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Abstract
Background  Probiotic supplementation in early life may be effective in preventing atopic dermatitis (AD); however, results 
regarding efficacy have been controversial.
Objective  The aim of our study was to investigate the effect of probiotic supplementation on the risk of AD.
Methods  We systematically searched PubMed, EBSCO, Embase and Web of Science databases up to 8 March 2018 for 
potentially relevant studies regarding probiotic supplementation and AD. Included infants and children were those with 
probiotic exposure in utero and/or after birth who were not previously diagnosed with AD. We calculated the odds ratios 
(ORs) and 95% confidence intervals (CIs) and used the Jadad and Newcastle–Ottawa scales to assess methodologic quality.
Results  A total of 28 studies met the inclusion criteria. Compared with controls, probiotic treatment was associated with a 
reduced risk of AD (OR 0.69; 95% CI 0.58–0.82, P < 0.0001). The use of probiotics during both the prenatal and the postnatal 
period significantly reduced the incidence of AD (OR 0.67; 95% CI 0.54–0.82); however, analysis of studies of probiotics 
given prenatally only or postnatally only did not reach statistical significance.
Conclusions  Our meta-analysis showed that probiotic supplementation during both the prenatal and the postnatal period 
reduced the incidence of AD in infants and children. Our findings suggest that starting probiotic treatment during gestation 
and continuing through the first 6 months of the infant’s life may be of benefit in the prevention of AD.

Key Points 

Probiotic treatment begun in gestation and continued 
through the first 6 months of life was shown to have 
benefit in preventing atopic dermatitis (AD).

Probiotic supplementation was beneficial in both high-
risk and unselected subjects.

Mixtures of probiotics, including Lactobacillus, Bifido-
bacterium and Propionibacterium strains, significantly 
decreased the risk of AD.

1  Introduction

In recent decades, the prevalence of atopic dermatitis (AD) 
has rapidly increased worldwide, with a prevalence of 
10–20% in children and 1–3% in adults [1]. It commonly 
presents during early infancy and childhood [2] and is asso-
ciated with several key factors, such as diet, environmental 
exposures and food allergens. Exposure to these factors in 
early life is critical, and prenatal exposure may provide the 
greatest protection [3].

Increasing numbers of studies [4, 5] have focused on the 
use of probiotic supplementation early in life for the preven-
tion of atopic diseases.

Recently, several clinical trials suggested that administra-
tion of specific probiotic supplementation in early life could 
reduce the risk of AD [6–8]. The probiotic strains studied 
were Lactobacillus, Bifidobacterium and Propionibacterium. 
However, other studies failed to show a significant decrease 
in the risk of AD [9, 10]. One meta-analysis [11] showed 
that probiotic treatment beginning in gestation through the 
first 6 months of life was beneficial and that strains of Bifido-
bacterium and Lactobacillus were efficacious in protecting 
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against AD. Overall, whether probiotic supplementation in 
early life is of interest as a potential treatment for AD pre-
vention remains a matter of controversy.

We conducted a systematic review and meta-analysis to 
investigate the effect of probiotic supplementation during 
gestation and/or infancy on the risk of AD in infants and 
young children and to discuss the issues regarding the selec-
tion of probiotic strains and the time of exposure.

2 � Materials and Methods

2.1 � Data Sources

Two independent investigators (LL and ZH) systematically 
identified studies in the PubMed, EBSCO, Embase and Web 
of Science databases (inception through 8 March 2018) for 
all potentially relevant articles regarding the efficacy of pre-
natal and/or postnatal probiotic supplementation on AD pre-
vention using the following medical subject heading (MeSH) 
terms: probiotics AND atopic dermatitis or atopic eczema or 
atopy. Finally, we also conducted a Google Scholar search 
and examined the reference list of each selected paper for 
additional relevant articles.

2.2 � Inclusion Criteria

Articles had to meet the following criteria to be included in 
our meta-analysis: (1) studies must be randomized controlled 
or controlled observational clinical trials, (2) participants 
enrolled in the studies must be the infants and children who 
were exposed to probiotics in utero and/or after birth and 
who were not diagnosed with AD previously, (3) reports 
must refer to investigating the efficacy of prenatal and/or 
postnatal probiotic supplementation on the prevention of 
AD, (4) studies must report the number of treated and con-
trol participants with and without AD, (5) studies or their 
abstract must be published in English.

2.3 � Exclusion Criteria

Studies were excluded if they (1) were reviews, duplicate 
publications or commentaries, (2) did not include a placebo 
arm, (3) did not provide essential information on treatment 
and control subjects, (4) included infants who had already 
been diagnosed with either AD or any form of eczema before 
beginning supplementation.

2.4 � Quality of Included Studies

Two authors (LL and ZH) independently assessed the quality 
of the included randomized controlled trials (RCTs) using 
three parameters of the Jadad scale [12]: randomization, 

double blinding and reported dropout. If randomization 
and double blinding were mentioned (+ 1) and appropriate 
(+ 1), 2 points were allocated. A dropout was scored (+ 1) if 
the fate of the patients and the reason for the dropout were 
reported. The highest possible score for study quality was 5 
points, with total scores of 3–5 corresponding to good trials 
and total scores of 0–2 corresponding to poor trials.

The quality of nonrandomized trials was evaluated with 
the Newcastle–Ottawa scale (NOS) [13], which assesses the 
quality of studies according to selection, comparability and 
exposure (case–control studies) or outcome (cohort stud-
ies). The highest possible study quality was 9 points, with a 
maximum of 4 points for selection, 2 points for comparabil-
ity and 3 points for exposure/outcome, with total scores of 
0–3, 4–5 and 6–8 corresponding to low, moderate and high 
quality, respectively.

