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Abstract: We performed a systematic review and meta-analysis to investigate the effects of vitamin D
(VitD) supplementation on children with allergic diseases. MEDLINE, Embase, Web of Science, the
Cochrane library, and three Chinese databases were searched up to 15 August 2022. Randomized
controlled trials (RCTs) comparing a VitD supplementation versus a placebo for children with allergic
diseases were included. Thirty-two RCTs with 2347 participants were included. VitD supplemen-
tation did not reduce the risk of asthma exacerbations in children compared with placebo overall
(risk ratio (RR) = 0.84, 95% confidence interval (CI): 0.65 to 1.08, p = 0.18), but reduced the risk of
asthma exacerbation in children with baseline serum 25(OH)D of <10 ng/mL compared with placebo
(RR =0.48,95% CI: 0.28 to 0.83, p = 0.009). VitD supplementation significantly reduced Scoring Atopic
Dermatitis or the Eczema Area and Severity Index scores in children with atopic dermatitis compared
with placebo (standard mean difference = —0.5, 95% CI: —0.87 to —0.12, p = 0.009). VitD supple-
mentation also reduced the symptom-medication score in children with allergic rhinitis compared
with placebo (mean (standard deviation): 43.7 (3.3) vs. 57.8 (4.4), p = 0.001). In conclusion, VitD
supplementation did not reduce asthma exacerbation risk in children overall but may reduce asthma
exacerbation risk in children with serum 25(OH)D concentration < 10 ng/mL. VitD supplementation
reduces the severity of atopic dermatitis and symptoms of allergic rhinitis in children.

Keywords: vitamin D; asthma; allergic rhinitis; atopic dermatitis; children

1. Introduction

Allergic diseases, mainly involving asthma, allergic rhinitis (AR), atopic dermatitis
(AD), and food allergy, now affect approximately 20% of the global population [1]. These
diseases impose a tremendous burden on individuals, their families, and societies by
reducing quality of life and productivity at work or school and causing considerable
economic costs [1]. The prevalence of allergic diseases has continued to increase over
the past few decades, especially among children [2]. This could be partially explained by
genetic susceptibility, but this is also related to environmental factors, such as vitamin D
deficiency [3].

Vitamin D is a pleiotropic hormone [4]. In addition to regulating calcium and phos-
phorus metabolism, vitamin D has strong immunomodulatory effects [4]. Vitamin D can
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inhibit type 2 helper T cell (Th2 cell) function [5]. It also inhibits B cell proliferation and
differentiation to plasma cells, resulting in the diminished secretion of immunoglobulin (Ig)
E [6]. It has been well acknowledged that Th2 response plays a critical role in all allergic
diseases [7]. Hence, the growing interest in the effect of vitamin D on allergic diseases has
been generated.

Many observational studies have found that vitamin D deficiency was highly preva-
lent in children with allergic diseases [8-10]. However, it is unclear whether vitamin D
supplementation can improve the outcomes of children with allergic diseases. The effects
of vitamin D supplementation on certain allergic diseases, such as asthma and atopic
dermatitis, have been discussed in several systematic reviews (SRs) [11-14]. However, the
effects of vitamin D supplementation on all allergic diseases in children have not been
examined. The common comorbidities and shared pathogenesis of allergic diseases have
led to the need for a common therapeutic approach [15-17]. Therefore, a holistic overview
of the treatment effect of vitamin D on childhood allergic diseases is necessary. Some of the
previous SRs did not identify the individuals who might derive the greatest benefit from
vitamin D supplementation and did not examine the optimal regimen of vitamin D [12-14].
To resolve the above issues, we performed an SR and meta-analysis to investigate the effects
of vitamin D supplementation on childhood allergic diseases.

2. Materials and Methods

This SR was performed in accordance with the Cochrane Handbook [18]. We reported
the results in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) statement [19]. This review has been registered on the PROSPERO
(CRD42022299761).

2.1. Search Strategy

We searched MEDLINE, Embase, Web of Science, the Cochrane Library, China Biol-
ogy Medicine (CBM), China National Knowledge Infrastructure (CNKI), and Wanfang
Data databases for eligible studies from inception to 15 August 2022, without language
restriction. Further details of the search strategy can be found in Table S1 in the Supple-
mentary Materials. We also searched ClinicalTrials.gov, WHO International Clinical Trial
Registry Platform, and Google.com for any relevant randomized controlled trials (RCTs).
Searches were supplemented by handsearching through the reference lists of the included
publications and previous SRs.

