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ABSTRACT

Background: Observational studies have linked low vitamin D (VD) levels to increased asthma
attacks in children. Subsequent meta-analyses of adults and children revealed that VD treatment
might benefit asthmatic patients by reducing the incidence of exacerbations. Therefore, this
review aims to analyze the effects of VD supplementation in reducing asthma exacerbations in
children.

Methods: Published reports from PubMed, Cochrane, and Google Scholar were systematically
searched until April 2023. The study protocol was registered in the PROSPERO database
CRD42023411796. Randomized controlled trial studies were included in this review. Meta-analysis
was performed using Cochrane RevMan 5.1 and presented with 95% confidence intervals (Cls).
Results: Ten relevant studies enrolled 1243 asthmatic children (631 children receiving vitamin D3
supplementation, 612 children receiving placebo) were included in this review. Our pooled
analysis found that VD supplementation had a significant effect on lowering the total number of
asthma exacerbations (RR 0.62; 95% Cl: 0.44, 0.87; p=0.01). Subgroup analysis revealed that a
daily dose of VD given based on standard daily dose recommendation had a significant
improvement on asthma exacerbations [(RR 0.41; 95% Cl: 0,18, 0,92; p=0.03).

Conclusions: Vitamin D supplementation can lower the occurrence of exacerbations in children
with asthma, along with the improvement of FEV1.
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Introduction and severity in children [5,6]. These findings could be
attributed to  VD's  immune-modulating  and
anti-inflammatory properties, which include the induc-
tion of regulatory T-cells, suppression of Th2 and Th17
responses, stimulation of IL-10 production, and inhibi-
tion of airway smooth muscle hypertrophy and collagen
deposition [7-9]. VD also may reduce asthma attacks
caused on by viral infections by inhibiting rhinovirus
replication in  bronchial epithelium, enhancing
interferon-mediated antiviral pathways, and increasing
production of antimicrobial peptides [10]. Subsequent

Childhood asthma is the most common chronic condi-
tion that affects more than 6 million children in the US
[1,2] and is one of the common causes of death in chil-
dren [3]. More than half of asthmatic children experi-
ence minimum one acute attack a year, making it one
of the main factors leading to school absenteeism and
hospitalization in childhood [4]. Asthma exacerbations is
multifactorial, recent observational studies have linked
low vitamin D (VD) level to increased risk of asthma

exacerbations [5]. VD deficiency was found in 74% of
patients with asthma and in 54.5% of healthy children
[6]. Low VD levels correlated with increased airway
hyper-reactivity, reduced lung function, and reduced
response to corticosteroid, thus increase asthma attacks

meta-analyses of adults and children revealed that VD
treatment might benefit asthmatic patients by reducing
the incidence of exacerbations [1, 11]. Therefore, this
review aims to analyze the effects of VD supplementa-
tion in reducing asthma exacerbations in children.
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Methods
Search strategies

This review was carried out in compliance with the
Preferred Reporting ltems for Systematic Examination
and Meta-Analysis (PRISMA) guidelines. The study pro-
tocol was registered in the PROSPERO database
CRD42023411796. We systematically search published
reports from PubMed, Cochrane, and Google Scholar
up to April 2023 using medical subject heading (MeSH)
and  free-text terms:  [((((vitamin D)  OR
(25-hydroxyvitamin D)) OR (25(0OH)D)) OR (cholecalcif-
erol)) OR (vitamin D3)] AND [(asthma) OR (bronchial
asthma)] AND [(((children) OR (child)) OR (pediatric))
OR (adolescence)]l. Type of study included in this
review was Randomized Controlled Trials (RCTs) with
no language limitation.

