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What is already known on this topic?
Vitamin D has immunomodulatory effects and this has effects on infections, including Coronavirus disease-2019 (COVID-19). Vitamin D
deficiency has been reported to be associated with clinical severity in COVID-19 disease, in both adults and children.

What this study adds?
Vitamin D levels of healthy children (>6 years old) and adolescents decreased in the first year of the pandemic due to the pandemicrelated restrictions.

Abstract
Objective: The synthesis of vitamin D is related to sun exposure, thus the restrictions during the Coronavirus disease-2019 (COVID-19)
pandemic may have affected the levels of vitamin D in all age groups. The aim of this study was to evaluate vitamin D levels of healthy
children and adolescents during the first year of the pandemic.
Methods: The study group included healthy children and adolescents who were admitted for general check-ups and evaluated with
25(OH)D levels. Then, it was divided into two groups: Group 1 “pre-pandemic”, and Group 2 “pandemic”. Vitamin D levels were recorded
from the hospital database and were compared according to age groups, gender, and the season, retrospectively.
Results: The study group [mean age=90.29±59.45 median age=79 interquartile range (IQR): 102 months, male/female: 1409/1624]
included 3033 children and adolescents (Group 1/Group 2 n=1864/1169). Although the mean 25(OH)D levels among preschool children
did not differ between groups, the vitamin D levels of school-aged children and adolescents were significantly lower in the pandemic
period than in the pre-pandemic period [Group 1 median=16.50 (IQR: 10.5) vs Group 2 median=15.9 (IQR: 11.3) in 6-12 age group
(p=0.026); Group 1 median=13.30 (IQR: 10.2) vs Group 2 median=11.20 (IQR: 9.7) in 12-18 age group (p=0.003)]. Moreover, the
25(OH)D levels of adolescents showed seasonal variance with lower levels in winter, and unexpectedly, in summer.
Conclusion: Pandemic-related restrictions have caused significant decreases in vitamin D levels of school-aged children and adolescents.
We suggest that children and adolescents should be given vitamin D supplementation in order to maintain sufficient levels of vitamin D
during the pandemic.
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Introduction
In recent years, the interest in the extraskeletal effects of
vitamin D, especially its immunomodulatory effects, has
increased. Moreover, this interest has increased during the
pandemic as the association of vitamin D and infections
has previously been reported. Meta-analysis of randomized

controlled trials has indicated that vitamin D has a protective
effect against respiratory tract infections (1). Recently, the
possible protective and/or preventive effect of vitamin D
against Coronavirus disease-2019 (COVID-19) has also been
reported (2,3).
A very recent study from Turkey revealed an association
between vitamin D deficiency and clinical severity in
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pediatric COVID-19 cases (4). These authors suggested that
prophylactic vitamin D supplementation may be considered
in order to prevent deficiencies, especially in the adolescent
age group. However, this study reported findings from
children infected with COVID-19 and there is a lack of data
about how the levels of vitamin D in the general population
of children and adolescents changed during the pandemic.
In December 2019, after an epidemic of a new viral infectious
disease was firstly reported from China, later identified as
COVID-19 disease, the World Health Organization declared a
pandemic of global health caused by Severe acute respiratory
syndrome-Coronavirus-2 (5). After the disease was shown
to spread rapidly in many different ways, but primarily
through the respiratory tract, many countries implemented
a series of social distancing policies, restricting travel and
movement to reduce transmission, requested citizens to
stay-at-home, and lockdowns. As the synthesis of vitamin
D is directly modulated by sunlight, stay-at-home behavior
and/or lockdowns to prevent COVID-19 spreads may have
affected vitamin D levels in all age groups-adults, children,
and adolescents.
The aim of this study was to determine the vitamin D
levels of children and adolescents in the first year of the
pandemic and compare the results with a one year period
pre-pandemic. In addition, a further aim was to identify
possible at risk groups for age, gender, and season that were
more likely to be affected by lockdowns in terms of vitamin
D levels.

