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Abstract

Probiotics are being used increasingly in pregnant women, whereas the efficiency on pregnancy outcomes is yet lacking. PubMed, Embase and
the Cochrane Library were searched. Relative risks (RR) or weighted mean differences (WMD) with 95 % CI were employed to calculate the
summary outcomes. A total of eighteen randomised controlled trials (RCT) including 4356 pregnant women were eligible. The summary RR
indicated that probiotic supplementation was associated with a significant decrease in the risk of atopic eczema (RR 0-68; 95% CI 0-58,
0-81; P < 0-001) and eczema (RR 0-79; 95 % CI 0-68, 0-91; P = 0-002) without significant heterogeneity. Probiotic supplementation was associated
with a prolonged gestational age (WMD 0-09; 95 % CI 0-04, 0-15; P = 0-001) with insignificant heterogeneity, whereas no significant effect was
exerted on birth weight (P = 0-851). The risks of death (RR 0-34; 95 % CI 0-13, 0-91; P=0-031) and necrotising enterocolitis (NEC) (RR 0-38; 95 %
CI 018, 0-81; P=0-012) were significantly reduced in pregnant women receiving probiotics without evidence of heterogeneity. These findings

suggested that probiotics in pregnant women were beneficial for atopic eczema, eczema, gestational age, death and NEC.
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The incidence of allergic disease has increased rapidly around
the world in the past decades™™?. This phenomenon might be
attributed to the environmental factors elevating the incidence
of infection during childhood and minimising the contact with
microbes, which might affect immune system function and is cor-
related with the incidence of allergic disease®®*. Probiotics play
a vital role in modulating systemic immune responses and con-
tain crucial micronutrients in pregnant and lactating women,
neonate and young children®. A previous observational study
illustrated that probiotic milk products were associated with a
low risk of atopic eczema and rhinoconjunctivitis, whereas the
effect was marginal and yet controversial®.

Probiotic supplementation in pregnant women modulates the
microbial milk composition, breast milk immunity and immunity-
modulating molecules and might transfer into the neonate™.
Besides, the biological effects of probiotics might be affected by
strain type®, and the commonly used probiotic strains include
Lactobacillus, Bifidobacterium and Saccharomyces®. A previous
meta-analysis by Dugoua et al. indicated that Lactobacillus and
Bifidobacterium were not associated with the risk of Caesarean

section, birth weight and gestational age, while none of the
randomised controlled trials (RCT) investigated the effect of
Saccharomyces'”. Doege et al. also concluded that lactobacilli
supplementation significantly reduced the risk of atopic eczema,
while a mixture of various bacterial strains did not yield a benefit
on atopic eczema in children aged 2-7 years*", However, several
other indexes were not calculated. Subsequently, the present
meta-analysis was conducted for large-scale analysis of available
RCT to determine the efficiency of probiotic supplementation
in pregnant women on immune-related outcomes and adverse
events occurred in pregnancy and neonatal. Nevertheless,
additional stratified analyses based on strains’ types were also
conducted.

Experimental methods
Data sources, search strategy and selection criteria

This systematic review adhered to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-analyses)

Abbreviations: NEC, necrotising enterocolitis; RCT, randomised controlled trial; RR, relative risk; WMD, weighted mean difference.
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statement. The ethics approval was not necessary for the present
study'?. The electronic databases including PubMed, Embase
and the Cochrane Library were searched to select the RCT pub-
lished from database inception to August 2018 that investigated
the probiotics v. placebo in pregnant women, and the MeSH
(Medical Subject Headings) terms included ‘probiotics’ OR
‘lactobacillus’ OR ‘bifidobacterium’ OR ‘bifidobacteria’ OR
‘saccharomyces’ AND ‘pregnancy’ AND ‘randomized controlled
trials’. The details of search strategy in PubMed and Embase are
summarised in online Supplementary material S1. The included
studies were restricted to human cohorts and the English lan-
guage. Furthermore, the reference lists from the retrieved RCT
were searched manually for any new potential eligible studies.

