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Abstract

Background: Probiotics are living microorganisms that, when administered in adequate amounts, confer a health
benefit. It has been speculated that probiotics might help prevent preterm birth, but in two previous systematic
reviews possible major increases in this risk have been suggested. Our objective was to perform a systematic review
and meta-analysis of the risk of preterm birth and other adverse pregnancy outcomes in pregnant women taking
probiotics, prebiotics or synbiotics.

Methods: We searched six electronic databases (MEDLINE, EMBASE, CINAHL, Cochrane Central Register of
Controlled Trials, Web of Science’s Core collection and BIOSIS Preview) up to September 2016 and contacted
authors for additional data. We included randomized controlled trials in which women with a singleton pregnancy
received a probiotic, prebiotic or synbiotic intervention. Two independent reviewers extracted data using a piloted
form and assessed the risk of bias using the Cochrane risk of bias tool. We used random-effects meta-analyses to
pool the results.

Results: We identified 2574 publications, screened 1449 non-duplicate titles and abstracts and read 160 full text
articles. The 49 publications that met our inclusion criteria represented 27 studies. No study used synbiotics, one
used prebiotics and the rest used probiotics. Being randomized to take probiotics during pregnancy neither
increased nor decreased the risk of preterm birth < 34 weeks (RR 1.03, 95% Cl 0.29-3.64, 1> 0%, 1017 women in 5
studies), preterm birth < 37 weeks (RR 1.08, 95% Cl 0.71-1.63, 12 0%, 2484 women in 11 studies), or most of our
secondary outcomes, including gestational diabetes mellitus.

Conclusions: We found no evidence that taking probiotics or prebiotics during pregnancy either increases or
decreases the risk of preterm birth or other infant and maternal adverse pregnancy outcomes.

Trial registration: We prospectively published the protocol for this study in the PROSPERO database
(CRD42016048129).
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Background

The probiotics industry exceeded $35 Billion in 2015
and it is expected to continue to grow rapidly in coming
years [1]. Probiotics are living microorganisms that,
when administered in adequate amounts, confer a health
benefit by re-inoculating or balancing the host’s micro-
flora, [2] prebiotics are non-digestible carbohydrates that
nourish probiotics and healthy bacteria and synbiotics
are combinations of probiotics and prebiotics. They can
be given as biological supplements or in food [3] such as
yogurt, [4] making them readily available for consump-
tion. Probiotics have proven benefit for gastrointestinal
disorders such as irritable bowel syndrome [5]. That
said, there is uncertainty regarding what is the proper
way of grouping (or not) different probiotic types and
species [6].

Women of childbearing age are one of the commonest
groups to take probiotics for gastrointestinal symptoms
[7]. Among pregnant women, 1.3 to 3.6% use probiotics
in the United States and Canada, and up to 13.7% do so
in the Netherlands [8, 9]. It has been speculated that
probiotics might help prevent preterm birth [10]. Intra-
uterine infection is a frequent and important factor in
preterm birth and there is evidence supporting its role
as an etiologic agent [11-18]. Probiotics can interfere
with the processes that can lead to preterm labour by
displacing and killing pathogens, through enhancement
of anti-inflammatory cytokines and by reducing the pH
to make the vaginal environment friendlier to beneficial
bacteria [10]. Prebiotics would contribute to the benefi-
cial effect of probiotics by stimulating their growth,
activity, or both, [19, 20] and synbiotics combine probio-
tics and prebiotics. However, this is still mostly hypo-
thetical and it is also possible that probiotics could be
harmful to the infant as well as beneficial, requiring
further studies.

One study analyzing data from a Norwegian cohort
found a statistically significant protective effect of spon-
taneous preterm delivery in women with high intake of
probiotic milk products (OR: 0.820; 95% CI: 0.681,
0.986) [21]. In contrast, two Cochrane reviews of ran-
domized controlled trials, one on gestational diabetes
and another focused on the association of probiotics
with preterm labour, obtained relative risks between 3
and 4 (albeit not statistically significant) [19, 22]. In both
reviews the results come from only one (the same) trial,
[23] and although it is difficult to extrapolate data from
high risk groups such as gestational diabetes, these data
emphasize that probiotics could be associated with ad-
verse outcomes and these also need to be addressed in
an updated systematic review. One of the reviews [19]
also identified a study comparing prebiotics with
placebo, in which no significant differences were found
in gestational age at birth [24].
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Given the growing expansion of the probiotic industry
and the ease with which probiotic products are available
to the general public, there is a pressing need for an up
to date assessment of the risk of preterm birth, including
the large number of studies that have been published
since the most recent previous review executed their
search strategy in 2013. In addition, the risks of preterm
birth in women taking prebiotics or synbiotics have yet
to be systematically reviewed.

