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A B S T R A C T

Aims: A systematic review and meta-analysis was designed to evaluate the efficacy and safety of probiotics for
prevention of radiotherapy-induced diarrhea (RID) in patients with cervical cancer. Previous studies failed to
give a comprehensive analysis of the efficacy and safety of probiotics in this point.
Methods: We searched the Cochrane Library, PubMed, EMBASE and Web of Science up to June 4, 2018. We also
hand searched some studies included in previous reviews. Our primary outcome aims to compare the incidence
of all Common Toxicity Criteria (CTC) grades of RID and adverse events (AEs) in both probiotics groups and
placebo groups. Relative risk (RR) with its 95% confidence interval (CI) was used to compare the efficacy of
probiotics in prevention of RID, and the pooled RRs were estimated using a fixed- or random-effect model;
heterogeneity was assessed with Cochran's Q and Higgins I2 test. Two reviewers assessed trial quality and ex-
tracted data independently. The analysis and bias for each of included studies were performed and assessed using
Review Manager 5.2.
Results: Nine randomized, placebo-controlled studies (N=1508 participants) were included for assessing the
efficacy of probiotics. Compared with placebo groups, participants in probiotic groups experienced much lower
incidence of RID with RR of 0.61 (95% CI 0.46–0.81; P=0.0007). In addition, significant results were also
observed in CTC grade ≥2 and grade ≥3 RID, with the pooled RRs of 0.52 (95% CI 0.30–0.98; P=0.02) and
0.32 (95% CI 0.12–0.82; P=0.02) respectively. Eight studies, included 1410 participants (726 consuming
probiotics, 657 consuming placebo, 27 lost to follow-up), were used for the analysis of safety of probiotics. Of the
8 studies, 4 studies had no AEs caused by probiotics, while another 4 studies reported varying degrees of AEs
during their treatment.
Conclusions: Probiotics may have a beneficial effect in prevention of RID generally, especially for Grade ≥2 or 3
diarrhea. Probiotics may be safe and rarely cause severe AEs during treatment.

1. Introduction

Probiotics were initially defined as live microbial feed supplements
which beneficially affected the host improving its intestinal microbial
balance in 1989 by Fuller R [1]. Recently, it has been reported that
probiotics may have many benefits in preventing radiotherapy or che-
motherapy induced gastrointestinal (GI) disease, including diarrhea
during many therapies for tumors.

In particular, radiotherapy induced diarrhea (RID) is more and more
common nowadays, with more abdominal and pelvic cancers treated by
radiotherapy. It was reported that nearly 17,000 patients per year re-
ceived radiotherapy in the UK [2]. Further, across the developed
countries, an estimated 150,000 to 300,000 people were treated

annually [3]. It was demonstrated that RID may worsen patients’
quality of life, which could lead to interruptions or discontinuation of
their treatment [4]. One of the possible mechanisms of RID may be that
the malabsorption of lactose and bile acids, the changes of intestinal
flora and intestinal motility may lead to impaired secretion, absorption
and immune function of the digestive tract [5]. Radiation can give rise
to changes in bacterial flora, vascular permeability of the mucosal cells
and intestinal motility [6]. Furthermore, radiotherapy may change the
composition of the native intestinal microflora, which is significant for
metabolism of various intestinal enzymes and regulation of intestinal
angiogenesis as well as immune functions that maintain the integrity of
gut barrier [7]. Gut microbiota influences human health through an
impact on the gut defense barrier, immune function, nutrient utilization

https://doi.org/10.1016/j.ijsu.2019.03.015
Received 9 December 2018; Received in revised form 1 February 2019; Accepted 22 March 2019

∗ Corresponding author. Department of Gynecology, Zhejiang Provincial People's Hospital, People's Hospital of Hangzhou Medical College, No. 158, Shangtang
Road, Xiacheng District, Hangzhou, 310014, Zhejiang Province, China.

E-mail address: yjwang18@163.com (X. Wang).