Two authors independently performed a literature search and
study selection processes according to PICOS (participants,
intervention, control, outcomes and study design) criteria, and
any disagreement was resolved by an additional author. The
study was included if they met the following inclusion criteria:
(1) Participants: pregnant women; (2) Intervention: probiotics
including Zactobacillus, Bifidobacterium or Saccharomyces,
(3) Control: placebo; (4) Outcomes: the study should report
at least one of the following outcomes: atopic eczema,
eczema, allergic disease, IgE-associated allergic disease,
asthma, sensitisation, Caesarean section, gestational age, birth
weight, death, necrotising enterocolitis (NEC), gastrointestinal
symptoms, pre-eclampsia and sepsis; (5) Study design: the study
should be designed as RCT.

Primary and secondary outcomes

The primary outcomes of the present study were immune-
related outcomes, including atopic eczema, eczema, allergic
disease, IgE-associated allergic disease, asthma and sensitisa-
tion, while the secondary outcomes were pregnancy and
neonatal outcomes, including Caesarean section, gestational
age, birth weight, death, NEC, gastrointestinal symptoms, pre-
eclampsia and sepsis. The definitions of primary and secon-
dary outcomes depend on the individual trial.

Data collection

Two authors independently collected the information from the
retrieved studies according to a standardised form to ensure
the homogeneity of the extracted results. The following data
items were collected: the first author’s name, publication year,
country, sample size, intervention, control and reported out-
comes. Any disagreement in the assimilated data was resolved
by an additional author until a consensus was reached.

Quality assessment

The authors independently evaluated the quality of eligible RCT
using Jadad scale and Cochrane risk of bias tool'>!® . The Jadad
scale was based on random sequence generation, allocation
concealment, blinding, completeness of follow-up and the use
of intention-to-treat analysis, and the scale system ranged from
0 to 5%, The Cochrane risk of bias tool was conducted based
on random sequence generation, allocation concealment, blind-
ing of participants and personnel, blinding of outcome

assessment, incomplete outcome data, selective reporting and
other sources of bias'?. The conflicts in the quality assessment
were resolved by group discussion in reference to the origi-
nal study.

Statistical analysis

Relative risks (RR) and weighted mean differences (WMD) with
corresponding 95 % CI were employed to calculate the dichoto-
mous and continuous data, respectively. All pooled results were
evaluated using a random-effects model'>'®, The heterogeneity
among the included studies for the summary effect estimates was
computed using  and Q statistics, and P-value <0-10 indicated
significant heterogeneity!”'®. The robustness of the pooled
results and the impact of a single study from overall analysis
were assessed using sensitivity analysis'?. Subgroup analyses
were conducted for outcomes reported from more than five
studies depending on the strain type. Publication bias was calcu-
lated using Egger®” and Begg®? tests. The P-values for pooled
results were two-tailed, and P < 0-05 was regarded as statistically
significant. All statistical analyses were performed using STATA
software (version 10.0; Stata Corporation).

Quality of evidence

The quality of evidence for primary outcome was assessed using
GRADE recommendations, which is based on the methodologi-
cal quality and the reliability of results. Moreover, each outcome
assessed by GRADE recommendations was divided into high,
moderate, low and very low quality®?. Each outcome available
from the included studies should be considered based on the
four criteria: (1) risk bias; (2) comparability; (3) heterogeneity
and (4) statistical power.

Results
Literature search

Fig. 1 shows the flow chart of the literature search and study selec-
tion processes. The electronic searches retrieved 482 papers
based on search terms used in the present study, and fifty-three
duplicate studies were excluded. The remaining 429 studies
were subjected to abstract review, following which twenty-five
studies fulfilled the inclusion criteria. Subsequently, four stud-
ies were excluded due to the same population, while another
three studies did not report any interesting outcomes.
Manual searches of the reference lists from eligible RCT did
not yield any new eligible study. Finally, eighteen RCT with
4356 pregnant women were included in this quantitative
analysis®~1,