Our objective was to perform an up to date systematic
review and meta-analysis of the risk of preterm birth and
other adverse pregnancy outcomes in pregnant women
randomized to probiotics, prebiotics or synbiotics.

Methods
We prospectively published the protocol for this study
in the PROSPERO database (CRD42016048129).

Information sources and search strategy

We searched six electronic databases (MEDLINE,
EMBASE, CINAHL, Cochrane Central Register of
Controlled Trials, Web of Science’s Core collection and
BIOSIS Preview) from their inception up to September 22,
2016, with no language restrictions (Please see Additional
file 1: Appendix A for complete search strategies).
Clinicaltrials.gov was also searched for ongoing trials.

Selection criteria

We included randomized controlled trials in which preg-
nant women were allocated to an intervention group re-
ceiving any combinations of probiotics, prebiotics or
synbiotics; or to a control group receiving no treatment,
treatment as usual, placebo or any combination of pro-
biotics, prebiotics or synbiotics. We excluded other
study designs, as well as conference abstracts and studies
including twins or higher order pregnancies (which are
known to have a substantially higher risk of preterm
birth and other adverse maternal and infant outcomes
and are therefore not generalizable to average risk preg-
nancies). We contacted authors to clarify inclusion cri-
teria, such as confirming the absence of twins if not
specifically stated, and to ask for stratified data by single-
tons and other additional data as necessary.

Our primary outcomes were preterm birth < 34 weeks
and preterm birth <37 weeks. We defined a subset of
key secondary outcomes that would be included in our
subgroup analyses: gestational age at birth (continuous
data), birth weight (continuous data), small and large for
gestational age (< 10™ and > 90™ percentile for age and
sex, respectively), gestational diabetes (GDM) and pre-
mature preterm rupture of membranes (PPROM). Other
infant secondary outcomes included infant anthropo-
metric measures (including birth weight, length, head
circumference, etc.), other definitions (cut-off points) of
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preterm birth, neonatal death, different measures of
adverse status at birth such as Neonatal Intensive Care
Unit (NICU) admission, low Apgar score at 5 min and
low umbilical cord pH. Other maternal secondary
outcomes were maternal anthropometric measures
(including gestational weight gain and changes in body
mass index), infections (bacterial vaginosis, urinary tract
infections), hypertension (including preeclampsia), gesta-
tional diabetes and other glucose metabolism related
outcomes and caesarean section.

Data extraction and assessment of risk of bias

Two reviewers (A] and AMLM) independently screened
all titles and abstracts and the full text of potentially eli-
gible papers. Disagreements were resolved by discussion
and a third person (SDM) was available if consensus
could not be reached.

The same two reviewers independently extracted data
on general study characteristics, intervention and con-
trol characteristics, potential effect modifiers, outcomes
and risk of bias using a piloted data collection form. For
binary data we extracted 2 by 2 tables or effect sizes (e.g.
RR) with their confidence intervals. For continuous out-
comes, we extracted the mean, standard deviation and
size of each group or the mean difference and confi-
dence interval. For measures of change we extracted
means and standard deviations of the differences be-
tween the start and end points. In the cases where only
before and after intervention data was provided, we im-
puted the standard deviation of the difference using the
correlation of the largest study providing such informa-
tion [25]. Studies in which probiotics were provided by
the producing company without compensation were
considered to have potential conflicts of interest even
when the authors declared no such conflicts.

We assessed risk of bias using the Cochrane Risk of
Bias tool, in which seven domains are considered for
their risk of bias (high, low, or unclear): random se-
quence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assess-
ment, incomplete outcome data, selective reporting, and
other biases [25]. Although the Cochrane risk of bias
tool does not provide an overall risk of bias assessment,
we applied the following algorithm: In order to consider
a study as overall having low risk of bias we defined that
it had to have none of the domains considered as high
risk of bias and at least four (not counting ‘Other
biases’) considered as low risk of bias, with at least one
of them being ‘random sequence generation’ or ‘alloca-
tion concealment’.

