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	 Background:	 During the COVID-19 pandemic the implementation of a range of measures to suppress transmission, such as 
social distancing and home confinement resulted in limited sunlight exposure and physical inactivity in people 
under age 18 years, which can elevate the risk of vitamin D deficiency and insufficiency. The aim of this study 
was to systemically evaluate the effect of the COVID-19 pandemic on serum vitamin D levels in people under 
age 18 years.

	 Material/Methods:	 Following the PRISMA recommendations, we searched PubMed, Embase, and the Cochrane Database for tri-
als from inception to November 3, 2021. All trials assessing the effects of the COVID-19 pandemic on serum 
vitamin D levels in people under age 18 years were included and analyzed. Mean differences (MDs) of serum 
25-hydroxyvitamin D (25[OH] D) levels before and during the COVID-19 pandemic were calculated and pooled 
using a random-effects model. Risk differences were used to assess changes in the proportions of people un-
der age 18 years with vitamin D deficiency.

	 Results:	 Our analysis included 5 studies comprising 4141 people under age 18 years. The combined result MD of serum 
25(OH)D levels before and during the COVID-19 pandemic as 3.28 ng/mL, 95% CI=0.95-5.62 ng/mL, P<0.01] in-
dicated serum 25(OH)D levels were significantly lower during the COVID-19 pandemic. The decreased serum 
25(OH)D level was not observed among infants (age under 1 year) (P=0.28).

	 Conclusions:	 During the COVID-19 pandemic, the serum vitamin D levels of people under age 18 years were significantly 
lower and vitamin D supplementation for people under age 18 years might reduce the risk of COVID-19. More 
research is needed to validate the present findings.
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Background

The epidemic of coronavirus disease 2019 (COVID-19) is cur-
rently having a damaging impact on almost all countries around 
the world. Characterized by an approximately 2% mortality 
rate and the absence of medical countermeasures, COVID-19 
remains a major public health threat globally [1,2]. Vitamin 
D is a steroid hormone essential in regulating body levels of 
calcium and phosphorus and mineralization of bones [3,4]. 
Insufficient levels of serum vitamin D are strongly associated 
with various diseases, including total cancer incidence, diabe-
tes, and infectious diseases [5,6].

A growing body of circumstantial evidence shows an associa-
tion of COVID-19 with serum vitamin D levels [7,8]. COVID-19 
incidence and mortality were found to be strongly associated 
with vitamin D status in various populations [9]. Similar asso-
ciations were also seen in children [10]. Since late December 
2019, governments from various countries have implement-
ed a series of measures to control the COVID-19 pandemic, 
such as social distancing and home confinement, which po-
tentially limit sunlight exposure or physical activity of chil-
dren. A main source of acquiring vitamin D is sunlight expo-
sure. Several studies reported an elevated risk of vitamin D 
deficiency among COVID-19-negative children [12,13]. Although 
the COVID-19 pandemic has been reported to significantly af-
fect serum vitamin D levels in children, it has not been sys-
temically summarized.

In this study, we aimed to systemically evaluate the effect of 
the COVID-19 pandemic on serum vitamin D levels in people 
under age 18 years.

Material and Methods

Literature Search

This study was conducted according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) [14] 
guidelines for the trial identification, data extraction and integ-
rity, assessment of bias, and sensitivity analyses. We searched 
PubMed, Embase, and the Cochrane Database for eligible pub-
lications from inception to November 3, 2021. We used the fol-
lowing keywords and phrases: “COVID-19”, “coronavirus dis-
ease 2019”, “SARS-CoV-2”, “severe acute respiratory syndrome 
coronavirus 2”, “vitamin D”, “25-Hydroxyvitamin D 2”, “child”, 
“infants”, and “pediatric”. Detailed search strategies for each 
database can be found in the Supplementary Material. To in-
clude more studies, we also examined the reference lists of 
relevant studies.