2.2. Eligibility Criteria and Study Selection

RCTs were assessed for eligibility criteria by two groups of experienced investigators
(group 1 was QL and QZ; group 2 was ZW and YZ) who studied and evaluated these RCTs
after careful consideration. Any discrepancy was resolved through consensus discussion
or consultation with a third experienced investigator (ZL). The inclusion criteria were:
(1) population: children aged 1 year to 18 years with allergic diseases such as asthma, aller-
gic rhinitis (AR), atopic dermatitis (AD), food allergies, and anaphylaxis; (2) intervention:
vitamin D supplementation; (3) control: placebo or no supplementation. We also allowed a
maintenance dose of vitamin D (400 IU daily) as a control (compared with a high dose of
vitamin D as an intervention) because some authors believe it was unethical to not provide
vitamin D to the control group, who were suspected to have low serum 25(OH)D levels
at enrollment [20]. We excluded publications that did not present research findings (e.g.,
narrative reviews, editorials, comments) or did not provide separate data for children.

2.3. Data Extraction

Two groups of investigators (group 1 was QL and QZ; group 2 was GZ, XT, and YL)
extracted data in a blinded way. Data from each study were tabulated and checked by a
third investigator (ZL) before inclusion in the analysis. The details of the data extraction are
shown in Appendix S1. The primary outcome for asthma was the number of children with
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one or more asthma exacerbations. Asthma exacerbation was defined as having at least one
of the following: taking systemic corticosteroids for asthma exacerbation; an asthma-related
emergency department (ED) visit or hospitalization, or both; taking short-acting 3-agonists
as quick-relief medication; or a physician-diagnosed exacerbation. The secondary outcomes
for asthma include the number of children requiring systemic corticosteroids for asthma
exacerbations, the number of children requiring ED visits or hospitalization for asthma
exacerbations, the changes in childhood asthma control test (C-ACT) score, total asthma
symptom (TAS) score, forced expiratory volume in the first second (FEV;) % predicted,
FEV, /forced vital capacity (FVC) ratio, forced expiratory flow between 25% and 75% of
vital capacity (FEFp5_75), fractional exhaled nitric oxide (FeNO), total IgE, and interleukin
10 (IL-10) before and after an intervention. The primary outcome for AD was the change in
Scoring Atopic Dermatitis (SCORAD) or the Eczema Area and Severity Index (EASI) before
and after an intervention. The secondary outcomes for AD were Staphylococcus aureus
skin colonization, the erythema index, and the skin conductance. The primary outcome
for AR was symptoms-medication score. The secondary outcome for AR was symptoms
score. Other outcomes include changes in serum 25(OH)D concentration before and after
an intervention and adverse events. If data were missing or the reporting format was not
suitable for the meta-analysis, we contacted the authors of studies by email or calculated
from other reported data according to methods recommended by the Cochrane Handbook
(Appendix S1 in the Supplementary Materials) [18].

2.4. Risk of Bias (RoB) Assessment and Quality of Evidence

Two groups of investigators (group 1 was QL and QZ; group 2 was ZW and YZ)
independently assessed the RoB using the Cochrane collaboration risk of bias tool [18].
Each domain was graded as ‘low’, ‘high’, or ‘unclear’ risk. We assessed the quality of the
evidence with the Grading of Recommendations Assessment, Development and Evaluation
(GRADE) approach for all outcomes [21,22]. GRADE has four levels of evidence: ‘high’,
‘moderate’, ‘low’, or ‘very low’. The quality of evidence from RCTs starts at high and
can be downgraded one or two levels due to risk of bias, imprecision, inconsistency,
indirectness, and publication bias (e.g., from high to moderate) [21,22]. The disagreement
was resolved by a third investigator (YC). Further details are shown in Appendix S1 in the
Supplementary Materials.

2.5. Data Analysis

Dichotomous outcomes were presented as pooled risk ratios (RRs) and 95% confi-
dence intervals (CIs). Continuous variables were presented as pooled mean differences
(MDs) or standard mean differences (SMDs) with 95% Cls. We performed a meta-analysis
using the random-effect Mantel-Haenszel model due to diverse population characteristics,
intervention, and outcome measures. Heterogeneity was assessed by the I statistic and the
value above 50% was suggested substantial statistical heterogeneity [18].

We performed pre-specified subgroup analyses on the following: baseline vitamin D
level (serum 25[OH]D < 10 ng/mL vs. 10-19 ng/mL vs. 20-29 ng/mL vs. >30 ng/mL), age
(1-5 year vs. >5 years), the severity of diseases (mild vs. moderate vs. severe), treatment
duration (<6 months vs. >6 months), a daily dose of vitamin D (daily dose <2000 IU
vs. >2000 IU), bolus-dose vitamin D given (without bolus dosing vs. administration of
at least one bolus dose of vitamin D), and concomitant treatment (use of corticosteroids
vs. not). There is currently no consensus definition of an optimal level of vitamin D [23].
Vitamin D levels were typically defined as deficient (serum 25(OH)D < 20 ng/mL), in-
sufficient (20-29 ng/mL), and sufficient (>30 ng/mL) [24,25]. A cutoff of <10 ng/mL
increased the risk of rickets and osteomalacia dramatically, and vitamin D supplementa-
tion protected most strongly against acute respiratory infection in patients with baseline
25(0OH)D < 10 ng/mL [26,27]. Therefore, serum 25(OH)D < 10 ng/mL was considered to
determine severe vitamin D deficiency [23,28]. Based on the above reasons, we selected the
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10 ng/mL, 20 ng/mL, and 30 ng/mL cutoffs for baseline serum 25(OH)D concentration in
the subgroup analyses.

