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ABSTRACT

Background: Probiotic supplementary therapy to prevent allergic diseases, including asthma in children, has been widely
explored in many randomized controlled trials. However, there is conflicting evidence on the effect of probiotic supplementation
during pregnancy and infancy to the incidence of asthma and allergic rhinitis.

Method: This study was designed to systematically explore the potential effects of probiotic supplementation on the
occurrence and development of asthma, wheeze, and allergic rhinitis. Randomized controlled trials were searched in several
medical literature data bases. A meta-analysis was undertaken by using the fixed-effects model or the random effects model to
calculate the pooled risk of significant heterogeneity. Two writers were designated to perform the study selection and data
extraction. The primary outcome was clinically diagnosed asthma; the secondary outcomes included wheeze, allergic rhinitis,
and a positive aeroallergen skin-prick test result.

Results: Seventeen randomized controlled trials, which composed a total of 5264 children, were analyzed. The pooled data
for risk of developing asthma after probiotic supplementation showed no significant reduction compared with controls (risk ratio
[RR] 0.86 [95% confidence interval {CI}, 0.73–1.01]; I2 � 0%; p � 0.06). A subgroup of strains indicated that Lactobacillus
rhamnosus GG supplementation only had a reduction to the occurrence of asthma (RR 0.75 [95% CI, 0.57–0.99]; I2 � 11%;
p � 0.04). The supplement in the postnatal group had a similar result, but the incorporated data were limited. Meanwhile, it
is failed to identify that probiotic supplementary therapy have a clear benefit to the secondary outcomes: wheeze, allergic
rhinitis, positive aeroallergen skin-prick test result.

Conclusion: This study showed a significant benefit that supplementation with probiotics in pre- and postnatal periods was
likely to play an essential strategic role in the prevention of asthma. However, these effects were based on the type of probiotics
used, which also need more large-sample and high-quality RCTs to confirm the reliability of this study.

(Allergy Asthma Proc 40:250–260, 2019; doi: 10.2500/aap.2019.40.4227)

Asthma is a chronic respiratory disease character-
ized by bronchial hyperresponsiveness, chronic

airway inflammation, and airway remodeling.1,2 Due
to its high morbidity and substantial economic burden,
asthma has caused a widespread concern in the past
decades, especially in childhood.3,4 According to re-
sults of the International Study of Asthma and Aller-

gies in Childhood (ISAAC) questionnaires, asthma
prevalence increases by 0.18% in the 6–7-year-old
group and 0.28% in the 13–14-year-old group every
year. It is worth noting that recurrent wheeze fre-
quently precedes the diagnosis of asthma.5 Especially,
allergic rhinitis (AR) has been estimated to be a risk for
the development of asthma, which shares common
pathophysiologic elements with asthma.6,7

Asthma has been verified to be the consequence of
complicated interactions between genetic and environ-
mental factors.1 Strachan8 first proposed a hygiene hy-
pothesis that interpreted that the rise in allergic dis-
eases might be associated with reduced microbial
exposure. Such a hypothesis may give an explanation
for the raised incidence of atopic diseases in the 20th
century.9–11 Then, further, the “old friends” hypothesis
proposed by Rook12 argued that the fundamental mi-
crobial exposures were present in primate develop-
ment and the time of the hunter gatherer, when the
human immune system evolved.13 Ecological species
and some other microbes which inhabit indoor and
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outdoor environments, are generally harmless comen-
sal microbes, and can be acquired from the skin, gut
and respiratory tract of other people. Exposure to typ-
ical microbial flora in early life is considered as an
effective incentive for T-helper cell type 1 and type 2
balance.14 In addition, the most essential circumstances
for “old friends” exposure is the early life in develop-
ment, including pregnancy, delivery, and the first few
days or months of infancy.15 Based on these pivotal
revelations, a number of researchers focused on the
altering gut colonization by pre- or probiotic supple-
mentation.16,17

Probiotics, live microorganisms, are considered to
confer a health benefit to the host through an interac-

tion with gut microbiota. Gut microbiota has been
verified to be involved in the modulation of the im-
mune response in early life.18 Supplementation of pro-
biotics has been regarded as an effective strategy to
prevent allergies. Of note, the use of probiotics to pre-
vent allergic diseases, including asthma in children,
has been widely explored in many randomized con-
trolled trials (RCT).19 However, there is still no con-
firming evidence to support the use of probiotics to
prevent asthma. Therefore, we performed a meta-anal-
ysis to systematically explore whether probiotic sup-
plementation used in pregnant women and/or infants
could reduce the incidence of asthma and AR in chil-
dren.