Methods
Study Design and Patients
The study population included 1-18 year-old children who
attended the University of Health Sciences Turkey, Dr.
Behçet Uz Pediatric Diseases and Surgery Training and
Research Hospital, İzmir, Turkey between April 1, 2019,
and April 1, 2021, and who were evaluated for vitamin D
levels for routine health checks. Infants (<1 year of age)
were not included in the study as they are eligible to receive
prophylactic vitamin D in Turkey through a national vitamin
D supplementation program. Children with a medical history
of vitamin D-related metabolic disorders, such as skeletal or
gastrointestinal system diseases, liver or kidney diseases,
genetic syndromes, obesity, malnutrition, or malabsorption
disorders were excluded from the study. Data on the date
of birth, gender, hospital visit dates, and 25(OH)D levels
available in the Hospital Information System (PROBEL) were
obtained retrospectively. Then, patients selected for the
study were divided into two groups according to the blood
sampling date for the 25(OH)D measurement. Repeated
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measurements in the same subject were not included in
the study. Group 1 included patients admitted in the ‘prepandemic’ period (April 1, 2019-March 31, 2020) while
Group 2 included patients admitted in the ‘pandemic’ (April
1, 2020-April 1, 2021) period. Data of the 25(OH)D levels
were compared between Group 1 and Group 2 according
to age, gender, and also the season. Groups were divided
into three age groups: 1-6 years (13-72 months; toddlers
and preschool children); 6-12 years (73-144 months; schoolage children); and 12-18 years (adolescents). To evaluate
seasonal variability, the pre-pandemic/pandemic periods
were divided into spring (March, April, May), summer (June,
July, August), autumn (September, October, November), and
winter (December, January, February).
Serum 25(OH)D levels were measured by an
electrochemiluminescence immunoassay method using a
standard kit available on the Abbott Architect System and
analyzed using an automated biochemical analyzer, Abbott,
I 2000, (Abbott Laboratories, Abbott Park, IL, USA). Serum
25(OH)D levels <12 ng/mL, between 12-20 ng/mL, and
levels >20 ng/mL were defined as vitamin D deficiency,
insufficiency, and sufficiency, respectively (6).
Lockdown Measures for Pediatric Age During the First Year of the
Pandemic
After the global pandemic declaration in December 2019,
the first patient with COVID-19 disease was reported on 11
March 2020 in Turkey. Then, on 16 March 2020, the Turkish
Ministry of National Education declared the cessation of
face-to-face education and offered online education for
both elementary, secondary and high schools. In addition,
the Government of Turkey announced that all children,
adolescents, and young adults (<20 years old) were under
curfew on weekdays and for the whole day at weekends
(7). The restrictions for <20 year-old citizens continued
until June 2020 along with >65 year-old citizens. Table 1
summarizes the opening and closure of schools following
the lockdown periods during the study period.
The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Ethics
Committee of University of Health Sciences Turkey, Dr.
Behçet Uz Pediatric Diseases and Surgery Training and
Research Hospital, İzmir (protocol no: 554, decision no:
2021/09-02, date: 06.05.2021).
Statistical Analysis
The data were analyzed using the Statistical Package for the
Social Sciences, version 21. Categorical data are presented
as percentages whereas numerical data with Gaussian
distribution are presented as mean±standard deviation (SD)
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and abnormally distributed data are presented as median
[interquartile range (IQR)]. The chi-square or Fisher’s exact
test was used to compare proportions between groups,
where appropriate. Student’s t-test or Mann-Whitney U test,
as appropriate, was used to analyze numerical data between
different groups. For correlation analysis, the Spearman rank
coefficient was calculated for variables without a normal
distribution, and Pearson’s linear correlation coefficient
was used for variables with a normal distribution. A p value
<0.05 was considered statistically significant.

Results
The study group included 3033 children between 1 year
and 18 years old [mean±SD=90.29±59.45; median
age=79 (IQR: 102) months] The male to female ratio
(M/F) was 1409/1624 with 46.5% of the study population
male. Group 1 (pre-pandemic group) consisted of 1864
children [mean±SD=91.08±59 months; median=80
(IQR=102)] months with a M/F of 856/1008 (45.9% male)
while Group 2 (pandemic group) consists of 1169 children
[mean±SD=89.43±60 months; median=77 (IQR: 103)]
months with a M/F of 616/553 47% male). The main
characteristics of the participants are presented in Table
2. The mean serum 25(OH)D level in the study group was
18.69±9.98 ng/mL. The mean serum 25(OH)D level of
girls participating in the study was 17.78±10.11 ng/mL and
lower than the mean serum 25 (OH) vitamin D level of boys
19.76±9.72 ng/mL (p<0.05).
The rate of vitamin D deficiency [25(OH)D level <12 ng/
mL] and insufficiency (12-20 ng/mL) in the study group was
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27.5% (833/3033) and 34.1% (1034/3033), respectively;
and the rate of children with sufficient vitamin D levels
[25(OH)D level >20 ng/mL] was only 38.4% (1166/3033).
When evaluating the groups in terms of sufficient 25(OH)D
vitamin levels in different age groups, the rate of children
with adequate levels of vitamin D in preschool children (1-6
years), school-aged children (6-12 years) and adolescents
(12-18 years) were 23.7% (n=718), 10% (n=302) and 4.8%
(n=146), respectively. Moreover, a negative correlation was
found between age (months) and 25(OH)D vitamin level
(Group 1, r=-0.396 p<0.01; Group 2, r=-0.504 p<0.01),
respectively.
Group 1 (pre-pandemic group) included 1864 children,
835 (44.8%) of whom were 1-6 years, 578 (31%) were
6-12 years and 451 (24.2%) were 12-18 years old. In
Group 2 (pandemic group), there were 1268 children,
561 (48%) of them were 1-6 years while 339 (29%) were
6-12 years and 269 (23%) were 12-18 years old. When
evaluated according to gender difference, in Group 1, the
median 25(OH)D level of girls was 16.1 (IQR: 11.5) ng/mL
and significantly lower than the median 25(OH)D level of
boys [18.5 (IQR: 13.2) ng/mL] (p<0.01). In Group 2, the
median 25(OH)D level was 15.8 (IQR: 14.1) ng/mL in girls
and 17.8 (IQR: 12.8) ng/mL in boys, and the difference
was again significant (p<0.01). Table 3 presents the mean
values of vitamin D levels according to gender in different
age groups.
In the study group, the mean 25(OH)D (ng/mL) levels
were similar between groups (18.75±9.76 in Group 1 vs
18.60±10.31 in Group 2) when not accounting for age,
gender, and seasonal differences (p>0.05). However, to