We also performed a sensitivity analysis to assess the robustness of our findings by
excluding trials assessed as having a high risk of bias in one or more of the domains and
trials in which mean or SD, or both of them were imputed for missing data. Publication bias
was assessed by funnel plot and Egger’s test when there were at least 10 studies included
in the meta-analysis. The threshold for significance for p values was 0.05. We performed
our data analyses with STATA15.0 (StataCorp, College Station, TX, USA) and RevMan
5.4 software.

3. Results
3.1. Study Selection and Characteristics

We identified 3372 records with our search strategy, and 115 full-text articles were
assessed for eligibility. After excluding 83 articles, 32 RCTs with 2347 participants were
included in the review (Figure 1) [29-60]. Among the 32 RCTs, 18 RCTs were for children
with asthma [29-46], 10 RCTs were for children with AD [47-56], and 4 RCTs were for chil-
dren with AR [57-60]. There were no RCTs for children with food allergies and anaphylaxis.
The characteristics of each included RCT are shown in Table 1.

M)
5
§ Records identified from: E(f‘ar‘;(;rndiz rgmoved before
= Databases (n = 3332) —> D I'g. ¢ d d
= Registers (n = 40) uplicate records remove
o (n=731)
L/
J— \ 4
Records screened Records excluded
-
(n=2641) (n=2521)
A4
Studies sought for retrieval Studies not retrieved
—>
2 (n=120) (n=5)
'c
o
:
A \4
Studies assessed for eligibility
(n=113) Studies excluded:
No separate data for children
(n=24)
Not RCT (n = 16)
Review/editorial/comment
(n=43)
o Studies included in review (n = 32)
S 18 Asthma
® 10 Atopic dermatitis
£ 4 Allergic rhinitis

Figure 1. Study flow diagram.
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Table 1. Study characteristics.

Age BMI Baseline
First Author Sample . Disease 8¢/ Male 4 25(0OH)D, Dose of Vitamin Treatment .
. Country Disease . Years, o kg/m~, Co-Treatment . Primary Outcome
(year) Size Severity Ranee (%) Mean (SD) ng/mL, D Duration
8 Mean (SD)
Alansari et al Moderate 300,000-600,000 IU, Unplanned visit for
(2017) [29] ) 231 USA Asthma N 2-14 64.9 NR 15.4 (5.3) None statim followed by 12 months asthma
o severe 400 IU daily exacerbation
Bar Yoseph . .
et al. (2015) [30] 39 Israel Asthma Mild 6-18 64.1 20.6 (3.7) 20.4 (6.7) None 14000 IU weekly 6 weeks Lung functions
Baris et al. Mild to . Asthma control
(2014) [31] 32 Turkey  Asthma moderate 5-15 37.5 NR 19.5 (10.3) SCIT 650 IU daily 12 months assessed by TASS
DIVA 100,000 IU statim Incidence of
(2016) [32] 22 Canada  Asthma  All severity 1-5 31.8 NR 25.3 (8.2) None followed by 6 months asthma
400 IU daily exacerbation
Ducharme et al 100,000 IU x 2 Incidence of
(2019) [33] ’ 47 Canada  Asthma  All severity 1-5 63.8 NR NR ICS doses, 14 weeks 7 months asthma
apart exacerbation
El-Korashi et al. Mild to . Change in serum
(2021) [34] 46 Egypt Asthma moderate 1-18 52.2 NR 13.0 (4.0) SCIT 600 IU daily 6 months level of IL-10
ESDAC . . . Asthma control
(2021) [35] 250 India Asthma  All severity 4-12 72 NR 11.2 (4.5) None 1000 IU daily 9 months assessed by C-ACT
1?26511865; F%t :]1' 39  Ireland Asthma Allseverity  6-16 61.5 18.8 3.7) 21.2 (8.7) None 2000 IU daily 15 weeks Lung functions
Lewis et al. . . Asthma control
(2012) [37] 30 USA Asthma  All severity 6-17 NR NR NR None 1000 IU daily 12 months assessed by ACT
léglggk) ‘f;g]l 36 Poland Asthma Allseverity  6-12 61.1 NR 31.7 (3.2) ICS + SCIT 1000 TU weekly 3months  ICS dose reduction
Maiak et al Incidence of
(20111) [39] ) 48 Poland  Asthma  All severity 5-18 66.7 18.7 (4.1) 35.6 (15.3) ICS 500 IU daily 6 months asthma
exacerbation
Najmuddin . . .
et al. (2017) [40] 66 India Asthma  All severity 6-12 63.6 NR NR None 60,000 IU weekly 10 weeks Lung functions
Swangtrakul © 41 pailand  Asthma  Allseverity 318 488 197(43)  164(22) None <30kg: 3000001U; 5 onths  Lung functions

etal. (2022) [41]

>30 kg: 600,000 IU
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Table 1. Cont.