International Journal of Surgery 65 (2019) 61–69

Available online 27 March 2019
1743-9191/ © 2019 IJS Publishing Group Ltd. Published by Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/17439191
https://www.elsevier.com/locate/ijsu
https://doi.org/10.1016/j.ijsu.2019.03.015
https://doi.org/10.1016/j.ijsu.2019.03.015
mailto:yjwang18@163.com
https://doi.org/10.1016/j.ijsu.2019.03.015
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijsu.2019.03.015&domain=pdf


and potentially by direct signaling with the gastrointestinal epithelium
[8,9].

Up to now, several clinical trials have shown the efficiency of pro-
biotics in preventing RID for patients with cervical cancer [10–20].
However, there exists some inconsistency in their dosages, bacterial
strains and duration of therapy. Additionally, some studies failed to
show positive curative effect and improvement of the quality of patients
[13,14]. Besides, the safety of probiotics in preventing RID has not been
demonstrated yet, because some adverse events (AEs), such as infec-
tion, septicemia, lactose intolerance, stomach pain and bloating, were
observed in several studies [16,19,21,22].

Previous systematic reviews and meta-analyses showed that pro-
biotics could reduce the incidence of diarrhea or bowel disease re-
sulting from acute infections, antibiotic, chemotherapy or radiotherapy
[23,24]. But few studies comprehensively analyzed and evaluated the
efficacy and safety of probiotics in preventing RID for patients with
cervical cancer. Thus, we conduct the present systematic review in-
cluding eleven studies with low risk of bias to clear whether probiotics
are effective in reducing incidence of RID. Nine randomized, placebo-
controlled studies (N=1508 participants) are included to assess the
efficacy of probiotics. Eight studies, included 1410 participants (726
consuming probiotics, 657 consuming placebo, 27 lost to follow-up),
are used to analyze the safety of probiotics.

2. Methods

2.1. Criteria for considering studies for this review

We included RCTs that compared the efficacy and safety of pro-
biotics in preventing RID in cervical cancer patients who received
radiotherapy and experienced RID. Studies will be excluded if: (1) they
were trials about animals or non-human studies; (2) Patients having
other primary tumors or received other treatment such as che-
motherapy or surgical resection; (3) studies were abstracts, letters,
editorials, expert opinions, reviews, case reports; (4) studies without
sufficient data or did not meet our including criteria were excluded.

2.2. Types of outcome measures

2.2.1. The primary outcomes

(1) Incidence of radiotherapy-induced diarrhea in both probiotics
groups and placebo groups;

(2) Efficacy of probiotics in decreasing use of loperamide.

2.2.2. Secondary outcomes
Incidence of the adverse events (AEs) in both probiotics groups and

placebo groups.

2.3. Search strategy

We searched the Cochrane Library, PubMed, EMBASE and Web of
Science up to June 4, 2018. We also manually searched the citation lists
of included studies and previous systematic reviews identified to
identify further relevant trials.

We searched the databases with English, including references of
some literature we read.

2.4. Selection of studies

Two assessors independently screened the titles and abstracts of
each studies searched through the databases. Once potential studies
which may meet our including criteria were found, their full texts were
obtained for further evaluation.

2.5. Data collection

Data for analysis were extracted by the second reviewer. The ex-
tracted contents included study demographics, published years, trial
design, probiotic regimens outcomes, diarrhea grades (according to the
National Cancer Institute Common Toxicity Criteria, now called the
Common Terminology Criteria for Adverse Events (CTC) [25]), using a
standardized form. Data that displayed as percentages were converted
into number of people. In addition, some grades of diarrhea were
merged and split for analysis. Furthermore, we collected the incidence
of abdominal pain and the number of patients using loperamide as an
anti-diarrheal medication respectively.

The quality of the included studies was scrutinized using the
Cochrane Collaboration's “Risk of bias” tool and assessed according to
the Cochrane Collaboration Reviewers' Handbook and strictly abiding
by the standards of the Preferred Reporting Items for Systematic Review
and Meta-Analyses (PRISMA) [26,27] and Assessing the Methodological
Quality of Systematic Reviews (AMSTAR) guidelines. Data collected
were input into RevMan 5.2 software for analysis [28].