Study selection

Two reviewers screened the records independently.
Inclusion criteria were as follows: (1) population: chil-
dren diagnosed with asthma aged 0-18years old; (2)
intervention: vitamin D supplementation, regardless of
the drug names, doses, and administration routines, or
as an adjunct to other forms of asthma treatment; (3)
comparison: either placebo or control group; (4) out-
comes: reported in rate of asthma exacerbations and
predicted percentage of forced expiratory volume in
first second (FEV1%); (5) study design: randomized
controlled trials (RCTs).

Data extraction

Data were extracted by two investigators (KF and LNR)
independently to a collection form that had been
made before. Data collected from studies were: name
of the first author, publication year, country of origin,
number of participant in intervention and control
groups, age range of subjects, dose of vitamin D given
as intervention, cumulative dose of vitamin D given,
and duration of supplementation. Outcome data
extracted were: rate of asthma exacerbations, mean
vitamin D levels, and FEV1%. Meta-analysis was per-
formed using Cochrane Revman 5.1 and presented
with 95% confidence intervals (Cls).

Outcomes

The primary outcome was the rate of exacerbations.
Asthma exacerbation was defined as an increased in
symptoms (shortness of breath, cough, wheezing), a
progressive decrease in pulmonary function, use of

systematic corticosteroid (tablets, suspension, or injec-
tion) or increased use of short-acting [(2-agonists
(SABA) bronchodilator [12]. This review analyzed sub-
groups of daily dose Vitamin D supplementation based
on Vitamin D dosing basic principles that describe the
recommended daily dose and upper tolerable daily
dose of the patient based on their age. The interven-
tion doses of included studies were classified into two
groups: standard-dose and higher-dose, based on the
age of subjects and the recommended daily dose [13].
The subgroups of duration of supplementation based
on the median distribution. FEV1% and mean vitamin
D levels were analyzed as different outcomes. FEV1%
was calculated as a change from the baseline.

Quality assessment

Two reviewers (NLN and FFT) independently evaluated
the quality of each selected study using the Joanne
Briggs Institute (JBI) Critical Appraisal tools, checklist
for Randomized Controlled Trials. If a discrepancy was
found, senior researchers (RAS) were consulted.

Statistical analysis

Pooled outcomes analyses were assessed using forest
plots and presented in 95% confidence intervals.
Before identifying significant factors, data were
assessed for heterogeneity and potential publication
bias. The chi-square and I? tests were used to measure
study heterogeneity; if p heterogeneity >0.05, and 17 >
50%, a random-effects model was used. The rate of
exacerbations was analyzed using an odd ratio, mean
vitamin D level and FEV1% change was evaluated
using pooled standardized mean difference (sMD).
Data analysis used the Review Manager version 5.1 to
analyze the data (Cochrane Collaboration, London, UK).
Two authors (KF and QA) conducted statistical analyses
independently to avoid methodological errors.

Results
Study selection

Using our search strategy, we observed 677 studies.
There were 353 duplicate studies removed. Following a
review of the titles and abstracts, 21 potentially relevant
studies were identified. After reviewing the full-text, 11
studies were excluded because of the difference of the
study design, the insufficient data provided and the dif-
ferent of cut off levels. Finally, we determined 10 stud-
ies that met our inclusion criteria. Figure 1 shows a flow
chart depicting the study selection process.



This review included ten relevant studies that
enrolled 1243 asthmatic children consisting of 631
children receiving vitamin D3 supplementation which
then classified to the intervention group, and 612 chil-
dren receiving placebo which then classified to the
control group. The description of each study is shown
in Table 1. The duration of supplementation ranges
from 3 up to 12months, with the daily dose given
ranging from 1501U/day up to 4000IU/day. Eight stud-
ies analyzed the occurrence of asthma exacerbations
in the intervention and the control group, six studies
analyzed the mean vitamin D levels as measured by
25-hydroxyvitamin D in plasma, and four studies eval-
uated lung function as measured by FEV1.