Figure 1. Flow chart of the selection process
by following the PRISMA criteria.
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METHOD

Search Strategy
We conducted a comprehensive search in the PubMed,

Web of Science (Institute for Scientific Information,
Philadelphia, USA), the Cochrane Library (John Wiley
& Sons, Hoboken, USA), Scopus (Elsevier, Amsterdam,
The Netherlands), and Chinese data bases (CNKI (Na-
tional Knowledge Infrastructure, Beijing, China) and
SinoMed (Institute of medical information, Beijing,
China)). These data bases were searched according to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines18 for RCTs to
evaluate the effect of probiotic supplement therapy for
asthma, AR, and wheeze in pre- and postnatal periods.
The language limits set for studies were those pub-
lished in English or Chinese. Studies that could be
converted into an English version were also allowed.
The search string was built up through the most-ap-
propriate Boolean operators by combining all terms
related to asthma, AR, wheeze, and probiotics by using
PubMed Medical Subject Headings, and free-text
words and their combinations. Studies obtained by
virtue of the above-mentioned search strategy were
imported into EndNote (Thomson Corporation, Stan-
ford, USA), in which duplicates were removed. Also,
we manually screened references in the chosen articles
by using the citation snowballing technique. The com-
plete search strategies are reported in the flow chart
(Fig. 1).

All the authors, who are in the Department of Phys-
iology, Xiangya School of Medicine, conceived and
designed the study protocol. X Du and L Wang per-
formed the literature search and selection, and as-
sessed study details, which were checked by S Wu and
L Yuan. L Yuan and S Tang evaluated the study qual-
ity. X Du and L Wang wrote the first draft of the paper,
which was critically revised by all the other authors (Y
Xiang, X Qu, H Liu, X Qin). All the authors gave final
approval of the version to be submitted and agreed to
be accountable for the whole paper.

Study Selection
The primary outcome measure was asthma diag-

nosed by the clinician. The secondary outcomes in-
cluded wheeze, AR, allergic symptoms, lower respira-
tory tract infections, and total immunoglobulin E level.
The screening process was done independently by two
individuals (X D and L W) and then summarized. The
disputed part was finally decided by the third person
(L Yuan).

Inclusion criteria were the following:

1. RCTs were blinded.
2. The subjects were healthy children, with or without

a high risk of developing allergic diseases and with-
out concurrent treatments.

3. Probiotics were supplemented since the pre- and/or
postnatal periods, with � 3 months of intervention
duration; the details of the specific probiotic strains
and dose were given in the articles. The control
subjects were children who received a placebo.

4. There were clear descriptions of the missed condi-
tion and eventual completion of the trial population
in the studies.

5. The studies were approved by the ethics committee,
and the full name of the approving institution was
provided.

Exclusion criteria were the following:

1. Inappropriate study design, population, interven-
tion, comparison, and/or outcome, which did not
meet the inclusion criteria.

2. Inappropriate article type: letter or review, meeting
abstract, laboratory studies, or case report.

3. Nonhuman research.
4. Lack of necessary outcome measures: sample size,

incidence, hazard ratio (HR) or risk ratio (RR), 95%
CI, or data could not be analyzed.