Table 1. The periods of open and closed schedules of schools according to the Turkish Ministry of National Education during
the study period in İzmir
Spring

Summer

Autumn

Winter

Kindergarten

Open

Open

Open

Open

Elementary school

All classes closed except
02.03.2021-31.05.2021

All classes closed except
01.06.2021-03.07.2021

All classes closed except
28.09.2020-09.11.2020
1st classes open 01.09.2020-28.09.2020

All classes closed

Secondary school

All classes closed except

All classes closed except
14.06.2021-02.07.2021

All classes closed

All classes closed

Only 12. Class
05.04.2021-16.04.2021
26.04.2021-29.04.2021

Table 2. The main characteristics of the study group
Group 1 (pre-pandemic) (n=1864)

Group 2 (pandemic) (n=1169)

p

Age (months) mean±SD median (IQR)

91.08±59
80 (102)

89.43±60
77 (103)

0.063

Gender (male/female)

856/1008

616/553

0.08

25(OH)D mean±SD*

18.75±10.4

18.60±10.31

0.69

*ng/mL.
SD: standard deviation, IQR: interquartile range
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evaluate the effect of lockdowns and closure of schools, the
25(OH)D levels of the children were compared according to
age groups. Our results show that the 25(OH)D levels among
toddlers and preschool children (1-6 years) did not differ
between groups 1 and 2 [Group 1 median=19.80 (IQR:
13.2) vs Group 2 median=21.60 (IQR: 14.3); p>0.05].
However, for school-aged children and adolescents, the
levels of 25(OH)D were lower in the pandemic period
(Group 2) than in the pre-pandemic period (Group 1). Iin
school-aged children (6-12 years) for Group 1 the median
value was 16.50 (IQR: 10.5) vs Group 2 with a median of
15.90 (IQR: 11.3; p=0.026). In adolescents (12-18 years
old) the Group 1 median value was 13.30 (IQR: 10.2) vs
Group 2 with a median of 11.20 (IQR: 9.7; p=0.003) (Table
4).
The deficiency, insufficiency and sufficiency proportions
during pre-pandemic and pandemic periods in different age
groups are presented in Table 5. In this study population
the rate of vitamin D deficiency was significantly higher
in the pandemic period than in pre-pandemic period in
the adolescent age group (12-18 years) [42.6% in Group
1 vs 53.2% in Group 2]. In addition, the rate of vitamin
D insufficiency in the pre-pandemic period (35.9%) was
significantly higher than in pandemic period (28.6%)
while the rate of vitamin D sufficiency was similar between
groups in this age group (21.5% in Group 1 vs 18.5% in
Group 2). The rates of the deficiency, insufficiency and
sufficiency ratios of vitamin D did not differ significantly

during pre-pandemic and pandemic periods in other age
groups (p>0.05).
Table 6 presents the seasonal variation of 25(OH)D levels in
both groups by age. When the mean 25(OH)D levels of both
groups were evaluated by season, no significant difference
was determined between the groups in the 1-6 years and 6-12
years age groups in all seasons (p>0.05). However, in the
12-18 age group, the mean 25(OH)D levels in Group 2 were
significantly lower during winter and summer than in Group
1. In winter in Group 1 the median value was 10.3 (IQR: 8.3)
vs Group 2 with a median of 8.7 (IQR: 6.8) ng/mL (p=0.016)
while in summer the mean values were Group 1 19.83±7.12
ng/mL vs Group 2 14.67±6.62 ng/mL (p=0.03).