A BMI Baseline
First Author Sample . Disease 8¢/ Male 4 25(0OH)D, Dose of Vitamin Treatment .
. Country Disease . Years, o kg/m~, Co-Treatment . Primary Outcome
(year) Size Severity Ranee (%) Mean (SD) ng/mL, D Duration
8 Mean (SD)
Tachimoto et al. . . Asthma control
(2016) [42] 89 Japan Asthma  All severity 6-15 56.2 17.5(2.7) 29.4 (6.8) None 800 IU daily 2 months assessed by GINA
Urashima et al Incidence of
(2010) [43] ' 110 Japan Asthma  All severity 6-15 56.3 NR NR None 1200 IU daily 4 months asthma
) exacerbation
. Time to a severe
VDKA 192 USA Asthma Mild to 6-16 59.9 NR 22.7 (4.6) ICS 4000 IU daily 12 months asthma
(2020) [44] moderate exacerbation
ViDASTA . . Asthma control
(2021) [45] 60 India Asthma Moderate 6-11 56.7 NR 16.2 (9.0) ICS 2000 IU daily 3 months assessed by C-ACT
Incidence of
Yadavetal 5 pgia Asthma  Voderate g g 19 NR NR None 60,000 IU monthly 6 months asthma
(2014) [46] to severe exacerbation
Aldachi et al Atopic Corticosteroids, Disease severity
(202g1) [47] ' 54 Iran dermati-  All severity 0-1 51.9 NR NR emollient, and 1000 IU daily 2 months assessed by
tis antihistamines
i ihi i SCORAD
Atopic Emollient,
Camargoetal. 107 \ooohy dermatic Allseverity 217 589 NR NR patient 1000 IU dail Imonth ~ Dseaseseverity
(2014) [48] & tis y ’ education, and y assessed by EASI
basic skin care
Earlia ot al Atopic Corticosteroids, Disease severity
(2020) [ 49]' 68 Indonesia dermati- All severity 1-18 50 NR NR emollient, and 600 IU daily 28 days assessed by
tis antihistamines SCORAD
Galli et al Atopic 05— Disease severity
(2015) [5 O]. 89 Italy dermati-  All severity 1 6. 5 53.9 NR 48.3 (40.6) None 2000 IU daily 3 months assessed by
tis ' SCORAD score
Lara-Corrales Atopic Disease severity
tal. (2019) [51] 45 Canada dermati- All severity 0-18 53.3 NR 17.8 (6.2) None 1000 IU daily 3 months assessed by
e tis SCORAD
Mansour et al. Atoplc. . . . . Disease severity
92 Egypt  dermati- All severity 5-16 51.2 26.9 (5.0 24.1(7.3) Corticosteroids 1600 IU daily 3 months

(2020) [52]

tis

assessed by EASI
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Table 1. Cont.

Age BMI Baseline
First Author Sample . Disease 8¢/ Male 4 25(0OH)D, Dose of Vitamin Treatment .
. Country Disease . Years, o kg/m~, Co-Treatment . Primary Outcome
(year) Size Severity Ranee (%) Mean (SD) ng/mL, D Duration
& Mean (SD)
. Atopic Disease severity
ggg‘)‘}ggﬁ' 60 India dermati- ﬁosif]r::: 1-14 55 NR 175 (2.8) ti‘;%ﬂ:; . 60,000 TU weekly 6 weeks assessed by
tis SCORAD
. Atopic Previously . .
Sidbury etal. USA  dermat-  Mild 213 545 NR NR prescribed 1000 IU daily Imonth Diseaseseverity
(2008) [54] . . assessed by EASI
tis therapies
. Antihistamine, . .
Udompataikul Atopic Mild to sunscreen, skin Disease severity
20 Thailand dermati- 1-18 35 NR 17.0 (1.6) . 4 2000 IU daily 1 month assessed by
et al. (2015) [55] . moderate moisturizer,
tis SCORAD
and cleanser
. Atopic Staphylococcus
Zulkarnain . . . .
20 Indonesia dermati- All severity 2-12 60 NR NR None 400 TU daily 28 days aureus
et al. (2019) [56] . .
tis colonization
Akram et al. . Allergic ~ Moderate Standard .
(2020) [57] 120 Pakistan thinitis t0 severe 5-15 53.3 NR 23.3 (11.9) treatment 800 IU daily 1 month Symptom score
Hassan et al. Allergic . .
(2016) [58] 100 Egypt rhinitis All severity 6-12 50 27.9 (4.9) 18.4 (6.1) None 1000 IU daily 6 months Symptoms score
. SLIT and Symptom-
Jerzynskaetal. g Poland  ‘Mlergic  Moderate 5-12 57.8 NR 459 (5.2) standard 1000 TU daily 5 months medication
(2016) [59] rhinitis to severe
treatment score
. Symptom-
Jerzynskaetal. - a0 pj g Allergic Moderate g, NR NR 60.9 (36.7) Standard 1000 U daily 5 months medication
(2018) [60] rhinitis to severe treatment score