2.6. Statistical analysis

The data of comparable outcome between probiotics groups and
placebo groups were combined-analyzed, using the standard statistical
procedures provided in RevMan 5.2 [28]. All variables in both treat-
ment groups were measured with risk ratio (RR) with its 95% con-
fidence intervals (CIs). The heterogeneity between studies was eval-
uated by the chi-square-based Q statistical test [29], with Ph value and
I2 statistic, ranging from 0% to 100%, to quantify the effect of hetero-
geneity. Ph≤ 0.10 was deemed to represent significant heterogeneity
[30], and pooled MDs or RRs was estimated using a random-effect
model (the DerSimonian and Laird method [31]). On the contrary, if
statistical study heterogeneity was not observed (Ph > 0.10), a fixed-
effect model (the Mantel–Haenszel method [32]) was used. The effects
of outcome measures were considered to be statistically significant if
pooled RRs with 95% CI did not overlap with 1. In addition, we also
performed subgroup analysis for the pooled results of the efficacy of
probiotics versus placebo in prevention of RID for patients with cervical
cancer according to different CTC grades.

3. Results

3.1. Included studies and study characteristics

We excluded 36 full articles after thorough evaluation. In our ex-
cluding studies, the study of Scartoni D 2015 was excluded because its
objects included patients with diagnosis of endometrial, cervical, anal
canal, colorectal and prostate cancer. And there are no sub-results
about cervical cancer [35]. Nine randomized, placebo-controlled stu-
dies (N=1508 participants) were included for assessing efficacy.
Among them, two studies graded diarrhea according to toxicity criteria
of the World Health Organization [12,13]. Four studies graded diarrhea
according to the Common Toxicity Criteria of the National Cancer In-
stitute [10,11,14,15]. Diarrhea was not graded and was only reported
with the overall incidence in three studies [16,19,20].

Eight studies, included 1410 participants (726 consuming probio-
tics, 657 consuming placebo, 27 lost to follow-up), were used for the
analysis of safety of probiotics. Of the 8 studies, 4 studies reported no
Adverse Events (AEs) caused by probiotics [11–14], while another 4
studies reported varying degrees AEs during their treatment
[16,19,21,22].

The search process and strategy were displayed according to a flow
diagram (Fig. 1). Further characters of the eligible studies were pre-
sented in Table 1 and Table S1. Eight studies were excluded for review
articles. Eight studies were excluded for not about cervical cancer. In
addition, 20 studies were excluded for wrong aims and interventions.
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3.2. Quality assessment

In order to further identify the risk of bias of our including studies,
we generated risk of bias graphs. The risk of bias item for each included
study is displayed in Fig. 2 and the risk of bias for each RCT is presented
as percentages across all included studies in Fig. 3. The risk of bias
graphs indicated generally good methodological quality. As Fig. 3
showing, low risk of bias was found in mainly in selection bias and
reporting bias. High risk of bias was mainly about attrition bias and
intention-to-treat analysis. Unclear risk of bias was mainly observed in
detection bias and other bias.

“Systematic reviews of adverse effects: framework for a structured
approach” reported by Loke YK et al., 2007 was used for the quality
assessment of studies for the safety analysis. It detected that the defi-
nition of AEs of many studies were not clear and reporting bias were
evidently, which made the measuring of AEs a puzzle.

3.3. Efficacy of probiotics

3.3.1. Efficacy of probiotics in preventing RID
As Fig. 4 displaying, compared probiotics groups with placebo

groups of incidence of RID in patients with cervical cancer, almost half
reduction was found in overall incidence of RID in probiotics groups,
with pooled RR of 0.61 (95% CI 0.46–0.81; P=0.0007), which in-
dicated that probiotics was effective in preventing RID of cervical
cancer patients. The pooled analysis was estimated using random-effect

model because significant heterogeneity (Ph=0.003 and I2=66%)
between studies was found.