Data synthesis and statistical analyses
We performed pairwise inverse variance random effects
meta-analyses (DerSimonian and Laird [26]) using
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Review Manager (version 5.3). Given the uncertainty in
the field regarding the proper way of grouping (or not)
the different interventions, [6] we decided to analyse the
data at three different levels: 1) Pooling probiotics, pre-
biotics and synbiotics separately, 2) separating interven-
tions by genus (i.e. studies using any species of
Lactobacillus, Bifidobacterium, or Streptococcus, on their
own or in combination with other types of probiotics)
and 3) looking at each combination of species separately.
Although we had planned further analyses in the proto-
col, they were considered to be uninformative given the
characteristics of the identified studies.

We calculated pooled relative risks (RR) and mean dif-
ferences (MD) with their correspondent 95% confidence
intervals (CI) and quantified heterogeneity using the I-
squared statistic (?).

Management of multiple comparisons
Whenever we encountered multiple, correlated compari-
sons (e.g. studies with two probiotics groups and one con-
trol group) we combined the intervention groups into a
single group. In the subgroup analyses, if the different
comparisons were in separate subgroups, the shared con-
trol group was split into two groups with half the sample
size and events each, as per the Cochrane handbook [25].
Whenever we encountered multiple, independent
comparisons (e.g. studies with results from an interven-
tion and control group stratified by previous preterm
birth or not) we included both of them in the meta-
analysis as if they were from different studies. In
addition, in our sensitivity analyses we compared our re-
sults with the results of an alternative strategy in which
the comparisons of the same study are first combined
using a fixed-effects model and then the result is pooled
with the rest of the studies in a random-effects meta-
analysis [25].

Subgroup and sensitivity analyses

We did subgroup analyses by potential conflicts of
interest (including the provision of the probiotic prod-
uct by the producing company) and length of exposure
(lasting up to the end of pregnancy or not). In addition
to the planned sensitivity analysis including only studies
with low risk of bias we also did further sensitivity ana-
lyses excluding studies where the absence of twins was
not confirmed, where the comparison group received
conventional yogurt, using the alternative method to
deal with multiple independent comparisons (involving
fixed-effect meta-analysis), and using the correlation of
other studies in the meta-analysis to impute the stand-
ard deviations of the measures of change. Publication
bias was assessed using Duval and Tweedie’s trim-and-
fill method when there were at least ten studies in a
meta-analysis [27, 28].
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Results

We identified 2574 publications in our search strategy, re-
moved 1125 duplicates and screened 1449 titles and ab-
stracts, as well as reference lists from previous reviews on
this and closely related topics (which provided 60 add-
itional references), resulting in 160 articles that we read in
full text and assessed for inclusion and exclusion criteria.
Of these, 49 publications met our inclusion criteria, but
represented only 27 independent studies, as some studies
were reported in more than one publication. The most
complete publication was generally used, but we also ex-
tracted information on outcomes that were reported in
other publications if they were not available in the most
complete one (Additional file 2: Table S1). In addition,
one author referred us to a publication, not indexed in
any of the databases used, with further details of their
study [29]. Of the 27 identified studies, six excluded cases
of preterm birth and intrauterine growth restriction and
we considered their infant data not appropriate for our
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review, as excluding these cases could lead to biased re-
sults (e.g. mean birth weight would be higher if preterm
cases were excluded) [24, 30—34]. The study comparing a
prebiotic with placebo identified in a previous review was
excluded for this reason [24]. Studies that excluded pre-
term infants but reported the number of preterm cases in
each group were not excluded, although only the unbiased
information (number of preterm births) was used. Simi-
larly, studies that had preterm birth as an exclusion criter-
ion but ended up not excluding any cases for this reason
were included. In the end, we included 21 studies in our
analyses, comprising of 4098 women (Fig. 1) [23, 35-54].