Abbreviation: BMI: body mass index; C-ACT: childhood asthma control test; EASI: eczema area and severity index; GINA: global initiative for asthma; ICS: inhaled corticosteroids; NR:
not reported; SCIT: subcutaneous immunotherapy; SCORAD: scoring atopic dermatitis; SD: standard deviation; TASS: total asthma symptom score.
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3.2. Risk of Bias

Four open-label RCTs did not blind patients and researchers and therefore had high
risk of bias in the blinding domain [29,40,50,57]. Five RCTs had high risk of bias in han-
dling missing data [37,46,55,59,60]. Fourteen RCTs had unclear risk of bias in at least
one domain [30,31,34-36,38,39,41,49,51,53,54,56,58]. Nine RCTs had low risk in all do-
mains [32,33,42-45,47,48,52]. Details of the RoB assessment results are provided in Figure S1
in the Supplementary Materials.

3.3. Childhood Asthma
3.3.1. Overall Analysis

Eleven studies with 1143 patients reported the primary outcome. The pooled estimates
found that vitamin D supplementation did not reduce the number of children with one
or more asthma exacerbations compared with placebo (RR = 0.84, 95% CI: 0.65 to 1.08,
2 = 59%, p = 0.18) (Figure 2). The quality of this evidence was downgraded to moderate
due to their relative imprecision (Table S2 in the Supplementary Materials). Vitamin D
supplementation was also not significantly associated with any of the secondary outcomes
(Figure S2 in the Supplementary Materials).

Vitamin D Placebho Risk Ratio Risk Ratio

Study or Subgrou Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Alansari etal, 2017 100 116 99 115  20.8% 1.00[0.80,1.11] *

DA, 2016 g 11 7 11 T.2% 0.71[0.33,1.57] - 1
Ducharme et al, 20149 15 23 12 24 12.0% 1.30[0.79, 2.14] T
ESDAC, 2021 38 107 3102 14.5% 1A7[0.79,1.73] ™

Kerley etal, 2016 g 17 g 22 5.8% 0.81[0.32, 2.03] I

Majak et al, 2011 4 24 11 24 5.2% 0.36[0.13, 098] e
Tachimoto et al, 2016 1 a4 0 ki 0.6% 1.96 [0.08, 46.849]

Urashimaetal, 2010 2 51 12 59 28% 0.19[0.05, 0.82]

WDkA, 2020 36 96 33 96 14.8% 1.08[0.75,1.59] T
VIDASTA, 2021 4 28 7 28 4.4% 087019, 1.74] .
Yadavetal 2014 14 a0 a0 a0 12.0% 0.47[0.28 0.77] -

Total (95% CI) 577 566 100.0% 0.84 [0.65, 1.08] L

Total events 224 250

Heterogeneity: Tau®= 0.08; Chi*= 24 62, df= 10 (P = 0.006); F= 58% In v 051 150 100’

Testfar overall effect: Z=1.35{F =018 Favours vitamin D Favours placebo

Figure 2. Meta-analysis of the number of children with one or more asthma exacerbations [29,32,33,
35,36,38,42-46].

3.3.2. Additional Analysis

We performed subgroup analyses of the primary outcome. We found a statistically
significant interaction between asthma exacerbation risk and baseline serum 25(OH)D level
(Pinteraction = 0.04), indicating that baseline serum 25[OH]D levels modified the effects of
vitamin D supplementation on asthma exacerbation risk. The protective effect of vitamin D
supplementation on asthma exacerbations decreased with the increase of baseline 25{OH]D
levels (Figure 3). Vitamin D supplementation significantly reduced the risk of asthma
exacerbation in children with baseline serum 25(OH)D of <10 ng/mL (RR = 0.48, 95%
CI: 0.28 to 0.83, p = 0.009) (Table S3 in the Supplementary Materials). The quality of this
evidence was downgraded to low due to imprecision and a high risk of bias (Table S2 in
the Supplementary Materials). However, vitamin D supplementation did not result in
a statistically significant reduction in asthma exacerbation risk in children with baseline
25(0OH)D between 10 to 19 ng/mL (RR = 0.96, 95% CI: 0.74 to 1.24, I? = 9%, p=0.73) or
children with baseline 25(OH)D between 20 to 29 ng/mL (RR = 1.10, 95% CI: 0.81 to 1.48,
2 = 0%, p = 0.56) (Table S3 in the Supplementary Materials). We also performed subgroup
analyses by age, treatment duration, daily dose of vitamin D, bolus-dose vitamin D given,
and concomitant treatment. P values for interaction for these subgroup analyses were
higher than 0.05 and no significant protective effects of vitamin D supplementation were
found within these subgroups (Table S3 in the Supplementary Materials).
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Figure 3. Subgroup analysis of the number of children with one or more asthma exacerbations by
baseline serum 25(OH)D concentration. Risk ratio and 95% confidence intervals are presented. Note:
we were unable to assess the subgroup of children with baseline 25(OH)D levels > 30 ng/mL because
no trials exclusively enrolled those children. As a result, we only examined subgroups with baseline
25(OH)D levels of < 10 ng/mL, 10-19 ng/mL, and 20-29 ng/mL.

