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Abstract

Background: There is a controversy in terms of the efficaéyitamin D supplementation in improving asthma gyom control. Moreover,
whether there is a difference in the treatmentcefféth respect to baseline vitamin D status resainknown. This meta-analysis was to assess
the correlations of vitamin D status with asthmizte respiratory outcomes.

Methods: PubMed, EMBASE, and Cochrane Library were seatdbe randomized controlled trials of vitamin D slmentation in patients
with asthma. Primary outcomes were the rate ofnaatlexacerbation and predicted percentage of foesgdratory volume in first second
(FEV1%). Secondary outcomes were asthma control tesT)A€ores, fractional exhaled nitric oxide (FeNi@)erleukin-10 (IL-10) and adverse
events.

Results: A total of 14 randomized controlled trials (14@articipants) fulfilled the inclusion. Vitamin D pplementation was associated with a
significant reduction in the rate of asthma exaagdm by 27% (RR: 0.73 95%Cl (0.58-0.92)). In suhgr analysis, the protective effect of
exacerbation was restricted in patients with vitamiinsufficiency (vitamin D < 30ng/ml) (RR: 0.785%Cl (0.61-0.95)). An improvement of
FEV:% was demonstrated in patients with vitamin D ifisighcy and air limitation (FEW6 < 80%) (MD: 8.3, 95%Cl (5.95-10.64). No
significant difference was observed in ACT scofeO, IL-10 and adverse events.

Conclusions: Vitamin D supplementation reduced the rate ohmst exacerbation, especially in patients with vitar® insufficiency.

Additionally, the benefit of vitamin D had a poséieffect on pulmonary function in patients withlanitation and vitamin D insufficiency.

Keywords: Asthma; Vitamin D; Treatment; Meta-anay&RCTs.

Abbreviations: FEV;% = predicted percentage of forced expiratory vaumfirst second, ACT = asthma control test, IL=1@nterleukin-10,
FeNO = fractional exhaled nitric oxide, 25(OH)D 5-Bydroxyvitamin D, Cl = confidence interval, MD mean differences, SMD =

standardized mean differences, RR = risk ratios.

1 Introduction

Asthma is a heterogeneous disease and charactéyzedronic airway inflammation, which can be cohfil]. However, current asthma
management remains imperfect that substantial ptiopoof patients do not achieve optimal asthmatrmdrdespite high-dose treatment [2].
Recently, multiple epidemiological studies haveniifeed strong associations between vitamin D ifisighcy (25-hydroxyvitamin D (25(OH)D)
< 30ng/ml) and increased asthma incidence, espetigbatients with severe and uncontrolled astfi8a8]. This may explain by that, vitamin D
plays a key role in modulating the immune resparg showing anti-inflammatory effects [3,6-9]. Thilmere has been enormous interest in the
use of vitamin D as a potential therapeutic option.

The evidence-base increasingly supports vitaminuppementation being a safe, practical and beréfigart of the comprehensive
management of asthma [10]. Neverthelessrecent review by Hall et al. [11] indicated tka¢ positive effect of vitamin D in asthma control
remained controversial. Moreover, randomized cdietlatrials (RCTs) published recently have examitieel potential contribution caused by
vitamin D supplementation to asthma susceptibiliype study [12] indicated that 4-month vitamin Opglementation was associated with an
improvement in pulmonary function regardless oéwiin D status, whereas other studies [13,14] shaavedgative effect on it. In addition,

Musharraf et al. [15] reported that vitamin D sgpentation was efficacious in the prevention ofi@st exacerbation, while two studies [16-17]



reported the inconsistent results. Therefore, fieeteof vitamin D supplementation on patients wbtlonchial asthma is still controversial.

To date, a total of six aggregate data meta-amaljis®23] have been conducted with inconsistenilt®sHowever, few systematic reviews
have examined the role of vitamin D on pulmonanmycfion, and the question of whether vitamin D ifisigncy is a risk factor for asthma needs
to be clarified. Additional five RCTs [12-15,17]\&been published since the most recent meta-asalgsconsequence, the main goal of our
meta-analysis was to synthesize the evidence tdyjushether the recently published RCTs would rafteevious conclusions and to sort out

causal relationships between baseline vitamin fustand asthma-related outcomes.

2. Material and methods

2.1. Search Srategies

The recommendations on Preferred Reporting ltemS&ystematic Reviews and Meta-Analyses (PRISMA)eweigarded as a guideline to
perform our meta-analysis [24]. Our protocol wagistered in PROSPERO website in April 2018 (CRD&I®24893). We performed a
comprehensive search in the databases PubMed, ERMBB8&chrane Library and Clinical Studies.gov usioigpwing medical subject heading
(MeSH) and free-text terms: “Vitamin D" or “25-hyakyvitamin D (25(OH)D)” or “Vitamin D-3" or “25-hydbxyvitamin D" or
“Cholecalciferol” and “Asthma” or “Bronchial AsthraPublication type was limited in RCTs. The datsémwere searched from the inception
to the end of March 2018. In addition, a manuatcfeaas conducted by searching reference of fometa-analyses and relevant studies, which

were not identified in our electronic search. Thees no limitation to language.

2.2.  Sudy selection

Two reviewers screened the records independemityudion criteria were listed as following: (1) RET2) participants with diagnosed
asthma; (3) intervention was vitamin D, regardletshe drug names, doses, and administration resitior as an adjunct to other forms of
asthma treatment; (4) outcomes were reported idigiegl percentage of forced expiratory volume istfsecond (FEWAb), the rate of asthma
exacerbation, fractional exhaled nitric oxide (FeN&sthma control test (ACT) scores, interleukin{ll010) and the rate of adverse events.
Exclusion criteria were: (1) non-RCTs; (2) popuatiof studies was pregnant; (3) the dosing regiimnetuded the fixed administration of

another drug or vitamin D without an appropriatetool arm; (4) studies only with abstract. The fimelusion was obtained by discussion.

2.3. Dataextraction

The following information was screened closely andracted by two investigators (MMW and CRW) indegently to a standardized
collection form which we had been made before. ikdtifYX) reviewer made the final decision when djsgements occurred. Data were
collected from the included studies as follows: mawmh the first authorpublication year, country of origin, number of tharticipants in each
trial, details of the intervention treatment, basi@racteristics of included patients. Outcomesaei¢d included FEM6, the rate of asthma
exacerbation, FeNO, ACT scores, IL-10 and the odtadverse events. When essential data were nottegf) we communicated with the
original author of the study to get the desiredad&esides, missing data were also collected inicliStudies.gov when we got the NCT

number.