3.3.2. Efficacy of probiotics in preventing grade≥ 2 RID
We also analyzed the efficacy of probiotics in preventing CTC

grade≥ 2 diarrhea. As shown in Fig. 5, significant reduction of in-
cidence of grade ≥2 RID was observed, with pooled RR being 0.52
(95% CI 0.30–0.89; P=0.02). The result indicated that the use of
probiotics reduced nearly half of the incidence of RID for patients with
cervical cancer. Considering the significant heterogeneity (Ph=0.10
and I2=57%), a random-effect model was used.

3.3.3. Efficacy of probiotics in preventing grade≥ 3 RID
In order to explore the efficacy of probiotics futher in higher grade

of diarrhea, we identified and compared the incidence of grade≥ 3 RID
in patients with cervical cancer. As shown in Fig. 6, significant reduc-
tion of incidence of grade ≥3 RID was observed, with pooled RR being
0.32 (95% CI 0.12–0.82; P=0.02). The result indicated that more than
half of reduction in the incidence of RID for patients with cervical
cancer was found. Considering the significant heterogeneity
(Ph=0.0002 and I2=82%), a random-effect model was used.

3.3.4. Efficacy of probiotics in decreasing use of loperamide
Additionally, to further explore the safety of probiotics, we pooled

analyzed the number of patients used loperamide as an anti-diarrheal
medication and incidence of abdominal pain in both groups. As Fig. 7,

Fig. 1. Flow diagram of the search process and strategy for the efficacy and safety of probiotics for prevention of radiotherapy-induced diarrhea in patients with
cervical cancer.
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the number of patients used loperamide was more than half reduction
in probiotics groups, with pooled RR of 0.43 (95% CI 0.29–0.64;
P < 0.0001). No difference was found in the incidence of abdominal
pain, with pooled RR of 0.45 (95% CI 0.13–1.61; P=0.22) (Fig. 8).

3.3.5. The pooled results of subgroup analysis for the incidence of different
grade diarrhea

In addition, we also performed subgroup analysis for the pooled
results of the efficacy of probiotics versus placebo in prevention of RID
for patients with cervical cancer according to different CTC grades. As

Table 2 showing, compared probiotics groups with control groups in the
incidence of different grade diarrhea, significant results were observed
in grade 1, grade 4, grade ≥2 and grade ≥3, with the pooled RRs of
1.63 (95% CI 1.17–2.27; P=0.004), 0.25 (95% CI 0.06–0.97;
P=0.04), 0.52 (95% CI 0.30–0.89; P=0.02) and 0.32 (95% CI
0.12–0.82; P=0.02). However, we noted that the result of grade 1 was
contrary with others. No significant result was found in other grade
diarrhea.

3.4. Safety of probiotics

Eight studies were included to analyze the safety of probiotics. As
Table S1 showing, of the eight studies, four studies reported no Adverse
Events (AEs) caused by probiotics [11–14], while another four studies
reported varying degrees AEs during their treatments [16,19,21,22].
The exact number of patients suffering AEs was not clear, for some
studies only gave the incidence of AEs without stating study group or
control group. In these studies, a total of 132 experienced various AEs
they defined. In addition, the incidence of AEs was 35.8% (59 in 165) in
probiotics group and 39.3% (53 in 135) in placebo group respectively.

Okawa T et al. reported one death during radiation therapy. In
addition, 9 patients receiving probiotics and 1 patients receiving pla-
cebo experienced fever respectively; the incidence of Anorexia were 27
of 102 in probiotics group and 42 of 111 in control group [19]. In the
study of Demers M et al., no septicemia was recorded although a few
cases of neutropenia occurred during treatment, but the incidence of
neutropenia was not given [13]. Urbancsek H reported that severe AEs
were not observed in his study, but three patients reported adverse
events in both two groups. In the Antibiophilus group, three patients
reported mild to moderate gastrointestinal problems while in the pla-
cebo group, two patients reported moderate to severe gastrointestinal
events and one patient observed a mild labial oedema [22]. In the study
by Henriksson, one patient displayed a worse reaction due to lactose
intolerance. Mansouri-Tehrani HS reported that 3 probiotics users re-
ported stomach pain and bloating, and 45 patients complained of
bloating (19 patients of the probiotic group, 16 patients of the probiotic
plus honey group and 10 patients in the placebo group). In short, based
on the literature there is no statistically significant association of pro-
biotics with any adverse effects in patients receiving radiation for cervix
cancer.

