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Xiaochen Wei, Mb?, Ping Jiang, MD, Php®, Jiangbo Liu, Mp®, Rongfei Sun, Mp, Pho®, and Ligin Zhu, Php?

?Department of Pharmacy, Tianjin First Central Hospital, Tianjin, People’s Republic of China; PDepartment of Respiration, Tianjin First

Central Hospital, Tianjin, People’s Republic of China

ABSTRACT

Objective: The increased social and economic burdens for asthma in infants make the pre-
vention of asthma a major public health goal. Probiotics may reduce the risk of asthma in
infants. However, randomized controlled trials (RCTs) have shown mixed efficacy outcomes.
We performed a meta-analysis of RCTs to investigate whether probiotics are associated with
a lower asthma incidence in infants. Methods: The PubMed, Cochrane library, and EMBASE
databases were systematically searched from the inception dates to August 2018. RCTs com-
paring the effects of probiotic supplements with a placebo for asthma or wheeze incidence
in infants were included. A meta-analysis was performed to calculate risk ratio (RR) and 95%
confidence interval (Cl) using the Mantel-Haenszel statistical method. Results: A total of 19
randomized trials involving 5157 children fulfilled the inclusion criteria. There was no signifi-
cant association of probiotics with risk of asthma (RR, 0.94 [95% Cl, 0.82-1.09]) or wheeze
(RR, 0.97 [95% Cl, 0.88-1.06]) compared with placebo. Subgroup analysis by asthma risk
showed that probiotics significantly reduced wheeze incidence among infants with atopy
disease (RR, 0.61 [95% Cl, 0.42-0.90]), but no significant associations were found in the other
subgroup analyses by participants receiving the intervention, timing of intervention, preven-
tion regimen, probiotic organism, duration of intervention, and duration of follow-up.
Conclusions: The use of probiotic supplementation compared with placebo was not associ-
ated with a lower risk of asthma in infants. These findings do not support recommendation
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to use probiotics in the prevention of asthma in infants.

Introduction

Asthma is a heterogeneous chronic airway disease
very common in childhood, usually characterized by
respiratory symptoms including wheeze, breathless-
ness, chest tightness and cough, together with variable
expiratory airflow obstruction [1]. Based on the
National Health Interview Survey, the Centers for
Disease Control estimated that from 2001 to 2013 the
prevalence of asthma increased among children
0-17 years of age in the United States by 0.06% per
year reaching 8.91% [2]. Health expenditures for
children with asthma are three times higher than for
children without asthma [3]. Therefore, today’s new
parents are faced with the risk that their newborn will
be the one out of 10-11 children in the United States
diagnosed with asthma [4]. Consequently, newborns
today have a high risk of requiring daily medications
for years, having to endure numerous visits to doctors

and hospitals, missing an average of 9.2 days of school
each year, causing parents to miss work, and having a
substantially lower quality of life [5,6].

A revised version of the “hygiene hypothesis” sug-
gests that the pattern of colonization and the diversity
of the intestinal microbiota may be an important
factor in the increased prevalence of allergic diseases
observed over the past decades [7-9].
Probiotics are defined as “live microorganisms which
when administered in adequate amounts confer a
health benefit on the host [10].” Researchers in recent
studies of early probiotic supplementation in infancy
have investigated the potential benefit in decreasing
the risk of allergic disease. On the basis of the hygiene
hypothesis, which suggests that the absence of infec-
tious exposure at a critical point in immune system
development could lead to greater risk of allergic
disease, it is thought that probiotic exposure could
theoretically affect immune system development and

several
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reduce the subsequent risk for the development of
allergic disease including asthma [11]. Therefore, the
role of probiotics during pregnancy or infancy in the
prevention of asthma has received particular scientific
interest. Randomized clinical trials (RCTs) using
various probiotic species and forms of administration
have shown partly conflicting results in the prevention
of asthma. In the current study, we performed a
meta-analysis of RCTs to assess whether probiotic
supplementation during pregnancy or infancy could
prevent the occurrence of asthma in infants.