2.4. Outcomes

Primary outcomes were FE% and the rate of asthma exacerbation. BeWas calculated as a change from baseline. Diefinif asthma
exacerbation differed among studies. Thus, our gnatlized the variable definitions reported inmpary publications in our meta-analysis. It
was defined as an increase in symptoms of shortokebseath, cough, wheezing or chest tightness @odressive decrease in pulmonary

function, or require a change in treatment (inadgdshort-acting2-agonists, antibiotics or oral corticosteroidsgue-care visit was reported in



one trial [16] which was also considered asthmaentztion.

Second outcomes were FeNO, ACT scores, IL-10 amddte of adverse events. The outcomes of FeNIT, scores, and IL-10 were also
calculated as the change from baseline. ACT samassdefined by GINA [1], and consisted of day-tiaml night-time symptom control, rescue
use of relievers and activity limitations. The @olling factors were considered as adverse evengerbglcemic, nephrolithiasis, orine calcium

after vitamin D supplementation.

2.5.  Quality assessment

Two reviewers independently evaluated the qualitgach selected study using the Cochrane collabar&ols in following seven aspects:
random sequence generation, allocation concealnidingling of participants and personnel, blindinfy autcome assessment, incomplete
outcome data, selective reporting and other formdias. Moreover, the Grading of RecommendationseAsment, Development, and

Evaluation (GRADE) was used to assess the quéligach endpoint.

2.6. Satistical Analysis

The statistical analysis was performed with the N&w software [Review Manager (RevMan). Version SBe Cochrane Collaboration,
Copenhagen, Denmark] and the Stata 12.0 softwaetat®rp LP, College Station, Texas, USA). Due tialiss differed in the mixes of
interventions and participants, a random-effect eh@edhs conducted to perform the statistical analyaihen data from 3 or more studies were
available, outcomes were pooled using mean diften(MD) and standardized mean differences (SMByefse variance method) for
continuous variable or risk ratios (RR) (Mantel-Hszel method) for dichotomous variables. Besideange between baseline and the longest
follow-up duration was conducted to avoid the disauince of baseline’s unbalance for continuous enés Mann—Whitney U-tests was used to
conduct statistical analyses, and a two-sided Bevaf < 0.05 was considered statistically significaHeterogeneity among the studies was
assessed by Cochran's Q-test, and P < 0.10 waislemts statistically significant. Furthermore, thstatistic was used to calculate the degree of
heterogeneity between included studiésiallues of 25%, 50%, and 75% were considered lovgerate, and high heterogeneity [25]. Moreover,
prespecified subgroup analyses were stratifieddseline of FEW%6, 25(OH)D level, co-medication, age (children dulés), dose and duration
of vitamin D treatment. And these were conducte@xplore the influence and heterogeneity in eadbasne. Potential publication bias was
failed to perform using funnel plot as each outcatitenot reach ten studies. Sensitivity analysesevperformed to examine robustness of our

results by omitting one study and analyzing theaiedfers in each turn.

3. Results

3.1. Sudy Selection

We identified 501 studies using our search stratégytal of 129 duplicate studies were removedeAfitles and abstracts screening, 58

potentially relevant studies were identified. Arftemareviewing the full-text, 14 studies [12-17,38} met our inclusion criteria. A flow chart

showing the study selection is presented in Fig. 1.



Records identified through database searching: (n=501)
PubMed: 133
Embase:140
Cochrane Library:205
Clinical trial 1

| Records after duplicates removed(n=129) |

A4
I Records screened(@=372) I

Records excluded with reasons(n=314)
-trrelevant to vitamin D
N -no enrolling patients with asthma
-case report
-meeting abstract
—review

A
Full texts assessed for eligibility(n=58)

Full text excluded with reason(n=44)

. -non RCT

—no eligible outcomes
-unavailable data

A

Studies included in quantitative synthesis(n=14)

Figurel Flowchart for identification of studies used.

3.2. Sudy Characteristics

The characteristics of the included studies antigygants are listed in Table 1 and 2. Atotal 421 participants (711 intervention group and
710 control group) were enrolled. Among fourteecluded studies, clinical features of patients weggorted in eleven studies of which eight
studies [12,14,17,26,29,30-32] described as stablbma, one [16] as viral-induced asthma, one §8honatopic asthma and one [33] as
IgE-dependent asthma. Nine studies [12,14,15,17880,32] were conducted in adults, while five 1829,31,33] studies were in children.
Regarding the intervention method, four studies{I£27,29] compared vitamin D to placebo as armeat individually, while other studies
received vitamin D as an adjunct treatment. Witepeet to the baseline 25(OH)D level, eleven studiese vitamin D insufficiency

[12,13,15-17,26-29,30,32], while two studies weitamin D sufficiency (25(OH)D > 30ng/ml) [31,33].



Intervention

Duration
Author Year Country N participants Drug Dose Co-intervention Follow-up (mo) Outcomes
(mo)
Intermittent: inhaler 100y salbutamol
Moderate: 12 mg formoterol/ 400 mg
Intermittent to severe persistent
Ali2017[12] Egypt 60 ALF 1mg/d theophylline, twice daily 4 1,234 FEWAb, AdE
asthma
severe asthma (>50%): high dose
beclomethasone
Asthma Diagnosed fefl year ICS (Salmeterol/fluticasor@5/25Qug twice
Musharraf 2017[15] Pakistan 80 VD 50,0001U/2w 3 3 AE
with VD < 30 ng/ml. daily) + Montelukast 10mg
ABBAS2017[26] Iraq 44 Asthma VD 20001U/d Conventional therapy (no digsion) 3 3 FEM%, IL-10
Rubén2017[17] Spain 106 Asthma with VD < 30 ng/ml. CAL 16,0001U/w None 6 6 AE, ACT
Jensen2016[16] Canada 22 Viral-induced asthma VD 0,000 U Vitamin 1 4001U/d 6 0.3,3,6 AE, AdE,
FEV1%, ACT,
Kerley2016[13] Ireland 39 Uncontrolled asthma VD oanJ/d Conventional therapy (no description) 3.75 3.75
IL-10, AdE
FEV1%, ACT,
Martineau2015}7) UK 250 Asthma treated with ICS VD 120000 IU/2mo oné 12 2,6,12
FeNO, AE
FEV1%, FeNO
de Groot2015f8] Netherlands 44 Nonatopic asthma VD 400,000 IU @aotional therapy (no description) 15 0.25,1.5
AdE
ICS
Nageswari2015 [14] India 141 Severe persistennasth VD 1000 Iu/d 6 1,2,3,4,5,6 AdE
(budesonide 8Q@ + formoterol 24g) /d
100000 IU once
Castro2014[32] us 408 Asthma with VD < 30 ng/ml VD Inhaled ciclesonide 32@/d + levalbuterol 7 7 AE, AdE
then 4000 IU/d
Yoseph2014[29] Israel 38 Mild asthma with VD < 30 DV 14,000 IU/w None 15 15 IL-10, FeNO



Arshi2014[30] Iran 130
Majak2011[31] Poland 48
Majak2009[33] Poland 36

ng/ml

Mild to moderate persistent

VD
asthma
Newly diagnosed asthma and
sensitive only to house dust VD

mites

IgE - dependent asthma with

regular symptoms requiring long

- term treatment with ICSs, and VD
a disease duration of at least 2

years.