Study characteristics

The characteristics of the included studies are described
in Tables 1 and 2. 10 RCTs were blinded controlled,
parallel-group trials that evaluated children and adoles-
cents. Even two studies evaluated children from
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newborns and preschoolers [6, 14-22]. Included studies
were from both developing and developed countries:
three studies were conducted in India, two in Poland,
and two in Japan, while the other three were conducted
in US, Israel, and China. The extracted data about out-
come measurements were as follows: the correlations
between vitamin D and asthma exacerbations (8 stud-
ies), vitamin D levels after intervention (6 studies), and
FEV1 (4 studies). The detailed characteristics of included
studies were shown in Table 1. Furthermore, the 25(0OH)
D baseline differed between the studies, with three
studies not providing a baseline. Five studies [6, 17,
20-22] enrolled only vitamin D-deficient (VDD) or vita-
min D-insufficient participants. The other five did not
identify vitamin D deficiency as an inclusion criterion,
although many participants were VDD. The most com-
monly used category levels to characterize serum
25(0OH)D deficiency, insufficiency, and sufficiency, respec-
tively, were 20ng/ml  (50nmol/l), 20-29.9ng/ml
(50-74.9nmol/l), and 30ng/ml (75nmol/l). All included
studies were critically appraised using Joanne Briggs

[ Identification of studies using PRISMA Guideline ]

Records identified (n = 677)
- PubMed (n = 357)

- Google scholar (n = 213)
- Cochrane (n = 107)

Records removed before
screening:

Duplicate records removed
(n=353)

y

Records screened
(n = 324)

Records excluded

Irrelevant (n = 47)

F

Reports sought for retrieval
(n=289)

Reports not retrieved

(n=68)

y

Reports assessed for eligibility
(n= 21)

Reports excluded (n = 11):
Doesn't meet the inclusion

y

Studies included in review
(n=10)

Figure 1. PRISMA flow chart.

»{ criteria (n = 3)
Insufficient data (n = 6)
Different cut off levels (n = 2)
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Table 1. Details of included studies.

Study Number of samples
(author, Age Outcomes
year) Country Intervention Control (years) Dose Duration Cumulative dose Steroid use measured
Majak et al.  Poland 18 18 6-12 10001U/week  3months 900001U Oral steroid Vitamin D level,
[14] (prednisone FEV1
0.45-0.95mg/
k)
Urashima Japan 167 167 6-15  12001U/day 4months 1440001V Not receiving Asthma
et al. [15] steroid exacerbations
treatment
Majak et al. Poland 24 24 6-17  5001U/day 6 months 900001U Inhaled steroid Asthma
[16] (budesonide exacerbations,
800 ug/day) Vitamin D
level, FEV1
Yadav et al. India 50 50 3-14  20001U/day 6 months 3600001V Administration Asthma
[17] (600001U/ route of steroid exacerbations,
month) is not stated Asthma control
Bar Yoseph Israel 19 19 6-18  140001U/week 6weeks 840001V Not receiving Vitamin D level
et al. [6] steroid
treatment
Tachimoto ~ Japan 54 35 6-15  8001U/day 6 months 480001U Not receiving Asthma
et al. [18] first 2months steroid exacerbations,
treatment GINA, CACT
Kang et al.  China 48 48 0-14  2001U/day 12months 73000 — 1460001U Inhaled steroid Asthma
[19] (<6 yo) (budesonide) exacerbations,
4001U/day ACT, FEV1,
(>6 yo) FVC, FEV1/FVC
Jat et al. India 125 125 4-12  10001U/day 9months 2700001V Oral and inhaled  Asthma
[20] steroid exacerbations
Vitamin D
level, FEV1,
FVC, GINA,
CACT
Forno et al. US 96 96 6-16  4000IU/day 12months 14000001V Not receiving Asthma
[21] steroid exacerbations,
treatment Vitamin D level
Thakur et al. India 30 30 6-11  2000IU/day 3 months 1800001V Oral steroid Asthma
[22] exacerbations,
Vitamin D
level, FEV1

Table 2. Baseline characteristics of included studies.

