study aimed to investigate the seasonal changes in vitamin D levels in a healthy pediatric 
population living in mid-latitude East Asian urban areas.

MATERIALS AND METHODS

Study subjects
The patients enrolled in this study were children who visited a single secondary hospital in 
Seoul for their health checkup and nutritional status screening and who met the following 
inclusion criteria: (1) no health issues and (2) age <10 years. Samples from October 2015 
to September 2016 were selected for statistical analyses. Patients' clinical data and serum 
vitamin D3 levels were collected retrospectively. This study was approved by the Institutional 
Review Board of Korea University Ansan Hospital (IRB No. 2020AS0239) and adhered to the 
tenets of the Declaration of Helsinki.

Vitamin D measurement
Serum calcitriol levels were measured with an enzyme-linked immunosorbent assay method. 
For convenience, all the above will be considered as synonyms in this article along with 
the general term “vitamin D.” For analysis, vitamin D levels were categorized into three 
subgroups—adequate (≥30 ng/mL), insufficient (20–30 ng/mL), and deficient (<20 ng/mL). 
The term ‘inadequate’ was used to integrate both insufficient and deficient levels of serum 
vitamin D (<30 ng/mL).

Collected data and variables
There are several factors known that affect serum vitamin D levels. In this study, we focused 
on the following independent variables: month in which the blood samples were obtained, 
subject age, and vitamin D supplementation history. Input of data was performed via Excel 
with annotation of the following variables: (1) the twelve months of the year (January–
December) in terms of the blood sampling date, (2) seven age groups (subjects aged <6 years 
old were divided into 1 year increments and 6–<10 year-olds were categorized as single group 
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of early school age children), and (3) supplemented subject (SS) or non-supplemented subject 
(NSS) depending on the subject's vitamin D supplementation status.

Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics for Windows, Version 25.0 
(IBM Co., Armonk, NY, USA). Continuous variables are expressed as mean±standard 
deviation [2] or median with interquartile range (IQR), while categorical variables are 
expressed as the number of subjects with percentages. Each continuous variable was tested 
for normality before statistical analysis. Comparisons between the groups were made using 
the Fisher's exact test or linear-by-linear association for categorical variables. The Shapiro–
Wilk test was performed to determine the normality of the distribution of parameters. As 
the resulting data did not show a normal distribution, the Kruskal–Wallis test was used for 
multiple comparisons. Descriptive results were calculated among (1) all subjects, (2) vitamin 
D-SSs, and (3) NSSs.

RESULTS

During the study period, 481 subjects met the inclusion criteria with sufficient clinical 
information. The number of data for each month ranged from as many as 61 cases in May to 
as few as 31 cases in July (Table 1).

The serum vitamin D3 levels of the 481 subjects ranged from 3.1 to 103.8 ng/mL, with a mean 
of 25.3±11.8) ng/mL. Less than one-third (28.3%, n=136) of the subjects had adequate vitamin 
D levels, with the prevalence of VDD and vitamin D insufficiency of 32.2% (n=155) and 39.5% 
(n=190), respectively.

One hundred seventy-two patients were supplemented with vitamin D regardless of the 
dosage form or regimen. Even after including vitamin D-SSs, >70% of the total subjects 
had inadequate vitamin D levels (<30 ng/mL), and the monthly mean values were mostly 
insufficient, except in the summer (June–August).
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Table 1. Median serum 25(OH)D (ng/mL) levels of each month
Month of year All SS NSS
January 40 24.0±15.1 8 27.6±18.9 32 23.2±14.2
February 41 21.4±9.6 9 30.4±13.1 32 18.9±6.6
March 39 21.4±16.3 13 30.0±23.9 26 17.2±8.6
April 41 23.2±11.3 17 28.3±13.6 24 19.7±7.9
May 61 22.0±8.9 20 24.3±9.7 41 20.9±8.4
June 40 30.7±11.7 22 34.8±13.3 18 25.8±6.8
July 31 29.5±8.4 18 30.8±9.8 13 27.7±5.8
August 36 32.2±8.9 25 32.7±9.0 11 30.8±9.0
September 33 32.5±9.8 24 33.2±11.0 9 30.5±5.8
October 40 24.2±9.4 6 31.8±10.6 34 22.8±8.7
November 39 24.4±11.7 7 30.6±16.6 32 23.0±10.2
December 40 22.4±10.5 3 23.0±9.6 37 22.4±10.7
Whole year 481 25.3±11.8 172 30.6±13.2 309 22.3±9.7
Values are presented as number only or mean±standard deviation.
25(OH)D: 25-hydroxyvitamin D, SS: supplemented subjects, NSS: non-supplemented subjects.
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Seasonal changes of serum vitamin D levels
In Fig. 1, the median curve of NSS reflects the natural increase and decrease in blood vitamin D 
levels. Fig. 2 shows a graphical comparison of serum vitamin D level distributions between the 
SSs and the NSSs. In the NSS (control) group (Fig. 2A), the monthly fractional percentage of the 
adequate subgroup reaches up to 55.6% at the end of summer and then significantly decreases 
afterward. The monthly fractional percentage of the deficient subgroup changed in the opposite 
direction, decreasing to as low as 0% in September shortly after summer (June–August) and 
increasing up to 65.4% in March shortly after the winter season (December–February). The NSS 
group showed uneven monthly distribution with statistical significance (p=0.002). In this group 
of NSSs, vitamin D levels were the lowest in March (17.2±8.6 ng/mL), the highest in August 
(30.8±9.0 ng/mL), and also high in September (30.5±5.8 ng/mL) (Table 1).

