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Abstract: Background: The aim of this study was to conduct a systematic evaluation of the safety and efficacy of 
probiotics in patients with Crohn’s disease. Methods: A systematic literature search of PubMed, Cochrane Library, 
Embase, CNKI, VIP, and Wanfang databases limited to January 2005 to March 2017 was conducted. We used terms 
including ‘Crohn’s Disease’ or ‘inflammatory bowel disease’, and ‘probiotics’. Eligible studies were all randomized 
controlled trials using probiotic agents as the treatment and a placebo as the control. Extracted data were ana-
lyzed with RevMan (version 5.1). Results: A total of 9 randomized controlled studies were included, including 358 
probiotics-and 355 placebo-treated patients; all studies were of high quality. There were no significant differences 
between probiotics and placebo in the induced remission rate (RR=0.97; 95% CI=0.70-1.35; P=0.87; I2=0), relapse 
rate (RR=1.01; 95% CI=0.78-1.32; P=0.93; I2=0), recurrence time (SMD=-0.04; 95% CI=-0.65-0.56; P=0.89; I2=0) 
or the incidence of adverse reactions (RR=0.83; 95% CI=0.62-1.11; P=0.21; I2=0). Conclusions: Probiotics do not 
show a therapeutic advantage in the maintenance of remission or remission of Crohn’s disease during the active 
period compared to placebos. Large samples and high-quality clinical trials are required to further determine the 
efficacy of probiotics in the induction and maintained remission of Crohn’s disease.
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Introduction

Crohn’s disease (CD) is a chronic idiopathic in- 
flammatory bowel disease condition with un- 
known etiology that is characterized by skip 
lesions and transmural inflammation that can 
affect the entire gastrointestinal tract from the 
mouth to the anus [1]. The lesions are segmen-
tal and can be involved in any part of the diges-
tive tract; lesions appear to be most common  
in the terminal ileum [1]. CD is more common  
in North America and Western Europe, with  
an annual incidence of approximately 0.1 to 
0.2‰; the incidence is rising in Asia and South 
America [2, 3]. In recent years, the incidence of 
CD showed a sustained growth trend in China 
[4]. CD can be caused by environmental factors 
[3], genetic susceptibility such as the NOD2 
mutation [5], interleukin (IL)-23 receptor muta-
tion [6], immune regulation [7], smoking [8], or 
other factors. Currently, no effective treatment 
method for CD is known.

The main purpose of CD treatment is to con- 
trol disease activity, to maintain remission and 
to prevent complications. Currently, the clinical 
application of CD treatment drugs are mainly 
amino salicylic acid preparations, glucocortico- 
ids, immunosuppressive agents, probiotics, Ch- 
inese herbal medicine, etc. [1]. Probiotics colo-
nize in the human intestinal tract by competi-
tive exclusion with other bacteria and adjust- 
ment of the micro-ecological imbalance to main- 
tain the stability of the host’s intestinal micro-
ecological balance, thus preventing and treaing 
diarrhea [9]. In addition, part of their metabo-
lites can also stimulate the body’s non-specific 
immune function and enhance human immunty 
[9]. Some probiotics have been shown to have 
anti-inflammatory effects and promote the ma- 
intenance of the gut intestinal barrier in vitro 
and in murine models of IBD [9]. In addition, 
probiotics can regulate intestinal flora, playing 
a synergistic role in maintaining CD remission 
[10]. In this paper, the meta-analysis method 
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was used to evaluate the efficacy and safety of 
probiotics in patients with Crohn’s disease.

Materials and methods

Data sources and search strategy

All analyses were performed according to  
PRISMA guidelines [11] and the Cochrane 
handbook for systematic reviews of interven-
tions. A systematic literature search of Pub- 
Med, Cochrane Library, Embase, CNKI, VIP, and 
Wanfang databases limited to January 2005 to 
March 2017 was conducted. We used terms 
including ‘Crohn’s Disease’ or ‘inflammatory 
bowel disease’, and ‘probiotics’. Eligible studies 
were randomized controlled trials that used 
probiotic agents as the treatment and a place-
bo as the control. Extracted data were analyzed 
with RevMan (version 5.1). All articles that  
were selected included only human studies.