Study characteristics

A total of eighteen RCT, published between 2001 and 2017,
were included in this meta-analysis, and the sample size of
individual trial ranged from fifty-eight to 925 pregnant women.
Five trials were conducted in Finland, one in Sweden, one in
Germany, one in the Netherlands, one in the UK, one in
Norway, two in New Zealand, one in Ireland, one in Italy, one
in Israel, one in China, one in Korea and one in India. Seven of
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—-I Duplicate (n 53) '
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Other topic: 363
Affiliate study: 16

» Excluded (n 404)

Other design: 13

Article reviewed (n 25)

Other intervention: 9
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Y

Excluded (n 3)

No desirable outcomes: 3

b

Qualitative analysis (n 22)

—-| Excluded (n 4)

l—n Affiliate study: 4

Article included (n 18)

Fig. 1. Flow chart of study selection process.

the included studies focused on pregnant women receiving
Lactobacillus, while the remaining eleven trials administered a
mixture of various bacterial strains in pregnant women. Nine
RCT had a Jadad score of 4, eight RCT had a score of 3 and the
remaining one RCT had a score of 2 (Table 1). The details
regarding the Cochrane risk of bias are presented in online
Supplementary material S2.

Atopic eczema and eczema

The risk of atopic eczema in pregnant women receiving probi-
otics was described in seven trials, and the evidence was down-
graded to moderate quality owing to the potential information
bias (online Supplementary material S3). The summary RR indi-
cated that probiotics significantly reduced the risk of atopic
eczema as compared with placebo (RR 0-68; 95% CI 0-58,
0-81; P<0-001; Fig. 2), and no evidence of heterogeneity was
observed (2= 0-0%; P=0-739). The pooled result was robust
and not altered by sequential exclusion of the individual trial
(online Supplementary material S4). Subgroup analyses sug-
gested that these significant differences persisted whether
Lactobacillus or a mixture of various bacterial strains was admin-
istered to pregnant women (Table 2).

The risk of eczema in pregnant women receiving probiotics
was observed in seven trials. Quality of evidence was down-
graded to moderate quality for the balance of baseline character-
istics between groups (online Supplementary material S3).
Notably, probiotics were associated with a reduced risk of
eczema as compared with placebo (RR 0-79; 95% CI 0-68,
0-91; P=0-002; Fig. 2), and insignificant heterogeneity was
detected (Z=27-6%; P=0-218). Sensitivity analysis indicated
that the conclusion was not affected by sequential exclusion
of individual trials (online Supplementary material S4).
Subgroup analysis found that the significant difference primarily
occurred in pregnant women receiving a mixture of various bac-
terial strains (RR 0-76; 95 % CI 0-66, 0-87; P < 0-001), while this
significant effect was not observed in women receiving
Lactobacillus.

Allergic disease and IgE-associated allergic disease

A total of five and three trials were available for allergic disease
and IgE-associated allergic disease, respectively. Moreover, no
significant differences were detected between probiotics and
placebo with respect to the risk of allergic disease (RR 0-92;
95 % CI 0-79, 1-08; P=0-303; Fig. 3) and IgE-associated allergic
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Table 1. Baseline characteristics of studies included in the systematic review and meta-analysis

Study Publication year Country Sample size Intervention Control Jadad scale

Kalliomaki et al.?® 2001 Finland 159 Two capsules of 1 x 10 CFU of Lactobacillus GG daily for 2—4 weeks Placebo 4
before expected delivery

Kukkonen et al.?4 2006 Finland 87 Twice daily took one capsule containing Lactobacillus rhamnosus GG Placebo 4

(ATCC 53103) 5 x 10° CFU, L. rhamnosus LC705 5 x 10° CFU,
Bifidobacterium breve Bbi99 2 x 108 CFU and Propionibacterium
freudenreichii ssp. shermanii JS 2 x 10° CFU during the 4 weeks
before expected delivery

Abrahamsson et al.(? 2007 Sweden 188 Lactobacillus reuteri ATCC 55730 (1 x 108 CFU) before term and Placebo 3
continued daily until delivery
Kukkonen et al.?® 2007 Finland 925 Twice daily took one capsule containing L. rhamnosus GG (ATCC Placebo 4