Discussion
This study examined the effect of the restrictions applied in
the pandemic on vitamin D levels in children by taking into
account seasonal variability, gender, and age groups. We
found that the rate of vitamin D insufficiency and deficiency
was high among children during both pre-pandemic and
pandemic periods. However, children between 6-12 and
12-18 years old had even lower levels of vitamin D in the
pandemic period than in the pre-pandemic period. Thus,
they were affected negatively, probably because of the
closure of schools and stay-at-home restrictions during
the COVID-19 pandemic. In addition, this negative effect
showed seasonal variance in adolescents, as the mean levels

Table 3. Vitamin D levels according to gender in different age groups during pre-pandemic and pandemic periods
Pre-pandemic

Pandemic

Girls

Boys

p

Girls

Boys

p

1-6 years, n (%)
25(OH)D ng/mL*

440 (53)
18.9 (12.3)

395 (47)
20.5 (13.4)

0.13

267 (47.5)
21.1 (14.6)

294 (52.5)
21.7 (13.9)

0.07

6-12 years, n (%)
25(OH)D ng/mL*

313 (54)
15.7 (9.4)

265 (46)
17.4 (11.2)

0.013

179 (52)
15.2 (11.6)

160 (48)
16.5 (10)

0.03

12-18 years, n (%)
25(OH)D ng/mL*

300 (66)
13.9 (10.6)

151 (34)
15.3 (9.6)

0.001

170 (63)
10.1 (8.9)

99 (37)
13.9 (10.6)

0.001

Total, n (%)
25(OH)D ng/mL**

1008 (54)
16.1 (11.5)

856 (46)
18.5 (13.2)

0.001

616 (53)
15.8 (14.1)

553 (47)
17.8 (12.8)

0.001

*Median (IQR), **mean±SD.
SD: standard deviation, IQR: interquartile range

Table 4. 25(OH)D levels of the children between groups according to age groups
Pre-pandemic

Pandemic

p

1-6 years (n)
25(OH)D ng/mL*

835
19.80 (13.2)

561
21.60 (14.3)

0.97

6-12 years (n)
25(OH)D ng/mL*

578
16.50 (10.50)

339
15.90 (11.3)

0.026

12-18 years (n)
25(OH)D ng/mL*

451
13.30 (10.2)

269
11.20 (9.7)

0.003

*Median (IQR).
IQR: interquartile range
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of vitamin D were lower especially during the summer and
winter months.
Vitamin D deficiency remains a significant global public
health problem despite the availability of supplementation
and numerous published guidelines for its prevention
(8,9,10,11,12,13). The subject continues to be an important
problem both in our country, in Europe, and the World
(14,15,16,17,18,19). The results of our study show that the rate
of vitamin D deficiency remains around a quarter of healthy
children. The rate of vitamin D insufficiency (12-20 ng/mL)
and deficiency (<12 ng/mL) in the study group were found
to be 34.1% and 27.5%, respectively. The Global Consensus
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Recommendations on Prevention and Management of
Nutritional Rickets have recently reported that vitamin D
deficiency is preventable and suggests supplementation and
food fortification with vitamin D to prevent deficiency (20). In
our country, a free vitamin D supplementation program was
initiated by the Ministry of Health in 2005 and free vitamin D
drops have been distributed to all newborn babies within the
framework of this program, following the recommendations
of the Endocrinology and Diabetes Association Bone Health
Group (21,22). As all infants in this age group in Turkey are
eligible to receive prophylactic vitamin D, regardless of the
pandemic, infants <1 year of age were not included in this
study.

Table 5. The deficiency, insufficiency and sufficiency rates of 25(OH)D during pre-pandemic and pandemic periods in different
age groups

25(OH)D*

1-6 years

6-12 years

12-18 years

Pre-pandemic
n (%)

Pandemic
n (%)

p

<12

149 (17.8)

98 (17.5)

0.115

12-20

274 (32.8)

157 (28.0)

>20

412 (49.3)

306 (54.5)

<12

144 (24.9)

107 (31.6)

12-20

233 (40.3)

131 (38.6)

>20

201 (34.8)

101 (29.8)

<12

192 (42.6)

143 (53.2)

12-20

162 (35.9)

77 (28.6)

>20

97 (21.5)

49 (18.2)

0.074

0.22

*ng/mL.