Age (Mean + SD)

25(0H)D (ng/mL) (Mean + SD)

FEV1% (Mean + SD)

Study

(author, year) Intervention Control Intervention Control Intervention Control
Majak et al. [14] 6-12 6-12 32.0+3.1 31.3+34 95.2+4.8 93.4+3.2
Urashima et al. [15] 10.0+2.2 104+24 NM NM NM NM
Majak et al. [16] 10.8+3.2 11.1+33 36.1+13.9 35.1+16.9 94.4+13 98.7+12
Yadav et al. [17] 9.15+2.4 10.0+1.9 NM NM NM NM
Bar Yoseph et al. [6] 13.5+3.6 124+3.6 20.8+6.5 20.0+7.1 NM NM
Tachimoto et al. [18] 10.0+2.4 9.8+2.2 28.4+2.2 29.2+2.4 87.8+1.8 86.3+1.7
Kang et al. [19] 6.56+1.38 6.48+1.27 NM NM NM NM
Jat et al. [20] 82+23 78+22 11.6+4.6 10.8+4.4 92.5+21.7 97.0+17.5
Forno et al. [21] 9.9+25 9.7+25 22.5+4.6 22.8+4.6 93.9+15.8 90.6+17.3
Thakur et al. [22] 9.0+1.7 87+1.6 15.8+8.2 16.549.9 753426.5 7.56+15.7
"NM=not measured.

Institute (JBI) Critical Appraisal tools, checklist for Primary outcome

Randomized Controlled Trials. Three studies did not
clearly report the reasons for subject’s discontinuation
or dropout [6, 15, 17]. One study did not treat the con-
trol and intervention group equally, as the control
group only received inhaled budesonide, while the
intervention group received inhaled budesonide +salbu-
tamol and VD supplementation [19]. The risk of bias
assessment of included studies was shown in Figure 2.

Effect of vitamin D supplementation on asthma
exacerbations

Four out of eight trials included in our meta-analysis
reported that VD supplementation had a significant
effect on lowering the total number of asthma exacer-
bations [18, 20-22] (Figure 3). The cumulative pooled
analysis showed a significant effect in the reduction of



Was true randomization used for assignment of participants to treatment groups?
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Was allocation to treatment groups concealed?
| Were treatment groups similar at the baseline?
.Were participants blind to treatment assignment?
| Were those delivering treatment blind to treatment assignment?

Were outcomes assessors blind to treatment assignment?

Were treatment groups treated identically other than the intervention of interest?
' Was follow up complete and if not, were differences between groups in terms of their follow

' up adequately described and analyzed?

Were participants analyzed in the groups to which they were randomized?

Were outcomes measured in the same way for treatment groups?
Were outcomes measured in a reliable way?

Was appropriate statistical analysis used?

Was the trial design appropriate, and any deviations from the standard RCT design (individual ™
randomization, parallel groups) accounted for in the conduct and analysis of the trial?

Figure 2. Risk of bias assessment for included studies.

asthma exacerbations in VD supplementation group
(RR 0.62; 95% CI: 0.44, 0.87; p=0.006) (Figure 4). Five
out of eight studies included had a standard daily
dose of VD given and showed a statistically significant
improvement in asthma exacerbations (RR 0.55; 95%
Cl: 0,34, 0,89; p=0.01) (Figure 5). VD supplementation
for <6months can decrease the occurrence of asthma
exacerbations, as seen in Figure 5 (RR 0.51; 95% Cl:
0,33, 0,80; p=0.003) (Figure 6). VD supplementation
with steroid treatment can lower the occurrence of
asthma exacerbations compared to children with no
steroid treatment (RR 0.54; 95% Cl: 0,35, 0,84;
p=0.0025) (Figure 7).