Data Extraction and Quality Assessment
For the final selection of articles, two researchers (L Y

and S T) independently extracted data and reached a
consensus. The extracted data included the first author,

Figure 2. Quality assessment of random-
ized controlled trials (RCT) included in the
meta-analysis by using the Cochrane Collab-
oration tool for assessing risk of bias.
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year of publication, number of subjects, subjects’ high
risk of allergy (first- or second-level family members
had a history of asthma, rhinitis, allergic sensitivity),
early infection history, duration of the experimental
intervention, mode of intervention in the experimental
group and the control group, the type of probiotics, the
dose, and the follow-up outcome indicators (asthma,
wheezing, and the incidence of AR). We used two
approaches to assess the quality of inclusion docu-
ments. One is the Jadad scale,20 which describes the
allocating studies with a score between 0 (very poor)
and 5 (rigorous) by assessing three aspects: random-
ization and concealment, blinding, and the reason and
number of withdrawals and dropouts. However, the
Jadad scale ignores the importance of hidden alloca-
tion, so we introduced another approach: the Cochrane
Collaboration tool (John Wiley & Sons, Hoboken, USA)
for accessing risk of bias.21 The Cochrane Collaboration
tool illustrates the quality of all included RCTs by
assessing six aspects: selection bias, performance bias,
detection bias, attrition bias, reporting bias, and other
bias. Each indicator was judged in the degree of low,
unclear, or high risk of bias (Fig. 2). All our analyses
were based on the incorporated previous studies that
were all approved by relevant ethical committee.

Statistical Analysis
Meta-analysis was constructed by following the

methods outlined in a previously published meta-
study with slight modifications.22 Stata 14.0 (StataCorp
LLC, College Station, Texas, USA) and Revman 5 (John
Wiley & Sons, Hoboken, USA) were used in the meta-
analysis.23–26 Data were combined as appropriate and
displayed in forest plots. RRs were used to assess risk
in the cohort studies. Study heterogeneity was tested
by using the 32 �2 test and I2 statistics. Subgroup and
sensitivity analyses were used to identify the source of
heterogeneity. Confounding factors were segregated
for further analysis.

RESULTS
Trials Included Study Characteristics and Quality of

Reporting.
As shown in Fig. 1, a total of 949 articles were ob-

tained: 220 from PubMed, 552 from Web of Science, 95
from the Cochrane Library, 292 from Scopus, and 82
from Chinese data bases (CNKI and SinoMed). After
exclusion of duplicate articles, 338 articles were iden-
tified, and 208 of these were retained after abstract and
screening of keywords. There were 37 articles that
reached the criteria after reading the full texts. Finally,
17 studies were included in this analysis, which en-
gaged 5246 participants; all the studies were RCTs and
published from 2000 to 2018.27–42 In 11 of the 17 studies
(26, 28, 29, 30, 32, 35, 36, 38, 40, 41), given was given forT
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both pre- and postnatal period, whereas intervention
was given only for postnatal period in the 6 remaining
studies (27, 31, 33, 34, 37, 39). There were 14 studies
(26–30, 32–35, 38–41) aimed at infants with a high risk
of allergy (4516), and 3 studies (31, 36, 37) aimed at
children who were not high risk (748). Further details
for the included studies are described in Table 1. In
addition, a study includes two different cohorts char-
acterized by specific strain (LGG or Bifidobacterium).27

Notwithstanding, these cohort studies were included
only once in the distinctive investigations (the latest
report in each case).

Probiotic Intervention
The detailed probiotic interventions in each study

included in our meta-analysis are shown in Table 1.
There also were different species of probiotics in these
studies. Of the 14 trials (two of them are from the same
article), 8 used Lactobacillus rhamnosus GG (LGG), 1
used Bifidobacterium, and 5 used a mixture (mixture of
a variety of probiotics). The daily dose of probiotics
ranged from 50 to 100 � 108 CFU. Durations of the

intervention were at least 6 months. The ways of sup-
plementation include adding the suspension to breast
milk and infant formula, and adding maltodextrin or
insulin into the control group. However, some studies
did not give a detailed description of the placebo treat-
ment.

The Primary Outcome
Among the 14 studies27,29–35,37,38,40–42, the data of

asthma incidence among 4645 children were included.
The results of the meta-analysis are presented in a
forest plot (Fig. 3). The pooled data for the risk of
developing asthma after probiotic supplementation
showed no significant reduction compared with those
who received placebo: RR 0.86 (95% CI, 0.73–1.01); I2 �
0%; p � 0.06. However, our pooled analysis did not
indicate a significant effect of probiotic supplementa-
tion to asthma prevention.

