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Probiotics supplementation in children with asthma: A systematic
review and meta-analysis
Jilei Lin,1,2 Yin Zhang,1 Chunyan He1,2 and Jihong Dai1,2

1Respiratory Department, and 2Ministry of Education Key Laboratory of Child Development and Disorders, Children’s Hospital, Chongqing Medical
University, Chongqing, China

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 (CI) 1.06–1.59); the
reduction of IL-4 (mean differences −2.34, 95% CI −3.38, −1.29) and the increasing of interferon-γ (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.1 In 2010,

25.7 million people, including at least 7 million children, had

bronchial asthma in the USA.2

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,3–7 inducing a subset of regulatory T

cells and suppressing allergen induced in inflammatory

response.3 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.8–11 Previous clinical trials were

conducted to explore the effects of probiotic supplementation on

asthmatic children; nevertheless, the results were

inconsistent.12–22 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

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-γ of children with asthma, but
obvious heterogeneity exists.
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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 0 to 18 years old; and (iii) probiotics were

consumed as the only intervention in the probiotics group with-

out restrictions on dosage and type.

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.

Studies identified through database

searching (n = 918)

PubMed (n = 204), EMBASE

(n = 568)

(n = 252)

screened (n = 666)

title and abstract (n = 646)

CENTRAL (n = 74), CNKI (n = 20)

Duplicated studies excluded

Potentially relevant studies

Studies excluded after reviewing

Full texts removed (n = 9)

With other treament (n = 6)

Contain adults (n = 3)

Full texts assessed for eligibility (n = 20)

No study identified by reviewing

references of relative reviews

11 studies included in the review

VIP (n = 23), Wanfang Data (n = 29)

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

tions23: (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 I2, 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 I2 is less than 50%.24 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 probioticsTa
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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 studies12–15,19 reported adequate

methods in random sequence generation. None reported the

adequate method of allocation concealment. Seven studies12–18

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 study16

reported a high number of missing data and did not provide the

reason. Two included studies13,14 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.
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Fig. 2 Summary of risk of bias assessment of included studies.

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

5

J Lin et al. Probiotics in children with asthma



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.20–22 The pooled risk ratio was 1.3

(95% CI 1.06–1.59, P = 0.01) (Fig. 3a). Significant heterogene-

ity existed across studies (I2 = 55%). Three studies15–17

assessed the number of asthma exacerbations. Two of them

demonstrated that there was no significant difference between

the two arms,15,17 while the other16 reported that the asthma

exacerbations were statistically more frequent in the probiotics

group. We could not pool the data of the three studies15,16 as

two of them did not provide detailed data.

2 Childhood Asthma Control Test (CACT): Three studies13,17,19

reported the effects of probiotics on CACT. While one study13

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 studies17,19

provided statistical data regarding the CACT results in both the
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Fig. 3 Outcome of probiotics versus control: (a) Episodes of asthma. (b) 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. CI, confidence interval; SD, standard deviation; Std., standard.
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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, I2 98%) (Fig. 3b).

3 Asthmatic symptoms: Two studies13,20 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, I2 90%) (Fig. 3c) or night (SMD −0.86, 95% CI

−2.81, 1.09, P = 0.39, I2 96%) (Fig. 3d).

4 The number of symptom-free days: Two studies15,17 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, I2 0%) (Fig. 3e).

Effects on pulmonary function
1 Forced expiratory volume in the first second (FEV1): Four of

the included studies13,14,16,19 assessed post-treatment FEV1

using different scales. The data were reported in two of

them.14,19 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, I2 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,16 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.13,19 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, I2 88%) (Fig. 4b).
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Fig. 4 Comparison probiotics versus control outcomes: (a) Forced expiratory volume in the first second; (b) peak expiratory flow. CI, confidence interval;
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Fig. 5 Outcomes of probiotics versus control: (a) Interleukin-4; (b) interferon-γ. CI, 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,19,20The

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, I2 81%) (Fig. 5a).

2 Interferon (IFN)-γ: IFN-γ was assessed in three studies,13,19,20

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, I2 84%)

(Fig. 5b).

3 Immunoglobulin E (IgE): Four studies13,15,17,20 assessed the

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.

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 studies20–22 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

studies12,16 showed that the frequency was statistically reduced

after probiotics supplementation. However, Rose et al.17 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,13,16 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

the pulmonary function of children with asthma may be affected

by the severity of the disease. Two studies13,19 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 study18 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.25,26 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-γ is secreted

by Th1 cells and inhibits airway inflammation. The Th2 sub-

group of asthmatic patients was mainly induced, increasing the

level of IL-4 and decreasing IFN-γ/IL-4. By pooling the data of

IL-4 and IFN-γ, we found a significant reduction of IL-4 and an

increase of IFN-γ after probiotics supplementation with signifi-

cant heterogeneity. The pooled results were consistent with Bin

et al.’s19 and Bing et al.’s20 results. Although there was no

detailed data, the result of the serum level of IFN-γ in the other

study13 was also significantly increasing. Th1/Th2 was increas-

ing in one study.20 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 study17 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,24 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.27

One included study reported that probiotics might not signifi-

cantly increase the incidence of fever and diarrhoea.12 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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