The effect of vitamin D supplementation on the primary outcome remained unchanged
when we excluded the trials with a high risk of bias in a sensitivity analysis (RR = 0.88, 95%
CI: 0.64 to 1.20, I = 40%, p = 0.43) (Figure S3 in the Supplementary Materials). A funnel
plot and an Egger’s test (p = 0.137) did not observe publication bias in terms of the primary
outcome (Figure 54 in the Supplementary Materials).

We also performed subgroup analyses of FEV, FEV;/FVC, and total IgE in response
to comments from reviewers. Similarly, we did not find protective effects of vitamin D
supplementation on these outcomes in each subgroup (Tables S4-56 in the Supplemen-
tary Materials).

3.4. Atopic Dermatitis
3.4.1. Overall Analysis

Eight studies with 483 patients reported the primary outcome. Overall, vitamin D
supplementation significantly reduced AD severity assessed by the SCORAD or the EASI
score compared with placebo (SMD = —0.5, 95% CI: —0.87 to —0.12, I?> = 73%, p = 0.009)
(Figure 4). The quality of this evidence was downgraded to moderate due to inconsistency
(Table S2 in the Supplementary Materials). Vitamin D supplementation also improved
secondary outcomes. Two studies reported Staphylococcus aureus skin colonization [55,56].
Zulkarnain et al., found that the rate of Staphylococcus aureus skin colonization was
significantly lower in the vitamin D supplementation group than in the placebo group
[mean (standard deviation, SD): —793.1% (428.5%) vs. —161.5% (787.1%), p = 0.043] [56].
Udompataikul et al., found that the vitamin D supplementation group had a lower colony
count of Staphylococcus aureus than those taking placebos at week 4 (p = 0.08) [55]. They
also found that the erythema index of those with vitamin D supplement was statistically
significantly lower than those with placebo (p = 0.01). Skin conductance was found to be
lower in the vitamin D supplementation group, but the difference was not statistically
significant (p = 0.08).



Nutrients 2022, 14, 3947

10 of 16

Sidbury et al, 2008 —46 89 5 =22 89 6 6.4% —0.25[-1.44, 0.95
Udompataikul et al, 2015 —10.4 4.8 10 -5 4.8 10 8.4% —1.08[-2.03,-0.13

Vitain D Placebo Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, 95% CI v, 95% CI
Camargo et al, 2014 —6.5 838 57 =33 76 47 15.4% —0.38 [-0.77,0.01]
Earlia et al, 2020 —16.3° 10.7 34 3.6 86 34  13.2% —1.60[-2.15,-1.05] —_—
Galli et al, 2015 —=0.2: 111 41 -1.3 194 48 15.1% 0.07 [-0.35, 0.48) e
Lara-Corrales et al, 2019 -11.9 15.4 21 —-9.3 13.4 24 12.7% —0.18 [-0.76, 0.41] —
Mansour et al, 2020 —24 12.7 44 —18.9 8.8 42  14.9% —0.46[-0.89,—0.03]
Modi et al, 2021 —442 6.7 30 —41.9 o 30 13.8% —0.29[-0.79,0.22] i

]

]

e

Total (95% CI) 242 241 100.0% —0.50 [-0.87,—0.12]
Heterogeneity: Tau? = 0.20; Chi® = 25.77, df = 7 (P = 0.0006); I° = 73%
Test for overall effect: Z = 2.61 (P = 0.009)

=2 =1 ]

1
Favours vitamin D Favours placebo

=

Figure 4. Meta-analysis of the change in EASI or SCORAD before and after intervention among
children with atopic dermatitis [48-55]. EASI: Eczema Area and Severity Index; SCORAD: Scoring
Atopic Dermatitis.

3.4.2. Additional Analysis

We performed subgroup analyses of the primary outcome. Vitamin D supplementation
significantly reduced atopic dermatitis severity in children with baseline serum 25(OH)D
of less than 30 ng/mL (SMD = —0.40, 95% CI: —0.67 to —0.13, 12 = 0%, p =0.004), but not
in children with baseline serum 25(OH)D more than or equal to 30 ng/mL (SMD = 0.07,
95% CI: —0.35 to 0.48, p = 0.75) (Table S7 in the Supplementary Materials). However, the p
value for interaction for this subgroup analysis was non-significant (Pjyeraction = 0.07). The
quality of this evidence was downgraded to moderate due to imprecision (Table S2 in the
Supplementary Materials). Subgroup analyses by daily dose of vitamin D and bolus-dose
vitamin D given did not reveal evidence of effect modification (Piyteraction > 0.05) (Table S7
in the Supplementary Materials).