2.5 � Data Extraction

As per the inclusion criteria, data were carefully extracted 
independently by two observers (LL and ZH), including 
first author, year of publication, country, study type (RCT 
or non-RCT), probiotic strains, time of exposure to probiot-
ics in pregnancy, time of exposure to probiotics after birth, 
diagnosis of AD and participant age at final evaluation, 
source of participants (average- or high-risk patients), and 
the incidence of AD in treated and control subjects. Where 
evaluations conflicted, agreement was reached by consensus 
with another reviewer (CYH) after referring to the original 
papers.

2.6 � Statistical Analysis

The primary endpoint of this study was the efficacy of pre-
natal and/or postnatal probiotic supplementation on the pre-
vention of AD. This was evaluated using the pooled odds 
ratio (OR) with its corresponding 95% confidence interval 
(CI). Post hoc subgroup analyses were used to explore het-
erogeneity of results. Subgroups were explored as followed: 
region (Asia, North America, Europe or Oceania), publica-
tion period (2006–2010, 2011–2015 or 2016–2018), time of 
exposure to probiotics (prepartum, postpartum or pre- and 
postpartum), design of trials (RCTs or non-RCTs), quality 
of studies (high or low quality), probiotic strains (mixtures 
including Lactobacillus, L. rhamnosus alone, L. reuteri 
alone, L. paracasei alone, L. acidophilus alone; mixtures 
including Bifidobacterium, B. lactis alone, mixtures includ-
ing B. lactis, mixtures including B. longum, mixtures includ-
ing B. bifidum, mixtures including B. breve, mixtures includ-
ing Propionibacterium), and source of participants (average 
or high risk).

Heterogeneity was measured using the Chi-squared-based 
Q statistic test and the I2 test and was considered significant 
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when the result of the Q test was P < 0.10 or that of the I2 test 
was > 50%. ORs were pooled according to the fixed-effects 
model (Mantel–Haenszel) if heterogeneity was not signifi-
cant among the studies; otherwise, the random-effects model 
(DerSimonian and Laird) was used [14–16].

Publication bias was assessed by visually inspecting fun-
nel plots [17], with an asymmetric plot indicating a possible 
publication bias. We also assessed publication bias using the 
Begg and Mazumdar [18] adjusted rank correlation test and 
the Egger regression asymmetry test [19].

All statistical analyses were conducted using Review 
Manager meta-analysis software version 5.2 (The Cochrane 
Collaboration; Oxford, UK) and STATA statistical software 
package version 12.0 (2000; STATA Corp.; College Station, 
TX, USA). All the reported P values were two-sided, and 
values < 0.05 were considered statistically significant. The 
significance of the pooled OR was determined by Z test.

3 � Results

3.1 � Literature Search

As shown in Fig. 1, the systematic literature review identi-
fied 327 potentially relevant references. In total, 191 irrel-
evant papers were excluded after screening the titles, as were 
78 duplicate papers or commentaries. After reviewing the 
abstracts or full texts, 17 studies were excluded, including 
15 reviews and meta-analyses and two articles without con-
trols. From the remaining 41 publications, 13 were excluded 
because data were insufficient. Thus, 28 studies, including 
27 RCTs and 1 controlled cohort article (C-C) containing 
6907 subjects (3595 receiving probiotics and 3312 controls), 
met the inclusion criteria and were eventually selected for 
review and analysis [5–7, 9, 10, 20–41].

3.2 � Characteristics of Included Studies

Table 1 shows the basic characteristics of the included stud-
ies. According to the inclusion criteria, nine trials [6, 26, 27, 
32, 34–36, 38] defined AD using the UK Working Party’s 

Fig. 1   Flow chart of the litera-
ture search for evaluating the 
effect of probiotics on prevent-
ing atopic dermatitis
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Table 1   Characteristics of included studies on the incidence of atopic dermatitis in treatment and control groups

Study, 
country

Study type Treated/con-
trola (N)

Time of 
exposure 
(before/after 
birth)

Probiotic 
treatment

Definition of 
AD

Age at final 
evaluation

Sources of 
participants

Incidence 
of AD in 
treated/con-
trol (n)

Jadad 
scores/NOS 
scoresb

Rautava 
et al. [41] 
Finland

RCT​ 32/40 NA/12 mo LGG + B. 
breve 12

Hanifin and 
Rajka 
criteria

1 y Average risk 4/8 3

Kukkone 
et al. [34] 
Finland

RCT​ 461/464 2–4 wk/6 mo LGG + L. 
rhamnosus 
LC705 + 
B. breve 
Bb99 + 
PFS

UK Work-
ing Party 
criteria

2 y High risk 120/150 5

Kalliomaki 
et al. [33] 
Finland

RCT​ 53/62 4 wk/6 mo LGG Hanifin and 
Rajka 
criteria

7 y High risk 23/41 2

Abrahamsson 
et al. [5] 
Sweden

RCT​ 94/94 4 wk/12 mo L. reuteri 
ATCC 
55730

Hanifin and 
Rajka 
criteria

2 y High risk 34/32 3

Kopp et al. 
[36] Ger-
many

RCT​ 50/44 4–6 wk/6 mo LGG UK Work-
ing Party 
criteria

2 y High risk 14/12 4

Huurre et al. 
[7] 2008 
Finland

RCT​ 72/68 7 mo/6 mo LGG + B. 
breve 12

Hanifin and 
Rajka 
criteria

1 y High risk 7/12 2

Wickens 
et al. [32] 
NZ

RCT​ 157/159 5 wk/6 mo L. rhamnosus 
HN001

UK Work-
ing Party 
criteria

2 y High risk 23/43 5

Wickens 
et al. [32] 
NZ

RCT​ 157/159 5 wk/6 mo B. lactis 
HN019

UK Work-
ing Party 
criteria

2 y High risk 38/43 5

Soh et al. 
[31] Singa-
pore

RCT​ 124/121 NA/6 mo B. longum 
999 + L. 
rhamnosus

Hanifin and 
Rajka 
criteria

1 y High risk 27/30 4

West et al. 
[30] Swe-
den

RCT​ 84/87 NA/4–13 mo L. paracasei 
F19

Hanifin and 
Rajka 
criteria

13 mo Average risk 9/19 4

Niers et al. 
[29] 2009 
Nether-
lands

RCT​ 50/48 6 wk/3 mo B. bifidum + 
B. lactis + 
L. lactis

Hanifin and 
Rajka 
criteria

2 y High risk 27/33 4

Kuitunen 
et al. [6] 
Finland

RCT​ 445/446 4 wk/6 mo LGG + L. 
rhamnosus 
LC705 + 
B. breve 
Bb99 + 
PFS

UK Work-
ing Party 
criteria

5 y High risk 175/193 3

Kim et al. 
[28] Korea

RCT​ 33/35 4–8 wk/6 mo B. bifidum 
BGN4 + 
B. lactis 
AD011 
+ L. 
acidophilus 
AD031

