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Probiotics supplementation in children with asthma: A systematic
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Aim: To systematically review the effects of probiotics supplementation in children with asthma.

Methods: An electronic search was conducted on PubMed, Embase, Cochrane Central Register of Controlled Trials, China National Knowledge
Infrastructure Database, CQ VIP Database and Wanfang Data until November 2017. The reference lists of included studies and pertinent reviews
were checked for supplementing our search. Randomised control trials that compared probiotics versus placebo were included.

Results: Eleven studies with a total of 910 children met eligibility criteria. The pooled data revealed that the proportion of children with fewer epi-
sodes of asthma was significantly higher in the probiotics group than in the control group (risk ratio 1.3, 95% confidence interval (Cl) 1.06-1.59); the
reduction of I-4 (mean differences -2.34, 95% Cl -3.38, —1.29) and the increasing of interferon-y (mean differences 2.5, 95% CI 1.23-3.76) was also
significant after the treatment of probiotics. Nevertheless, no statistical significance was observed in childhood asthma control test, asthmatic symp-

tom in the day and night, the number of symptom-free days, forced expiratory volume in the first second predicted and peak expiratory flow.
Conclusions: This systematic review does not confirm or rule out the beneficial effects of probiotics supplementation in children with asthma.
More well-designed randomised control trials with larger sample sizes need to be conducted to evaluate the effects of probiotics in children with

asthma in the future.
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Asthma, the most common chronic inflammatory respiratory dis-
ease, can affect people of any age, especially children.' In 2010,
25.7 million people, including at least 7 million children, had
bronchial asthma in the USA.?

Key Points

1 Current studies showed that probiotics may affect immunologi-
cal cells and may be helpful for allergic diseases. However,
there was no systematic review evaluating the effects of pro-
biotics supplementation for asthmatic children.

2 Probiotics supplementation may decrease the episodes of
asthma, and significant improvements in childhood asthma
control test, asthmatic symptom in the day and night, the
number of symptom-free days and pulmonary function of chil-
dren with asthma were not obtained; however, obvious hetero-
geneity leads to the low quality of results.

3 Probiotics may significantly decrease the level of IL-4 and
increase the level of interferon-y of children with asthma, but
obvious heterogeneity exists.
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Recently, there is an enormous amount of research targeting
the effects of probiotics on allergic diseases as they might modu-
late the intestinal microbiota and regulate the inflammatory
response. Probiotics may affect macrophages cells, dendritic cells,
T cells natural and killer cells,*” inducing a subset of regulatory T
cells and suppressing allergen induced in inflammatory
response.’ In the past decades, several clinical studies have exam-
ined the association between the intake of probiotics and allergic
diseases. The findings from these studies suggested that probiotics
play an important role in treating allergic diseases. Recent meta-
analyses revealed the benefits of probiotics in the treatment of
allergic rhinitis and dermatitis.*"' Previous clinical trials were
conducted to explore the effects of probiotic supplementation on
asthmatic  children;  nevertheless, the  results  were
inconsistent.'>? There was no systematic review of probiotics
supplementation for asthmatic children. In view of the lack of
evidence-based review, we aimed to assess the effects of probio-
tics on asthmatic children in this systematic review and meta-

analysis of currently available randomised control trials (RCTs).

Methods
Search strategy

Six databases, including PubMed, EMBASE, Cochrane Central
Register of Controlled Trials, China National Knowledge Infra-
structure Database, CQ VIP Database and Wanfang Data, were
searched by two reviewers (J Lin and Y Zhang) until November
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2017 without any limitation. Keywords such as probiotics, chil-
dren and asthma were used in the English databases. The corre-
sponding Chinese key terms were used in three Chinese
databases. Additional information was retrieved via a manual
search of the reference lists of the published original studies to
supplement our search. We contacted the primary authors of the
included studies for detailed information.

Study selection

Studies were included only if they met the following inclusion
criteria: (i) the study was designed as an RCT; (ii) the children
were diagnosed with asthma, and the age of involved children in
study ranged from O to 18 years old; and (iii) probiotics were
consumed as the only intervention in the probiotics group with-
out restrictions on dosage and type.