1000001V once ICS

6 2,6 FEM%, AE,
then 500001U/w  (budesonide/budesonide+ formoterol)
500 IU/d Inhaled budesonide 80§/d 6 2,4,6 FEWAb, AE,
10001U/d prednisone 20mg 2 3,12 FEM%, IL-10

N = number; mo = month; ALF = alfacalcidol; FE¢ = predicted percentage of forced expiratory volumérst secong AdE = adverse events; w = week; VD = vitamin DS| = inhaled corticosteroids; AE = asthma exacarbatL-10 =

interleukin-10; CAL= calcifediol; ACT = asthma cooktest; FeNO = fractional exhaled nitric oxide.

Tablel Details of included studies.

Age (years) FEV1% FeNO (ppb) ACT Scores IL-10 (pg/ml) 25(0OH)D (ng/ml)
Author Year Sex (Female%)
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
| C | | C C C | C
Ali2017[12] 43(10.25) 48(11.25) 68.3 57(20.25) NM NM NM NM NM NM 18(10.33) 18.5(12.8)
Musharraf2017 [15] 29.70(7.74) 29.43(8.47) 42.5 NM NM NM NM NM NM NM <30 <30
ABBAS2017[26] 41.4 (13.6) 40.75(17.31) 75.0 43.9285)  50.90(16.04) NM NM NM NM 37.0(8.64) 29.5(517  8.90(6.82) 6.33(4.64)



Rubén2017[17]

Jensen2016[16]

Kerley2016[13]

Martineau2015}7]

de Groot2015}8]

Nageswari2015 [14]

Castro2014(32]

Yoseph2014[29]

Arshi2014[30]

Majak2011[31]

Majak2009[33]

54.57(15.83)

2.2 (1.19)

10(4.44)

49.4(14.8)

59(9.7)

58.46(8.6)

39.9(13.1)

13.5(3.6)

24.40(9.63)

10.8 (3.2)

6-12

56.61(15.00)

3.1 (1.33)

7(2.22)

46.4 (13.8)

53.6(16.7)

57.18(9.2)

39.5(12.7)

12.4(3.6)

28.64(9.78)

11.1 (3.3)

6-12

7.7

63.6

38.5

56.4

40.9

52.1

68.1

36.8

60.8

33.3

38.9

NM NM
NM NM
105(16.3) 26.87)
82.0 (18.7) 81.0430.
99.1(15.7) 97.6(18.1)
NM NM

80.7013.8 80.5 (14.2)

NM NM
69.199.3  71.2(7.46)
94.4(13)  8.712)
95.2(4.8) 93.4(3.2)

NM

NM

NM

38.1(29.1)

124%9)

NM

NM

38%()

NM

NM

NM

NM

NM

NM

37.0(26.0)

33(38.52)

NM

NM

58.6(54.7)

NM

NM

NM

17.71(4.54)

NM

19(2.96)

19.2(3.9)

NM

NM

NM

NM

NM

NM

NM

19.02(4.59)

NM

17(3.48)

18.9 (3.9)

NM

NM

NM

NM

NM

NM

NM

NM

NM

111

(27.41)

NM

NM

NM

NM

0.95(0.19)

NM

NM

80.0(20.0)

NM

NM

110

(47.41)

NM

NM

NM

NM

0.96(0.19)

NM

NM

75.3(25.9)

<30

24.86
(2.51)
20.45
(7.43)
19.97
(10.1)
24.06

(9.27)

NM

19

(10.37)

20.816

23.82
(16.33)
36.1

(13.9)

32.0(3.1)

<30

27.27
(2.51)
20.45
(8.92)
19.81
(9.7)
22.85

(8.91)

NM

18.8

(11.85)

20.0(7.1)

24.02
(16.45)
35.1

(16.9)

31.3(3.4)

FEV1% = predicted percentage of forced expiratory volumérét secongl FeNO = fraction of exhaled nitric oxide; ACT =tlama control test; IL-10 = interleukin-10; 25(OH¥D25-hydroxyvitamin D; SD = standard derivation; Nivhot

mentioned.

Table2 Baseline characteristics of patients in the Ldiss included.



3.3, Quality assessment

The risk-of-bias assessment results are showrgi2 FEight studies [12,14-16, 27, 31-33] descrittedrandom sequence generation (e.g., a
computer-generated random list, randomization fahledom allocation software, a computer-generatiedation schedule) and were regarded
as a low risk of bias. However, six [13,17,26,28-@0dies were deemed to have an unclear riskasf foir this domain because there was no
description in these studies. Three studies [128]&tated the allocation concealment process kv e study [12,13,15,17,26,27,29-33] was
considered as unclear risk of bias, because we welear whether the envelopes were concealedlifaling of participants and personnel and
outcome assessment, two studies [26,30] were @i®i-And there was no description in five studi@s15,26,29,31]. However, we thought the
endpoints were not affected by a lack of blindifigus, these seven studies were defined as a l@wfrisias. In the domain of incomplete
outcome data, one [13] had an unclear risk of bexsmuse of a high rate of loss. Meanwhile, in t@ain of other biases, all the studies were
deemed to have a low risk except for three stydi®29,30]. In the domain of selective reportingjffee studies were deemed to have a low risk
of bias. The evidence classification results, sunmad from the GRADE evidence profile assessechbyGRADEpro software, are presented in
Table 3.The associated quality of evidence was rated asleeror low due to risk of bias, heterogeneity amgprecision.Consequently, the

results should be interpreted cautiously.

Figure2 Risk of bias graph for included studies.