Hanifin and 
Rajka 
criteria

1 y High risk 12/22 4

Dotterud 
et al. [35] 
Norway

RCT​ 138/140 4 wk/3 mo LGG + L. 
acidophilus 
+ B. breve 
12

UK Work-
ing Party 
criteria

2 y Average risk 29/48 4
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Table 1   (continued)

Study, 
country

Study type Treated/con-
trola (N)

Time of 
exposure 
(before/after 
birth)

Probiotic 
treatment

Definition of 
AD

Age at final 
evaluation

Sources of 
participants

Incidence 
of AD in 
treated/con-
trol (n)

Jadad 
scores/NOS 
scoresb

Boyle et al. 
[27] Aus-
tralia

RCT​ 108/102 4 wk/NA LGG UK Work-
ing Party 
criteria

1 y High risk 35/43 5

Kukkonen 
et al. [39] 
Finland

RCT​ 64/67 4 wk/6 mo LGG + L. 
rhamnosus 
LC705 + 
B. breve 
Bb99 + 
PFS

SPT positive 5 y High risk 30/35 4

Wickens 
et al. [26] 
NZ

RCT​ 315/159 5 wk/6 mo L. rhamnosus 
HN001 + 
B. lactis 
HN019

UK Work-
ing Party 
criteria

4 y High risk 115/79 3

Jensen et al. 
[25] Aus-
tralia

RCT​ 62/56 NA/6 mo L. acidophi-
lus

Hanifin and 
Rajka 
criteria

5 y High risk 19/9 2

Rautava 
et al. [24] 
Finland

RCT​ 143/62 6 wk/2 mo L. rhamno-
sus + B. 
longum 
999 + L. 
paracasei 
ST11

Hanifin and 
Rajka 
criteria

2 y High risk 41/44 5

Rozé et al. 
[38] France

RCT​ 39/45 NA/6 mo L. rhamnosus 
LCS-742 
and B. 
longum 
M63

UK Work-
ing Party 
criteria

6 mo Average risk 1/8 5

Ou et al. [40] 
Taiwan

RCT​ 65/64 4 mo/6 mo LGG Hanifin and 
Rajka 
criteria

3 y High risk 16/16 4

Allen et al. 
[37] UK

RCT​ 171/173 4 wk/12 mo Two strains 
of Lactoba-
cilli + 2 of 
B. (genus 
NS)

SPT positive 2 y Average risk 58/56 2

West et al. 
[23] Swe-
den

RCT​ 48/58 NA/4–13 mo L. paracasei 
F19

Hanifin and 
Rajka 
criteria

8–9 y Average risk 7/11 3

Abrahamsson 
et al. [22] 
Sweden

RCT​ 94/90 4 wk/12 mo L. reuteri 
ATCC 
55730

Hanifin and 
Rajka 
criteria

7 y Average risk 20/17 4

Loo et al. 
[21] Singa-
pore

RCT​ 124/121 NA/6 mo B. longum 
999 + L. 
rhamnosus

Hanifin and 
Rajka 
criteria

5 y High risk 31/38 3

Allen et al. 
[10] UK

RCT​ 214/222 4 wk/6 mo L. salivarius 
CUL61 + 
L. paraca-
sei CUL08 
+ B. lactis 
CUL34 + 
B. bifidum 
CUL20

SPT positive 2 y High risk 73/72 5

Enomoto 
et al. [20] 
Japan

C-C 94/31 4 wk/6 mo B. breve 
M-16V + 
B. longum 
BB536

Hanifin and 
Rajka 
criteria

18 mo Average risk 9/8 9b
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criteria (an itchy skin condition plus three or more of the 
following: history of atopic disease in the family, dry skin 
during the last year, history of eczema, or visible eczema 
involving typical sites) [42]. However, 16 studies [5, 7, 9, 
20–25, 28–31, 33, 40, 41] defined AD using the criteria of 
Hanifin and Rajka [43] (a pruritic, chronic, or chronically 

relapsing noninfectious dermatitis with typical features and 
distribution).

Of the 28 articles, five were performed in Asia, 17 in 
Europe, five in Oceania and one in North America (Table 2); 
14 studies were carried out between 2006 and 2010, 13 were 
conducted between 2011 and 2015 and one was conducted 

Table 1   (continued)

Study, 
country

Study type Treated/con-
trola (N)

Time of 
exposure 
(before/after 
birth)

Probiotic 
treatment

Definition of 
AD

Age at final 
evaluation

Sources of 
participants

Incidence 
of AD in 
treated/con-
trol (n)

Jadad 
scores/NOS 
scoresb

Cabana et al. 
[9] USA

RCT​ 92/92 NA/6 mo LGG Hanifin and 
Rajka 
criteria

2 y High risk 26/28 5

Though data are provided as AD, the definition of each dataset of AD defines it as eczema. Author uses AD and eczema interchangeably
AD atopic dermatitis, B Bifidobacterium, C-C controlled-cohort trial, L Lactobacillus, LGG Lactobacillus rhamnosus GG, mo month, NA none, 
NOS Newcastle-Ottawa scale, NS not specified, PFS Propionibacterium freudenreichii ssp . shermanii JS, RCT​ randomized controlled trial, SPT 
skin prick test, wk week, y year
a Compared with the probiotic group, the controls received placebo and not prebiotic or synbiotic preparations
b The quality of nonrandomized trials was evaluated with the NOS; the quality of remaining RCTs were assessed using the Jadad scale