3.5. Publication bias

Funnel plot was conducted for assessing the publication bias of in-
cluded literature and we could roughly assess the publication bias by
seeing whether the shape was of any obvious asymmetry. The funnel
plot showed no clear evidence of publication bias with regard to the
effect on overall incidence of RID (Fig. 9).

Fig. 2. Risk of bias summary: review authors' judgements about each risk of
bias item for each included study.

Fig. 3. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages across all included studies.
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4. Discussion

In recent years, the diarrhea-preventing effect of probiotics aroused
wide interest because of its safety and cost effectiveness. RID is trou-
blesome and has long-term consequences, which makes prevention
worthwhile. The probiotics may delay the onset of diarrhea for about 3
days compared to placebo. In one RCT from Linn YH 2008, it was re-
ported that diarrhea occurred after a mean dose of 29 Gy in the pro-
biotic group [15]. Probiotics could reduce all grades of abdominal pain
and can significantly reduce the episode of abdominal pain in days. The
use of probiotics may increase the tolerance of the intestine to the
higher doses of radiation and decrease the severity of radiation-induced
enteritis [15].

Up to now, the exact underlying mechanisms of the effect of pro-
biotics on preventing RID are not yet well studied. Some proposed
mechanisms may explain this effect. One of the possible mechanisms
may be recovering or repairing of gastrointestinal micro-ecological
environment dysbiosis [33]. According to Chase D et al. [34], the core
human microbiome is variable, depending on amyriad of factors that
can impact the microbiome composition include cancer, chemotherapy,
and radiation treatment, all of which can contribute to gastrointestinal
and vaginal symptoms in cancer patients (Fig. S1). These factors that
impact the gut and vaginal microbiomes (GI) can result in toxicity
during cancer and cancer-related treatment. Cancer treatment, en-
vironmental factors, and pre-existingmedical conditions can alter the GI
microbiota and cause GI symptoms like nausea, vomiting, diarrhea,
constipation, bloating, and abdominal pain. The vaginal microbiome of
a healthy female is dominated by Firmicutes, specifically Lactobacilli
spp. Perturbations of the vaginal microbiota can contribute to vaginal
symptoms including pain, sexual dysfunction, and urinary symptoms
(Fig. S2). The relationship between probiotic, pathogenic, and com-
mensal microbiota in the gut and vagina is much complex. At both
mucosal sites, probiotic bacteria have beneficial functions including
lowering the pH locally, bolstering mucosal immunity by interacting

with IgA and altering antimicrobial peptide (AMP) secretion, blocking
pathogen growth in the mucus layer, and blocking pathogen adhesion
to epithelial cells. In addition, probiotic bacteriamay serve a beneficial
role by enhancing commensal colonization. In both the gut and vagina,
these beneficial functions help to enhance epithelial barrier function
(Fig. S3). It was demonstrated that probiotics could lower the intestinal
pH thereby setting the barrier to the potential pathogens. They may also
cause down-modulation of the severity of intestinal inflammation by
triggering and regulating the function of immune cells [13]. Other
mechanisms are down-modulation of apoptosis which is regarded as the
main factor responsible for the radiation-induced injury of the intestinal
epithelium, up-regulation of the innate immune response in the gut
which gives protection against intestinal colonization by invasive pa-
thogens [5]. Probiotics also could stimulate lactase production, which
helps lactose digestion because lactase may be reduced or loss due to
the damage to the intestinal villi [5].