The SS group also showed significantly different monthly distribution of vitamin D levels 
(p=0.021) (Fig. 2B). In each month, the SS group had a higher mean vitamin D levels than 
the NSS group (30.0±23.9 vs. 17.2±8.6 ng/mL in March and 33.2±11.0 vs. 30.5±5.8 ng/mL in 
September, respectively, Table 1).

Compared with NSSs, SSs were less likely to show inadequate or deficient levels overall.

Effect of vitamin D supplementation
During the entire period of one year, the mean vitamin D level of the SSs group was 
30.59±13.19 and the NSSs group was 22.33±9.73 (p≤0.01).

In the SS group, 58.1% (n=79), 32.1% (n=61), and 35.8% (n=172) of subjects were categorized 
into the adequate, insufficient, and deficient subgroups, respectively. Meanwhile, in the NSS 
group, 41.9% (n=57), 67.9% (n=129), and 79.4% (n=123) of subjects were categorized into the 
adequate, insufficient, and deficient subgroups, respectively.

The monthly average comparison between the months in the SS group did not show a 
significant difference (p=0.091); however, there was a significant difference in the NSS 
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Fig. 1. Box plot (box from Q1 to Q3) showing 25(OH)D levels (ng/mL) among all monthly participants (n=481), 
supplemented subjects (n=172), and non-supplemented subjects (n=309). Tails show minimum and maximum 
values, while the center line, –, in a box indicates the median. 
25(OH)D: 25-hydroxyvitamin D.
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group (p=0.000). The pairs of months that showed a significant difference in the monthly 
comparison of NSS group were February–August (p=0.025), February–September (p=0.020), 
March–July (p=0.019), March–August (p=0.006), and March–September (p=0.005).

In the monthly cross-analyses between the supplementation status and the vitamin D level 
subgroups, a statistically meaningful association was observed in February (p=0.001) and 
March (p=0.032) (Table 2).

Vitamin D status of different age groups
The mean±SD serum vitamin D levels of different age groups were as follows: 0 year, 
25.0±13.0 (n=86), 1 year, 27.3±12.8 (n=157); 2 years, 24.7±9.8 (n=76); 3 years, 24.2±9.7 (n=67); 
4 years, 23.8±11.1 (n=41); 5 years, 25.8±11.9 (n=24); and 6-10 years, 21.7±11.4 (n=30) (Fig. 3).

Average comparisons between the different age groups were performed separately for the SS 
and NSS (Table 3). There was no significant difference between any age groups in the average 
comparison of the SSs (Kruskal–Wallis test, p=0.068). In the NSSs, only the 2 years group 
(n=50, median=21.3, IQR=11.2) and the 6–10 years group (n=23, median=17.8, IQR=10.9) 
showed a statistically significant difference in the median serum vitamin D levels (Kruskal–
Wallis test, p=0.045).
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DISCUSSION

VDD is a global public health problem that must first be identified before it can be 
appropriately addressed; however, information on it is strikingly lacking in most parts of the 
world, including the Asia and Pacific region [2,30]. According to a 2018 data analysis from 
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Table 2. Serum 25(OH)D level range distribution according to the supplementation status
Serum 25(OH)D level January February March April May June