Table 2   Subgroup analysis of the atopic dermatitis occurrence in treatment vs. control groups

AD atopic dermatitis, CI confidence interval, df degrees of freedom, OR odds ratio, RCT​ randomized controlled trial
a Singapore, Japan and Korea were grouped in Asia; California was grouped in North America; and UK, Sweden, Finland and Netherlands were 
grouped in Europe; Australia and New Zealand were grouped in Oceania according to similarities in geographic position and racial traits

Subgroup Studies (N) AD in treated AD in controls OR (95% CI) P Z Tests of heterogeneity

Chi2 df P I2 (%)

Regiona

 Asia 5 95/440 114/372 0.68 (0.49–0.94) 0.02 2.32 5.52 4 0.24 28
 North America 1 26/92 28/92 0.90 (0.48–1.70) 0.32 0.75 – – – –
 Europe 17 672/2263 791/2213 0.67 (0.53–0.85) 0.001 3.25 41.27 16 0.0005 61
 Oceania 5 230/800 217/635 0.74 (0.49–1.09) 0.13 1.52 10.37 4 0.03 61

Year
 2006–2010 14 542/1951 686/1967 0.71 (0.62–0.81) < 0.0001 4.86 15.89 13 0.26 18
 2011–2015 13 455/1552 436/1253 0.71 (0.50–0.99) 0.04 2.02 41.66 12 < 0.0001 71
 2016–2018 1 26/92 28/92 0.90 (0.48–1.70) 0.75 0.32 – – – –

Time of exposure
 Prepartum 1 35/108 43/102 0.66 (0.37–1.15) 0.14 1.46 – – – –
 Postpartum 8 124/616 151/623 0.77 (0.59–1.01) 0.06 1.87 11.21 7 0.13 38
 Pre and postpartum 19 864/2871 956/2587 0.67 (0.54–0.82) 0.0002 3.79 46.56 18 0.0002 61

Source of participants
 Average risk 8 137/771 175/667 0.69 (0.53–0.89) 0.005 2.84 13.07 7 0.07 46
 High risk 20 886/2884 975/2645 0.71 (0.58–0.86) 0.0005 3.48 44.99 19 0.0007 58

Design of trial
 RCT​ 27 1014/3501 1142/3281 0.70 (0.59, 0.83) < 0.0001 4.03 55.54 26 0.0006 53
 Non-RCT​ 1 9/94 8/31 0.30 (0.11, 0.88) 0.03 2.20 - - - -

Quality of studies
 High 24 916/3237 1032/2953 0.71 (0.63–0.79) < 0.00001 6.15 45.68 23 0.003 50
 Low 4 107/358 118/359 0.85 (0.42–1.71) 0.64 0.47 10.77 3 0.01 72

All studies 28 1023/3595 1150/3312 0.69 (0.58–0.82) < 0.0001 4.22 58.18 27 < 0.0001 53.6
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between 2016 and 2018 (Table 2). Probiotic strain mix-
tures, including Lactobacillus, Bifidobacterium and Pro-
pionibacterium were investigated in 15, 16, and 3 studies, 
respectively (Table 3). Probiotics were given prenatally in 
one study, postnatally in eight studies, and during both the 
prenatal and the postnatal period in 19 studies (Table 2). In 
total, 20 studies included only subjects at high risk for AD, 
such as pregnant women with atopic sensitization and either 
a history of or active allergic disease, and infants with a 
first-degree relative with either asthma or eczema; however, 
the remaining eight studies [20, 22, 23, 30, 35, 37, 38, 41] 
included unselected participants (Table 2). 

Only two studies [27, 34] reported adverse events, such 
as gastrointestinal symptoms, vomiting and excessive cry-
ing. These adverse events were not notable, and the adverse 
event rate was not significantly different between treatment 
and control groups.

3.3 � Quality of Included Studies

Table 1 presents the quality of the 27 RCTs and one nonran-
domized study, according to the Jadad scale and the NOS, 
respectively. In total, 23 RCTs were assessed as being high-
quality trials and four RCTs were assessed as low quality. On 
the other hand, one nonrandomized paper [20] was evaluated 
as high quality. We also compared high- and low-quality 
studies (Table 2).

3.4 � Overall Results

In total, 28 studies met the inclusion criteria and were even-
tually selected for analysis. Heterogeneity among these 

studies was significant (I2 = 53.6%), so we calculated the 
pooled estimates using the random-effects model. As shown 
in Fig. 2 and Table 2, AD occurred in 1023 of 3595 patients 
(28.5%) in the experimental group versus 1150 of 3312 
patients (34.7%) in the control group (OR 0.69; 95% CI 
0.58–0.82; P < 0.0001).

3.5 � Subgroup Analysis

To determine the influencing factors that might have 
affected the overall results, we conducted subgroup analy-
ses. As shown in Table 2, prenatal and/or postnatal probi-
otic supplementation was effective for preventing AD in 
infants and children in Asia (OR 0.68; 95% CI 0.49–0.94) 
and Europe (OR 0.67; 95% CI 0.53–0.85). The risk of AD 
was decreased  in studies conducted during the periods 
2006–2010 (OR 0.71; 95% CI 0.62–0.81) and 2011–2015 
(OR 0.71; 95% CI 0.50–0.99). The use of probiotics dur-
ing both the prenatal and the postnatal period reduced the 
incidence of AD (OR 0.67; 95% CI 0.54–0.82); however, 
studies without a prenatal component (OR 0.77; 95% CI 
0.59–1.01) or a postnatal component (OR 0.66; 95% CI 
0.37–1.15) failed to show a statistically significant decrease 
in the risk of AD. The incidence of AD was decreased in 
both average-risk (OR 0.69; 95% CI 0.53–0.89) and high-
risk (OR 0.71; 95% CI 0.58–0.86) cohorts as well as in RCTs 
(OR 0.70; 95% CI 0.59–0.83) and non-RCTs (OR 0.30; 95% 
CI 0.11–0.88). According to the Jadad scale and the NOS, 
we found that the risk of AD was significantly reduced in 
the high-quality studies (OR 0.71; 95% CI 0.63–0.79) but 
not in the low-quality studies (OR 0.85; 95% CI 0.42–1.71).