Study selection

To be eligible for inclusion in this article, publi-
cations had the following inclusion criteria: Pati- 

Data extraction

Three independent raters examined each re- 
trieved article. The results were compared bet- 
ween raters, and any disagreements regarding 
inclusion were settled by consensus. The follow- 
ing information was abstracted and tabulated 
from each paper: author and year of publica-
tion, average age of the patients, and quality 
data of each clinical study (randomization, allo-
cation concealment, blinding, bias, etc.). We us- 
ed the induced remission rate and recurren 
ce rate as the main outcome index, the recur-
rence time as a secondary indicator, and the 
safety outcome indicators that involved the 
incidence of adverse reactions.

Quality evaluation

Each individual study was carefully evaluated 
for strengths, limitations, design, methodology, 
outcome dissemination, and interpretation. A 
formal quality assessment was made by using 
the Cochrane Collaboration Risk of Bias Asse- 

Figure 1. Flow diagram for 
article selection.

ents diagnosed with Crohn’s 
disease by colonoscopy and 
biopsy pathology and who we- 
re induced and/or maintained 
remission; Test group was tre- 
ated with probiotics (Bifido- 
bacterium, VSL#3, Escherichia 
coli EcN, synbiotics, or lactic 
acid bacteria) combined with 
or without conventional treat-
ment; Measurable outcome 
indicators were included, su- 
ch as induction of remission,  
clinical relapse rate, incidence 
of adverse events, etc.; Study 
design was randomized con-
trolled trial (RCT) with newly 
published data on repeated 
studies; Available in full text 
(detail information). Potentially 
relevant publications were 
read in full and reviewed inde-
pendently by two authors. 

Studies were excluded if the 
article was a review or a nonra- 
ndom controlled trial or the 
data were in an unavailable fo- 
rmat or the research subjects 
had serious complications or 
other intestinal diseases. 
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ssment Tool for the assessment of RCTs, which 
examines each trial’s internal validity and pos-
sible bias under “Low” or “High” measures with- 
out attempting numerical scores [12].

Statistical analyses

Induced remission rate, recurrence rate, recur-
rence time, and adverse effects were combined 
with a random effects meta-analyses in Review 
Manager (Version 5.1, The Cochrane Collab- 
oration, 2011). Any differences we observed 
between the two groups were expressed as RR 
with its 95% CI. Statistical heterogeneity be- 
tween trials was evaluated by the Cochran chi-
square test and was considered to be present 
when P≤0.1. In case of the presence of statisti-
cal heterogeneity, a random-effect model was 
used for the analysis. In the absence of statisti-
cally significant heterogeneity, only the RR by 
the fixed-effect model is given. Sensitivity anal-
yses were conducted to ascertain the primary 

origin of the heterogeneity. The risk of publica-
tion bias was assessed using Begger’s tests.

Results 

A total of 784 articles were retrieved from the 
Chinese and English databases, including 547 
articles in English and 237 Chinese publica-
tions. After a check for duplicates and the re- 
moval of reviews, 259 publications remained. 
Of these, the titles and abstracts were screen- 
ed, and 123 articles were read in full-text. Final- 
ly, only nine papers [13-21] were included in  
the meta-analysis. Figure 1 shows the study  
selection procedure.

Results of literature quality evaluation

The quality of the included studies, in general, 
ranged from medium to high when weighed 
with the Cochrane Collaboration Risk of Bias 
Assessment Tool (Figure 2A, 2B). 

Figure 2. A. Quality evaluation (1). B. Quality evaluation (2).
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Induced remission rate

A total of three studies reported the outcome  
of an induced remission rate, with 40 cases in 
the probiotics group and 34 cases in the pla-
cebo group. Meta-analysis showed no signifi-
cant difference in the induced remission rate 
between probiotics and placebo (RR=0.97; 
95% CI=0.70-1.35; P=0.87; I2=0) (Figure 3).

Recurrence rate

A total of eight studies reported the outcome of 
the recurrence rate, with 253 cases in the pro-
biotics group and 250 cases in the placebo 

group. Meta-analysis showed no significant dif-
ference in the recurrence rate between probi- 
otics and placebo (RR=1.01; 95% CI=0.78-
1.32; P=0.93; I2=0) (Figure 4).

Recurrence time

A total of three studies reported the outcome of 
the recurrence time, including 123 cases in the 
probiotics group and 120 cases in the placebo 
group. Meta-analysis showed no significant dif-
ference in recurrence time between probiotics 
and placebo (SMD=-0.04; 95% CI=-0.65-0.56; 
P=0.89; I2=0) (Figure 5). 