Studies identified through database
searching (n = 918)

PubMed (n = 204), EMBASE

(n =568)

CENTRAL (n = 74), CNKI (n = 20)
VIP (n = 23), Wanfang Data (n = 29)

JLinetal.

The whole process was conducted independently by two
reviewers (J Lin and Y Zhang). If disagreements occurred, discus-
sions were held until agreements were achieved.

Data extraction

Study characteristics were extracted independently by two
reviewers (J Lin and Y Zhang) using a self-designed data extraction
sheet. The first author’s name, year of publication, study design,
geographic area where the research was conducted, duration of
therapy, sample size (experimental/control group), the characteris-
tics of patients, probiotic intervention and main outcomes were
extracted. A discussion was held if there were differences about
the interventions and outcomes until agreement was reached
between reviewers before the data analysis. The data extracted
were presented in the descriptive review and/or meta-analysis.

(n=1252)

Duplicated studies excluded

Potentially relevant studies

screened (n = 666)

Studies excluded after reviewing

title and abstract (n = 646)

Y

Full texts assessed for eligibility (n = 20)

Full texts removed (n = 9)

> With other treament (n = 6)

Contain adults (n = 3)

No study identified by reviewing

references of relative reviews

Y

11 studies included in the review

Fig. 1 The flow diagram of identifying
relevant studies. CNKI, China National
Knowledge Infrastructure Database;
VIP, CQ VIP Database.

Journal of Paediatrics and Child Health (2018)

© 2018 Paediatrics and Child Health Division (The Royal Australasian College of Physicians)



Probiotics in children with asthma

JLlinetal.

J9ydes 3w ¢ ul
Japmod se A 91-N
oAa.q °g pue
€9-W snuojul g
‘9egag wnsuoj

pLIPLGOPYIg

(p ‘aunxiw

9000VWd 1'0) €0LES JILV 99 els1oeqopylg
SNUDAIIDS — UleA}S Snsouwby 7 3uluiejuod

snjjppgonT  YIM uonejuswa|ddns uonpejuswalddns [eiQ

Aio3siy Ajiwey
92.83p-351y e pue
‘JUsW|0JUS 340J3q

Syuow € ay3 ul
suoleqJaoexs asay}
JO 8UO I5BD 1B YIM
‘syjuow z| jsed ayy  ewyise ps|josjuod

euwyise jueliea Buunp Buizeaym jo -lom pue ¥ys

y8nod yum  saposida omy Ises| e wouj uuayns

(o0 s1edk 91—/)  jo AJolsly e yum (o (plo SIedA 2T F 6)

dno.3

|0J3U0J JO siseq

(Aepysdoup g
= n42 80))
8l6/L WSQ 8uiuoprgq 8¢
PEIGEY] ‘sonoiqoJd jo
SNJ100qOIDT UOKRASIUILPE [RI0
WaH 01
218J9||e 849M pue
Syeam g Jses| Je
4o} (Aep/8uw G)
1se3n[eIuoW Yim
JuaWIeaJ]} Ul [03U0D
Japun ( g dais
VNI9) ewyise
1sisiad pjiw Aq ewyjse
pa1daye (pjo
SJedA 171-9)

[eIY2u0Iq Y

(pjo siedh 21-G)

(pra) snouedng uoieeyul
dsqns /paniqgiap L00¥LL-NQ apluosepnq (Aep e
B/[[eleleloikley] 185DD "7 uleJlS Aep e pasijososee  @21m] ‘awinpoed |)

pue wnpyiq  2n01qoid ay pue 90IM) LIBSSDS aunnoJ +  S)9|qe) SN|jIDegoIE]

wniaoqopylg snjiydowuayy s snjppqonT  uoneuswalddns  pue wnisRgOPYIg

‘snjiydopin -7 ‘snoupsing 7 J0 a|nsded auQ sonoiqo.d [ei0 paUIGUIOD BAI]

v

Jua)sisiad

Ag paiuedwodoe
(€~ sdeis wNI9)

ewyise Sijuly4 Jo/pue ewyjse ucwum_m;wn ¥V Yiim pauliquiod

oidoje ajesopow  ewY3Se DI843)[e JO  S3eJapow 03 pjiw Jo ewyise ewyise [eiyouoq

01 pliw yim (pjo pasoudelp (pjo AJ0ISIY B UIM (P[0 [BIYIUOIG YIM (PO YyaMm (P|O Siedh 1

pLeYOES081[0030NI4
pue snoLpsing
Snjj10qo307
‘siubjul
wnuaLqopYIg
‘snjiydopionp
SNJ1o0qo3IDT ‘9A8iq
wnueDLqopYIg
‘snjiydowuayy
$N220203d8.415
‘snsouLby
SnjIPgoIIDT ‘19SPI
Snj100qoIDT
Jo ajnsded