Eligibility Criteria

The inclusion criteria were: (1) studies investigating the serum 
vitamin D levels of participants before and during the COVID-19 
pandemic; (2) study population aged <18 years and did not re-
ceive vitamin D supplementations or any other medications; 
(3) study population was COVID-19-negative; (4) studies pub-
lished in English.

Exclusion criteria were: (1) letters, case reports, reviews, an-
imal experiments, and expert opinions; (2) studies that in-
cluded outpatients or asymptomatic COVID-19 patients; (3) 
studies published in languages other than English; (4) dupli-
cate publications.

Definitions of Vitamin D deficiency and Insufficiency

Because vitamin D is converted by 25-hydroxylase to 25-hy-
droxyvitamin D [25(OH)D] in the liver, serum vitamin D was de-
fined as serum 25(OH)D concentrations. Following the Endocrine 
Society’s Clinical Practice Guideline [15], we defined vitamin D 
deficiency, insufficiency, and sufficiency according to serum con-
centrations of 25(OH)D <20 ng/mL (<50 nmol/L), 21-29 ng/mL 
(51-74 nmol/L), and 30-100 ng/mL (75-250 nmol/L), respectively.

Data Extraction

Two authors (XC and SW) independently screened the stud-
ies retrieved form the above-mentioned databases for eligible 
studies following the inclusion criteria. Necessary information 
was independently extracted by the 2 authors using a custom-
ized and standardized form. Any discrepancy was resolved by 
discussion with the third author (TTH).

For included studies, the following information was extracted: 
the first author, publication year, country, mean ages and pro-
portions of males of the study population, sample size, defini-
tion of COVID-19 pandemic period, and serum vitamin D lev-
els before and during the COVID-19 pandemic.

Quality Scoring of Studies

Two reviewers (XC and SW) independently assessed study 
quality using the Newcastle-Ottawa Scale (NOS) [16], a risk 
of bias assessment tool for observational studies. Using this 
tool, 3 domains were assessed: (1) selection of study popula-
tion (4 items); (2) comparability of groups (2 items); and (3) 
ascertainment of exposure and outcomes (3 items). Studies 
with NOS scores 7-9 were high-quality, scores 4-6 had mod-
erate risk of bias, and scores 0-3 had very high risk of bias.
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Statistical Analysis

Changes of the serum vitamin D levels before and during the 
COVID-19 pandemic were evaluated by pooling mean differ-
ences (MDs) or risk differences. MDs or risk differences from 
included studies were combined using a random-effects model. 
Stratification analysis was done according the age of the par-
ticipants as infants and children (infants were defined as <1 
year old and children were defined as 1-18 years old).

Heterogeneity was assessed using Cochran’s Q test and 
Higgins’s I2, with I2 >50% and a P value <0.10 suggested sig-
nificant heterogeneity [17]. To explore the sources of signifi-
cant heterogeneity, the enrolled studies were sequentially ex-
cluded to observe the overall impact of the individual study. 
Potential publication bias was evaluated using Begg’s rank cor-
relation [18] and Egger’s weighted regression methods [19].

Review Manager Version 5.3 (Cochrane Collaboration, Oxford, 
United Kingdom) and STATA 15.0 (Stata Corporation, College 
Station, TX) were used to perform statistical analyses. A 2-side 
P value of <0.05 was considered significant for all analyses.

Results

Study Selection

As illustrated in Figure 1, a total of 748 studies were identi-
fied through the initial searches in the above-mentioned da-
tabases; 317 were excluded due duplication among various 

databases and 256 papers were excluded by browsing the ti-
tles or abstracts. After retrieving 33 full-length manuscripts, 
5 studies [12,13,20-22] were included into the current study.