Study characteristics

Nineteen studies randomly allocated women to one or
more probiotic species or either placebo (18) or treatment
as usual (1) and one study compared a prebiotic with
placebo. In addition, one study compared a probiotic
yogurt with a conventional yogurt [47]. All interventions

Studies identified through database searching (Sep 22" 2016) n=2574
Medline (n=544), EMBASE (n=857), CINAHL (n=72), CENTRAL (Cochrane) (n=437), Web
of Science (Core Collection) (n=472), Web of Science (BIOSIS Previews) (n=192)

A

—bl Duplicate publications (n=1125)
y

Initial screening of titles and abstracts
(n=1449)

I

Screening references of previous reviews (n=60)

160 articles for full text screening

Reasons for exclusion (Total excluded: 111)

» 26 Study design (e.g. cohort studies)

10 Population (e.g. twins included and not stratified)

41 Publication type (e.g. conference abstract)

10 No outcome of interest reported

22 Intervention group (e.g. no pro/pre/synbiotic used)
2 Not accessible (1 Chinese, 1 Italian)

Y

49 publications meeting inclusion criteria

| 27 studies |

v

6 studies with outcomes of interest considered biased due
to the exclusion of cases with worse outcomes or the
inclusion of twin pregnancies:

- Taghizadeh 2014 (excluded IUGR)

- Rautava 2012 (p178) (excluded IUGR)

- Wickens 2018 (excluded PTB, SGA. Includes heavy twins)
- Kopp 2008 (includes only term infants)

- Kukkonen 2007 (includes twins, excludes PTB)

- Shadid 2007 (Includes, no stratified data received)

\ 4

21 studies included in analyses
(4098 women)

Fig. 1 Flow diagram. Flow diagram of study identification and selection in systematic review of the use of probiotics and/or prebiotics during pregnancy
J
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were administered orally (stated explicitly or assumed by
context). None of the included studies assessed a synbio-
tic. The most frequent target population were women
whose infants would be at risk of atopy and/or allergies (9
studies), healthy pregnant women (5 studies) and women
with gestational diabetes (4 studies). All studies were from
high or upper-middle-income countries. [55] Sample sizes
ranged from 60 to 644 pregnant women and the inter-
vention period ranged from 1 to 25 weeks (Table 1,
Additional file 3: Figure S1). Compliance with the inter-
vention was not consistently reported throughout the
studies, but when it was reported, it was approximately
80%, with no significant differences between groups.

Results by intervention type

Taking probiotics during pregnancy neither increased
nor decreased the risk of preterm birth <34 weeks (RR
1.03, 95% CI 0.29-3.64, I> 0%, 1017 women in 5 studies)
or preterm birth < 37 weeks (RR 1.08, 95% CI 0.71-1.63,
I> 0%, 2484 women in 11 studies). The one study asses-
sing prebiotics found an increased risk for preterm birth
< 37 weeks, although with very wide confidence intervals
due to its low power (RR 1.43, 95% CI 0.06-34.17, 116
women in 1 study) (Table 2, Figs. 2 and 3).

Although several individual effect sizes from the stud-
ies showed either important benefit or important harm,
ranging from relative risks of 0.5 to 4.25, this is likely at-
tributed to the low prevalence of preterm births and the
generally small sample sizes, resulting in important devi-
ations from the null effect (relative risk of 1) when there
are only small differences in the number of events. How-
ever, for the same reason, these results are also accom-
panied by wide, overlapping confidence intervals, which
likely explains the absence of heterogeneity in the meta-
analyses, as indicated by I* = 0%.

There was no significant increase or decrease in any of
our key secondary outcomes in women receiving either
probiotics or prebiotics (Table 2), including small for ges-
tational age infants (RR 1.03, 95% CI 0.35-3.06, I* 50%,
318 women in 3 studies assessing probiotics), large for
gestational age infants (RR 0.96, 95% CI 0.47-1.94, I* 0%,
316 women in 3 studies assessing probiotics), gestational
diabetes (RR 1.25, 95% CI 0.61-2.56, I? 0%, 355 women in
two studies assessing progesterone), and PPROM (RR
1.37, 95% CI 0.63-2.99, 12 0%, 366 women in two studies).