53103), 5x 10° CFU; L. rhamnosus LC705 (DSM 7061), 5 x 10° CFU;
B. breve Bb99(DSM 13692), 2 x 108 CFU and P. freudenreichii ssp.
shermanii JS (DSM 7076), 2-3 x 10° CFU during 2-4 weeks before
delivery
Kopp et al.?") 2008 Germany 94 Two capsules of L. rhamnosus GG (ATCC 53103) containing Placebo 3
5x 10° CFU of Lactobacillus GG daily for 4-6 weeks before
expected delivery
Samanta et al.?®) 2008 India 186 Bifidobacterium infantis, Bifidobacterium bifidum, Bifidobacterium Placebo 3
longum and Lactobacillus acidophilus, each 2-5 x 10° CFU with
expressed breast milk twice daily, the dosage being 125 g/kg fill
discharge
Niers et al.?9) 2009 The Netherlands 102 Once daily 3 x 10° CFU (1 x 10° CFU of each strain: B. bifidum W23, Placebo 4
Bifidobacterium lactis W52 (previously classified as B. infantis), and
L. lactis W58) during the last 6 weeks of pregnancy and postnatally
for 12 months to their offspring
Allen et al.t% 2010 UK 454 During the last month of pregnancy and their infants from birth to age 6 Placebo 3
months received daily vegetarian capsules composed of Lactobacillus
salivarius CUL61 6-25 x 10° CFU, Lactobacillus paracasei CUL08
(NCIMB 30154) 1-25 x 10° CFU, Bifidobacterium animalis subsp.
lactis CUL34 (NCIMB 30172) 1-25 x 10° CFU and B. bifidum CUL20
(NCIMB 30153) 1-25 x 10° CFU

uswom jueudard ur uonejuowaddns dnorqoid

Boyle et al.®" 2010 Finland 250 1.8 x 10'° CFU L. rhamnosus GG each morning from 36 weeks Placebo 4
gestation until delivery
Dotterud et al.®? 2010 Norway 278 L. rhamnosus GG (LGG), B. animalis subsp. lactis Bb-12 (Bb-12) and Placebo 3

L. acidophilus La-5 (La-5), equalling 5x 10'° CFU of LGG and Bb-12,
and 5 x 10° of La-5 daily from 36 weeks of gestation to 3 months
postnatally
Kim et al.®® 2010 Korea 112 B. bifidum BGN4 (1-6 x 10° CFU), B. lactis ADO11 (1-6 x 10° CFU), and Placebo 3
L. acidophilus AD031 (1-6 x 10° CFU) in 0-72 g of maltodextrin and
0-8 g of alpha-maize once daily from 8 weeks before the expected
delivery to 3 months after delivery
Luoto et al.®¥ 2010 Finland 171 L. rhamnosus GG (ATC 53 103, Valio Ltd) and B. /lactis Bb12 (Chr. Placebo 4
Hansen) at a dose of 10" CFU/d each taken once daily and the
intervention period extended from the first trimester of pregnancy
to the end of exclusive breast-feeding

Ou et al.®) 2012 China 191 LGG (ATCC 53103; 1 x 10'° CFU/d beginning from 24 weeks gestation Placebo 3
(second trimester) of pregnancy until delivery
Wickens et al.®® 2012 New Zealand 474 L. rhamnosus HN0OO1 (6 x 10° CFU/d), B. animalis subsp. lactis HNO19 Placebo 2

(9 x 10° CFU/d) daily from 35 weeks gestation until birth, continuing
to 6 months after birth in mothers if breast-feeding
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Table 1. (Continued)

Jadad scale

Control

Intervention

Sample size

Country

Publication year

Study

Placebo

One daily capsule of L. acidophilus (L. acidophilus NCFM) and B. lactis

58

Israel

2013

Benor et al.®")

(Bi-07) at a concentration of 2 x 10'° CFU was administered by the
research nursing team in the NICU starting as soon as the mothers

were recruited into the study, at 072 h after birth and until the infant

was discharged home
Each active probiotic capsule contained 100 mg L. salivarius UCC118