Table 3   Subgroup analysis of the probiotic strains in treatment group vs. control group

AD atopic dermatitis, B Bifidobacterium, CI confidence interval, L Lactobacillus, OR odds ratio, PFS Propionibacterium freudenreichii ssp. 
shermanii JS

Subgroup Studies (N) AD in treated AD in controls OR (95% CI) P Z Tests of heterogeneity

Chi2 df P I2 (%)

Probiotic strains
 L. rhamnosus 6 137/525 183/523 0.65 (0.50–0.86) 0.002 3.07 6.14 5 0.29 19
 L. reuteri 2 54/188 49/184 1.12 (0.71–1.78) 0.62 0.49 0.01 1 0.91 0
 L. paracasei 2 16/143 30/148 0.50 (0.26–0.96) 0.04 2.10 0.27 1 0.60 0
 L. acidophilus 1 19/62 9/56 2.31 (0.94–5.64) 0.07 1.83 – – – –

Mixtures including Lactobacillus 15 750/2425 828/2211 0.64 (0.51–0.81) 0.0002 3.70 37.07 14 0.0007 62
 B. lactis 1 38/158 43/159 0.85 (0.52–1.42) 0.54 0.61 – – – –

Mixtures including B. lactis 4 227/612 206/464 0.65 (0.41–1.03) 0.07 1.82 7.88 3 0.05 62
Mixtures including B. longum 5 109/524 128/380 0.39 (0.18–0.83) 0.01 2.44 18.11 4 0.001 78
Mixtures including B. bifidum 3 112/297 127/305 0.65 (0.32–1.32) 0.23 1.20 5.95 2 0.05 66
Mixtures including B. breve 7 374/1306 454/1256 0.73 (0.62–0.86) 0.0003 3.64 6.33 6 0.39 5
Mixtures including Bifidobacterium 16 759/2519 836/2242 0.63 (0.50–0.79) < 0.0001 3.95 39.55 15 0.0005 62
Mixtures including PFS 3 325/970 378/977 0.80 (0.66–0.96) 0.02 2.39 0.51 2 0.77 0
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Taking into the account the probiotic strains, the use 
of mixtures including strains of Lactobacillus (OR 0.64; 
95% CI 0.51–0.81), Bifidobacterium (OR 0.63; 95% CI 
0.50–0.79) and Propionibacterium (OR 0.80; 95% CI 
0.66–0.96)  all appeared to reduce the incidence of AD 
(Table 3). Furthermore, for Lactobacillus strains, L. rham-
nosus alone, with a pooled OR of 0.65 (95% CI 0.50–0.86), 
and L. paracasei alone, with a pooled OR of 0.50 (95% CI 
0.26–0.96), seemed more protective than L. reuteri alone 
(OR 1.12; 95% CI 0.71–1.78) or L. acidophilus alone (OR 
2.31; 95% CI 0.94–5.64). However, mixtures containing B. 
longum (OR 0.39; 95% CI 0.18–0.83) or B. breve (OR 0.73; 
95% CI 0.62–0.86) achieved statistical significance.

Based on these differences, we found that exclusive sup-
plementation of L. rhamnosus and L. paracasei seemed 
more effective than supplementation with L. reuteri and L. 
acidophilus at preventing AD in infants and children.

Based on results indicating that probiotic supplementa-
tion during both the prenatal and the postnatal period was 
effective for AD prevention in infants and children, we con-
ducted a subgroup analysis to evaluate the issue in terms of 
duration of postpartum exposure. Besides the time of prena-
tal exposure, we found that, compared with controls, infants 
receiving probiotics after birth for no more than 6 months 
(OR 0.61; 95% CI 0.48–0.76) had a significantly lower inci-
dence of AD. However, administration of probiotics for >12 
months after birth was not effective in preventing AD com-
pared with controls (OR 1.10; 95% CI 0.80–1.51) (Table 4).

3.6 � Bias Diagnostics

Begg’s test was created to assess possible publication bias 
(Fig. 3). The p-values for the Begg’s and Egger’s tests were 
0.079 and 0.116, respectively, indicating that the results of 

Fig. 2   Meta-analysis for the effect of probiotics on atopic dermatitis. CI confidence interval, OR odds ratio
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the present meta-analysis were relatively stable and the pub-
lication bias might have little influence on the overall results.

4 � Discussion

Our systematic review and meta-analysis showed that pre-
natal and postnatal probiotic supplementation significantly 
reduced the incidence of AD in infants and children. Probi-
otic supplementation was beneficial in both high-risk partici-
pants and unselected subjects. Mixtures of probiotic supple-
mentation including Lactobacillus strains, Bifidobacterium 
strains or Propionibacterium strains significantly decreased 
the risk of AD.

Our overall result was in line with those of another meta-
analysis [11]. Our meta-analysis contained 28 articles, 
including 27 RCTs and one non-RCT, which added 16 new 
studies and was markedly larger than the previous study.