Study Characteristics

The 5 studies encompassed a total of 4141 people under age 
18 years and were published between 2020 and 2021. The 
sample size ranged from 226 to 1800. The studies were con-
ducted in 1 each in South Korea (21), Greece (20), Hong Kong 
(13), Poland (12), and China (22). Most studies (4/5) were ret-
rospective studies. Three studies [12,20,21] focused on people 
age 1-18 years and 2 on infants [13,22]. Nearly half of the study 
population were males. All studies defined the pre-COVID-19 
period as the year 2019 and the COVID-19 period as the year 
2020. The demographic characteristics of the study population 
from the included studies are presented in Table 1.

Quality Assessment of Studies

NOS for included eligible studies are shown in Supplementary 
Table 1. All 5 included studies were evaluated as moderate 
or high quality, of which 2 each scored 6 points and 7 points, 
and 1 scored 8 points.

Impact of the COVID-19 Pandemic on Serum Vitamin D 
Levels

Of the 5 included studies, 4 [12,13,21,22] reported serum 
25(OH)D levels before and during then COVID-19 pandemic. 
As shown in Figure 2, when summarizing the serum 25(OH)

Records identi�ed from*:
• PubMed (n=331)
• Cochrane Library (n=3)
• Embase (n=402)
• Registers (n=0)
• Other (n=12)

Records removed before screening:
• Duplicate records removed (n=317)
• Records marked as oneligible by
   automatic tools (n=0)
• Records removed for other reasons
   (n=0)

Records screened (n=431) Records excluded** (n=398)

Reports sought for retrieval (n=33) Reports not retrieved (n=0)

Reports assessed for eligibility (n=33)

Studies included in review (n=5)

Reports excluded:
• Not in English (n=2)
• Population reduplicative (n=0)
• Cannot extract key information (n=24)
• Poster/short report (n=2)
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Figure 1. Flow chart of the study selection.
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D levels together, a statistically significant decrease was 
seen with pooled MD as 3.28 ng/mL (95% confidence inter-
val (CI)=0.95-5.62 ng/mL, P<0.01) with a significant hetero-
geneity (I2=85%).

To explore the potential source of the heterogeneity, we 
excluded included studies sequentially. As illustrated in 
Supplementary Figure 1, when we excluded the study con-
ducted by Yu et al [22], the heterogeneity was significantly 
decreased (I2=0%)

As presented in Figure 3, 2 studies reported serum 25(OH)
D level changes among infants (<1 year old). No statistically 

significant serum 25(OH)D level change was seen, with P val-
ue 0.28.

According to serum 25(OH)D level, 3 studies [12,20,22] catego-
rized serum vitamin D levels into vitamin D deficiency, insuffi-
ciency, and sufficiency (Figure 4). No significantly increased vi-
tamin D deficiency and vitamin D insufficiency risk were seen, 
with pooled risk differences as 0.03 (95% CI=-0.11-0.18, P=0.64, 
I2=96%) and -0.01 (95% CI=-0.09-0.07, P=0.81, I2=81%), re-
spectively, which indicates the proportions of vitamin D defi-
ciency and vitamin D insufficiency among children remained 
unchanged.

Study 
included

Country
Study 
design

Sample 
size

Age 
(means±SD)

% of 
males

Definition of 
pre-COVID-19

Definition of 
COVID-19 period

Kang et al, 2020 Korea Retrospective 226
10.5 (8.7-12.4) 

years*
42.5 3, 2019-3, 2021 3-9, 2020

Feketea et al, 2021 Greece Prospective 340 8.6±4.6 years 45.6 2, 2019-12, 2019 1, 2020-1, 2021

Wong et al, 2021 Hong Kong Retrospective 303
10.42±6.37 

months
48.5 6-12, 2019 6-12, 2020

Rustecka et al, 2021 Poland Retrospective 1472 8.0±5.0 years 52.1 1-12, 2019 1, 2020-2, 2021

Yu et al, 2020 China Retrospective 1800
29.0±23.0 
months

NA 1-12, 2019 1-12, 2020

Table 1. Characteristics of the included studies.