Methods

This meta-analysis was performed according to the
Cochrane Handbook for Systematic Reviews of
Interventions [12] and presented based on Preferred
Reporting Items for Systematic Reviews and Meta-
analyses guidelines [13].

Search strategy

We searched the PubMed, Cochrane library, and
EMBASE databases for English language publications
from the inception dates to August 2018. The search
terms were probiotic, infant, pediatric, newborn,
asthma, and wheeze with restriction to RCTs designs.
Database search was independently performed by two
researchers (X.-C.W. and J.-B.L.), and disagreement
was resolved by consensus. A manual search was per-
formed for all relevant references including published
reviews and meta-analyses. The flow diagram for
study selection is shown (Figure 1).

Inclusion criteria

Trials were selected based on the following inclusion
criteria: (1) trials enrolled participants with pregnant
women or healthy infants who were under 1 year of
age at randomization; (2) RCTs comparing probiotics
or combined probiotic and prebiotic supplements with
a placebo or no intervention group; (3) trials provid-
ing asthma or wheeze data; and (4) trials published
in the English language. Exclusion criteria were (1)
randomized trials without a placebo or treatment
group; (2) trials of infants who had been diagnosed
asthma by doctors; (3) trials in which supplementa-
tion with probiotics or combined probiotics and pre-
biotics was combined with other medications; and (4)
trials in which only prebiotics were used.

Risk-of-bias assessments

Two researchers (X.-C.W. and J.-B.L.) independently
assessed the risk of bias of the included RCTs

according to Cochrane risk-of-bias criteria [12], and
each quality item was graded as low risk, high risk, or
unclear risk. The seven items used to evaluate bias in
each trial included the randomization sequence gener-
ation, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, and
other bias. Disagreements were resolved by consensus.

Data extraction

Data were extracted using piloted forms, independ-
ently and in duplicate by researchers (X.-C.W. and
J.-B.L.). The data extracted from each study included
first author, year of publication, country of origin,
follow-up duration, participant receiving probiotics
(mother and/or infant), infant asthma risk (family
history, atopic disease (eczema or dermatitis), or
cow’s milk allergy (CMA)), timing of probiotic
supplementation (prenatal and/or postnatal), strain of
probiotic administered, dose and duration of supple-
mentation, number of participants and cases in the
intervention and control groups and relevant out-
comes. The number of infants with asthma was the
primary outcome. The secondary outcome was the
number of infants with wheeze. Disagreements were
resolved by consensus. If the trials had more than two
groups or factorial designs and permitted multiple
comparisons, we divided them into separate compari-
son groups. Since the nature of asthma and wheeze
can change over time [14], outcome data were
extracted for predefined time periods (age < 5years
and >5years). When a trial reported results for more
than one time period, results from the longest follow-
up were included in the main meta-analysis; results
from earlier time periods were included in subgroup
analyses. Data management was performed using
Microsoft Excel 2016.

Statistical analysis

Heterogeneity of included studies was assessed with
the use of > test (p <0.10 indicating significant het-
erogeneity) and I test (I > 50% indicating significant
heterogeneity). We calculated the risk ratio (RR) and
95% confidence interval (CI) for asthma incidence
and wheeze incidence using the fixed effect model,
when there was no significant heterogeneity.
Otherwise, a random effect model was chosen. To
evaluate whether the association between probiotic
supplements and asthma or wheeze was modified by
clinical characteristics, we prespecified subgroups
based on the participant receiving the intervention
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Figure 1. Flow diagram for study selection.