Secondary outcomes

Our study found a significant increase in VD levels in
children with VD supplementation (SMD: 1.95; 95% Cl:
1,32,257 p=1x10"% (Figure 8). Out of 5 studies
included with a VDD or VD insufficient levels partici-
pants, 3 of them [6, 21,22] shows an increase in VD
levels and with a sufficient VD levels (Figure 8). There
was also a significant improvement in predicted per-
centage of FEV1 levels in children with VD supplemen-
tation compared to the placebo group (SMD: -0.23
95% ClI: —0,46, —0,01 p=0.04) (Figure 9). FEV1% was
calculated as a change from the baseline.

[ o eaco e o@oooc 0 Forno et al., 2020
ﬂooo -+ I+ )+ 000 © © © Tthakuretal, 2021

00000 OO0 OO O OO vaiketal, 200
©0000 0000000/ swmesms
00000 0000000 wss.un
90000 00000 OO reaetal, 2013

_ 00000 0000000 o Yoseph et al., 2014
00000 OO OO0 OO mchimooetal, 2016
@9000 09000000 @ Kang et al,, 2018
00000 O@OOOQQ 0 Jatetal,, 2019

o SEllog[RR])
0.2+ Pg
o
0.4 :
9 |
o
0.6+ '
o
0.8+
1 n : RR-
0.01 0.1 1 10 100

Figure 3. Funnel plot of included studies.

Discussion

Our meta-analysis showed that asthma exacerbations
were significantly lower in the intervention group com-
pared to the placebo group. This finding is similar to a
previous meta-analysis in adults which demonstrated a
statistically significant reduction in asthma exacerbations
in adults with low VD levels given VD supplementation.
However, the aggregated estimate was insignificant
among adolescents under 16 [11]. Our findings are also
consistent with meta-analysis studies in general asthma
populations, which suggest that vitamin D supplementa-
tion lowers the asthma exacerbations rate treated with
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Supplementation Placebo Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Rand 95% Cl Year M-H, Random, 95% Cl
Urashima et al., 2010 2 167 12 167 4.3% 0.17 [0.04, 0.73] 2010 —— —
Majak et al., 2011 4 24 11 24 7.9% 0.36 [0.13, 0.98] 2011
Yadav et al., 2013 14 50 30 50 16.1% 0.47 [0.28, 0.77] 2013 -
Kang et al., 2018 4 48 14 48 7.4% 0.29 [0.10, 0.81] 2018 —
Tachimoto et al,, 2018 27 54 23 35 19.4% 0.76 [0.53, 1.09] 2018 -7
Jat et al,, 2019 38 125 44 125 19.4% 0.86 [0.60, 1.23] 2019 =
Forno et al., 2020 36 96 33 96 18.9% 1.09 [0.7S, 1.59] 2020 -+
Thakur et al., 2020 4 30 7 30  6.7% 0.57 [0.19, 1.75] 2020 —
Total (95% CI) 594 575 100.0% 0.62 [0.44, 0.87] L 3
Total events 129 174

P - A 2 - = . (8 ; + + =
Heterogeneity: Tau® = 0.12; Chi* = 17.84, df = 7 (P = 0.01); I’ = 61% o1 o1 1 % 100

Test for overall effect: Z = 2.75 (P = 0.006) Placebo Supplementation

Figure 4. The effect of vitamin D supplementation on exacerbations incidence in children with asthma.

Supplementation Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Rand 95% ClI
1.2.1 Standard-dose
Urashima et al., 2010 2 167 12 167  4.3% 0.17 [0.04, 0.73] 2010
Majak et al., 2011 4 24 11 24 7.9% 0.36 [0.13, 0.98] 2011 —
Kang et al., 2018 4 48 14 48  7.4% 0.29 [0.10, 0.81] 2018 ———
Tachimoto et al., 2018 27 54 23 35 19.4% 0.76 [0.53, 1.09] 2018 —
Jatetal., 2019 38 125 44 125  19.4% 0.86 [0.60, 1.23] 2019 =
Subtotal (95% CI) 418 399 58.4% 0.55 [0.34, 0.89] - -8
Total events 75 104