Table 6. The seasonal variation of 25(OH)D levels according to age group
Spring
n (Group 1/Group 2)
25(OH)D, ng/mL
Group 1
Group 2
p
Summer
n (Group 1/Group 2)
25(OH)D, ng/mL
Group 1
Group 2
p
Autumn
n (Group 1/Group 2)
25(OH) D, ng/mL
Group 1
Group 2
p
Winter
n (Group 1/Group 2)
25(OH)D, ng/mL
Group 1
Group 2
p
*Median, IQR, **mean±SD.
SD: standard deviation, IQR: interquartile range

192

Preschool

School-aged

Adolescent

194/147

123/104

81/62

17.8 (12.8)*
17.7 (11.8)*
0.92

14.4 (7.9)*
13.7 (9.5)*
0.61

12.1 (7.8)*
10.55 (8.4)*
0.25

112/43

61/24

68/23

25.1 (9.9)*
27.1 (13)*
0.20

22.68±6.22**
21.81±8.99**
0.62

19.83±7.12**
14.67±6.62**
0.03

183/139

131/67

111/66

23.6 (11.4)*
26.1 (7.7)*
0.21

20.9 (10.8)*
23.3 (10.8)*
0.05

17.07±8.08**
18.28±8.19**
0.33

346/232

263/144

191/118

16.9 (13.1)*
17.8 (14.3)*
0.48

14.4 (8.8)*
13.4 (9)*
0.12

10.3 (8.3)*
8.7 (6.8)*
0.016
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It was previously reported that levels of vitamin D are
significantly lower in girls, adolescents, those with low
physical activity, during the winter season, and in areas
with little or no sun exposure (23-30). Our results were in
keeping with these findings; the vitamin D levels of girls
were significantly lower than boys especially in 6-12 and
12-18 years old children and adolescents. In addition, in
our study population, vitamin D levels were negatively
correlated with age. This negative correlation was present
in both the pre-pandemic and pandemic periods
As the synthesis of vitamin D is directly modulated by sun
exposure, stay-at-home orders and/or lockdowns to prevent
COVID-19 spreads may have affected vitamin D levels in
both children and adolescents. İzmir, where the current
study was conducted, is on the coast of western Anatolia,
located on 38.25°N latitude and is temperate and sunny
during most of the year (31). However, despite the geographic
location with an agreeable and relatively sunny climate for
vitamin D synthesis, vitamin D insufficiency and deficiency
was a problem before the pandemic and continues to be a
problem after the pandemic in this region (32).
Although the vitamin D levels were similar in Group 1 and
2 without taking age, gender, and seasonal differences into
consideration, as we hypothesized that limited sun exposure
due to lockdowns, closure of schools, and stay-at-home
calls may have decreased vitamin D levels among specific
age groups, we firstly compared the levels of vitamin D
according to age subgroups. Our results showed that vitamin
D levels of 6-12 year-old and 12-18 year-old children were
significantly lower in the pandemic period (Group 2) than
in the pre-pandemic period (Group 1). In a similar study
of the relationship between serum levels of vitamin D and
pandemic-related restrictions in children in Guangzhou, it
was reported that vitamin D deficiency increased in the
pandemic period in children under 6 years of age (33).
Controversially, in another study conducted among 18-19
year-old male adolescents, the authors reported that they
did not identify any difference in vitamin D levels before and
during the pandemic in their study population (34). During
the pandemic, the timing of the closure of schools, the
season during the stay-at-home periods, and the duration
of lockdowns vary from country to country (33,34,35). As
soon as the first case was reported from our country, schools
stopped face-to-face education. Moreover, children under 18
years were restricted in going out which led to limited sun
exposure, especially in school-aged children.
In a very recent study, Bayramoğlu et al (4) reported that
vitamin D insufficiency (38.4%) and deficiency (41.7%)
were evident among adolescent COVID-19 patients and
suggested prophylactic use of vitamin D in this age group.
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Our results add that vitamin D levels are also lower in
healthy adolescents in the pandemic period than in the
pre-pandemic period, and this decrease has caused an
increased rate of vitamin D deficiency in this age group.
We also add that the vitamin D levels were lower, not only
in adolescents but also in school-aged children during the
pandemic. Thus, we suggest that these age groups are
affected due to pandemic-related restrictions and should
