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Abstract

The prevalence of allergic diseases has increased over the past few decades. Atopic dermatitis
(AD) is a common allergic disease, for which there is currently no known cure. Administration of
probiotics in early life may be an effective method to prevent AD, but very little is known about
its long-time preventive effect. In this research, a meta-analysis has been conducted to evaluate
the long-term effect of early-life supplementation with probiotics on preventing AD. Meta-
analysis was performed by the Review Manager version 5.2 software. Risk ratio and 95%
confidence intervals were calculated by a fixed effect model. Six trials and a total of 1955
patients were included in this meta-analysis. The combined risk ratio of the meta-analysis
comparing probiotics with placebo for investigating the long-term preventive effect of AD was
0.86 (95% CI 0.77–0.96), which demonstrates that probiotics is likely to produce long-term
prevention of AD.
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Introduction

The prevalence of allergic diseases, including atopic dermatitis
(AD), asthma and allergic rhinoconjunctivitis, has increased over
the past few decades, mainly in developed countries (1), which
causes significant social and financial burdens worldwide (2). AD
is a chronic, pruritic and inflammatory skin disorder, which
normally presents in early childhood and persists into adult in
60% of patients (3). All available treatments nowadays cannot
cure but alleviate the symptoms of AD. Developing a new method
to prevent AD is of great importance. The hygiene hypothesis
postulates that the environmental changes, such as improved
hygiene, the increased use of antimicrobial medication, the
consumption of sterile food and reduced family size, lead to
reduced microbial contact in early childhood (4). This may play
an important role in the maturation of the host immune system
during the first year of life (5). Moreover, more lactobacilli were
found to colonize in the gut of nonallergic children than allergic
children (6), indicating that appropriate microbial colonization
of the gut might lower the risk of developing atopic diseases.
The above researches may lead to a hypothesis that allergic
diseases might be prevented by the administration of microbial
supplements in early life. Probiotics, defined as ‘‘living micro-
organisms, which, upon ingestion in certain numbers, exert health
benefits beyond inherent general nutrition’’ (7), can potentially
modulate the immune response to help immune maturation (8).

Several randomized controlled trials (RCTs) have investigated
the preventive effect of administration of probiotics during
pregnancy and/or after childbirth (9,10). However, very few
studies have focused on the long-term effect of probiotics on
allergic diseases. Hence, a meta-analysis of RCTs has been
performed to assess the long-term effect of probiotic use during
pregnancy and early life (from birth to no older than 6 months) on
the prevalence of AD and IgE-associated AD.

Methods

Literature search

A comprehensive literature search was performed on PubMed,
EMBASE, Web of Science and the Cochrane Library databases in
July 2014. All RCTs measuring the preventive effects of
probiotics in patients diagnosed with AD were reviewed. The
references of all articles retrieved were also examined.

Inclusion criteria and exclusion criteria

The inclusion criteria were as follows: (i) RCTs assessing the
effect of probiotics on the prevention of AD, (ii) trials being
conducted on humans, (iii) follow-up time not being less than 5
years and (iv) the outcomes including cumulative incidence of
AD, IgE-associated AD and systemic sensitization. The exclusion
criteria were listed as follows: (i) medication used in control
groups not being placebo, (ii) probiotics not being used orally and
(iii) outcomes other than allergic diseases.

Data extraction

Data were extracted and evaluated independently by
two reviewers (C.L. and W.L.). When discrepancies existed, two
review team members would further check up on the original
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articles and finally reached an agreement. The basic information
obtained from each eligible study includes the timing of probiotic
supplementation, strain of probiotic administered, formulation of
probiotics, dose and duration of supplementation, and the
proportion of patients with AD, IgE-associated AD (also named
as SPT+ AD, i.e. AD with positive skin prick test (11)) and
systemic sensitization (defined as a positive result on a skin prick
test and/or elevated specific IgE to any food or inhalant allergen)
at the time of follow-up visits.

Quality assessment

The methodological quality of the trials was evaluated by using
the Jadad scale (12). Scores of 3–5 were considered as high
quality.

Statistical analysis

The analysis was performed using the Review Manager version
5.2 software (The Cochrane Collaboration, Oxford, UK). The
statistical heterogeneity assumption among studies was checked
by Q-test. The I2 was calculated to assess the heterogeneity of the
study results. When I2 was no more than 50%, a fixed-effect
model was used. Otherwise, a random-effect model was adopted.
A p value of50.01 was considered statistically significant.

Results

The search retrieved 421 articles, of which 34 were not written in
English and were excluded from this list, leaving 387 articles.
After title and abstract screening, 333 articles were excluded for
the following reasons: (i) review articles (137 articles), (ii) animal
studies (142 articles) and (iii) design other than RCT (54 articles).
Forty-eight articles were excluded after full-text screening for the
following reasons: (i) treatment rather than prevention of AD
(10 articles), (ii) studies not being follow-up trials (13 articles),
(iii) without original data (18 articles) and (iv) efficacy of
probiotics in preventing AD was not a primary or secondary
outcome of the trial (7 trials). Finally, six available randomized,
double-blind and placebo-controlled studies with high quality met
with all the inclusion and exclusion criteria (13–18). The study
flowchart is shown in Figure 1.