SS NSS SS NSS SS NSS SS NSS SS NSS SS NSS
Adequate (≥30 ng/mL) 2 (25.0) 7 (21.9) 5 (55.6) 1 (3.1) 2 (15.4) 1 (3.8) 7 (41.2) 2 (8.3) 5 (25.0) 5 (12.2) 14 (63.6) 6 (33.3)
Insufficient (20–29 ng/mL) 2 (25.0) 10 (31.3) 3 (33.3) 14 (43.8) 8 (61.5) 8 (30.8) 5 (29.4) 11 (45.8) 8 (40.0) 17 (41.5) 6 (27.3) 8 (44.4)
Deficient (<20 ng/mL) 4 (50.0) 15 (46.9) 1 (11.1) 17 (53.1) 3 (23.1) 17 (65.4) 5 (29.4) 11 (45.8) 7 (35.0) 19 (46.3) 2 (9.1) 4 (22.2)
p-value* 1.000 0.001† 0.032† 0.058 0.444 0.176
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Fig. 3. Mean serum 25(OH)D (ng/mL) levels among all monthly participants (n=481), supplemented subjects 
(n=172), and non-supplemented subjects (n=309) are shown. 
25(OH)D: 25-hydroxyvitamin D.

Table 3. Median serum 25(OH)D levels (ng/mL) of different age groups
Age group All SS NSS
0 yr 113 25.1 (16.6) 36 27.3 (13.0) 77 23.1 (20.6)
1 yr 151 26.2 (14.1) 58 29.1 (13.3) 93 23 (11.4)
2 yr 63 22.8 (15.4) 13 35.2 (13.3) 50 21.3 (11.2)
3 yr 65 22.8 (12.5) 21 29.1 (11.1) 44 20.1 (9.8)
4 yr 36 23.1 (11.8) 13 32.1 (10.5) 23 19.2 (9.2)
5 yr 24 24.6 (13.3) 8 35.7 (34.1) 16 20.1 (8.2)
6–10 yr 32 20.8 (12.2) 9 24.9 (8.5) 23 17.8 (10.9)
Values are presented as number only or median (interquartile range).
25(OH)D: 25-hydroxyvitamin D, SS: supplemented subjects, NSS: non-supplemented subject.

Table 2. (Continued) Serum 25(OH)D level range distribution according to the supplementation status
Serum 25(OH)D level July August September October November December

SS NSS SS NSS SS NSS SS NSS SS NSS SS NSS
Adequate (≥30 ng/mL) 10 (55.6) 4 (30.8) 14 (56.0) 5 (45.5) 12 (50.0) 5 (55.6) 3 (50.0) 5 (14.7) 4 (57.1) 8 (25.0) 1 (33.3) 8 (21.6)
Insufficient (20–29 ng/mL) 6 (33.3) 8 (61.5) 9 (36.0) 4 (36.4) 10 (41.7) 4 (44.4) 2 (33.3) 18 (52.9) 1 (14.3) 12 (37.5) 1 (33.3) 15 (40.5)
Deficient (<20 ng/mL) 2 (11.1) 1 (7.7) 2 (8.0) 2 (18.2) 2 (8.3) 0 (0.0) 1 (16.7) 11 (32.4) 2 (28.6) 12 (37.5) 1 (33.3) 14 (37.8)
p-value* 0.294 0.675 1.000 0.211 0.248 1.000
Values are presented as number (%).
25(OH)D: 25-hydroxyvitamin D, SS, supplemented subject; NSS, non-supplemented subject.
*Cross-analyses (Fisher's exact test) between the supplementation status and the vitamin D serum level range subgroups were performed separately for each 
month.
†The fraction of the adequate subgroup is larger than that of the deficient subgroup, with the latter group having a lesser percentage of supplemented subjects 
than non-supplemented subjects in February and March.
Vitamin D serum level: number of samples and the subgroup percentages are shown in separately divided cells for the treated/untreated population.
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the Korean Statistical Information Service, most of the South Korean population resides in 
the urban area (91.8%, 47,596,436 of 51,826,059 people). KDRI's current recommendation 
of 5 μg/day (200 IU/day) of vitamin D for infants and children does not seem to be widely 
known as only 35.8% (172 of 481) of the study subjects were on vitamin D supplementation. 
In this study, >70% of the total subjects had inadequate vitamin D levels (<30 ng/mL), and 
the monthly averages were <30 ng/mL, except in the summer months (June–August and 
September) (Table 1). None of the study subjects had any symptoms of VDD.

The study results show that serum vitamin D levels increase in the summer and decrease in 
the winter and that the difference can be corrected to some degree with the help of vitamin 
D supplementation. This association between the seasonal changes and vitamin D status 
has also been addressed in several previous studies, some of which are from mid-latitude 
areas [14,31-35]. Many studies investigating the seasonal fluctuation of the serum vitamin D 
levels have mostly involved adults; only few studies have involved children. Their results differ 
considerably, possibly because of different factors such as the latitude where the subjects 
reside and the skin color and lifestyle habits of the locals. There are few studies involving the 
mid-latitude East Asian locale, specifically for children living in urban areas who spend lesser 
time outdoors compared to the rural population. Our study results confirm the previously 
recognized positive correlation between seasonal abundance of sunshine and serum vitamin 
D levels, with a slight time lag between sunlight exposure and vitamin D synthesis to 
accumulation. A previous study conducted in Tasmania, Australia, suggested a time lag of 
8–10 weeks [36].