SD – standard deviation; NA – not available. * Range of age.

Study or subgroup
Yu et al, 2020
Rustecka et al, 2021
Wong et al, 2021
Kang et al, 2020

Total (95% CI)
Heterogeneity: Tau2=4.44; Chi2=19.52, df=3 (P=0.0002); I2=85%
Test for overall efect: Z=2.75 (P=0.006)

Mean
Pre-COVID-19 period

36.12
35

29.64
23.8

SD
10.5

18
11.98

8.2

Total
900
851
183
112

2046

Mean
COVID-19 period

Pre-COVID-19 period
-10 10-5 0 5

COVID-19 period

35.28
31

25.62
18.9

SD
11.34

14
20.85

6.8

Mean difference
IV, random, 95% CI

Mean difference
IV, random, 95% CI

0.84 [-0.17, 1.85]
4.00 [2.36, 5.64]

4.02 [-0.09, 8.13]
4.90 [2.93, 6.87]

3.28 [0.95, 5.62]

Total
900
621
120
112

1753

Weight
30.2%
27.7%
16.1%
26.1%

100.0%

Figure 2. �Summarized mean differences of serum 25(OH)D level among all participants.

Study or subgroup
Rustecka et al, 2021
Yu et al, 2020

Total (95% CI)
Heterogeneity: Tau2=4.44; Chi2=19.52, df=3 (P=0.0002); I2=85%
Test for overall efect: Z=2.75 (P=0.006)

Mean
Pre-COVID-19 period

54
41.16

SD
21

10.92

Total
93

300

393

Mean
COVID-19 period

Pre-COVID-19 period
-10 10-5 0 5

COVID-19 period

47
40.74

SD
15

10.5

Mean difference
IV, random, 95% CI

Mean difference
IV, random, 95% CI

7.00 [0.95, 13.05]
0.42 [-1.29, 2.13]

3.28 [0.95, 5.62]

Total
47

300

347

Weight
39.3%
60.1%

100.0%

Figure 3. �Summarized mean differences of serum 25(OH)D level among infants (aged <1 year).
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Similarly, to explore the potential source of the heteroge-
neity, we excluded the study specifically focused on infants 
(Supplementary Figure 2). Decreased heterogeneity was 
then 0%, 36%, and 0% for vitamin D deficiency, vitamin D in-
sufficiency, and vitamin D sufficiency risk, respectively. Then 
we assessed the association among infants (<1 year old). 
Similarly, no statistically significant differences were seen 
(Supplementary Figure 3).

Publication Bias

No potential publication bias was observed (P>0.05), and the 
detailed results of potential publication bias can be found in 
Supplementary Table 2.

Discussion

To the best of our knowledge, the current study is the first sys-
tematic review and meta-analysis study to summarize the im-
pact of the COVID-19 pandemic on serum vitamin D levels in 
people under age 18 years. Five studies with a total 4141 pe-
diatric participants were included and analyzed. For the pedi-
atric population, the serum vitamin D levels were significant-
ly decreased during the COVID-19 pandemic.

The general metabolism and actions of vitamin D are well-es-
tablished [23]. Vitamin D has 2 forms (D2 and D3), which differ 

chemically in their side chains. Vitamin D2 is obtained from dai-
ly diet such as oil-rich fish [24]. Vitamin D3 is produced in the 
skin from 7-dehydrocholesterol by UV irradiation. Due to the 
COVID-19 pandemic, many negative effects on lifestyle choic-
es were reported [25]. A study conducted by Xiang et al [26] 
in 2426 children and adolescents from China reported a sub-
stantial decrease in physical activity and increase in screen 
time during the COVID-19 pandemic. Another study, conduct-
ed in Italy, also reported significantly less time spent in sports 
activities [27]. The home confinement and decreased physi-
cal activity during the COVID-19 pandemic thus resulted in in-
adequate exposure to sunlight, which can lead to decreased 
serum vitamin D levels. Moreover, studies also reported that 
red meat, high-sugar and high-fat diets, and sugary drink in-
takes increased significantly during the lockdown and school 
closure [25,26,28]. The daily diet changes might also promote 
decreased serum vitamin D levels.