Subgroup Analysis
We predefined subgroups based on the different

strain of probiotic used (LGG, mixture, other probiot-

Figure 3. Subgroup analysis of the association between probiotic supplementation and asthma. Forest plot, showing the comparison of
probiotic supplementation versus placebo for asthma when using different probiotic strains: (1) mixture, (2) Lactobacillus rhamnosus GG
(LGG), (3) other probiotics.
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ics) and the period of interventions (prenatal, postna-
tal, or both) to assess the efficiency of different sub-
group probiotic supplementation on asthma (Figs. 3
and 4). Because the heterogeneity among individual
research results was not significant, we used a fixed-
effects model to analyze the subgroups. The results
showed that there was a difference between the LGG
group and placebo group (RR 0.75 [95% CI, 0.57–0.99];
I2 � 11%; p � 0.04). The subgroup of intervention in
postnatal period had a similar result (RR 0.63 [95% CI,
0.42–0.96]; I2 � 0%; p � 0.03). However, the evidence
was low due to its limited incorporated data. In addi-
tion, we conducted a sensitivity analysis of the studies
subject to high-risk groups, and the results did not
show any statistical difference.

The Secondary Outcomes
Nine studies reported wheeze outcome27–29,32,36,37,39,40,

and the pool analysis did not show any significant
effect (RR 0.94 [95% CI, 0.51–1.15]; I2 � 20%; p � 0.36).
In addition, six articles assessed AR27,30,32,37,41 and four
were about positive aeroallergen SPT32,36,37,40 results.
Result did not show that it has significant prophylactic
effects of probiotic supplementation on these outcomes
(AR: RR 1.03 [95% CI, 0.77–1.39]; I2 � 68%; p � 0.83;

and SPT: RR 0.74 [95% CI, 0.57–1.09]; I2 � 0%; p � 0.13)
(Fig. 5).

Study Quality
We used two approaches to assess the quality of

inclusion studies. One was the Jadad scale, which is
used to rate the quality of each RCT, as shown in Table
1. However, the Jadad scale has a limitation; it ignores
the importance of allocation concealment. We then
used another approach (the Cochrane Collaboration
tool) to illustrate the quality of the RCTs (Fig. 2). Be-
cause we could not judge the existence of selective
reporting by screening the full texts, all the studies had
an unclear risk of bias in this aspect. Apart from this,
two studies38,39 had a high risk of bias in the aspects of
blinding performance and attrition.

Risk of Bias
A funnel plot was used to assess a publication bias of

�10 (Fig. 6). We investigated the publication bias of the
14 studies27,29–35,37,38,40–42 (studies that only reported
second outcomes were not included) in this meta-anal-
ysis. The funnel plot did not show any clear asymme-
try. There was no evidence of publication bias for our
outcome.

Figure 4. Forest plot, showing the comparison of probiotic supplementation versus placebo for asthma according to the period of intervention:
(1) prenatal and postnatal, (2) postnatal.
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DISCUSSION
Despite significant ongoing research, the efficacy of

probiotic supplementary therapy for asthma, AR, and
wheeze remains unclear. In this work, we conducted a
comprehensive search of RCTs in six data bases and
eventually summarized 17 studies,27–42 which engaged
a total of 5246 subjects. Furthermore, we reported the
basic characteristics of the selected studies. The avail-
able evidence did not verify that the use of probiotics
in the pre- and postnatal period helps reduce the inci-
dence of childhood asthma. However, from the sub-
group pooled analysis based on the sort of probiotic
strains, Subgroup analysis of the comparison of probi-
otic supplementation versus placebo for asthma when
using different probiotic strains showed that the risk of
developing asthma was reduced in the LGG treatment
group compared with the placebo group. Subgroup
analysis by duration time (pre- and postnatal, or post-

natal only) showed that the postnatal-only group had a
decrease in asthma occurrence. AR, wheeze, and pos-
itive aeroallergen SPT results were measured as sec-
ondary outcomes. These results demonstrated that the
early administration of probiotics did not reduce these
symptoms.