Study Risk of Quality of
Outcome Inconsistency Indirectness Imprecision Publicab@s

design bias evidence
FEV:% RCT Serious Very seriou$ No serious Seriods Serioué Very Low
Subgroups:
A RCT Serious No serious No serious Seridus No Serious Low
B RCT Serious Serioud No serious Seriods No Serious Low
C RCT Serious No serious No serious Seridus No Serious Low
Adults RCT Serious Serioud No serious seriods No Serious Low
Children RCT Seriou$ Seriou$ No serious Very seriotis  Serious Very Low
Exacerbation RCT Serious No serious No serious Seridus Serioué Very Low
Subgroups:
D RCT Serious No serious No serious Seridus No Serious Low
E RCT Serious No serious No serious SeriBus Serioud Very Low
Adults RCT Serious No serious No serious Seridus No Serious Low
Children RCT Serious Seriou$ No serious Very seriotis  Seriou$ Very Low
ACT scores RCT Serious Very seriou$ No serious Very seriotis No Serious Very Low
FeNO RCT Serious No serious No serious Very seridus  No Serious Very Low
IL-10 RCT Serious Very seriou$ No serious Very seriotis  No Serious Very Low
Adverse events RCT Seridus No serious No serious Very seridus  No Serious Very Low

FEV1% = predicted percentage of forced expiratory voluméirat secongd RCT = randomized controlled trials; VD = vitaniin ACT = asthma control test;
FeNO = fractional exhaled nitric oxide; IL-10 =enkeukin-10; A = subgroup of patients with air ltation and vitamin D insufficiency; B = subgrouppzitients
without air limitation and vitamin D insufficienc{ = subgroup of patients without air limitationdaritamin D sufficiency; D = subgroup of patientihw
vitamin D insufficiency; E = subgroup of patientghwitamin D sufficiency.

1 blinding method and selective reporting and otiipes of some included trials were not offered.

2 Inconsistency were reported yoderate to high heterogeneity.



3 The total sample size is much less than OIS amavkrall number of events was less than 300.

4 Publication bias were reported by incomplete ouealata.

Table3 GRADE assessment of the quality of evidence fopeirds.

3.4. Clinical results

3.4.1. Pulmonary function

Of fourteen studies, eight studies [12,13,26-28B@3] provided data on respiratory function. Wendastrated that there was no significant
difference between vitamin D supplementation armdetho (MD: 0.67 95%Cl (-3.83, 5.16)), but with gthheterogeneity (P <0.000071=1 86%)
(Fig. 3A).

Pre-specified subgroup analyses were conductedetatify the influence of outcomes and possible sesirof heterogeneity. Vitamin D
supplementation was associated with a significamgrovement of FEW6 in patients with vitamin D insufficiency and &l limitation
(baseline FEV% < 80%) (MD: 8.30 95%CI (5.95, 10.64), without dwetgeneity (P = 0.40%# 0)) (Fig. 3A). No such protective effect was
observed among patients without airflow limitatigfig. 3). Vitamin D supplementation was associatth the FE\{% improvement in adults
(MD: 4.65 95%Cl (0.02, 9.28)) but with a higleterogeneity (P=0.008 £ 72%), no such protective effect was seen indetil. There was no

significant association within subgroups based dferént doses or treatment duration of vitamin it with a high heterogeneity in the

subgroups

Experimental Control Mean Difference Moan Difference

1 r Subgron SD Moan SD ! X H 95% C1 1Y, Random 95% Cl
ABBAS2017 1942 2052 24 1795 1552 20 83%  1.17[949,1183) B M—
AIR017 75 825 32 -15 85 28 142%  9.00[475,1325 —
Arshi2014 137 931 64 652 75 68 152%  850(550,11.41) —
o Groot2015 A7 157 2 36 1762 22 89%  190[-7.96,11.76) — T
Kecey2016 355037 6 45 607 8 12T% -8.00[-1383,-217) —_—
Miai2009 07 449 18 14 288 18 155%  -0.70(3.16,1.7¢) -~
Majai2011 46 1216 24 44 1205 24 10.7%  0.20[-6.65,7.05) S
Martinesu2015 14 1985 125 0 20603 125 134%  -1.40[643,363)] B
Total (95% C1) 315 311 100.0% 1.55[-2.83,593) ?
Heterogeneily: Tau® = 30.49; Ch? = 47.09, df = 7 (P < 0.00001); I* = 85% " — ) % o

Test for overall offect: Z = 0.69 (P = 0.49) F s (control] Favours | )

Figure3 Pooled mean difference for the FE¥ with 95% confidence intervals of eligible stud@snparing vitamin D supplement vs placebo.
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Figure4 Pooled mean difference for the subgroup analg6&&V,% (Panel A: subgroup analysis by baseline statiEdf; % and
vitamin D; Panel B: subgroup analysis by differages; Panel C: subgroup analysis by doses of vitBmPanel D: subgroup analysis by

durations of vitamin D).

3.4.2. Asthma exacerbation

Seven studies [15-17,27,30-32] provided data dmaetexacerbation. Except for one study [31], otierkided patients with vitamin D
insufficiency. Pooled evidence indicated that vita® supplementation was associated with a redodfighe rate of exacerbation compared
with placebo ((RR:0.73 95%Cl (0.58, 0.92), with lbaterogeneity (P = 0.39,3 5%)) (Fig. 4A).

Evaluations of the influence of prespecified sulbigranalyses on exacerbation were conducted. Vittngopplementation was associated
with a lower rate of asthma exacerbation amongethaith vitamin D insufficiency ((RR:0.76 95%CI (@.60.95), with no heterogeneity (P =
0.52, F= 0%)). However, there was only one study in tHegsaup of vitamin D sufficiency, and showed a cetesit effect on exacerbation.
With respect to different ages, we obtained a figamt reduction in the rate of exacerbation inled({RR:0.75 95%Cl (0.59, 0.95), with no
heterogeneity (P = 0.4123 0%)), but no such protective effect in childrBesides, it may be associated with a lower raxaterbation in the
subgroup of less than six months of vitamin D treit, which only contained one trial (RR: 0.43 99%@C22, 0.82)). Nevertheless, there was

no significant association of other treatment daret and different doses of vitamin D with asthrraaerbation.
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Figure5 Pooled relative risk for asthma exacerbation ®8B6 confidence intervals of eligible studies conmmaritamin D versus

placebo.
A Expeimanisl  Costrol ik Rstie Mask Masi B Exparimantal  Contral Fisk Ratic ok atss
_Bbaty o Subureva_ Evends  Total Evanta Total Waight M. Raedem. 385Gl MM Rascem SSRGSty orSubgrews  Eventa Total Events Total Waight M Mandem 9SGl M Redom NGl
221 Vitamin D<30ngiml | 3.1 Ackms
Amean1 . o 5 80 2% oa I, 2 Arsbz0td 4 B 5 B A B2 [02, 283 ==riafe—
Casmalie ELI L 078050, 1] Casve0t4 E a7 7 :maw 078050, 1.27) -
Jornanzn1e L] L 048 045, 1.5 - 2w s s 082 [0, 1.14] -
Martreairn 15 a2 1128 G 082060, 1 14] husharrat 2007 L] @ n & Nk 043 [0.72, 082} ol
Musharaf 37 L] 40 n 4 ek 043022, 0.621 b7 1 53 o 5 08 300012 72.03)
Rublna T 1w\ 0 3 Ak 200042 720l Subtatal (¥5% CI) a AN BOTN 0.75 [0.59, 0.05) *
Bublotsl (§5% C1) A El LUl Toml events. - 114
Total wvents Taut = 0.00; Cot = 398, of = 4 (7 = 041 = 0%