Heterogeneity: Tau® = 0.15; Chi® = 10.44, df = 4 (P = 0.03); I’ = 62%
Test for overall effect: Z = 2.46 (P = 0.01)

1.2.2 Higher-dose

Yadav et al., 2013 14 50 30 50 16.1% 0.47 [0.28, 0.77] 2013 ——
Forno et al., 2020 36 96 33 96 18.9% 1.09 [0.75, 1.59] 2020 -
Thakur et al., 2020 4 30 7 30 6.7% 0.57 [0.19, 1.75] 2020 —
Subtotal (95% CI) 176 176 41.6% 0.69 [0.36, 1.33] = 8
Total events 54 70
Heterogeneity: Tau® = 0.23; Chi® = 7.40, df = 2 (P = 0.02); I’ = 73%
Test for overall effect: Z = 1.10 (P = 0.27)
Total (95% CI) 594 575 100.0% 0.62 [0.44, 0.87] -3
Total events 129 174
P 2 1 r S - - T - b L . "
Heterogeneity: Tau’® = 0.12; Chi‘ = 17.84, df = 7 (P = 0.01); I* = 61% 0.01 01 10 100

Test for overall effect: Z = 2.75 (P = 0.006)

: 5 3 Placebo Supplementation
Test for subgroup differences: Chi* = 0.32, df = 1 (P = 0.57), I’ = 0%

Figure 5. The effect of vitamin D supplementation on asthma exacerbations based on daily dose of vitamin D supplementation.

Vitamin D Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
1.3.1 <6 months
Urashima et al., 2010 2 167 12 167 4.3% 0.17 [0.04, 0.73] 2010
Majak et al., 2011 4 24 11 24 7.9% 0.36 [0.13, 0.98] 2011 ]
Yadav et al., 2013 14 50 30 50 16.1% 0.47 [0.28, 0.77] 2013 —
Tachimoto et al., 2018 27 54 23 35 19.4% 0.76 [0.53, 1.09] 2018 =
Thakur et al., 2020 4 30 7 30 6.7% 0.57 [0.19, 1.75] 2020 S
Subtotal (95% CI) 325 306 54.3% 0.51 [0.33, 0.80] S
Total events 51 83

Heterogeneity: Tau® = 0.11; Chi® = 7.45, df = 4 (P = 0.11); I = 46%
Test for overall effect: Z = 2.97 (P = 0.003)

1.3.2 >6 months

Kang et al., 2018 4 48 14 48 7.4% 0.29 [0.10, 0.81] 2018 S——g—
Jatetal,, 2019 38 125 44 125 19.4% 0.86 [0.60, 1.23] 2019 —-
Forno et al., 2020 36 96 33 96 18.9% 1.09 [0.75, 1.59] 2020 -
Subtotal (95% CI) 269 269 45.7% 0.80 [0.49, 1.31] i
Total events 78 91
Heterogeneity: Tau? = 0.12; Chi? = 5.88, df = 2 (P = 0.05); I = 66%
Test for overall effect: Z = 0.90 (P = 0.37)
Total (95% CI) 594 575 100.0% 0.62 [0.44, 0.87] g 2
Total events 129 174
e 2 " 22 .2 } 4 4 i
Heterogeneity: Tau® = 0.12; Chi* = 17.84,df = 7 (P = 0.01); I’ = 61% o1 o1 10 100

Test for overall effect: Z = 2.75 (P = 0.006)

Placebo Supplementation
Test for subgroup differences: Chi* = 1.73, df = 1 (P = 0.19), I = 42.1% PP