Previous studies and systematic reviews showed that probiotics
could reduce the incidence of diarrhea or bowel disease resulting from
acute infections, antibiotic, chemotherapy or radiotherapy [23,24]. But
few studies comprehensively analyzed and evaluated the efficacy and
safety of probiotics in preventing RID for patients with cervical cancer.
Since bloating may be a side effect of probiotics use, Mansouri-Tehrani
HS et al. showed that patients taking probiotics suffered from bloating
more than the control group during the treatment [16]. However, the
severity of the symptom was not enough to discontinue the use of
probiotics. In the similar studies that have investigated effects of pro-
biotics on diarrhea, bloating has not evaluated.

In current systematic review, we identified 11 RCTs to evaluate the
efficacy and safety of probiotics in preventing RID in patients with
cervical cancer. Our analysis results showed that probiotics could re-
duce the incidence of RID regarding to RR of 0.61 (95% CI 0.46–0.81;
P=0.0007). Significant efficacy of probiotics were also observed in
CTC grade ≥2 and grade ≥3 RID respectively. In addition, significant
results were also observed in grade 1, grade 4. However, we noted that

Fig. 4. Forest plot comparing probiotics with placebo with respect to incidence of radiotherapy-induced diarrhea in patients with cervical cancer.

Fig. 5. Forest plot comparing probiotics with placebo with respect to incidence of CTC grade ≥2 radiotherapy-induced diarrhea in patients with cervical cancer.
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in diarrhea of grade 1, the incidence of diarrhea in probiotics group was
higher than placebo group, which was contrary with other results.
Though no significance was observed in many subgroups we conducted
as Table 2, we could roughly come to the conclusion that probiotics
seems more effective or only effective in higher grade of diarrhea, for
the significant results were found in subgroups of grade ≥2,≥ 3 and 4,
not in other subgroups of lower grades. Additionally, our results
showed that the number of patients used loperamide as an anti-diar-
rheal medication was much less in probiotics group. The number of
patients used loperamide was more than half reduction in probiotics
groups, with pooled RR of 0.43 (95% CI 0.29–0.64; P < 0.0001). There
was no difference in the incidence of abdominal pain in both groups.
For the safety of probiotics in preventing RID of cervical cancer pa-
tients, though there was no enough data for pooled analysis, based on
the literature there is no statistically significant association of probio-
tics with any adverse effects in patients receiving radiation for cervix
cancer. Thus we may feel relieved for the safety of probiotics. However,
further well designed studies were needed to explorer the actual safety
of probiotics in clinics. As one widely accepted four levels of clinical
treatment evidence in the scientific and health care community, this
analysis has an evidence of level 1 (defined as randomized controlled
trials‒includes quasi-randomized processes such as alternate alloca-
tion).

There were also other outcomes in included studies, such as stool
consistency and mean daily number of bowel movements. However,
because of much too inconsistency and poor homogeneity, these out-
comes were not been assessed in this meta-analysis.

There were several limitations for the present meta-analysis. One of
main limitations was the inconsistency of intervention programmes and
duration of intervention. The treatment duration ranged from 3 weeks
to 10 weeks [13,15]. In addition, many studies failed to report their
follow-up time or duration. This limitation led to our failure of sub-
group analysis to further explore the efficacy and safety of probiotics in
short-term and long-term. Besides, in order to detailed and system-
atically assess and analyze the efficacy of probiotics for radiotherapy-
induced diarrhea and support credible evidence, in this meta-analysis,
we only strictly select RCTs that reported incidence of diarrhea ac-
cording to CTC. Thirdly, though RCTs were included in our analysis, the

sample size of many studies was small. This may lead to any bias in
these studies. Fourthly, probiotics include many strains and different
probiotic strains may have different efficacy and safety in treatment.
We did not conduct subgroup analysis according to different probiotic
strains, which may be one important limitations of our work. Finally,
the therapy effects may also be influenced by other multiple factors,
such as age of participants, clinical stages, if complicated other diseases
that influence the efficacy and safety, treatment duration and com-
pliance of patients, which should also be taken into consideration.
Considering these limitations above, further studies with large sample
size shuld be designed to compare and analyze the efficacy and safety of
different probiotic strains in different follow-up time.