Among the rest of secondary outcomes (Additional
file 2: Table S2), the only statistically significant out-
comes were continuous outcomes related to glucose
metabolism in studies assessing probiotics, with statisti-
cally significant differences in HOMA-IR (MD -0.49,
95% CI -0.91- -0.07, I* 79%, 545 women in 6 studies),
HOMA-BC (MD -16.90, 95% CI -32.51- -1.29, 60
women in 1 study) and Insulin (MD -2.22 xIU/mL,
95% CI -4.26— -0.18, I” 83%, 496 women in 6 studies).
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We reported individual study data for each outcome
in Additional file 4: Appendix B.

Results by genus

Eight studies used one or more species of only Lactoba-
cillus, six studies used a combination of Lactobacillus
and Bifidobacterium species, five studies used a combin-
ation of Lactobacillus, Bifidobacterium and Streptococcus
species; and one study combined two Bifidobacterium
species with Lactococcus lactis.

When pooling studies in which the probiotics inter-
vention included at least one species of Lactobacillus we
found similar results as the overall results, with no sig-
nificant increased or decreased risk of the primary or
key secondary outcomes. Interestingly, the pooled esti-
mates indicated increased risks of preterm birth <34
and < 37 weeks when pooling studies using at least one
species of Bifidobacterium (RR 1.54 and RR 1.21,
respectively) or at least one species of Streptococcus (RR
1.60 and RR 1.81, respectively), although with wide, not
statistically significant confidence intervals (Table 3).

Results by species

Pooling separately different species of probiotics and
their combinations resulted in subgroups with only one
study in most of the subgroups, as almost each study
used a different species or combination of probiotics.
None of these subgroups reached statistical significance.
We reported the results for primary outcomes pooling
separately different species of probiotics in Additional
file 3: Figures S2 and S3.

Subgroup and sensitivity analyses

We considered 11 studies to potentially have a conflict
of interest (either explicitly declared or by receiving the
intervention products from the manufacturer without
any cost), 4 studies to have no conflict of interest, and 6
studies in which it was unclear if there was a conflict of
interest (either because it was not reported or because
the relationship with the product providers was unclear).
In eight studies the intervention was given during preg-
nancy but not until delivery (Table 1).

We found no statistically significant differences be-
tween studies reporting no conflicts of interest and stud-
ies with potential conflicts of interest (Additional file 2:
Table S3). Similarly, we found no significant differences
between studies in which the exposure to probiotics
lasted up to the end of the pregnancy or not (Additional
file 2: Table S4).

We considered 17 studies to have an overall low risk
of bias. All our sensitivity analyses yielded very similar
results, if not identical, as the original analyses
(Additional file 2: Tables S5 to S8). We did not detect
publication bias in any of the meta-analyses.
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Table 2 Results by intervention type for primary and key
secondary outcomes in systematic review of the use of
probiotics and/or prebiotics during pregnancy

Qutcome Intervention  Studies N 1 RR/MD (95% Cl)

PTB < 34 Probiotics 5 1017 0%  RR 1.03 (0.29-3.64)
Prebiotics 0 - - -

PTB <37 Probiotics " 2484 0%  RR 1.08 (0.71-1.63)
Prebiotics 1 16 - RR 1.43 (0.06-34.17)

Gestational ~ Probiotics 8 1133 0%  MD 0.07 weeks

age (weeks) (-0.09-0.23)
Prebiotics 1 15 - MD -0.37 weeks

(-1.14-0.40)

Birth weight  Probiotics 10 1608 0% MD 1066 g

(grams) (-35.85-57.18)
Prebiotics 1 e - MD -63.95 g

(-262.02-134.12)

SGA Probiotics 3 318 50% RR 1.03 (0.35-3.06)
Prebiotics 0 - - -

LGA Probiotics 3 316 0%  RR0.96 (047-1.94)
Prebiotics 0 - - -

GDM Probiotics 2 355 0% RR1.25(0.61-2.56)
Prebiotics 0 - - -

PPROM Probiotics 2 366 0% RR1.37(0.63-2.99)
Prebiotics 0 - - -

Abbreviations: GDM gestational diabetes mellitus, LGA large for gestational
age, N Number of women in the meta-analysis, PPROM Preterm premature
rupture of the membranes, PTB preterm birth; SGA Small for gestational age
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Discussion

Main findings

Overall, we found no evidence of either harm or benefit
of probiotics or prebiotics on preterm birth or other
adverse infant and maternal clinical outcomes. Further-
more, although most of the outcomes were underpow-
ered and hence the confidence intervals were wide and
not statistically significant, the point estimates were gen-
erally around the null, suggesting no difference between
intervention and control.