" 1z
” i . 5 Hatnmgenaty
t-um,::m:?zfa';r:n%’ L i Tt for overab efect: I =3.36 [F = 0,02

232 Chitran
23 Vitarmin B30ngiml
:',,.W, 4 BOW W Ew i a——— Jnnae2018 Ton LRI 088 (0,43, 1.55) s s
Sublots) (9% €1) ) FErT 038013, 088 e Majakz0t1 A on M s .36 [0.13, 0.98) e |
kel oty a + Tw-ﬂlmm:u e " FE Y 0.61[0:24. 1.58) —
Hertorogeneiy; %ot appicatin
Tast for cvarsll aftect: Z = 1.99 (P = 0.05) Fatnrogenety Tau' = 031, C0F = 282, of = 1 (P = D.00K I = 83%

Tost for overak offect T = 102 (P = 0.31)
Total (a3% CX) m am 10 073 8, 1) *
Tetad ovents s 4 | Total {#4% CIj 18 55 100.0% 073 (350, 097 +

 Taut = GO0 O = 831, & = 8P = 030 P = 5% oot o1 4 Y o Totl events. .ﬂ 1

Test o vl effect 2 = 267 (P = 0.007) Melorogenaty: Tau' = Q0T &% = 831, oF= 6 (P = 0.90% P~ 9%

P femfmaried | o pnin Tt o cvaral otfect Z = 287 [P = 0.097)

Teest e seteoun dfamnens: G = 007, ol 0 1 00 = (681 90 0%

Taxt for wsbarun dfissncas: £3° = 204 & = 1 1P G181 P = 81.1%

(= Experimantd  Control
by o Subgrewe_ Evenia__Total_Evanta_To
241 < 805U
Jermendig. r " LRV 43, % bl 43 o 0ad)
Mgzt | " T TR T 0.38[0.13, 6.08] Susiotst 40 4w 440 {032, 0.02
Bubtotsl (35% €1) 38 » e A1 .2, 1.5 Total avents 7
Tt gvety " " Hemrogenaty: Not sppicatin
Hatarogenony, Tau' = 031; G = 282, of = 1 (Fa 000K = 85% Tast tor ovarad wher 2 = 257 (P = 0,01)
Towt for waral afacs: 2 = 1.02 (F = 0.31)
253 8 monta
243 > soonid A2 i 5 @ 3% o802, 200 =
Cansndntd L] W omr B 0.78 0,50, 1.2 -4 Jeeraendane T " LRI LY QBI04 158] =
Bubtotal (15% £ 201 B ore[ese, 13 - Maka0th A om oM s 0361043, 0.58] ——
ot ety an ¥ P01 1w 0 = 0 J00pazTae E—
Hatiwogenaty: ot apicabie Sublotal (1% €5 152 154 D% 873|045, 1.30] -
Teut for oveinl sPect: 2.« 1,00 (P = 0.20) Total wenis 8 )
Habarogeessty: Tit = .02, O = 320, & = 3 (P = 0.36); P = 6%

243 Ietmeritiost Bigh-sioss | Test for oversl effect 2 = 134 {F = 0.21)
Areoia L] 5 80 aaw o E, 29 i |
Aickmacls o ae a n.nm;;i.:{ - 2835 12 manths.

a7 [ 2 4 vas 043 [0.32, 0, s | Casazate ® m A ar An arms 122 i
Rubin? T 8 6 s a8 apopen T e e ) 42 8o M GE2 08D 1.04] -
Bubtotal (5% €I) m Frra T 0.70 [9.44, 1.08] -> Bublots (55% Cf a4 12 B4EN AE1 0.82. 1.08] -
Totad svris 58 | Total wverts ™ 88
Hetorogenedy: Tau* = 0.05; Ct* = 3.93, of = 3 (P = 0.27): P = 24% Heterogeney: Tau* = 0.00; Ch* = 0.04, df = 1 (P = 0.84): P = 0%
Testfor overal effect: Z = 1.69 (P = 0.09) Testfor overall effect: Z = 1.58 (P = 0.11)
Total (95% C1) 518 526 100.0% 0.73(0.58,092) * Total (95% C1) 518 526 100.0% 073(0.58,02) *
Total ovents 9 133 Total ovents 9 133
Hetorogenoty: Tau? = 0.01; Chi* = 631, &f = 6 (P = 0.39); P = 5% S o oo Metorogenoty: Tau* = 00%; Chi* =631, f =6 (P = 0.39); P = 5% ot o

1 1 1 1
Tost for overail effect: 2 = 2.67 (P = 0.007) R avcen fepimante | Paveurs forsirol Tost for overail effect: 2 = 2.67 (P = 0.007) Favten foonke | Pavous (erpadmacisl

Tast for suboroun differsncas: Chit = 0.28. of = 2 (P = 0.88) F = 0% Test for suboroun differsncas: Chit = 3.17. of = 2 (P = 0.20). F = 37.0%



Figure6 Pooled relative risk for the subgroup analyseastfima exacerbation (Panel A: subgroup analysisabgline status of vitamin
D; Panel B: subgroup analysis by different agesieP&: subgroup analysis by doses of vitamin D;eP@n subgroup analysis by durations of
vitamin D).

3.4.3. Asthma control test (ACT) scores

Three studies [13,17,27] provided data on ACT stofée pooled data indicated there was no sigmifidéference between vitamin D and

placebo groups (MD: 0.80,95%Cl (-2.61, 4.22), withh heterogeneity (P = 0.0006=186%)) (Table.4).