(mother and/or infant), timing of intervention
(prenatal and/or postnatal), asthma risk (family
history, atopic disease, or CMA), prevention regimen
(probiotic and/or prebiotic), probiotic organism
(Lactobacillus species and/or Bifidobacterium species),
duration of intervention (<6 months or >6 months),
duration of follow-up or age at assessment (<5 years

or >5years). We assessed publication bias by examin-
ing funnel plots when the number of trials reporting
the primary outcomes was 10 or more [12]. All p
values were two-tailed, and statistical significance was
defined as p<0.05. All statistical analyses were
performed with the use of RevMan version 5.3
(Cochrane Collaboration).
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Results
Study characteristics and study populations

The process of literature research and reasons for exclu-
sion are described in Figure 1. A total of 576 articles
were obtained from database search. Of the 356 studies
reviewed for eligibility, we extracted 60 studies for full-
text review. At last, 19 unique trials enrolling a total of
5157 infants were included [15-33]. These trials were
represented by 19 primary articles [15-33] and 11
extended follow-up publications [34-44]. These trials
were published from 2003 to 2018, and the characteris-
tics of the included trials and participants are summar-
ized in Table 1. Trials were performed mainly in
Europe [15,16,19-26,30,31], but also in Asia [27,28],
Australia [17,29], New Zealand [32,33], and the United
States [18]. One trial exclusively evaluated prenatal
maternal supplementation [17], 8 exclusively evaluated
postnatal infant supplementation [16,18,20,22,27,29-31],
while 10 evaluated a combination of prenatal and post-
natal supplementation [15,19,21,23-26,28,32,33]. Sixteen
trials evaluated probiotics alone
[15-23,25,27-29,31-33], and 3 evaluated probiotics in
combination with prebiotics [24,26,30]. Ten trials used
Lactobacillus species [15-18,23,25,28,29,31,33], one used
Bifidobacterium species [30], six used probiotic mix-
tures [19,21,22, 24,26,27], and two wused separate
Lactobacillus species and Bifidobacterium species arms
compared with 1 placebo group [20,32]. The total dur-
ation of intervention ranged from 3 to 24 months
except that one trial didn’t report [16], and the daily
dose of probiotics ranged from 10° to 10'' colony
forming units. Among the included trials, the duration
of follow-up ranged from 6 months to 8 years.

Risk of bias and publication bias

Figure 2(A) showed the assessment of the risk of bias
in 19 primary studies [15-33]. All primary studies
were randomized, double blind, placebo-controlled
trials; 16 trials described an adequate random
sequence generation process [15-20,22,23,25-27,
29-33]; 14 trials described the methods used for allo-
cation concealment [15,17,19,21-23,25,26,28-33]; and
16 trials described the blinding of outcome assessment
[15,17-23,25,26,28-33]. Figure 2(B) showed the assess-
ment of the risk of bias in 11 extended follow-up
studies [34-44]. Five trials were at high risk of per-
formance bias due to unblinding of study participants
at extended follow-up assessments [34-36,43,44]. The
funnel plot was used primarily as an aid for detecting
publication bias. Although Figure 3(A) suggested the
shapes of funnel plot was seemingly asymmetric,
Egger test showed no publication bias for asthma

(p=0.98). Figure 3(B) suggested no publication bias
was observed with symmetric funnel plot for wheeze
that was confirmed by Egger test (p =0.38).

Primary outcome: probiotic supplementation and
asthma risk

Thirteen trials including 4021 children compared
probiotic supplements with a placebo [16-19,24,27,
34,36,38,39,41,42,44]. Wickens et al. (2013) wused
separate L. rhamnosus HNOO1 and B. lactis HN019
arms compared with one placebo group [44].
Therefore, we divided this trial into two separate
comparison groups that were Wickens et al. [44]
(L. rhamnosus HNOO1 compared with a placebo) and
Wickens et al. [45] (B. lactis HNO19 compared with
a placebo). As shown in Figure 4, there was no signifi-
cant association of probiotic supplementation with
asthma (RR, 0.94 [95% CI, 0.82-1.09]). The subgroup
analysis did not show any significant differences
within subgroups based on the participant receiving
the intervention, timing of intervention, asthma risk,
prevention regimen, probiotic organism, duration of
intervention or duration of follow-up (Table 2).