/N4D uoljig BUQ  UOIUSAISIU|

ERIIEYIGREY

Jo Aloasiy

B pue ewyjse
juassisiad pjiw

Yum (ssesh z1-9)

uaJp|iyd SYuow z-9) usj uaip|iyd uaJp|IyD) usJp|iyd Juseding  sieaA Ql—) Uap|iyd SIeak G-g) Uap|iyd SiesA Z1-9) usip|iyD) s1edh |—8) uaip|iyd Japun) uaJp|iyd uaJpliyd  juedpiued
U ‘(uod/dxa)
cviey 99/99 0c/0C Leiee eviey velree LL]18 9Sl6¥ celee 05/0S 9¢/9¢  dzis a|dwes
7002-£00C
‘Ale3l uaymoN
¥102-¢10Z  €002-200T ‘Auewan 010¢-600¢ G10¢-v10C §00¢-¢00C ‘sdulpuno.ins Gl0c-v10¢ gl0c-€10¢ ¥10¢—¢loc eale
‘euly)d ‘1legnH ‘ureyuNpUel 510z ‘Aley ‘sajdeN ‘Aleyl ‘saideN  ‘eulyd ‘rey8ueys ‘puejod ‘MESIEA pue ueiy  £Z00Z-9002 ‘Uemiel ‘euiyd ‘Suop8ueng ‘euly) ‘nsduelr ‘ued) ‘peyysely  d1ydesSoan
Apnms
Apms Apnis Apnis Apns Apnis Apnis pa||osju0d
pajjosuodogaseld  pajjoiuod0gade|d pa|jo13u0d-0gade|d pajjo3u0d-00ade|d  Pajj03u0d-0gade|d  pPa|joJju0d-0gade|d Apnis -ogaoe|d
Apnis pa|joJauod ‘pasiwopuel ‘pasiwopuel ‘pasiwopuel  Apnis pa|joauod ‘pasiwopuel ‘pasiwopuel ‘pasiwopuel  pajj0s3uod-a|jesed Apnis pa|jojjuod ‘pasiwopuel
pasiwopuey ‘pulig-sjanoq ‘pulig-signod ‘pulig-sjanoq pasiwopuey ‘pulig-sjanog ‘pulig-sjgnoq ‘pulig-signod pasiwopuey pasiwopuey ‘pullg-a|gnoq udisap Apns
10z unfuerx 010¢ 9s0y £102 ISRl 10z eldedn 910¢ INH 010¢ Psmoxing £00¢ luluuenols 010¢ usyd 910z duig 910¢ uid 910¢ uelydueyy

S|el] papnaUl JO dNseIdRIRYD By L

L a1qeL

Journal of Paediatrics and Child Health (2018)

© 2018 Paediatrics and Child Health Division (The Royal Australasian College of Physicians)



Probiotics in children with

(Continued)

Table 1

Giovannini 2007 Gutkowski 2010 Hui 2016 Miraglia 2012 Miraglia 2017 Rose 2010 Xianjun 2014

Chen 2010

Bin 2016 Bing 2016

Ahanchian 2016
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infection, salbutamol predicted, PEF,

outcomes

IFN-y, L4

consumption, oral

prednisolone, school

betamimetics, days

QOL, effective rate  CACT, IgE,

absenteeism,

on inhalative steroids,

cytokine

outpatient visits,

number of rescue-free

production

hospital admissions

days, number of

symptom-free days,

asthma symptom

score, IgE

ACT, asthma control test; AR, allergic rhinitis; b.i.d, twice daily; CACT, childhood asthma control test; CFU, colony-forming units; FEV1, forced expiratory volume in the first second; FVC, forced vital

capacity; GINA, Global Initiative for Asthma; HDM, house dust mite; HLA-DR, human lymphocyte antigen — antigen D related; IFN-y, interferon-y; IL-4, interleukin-4; IgA, immunoglobulin A; IgE, immuno-

globulin E; 1gG, immunoglobulin G; IgM, immunoglobulin M; PEF, peak expiratory flow; SAR, severe allergic rhinitis; QOL, quality of life; VC, vital capacity.
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Assessment of methodological quality