3.4.4. Fractional exhaled nitric oxide (FENO)

Data on FeNO were available in three studies [47%re was no significant difference betweentihe groups in terms of the effect on

FeNO (MD: 1.86 ,95%CI (-4.59, 8.32), without hegzaeity (P = 0.882F 0)) (Table 4).
3.4.5. Interleukin-10(IL-10)

Four studies [13,26,29,33] provided data on ILB&cause of the considerable differences in meawosgnncluded trials, we chose the
SMD with 95% CI as the pooled statistic. No diffece was found between vitamin D and placebo groegerding the effect on IL-10 (SMD:
0.46, 95%CI (-0.44, 1.36), with high heterogené¢iy< 0.0001,%= 86%)) (Table 4).

3.4.6. Safety

Six studies [12-14,16,28,32] investigated the ianitk of adverse events. The pooled analysis showes@nificant difference between

groups regarding the rate of any serious adversete(RR 0.87, 95% CI (0.41,1.81), without heteraiy (P = 0.61,%= 0)) (Table 4).

Outcome Studies N Estimate Effect(95%Cl) 2%(P)

ACT scores 13,17,28 395 MD 0.16 (-2.62, 2.30) 809045)
FeNO 28-30 331 MD 1.86 (-4.59, 8.32) 0% (0.88)
IL-10 13,27,30,35 157 SMD 0.46 (-0.44, 1.36) 86% ( 0.0001)
Adverse event 12-14,16,29,34 714 RR 0.87(0.41,1.81) 0% (0.6

Cl = confidence interval; ACT = asthma control $ekt10 = interleukin-10; FeNO = fractional exhaledric oxide; MD = mean difference; SMD

= Standardized mean difference; RR = risk ratia; Number of subjects.

Table4 Effect of vitamin D supplementation vs placebo dfedent asthma outcomes.

3.4.7. Sensitivity Analysis

Sensitive analysis of primary outcomes was condliojeSTATA (12.0) software, the findings showedt thar results were consistent with

the full analysis for all endpoints after excludieach individual study (Table 5).

Outcome Imputing coefficient Effect estimate (95% C
FEV,1% -0.639 (-5.414, 4.136)
2.013 (-2.409, 6.435)

Exacerbation 0.671 (0.489, 0.919)



0.790 (0.629, 0.993)

ACT scores -1.549 (-5.168, 2.070)
0.970 (-1.222, 3.163)
FeNO 1.284 (-5.739, 8.307)
5.054 (-8.926,19.034)
IL-10 0.054 (-0.571, 0.680)
0.820 (-0.060, 1.699)
Adverse events 0.738 (0.343 1.590)
1.084 (0.104,11.260)

ClI = confidence interval; FEW6 = predicted percentage of forced expiratory volumfirét secongd ACT = asthma control test; IL-10 =

interleukin-10; FeNO = fraction of exhaled nitrigide

Table5 Sensitivity analysis with highest and lowest etation coefficients.

4. Discussion:

In this meta-analysis, fourteen studies demonstréitat vitamin D supplementation for the manageméasthma was associated with a
lower rate of exacerbation. It had no associatitth WEV,%, ACT scores, FeNO, IL-10 and adverse eventsddiitian, the subgroup analyses
of primary outcomes suggested that vitamin D supplgatiorwould not be of help in all patients with bronchéathma but in a certain group
of patients those with vitamin D insufficiency atdeline.

Subgroup analysis of different baseline statusitaivin D was performed according to the Endocrinei&y that defined vitamin D
deficiency and insufficiency as a 25(OH)D < 30ng[&dl]. It revealed that vitamin D supplementatioasnassociated with a protective effect of
exacerbation in participants with vitamin D insaiincy. However, there was only one study in tHegsoup of patients with vitamin D
sufficiency, and it suggested that there was aifgignt improvement of vitamin D supplementatioronpasthma exacerbation. Nevertheless, it
was considered insufficient to judge the positiffea of vitamin D supplementation for patients lwititamin D sufficiency. It was also
associated with FE\% improvement in patients with air limitations arithmin D insufficiency. With regards to differeages, we found that
vitamin D supplementation might be associated witbwer rate of exacerbation and an improved pubmpfunction in adultshut it did not
have such positive effect on children. The smathber of trials included children have a lower statal power to extend the findings to all
children. The probable explanation for the negagffect on children may be that, pulmonary functielated outcomes were reported by three
studies [13,31,33] in children. Its baseline statUBEV;% was much greater than the patients in studigs adtlts. As a result, it left little room
for improvement in pulmonary function. Another pib$s explanation may be that negative results wderesn by varied baseline of vitamin D
status among patients in the studies with childneversely, patients were all vitamin D insuffic@nin the studies with adultén a recently
concluded nationwide study, it was found a conststesult that vitamin D insufficiency was assoethtvith current asthma and wheeze in
children as well as current asthma in adults [B&jreover, our subgroup analyses did not providdenwe about optimum doses and duration of
vitamin D supplementation. The subgroup analysisoefnedicines was not performed due to unavaitghli suitably disaggregated data.

There is plenty of evidence to support our reghis vitamin D acts on the cells of the innate addptive immune systems as well as on
structural cells in the airways, with its deficigr@gromoting inflammation and its supplementatide\aating these effects [3.4.6]. Our results are
consistent with what many [36-39] have suggestatititamin D supplementation had the capacity ttuce asthma exacerbations and improve
asthma control, especially in patients with sewstima and low vitamin D status. It is more reaédiplicable, based on the principle that
people who are the most deficient in a micronutrieifil be the most likely to respond to its replamnt. However, our results may be
inconsistent with other studies entirely. A recgitioss-sectional study [40] found no associatietwien vitamin D status and markers of
asthma severity or control in adults. The potergiadlanation of inconsistent results was that thgonity of including participants were adults
with generally better symptom control. It also doned by another cross-sectional study [41] thatititidence of severe vitamin D

insufficiency was high.



So far, six meta-analyses incorporating data fngafstof vitamin D for the management of asthmaehaeen done. Compared with them,
our meta-analysis has several strengths. Firsttiawal five studies were included in the currergtaranalysis. Thus, the merging effect
measures were more meaningful for our outcomee. $tivdies were excluded, which were included iarprieta-analyses [20-22], one [42] was
to detect steroid-induced bone loss in adult peieth asthma, another [43] was a randomized, gexed crossover trial with run-in and
washout periods, which recruited different popolasi. In addition, three studies [44-46] did not trae inclusion criteria for solely patients
with asthma. Second, former meta-analysis failedetect the source of heterogeneity and influeactofs owing to the small number of
remaining studies within each subcategory. In preseta-analysis, subgroup analyses were stratifigoaseline of FEM/%6, 25(OH)D level,
ages, different doses and durations of vitamin fp&mentation. High heterogeneity of outcome immurary function was resolved by
subgroup analyses as well. These analyses makegtlks more meaningful for clinical decisions sftema treatment. In view of the small
number of patients in the second outcomes, samplimy was probably the main reason for the hegeiy. Third, a sensitivity analysis on
outcomes generated similar results, which indic#tatiresults of the present meta-analysis werestoless.