Interpretation in the context of the literature

To our knowledge, the most recent systematic review
reporting the risks of probiotics for preterm birth was
the Cochrane review on gestational diabetes, published
in 2014 (literature search in 2013), while the Cochrane
review that focused on the association of probiotics
and preterm birth was updated in 2010 (literature
search in 2010) [19, 22]. Both meta-analyses included
only one (the same) study, obtaining relative risks be-
tween 3 and 4 (albeit not statistically significant), in
contrast to our results. This difference can be ex-
plained not only by our inclusion of 11 additional stud-
ies, but also by our exclusion of twin data, which is
expected to be biased due to their worse outcomes. In
fact, for the study included in the previous reviews,
after obtaining the data for singletons alone from the
study authors we found that the relative risk was actu-
ally 0.96 (95% CI 0.09-10.45). This emphasizes the im-
portance of taking into account potential confounding
factors in the design of studies of pregnant women to
assess outcomes on them and their foetuses, as

Intervention Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI

1.1.1 Probiotics

Krauss-Silva 2011 (History of PTB) 1 19 0 16 16.2% 2.55[0.11,58.60) 2011

Krauss-Silva 2011 (without History of PTB) 1 304 3 301 31.2% 0.33(0.03,3.16) 2011 —

Rautava, 2012 1 158 0 73 156% 1.40[0.06, 33.87] 2012

Lindsay 2014 0 62 0 74 Not estimable 2014

Lindsay 2015 0 74 0 75 Not estimable 2015

Dolatkhah, 2015 1 32 0 32 159% 3.00[0.13,71.000 2015

Jafarnejad 2016 1 41 1 41 21.2%  1.00[0.06,15.45] 2016

Subtotal (95% CI) 554 463 100.0% 1.03 [0.29, 3.64] -‘

Total events 5 4

Heterogeneity: Tau®*= 0.00; Chi*=1.77, df=4 (P=0.78), F= 0%

Test for overall effect: Z= 0.05 (P = 0.96)

1.1.2 Prebiotics

Subtotal (95% Cl) 0 0 Not estimable

Total events 0 0

Heterogeneity: Not applicable

Test for overall effect: Not applicable

Total (95% CI) 554 463 100.0% 1.03 [0.29, 3.64] ’

Total events 5 4

Heterogeneity: Tau= 0.00; Chi#=1.77, df= 4 (P = 0.78); F= 0% :om 0?1 1=0 100=

Test for overall effect Z= 0.05 (P = 0.96) Favours intervention Favours control

Test for subaroup differences: Not apnlicable
Fig. 2 Preterm birth < 34 weeks. Forest plot of the association of probiotics and prebiotics on preterm birth <34 weeks in systematic review of
the use of probiotics and/or prebiotics during pregnancy
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Intervention Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.2.1 Probiotics
Abrahamsson 2007 1 114 2 113 3.0% 0.50 [0.05,5.39] 2007
Laitinen 2009 1 79 2 152 3.0% 0.96 [0.09, 10.45] 2009
Niers, 2009 1 78 2 78 3.0% 0.50 [0.05,5.40) 2009
Dotterud 2010 16 21 12 204 32.4% 1.29[0.63, 2.66] 2010 —
Krauss-Silva 2011 {(History of PTB) 2 19 0 16 1.9% 4.25(0.22,82.57) 2011
Krauss-Silva 2011 {without History of PTB) 5 304 10 301 15.0% 0.50([017,1.43] 2011 _—
Hantoushzadeh, 2012 12 150 7 150 207% 1.71[0.69, 4.23] 2012 T
Rautava, 2012 4 158 4 73 9.2% 0.46([012,1.80) 2012 —_——t—r
Lindsay 2014 3 64 2 74 55% 1.73(0.30,10.06] 2014 e
Dolatkhah, 2015 1 32 0 32 17% 3.00([013,71.000 2015
Mastromarino 2015 0 33 0 33 Notestimable 2015
Lindsay 2015 0 74 0 75 Not estimahle 2015
Jafarnejad 2016 2 41 1 41 3.0% 200([0.19,21.21] 2016
Subtotal (95% CI) 1250 1234 98.3% 1.08 [0.71,1.63] ’
Total events 48 42
Heterogeneity: Tau*= 0.00; Chi*=7.39, df=10 (P = 0.69), F=0%
Testfor overall effect. Z=0.35(P=0.73)
1.2.2 Prebiotics
Bergmann, 2008 1 79 0 37 1.7% 1.43[0.06,34.17) 2008
Subtotal (95% Cl) 79 37 1.7%  1.43[0.06,34.17] e —
Total events 1 0
Heterogeneity: Not applicable
Test for overall effect: Z=0.22 (P = 0.83)
Total (95% CI) 1329 1271 100.0% 1.08 [0.72,1.63] R 2
Total events 49 42
e 2 - . 2= - - CR= 5 + + {
o i i - o
- : - Favours intervention Favours control
Test for subaroup differences: Chi*=0.03, df=1 (P = 0.86), F= 0%
Fig. 3 Preterm birth < 37 weeks. Forest plot of the association of probiotics and prebiotics on preterm birth < 37 weeks in systematic review of
the use of probiotics and/or prebiotics during pregnancy