Our study suggests that probiotic treatment might be 
effective, although there is significant heterogeneity between 
study findings (I2 = 53.6%). Such heterogeneity may be 
explained by differences in regions, timing of probiotic 

supplementation and probiotic strains selected. The risk 
of AD differed significantly between Asia, Europe, North 
America and Oceania, suggesting that regional factors influ-
enced overall results. This may be explained by ethnicity, 
and the host immune mechanisms may be a key to differing 
responses to probiotics according to population and geo-
graphic area. The published meta-analysis [11] demonstrated 
that the use of probiotic supplementation beginning in ges-
tation through the first 6 months of life decreased the inci-
dence of AD in infants. One of our findings confirmed that 
result: Table 4 shows that compared with controls, partici-
pants with postpartum exposure for no more than 6 months 
had a lower risk of AD; however, participants exposed to 
probiotics for > 12 months seemed to receive no benefit in 
terms of AD prevention. Thus, we recommend that starting 
probiotic treatment in gestation and continuing through the 
first 6 months of life may have a more powerful benefit on 
the prevention of AD. We speculate that a longer use of 
probiotics during the postnatal period did not lead to a lower 
prevalence of AD in infants and children.

Unlike our study, the previous meta-analysis [11] showed 
that mixtures including Bifidobacterium or Lactobacillus 
strains were efficacious in protecting against AD; however, 
mixtures including Propionibacterium strains did not reach 
statistical significance. Our meta-analysis suggested that 
the use of mixtures of probiotic supplementation including 
Lactobacillus strains, Bifidobacterium strains or Propioni-
bacterium strains, decreased the risk of AD. Further, for 
Lactobacillus strains, exclusive supplementation of L. rham-
nosus and L. paracasei seemed more efficacious than that 
of L. reuteri and L. acidophilus in preventing AD in infants 
and children.

However, the mechanism of action of probiotics in pre-
venting AD has not been completely described and is an 
evolving area of research. There is evidence that strains of 
Lactobacillus and Bifidobacterium can influence immune 
function through toll-like receptors (TLRs), which have 
been identified as critical to reducing the risk of immu-
nologically mediated disease, such as allergic diseases 

Table 4   Subgroup analysis of evaluating the effect of duration of postpartum exposure on preventing atopic dermatitis in subjects given both 
pre- and postpartum exposure to probiotics

AD atopic dermatitis, CI confidence interval, df degrees of freedom, OR odds ratio

Subgroup Studies (N) AD in treated AD in controls OR (95% CI) P Z Tests of heterogeneity

Chi2 df P I2 (%)

Time of postpartum exposure
 ≤ 3 Months 3 97/331 125/250 0.35 (0.16–0.76) 0.008 2.67 7.94 2 0.02 75
 > 3 Months, ≤ 6 months 13 655/2181 726/1980 0.74 (0.64–0.84) < 0.0001 4.52 18.38 12 0.10 35
 ≥ 12 Months 3 112/359 105/357 1.10 (0.80–1.51) 0.57 0.56 0.03 2 0.98 0

Studies of pre and post-
partum exposure

19 864/2871 956/2587 0.67 (0.54–0.82) 0.0002 3.79 46.56 18 0.0002 71

Fig. 3   Funnel plot assessing for publication bias. No significant pub-
lication bias was noted. rr risk ratio, se standard error
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[44]. Niers et al. [29] found that the prevention of atopic 
eczema by perinatal administration of probiotic bacte-
ria was indeed through TLRs, which might contribute 
to maintaining mucosal and intestinal homeostasis. As 
reported [45], in allergic children, functional modifica-
tions consisted of the decreased adhesion to intestinal 
mucosa of Bifidobacterium species, decreased levels of 
interleukin-10 and increased levels of pro-inflammatory 
cytokine. Another human study [46] suggested that pre-
natal/postnatal administration of L. rhamnosus HN001 
reduced the rate of eczema and increased the level of 
cord blood interferon-γ. Thus, we speculate that the use 
of probiotic supplements might change the composition 
of the intestinal flora of children, subsequently modulat-
ing the reactivity of the immune system and possibly play 
an important role in AD prevention. In the future, more 
research is required to fully understand how this relates to 
the development of allergic diseases.

4.1 � Study Limitations

Several limitations should be addressed. First, as the arti-
cles in our study were limited to those published until 8 
March 2018, it is possible that several relevant published 
or not yet published articles were missed. Second, our 
study focused only on papers published in the English 
language, which might exclude some eligible articles pub-
lished in other languages. Lastly, our meta-analysis has 
moderate to significant heterogeneity according to Q or I2; 
however, the results of our meta-analysis are similar when 
using a random-effects model.

5 � Conclusions

Probiotic supplementation during the prenatal and post-
natal period reduced the incidence of AD in infants and 
children in both high-risk and unselected subjects, espe-
cially beginning in gestation through the first 6 months of 
life. More rigorous, double-blind and larger, well-designed 
RCTs are required to conclusively evaluate the efficacy of 
probiotics for preventing AD and to explore the essential 
mechanisms.

Acknowledgements  The authors acknowledge the authors of the stud-
ies that made up the database for this meta-analysis.

Author contributions  Lin Li conceived and designed the paper. Lin Li, 
Zhen Han and Xiaoping Niu extracted the data. Yuliang Jia analyzed 
the data. Guozheng Zhang and Shunguo Zhang contributed materials/
analysis tools. Lin Li and Zhen Han contributed to the writing of the 
manuscript. Chiyi He proofread the manuscript.

Compliance with Ethical Standards 

Funding  No sources of funding were used to conduct this study or 
prepare this manuscript.

Conflict of interest  Dr. Lin Li, Dr. Zhen Han, Dr. Xiaoping Niu, Dr. 
Guozheng Zhang, Dr. Yuliang Jia, Dr. Shunguo Zhang and Dr. Chiyi 
He have no conflicts of interest that are directly relevant to the content 
of this article.

References

	 1.	 Legatzki A, Roler B, von Mutius ME. Microbiome diversity and 
asthma and allergy risk. Curr Allergy Asthma Rep. 2014;14:466.

	 2.	 Leung DY, Bieber T. Atopic dermatitis. Lancet. 2003;361:151–60.
	 3.	 Ege MJ, Bieli C, Frei R, van Strien RT, Riedler J, Ublagger E, 

et al. Prenatal farm exposure is related to the expression of recep-
tors of the innate immunity and to atopic sensitization in school-
age children. J Allergy Clin Immunol. 2006;117:817–23.