The findings of our study that the serum vitamin D level was 
significantly decreased during COVID-19 pandemic highlight 
the importance of vitamin D supplementation people under 
age 18 years. A recent meta-analysis reported that low serum 
25 (OH) vitamin D level was strongly associated with an in-
creased risk of COVID-19 infection [29]. Another meta-anal-
ysis reported that there was about 3 times higher chance of 
getting infected with COVID-19 among vitamin D-deficient in-
dividuals and about 5 times increased probability of develop-
ing severe COVID-19 disease in vitamin D-deficient patients 

Study or subgroup
1.3.1 Deficient
Yu et al, 2020
Feketea et al, 2021
Rustecka et al, 2021
Subtotal (95% CI)
Total events
Heterogeneity: Tau2=0.02; Chi2=53.08, df=2 (P<0.00001); I2=96%
Test for overall efect: Z=0.47 (P=0.64)

28
50

468

546

900
168
851

1919

73
41

279

393

900
172
621

1693

14.1%
8.4%

12.0%
34.5%

-0.05 [-0.07, -0.03]
0.06 [-0.03, 0.15]
0.10 [0.05, 0.15]

0.03 [-0.11, 0.18]

1.3.2 Insufficient
Rustecka et al, 2021
Feketea et al, 2021
Yu et al, 2020
Subtotal (95% CI)
Total events
Heterogeneity: Tau2=0.00; Chi2=10.72, df=2 (P=0.005); I2=91%
Test for overall efect: Z=0.24 (P=0.81)

264
67

326

657

851
168
900

1919

236
68

290

594

621
172
900

1693

12.2%
7.7%

12.6%
32.4%

-0.07 [-0.12, -0.03]
0.00 [-0.10, 0.11]
0.04 [-0.00, 0.08]

-0.01 [-0.09, 0.07]

1.3.3 Sufficient
Feketea et al, 2021
Rustecka et al, 2021
Yu et al, 2020
Subtotal (95% CI)
Total events
Heterogeneity: Tau2=0.00; Chi2=2.78, df=2 (P=0.25); I2=28%
Test for overall efect: Z=1.00 (P=0.32)

Total (95% CI)
Total events
Heterogeneity: Tau2=0.00; Chi2=52.83, df=8 (P<0.00001); I2=85%
Test for overall efect: Z=0.04 (P=0.96)
Test for subgroup di�erences: Chi2=0.49, df=2 (P=0.78); I2=0%

72
119
546

737

1940

168
851
900

1919

5757

85
106
537

728

1715

172
621
900

1693

5079

7.5%
13.1%
12.5%
33.1%

100.0%

-0.07 [-0.17, 0.04]
-0.03 [-0.07, 0.01]
0.01 [-0.04, 0.06]

-0.02 [-0.05, 0.02]

-0.00 [-0.04, 0.04]

Events
Pre-COVID-19 period

Total Events Total
COVID-19 period

Pre-COVID-19 period
-0.5 0.5-0.25 0 0.25

COVID-19 period

Risk difference
M-H, random, 95% CI

Risk difference
M-H, random, 95% CIWeight

Figure 4. �Summarized risk differences among participants by serum 25(OH)D level status.
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[30]. Improving serum vitamin D levels in people under age 18 
years therefore has a potential benefit in reducing the risk of 
acquiring COVID-19. Grant et al [7] recommended that people 
at risk of influenza and/or COVID-19 consider taking 10 000 
IU/d of vitamin D3 for a few weeks to rapidly raise 25(OH)D 
concentrations, followed by 5000 IU/d.