be offered prophylactic vitamin D to prevent vitamin D
insufficiency and deficiency. As for toddlers and preschool
children (1-6 years), the vitamin D levels were similar
between groups. In our opinion, the reason for this result
might be that this age group either has no schooling or
has been attending kindergarten which were not closed
due to pandemic-related restrictions. Thus, we believe, sun
exposure in this age group did not change between the prepandemic and pandemic periods. However, considering the
continuing effect of COVID-19 related restrictions, this age
group should also be offered prophylactic use of vitamin D
to maintain sufficient levels of vitamin D.
There are many published studies reporting seasonal
variations of vitamin D levels due to sun exposure (36).
Rustecka et al (35), reported that the vitamin D levels in
children decreased during the COVID-19 pandemic and the
rate of children with vitamin D deficiency has increased
in all seasons, except winter, in Poland. They also stated
that although the characteristic seasonal variability was
observed before the pandemic, no seasonal variability was
observed during the pandemic. In our study, vitamin D levels
were significantly lower in the pandemic period than prepandemic levels in 12-18 year old adolescents during winter
and summer. Unexpectedly, in addition to the characteristic
seasonal decrease in winter, the levels of vitamin D were
also decreased during summer, indicating that adolescents
could not benefit from sunlight because of restrictions.
Study Limitations
The most important limitation of this current study is its
retrospective design. As we evaluated hospital records of
children, we did not have data about nutritional intake,
vitamin D supplementation status, physical activity, and
body mass index of the children, all of which are known
to affect vitamin D levels directly. Second, vitamin D levels
are closely related to geographic properties, specifically the
local climate and lockdown restrictions also varied between
regions. Thus, the results are not generalizable. A strength
of this current study, which goes some way to mitigating
the lack of additional data, is the size of the study cohort,
all of whom were without chronic disease and who could be
correctly identified by hospital records.
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Conclusion
We report that school-aged children (6-12 years) and
adolescents (12-18 years) are at risk of vitamin D deficiency
and insufficiency in both the pre-pandemic and pandemic
periods in our country. Moreover, pandemic-related
restrictions have caused significant decreases in vitamin D
levels in these age groups. Thus, we suggest that children and
adolescents should be given vitamin D supplementation in
order to maintain sufficient levels of vitamin D. In addition,
due to the continuing effects of the pandemic, since the time
spent outdoors and, consequently, sun exposure is limited,
dietary intake of vitamin D (fish, food fortified with vitamin
D) should be supported to prevent vitamin D deficiency in
all age groups.
Ethics
Ethics Committee Approval: The study was conducted
according to the guidelines of the Declaration of Helsinki
and approved by the Ethics Committee of Dr. Behçet Uz
Pediatric Diseases and Surgery Training and Research
Hospital, İzmir (protocol no: 554, decision no: 2021/09-02,
date: 06.05.2021).
Informed Consent: Retrospective study.
Peer-review: Externally and internally peer-reviewed.
Authorship Contributions
Medical Practices: Güler Beyazgül, Özlem Bağ, İlkay
Yurtseven, Fulya Coşkunol, Saynur Başer, Duygu Çiçek, Gül
İrem Kanberoğlu, Filiz Çelik, Özlem Nalbantoğlu, Behzat
Özkan, Concept: Güler Beyazgül, Özlem Bağ, Design: Güler
Beyazgül, Özlem Bağ, Data Collection or Processing: Güler
Beyazgül, İlkay Yurtseven, Fulya Coşkunol, Saynur Başer,
Duygu Çiçek, Gül İrem Kanberoğlu, Filiz Çelik, Özlem
Nalbantoğlu, Behzat Özkan, Analysis or Interpretation:
Güler Beyazgül, Özlem Bağ, Behzat Özkan, Literature
Search: Güler Beyazgül, Özlem Bağ, İlkay Yurtseven, Fulya
Coşkunol, Saynur Başer, Duygu Çiçek, Gül İrem Kanberoğlu,
Filiz Çelik, Özlem Nalbantoğlu, Writing: Güler Beyazgül,
Özlem Bağ, Behzat Özkan.
Financial Disclosure: The authors declared that this study
received no financial support.