	 4.	 Kalliomaki M, Salminen S, Arvilommi H, Kero P, Koskinen P, 
Isolauri E. Probiotics in primary prevention of atopic disease: a 
randomised placebo-controlled trial. Lancet. 2001;357:1076–9.

	 5.	 Abrahamsson TR, Jakobsson T, Bottcher MF, et al. Probiotics 
in prevention of IgE-associated eczema: a doubleblind, ran-
domized, placebo-controlled trial. J Allergy Clin Immunol. 
2007;119:1174–80.

	 6.	 Kuitunen M, Kukkonen K, Juntunen-Backman K, Korpela R, 
Poussa T, Tuure T, et al. Probiotics prevent IgE-associated allergy 
until age 5 years in cesarean-delivered children but not in the total 
cohort. J Allergy Clin Immunol. 2009;123:335–41.

	 7.	 Huurre A, Laitinen K, Rautava S, Korkeamaki M, Isolauri E. 
Impact of maternal atopy and probiotic supplementation during 
pregnancy on infant sensitization: a double blind placebo-con-
trolled study. Clin Exp Allergy. 2008;38:1342–8.

	 8.	 Isolauri E, Arvola T, Sütas Y, Moilanen E, Salminen S. Probi-
otics in the management of atopic eczema. Clin Exp Allergy. 
2000;30:1604–10.

	 9.	 Cabana MD, McKean M, Caughey AB, Fong L, Lynch S, 
Wong A, et al. Early probiotic supplementation for eczema and 
asthma prevention: a randomized controlled trial. Pediatrics. 
2017;140(3):e20163000.

	10.	 Allen SJ, Jordan S, Storey M, Thornton CA, Gravenor MB, 
Garaiova I, et al. Probiotics in the prevention of eczema: a ran-
domised controlled trial. Arch Dis Child. 2014;99(11):1014–9.

	11.	 Mansfield JA, Bergin SW, Cooper JR, Olsen CH. Comparative 
probiotic strain efficacy in the prevention of eczema in infants 
and children: a systematic review and meta-analysis. Mil Med. 
2014;179(6):580–92.

	12.	 Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, 
Gavaghan DJ, et al. Assessing the quality of reports of rand-
omized clinical trials: is blinding necessary? Control Clin Trials. 
1996;17(1):1–12.

	13.	 Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, 
Rennie D, et al. Meta-analysis of observational studies in epi-
demiology: a proposal for reporting-Meta-analysis Of Obser-
vational Studies in Epidemiology (MOOSE) group. JAMA. 
2000;283:2008–12.

	14.	 Higgins JP, Thompson SG, Deeks JJ, Altman DG. Meas-
uring inconsistency in meta-analyses. BMJ (Clin Res Ed). 
2003;327:557–60.

	15.	 Mantel N, Haenszel W. Statistical aspects of the analysis of 
data from retrospective studies of disease. J Natl Cancer Inst. 
1959;22:719–48.



377Probiotics and Atopic Dermatitis

	16.	 DerSimonian R, Laird N. Meta-analysis in clinical trials. Control 
Clin Trials. 1986;7:177–88.

	17.	 Munafo MR, Clark TG, Flint J. Assessing publication bias in 
genetic association studies: evidence from a recent meta-analysis. 
Psychiatry Res. 2004;129:39–44. https​://doi.org/10.1016/j.psych​
res.2004.06.011.

	18.	 Begg CB, Mazumdar M. Operating characteristics of a rank cor-
relation test for publication bias. Biometrics. 1994;50:1088–101.

	19.	 Egger M, Davey Smith G, Schneider M, Minder C. Bias in 
meta-analysis detected by a simple, graphical test. BMJ. 
1997;315(7109):629–34.

	20.	 Enomoto T, Sowa M, Nishimori K, Shimazu S, Yoshida A, Yam-
ada K, et al. Effects of bifidobacterial supplementation to pregnant 
women and infants in the prevention of allergy development in 
infants and on fecal microbiota. Allergol Int. 2014;63(4):575–85.

	21.	 Loo EX, Llanora GV, Lu Q, Aw MM, Lee BW, Shek LP. Supple-
mentation with probiotics in the first 6 months of life did not pro-
tect against eczema and allergy in at-risk Asian infants: a 5-year 
follow-up. Int Arch Allergy Immunol. 2014;163(1):25–8.

	22.	 Abrahamsson TR, Jakobsson T, Björkstén B, Oldaeus G, Jenmalm 
MC. No effect of probiotics on respiratory allergies: a seven-year 
follow-up of a randomized controlled trial in infancy. Pediatr 
Allergy Immunol. 2013;24(6):556–61.

	23.	 West CE, Hammarström ML, Hernell O. Probiotics in primary 
prevention of allergic disease—follow-up at 8–9 years of age. 
Allergy. 2013;68(8):1015–20.

	24.	 Rautava S, Kainonen E, Salminen S, Isolauri E. Maternal pro-
biotic supplementation during pregnancy and breast-feeding 
reduces the risk of eczema in the infant. J Allergy Clin Immunol. 
2012;130(6):1355–60.

	25.	 Jensen MP, Meldrum S, Taylor AL, Dunstan JA, Prescott SL. 
Early probiotic supplementation for allergy prevention: long-term 
outcomes. J Allergy Clin Immunol. 2012;130(5):1209–11.

	26.	 Wickens K, Black P, Stanley TV, Mitchell E, Barthow C, Fitzhar-
ris P, et al. A protective effect of Lactobacillus rhamnosus HN001 
against eczema in the first 2 years of life persists to age 4 years. 
Clin Exp Allergy. 2012;42(7):1071–9.

	27.	 Boyle RJ, Ismail IH, Kivivuori S, Licciardi PV, Robins-Browne 
RM, Mah LJ, et al. Lactobacillus GG treatment during pregnancy 
for the prevention of eczema: a randomized controlled trial. 
Allergy. 2011;66(4):509–16.