including twin pregnancies and/or excluding the less
healthy infants can introduce considerable biases.

Similarly, in a previous Cochrane review, gestational
diabetes was found to be significantly reduced in one
study (RR 0.38, 95% CI 0.20-0.70), but it is unclear in
how far this result was influenced by twin pregnancies.
We could not obtain the data for singletons only for this
outcome for this study, but the pooled estimate on ges-
tational diabetes of three other studies does not show
any benefit from probiotics on this outcome (RR 1.25,
95% CI 0.61-2.56).

Previous literature has also shown that, in many
cases, there is a lack of correlation between the label
and the actual content of probiotic products [56] and
that the original properties of specific probiotic strains
can be affected by the industrial production processes,
which could lead to commercial probiotic products not
preserving the intended original properties [57].
Therefore, it is not possible to extrapolate our results,
which are based on highly controlled trials, to the po-
tential effect of commercial probiotic products in the
general population.

There are currently several trials registered in clinical-
trials.gov that explicitly assess the potential effect of pro-
biotics on preterm birth. Unless their results are
markedly different, however, we do not expect that our
conclusions would have to be changed.

Strengths and limitations
The main strength of this systematic review was the
relatively high number of studies identified. While previ-
ous systematic reviews had found only one study, we
managed to pool data from 12 studies on preterm birth,
including four studies whose authors provided us with
stratified and/or unreported information. Furthermore,
another important strength of our review was the careful
consideration of inclusion and exclusion criteria to avoid
biases introduced by the presence of twin pregnancies or
the exclusion of infants with worse outcomes (i.e. pre-
term birth and intrauterine growth restriction). Such
caution was justified by the fact that many studies lim-
ited their results to term pregnancies only, in which
cases we contacted the authors to try to obtain data
from the whole sample of pregnant women, regardless
of the pregnancy outcome. Another strength was our
analysis at different levels, pooling probiotics and prebi-
otics separately first, then grouping studies by probiotic
type (genus), and finally reporting the results by separate
species. Given the lack of consensus in the field regard-
ing the most appropriate way of grouping (or not) the
different interventions, we hope that by being transpar-
ent and reporting the results in detail each point of view
might benefit from our review.

The main limitation of our review was the low number
of primary randomized controlled studies assessing
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Table 3 Results by genus (study is included if it includes at least one strain of that genus) for primary and key secondary outcomes
in systematic review of the use of probiotics and/or prebiotics during pregnancy

Qutcome Intervention Studies N 2 RR/MD (95% Cl)

PTB < 34 Lactobacillus (& other) 5 1017 0% RR 1.03 (0.29-3.64)
Bifidobacterium (& other) 3 377 0% RR 1.54 (0.27-8.73)
Streptococcus (& other) 2 146 0% RR 1.60 (0.20-12.69)

PTB <37 Lactobacillus (& other) 10 2328 0% RR 1.10 (0.72-1.68)
Bifidobacterium (& other) 7 1479 0% RR 1.21 (0.75-1.96)
Streptococcus (& other) 3 512 0% RR 1.81 (0.80-4.10)