References
1. Bergman P, Lindh AU, Björkhem-Bergman L, Lindh JD. Vitamin D and
Respiratory Tract Infections: A Systematic Review and Meta-Analysis of
Randomized Controlled Trials. PLoS One 2013;8:e65835.
2. Panfili FM, Roversi M, D’Argenio P, Rossi P, Cappa M, Fintini D. Possible
role of vitamin D in Covid-19 infection in pediatric population. J
Endocrinol Invest 2021;44:27-35. Epub 2020 Jun 15

194

3. Yılmaz K, Şen V. Is vitamin D deficiency a risk factor for COVID‐19 in
children? Pediatr Pulmonol 2020;55:3595-3601. Epub 2020 Oct 13
4. Bayramoğlu E, Akkoç G, Ağbaş A, Akgün Ö, Yurdakul K, Selçuk Duru
HN, Elevli M. The association between vitamin D levels and the clinical
severity and inflammation markers in pediatric COVID-19 patients:
single-center experience from a pandemic hospital. Eur J Pediatr
2021;180:2699-2705. Epub 2021 Mar 31
5. World Health Organization. Coronavirus disease (COVID-19) pandemic.
Available from: https://www.who.int/emergencies/diseases/novelcoronavirus-2019
6. Institute of Medicine (US) Committee to Review Dietary Reference
Intakes for Vitamin D and Calcium. In: Ross AC, Taylor CL, Yaktine AL,
Del Valle HB (eds). Dietary Reference Intakes for Calcium and Vitamin
D. Washington (DC): National Academies Press (US), 2011. Available
from: https://www.ncbi.nlm.nih.gov/books/NBK56070/
7. T.C. İçişleri Bakanlığı, 22.03.2020 tarih ve 5762 sayılı Genelgesi.
Available from: https://www.icisleri.gov.tr/65-yas-ve-ustu-ile-kronikrahatsizligi-olanlara-sokaga-cikma-yasagi-ek-genelgesi
8. Wagner CL, Greer FR; American Academy of Pediatrics Section
on Breastfeeding; American Academy of Pediatrics Committee on
Nutrition. Prevention of rickets and vitamin D deficiency in infants,
children, and adolescents. Pediatrics 2008;122:1142-1152.
9. Ward LM, Gaboury I, Ladhani M, Zlotkin S. Vitamin D-deficiency rickets
among children in Canada. CMAJ 2007;177:161-166. Epub 2007 Jun 28
10. Munns CF, Simm PJ, Rodda CP, Garnett SP, Zacharin MR, Ward LM,
Geddes J, Cherian S, Zurynski Y, Cowell CT; APSU Vitamin D Study
Group. Incidence of vitamin D deficiency rickets among Australian
children: an Australian Paediatric Surveillance Unit study. Med J Aust
2012;196:466-468.
11. Callaghan AL, Moy RJ, Booth IW, Debelle G, Shaw NJ. Incidence of
symptomatic vitamin D deficiency. Arch Dis Child 2006;91:606-607.
Epub 2006 Apr 4
12. Beck-Nielsen SS, Jensen TK, Gram J, Brixen K, Brock-Jacobsen B.
Nutritional rickets in Denmark: a retrospective review of children’s
medical records from 1985 to 2005. Eur J Pediatr 2009;168:941-949.
Epub 2008 Nov 5
13. Paxton GA, Teale GR, Nowson CA, Mason RS, McGrath JJ, Thompson
MJ, Siafarikas A, Rodda CP, Munns CF; Australian and New Zealand
Bone and Mineral Society; Osteoporosis Australia. Vitamin D and
health in pregnancy, infants, children and adolescents in Australia and
New Zealand: a position statement. Med J Aust 2013;198:142-143.
14. Ozkan B, Doneray H, Karacan M, Vançelik S, Yildirim ZK, Ozkan A,
Kosan C, Aydin K. Prevalence of vitamin D deficiency rickets in the
eastern part of Turkey. Eur J Pediatr 2009;168:95-100. Epub 2008 Sep 2
15. Hatun S, Ozkan B, Orbak Z, Doneray H, Cizmecioglu F, Toprak D, Calikoglu
AS. Vitamin D deficiency in early infancy. J Nutr 2005;135:279-282.
16. Gültekin A, Özalp I, Hasanoglu A, Unal A. Serum-25hydroxycholecalciferol levels in children and adolescents. Turk J Pediatr
1987;29:155-162.
17. Olmez D, Bober E, Buyukgebiz A, Cimrin D. The frequency of
vitamin D insufficiency in healthy female adolescents. Acta Paediatr
2006;95:1266-1269.
18. Braegger C, Campoy C, Colomb V, Decsi T, Domellof M, Fewtrell M,
Hojsak I, Mihatsch W, Molgaard C, Shamir R, Turck D, van Goudoever J;
ESPGHAN Committee on Nutrition. Vitamin D in the healthy European
paediatric population. J Pediatr Gastroenterol Nutr 2013;56:692-701.
19. Holick MF, Chen TC. Vitamin D deficiency: a worldwide problem with
health consequences. Am J Clin Nutr 2008;87:1080-1086.