A total of 1955 eligible patients, the heterogeneity I2 index
being 46% (p¼ 0.10), were included in this meta-analysis
examining the long-term (no less than 5 years) effect of probiotics
in infants and children. The main characteristics of the included
trials are listed in Table 1. All studies were randomized, placebo-
controlled trials. Six studies reported data on probiotics for the
prevention of AD, three (14–16) for the prevention of
IgE-associated AD and five (13,15–18) reported on the systemic
sensitization.

The meta-analysis on those studies showed significant asso-
ciation of consumption of probiotics in early life with the long-
term preventive effect of AD, with the combined risk ratio of 0.86
(95% CI 0.77–0.96, p¼ 0.005, Figure 2). Sub-analyses showed
that both prenatal and postnatal administration of probiotics
would lead to lower cumulative incidence of AD compared with
placebo (p¼ 0.002), while no significant effects could be found in
children with only postnatal administration (p¼ 0.89).

The three studies, which evaluated the prevalence of IgE-
associated AD, were carried out using a heterogeneity I2 index of
5%. There were no significant effects of probiotic consumption
(by infants or mothers) on the development of IgE-associated AD
in children (p¼ 0.87, Figure 3).

Compared with the placebo group, the pooled RR for the
evaluation of systemic sensitization was 0.94, adopting a hetero-
geneity I2 index of 0% (95% CI 0.81–1.08, p¼ 0.38, Figure 4).

Discussion

The conventional therapies for AD include emollients as a
maintenance therapy, avoidance of allergens and irritants, and use
of antihistamine drugs or corticosteroids to treat AD flares (19).
While all these treatments may only alleviate symptoms, there is
no effective treatment nowadays. The administration of pro-
biotics, according to previously mentioned studies, may present
an effective method for preventing AD. The results of the meta-
analysis conducted in this study indicate that the administration of
probiotics during pregnancy and in early life can significantly
reduce the risk of the development of AD during the long-term
follow-up period (more than 5 years) by 14% compared with
placebo (p¼ 0.005).

To date, there have been several mechanisms proposed for
explaining the probiotic effect on atopy and AD (20). It may be
helpful for the maturation of the gut barrier function, immuno-
modulatory effects, development of tolerogenic dendritic cells,
Toll-like receptor stimulation and Treg production. In this meta-
analysis, neither the incidence of IgE-associated AD nor systemic
sensitization could be found in patients with the probiotic
administration compared with placebo, suggesting that the
preventive effect on AD may not be IgE mediated.

Furthermore, the meta-analysis indicates that the initial use of
probiotics during pregnancy may be more important than just
postnatal use. The mechanism is also illusive. Tanaka et al. (21)
found that oral supplementation with a probiotic strain prevented
the development of AD in NC/NgaTnd mice possibly by
modulating the local production of IFN-g. Early evidence (22)
is found in the cord blood of the children where a higher
proportion of probiotic-supplemented infants had detectable
IFN-g compared to placebo.

TGF-b in breast milk was shown to be elevated in the breast
milk of mothers using probiotics and has been thought to be
protective against immunological outcomes of allergy (23). So
baby will benefit more if their mothers use probiotics during
lactation.

Besides, the use of probiotics is a good adjuvant in the
treatment of AD (24), which we will discuss in a future study.

There are still some limitations in this meta-analysis: (i) only
English-language articles were reviewed; (ii) the number of the
included RCTs was small, i.e. only six; and (iii) the differences in

Figure 1. Flowchart for search and selection of publications for the
meta-analysis.
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Figure 2. Incidence of AD in children after probiotic administration.

Table 1. Characteristics of trials included in the meta-analysis.

Author, year Outcome(s) No. of subjects Probiotic Formulation Intervention period

Follow-up
period

(age in years)

Kalliomaki,
2007 (13)

AD, sensitization 115 ATCC53103 Capsules 4 weeks before birth
until 6 months
after birth

7

Kuitunen,
2009 (14)

AD, IgE-associated AD 891 ATCC53103 +
DSM7061 +
DSM13692 +
DSM7076

Capsules 36 weeks of gesta-
tion until
6 months after
birth

5

Jensen,
2012 (15)

AD, IgE-associated AD,
sensitization

123 LAVRI-A1 Powder dissolved
(in sachet
packets) in
sterile water

From birth to 6
months

5

West, 2013 (16) AD, IgE-associated AD,
sensitization

121 LF19 mixed with
cereals

4–13 months 8–9

Wickens,
2013 (17)

AD, sensitization 465 HN001 + HN019 Capsules 35 weeks gestation
until 2 years after
birth

6

Loo, 2014 (18) AD, sensitization 245 BL999 + LPR Cow’s milk for-
mula supple-
mented with
probiotics

From birth to
6 months

5

Figure 3. Incidence of IgE-associated AD in children after probiotic administration.
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probiotic strains, time and duration of interventions, and severity
of AD may create clinical heterogeneities. To strengthen the
conclusion and reduce the heterogeneity, further studies are
required.

Conclusion

Based on this meta-analysis of the relevant published trials,
administration of probiotics during pregnancy and in early life
could be an effective tool in the primary prevention of AD during
a long-term follow-up period.
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