	28.	 Kim JY, Kwon JH, Ahn SH, Lee SI, Han YS, Choi YO, et al. 
Effect of probiotic mix (Bifidobacterium bifidum, Bifidobacte-
rium lactis, Lactobacillus acidophilus) in the primary prevention 
of eczema: a double-blind, randomized, placebo-controlled trial. 
Pediatr Allergy Immunol. 2010;21:e386–93.

	29.	 Niers L, Martín R, Rijkers G, Sengers F, Timmerman H, van Uden 
N, et al. The effects of selected probiotic strains on the develop-
ment of eczema (the PandA study). Allergy. 2009;64(9):1349–58.

	30.	 West CE, Hammarström ML, Hernell O. Probiotics during wean-
ing reduce the incidence of eczema. Pediatr Allergy Immunol. 
2009;20(5):430–7.

	31.	 Soh SE, Aw M, Gerez I, Chong YS, Rauff M, Ng YP, et al. Probi-
otic supplementation in the first 6 months of life in at risk Asian 
infants—effects on eczema and atopic sensitization at the age of 
1 year. Clin Exp Allergy. 2009;39(4):571–8.

	32.	 Wickens K, Black PN, Stanley TV, Mitchell E, Fitzharris P, Tan-
nock GW, et al. A differential effect of 2 probiotics in the preven-
tion of eczema and atopy: a double-blind, randomized, placebo-
controlled trial. J Allergy Clin Immunol. 2008;122(4):788–94.

	33.	 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(4):1019–21.

	34.	 Kukkonen K, Savilahti E, Haahtela T, Juntunen-Backman K, Kor-
pela R, Poussa T, et al. Probiotics and prebiotic galacto-oligo-
saccharides in the prevention of allergic diseases: a randomized, 
double-blind, placebo-controlled trial. J Allergy Clin Immunol. 
2007;119(1):192–8.

	35.	 Dotterud CK, Storro O, Johnsen R, Oien T. Probiotics in pregnant 
women to prevent allergic disease: a randomized, double-blind 
trial. Br J Dermatol. 2010;163:616–23.

	36.	 Kopp MV, Hennemuth I, Heinzmann A, Urbanek R. Randomized, 
double-blind, placebo-controlled trial of probiotics for primary 
prevention: no clinical effects of Lactobacillus GG supplementa-
tion. Pediatrics. 2008;121:e850–6.

	37.	 Allen SJ, Jordan S, Storey M, et  al. Probiotics and atopic 
ECZEMA: a double-blind randomised controlled trial. Arch Dis 
Child. 2012;97:A2.

	38.	 Rozé JC, Barbarot S, Butel MJ, Kapel N, Waligora-Dupriet AJ, 
De Montgolfier I, et al. An (alpha)-lactalbuminenriched and sym-
biotic-supplemented v a standard infant formula: a multicentre, 
double-blind, randomised trial. Br J Nutr. 2012;107:1616–22.

	39.	 Kukkonen AK, Kuitunen M, Savilahti E, Pelkonen A, Malmberg 
P, Mäkelä M. Airway inflammation in probiotic-treated children 
at 5 years. Pediatr Allergy Immunol. 2011;22:249–51.

	40.	 Ou CY, Kuo HC, Wang L, Hsu TY, Chuang H, Liu CA, et al. Pre-
natal and postnatal probiotics reduces maternal but not childhood 
allergic diseases: a randomized, double-blind, placebo-controlled 
trial. Clin Exp Allergy. 2012;42:1386–96.

	41.	 Rautava S, Arvilommi H, Isolauri E. Specific probiotics in 
enhancing maturation of IgA responses in formula-fed infants. 
Pediatr Res. 2006;60(2):221–4.

	42.	 Williams HC, Burney PG, Pembroke AC, Hay RJ. The U.K. 
Working Party’s diagnostic criteria for atopic dermatitis III Inde-
pendent hospital validation. Br J Dermatol. 1994;131:406–16.

	43.	 Hanifin JM, Rajka G. Diagnostic features of atopic dermatitis. 
Acta Derm Venerol (Stockh). 1980;92:44–7.

	44.	 Novak N, Yu CF, Bussmann C, Maintz L, Peng WM, Hart J, et al. 
Putative association of a TLR9 promoter polymorphism with 
atopic eczema. Allergy. 2007;62:766–72.

	45.	 He F, Ouwehand AC, Isolauri E, Hashimoto H, Benno Y, Salm-
inen S. Comparison of mucosal adhesion and species identifica-
tion of Bifidobacteria isolated from healthy and allergic infants. 
FEMS Immunol Med Microbiol. 2001;30:43–7.

	46.	 Prescott SL, Wickens K, Westcott L, Jung W, Currie H, Black 
PN, et al. Supplementation with Lactobacillus rhamnosus or 
Bifidobacterium lactis probiotics in pregnancy increases cord 
blood interferon-gamma and breast milk transforming growth 
factor-beta and immunoglobin A detection. Clin Exp Allergy. 
2008;38:1606–14.

https://doi.org/10.1016/j.psychres.2004.06.011
https://doi.org/10.1016/j.psychres.2004.06.011

	Probiotic Supplementation for Prevention of Atopic Dermatitis in Infants and Children: A Systematic Review and Meta-analysis
	Abstract
	Background 
	Objective 
	Methods 
	Results 
	Conclusions 

	1 Introduction
	2 Materials and Methods
	2.1 Data Sources
	2.2 Inclusion Criteria
	2.3 Exclusion Criteria
	2.4 Quality of Included Studies
	2.5 Data Extraction
	2.6 Statistical Analysis

	3 Results
	3.1 Literature Search
	3.2 Characteristics of Included Studies
	3.3 Quality of Included Studies
	3.4 Overall Results
	3.5 Subgroup Analysis
	3.6 Bias Diagnostics

	4 Discussion
	4.1 Study Limitations

	5 Conclusions
	Acknowledgements 
	References