Placebo

138

Ireland

2014

Lindsay et al.®

freeze-dried powder to achieve a target dose of 10° CFU
VSL no. 3 consisted of packets containing 900 billion viable lyophilised

Placebo

66

Italy

2015

Mastromarino et al.®9

bacteria of four strains of lactobacilli (L. acidophilus DSM24735,
L. plantarum DSM 24730, L. paracasei DSM 24733, L. del-brueckii

subsp. bulgaricus DSM 24734), three strains of bifidobacteria (B.

longum DSM 24736, B. breve DSM 24732, B. infantis DSM 24737)

and one strain of Streptococcus thermophilus (DSM 24731) from the

36th week of pregnancy until 4 weeks after giving birth
HNO0O01 (6 x 10° CFU) to be taken daily from enrolment throughout

Placebo

423

New Zealand

2017

Wickens et al.40)

pregnancy and until 6 months post birth if still breast-feeding

L. Kuang and Y. Jiang

CFU, colony-forming units; ATCC, American Type Culture Collection.

disease (RR 0-98; 95 % CI 0-55, 1-74; P=0-946; Fig. 3). No evi-
dence of heterogeneity was found for allergic disease
(P=00%; P=0972), and moderate heterogeneity was
observed for the IgE-associated allergic disease (P =49-4 %,
P=0-138). Quality of evidence was downgraded twice to low
quality for allergic disease owing to the balance of baseline
characteristics between groups, and reported results are
different from evidence regarding the outcome. Similarly,
evidence was downgraded twice to low quality for IgE-
associated allergic disease due to the balance of baseline
characteristics between groups and moderate heterogeneity
(online Supplementary material S3). Sensitivity analysis indi-
cated that the conclusions were not altered after sequential
exclusion of individual trials (online Supplementary material
S4). Subgroup analysis for the allergic disease was conducted,
and the results were consistent with the overall analysis whether
the pregnant women received Lactobacillus or a mixture of
various bacterial strains (Table 2).

Asthma and sensitisation

The number of trials available for asthma and sensitisation was 3
and 7, respectively. Notably, pregnant women who received
probiotics ». placebo did not yield any benefits on the risk of
asthma (RR 0-87; 95 % CI 0-57, 1-32; P=0-501; Fig. 4) and sensi-
tisation (RR 0-88; 95 % CI 0-76, 1-02; P=0-082; Fig. 4). No evi-
dence of heterogeneity was detected for asthma (7= 0-0%;
P=0-500) and sensitisation (= 0-0%; P=0-660). The quality
of evidence was downgraded to very low for asthma because
of the balance of baseline characteristics between groups,
reported results are different from evidence regarding the out-
come, and studies included relatively few patients. Then evi-
dence for sensitisation was downgraded to moderate quality
owing to the balance of baseline characteristics between groups
(online Supplementary material S3). Sensitivity analysis indi-
cated that the risk of asthma was stable, while the risk of sensi-
tisation was significantly reduced after excluding the trial
conducted by Dotterud et al.%? (online Supplementary material
S4). Subgroup analysis indicated that Lactobacillus administra-
tion was associated with a low risk of sensitisation (RR 0-77;
95 % CI 0-60, 0-98; P=0-032; Table 2).