We assessed the risk of bias in included studies using the criteria
of the Cochrane Handbook for Systematic Reviews of Interven-
tions**: (i) random sequence generation; (ii) allocation conceal-
ment; (iii) blinding of participants and personnel; (iv) blinding of
outcome assessment; (v) incomplete outcome data; (vi) selective
reporting; and (vii) other bias. Each item was graded as ‘low’,
‘high” or ‘unclear’ risk of bias. Any disagreement was settled by
two data extractors (J Lin and C He) and all the team members
would discuss if agreement could not be achieved between the
two data extractors.

Data synthesis and statistical analysis

In this review, outcomes were presented as continuous variables.
Mean differences (MD) or standard mean difference (SMD) was
used for continuous variables. Risk ratio was used for dichoto-
mous variables. We calculated 95% confidence interval (CI)
for each effect size estimate, and a random-effects model or
fixed-effects model was used depending on the heterogeneity.
A P value <0.05 was considered to be statistically significant. The
heterogeneity among studies was tested with the I-statistic.
The result of an I-statistic analysis is I?, which describes the per-
centage of total variation across studies that is due to heterogene-
ity rather than due to chance: it demonstrates a low
heterogeneity if I is less than 50%.2* The following treatment
comparison was made: probiotics therapy (experimental group)
versus placebo (control group). All statistical analyses were per-
formed using Review Manager, version 5.3 (The Nordic Cochrane
Centre, Copenhagen, Denmark).

Results
Literature search

A total of 918 studies were included through electronic searching,
although only 666 studies remained after duplicates were
removed. Following this, 646 of the 666 were deemed ineligible
after titles and abstracts were reviewed. The full texts of the
remaining 20 studies were studied by two reviewers, 9 of which
were eliminated because of failure to meet the inclusion criteria.
Six of them used other intervention with probiotics, and three of
them included adults in studies. No study was included through
manual searching. In total, 11 studies met eligibility criteria and
were included in the present review. The flow chart for literature
screening is shown in Figure 1.

Characteristics of included studies

All the included studies are RCTs. Of the 11, 7 were presented in
English, while the remaining 4 studies were presented in Chi-
nese. A total of 910 children patients with asthma (453 in the
experimental group vs. 457 in the control group) aged from 0.5
to 16 years were involved in this review. The 11 studies were
carried out in diverse geographical areas, including Asian and
European countries. All the research was conducted from 2002
to 2015. Sample sizes ranged from 40 to 158. Different probiotics
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were applied in the experimental groups through the included
studies. Duration of therapy ranged from 1.5 to 6 months. The
details are shown in Table 1.

Quality of RCTs

Risk of bias of the included studies was assessed according to
the Cochrane Handbook. Five studies'*'>'?
methods in random sequence generation. None reported the
adequate method of allocation concealment. Seven studies'*'®

reported adequate

Probiotics in children with asthma

reported adequate blinding of participants and personnel, while
the blinding of outcome assessment remained unclear in all
included studies. In terms of incomplete outcome data, 10 stud-
ies were at low risk of bias for no data were missing, or eligible
reasons for withdrawal were reported. Only one study'®
reported a high number of missing data and did not provide the
reason. Two included studies'*'* had a high risk of selective
reporting. Other risks including potential source of bias were
not found in all included studies. The details are shown in
Figure 2.