While interpreting the findings in the current study, limitations 
need to be considered. First, most of the studies did not com-
pare the prior and current COVID-19 period serum vitamin D 
levels in the same population. Even if the sensitivity analyses 
and subgroup analyses were performed carefully, the hetero-
geneities of some comparisons remained substantial. Second, 
the mean ages of the participants among the 5 included stud-
ies varied greatly. Because age has an important effect on liv-
ing habits, the impact of the COVID-19 pandemic on serum 
vitamin D levels may be significantly different, such between 
infants versus kindergarten or elementary school students. 
However, as described above, 2 studies provided data on in-
fants <1 year and we observed they differed from the entire 
pediatric population. Third, the serum vitamin D levels might 
be affected by various factors, such as the season. However, 
due to the limited number of included studies and the infor-
mation provided by each study, we could not perform more 
subgroup analyses. Fourth, potential language bias might exist 
because we only included articles published in English. Fifth, 

possible publication bias could not be assessed for all analy-
ses, as a small number of studies were included.

Conclusions

Our meta-analysis provides pooled results based on 5 studies 
and reported the quantized changes in serum vitamin D lev-
els during the COVID-19 pandemic. Vitamin D supplementa-
tion may be needed for people under age 18 years. The mea-
sures aimed to reduce the transmission of SARS-CoV-2 need 
to take into account the detrimental effects on people under 
age 18 years. Further research should focus the long-term im-
pact of the COVID-19 pandemic on serum vitamin D levels and 
health outcomes.

Data Sharing Statement

Data are available on request from the authors.

Declaration of Figures’ Authenticity

All figures submitted have been created by the authors, who 
confirm that the images are original with no duplication and 
have not been previously published in whole or in part.

NOS 
case-control

Study

Is the 
case 

definition 
adequate?

Representa-
tiveness 
of the 
cases

Selection 
of 

controls

Definition 
of controls

Comparability 
of cases and 
controls on 
the basis of 

the design or 
analysis

Ascerta-
inment 

of 
intervention

Same 
method of 

ascertainment 
for cases and 

controls

Non-
response 

rate

Total 
quality 
scores

Kang et al, 
2020

     –   8

Feketea et al, 
2021

     –   7

Wong et al, 
2021

     –   7

Rustecka et al, 
2021

  –   –   6

Yu et al, 
2020

  –   –   6

Supplementary Table 1. Quality assessment of included studies by Newcastle-Ottawa Scale.

Supplementary Material. Search strategies
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Outcomes
Publication bias

Begg (P value) Egger (P value)

Summarized mean differences of serum 25(OH)D level 0.74 0.51

Summarized risk differences among participants with deficient serum 
25(OH)D level

0.66 0.32

Summarized risk differences among participants with insufficient serum 
25(OH)D level

0.19 0.21

Summarized risk differences among participants with sufficient serum 
25(OH)D level

0.84 0.60

Supplementary Table 2. Publication bias of summarized outcomes.

Study or subgroup
Yu et al, 2020
Rustecka et al, 2021
Wong et al, 2021
Kang et al, 2020

Total (95% CI)
Heterogeneity: Tau2=0.00; Chi2=0.50, df=2 (P=0.78); I2=0%
Test for overall efect: Z=7.06 (P<0.00001)

Mean
Pre-COVID-19 period

36.12
35

29.64
23.8

SD
10.5

18
11.98

8.2

Total
900
851
183
112

1146

Mean
COVID-19 period

Pre-COVID-19 period
-10 10-5 0 5

COVID-19 period

35.28
31

25.62
18.9

SD
11.34

14
20.85

6.8

Mean difference
IV, random, 95% CI
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Supplementary Figure 1. �Sensitivity analysis on summarized mean differences of serum 25(OH)D level.
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Supplementary Figure 2. �Sensitivity analysis on summarized risk differences among participants by serum 25(OH)D level.
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Supplementary Figure 3. �Summarized risk differences among participants by serum 25(OH)D level status among infants (aged 
<1 year).
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