Caesarean section

The risk of Caesarean section in pregnant women receiving pro-
biotics was available from fourteen trials, and the evidence was
downgraded to moderate quality owing to potential information
bias (online Supplementary material S3). The summary RR did
not indicate any significant difference for the incidence of
Caesarean section between probiotics and placebo (RR 0-90;
95 % CI 0-80, 1-02; P=0-091; Fig. 5); also, no evidence of hetero-
geneity was observed among the included studies (7= 0-0 %;
P=0-900). Sensitivity analysis indicated that probiotics signifi-
cantly reduced the incidence of Caesarean section after
excluding the trial conducted by Wickens et al.“” (online
Supplementary material S4). Subgroup analysis indicated that
the supplementation of a mixture of various bacterial strains
was associated with a low incidence of Caesarean section
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Risk ratio
Study (95 % Cl)
Atopic eczema
Kalliomaki ] 0-51 0-31,0-86
Abrahamsson = 0-61 0-36, 1-03
Kukkonen ] 0-70 0-51,0-96
Boyle = 0-94 0-53, 1-68
Dotterud ] 0-61 041, 0-91
Kim . 0-53 0-14,1-95
Wickens B 0-77 0:55,1:07
Subtotal e 0-68 0-58, 0-81; P<0-001
(/12: 0-0%; P=0-739)
Eczema
Abrahamsson ] 1-:06 0-73, 1:54
Kukkonen B 0-81 066, 0-99
Boyle ] 0-88 063, 1-22
Kim - 0-58 0-34, 097
Ou = 0-98 0-54, 1-80
Wickens ] 0-74 060, 0-92
Wickens = 0-50 0-30, 0-82
Subtotal 0-79 068, 0-91; P=0-002
(12: 276 %; P=0-218)
03 1 5
Risk ratio

Fig. 2. Effect of probiotics on the risk of atopic eczema and eczema.

Table 2. Subgroup analyses for investigated outcomes

(Relative risks (RR) or weighted mean differences (WMD) and 95 % confidence intervals)

Outcomes Subgroup RR or WMD 95 % CI P 12 (%) Pior heterogeneity  Pbetween subgroups

Atopic eczema LGG 0-65 0-46, 0-92 0-016 19-6 0-288 0714
Combined 070 0-57,0-85  <0-001 0-0 0-822

Eczema LGG 0-84 061, 1-14 0-260 50-9 0-106 0-385
Combined 0-76 0-66, 0-87  <0-001 0-0 0-491

Allergic disease LGG 0-98 0-70, 1-38 0-908 0-0 0-828 0-681
Combined 0-90 0-76, 1-08 0-270 0-0 0-862

Sensitisation LGG 0.77 0-60, 0-98 0-032 0-0 0-999 0-169
Combined 0-98 0-77,1-24 0-844 9-5 0-331

Caesarean section LGG 1.01 0-82, 1-24 0-922 0-0 0-946 0-169
Combined 0-85 0-73, 0-98 0-031 0-0 0-798

Gestational age (weeks) LGG 0-10 0-03, 0-17 0-007 0-0 1-000 0-744
Combined 0-10 —0-04, 0-25 0-161 55.2 0-063

Birth weight (kg) LGG 0-06 -0-03, 0-16 0-180 62-7 0-045 <0-001
Combined -0-02 —-0-08, 0-05 0614 94.0 <0-001

LGG, Lactobacillus rhamnosus GG.

(RR 0-85; 95 % CI 0-73, 0-98; P=0-031), while Lactobacillus had
no significant effect on Caesarean section (Table 2).

Gestational age and birth weight

The gestational age of pregnant women receiving probiotics was
available from nine trials, and the quality of evidence was down-
graded to moderate quality owing to potential information bias
(online Supplementary material S3). Notably, the gestational age
was significantly longer in pregnant women receiving probiotics
with insignificant heterogeneity (2 =11-5%; P=0-339) among
included studies (WMD 0-:09; 95% CI 0-04, 0-15; P=0-001,
Fig. 6). Sensitivity analysis indicated that the pooled result was
robust and not altered by excluding any specific trial (online

Supplementary material S4). A significant difference was observed
in the gestational age mainly in women receiving Lactobacillus
(Table 2).

The birth weight of pregnant women receiving probiotics was
available from thirteen trials. However, no significant difference
was observed between probiotics and placebo with respect to
birth weight (WMD 0-01; 95% CI—-0-05 to 0-07; P=0-851;
Fig. 7), and significant heterogeneity (2 =94-0%, P <0-001)
was detected among included trials. The quality of evidence
was downgraded to low owing to potential information bias
and high heterogeneity (online Supplementary material S3). The
conclusion was not affected by the exclusion of any specific trial
(online Supplementary material S4). The results of the subgroup
analysis were consistent with the overall analysis (Table 2).
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Risk ratio
Study (95 % CI)
Allergic disease
Kukkonen [ ] 0-90 075, 1-08
Niers - 1-02 0-27, 3-84
Boyle = 1-00 068, 1-48
Dotterud — 122 0-38, 3-90
Ou - 0-92 0-46, 1-84
Subtotal " 092 0-79, 1-08; P=0-303