*9 | Allocation concealment (selection bias)

*¥ | Blinding of outcome assessment (detection bias)

-~ . Blinding of participants and personnel (performance bias)

-~

-~

-~

-~ . . -~ . . Random sequence generation (selection bias)

-~

-~

-~

-~

Ahanchian 2016
Bin 2016 ?
Bing 2016 ?
Chen 2010 ?
Giovannini 2007 ?
Gutkowski 2010 ?
Hui2017| 2 | 2
Miraglia2012| ‘2 | 2
Miraglia 2017 . ?
Rose 2010 | 2 ?
Xianjun2014| 2 | ‘2

~ 90~ 0e e -
“

-~
. . . . . . . . . . . Incomplete outcome data (attrition bias)
. . . . ‘ . ‘ . . . . Selective reporting (reporting bias)
OO OO OO S O S G oreois

-~

Fig. 2 Summary of risk of bias assessment of included studies.
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(@) Probiotics Placebo Risk ratio Risk ratio

Study or subgroup Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI

Bing 2016 22 23 19 22  39.1% 1.11 [0.92, 1.34] —T =

Hui 2017 38 43 26 43  29.4% 1.46 [1.12, 1.90] bl

Xianjun 2014 38 42 27 42  31.6% 1.41 [1.10, 1.80] =

Total (95% CI) 108 107 100.0% 1.30 [1.06, 1.59] e

Total events 98 72 . ) ) .

Heterogeneity: Tau?= 0.02; Chi*= 4.66, df =2 (P = 0.10); /= 57% ' ! ' i

0.5 0.7 1 1.5 2

Test for overall effect; Z = 2.50 (P = 0.01)

Favours (placebo) Favours (probiotics)

robiotics acebo ean difference ean difference
(b) Probioti Placeb. Mean diff Mean diff
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
Bin 2016 246 23 50 20.1 2 50 49.7% 4.50 [3.66, 5.34] -
Miraglia 2012 234 11 22 227 11 21 50.3% 0.70 [0.04, 1.36] -
e
Total (95% CI) 72 71 100.0% 259 [-1.13,6.31] ) , ,
Heterogeneity: Tau?= 7.07; Chiz= 48.39, df = 1 (P < 0.00001); /= 98% ~10 _5 0 5 10
Test for overall effect; Z = 1.36 (P = 0.17) Favours (placebo) Favours (probiotics)
(C) Probiotics Placebo Std. mean difference Std. mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
Bin 2016 09 02 23 15 05 22 476% -156[-2.24,-0.89] —&—
Chen 2010 0.7 0.6 49 0.9 0.8 56 52.4% —0.28 [-0.66, 0.11] L
Total (95% CI) 72 78 100.0%  —0.89 [-2.14, 0.37] e
Heterogeneity: Tau?= 0.74; Chi?= 10.47, df = 1 (P = 0.001); = 90% _4 2 5 2 i
Test for overall effect; Z = 1.39 (P = 0.17) Favours (placebo) Favours (probiotics)
(d) Probiotics Placebo Std. mean difference Std. mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
Bin 2016 11 03 23 2 06 22 48.8% -188[-2.59,-1.17] —i—
Chen 2010 1 0.9 49 09 0.9 56 51.2% 0.11 [-0.27, 0.49]
Total (95% Cl) 72 78 100.0% -0.86 [-2.81, 1.09]
Heterogeneity: Tau?= 1.89; Chiz= 23.21, df = 1 (P < 0.00001); /"= 96% _4 2 . 2 “1
Test for overall effect; Z = 0.7 (P = 0.39) Favours (placebo) Favours (probiotics)
Probiotics Placebo Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, fixed, 95% CI 1V, fixed, 95% CI
Glovannini 2007 123 118 62 99 102 57 11.3% 24.00 [-15.55, 63.55] -
Rose 2010 133 35.85 56 126.5 36.37 46 88.7% 6.50 [-7.59, 20.59]
Total (95% Cl) 118 103 100.0%  8.47 [-4.80,21.75] ) ) )
Heterogeneity: Chiz= 0.67; df = 1 (P < 0.41); = 0% _1'00 _;30 6 5'0 1 c;o

Test for overall effect; Z = 1.25 (P = 0.21)

Fig. 3 Outcome of probiotics versus control: (a) Episodes of asthma. (b)

Favours (placebo) Favours (probiotics)

Childhood Asthma Control Test. (c) Scores of asthmatic symptoms in the day.

(d) Scores of asthmatic symptoms in the night. (e) The number of symptom-free days. Cl, confidence interval; SD, standard deviation; Std., standard.