Secondary outcomes: probiotic supplementation
and wheeze risk

Twelve trials including 2521 children compared results
for participants receiving probiotic supplementation
placebo  [17,20,22,25,28,30,33-35,41,42,44].
Gore et al. used separate L. paracaseii and B. lactis
arms compared with 1 placebo group [20]. Therefore,
we also divided this trial into two separate comparison
groups that were Gore et al. (L. paracaseii compared
with a placebo) and Gore et al. (B. lactis compared
with a placebo). As shown in Figure 5, there was no
significant association of probiotic supplementation
with wheeze (RR, 0.97 [95% CI, 0.88-1.06]). In sub-
group analyses by asthma risk, two trials [20,30]
enrolled 225 infants with atopy disease, seven trials
[17,25,28,33,34,41,44] enrolled 1795 infants with fam-
ily history, and one trial [22] enrolled 106 infants
with CMA. The results showed probiotic supplemen-
tation significantly reduced wheeze incidence among
infants with atopy disease (RR, 0.61[95% CI,
0.42-0.90]), but there were no significant associations
in infants with family history or CMA. In addition,
no significant associations were found in subgroup
analyses based on the participant receiving the inter-
vention, timing of intervention, prevention regimen,
probiotic organism, duration of intervention or dur-
ation of follow-up (Table 2).

versus
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Figure 2. Risk of bias summary with the following: (A) primary studies; (B) extended follow-up studies. Green dots (+), red dots

(=), and yellow dots (?), respectively, indicate the items that were low risk of bias, high risk of bias, and unclear the risk of bias.
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Figure 4. Meta-analysis results of probiotic supplementation for the incidence of asthma.

Discussion

Results of this meta-analysis showed that probiotic
supplementation during pregnancy or early life was
not significantly associated with a lower incidence of
asthma or wheeze in infants. These results were con-
sistent with the systematic review and meta-analysis
performed by Azad MB et al. in 2013 [45], although
our analysis evaluated updated long-term findings
from these five original trials [34-36,42,44], and adds
results from five new trials reporting on probiotic
supplements for asthma or wheeze prevention
[16,18,24,27,33]. In addition, there were no differences
based on the participant receiving the intervention,
timing of intervention, asthma risk (family history or
CMA), prevention regimen, probiotic
duration of intervention or duration of follow-up, but
the decrease in the risk of wheeze was significant only

organism,

when probiotic supplements administrated
among infants with atopy disease.

Most of the previous clinical trials reported investi-

were

gating the prevention of asthma/wheeze with probiotic
supplementation focused on high-risk infants with
allergic parents or siblings, while few clinical trials
paid close attention to high-risk infants with atopy
disease. In our meta-analysis, there were only two tri-
als [20,30] performing the research on the preventive
efficacy of probiotic supplements in infants with atopy
disease. One trial [20] investigated the preventive
effects of the probiotics Lactobacillus paracasei or
Bifidobacterium lactis on infants with eczema at age
3-6 months. The other trial [30] assessed the effects of
early intervention with synbiotics (Bifidobacterium
breve M-16V and fructooligosaccharide) on infants

with  atopic  dermatitis at age <7months.
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Table 2. Subgroup analysis of association between probiotic supplementation and asthma/wheeze in infants.