Figure 6. The effect of vitamin D supplementation on asthma exacerbations based on duration of supplementation.
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Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
1.4.1 VD supplementation as an adjunct to steroid therapy
Majak et al., 2011 4 24 11 24 7.9% 0.36 [0.13, 0.98] 2011
Yadav et al., 2013 14 50 30 50 16.1% 0.47 [0.28, 0.77] 2013 -
Kang et al., 2018 4 48 14 48 7.4% 0.29 [0.10, 0.81] 2018 —r—
Jatetal,, 2019 38 125 44 125 19.4% 0.86 [0.60, 1.23] 2019 .=
Thakur et al., 2020 4 30 7 30 6.7% 0.57 [0.19, 1.75] 2020 —
Subtotal (95% CI) 277 277 57.5% 0.54 [0.35, 0.83] <5
Total events 64 106
Heterogeneity: Tau® = 0.11; Chi’* = 7.91, df = 4 (P = 0.09); I* = 49%
Test for overall effect: Z = 2.80 (P = 0.005)
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Figure 7. The effect of vitamin D supplementation on asthma exacerbations related to steroid use as a controller medication.

Vitamin D Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% Cl
Majak et al., 2009 32.7 25 18 303 29 18 17.1% 0.87 [0.18, 1.55] 2009 =
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Figure 8. The effect of vitamin D supplementation on vitamin D levels.
Supplementation Placebo Std. Mean Difference Std. Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI
Majak et al., 2009 95.9 4.1 18 948 2.3 18 11.3% 0.32 [-0.33, 0.98] 2009 e
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Test for overall effect: Z = 2.07 (P = 0.04)

Figure 9. The effect of vitamin D supplementation on FEV1.

systemic corticosteroids, particularly in individuals with
vitamin D insufficiency [23,24]. According to the most
recent research, vitamin D has significant immunomodu-
latory effects that inhibit airway inflammation, improve
airway hyper-responsiveness, decrease gland secretion,
slow bronchial smooth muscle cell growth, improve air-
way remodeling, boost the body’s response to corticoste-
roids and decrease viral-induced asthma attack [21,
25-27]. Most exacerbations are caused by viral upper
respiratory tract infections (URTIs), especially in young

Placebo Supplementation

children [6]. Vitamin D may attenuate viral-induced
asthma attacks by reducing rhinovirus replication in
bronchial interferon-mediated
antiviral pathways and inducing the production of anti-
microbial peptides [21].

Several

epithelium, promoting

studies have shown the effectiveness of
vitamin D supplementation in reducing the incidence
of exacerbations in asthma patients [1, 28]. However,
none have analyzed the optimal dose and duration of
supplementation in children. This review analyzed
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subgroups for daily dose based on Vitamin D dosing
basic principles [13]. The results of this review revealed
that a daily dose of vitamin D in a standard recom-
mended dose is more significant in decreasing exacer-
bations compared to those higher dose; the optimal
duration was seen in subjects receiving supplementa-
tion <6months. Previous clinical trials in patients with
atopic dermatitis revealed that a weighted average
dose of 1,500-1,6001U per day for up to three months
was associated with clinically significant benefits in
reducing disease severity [29].

Standard recommended daily dose VD supplemen-
tation fits in with The Endocrine Society’s vitamin D
supplementation recommendations for children [30].
Higher dose of VD supplementation may not always
give a better result because there is an optimal dose
for VD supplementation in children. In a study involv-
ing the administration of 14,0001U of vitamin D per
week to children aged 13.5 3.6years, there was no dif-
ference between the effects of vitamin D and placebo,
even though vitamin D levels in the blood increased
significantly [6]. Additionally, there are no specific rec-
ommendations regarding the duration of VD supple-
mentation for respiratory health. The supplementation
of adults with a high dose of vitamin D monthly for an
average duration of 1.1years, which increased serum
25(0OH)D concentration by >50nmol/L relative to pla-
cebo, did not enhance lung function in the study pop-
ulation [31]. One study found that infants with vitamin
D deficiency who received ergocalciferol doses greater
than 300,0001U were at a high risk for hypercalce-
mia [32].