Effect of intervention

Changes in the clinical outcomes

1 Episodes of asthma: Meta-analysis indicated that the propor-
tion of children with fewer episodes of asthma was obviously
higher in probiotics groups than in control groups, which was
consistent with three studies.?°? The pooled risk ratio was 1.3
(95% CI 1.06-1.59, P = 0.01) (Fig. 3a). Significant heterogene-
ity existed across studies (> =55%). Three studies'>’
assessed the number of asthma exacerbations. Two of them
demonstrated that there was no significant difference between

the two arms,*>!”

while the other'® reported that the asthma
exacerbations were statistically more frequent in the probiotics
group. We could not pool the data of the three studies'>'®
two of them did not provide detailed data.

Childhood Asthma Control Test (CACT): Three studies'*'”!?

reported the effects of probiotics on CACT. While one study"?

as

did not provide the detailed score, it reported that the propor-
tion of patients with an improvement in CACT was higher in
the probiotics group than in control group. Two studies'”*’

provided statistical data regarding the CACT results in both the
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(a) Probiotics Placebo Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
Bin 2016 123.7 10.6 50 108.4 14.3 50 50.4% 15.30[10.37 20.23] ——
Miraglia 2012 95.8 9 22 925 89 21 49.6% 3.30 [-2.05, 8.65] -
Total (95% CI) 72 71 100.0%  9.35 [-2.41,21.11] R RRe—
Heterogeneity: Tau? = 65.10; Chi#= 10.44; df = 1 (P = 0.001); = 90% t t t t
-20 -10 0 10 20

Test for overall effect; Z = 1.56 (P = 0.12)

Favours (placebo)  Favours (probiotics)

(b) Probiotics Placebo Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
Bin 2016 125.2 8.3 50 110.8 74 50 572% 14.40 [11.32, 17.48] =
Miraglia 2012 222.98 61.92 49 238.45 54.17 56 42.8% —15.47 [-37.87,6.93] L I
Total (95% CI) 92 100.0% 1.61 [-27.36, 30.58] --?—-
Heterogeneity: Tau? = 379.55; Chiz= 6.70; df = 1 (P = 0.001); = 85% t t ' t t
-50 —25 0 25 50

Test for overall effect; Z = 0.11 (P = 0.91)

Favours (placebo) Favours (probiotics)

Fig. 4 Comparison probiotics versus control outcomes: (a) Forced expiratory volume in the first second; (b) peak expiratory flow. Cl, confidence interval;

SD, standard deviation; Std., standard.

probiotics and control groups. The pooled data revealed that
there was no statistical difference between children treated
with probiotics compared with children treated with placebo
(MD 2.59, 95% CI-1.13, 6.31, P = 0.17, I* 98%) (Fig. 3b).

3 Asthmatic symptoms: Two studies'>° reported statistical data
about the effects of probiotics on asthmatic symptoms. SMD
was used in data analysis because the criteria for evaluating
asthmatic symptoms in children in two studies were different.
No statistical difference was found comparing scores of asth-
matic symptoms in the day (SMD -0.89, 95% CI -2.14, 0.37;
P=0.001, * 90%) (Fig. 3c) or night (SMD —0.86, 95% CI
-2.81,1.09, P = 0.39, I? 96%) (Fig. 3d).

4 The number of symptom-free days: Two studies provided
data regarding the number of symptom-free days in both the
probiotics and control groups. The pooled results demonstrated
that there was no significant difference between the two arms
(MD 8.47, 95% CI —4.8, 21.75, P = 0.21, I* 0%) (Fig. 3e).

15,17

Effects on pulmonary function

1 Forced expiratory volume in the first second (FEV1): Four of
the included studies'>'*'®!? assessed post-treatment FEV1
using different scales. The data were reported in two of
them.'*!'” The pooled data revealed that children treated with
probiotics did not have a significantly higher score in FEV1
predicted compared with children treated with placebo
(MD 9.35, 95% CI —2.41, 21.11, P = 0.12, I> 90%) (Fig. 4a).
Although the effects of probiotics for FEV1/FVC(%) in children
were both positive in the other two studies, the critical data
were not attained in one study,'® and we could not conduct a
meta-analysis for FEV1/FVC(%) in children.