No. participants

Subgroup No. studies® Events Total RR (95% Cl) P (%)
Asthma (primary outcome)
Participant receiving intervention
Mother + infant 6 [24, 34, 36, 38, 39, 44] 423 2635 0.99 (0.83-1.18) 0
Mother 2 [17,19] 60 520 0.93 (0.58-1.49) 0
Infant 5[16, 18, 27, 41, 42] 132 866 0.81 (0.59-1.11) 13
Timing of intervention
Prenatal and postnatal 7 [19, 24, 34, 36, 38, 39, 44] 443 2913 0.97 (0.82-1.15) 0
Prenatal 11171 40 242 1.09 (0.62-1.92) -
Postnatal 51[16, 18, 27, 41, 42] 132 866 0.81 (0.59-1.11) 13
Asthma risk
High (family history) 11 [17, 18, 24, 27, 31, 34, 36, 38, 39, 41, 44] 561 3537 0.97 (0.84-1.13) 0
High (infants with CMA) 1[16] 27 193 0.48 (0.23-1.02) -
Unselected 1[19] 20 278 0.68 (0.29-1.60) 0
Prevention regimen
Probiotic alone 11 [16-19, 27, 34, 36, 38, 41, 42, 44] 383 2334 0.94 (0.79-1.13) 0
Probiotic + prebiotic 2 [24, 39] 232 1687 0.95 (0.74-1.20) 0
Probiotic organism
Lactobacillus species 8 [16-18, 34, 38, 41, 42, 44] 227 1440 0.93 (0.74-1.19) 28
Bifidobacterium species 1 [44] 72 288 1.06 (0.71-1.58) -
Combination 5[19, 24, 27, 36, 39] 316 2293 0.93 (0.76-1.14) 0
Duration of intervention
<6mo 51[17-19, 27, 41] 151 1072 0.91 (0.68-1.23) 0
>6 mo 7 [24, 34, 36, 38, 39, 42, 44] 437 2756 0.99 (0.84-1.18) 0
Not reported 1[16] 27 193 0.48 (0.23-1.02) -
Follow-up duration®
<5yr 8 [15-17, 19, 31, 37, 39, 41] 249 2193 0.86 (0.68-1.09) 0
>5yr 9 [18, 24, 27, 34-36, 38, 42, 44] 398 2575 0.99 (0.83-1.19) 0
Wheeze (secondary outcome)
Participant receiving intervention
Mother + infant 4 [25, 28, 34, 44] 467 1028 1.02 (0.83-1.25) 45
Mother 3[17, 33, 35] 329 918 0.90 (0.76-1.06) 0
Infant 5 [20, 22, 30, 41, 42] 174 575 0.96 (0.64-1.43) 58
Timing of intervention
Prenatal and postnatal 6 [25, 28, 33-35, 44] 740 1704 0.95 (0.84-1.08) 21
Prenatal 1[17] 56 242 0.92 (0.58-1.45) -
Postnatal 5 [20, 22, 30, 41, 42] 174 575 0.96 (0.64-1.43) 58
Asthma risk
High (family history) 7 [17, 25, 28, 33, 34, 41, 44] 724 1795 0.98 (0.88-1.08) 14
High (infants with atopic  dis- 2 [20, 30] 76 225 0.61 (0.42-0.90)* 0
ease)
High (infants with CMA) 1[22] 33 106 1.46 (0.82-2.60) -
Unselected 2 [35, 42] 137 395 1.16 (0.64-2.09) 71
Prevention regimen
Probiotic alone 11 [17, 20, 22, 25, 28, 33-35, 41, 42, 44] 952 2447 0.98 (0.89-1.08) 27
Probiotic + prebiotic 1 [30] 18 74 0.41 (0.16-1.02) -
Probiotic organism
Lactobacillus species 9 [17, 20, 25, 28, 33, 34, 41, 42, 44] 586 1680 1.01 (0.84-1.21) 34
Bifidobacterium species 3 [20, 30, 44] 250 461 0.72 (0.41-1.24) 67
Combination 2 [22, 35] 134 380 1.08 (0.68-1.71) 53
Duration of intervention
<6 mo 6 [17, 20, 22, 30, 35, 41] 295 970 0.89 (0.74-1.08) 26
>6mo 6 [25, 28, 33, 34, 42, 44] 675 1551 1.00 (0.90-1.11) 46
Follow-up duration®
<5yr 9 [15, 17, 20, 22, 25, 28, 30, 33, 41] 440 1509 0.96 (0.82-1.12) 35
>5yr 4 [34, 35, 42, 44] 562 1200 0.98 (0.87-1.09) 33

“Both Refs. 20 and 44 had two intervention groups, we divided them into separate comparison groups.
BWith regard to subgroup analysis of follow-up duration, based on the number and duration of follow-up assessments, some trials contributed data to
more than one predefined subgroup. For all other subgroup analyses, the longest available follow-up data from each trial were used.