The effect of vitamin D supplementation on the primary outcome remained unchanged
when we excluded the trials with a high risk of bias (SMD = —0.55, 95% CI: —0.96 to —0.13,
2 =72%, p = 0.01) and excluded the trials with missing data (SMD = —0.46, 95% CI: —0.88
to —0.04, I? = 79%, p = 0.03) in the sensitivity analyses (Figure S5 in the Supplementary
Materials).

3.5. Allergic Rhinitis

Four studies with 307 patients reported the outcomes of children with allergic rhinitis.
Data from these studies could not be pooled because of high heterogeneity in the outcome
reporting. Therefore, we performed a qualitative analysis. Jerzynska’s study in 2016 found
that when compared with placebo group, the vitamin D group was more effective in the
reduction of symptom-medication score (mean (SD): 43.7 (3.3) vs. 57.8 (4.4), p = 0.001), nasal
symptoms (mean (SD): 17.3 (1.8) vs. 22.4 (2.5), p = 0.04), and asthma symptoms (mean (SD):
7.7 (1.0) vs. 12.8 (1.7), p = 0.001). No significant difference was found between the groups in
medication (p = 0.211) and ocular scores (p = 0.149) [59]. Jerzynska’s study in 2018 found
that the symptom-medication score was significantly lower in vitamin D supplementation
group compared to placebo group (p = 0.0371) [60]. Akram et al. found that children
with AR had a significant lower symptom score of rhinorrhea (p < 0.001), nasal congestion
(p = 0.01), sneezing (p < 0.001), and itching (p = 0.016) in the vitamin D supplementation
group than in the placebo group [57]. Hassan et al. found that improvement in the average
morning and evening total nasal symptom scores was significantly greater in vitamin D
supplementation group compared to placebo group (improved mean score: —0.61, 95% CI:
—1.05 to —0.18) [58].

3.6. Serum 25(OH)D Concentration Levels

Twenty-one RCTs (n = 1545) reported the changes of serum 25(OH)D levels before
and after intervention. The increase of serum 25(OH)D in children with vitamin D sup-
plementation was significantly greater than that in the control group (MD = 16.84, 95%
CI: 11.75 to 21.93, p < 0.001) (Figure S6 in the Supplementary Materials). However, after
vitamin D supplementation, the mean serum 25(OH)D level of children with asthma was
only 33.48 (95% CI: 27.94 to 39.02) ng/mL. The mean post-intervention serum 25(OH)D
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levels in children with atopic dermatitis and allergic rhinitis were 67.69 (95% CI: 47.19 to
88.19) ng/mL and 75.42 (95% CI: 30.90 to 119.93) ng/mL, respectively (Figure S7 in the
Supplementary Materials).

3.7. Adverse Events

Two RCTs giving a bolus dose of 100,000 IU vitamin D reported that eight children
had serum 25(OH)D levels greater than 90 ng/mL after taking vitamin D [32,33]. However,
urinary Ca:Cr was normal in these children [32,33]. In one study, one child in the vitamin
D group and one in the placebo group developed hypercalciuria [32]. No participant had
hypercalcemia, renal stones, or suppressed parathyroid hormone. Vitamin D supplementa-
tion did not increase the risk of any non-serious or serious adverse events (Table S8 in the
Supplementary Materials).

4. Discussion

In this meta-analysis, vitamin D supplementation did not reduce the risk of asthma
exacerbation and did not improve asthma control and lung function in children overall but
may reduce asthma exacerbation risk in children with serum 25(OH)D concentration less
than 10 ng/mL. We also found that vitamin D supplementation can reduce the severity of
AD in children, especially children with serum 25(OH)D concentration less than 30 ng/mL.
In addition, vitamin D supplementation has been shown to significantly alleviate symptoms
in children with allergic rhinitis. Vitamin D supplementation was safe and did not increase
the risk of severe adverse events.