The potential mechanisms of numerous health ben-
efits from probiotic supplementation are manifold.
One mechanism is that probiotics can affect the micro-
bial metabolism by modulating the levels of short
chain fatty acid (SCFAs). These metabolites have many
positive effects, such as downregulating inflammation
and improving gut barrier function. Another mecha-
nism is that commensal microbes could communicate
with the immune system via pattern recognition recep-
tors, which are expressed on the intestinal epithelial
cells and dendritic cells in the gut.43 Notably, results of
many studies indicated the hypothesis that probiotics

Figure 5. Forest plot, showing the comparison of probiotic supplementation versus placebo for secondary outcomes. (A) Allergic rhinitis. (B)
Wheeze. (C) Positive aeroallergen skin-prick test (SPT) result.
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might be protective for asthma16,17,18,22,25. In the birch
pollen–induced mice model, preventive treatment with
LGG resulted in a decrease in bronchoalveolar lavage
eosinophil counts, lung interleukin 13 and interleukin
5 levels, and airway responsiveness.44 Similar results
were also reported with other asthma-induction proto-
cols.45

Compared with previous studies, The improvement
of our analysis is that the studies we included is up-
dated studies with the longer follow-up. Subgroup
analysis showed that LGG supplementation facilitates
the prevention of asthma. These results illustrated that,
depending on specific strain used, the probiotic treat-
ment effects varied. Moreover, probiotics used during
the postnatal period can also reduce the risk of asthma.
Because the postnatal group studies all belonged to the
LGG group, the influence of duration time on probiotic
effectiveness is uncertain. Although a previous meta-
analysis by Wei et al.46 did not show a direct associa-
tion between pre- and postnatal probiotic administra-
tion and asthma incidence in infants, whereas there
was also no obvious effect of LGG as a specific strain of
probiotic on asthma prevention. We believe that this
discrepancy was mainly due to the different criterial
settings of the included studies.46

The systematic reviews of prevention effects of pro-
biotics on allergic diseases was first published in
2007.47,48 These reviews demonstrated that probiotic
supplementation to infant feeds was not helpful in the
prevention of allergic diseases. However, the small
sample size may have affected the reliability of results.
A later review, published in 2013, showed that prenatal

and/or early-life probiotic administration can reduce
the risk of atopic sensitization and lower the total
immunoglobulin E level in children.49 Other meta-
analyses drew a consistent conclusion that probiotic
supplementation may be effective to some specific al-
lergic diseases, such as eczema atopic dermatitis or
food allergy.50–53 The latest report of the World Allergy
Organization indicates that probiotic supplementation
should be considered for pregnant women or infants at
high risk for allergy. Current RCTs also found that the
probiotic supplementation in late infancy can reduce
the incidence of eczema.54 Also, adding probiotics to
budesonide could significantly improve quality of life
in patients with persistent AR.55 However, it remained
unclear whether probiotic supplementation could re-
sult in reducing the episodes of respiratory allergic
disease.

Herein, we conducted a comprehensive search of the
latest data bases published before November 2018.
There were strengths in our study. First, some articles
that were included in a previous review were updated
and have a longer follow-up to record the progress of
asthma and other respiratory tract allergic diseases and
symptoms.26,28,29,32,34 Second, we took asthma as the
primary outcome and performed further subgroup anal-
ysis. Third, we used AR as the secondary outcome in our
pooled analysis because there was a connection between
AR and asthma in epidemiologic, physiologic, immuno-
pathologic, and common therapeutic approaches.56 How-
ever, our study had limitations. First, the criteria for judg-
ing changes in the clinical outcomes were not completely
uniform in the available RCTs; this may have caused the

Figure 6. Funnel plots of the meta-analysis
of probiotics with asthma.
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divergence of data and even the final decision in the
meta-analysis. Second, the mixtures used in our included
studies had different compositions, which may have in-
duced uncertain heterogeneity in different subgroups.

Conclusion
We showed that probiotic supplementation may re-

duce the occurrence of asthma. In the subgroup anal-
ysis, LGG supplementation had a positive effect on the
prevention of asthma. Moreover, there was no signifi-
cant advantage of probiotic supplements on AR and
other respiratory allergic symptoms. However, a larger
sample size and well-designed RCTs need to be con-
ducted to evaluate the exact role that probiotics play in
the prevention of asthma in the future.
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41. Kalliomäki M, Salminen S, Poussa T, Isolauri E. Probiotics
during the first 7 years of life: a cumulative risk reduction of
eczema in a randomized, placebo-controlled trial. J Allergy Clin
Immunol. 2007; 119:1019–1021.