Currently used vitamin D replacement methods do not completely correct seasonal 
variations of vitamin D level in the mid-latitude Asian pediatric population. Nonetheless, 
vitamin D supplementation is beneficial up to some point, with its positive effects being 
more marked in the winter months when natural serum vitamin D levels decrease. A study 
on vitamin D from Wenzhou, China, involved subjects residing at a latitude of 27°59′N. 
It concluded that significantly higher vitamin D levels were achievable in infants and 
toddlers provided with aggressive supplementation in accordance with the Chinese Medical 
Association's recommendations (400 IU/day for 2 week- to 2 year-olds, with almost all the 
corresponding subjects supplemented accordingly) [30]. Dosages heavier than the current 
recommendations, such as those recommended by the KDRI, might prove successful in 
the cities located in the mid-latitude area such as Seoul. Our study results suggest a need 
for a seasonally customized dosing. In a recent study conducted in North Italy, which is 
located on a latitude of 45°N, vitamin D supplementation with at least 1,500 IU vitamin D3/
day from November to April was appropriate for children [37]. This kind of radical approach 
to supplementation is rarely taken, although it is within the safe upper level of 4,000 IU/
day for healthy individuals (Institute of Medicine). Two randomized dose-escalating trials 
used vitamin D3 doses up to 1600 IU/d in full-term healthy infants and documented a dose-
dependent increase in 25(OH)D concentrations with increasing vitamin D supplementation 
[38,39]. The first one, which was a 3-month short-term study that involved 113 newborns 
in Finland, showed no case of vitamin D overdose and associated hypercalcemia or 
hypercalciuria [38]. The second study included 132 1-month-old term infants in Canada 
randomized to receive vitamin D3 at 400, 800, 1,200, and 1,600 IU/d for 11 months. Again, 
no adverse effects were documented [39]. However, the authors concluded that the 1600 IU/d 
dose “exceeded the healthy population target range of 50 ng/mL” without extra benefits on 
skeletal outcomes.
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It was presumed that the serum vitamin D status of subjects in different age groups would 
show a difference, since infants, toddlers, and school age children have different outdoor 
activity hours. However, the results were insignificant, and the reason for this is unclear. 
Scarce sunlight exposure might be a shared feature between the different pediatric age groups 
of an urban area, or there might be other confounding factors such as intake of dairy products.

This cross-sectional study showed that vitamin D insufficiency and VDD are observed in 
younger-aged children of Seoul, South Korea. All the data were collected from 481 different 
subjects over a 1-year period. All the subjects were East-Asian children with South Korean 
nationalities and lived in a geographic location at a latitude of 37.5°N. Thus, the results may 
not be applicable to the global pediatric population in general. The study failed to obtain 
information regarding the duration or dose of vitamin D taken by the subjects, with vitamin 
D supplementation status merely classified as a ‘yes’ or ‘no’ based on parental interviews. 
If provided with reliable data regarding the dosage form of vitamin D supplementation the 
subjects had taken, more detailed results would have been obtainable. Nevertheless, this study 
confirmed that recent vitamin D supplementation methods have some benefits and increase 
serum vitamin D levels in certain seasons of low sunlight exposure. Most city-dwelling 
East-Asian children in the mid-latitude geographic regions could benefit from the study 
results as limited studies have been conducted for a specific demographic. Most importantly, 
asymptomatic VDD is still observed in the general pediatric population residing in the mid-
latitude area despite the existence of national vitamin D supplementation recommendations. 
More aggressive vitamin D supplementation in the winter is likely to be beneficial, with 
reinforcement of supplementation recommended a few weeks to months before the winter 
months. Further studies are required to determine the optimal dosage regimen for different 
seasons due to the previously mentioned time lag between sunlight exposure and serum 
vitamin D accumulation. Future public health care initiatives would require more active 
screening and preventive measures for vitamin D insufficiency/deficiency. Variables including 
geographic location (latitude), outdoor activity hours, and race (skin color) should also be 
considered for optimal results. The subjects in this study were not compared with a rural 
population. Thus, further studies with an additional comparison group could be helpful. For 
more scientifically valid results, a longitudinal study should be conducted.
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