Our findings are consistent with those of a recently published meta-analysis, which
did not find protective effects of vitamin D supplementation on reducing asthma exacerba-
tion in children either [13]. There are many factors that contribute to the ineffectiveness
of vitamin D supplementation in children with asthma. First and foremost, vitamin D
supplementation may be effective in particular subgroups, rather than all children. Our sub-
group analysis found a protective effect of vitamin D on asthmatic children with baseline
25(OH)D of less than 10 ng/mL, but not in patients with higher baseline 25(OH)D levels.
A meta-analysis of individual participant data yielded the same results [11]. Although both
meta-analyses found that vitamin D supplementation was effective in asthmatic patients
with severe vitamin D deficiency, the sample size of this subgroup was small. More large-
sample RCTs are required in the future to confirm this finding. In addition, the influence
of vitamin D on childhood asthma may be affected by genetic differences in vitamin D
metabolic pathways [61]. Some studies suggested that vitamin D may be more beneficial
in severe steroid-resistant asthma and asthmatic children with obesity [62,63]. However,
the influence of vitamin D supplementation in these subgroups could not be evaluated in
our meta-analysis due to the unavailability of data. Additional large, rigorously designed
RCTs in these fields are needed. A second reason may be inadequate vitamin D supple-
mentation. Serum 25(OH)D concentrations more than 30 ng/mL are widely accepted to
indicate vitamin D sufficiency [64]. However, this standard is suitable for bone health [64].
Some children with asthma still had recurrent attacks with serum 25(OH)D more than
30 ng/mL [65]. Thus, some experts suggest the optimum serum 25(OH)D level for allergic
and inflammatory diseases should be above 40 ng/mL [24,66]. In our meta-analysis, after
vitamin D supplementation, the mean serum 25(OH)D level of children with asthma was
only 33.48 (95% CI: 27.94 to 39.02) ng/mL, which indicated that nearly half of the patients
did not achieve serum 25(OH)D level of 30 ng/mL after vitamin D supplementation, and
more than 95% of the patients did not achieve serum 25(OH)D level of 40 ng/mL. In
contrast to RCTs on AD and AR, the pooled results of these RCTs showed vitamin D sup-
plementation was effective, and accordingly, the mean serum 25(OH)D levels after vitamin
D supplementation in these study populations were much higher than those in children
with asthma and also higher than 40 ng/mL. Future RCTs should explore the effectiveness
of vitamin D in children with asthma after adequate levels of 25(OH)D have been reached.
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Consistent with our findings, vitamin D supplementation has shown to reduce the
severity of AD in children in other meta-analyses [14,67-69]. However, the three previously
published meta-analyses included both pediatric and adult patients [24,67,68]. A recently
published meta-analysis only analyzed the results of four trials in pediatric patients and did
not conduct subgroup analyses [14]. In our subgroup analysis, we saw a statistically signifi-
cant reduction in AD severity with baseline 25(OH)D of less than or equal to 30 ng/mL,
but not in participants with 25(OH)D of more than 30 ng/mL. However, the p value for
interaction for this subgroup analysis was non-significant. Formally, we have not shown
that effects are stronger in one group than in the other; alternatively, we might have lacked
statistical power to detect the relevant interactions. Further research to clarify whether
baseline vitamin D status modifies the effects of vitamin D on AD severity is needed.

There has been no SR evaluating the efficacy of vitamin D supplementation in chil-
dren with AR. Our SR included four RCTs on children with AR and the results of each
RCT showed that vitamin D supplementation significantly reduced the symptoms of AR
patients [57-60]. However, some RCTs had design issues, such as not blinding participants
and researchers and not properly addressing missing data [57,59,60]. In addition, we were
unable to perform a quantitative analysis because of differences in outcomes between
trials. Therefore, in the future, researchers need to design their trials in accordance with the
Cochrane Risk-of-bias Tool for Randomized Trials [18] and investigate standardized and
patient-relevant outcomes that are comparable across studies.

There has been no RCTs evaluating the efficacy of vitamin D supplementation in
children with food allergies and anaphylaxis. Future research on these allergic diseases
may be needed. P values for interaction were higher than 0.05 for subgroup analyses
relating to vitamin D dosing regimen, treatment duration, and use of corticosteroids.
Therefore, we did not find evidence that effects of vitamin D supplementation differed
across these subgroups of patients. As a result, the optimum dose and treatment duration
of vitamin D and the synergistic effects of vitamin D and corticosteroids are as yet unknown
and require additional primary studies to determine.

We provided a comprehensive analysis of the effects of vitamin D supplementation
on allergic diseases in children and compared the effects across allergic diseases and
populations for the first time. However, we acknowledge several limitations of our study.
First, there was variability in the population characteristics, intervention, and outcomes,
which may lead to heterogeneity in results. Therefore, we pooled the data using a random-
effects model. In addition, we performed subgroup analyses and sensitivity analyses
and found the results remained unchanged and statistical heterogeneity was reduced.
Second, we could not conduct some of the prespecified subgroup analyses because relevant
information was not reported in the primary studies. Individual patient data meta-analysis
of existing datasets is needed before definitive clinical recommendations can be made.

5. Conclusions

Vitamin D supplementation did not reduce the risk of asthma exacerbations in children
overall but may reduce asthma exacerbation risk in children with serum 25(OH)D con-
centration less than 10 ng/mL. Vitamin D supplementation can safely reduce the severity
of AD and symptoms of AR in children. Large-scale and well-designed RCTs are needed
to confirm these conclusions and investigate the optimum regimen of vitamin D and the
patients who would benefit most from vitamin D supplementation.
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vital capacity (FVC) ratio; Table S6: Subgroup analyses of change in total IgE, Table S7: Subgroup
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