*p < 0.05.
CMA, cow’s milk allergy.

Unfortunately, there was the only incidence of wheeze
data reported in the two trials [20,30], while no
incidence of asthma data. Therefore, we pooled the
wheeze data and then found the positive result that
early-life administration of probiotics may protect
against wheeze in infants with atopy disease. In view
of the small sample size in this subgroup analysis, the

result should be interpreted with caution. Future
powerful trials are needed to confirm if infants with
atopy disease could be most likely to benefit
from probiotics.

In addition, note that properties of different
probiotic species vary and can be strain-specific [46].
For example, Lyons et al. [47] found probiotic
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Probiotic Placebo Risk Ratio Risk Ratio
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Figure 5. Meta-analysis results of probiotic supplementation for the incidence of wheeze.

strain-specific induction of Foxp3+ T regulatory cells
in murine allergy models. Lee et al. [48] reported that
four Lactobacillus species had markedly different
immunomodulatory effects in animal experiments.
Moreover, strain-specific effects have been observed in
clinical studies. For example, Lactobacillus salivarius
and Lactobacillus fermentum were effective, while
Lactobacillus plantarum had no effect against allergy
[49]. Therefore, it should be important to confirm
which strains were most likely effective in preventing
asthma and wheeze. However, because of the large
variety of strains, combinations, and doses adminis-
trated, the efficacy of specific probiotic strains was dif-
ficult to evaluate. Our subgroup analyses based on
probiotic organisms did not find any valuable results.
We speculated that the lack of efficacy of probiotics in
reducing the risk of asthma and wheeze might be due
to clinical diversity in the use of strains. A recent
allergic asthma animal study indicated that the pre-
ventive treatment with Lactobacillus rhamnosus GG,
but not Lactobacillus rhamnosus GR-1, resulted in a
significant decrease in bronchoalveolar lavage eosino-
phil counts, lung interleukin-13 and interleukin-5 lev-
els, and airway hyperreactivity [50]. Similarly, another
animal study showed that Lactobacillus reuteri, but
not Lactobacillus salivarius, was able to attenuate
antigen-induced airway eosinophil influx, local
cytokine responses, and hyperresponsiveness to meth-
acholine [51]. In addition, Hougee et al. reported
Bifidobacterium breve M-16V has strain-dependent
immunomodulatory effects and was more effective
than several other Bifidobacterium and Lactobacillus
strains [52]. Therefore, further study should be needed

to optimize the selection of probiotic species and the
design of intervention regimens.

There are several potential limitations to our study.
First, population characteristics, probiotic regimens,
and duration of follow-up were variable in each
included study, which may produce confound bias for
the evaluation of probiotics benefits in preventing
asthma and wheeze in early-life children. Second,
significant heterogeneity, which may decrease the
strength of our estimates, was observed in some
subgroup analyses of wheeze. Third, subgroup analy-
ses were susceptible to type II errors due to relatively
small sample sizes. Fourth, some RCTs were of poor
quality and, for example, assessed unblinding of study
participants at extended follow-up, which may lead to
high risk of performance bias.

Conclusions

In this meta-analysis of randomized clinical trials, the
use of probiotic supplements during pregnancy or
infancy compared with placebo was not associated
with a lower risk of asthma in infants. These findings
do not support recommendation to use probiotics in
the prevention of asthma in infants.
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