Gestational age (weeks) Lactobacillus (& other) 8 1133 0% MD 0.07 weeks (-0.09-0.23)
Bifidobacterium (& other) 3 365 0% MD 0.30 weeks (0.03-0.57)
Streptococcus (& other) 1 66 - MD 0.40 weeks (-0.10-0.90)

Birth weight (grams) Lactobacillus (& other) 10 1608 0% MD 10.66 g (-35.85-57.18)
Bifidobacterium (& other) 5 840 0% MD 22.44 g (-40.58-85.46)
Streptococcus (& other) 1 66 - MD -65.00 g (-301.73-171.73)

SGA Lactobacillus (& other) 3 318 50% RR 1.03 (0.35-3.06)
Bifidobacterium (& other) 1 66 - RR 11.00 (0.63-191.27)
Streptococcus (& other) 1 66 - RR 11.00 (0.63-191.27)

LGA Lactobacillus (& other) 3 316 0% RR 0.96 (047-1.94)
Bifidobacterium (& other) 1 66 - RR 0.67 (0.12-3.73)
Streptococcus (& other) 1 66 - RR 067 (0.12-3.73)

GDM Lactobacillus (& other) 2 355 0% RR 1.25 (0.61-2.56)
Bifidobacterium (& other) 1 219 - RR 1.26 (0.56-2.83)
Streptococcus (& other) 0 - - Not estimable

PPROM Lactobacillus (& other) 2 366 0% RR 1.37 (0.63-2.99)
Bifidobacterium (& other) 2 366 0% RR 1.37 (0.63-2.99)
Streptococcus (& other) 2 366 0% RR 1.37 (0.63-2.99)

Abbreviations: GDM gestational diabetes mellitus, LGA large for gestational age,
the membranes, PTB preterm birth, SGA Small for gestational age

prebiotics and synbiotics, which limits the extent of our
results to probiotic interventions only. Another limita-
tion of our review was that only one study focused on
the prevention of preterm birth, while the rest of the
studies focused on other outcomes, such as maternal
glucose metabolism and allergies in the infants, with
preterm birth reported only as a secondary outcome or
a baseline characteristic. This also explains the consider-
able variation in the timing and duration of the probiotic
administration. Furthermore, the fact that an important
number of studies were aimed at reducing allergic dis-
ease in offspring could be a reason for the scarce
amount of data on maternal and delivery related out-
comes. However, one potential benefit of this is that it
could have minimised the risk of publication bias or the
potential effect of conflicts of interest. Another limita-
tion is the primary studies’ generally small size, which
meant that even when we pooled data, many of our out-
comes lacked sulfficient statistical power, as evidenced by

N, Number of women in the meta-analysis, PPROM Preterm premature rupture of

the wide confidence intervals, which limits somewhat
the robustness of our conclusions. However, the absence
of heterogeneity, as well as the fact that the effect esti-
mates are close to the null effect in most of our analyses,
show a relatively consistent picture.

Another limitation of our study is the timing and dur-
ation of the probiotic administration, which ranged from
one to 26 weeks. Although in most of the studies the
intervention took place during the third trimester, some
of the studies included the probiotics quite early in the
pregnancy and some included them only in the last
weeks of the pregnancy. It is therefore possible that the
length of exposure could affect our findings. However,
given the small amount of heterogeneity detected in our
meta-analyses we did not consider appropriate to extend
the subgroup analyses beyond what was planned.

Finally, random-effects meta-analyses with a small
number of studies remains a challenging scenario and
there is no clear guidance on how to best proceed [58].
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However, this would only apply to the few analyses in
which there was heterogeneity between studies (I>>0),
as doing a random-effects meta-analysis in which there
is no heterogeneity is equivalent to a fixed-effects model.

Conclusions

More randomized studies are required that assess the
safety or efficacy of taking prebiotics during pregnancy.
Pooling the existing studies, we found no evidence that
taking probiotics during pregnancy either increases or
decreases the risk of preterm birth or other infant and
maternal adverse pregnancy outcomes. However, more
homogeneous studies in terms of type of probiotics used,
length of exposure and women’s characteristics are
needed. It is important to note that these results might
not apply outside the context of randomized research.
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