2 Peak expiratory flow (PEF): PEF was reported in two stud-
ies.!*'? The pooled results based on the two studies showed
that there was no statistically significant difference between
the probiotics group and the control group (MD —0.95, 95% CI
-3.08, 1.19, P = 0.38, I” 88%) (Fig. 4b).

(a) Probiotics Placebo Std.mean difference Std.mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95% CI IV, random, 95% CI
Bin 2016 32.4 3.9 50 448 47 50 52.0% —2.85[-3.4, -2.29] ——
Bing 2016 0.81 0.15 23 112 0.19 22 48.0% -1.78[-2.48,-1.08] —a—
Total (95% Cl) 73 72 100.0% -2.34[-3.38,-129] ’ . .
Heterogeneity: Tau?= 0.46; Chiz= 5.40; df = 1 (P = 0.02); I’= 81% _'4 _’2 0 é "1

Test for overall effect; Z = 4.39 (P < 0.0001)

Favours (placebo)  Favours (probiotics)

(b) Probiotics Placebo Std.mean difference Std.mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI 1V, random, 95% CI
Bin 2016 436 4.8 50 352 3.9 50 54.6% 1.91 [1.43, 2.38] 4
Bing 2016 219.55 8.98 23 189.33 9.56 22 454% 3.20 [2.30, 4.11] =
Total (95% CI) 73 72 100.0% 2.50 [1.23, 3.76] [ g
} $ 4 3 }
Het eneity: Tau?= 0.71; Chiz=6.71; df = 1 (P = 0.01); I?= 84% J T N N "
erogeneity: Tau i ( ) o ) - o 5 4

Test for overall effect; Z = 3.86 (P = 0.0001)

Favours (placebo) Favours (probiotics)

Fig. 5 Outcomes of probiotics versus control: (a) Interleukin-4; (b) interferon-y. Cl, confidence interval; SD, standard deviation; Std., standard.
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Changes in the laboratory data

1 Interleukin (IL)-4: IL-4 was assessed in two studies,'®?°The
pooled results based on the two studies showed that there was
a statistically significant reduction of IL-4 in the probiotics
group compared with the control group (MD -2.34, 95% CI
-3.38,-1.29, P < 0.01, I 81%) (Fig. 5a).

2 Interferon (IFN)-y: IFN-y was assessed in three studies,
one of which lack the detailed data. We opted to pool the data
of the other two studies and found that there was a statistically
significant difference between the probiotics group and the
control group (MD 2.5, 95% CI 1.23-3.76, P < 0.01, r 84%)
(Fig. 5b).

3 Immunoglobulin E (IgE): Four studies
serum IgE, and only one study showed that there was a signifi-
cant difference between the probiotic-treated and the placebo
group. Meta-analysis was not conducted as the data in three
studies were not normally distributed, and all measurements
were different.

13,19,20

131517.20 gssessed the

Discussion

We conducted a systematic review of RCTs to evaluate the effects
of probiotics supplementation for children with asthma. To our
knowledge, it is the first systematic review assessing the effects of
probiotics supplementation in children with asthma. We applied
a systematic review methodology in the process of selecting,
synthesising and assessing the published evidence.

Pooled data of the three studies***? provided evidence that
probiotic supplementation significantly decreased the propor-
tion of childhood, with fewer episodes of asthma, but whether
the criteria evaluating the reduction of episodes of asthma
were the same across the three studies remained unclear. On
the contrary, significant differences in the improvement of
asthmatic symptoms in the daytime or nighttime and CACT
scores between two groups were not found, with significant
heterogeneity existing across included studies. We could not
conduct a subgroup analysis because of the limited number of
included studies. Consequently, the results might be affected
by clinical heterogeneity such as different baseline of selected
children, different subspecies of probiotics and duration of
intervention. It leaded to low quality of the evidence. Similar
to the asthmatic symptoms score, the administration of probio-
tics was not found to significantly increase the number of
symptom-free days by analysing data. The results of the use of
bronchodilators were inconsistent in different studies. Two
studies'*'® showed that the frequency was statistically reduced
after probiotics supplementation. However, Rose et al.'” indi-
cated that there was no significant difference when using inha-
lative betamimetics during the daytime in two arms.