Our pooled analysis found that the mean vitamin D
(25(0OH)D) levels (four studies) were significantly higher
in the intervention group than in the placebo group.
This result was similar to the study that Vitamin D sup-
plementation substantially altered serum vitamin D
levels in asthmatic children [28]. Vitamin D supplemen-
tation may even diminish the lung function of patients
[26]. The incidence of adverse events (AEs) was com-
parable between minors receiving vitamin D and those
receiving placebos, so it was generally believed that
vitamin D was safe [28].

This review revealed that even though vitamin D
may decrease the occurrence of asthma exacerbations
generally, the effect is more significant in subjects with
steroid treatment compared to no steroid received.
Vitamin D is thought to increase the expression of
MAPK phosphatase 1 (MKP-1), another anti-inflammatory
mechanism, which leads to corticosteroid-induced
anti-inflammatory and immunosuppressive effects in
peripheral blood mononuclear cells [33,34]. The
method for reversing steroid resistance was enhanced

by adding vitamin D’s ability to decrease fractalkine
release [35]. Both corticosteroids and vitamin D are
able to individually control the release of inflammatory
chemokines in human airway smooth muscle; how-
ever, when both are administered together, an additive
suppression of this chemokine is produced [36].
Vitamin D and corticosteroids have been shown to
synergistically generate a tolerogenic dendritic cell
(DC) phenotype that is crucial for immunomodulation
and decreased reactivity to self and external antigens
(such as allergens) [25]. Oral treatment of vitamin D
(calcitriol) also reversed the effects of steroid resistance
by activating IL-10-secreting Tregs [37,38]. The effects
of VD supplementation were more significant in chil-
dren than in adult with asthma [33]. It may be because
airway remodeling is less common in children than in
adults [33, 39,40].

This review also revealed a significant FEV1 improve-
ment in subjects receiving vitamin D supplementation.
This finding aligns with previous studies that found a
positive correlation between vitamin D and lung func-
tion [24, 41]. A 6-week [6] and 15-week [42]
Double-Blind Placebo-Controlled Trial study found no
correlation between vitamin D supplementation and
lung function. However, in an Iranian study conducted
before, 8 and 24 weeks after vitamin D administration,
FEV1 was significantly improved in the intervention
group than the other group after 24 weeks [43]. The
various immune modulatory characteristics of vitamin
D in different cells were explained [44-46]; neverthe-
less, it takes time before vitamin D reaches the appro-
priate concentration and exhibits its effects. Vitamin D
can improve lung function by attenuating Th2 and
Th17 responses, enhancing IL-10 production, and
inhibiting airway smooth muscle hypertrophy and col-
lagen deposition [21].

A notable strength of our systematic review and
meta-analysis is the inclusion of only randomized con-
trolled trials (RCTs). RCTs are considered the gold stan-
dard in evidence-based medicine for assessing the
efficacy of interventions, as they minimize the risk of
various biases compared to other study designs. By
exclusively including RCTs in our analysis, we have
enhanced the internal validity of our findings and pro-
vided a robust basis for evaluating the impact of vita-
min D supplementation on asthma exacerbations in
children. One limitation of our systematic review and
meta-analysis is the potential for publication bias.
Despite our efforts to include all relevant studies, it is
possible that some trials with null or negative results
were not published or were difficult to access, leading
to an overestimation of the beneficial effects of vitamin
D supplementation on asthma exacerbations in children.



Conclusion

In conclusion, the available evidence suggests that vita-
min D supplementation decreases the rate of asthma
exacerbations in children and improves FEV1, but the
effect is dose and duration related. A daily dose of vita-
min D based on the standard daily dose recommenda-
tion is more significant in decreasing exacerbations
compared to those receiving higher dose than the rec-
ommendation. The vitamin D supplementation effect
was also seen as more significant in patients receiving
steroid treatment compared to none. Overall, vitamin D
supplementation may be a promising therapy for
reducing asthma exacerbations rates in children.
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