Our meta-analysis also has several limitationstFihere is considerable variation in the defimitof exacerbation. Except two studies [17,
30], all of studies presented the definition ohasa exacerbation. However, there was no signifibatérogeneity in the outcome of
exacerbation. Second, our meta-analysis includatiest varied in relation to the study populaticmmteol medicines of asthma, duration of
treatment, which might contribute to potential aanfders for accurate inclusior@onsequently, we conducted subgroup analysesdingdo
these factors and performed analysis using a rarefteot model to avoid type error. Confidence intervals for the average irgetion effect
would be wider and corresponding claims of stai@gtsignificance would be more conservative. Equétie uncertainty is greater. Third, it was
limited for our study to permit the funnel plot meta-regression to assess the publication biapatedtial influencing factors. Fourthly, our
meta-analysis incorporated evidence from a reltismall number of studies and the finding was damemarily on results of trials conducted
in patients with stable asthma. Therefore, it stiowit be generalized to patients with acute astlfinally, small sample sizes, clinical
heterogeneity, or a combination of above factoostmversy have emerged among results of numetadges, besides, optimal dosage and
duration of vitamin D necessary for good controasthma symptoms are yet unknown. All these aspeitforce the need to perform larger,
well designed randomized controlled trials to ¢jaciausality for treatment of asthma and vitamisupplementation.

In conclusion, our meta-analysis elucidated thaarmmit D supplementation played a role in reducing thte of asthma exacerbation,
particularly in patients with vitamin D insufficiep Additionally, it also had an improvement on RE¥in patients with air limitation and
vitamin D insufficiency. Through the assessmentAGT scores, FeNO and IL-10, vitamin D supplemeatatvas non-inferior to placebo. As a
potential therapeutic optigritamin D supplementation represents a low-cost;fisk method to treat and control asthma. Thereftarger and

well-designed RCTs are required to evaluate the ablitamin D in identical medication dose and adstration duration of asthma.
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Intervention

Duration
Author Year Country N participants Drug Dose Co-intervention Follow-up (mo) Outcomes
(mo)
Intermittent: inhaler 100y salbutamol
Moderate: 12 mg formoterol/ 400 mg
Intermittent to severe persistent
Ali2017[12] Egypt 60 ALF 1mg/d theophylline, twice daily 4 1,234 FEWAb, AdE
asthma
severe asthma (>50%): high dose
beclomethasone
Asthma Diagnosed fefl year ICS (Salmeterol/fluticasone 25/25@ twice
Musharraf 2017[15] Pakistan 80 VD 50,0001U/2w 3 3 AE
with VD < 30 ng/ml. daily) + Montelukast 10mg
ABBAS2017[26] Iraq 44 Asthma VD 20001u/d Conventional therapy (no dipsion) 3 3 FE\{%, IL-10
Rubén2017[17] Spain 106 Asthma with VD < 30 ng/ml.  CAL 16,0001U/w None 6 6 AE, ACT
Jensen2016[16] Canada 22 Viral-induced asthma VD 0,000 U Vitamin 1 4001U/d 6 0.3,3,6 AE, AdE,
FEV.1%, ACT,
Kerley2016[13] Ireland 39 Uncontrolled asthma VD oQnJ/d Conventional therapy (no description) 3.75 3.75
IL-10, AdE
FEV1%, ACT,
Martineau2015}7] UK 250 Asthma treated with ICS VD 120000 IU/2mo  oré 12 2,6,12
FeNO, AE
FEV,1%, FeNO
de Groot2015}8] Netherlands 44 Nonatopic asthma VD 400,000 IU \@oiional therapy (no description) 15 0.25,1.5
AdE
ICS
Nageswari2015 [14] India 141 Severe persistennasth VD 1000 IU/d 6 1,2,3,4,56 AdE
(budesonide 8Q@ + formoterol 24g) /d
100000 IU once
Castro2014(32] us 408 Asthma with VD < 30 ng/ml VD Inhaled ciclesonide 32@/d + levalbuterol 7 7 AE, AdE
then 4000 1U/d
Yoseph2014[29] Israel 38 Mild asthma with VD < 30 DV 14,000 IU/w None 15 15 IL-10, FeNO



ng/ml

Mild to moderate persistent 1000001U once ICS

Arshi2014[30] Iran 130 VD 6 2,6 FEM%, AE,
asthma then 500001U/w  (budesonide/budesonide+ formoterol)
Newly diagnosed asthma and

Majak2011[31] Poland 48 sensitive only to house dust VD 500 Iu/d Inhaled budesonide 80§d 6 2,4,6 FEWA, AE,
mites
IgE - dependent asthma with
regular symptoms requiring long

Majak2009[33] Poland 36 - term treatment with ICSs, and VD 10001U/d prednisone 20mg 12 3,12 FE\V%, IL-10

a disease duration of at least 2

years.

N = number; mo = month; ALF = alfacalcidol; FE4 = predicted percentage of forced expiratory volumérgt secon¢g AdE = adverse events; w = week; VD = vitamin DSl = inhaled corticosteroids; AE = asthma exacerbatL-10 =

interleukin-10; CAL= calcifediol; ACT = asthma cooktest; FeNO = fractional exhaled nitric oxide.

Table1l Details of included studies.