The pulmonary function test was regarded as a relatively
objective method for asthma assessment. The pooled results did
not showed significant improvement in FEV1 predicted and PEF
in asthmatic children between the two groups. Significant hetero-
geneity existed between studies. It is contrary to evidence dem-
onstrated in two other studies,'>'¢ which indicated a significant
effect of probiotics supplementation on FEV1%FVC. The partici-
pants of the study where the result is contrary to the other three
studies included children affected by mild persistent asthma
under control. It suggested that the effectiveness of probiotics on
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the pulmonary function of children with asthma may be affected
by the severity of the disease. Two studies'*>'® gave different evi-
dence on the effect of probiotics on PEF of asthmatic children.
The obvious discrepancy of original data may be caused by the
characteristics of the child participants, such as age and height.
One study'® demonstrated that the fractional exhaled nitric oxide
in the probiotics group decreased significantly than in control
group, suggesting that probiotics may have beneficial effects on
ameliorating airway inflammation in children with asthma.

In recent years, several studies have confirmed that the
immune response mediated by T helper cells plays an important
role in allergic diseases, and the immune imbalance of Th1/Th2
cells is considered to be an important mechanism for inducing
respiratory allergic diseases.?®?¢ Th1/Th2 imbalance exists in
asthmatic children in the remission stage. IL-4 is a representa-
tive cytokine secreted by Th2 cells, which promotes the aggrega-
tion and activation of eosinophils (EOS), while IFN-y is secreted
by Thl cells and inhibits airway inflammation. The Th2 sub-
group of asthmatic patients was mainly induced, increasing the
level of IL-4 and decreasing IFN-y/IL-4. By pooling the data of
IL-4 and IFN-y, we found a significant reduction of IL-4 and an
increase of IFN-y after probiotics supplementation with signifi-
cant heterogeneity. The pooled results were consistent with Bin
et al’s'" and Bing et al’s*® results. Although there was no
detailed data, the result of the serum level of IFN-y in the other
study'® was also significantly increasing. Th1/Th2 was increas-
ing in one study.?® However, the different kinds of probiotics in
studies may lead to significant heterogeneity. Due to the limited
number of studies, we cannot conduct a subgroup analysis, and
this led to the low quality of the pooled results. Four studies
assessed the level of IgE, which is an important indicator of ana-
phylaxis in body, but most of them revealed that there was no
significant difference between probiotic-treated and placebo
groups; only one study'” showed a significant decrease of IgE
between the two arms. However, meta-analysis was not consid-
ered as two of them were not normally distributed, and all mea-
surements were different.

The main limitation of our study is the small number and low
quality of the available RCTs. We cannot pool more outcomes in
every meta-analysis of the outcomes as many studies did not pro-
vide precise results. There are various kinds of probiotics applied;
lactobacillus, streptococcus, bifidobacterium and their subspecies
were widely used in included studies. It may result in high het-
erogeneity for different probiotics, and distinct combinations
would cause the divergence of data and even the final decision in
the review. Due to the limited number of studies, subgroup ana-
lyses could not be conducted to explain the heterogeneity. We
opted to not conduct the sensitivity analyses and publication bias
tests, such as funnel plot, Egger’s test and Begg’s test,>* due to
insufficient studies in every meta-analysis. Likewise, the rela-
tively small sample sizes limited the precision of our analysis.

It is important to assess the safety of probiotics, especially in
young children. There may be side effects of probiotics in patients
with critical illness or bone marrow/stem cell transplantation.?”
One included study reported that probiotics might not signifi-
cantly increase the incidence of fever and diarrhoea.'? Among all
included RCTs, rare cases of severe complications occurred, with
a certain association with probiotics consumption. No participant
died in any study.
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Conclusions

The systematic review and meta-analysis suggested that probio-
tics supplementation may reduce the proportion of childhood,
with fewer episodes of asthma, while no significant benefits were
obtained regarding CACT, asthmatic symptoms in daytime or
nighttime and pulmonary function such as FEV1 and PEF. How-
ever, a high level of heterogeneity existing among studies may
lead to the low quality of the evidence. More well-designed RCTs
with larger sample sizes need to be conducted to evaluate the
effects of probiotics in children with asthma in the future.

All participants or their guardians gave their consent prior to

their inclusion in the studies included in this review.
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