IgE-associated allergic disease

Kukkonen -]
Niers :
Dotterud -
Subtotal
0-3 1
Risk ratio

(12: 0-0%; P=0-972)

0-75 0-56, 1-00
2:35 0.78,7-09

0-91 038,218

098 055, 1:74; P=0-946
(12: 49-4 %; P=0-138)

Fig. 3. Effect of probiotics on the risk of allergic disease and IgE-associated allergic disease.

Study

Asthma
Abrahamsson . !
Boyle ‘-
Dotterud . .

Subtotal -

Sensitization

Kalliomaki -—
Abrahamsson |
Kukkonen [ ]
Kopp . !
Niers

Dotterud

Ou [ .
Subtotal -

0-3 1

Risk ratio

Fig. 4. Effect of probiotics on the risk of asthma and sensitisation.

Severe adverse events

The summary results for death, NEC, gastrointestinal symptoms,
pre-eclampsia and sepsis are shown in Fig. 8. Notably, the preg-
nant women receiving probiotics showed a significantly reduced
risk of death (RR 0-34; 95 % CI 0-13, 0-91; P= 0-031) and NEC (RR
0-38; 95% CI 0-18, 0-81; P=0-012). However, no significant
differences were observed for the risk of gastrointestinal symp-
toms (RR 0-71; 95 % CI 0-35, 1-46; P=0-350), pre-eclampsia (RR
1-49; 95 % CI 0-85, 2-63; P=0-165) and sepsis (RR 0-73; 95 % CI
0-28, 1-93; P=0-532). Moreover, no evidence of heterogeneity
for death (2 = 0-0 %; P= 0-546), NEC (# = 0-0 %; P= 0-765), gas-
trointestinal symptoms (=00 %; P=0-794) and pre-eclampsia

Risk ratio
(95 % ClI)

064 026, 1-57
109 062, 1-92

0-68 0-29, 1-60

0-87 0-57, 1:32 ; P=0-501
(12: 0-0 %; P=0-500)

075 0-35, 1:60
0-77 0-56, 1-06

0-90 0-73, 1-10

0-70 0-20, 2:46

137 057, 331

135 072, 253

077 049, 1-23

0-88 076, 1-02 ; P=0-082
(12: 0-0 %; P=0-660)

(P =0-0%; P=0-830) was detected, while significant hetero-
geneity was noted for sepsis ( = 64-8 %; P=0-092).

Publication bias

Publication bias for investigated outcomes was assessed by
Egger and Begg tests and is presented in Table 3. No significant
publication bias was observed for atopic eczema (P-value for
Egger 0-546; P-value for Begg 1-000), eczema (P-value for
Egger 0-777; P-value for Begg 1-000), allergic disease (P-value
for Egger 0-139; P-value for Begg 0-462), sensitisation (P-value
for Egger 0-698; P-value for Begg 0-548), Caesarean section
(P-value for Egger 0-327; P-value for Begg 0-443), gestational
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Fig. 6. Effect of probiotics on gestational age.
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Fig. 7. Effect of probiotics on birth weight.
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Fig. 5. Effect of probiotics on the incidence of Caesarean section.
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Fig. 8. Effect of probiotics on severe adverse events. NEC, necrotising enterocolitis.

Table 3. Summary results for publication biases

Outcomes Pfor Egger test Pfor Begg test
Atopic eczema 0-546 1-000
Eczema 0.777 1-000
Allergic disease 0-139 0-462
Sensitisation 0-698 0-548
Caesarean section 0-327 0-443
Gestational age (weeks) 0-658 0-466
Birth weight (kg) 0-120 0-855

age (P-value for Egger 0-658; P-value for Begg 0-466) and birth
weight (P-value for Egger 0-120; P-value for Begg 0-855).