Age (years) FEV1% FeNO (ppb) ACT Scores IL-10 (pg/ml) 25(0OH)D (ng/ml)
Author Year Sex (Female%)
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
| C | C | C C C | C
Ali2017[12] 43(10.25) 48(11.25) 68.3 57(20.25) 7.¢5) NM NM NM NM NM NM 18(10.33) 18.5(12.8)
Musharraf2017 [15] 29.70(7.74) 29.43(8.47) 42.5 NM NM NM NM NM NM NM NM <30 <30
ABBAS2017[26] 41.4 (13.6) 40.75(17.31) 75.0 43.9285)  50.90(16.04) NM NM NM NM 37.0(8.64) 29.5(5)17  8.90(6.82) 6.33(4.64)
Rubén2017[17] 54.57(15.83)  56.61(15.00) 77.7 NM NM NM NM 17.71(4.54)  19.02(4.59) NM NM <30 <30
24.86 27.27
Jensen2016[16] 2.2 (1.19) 3.1(1.33) 63.6 NM NM NM NM NM NM NM NM
(2.51) (2.51)
111 110 20.45 20.45
Kerley2016[13] 10(4.44) 7(2.22) 385 105(16.3) 96.87) NM NM 19(2.96) 17(3.48)
(27.41) (47.41) (7.43) (8.92)
19.97 19.81
Martineau2015}7] 49.4(14.8) 46.4 (13.8) 56.4 82.0 (18.7) 81.0420. 38.1(29.1)  37.0(26.0) 19.2(3.9) 18.9 (3.9) NM NM
(10.1) 9.7)
24.06 22.85
de Groot2015]8)] 59(9.7) 53.6(16.7) 40.9 99.1(15.7) 97.6(18.1) 124%9) 33(38.52) NM NM NM NM
(9.27) (8.91)
Nageswari2015 [14] 58.46(8.6) 57.18(9.2) 52.1 NM NM NM NM NM NM NM NM NM NM
19 18.8
Castro2014[32] 39.9(13.1) 39.5(12.7) 68.1 80.7(13.8 80.5(14.2) NM NM NM NM NM NM
(10.37) (11.85)
Yoseph2014[29] 13.5(3.6) 12.4(3.6) 36.8 NM NM 38%B() 58.6(54.7) NM NM 0.95(0.19) 0.96(0.19) 20.8§6 20.0(7.1)



23.82 24.02

Arshi2014[30] 24.40(9.63) 28.64(9.78) 60.8 69.199.3  71.2(7.46) NM NM NM NM NM NM
(16.33) (16.45)
36.1 35.1
Majak2011[31] 10.8 (3.2) 11.1 (3.3) 333 94.4(13) 8.7912) NM NM NM NM NM NM
(13.9) (16.9)
Majak2009[33] 6-12 6-12 38.9 95.2(4.8) 93.4(3.2) NM NM NM NM 80.0(20.0) 75.3(25.9) 32.0(3.1) 31.3(3.4)

FEV,1% = predicted percentage of forced expiratory voluméret secongl FeNO = fraction of exhaled nitric oxide; ACT =tlama control test; IL-10 = interleukin-10; 25(OH¥D25-hydroxyvitamin D; SD = standard derivation; Nvhot

mentioned.

Table2 Baseline characteristics of patients in the 1distiincluded.



Study Risk of Quality of

Outcome Inconsistency Indirectness Imprecision Publication bias

design bias evidence
FEV1% RCT Serious® Very serious® No serious Serious® Serious® Very Low
Subgroups:
A RCT Serious* No serious No serious Serious® No Serious Low
B RCT Serious* Serious? No serious Serious® No Serious Low
C RCT Serious* No serious No serious Serious® No Serious Low
Adults RCT Serious* Serious? No serious serious’ No Serious Low
Children RCT Serious® Serious? No serious Very serious® Serious Very Low
Exacerbation RCT Serious® No serious No serious Serious® Serious® Very Low
Subgroups:
D RCT Serious* No serious No serious Serious® No Serious Low
E RCT Serious® No serious No serious Serious® Serious® Very Low
Adults RCT Serious* No serious No serious Serious® No Serious Low
Children RCT Serious® Serious? No serious Very serious® Serious® Very Low
ACT scores RCT Serious® Very serious® No serious Very serious® No Serious Very Low
FeNO RCT Serious® No serious No serious Very serious® No Serious Very Low
IL-10 RCT Serious® Very serious® No serious Very serious® No Serious Very Low
Adverse events RCT Serious® No serious No serious Very serious® No Serious Very Low

FEV 1% = predicted percentage of forced expiratory volume in first second; RCT = randomized controlled trials; VD = vitamin D; ACT = asthma control test;
FeNO = fractional exhaled nitric oxide; IL-10 = interleukin-10; A = subgroup of patients with air limitation and vitamin D insufficiency; B = subgroup of patients
without air limitation and vitamin D insufficiency; C = subgroup of patients without air limitation and vitamin D sufficiency; D = subgroup of patients with
vitamin D insufficiency; E = subgroup of patients with vitamin D sufficiency.

* blinding method and selective reporting and other types of some included trials were not offered.

2 Inconsistency were reported by moderate to high heterogeneity.

3 The total sample size is much less than OIS and the overall number of events was less than 300.

4 Publication bias were reported by incomplete outcome data.

Table3 GRADE assessment of the quality of evidence for endpoints.



Outcome Studies N Estimate Effect(95%Cl) 12%6(P)

ACT scores 13,17,28 395 MD 0.16 (-2.62, 2.30) 81% (0.005)
FeNO 28-30 331 MD 1.86 (-4.59, 8.32) 0% (0.88)
IL-10 13,27,30,35 157 SMD 0.46 (-0.44, 1.36) 86% ( 0.0001 )
Adverse event 12-14,16,29,34 714 RR 0.87 (0.41,1.81) 0% (0.61)

ClI = confidence interval; ACT = asthma control test; IL-10 = interleukin-10; FeNO = fractional exhaled nitric oxide; MD = mean difference; SMD

= Standardized mean difference; RR = risk ratio; N = number of subjects.

Table4 Effect of vitamin D supplementation vs placebo on different asthma outcomes.



Outcome Imputing coefficient Effect estimate (95% Cl)

FEV1% -0.639 (-5.414, 4.136)
2.013 (-2.409, 6.435)
Exacerbation 0.671 (0.489, 0.919)
0.790 (0.629, 0.993)
ACT scores -1.549 (-5.168, 2.070)
0.970 (-1.222, 3.163)
FeNO 1.284 (-5.739, 8.307)
5.054 (-8.926,19.034)
IL-10 0.054 (-0.571, 0.680)
0.820 (-0.060, 1.699)
Adverse events 0.738 (0.343, 1.590)
1.084 (0.104,11.260)

Cl = confidence interval; FEV 1% = predicted percentage of forced expiratory volume in first second; ACT = asthma control test; IL-10 =

interleukin-10; FeNO = fraction of exhaled nitric oxide

Table5 Sensitivity analysis with highest and lowest correlation coefficients.
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Highlights

Vitamin D may be an adjunct therapy for a certain group of patients with asthma.
We evaluated the influence of baseline vitamin D status on asthma-related outcomes.
Treatment effect was found in patients with air limitation and vitamin D insufficiency.

More RCTs are required to evaluate the identical dose and duration of vitamin D.
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