42. Lundelin K, Poussa T, Salminen S, Isolauri E. Long-term safety
and efficacy of perinatal probiotic intervention: evidence from a
follow-up study of four randomized, double-blind, placebo-
controlled trials. Pediatr Allergy Immunol. 2017; 28:170–175.

43. He B, Xu W, Santini PA, et al. Intestinal bacteria trigger T
cell-independent immunoglobulin A(2) class switching by in-
ducing epithelial-cell secretion of the cytokine APRIL. Immu-
nity. 2007; 26:812–826.

44. Spacova I, Petrova MI, Fremau A, et al. Intranasal administra-
tion of probiotic Lactobacillus rhamnosus GG prevents birch pol-
len-induced allergic asthma in a murine model. Allergy. 2019;
74:100–110.

45. Wu CT, Chen PJ, Lee YT, Ko JL, Lue KH. Effects of immuno-
modulatory supplementation with Lactobacillus rhamnosus on

airway inflammation in a mouse asthma model. J Microbiol
Immunol Infect. 2016; 49:625–635.

46. Wei X, Jiang P, Liu J, Sun R, Zhu L, et al. Association between
probiotic supplementation and asthma incidence in infants: a
meta-analysis of randomized controlled trials. J Asthma. 2019:
1–12.

47. Osborn DA, Sinn JK. Probiotics in infants for prevention of
allergic disease and food hypersensitivity. Cochrane Database
Syst Rev. 2007; 17:CD006475.

48. Prescott SL, Björkstén B. Probiotics for the prevention or treat-
ment of allergic diseases. J Allergy Clin Immunol. 2007; 120:
255–262.

49. Elazab N, Mendy A, Gasana J, Vieira ER, Quizon A, Forno E.
Probiotic administration in early life, atopy, and asthma: a meta-
analysis of clinical trials. Pediatrics. 2013; 132:e666–e676.

50. Fiocchi A, Burks W, Bahna SL, et al. Clinical Use of Probiotics in
Pediatric Allergy (CUPPA): a World Allergy Organization po-
sition paper. World Allergy Organ J. 2012; 5:148–167.

51. Pelucchi C, Chatenoud L, Turati F, et al. Probiotics supplemen-
tation during pregnancy or infancy for the prevention of atopic
dermatitis: a meta-analysis. Epidemiology. 2012; 23:402–414.

52. Azad MB, Coneys JG, Kozyrskyl AL, et al. Probiotic supple-
mentation during pregnancy or infancy for the prevention of
asthma and wheeze: systematic review and meta-analysis. BMJ.
2013; 347:f6471.

53. Zuccotti G, Meneghin F, Aceti A, et al. Probiotics for prevention
of atopic diseases in infants: systematic review and meta-anal-
ysis. Allergy. 2015; 70:1356–1371.

54. Schmidt RM, Pilmann Laursen R, Bruun S, et al. Probiotics in
late infancy reduce the incidence of eczema: a randomized
controlled trial. Pediatr Allergy Immunol. 2019; 30:335–340.

55. Jalali MM, Soleimani R, Alavi Foumani A, Ganjeh Khosrayi H,
et al. Add-on probiotics in patients with persistent allergic
rhinitis: a randomized crossover clinical trial. Laryngoscope.
2019. [Epub ahead of print.]

56. Zheng T, Yu J, Oh MH, Zhu Z. The atopic march: progression
from atopic dermatitis to allergic rhinitis and asthma. Allergy
Asthma Immunol Res. 2011; 3:67–73. e

260 July 2019, Vol. 40, No. 4

DO N
OT C

OPY



Copyright of Allergy & Asthma Proceedings is the property of OceanSide Publications Inc.
and its content may not be copied or emailed to multiple sites or posted to a listserv without
the copyright holder's express written permission. However, users may print, download, or
email articles for individual use.