Discussion

This comprehensive meta-analysis included 4356 pregnant
women from eighteen RCT worldwide and found that probiotics
yielded significant benefits for atopic eczema, eczema, gesta-
tional age, death and NEC. The results of sensitivity analyses indi-
cated that probiotics might affect the incidence of sensitisation,
Caesarean section and gestational age. The risk of eczema, sen-
sitisation, Caesarean section and gestational age differ according
to the type of strains.

The summary results for atopic eczema and eczema were sig-
nificantly reduced in pregnant women. The included trials
pointed out that probiotics administered to the pregnant women
elevated the IgE concentration in the cord blood and increased
the level of TGF-£2 in breast milk. These factors indicated that
the early improved immunological effects play a role in the
progression of atopy and atopic disease. The risk of atopy
was affected by immunoprotective factors that interact with
genetic predisposition and early sensitisation. Abrahamsson
et al® demonstrated that eczema in women administered

(12: 0-0 %; P=0-765)

146 0-80, 2-66

179 0-31 1038

1-49 0-85, 2-63; P=0-165
(12: 0-0 %; P=0-830)

048 027, 0-88

132 0-48, 3-61

0-73 028, 1-93; P=0-532
(12: 64-8 %; P=0-092)

Lactobacillus did not benefit due to the similar prevalence of
eczema between probiotics and placebo, thereby indicating that
the effect of probiotics was pronounced in pregnant women with
allergic disease™V. Strikingly, the risk of allergic disease, IgE-
associated allergic disease and asthma between probiotics and
placebo was not statistically significant, which might be due to
small number of trials included in this meta-analysis, and the
summary results were determined by a single trial. Finally, the
probiotic supplements in pregnant women might play a major
role in the incidence of sensitisation and the improved immuno-
logical function.

Probiotics supplementation might play a vital role in the inci-
dence of Caesarean section, and the reduced incidence of
Caesarean section was primarily observed in women, who
received a mixture of various bacterial strains. Gestational age
in women received probiotics was significantly longer than pla-
cebo. No significant difference was detected between probiotics
and placebo regarding birth weight. These results were corre-
lated with the immunological function and environmental
factors.

The summary results indicated that the risk of death and NEC
was significantly reduced in pregnant women, who received
probiotics, whereas the risk of gastrointestinal symptoms, pre-
eclampsia and sepsis was not statistically significant. These
results were obtained from two trials that specifically addressed
low birth weight newborns. Samanta et al. concluded that a
mixture of various bacterial strains reduces the incidence and
death due to NEC and improves feed tolerance®. Benor
et al. suggested that the probiotic supplementation in postpar-
tum might decrease the risk of NEC, whereas the risk of sepsis
and mortality rates are not statistically significant®”. This phe-
nomenon might be attributed to the direct transfer of probiotics
from the maternal gut to the infantile gut?, and probiotic sup-
plementation could improve the immunological properties of
breast milk“?.
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Nevertheless, the present study had several limitations. (1)
The quality of various studies focused on allocation conceal-
ment, blinding and the use of intention-to-treat analysis could
affect the reliability of pooled results. (2) The present study
based on published studies and grey literature was not searched,
which might overestimate the effect size; (3) Numerous factors
could affect the pregnancy outcomes, whereas the characteris-
tics of individuals were not available in most of the included
studies; (4) The present analysis based on pooled data and indi-
vidual data was not available.

In conclusion, probiotics for pregnant women provides addi-
tional benefits on atopic eczema, eczema, gestational age, death
and NEC. However, the outcomes of allergic disease, IgE-
associated allergic disease, asthma, sensitisation, Caesarean sec-
tion, birth weight, gastrointestinal symptoms, pre-eclampsia and
sepsis between probiotics and placebo were not statistically sig-
nificant. The summary results of sensitisation, Caesarean section
and gestational age were not stable and need further large-scale
RCT to substantiate the findings. Furthermore, whether the treat-
ment effects of probiotics in pregnant women differ according to
the characteristics of the women should be explored in sub-
sequent RCT.
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