J Clin Res Pediatr Endocrinol
2022;14(2):188-195

20. Munns CF, Shaw N, Kiely M, Specker BL, Thacher TD, Ozono K,
Michigami T, Tiosano D, Mughal MZ, Mäkitie O, Ramos-Abad L, Ward
L, DiMeglio LA, Atapattu N, Cassinelli H, Braegger C, Pettifor JM, Seth
A, Idris HW, Bhatia V, Fu J, Goldberg G, Sävendahl L, Khadgawat R,
Pludowski P, Maddock J, Hyppönen E, Oduwole A, Frew E, Aguiar M,
Tulchinsky T, Butler G, Högler W. Global Consensus Recommendations
on Prevention and Management of Nutritional Rickets. J Clin Endocrinol
Metab 2016;101:394-415. Epub 2016 Jan 8
21. https://hsgm.saglik.gov.tr/tr/cocukergen-bp-liste/d-vitamini-eksikligionleme-ve-kontrol-programı.html.
22. Mutlu GY, Kusdal Y, Ozsu E, Cizmecioglu FM, Hatun S. Prevention of
vitamin D deficiency in infancy: daily 400 IU vitamin D is sufficient. Int
J Pediatr Endocrinol 2011;2011:4. Epub 2011 Jun 28
23. Gordon CM, DePeter KC, Feldman HA, Grace E, Emans SJ. Prevalence
of vitamin D deficiency among healthy adolescents. Arch Pediatr
Adolesc Med 2004;158:531-537.
24. Marwaha RK, Tandon N, Reddy DR, Aggarwal R, Singh R, Sawhney
RC, Saluja B, Ganie MA, Singh S. Vitamin D and bone mineral density
status of healthy schoolchildren in northern India. Am J Clin Nutr
2005;82:477-482.
25. Kumar J, Muntner P, Kaskel FJ, Hailpern SM, Melamed ML. Prevalence
and associations of 25-hydroxyvitamin D deficiency in US children:
NHANES 2001-2004. Pediatrics 2009;124:362-370. Epub 2009 Aug 3
26. Foo LH, Zhang Q, Zhu K, Ma G, Trube A, Greenfield H, Fraser DR.
Relationship between vitamin D status, body composition and physical
exercise of adolescent girls in Beijing. Osteoporos Int 2009;20:417425. Epub 2008 Jul 16
27. Public Health England, Food Standards Agency. National Diet and
Nutrition Survey: Results from Years 1, 2, 3 and 4 (combined) of the
Rolling Programme (2008/2009-2011/2012). Secondary National Diet
and Nutrition Survey Results from Years 1, 2, 3 and 4 (combined) of
the Rolling Programme (2008/2009-2011/2012). London, Public Health
England, 2014. Available from: https://www.gov.uk/government/
statistics/national-diet-and-nutrition-survey-results-from-years-1-to4-combined-of-the-rolling-programme-for-2008-and-2009-to-2011and-2012

Beyazgül G et al.
Vitamin D Levels of Healthy Children During COVID-19 Pandemic

28. Maguire JL, Birken CS, Khovratovich M, Degroot J, Carsley S, Thorpe
KE, Mamdani M, Parkin PC; TARGet Kids! Collaboration. Modifiable
determinants of serum 25-hydroxyvitamin D status in early childhood:
opportunities for prevention. JAMA Pediatr 2013;167:230-235.
29. Angurana SK, Angurana RS, Mahajan G, Kumar N, Mahajan V.
Prevalence of vitamin D deficiency in apparently healthy children in
north India. J Pediatr Endocrinol Metab 2014;27:1151-1156.
30. Cairncross CT, Stonehouse W, Conlon CA, Grant CC, McDonald B,
Houghton LA, Eyles D, Camargo CA Jr, Coad J, von Hurst PR. Predictors
of vitamin D status in New Zealand preschool children. Matern Child
Nutr 2017;13:e12340. Epub 2016 Jul 27
31. General directorate of the state meteorological service, Turkey.(available
at: www. dmi.gov.tr.)
32. Arslan G, Acar S, Nalbantoğlu Ö, Köprülü Ö, Özkaya B, Özkan B. Son Beş
Yılda Pediatri Polikliniklerine Başvuran Çocuklarda Serum D Vitamini
Düzeylerinin Geriye Dönük Olarak Değerlendirilmesi. J Dr Behcet Uz
Child Hosp 2019;9(Suppl 1):5.
33. Yu L, Ke HJ, Che D, Luo SL, Guo Y, Wu JL. Effect of Pandemic-Related
Confinement on Vitamin D Status among Children Aged 0-6 Years in
Guangzhou, China: A Cross-Sectional Study. Risk Manag Healthc Policy
2020;13:2669-2675.
34. Meoli M, Muggli F, Lava SAG, Bianchetti MG, Agostoni C, Kocher C,
Bührer TW, Ciliberti L, Simonetti GD, Milani GP. Vitamin D Status
in Adolescents during COVID-19 Pandemic: A Cross-Sectional
Comparative Study. Nutrients 2021;13:1467.
35. Rustecka A, Maret J, Drab A, Leszczyńska M, Tomaszewska A,
Lipińska-Opałka A, Będzichowska A, Kalicki B, Kubiak JZ. The Impact
of COVID-19 Pandemic during 2020-2021 on the Vitamin D Serum
Levels in the Paediatric Population in Warsaw, Poland. Nutrients
2021;13:1990.
36. Halicioglu O, Aksit S, Koc F, Akman SA, Albudak E, Yaprak I, Coker I,
Colak A, Ozturk C, Gulec ES. Vitamin D deficiency in pregnant women
and their neonates in spring time in western Turkey. Paediatr Perinat
Epidemiol 2012;26:53-60.

195