5. Conclusion

In conclusion, our analysis found that supplement of probiotics
could decrease the incidence of overall grade of RID, especially the
incidence of CTC Grade ≥2 and Grade ≥3 diarrhea induced by
radiotherapy. Additionally, probiotics could decrease the use of anti-
diarrheal medication (loperamide) for RID patients. Probiotics may be a
promising therapeutic alternative for cervical cancer patients suffering
radiotherapy-induced diarrhea.

Declarations

(1) Ethics approval and consent to participate: Not applicable.
(2) Consent for publication: Not applicable. Our manuscript contains

none of individual person's data.
(3) Availability of data and materials: Data and materials of this ana-

lysis were extracted from the original researches which were re-
ferenced in this article.

(4) Competing interests: The authors declare no relevant conflict of
interest.

(5) Funding: There is no funding for this work.
(6) Authors' contributions: The authors on this paper all participated in

study design. All authors read, critiqued and approved the manu-
script revisions as well as the final version of the manuscript. Also,
all authors participated in a session to discuss the results and

Fig. 6. Forest plot comparing probiotics with placebo with respect to incidence of CTC grade ≥3 radiotherapy-induced diarrhea in patients with cervical cancer.

Fig. 7. Forest plot of comparing probiotics with placebo with respect to number of patients used loperamide as an anti-diarrheal medication.

G. Qiu, et al. International Journal of Surgery 65 (2019) 61–69

67



consider strategies for analysis and interpretation of the data before
the final data analysis was performed and the manuscript written.
W YP and W XY mainly contributed to the study design, data
analysis and quality assessment. W YP mainly contributed to the
literature search. W XY contributed to the manuscript writing. All
authors have the appropriate permissions and rights to the reported
data.

Provenance and peer review

Not commissioned, externally peer-reviewed.

Data statement

The material of this article is original research. All data in this
manuscript is available and transparent for readers.

Ethical Approval

Ethical Approval is not applicable.

Conflicts of interest

The authors declare no relevant conflict of interest.

Sources of funding

There is no funding for this work.

Author contribution

The authors on this paper all participated in study design. All au-
thors read, critiqued and approved the manuscript revisions as well as
the final version of the manuscript. Also, all authors participated in a
session to discuss the results and consider strategies for analysis and
interpretation of the data before the final data analysis was performed

and the manuscript written. All authors have the appropriate permis-
sions and rights to the reported data.

Research registration number

reviewregistry641.

Guarantor

Xinyan Wang and Qiu Guijing.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.ijsu.2019.03.015.

Fig. 8. Forest plot comparing probiotics with placebo with respect to incidence of abdominal pain.

Table 2
The pooled results of subgroup analysis for the incidence of different grade diarrhea.

Groups/Subgroups Pooled results Heterogeneity

RR 95% CI P value I2 Ph value Analytical effect model

Diarrhea CTC grade 0 2.84 0.82, 9.79 0.10 63% 0.07 Random-effect model
Diarrhea CTC grade 1 1.63 1.17, 2.27 0.004* 0% 0.91 Fixed-effect model
Diarrhea CTC grade 2 0.44 0.15, 1.27 0.13 71% 0.06 Random-effect model
Diarrhea CTC grade 3 0.71 0.37, 1.38 0.31 0% 0.61 Fixed-effect model
Diarrhea CTC grade 4 0.25 0.06, 0.97 0.04* 0% 0.86 Fixed-effect model
Diarrhea CTC grade≤2 0.90 0.71, 1.14 0.39 82% 0.0002 Random-effect model
Diarrhea CTC grade≥1 0.57 0.13, 2.48 0.45 99% <0.00001 Random-effect model
Diarrhea CTC grade≥2 0.52 0.30, 0.89 0.02* 57% 0.10 Random-effect model
Diarrhea CTC grade≥3 0.32 0.12, 0.82 0.02* 82% 0.0002 Random-effect model

CTC, Common Toxicity Criteria; RR, risk ratio; CI, confidence intervals; UUIE, urinary urge incontinence episodes.

Fig. 9. Funnel plot for assessing the publication bias of included literature.
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