Figure 3. Forest graph showing the difference of induced remission rate between probiotics and placebo. Boxes 
represent the risk ratio and the line across each box represents 95% CIs. Diamond represents overall effect size of 
the meta-analysis.

Figure 4. Forest graph showing the difference of recurrence rate between probiotics and placebo. Boxes represent 
the risk ratio and the line across each box represents 95% CIs. Diamond represents overall effect size of the meta-
analysis.

Figure 5. Forest graph showing the difference of recurrence time between probiotics and placebo. Boxes represent 
the standard mean difference and the line across each box represents 95% CIs. Diamond represents overall effect 
size of the meta-analysis.
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Adverse effects

A total of four studies reported the outcome of 
the recurrence time, including 160 cases in the 

sion alternately. The purpose of treatment for 
Crohn’s disease is to induce remission, and the 
primary treatment objective for remission is  
to avoid recurrence. This study systematically 

Figure 6. Forest graph showing the difference of adverse effects between probiotics and placebo. Boxes represent 
the risk ratio and the line across each box represents 95% CIs. Diamond represents overall effect size of the meta-
analysis.

Figure 7. Funnel plot of sensitivity analysis.

probiotics group and 165 
cases in the placebo group. 
Meta-analysis showed no sig-
nificant difference in the inci-
dence of adverse effects bet- 
ween probiotics and placebo 
(RR=0.83; 95% CI=0.62-1.11; 
P=0.21; I2=0) (Figure 6). 

Sensitivity analysis and publi-
cation biases

Sensitivity analyses were con-
ducted to ascertain the pri- 
mary origin of the heterogene-
ity. For all the included publi-
cations, no point estimate of 
its “omitted” analysis was out-
side the confidence interval  
of the “combined” analysis. Its 
“omitted” meta-analytic esti-
mate differed significantly rel-
ative to the “combined” analy-
sis, suggesting that the res- 
ults of this meta-analysis were 
stable (Figure 7).

A significant risk of publica- 
tion bias was not detected,  
as demonstrated by funnel 
plots (Figure 8). The results  
of Begger’s test showed no 
evidence of publication bias 
(P>0.05, Table 1).

Discussion

Crohn’s disease is a chronic, 
recurrent disease. Patients ex- 
perience episodes and remis-

Figure 8. Funnel plot of publication bias.
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evaluated the efficacy of probiotics in Crohn’s 
disease. We included nine RCTs related to pro-
biotic-induced remission and Crohn’s disease 
maintenance therapy in this paper. Meta-analy- 
sis showed that probiotics did not have a sig- 
nificant effect on CD induction and maintenan- 
ce remission, and there was no significant dif-
ference in adverse reactions when compar- 
ed with the placebo. In recent years, there have 
been clinical trials of probiotics in the treat-
ment of Crohn’s disease, but the sample sizes 
are small, so a comprehensive meta-analysis  
to analyze different clinical research results is 
required. In the past, meta-analysis was used 
to study the efficacy of probiotics in the treat-
ment of inflammatory bowel disease. The study 
showed that compared with the placebo, pro- 
biotics significantly improved the clinical remi- 
ssion rate of active ulcerative colitis [22, 23]. 
This study is the first meta-analysis focusing on 
Crohn’s disease. A recent meta-analysis pub-
lished by Mahboube et al. [24] showed that  
there was no significant difference in probio- 
tic use in patients with Crohn’s disease com-
pared with the placebo; this was consistent 
with our findings. Compared with this meta-
analysis, our meta-analysis included nine clini-
cal studies and made a detailed quality ass- 
essment of the included studies; the quality 
assessment showed that the included studies 
were of medium or high quality. In addition, we 
compared the recurrence time after treatment, 
and the results showed that there was no  
significant difference in recurrence time bet- 
ween the probiotics group and the control gr- 
oup. We also analyzed the sensitivity of the 
meta-analysis and published the biased test. 
The results showed that the stability of this 
study was good, and no publication bias was 
found.

The incidence of adverse effects of probiotics 
was lower, the same as that of the present 
study. The main adverse effects of probiotics 
were bloating and diarrhea. The results of this 
study show that the incidence of adverse ev- 

ents in the probiotics group has not been in- 
creased compared with that in the placebo 
group. Therefore, probiotics can be used safely 
to treat Crohn’s disease.

There were some limitations in this study. Be- 
cause of the limited number of clinical trials, 
the small sample sizes, and the different types 
of probiotics in clinical studies, a certain degree 
of heterogeneity may have been caused. Thus, 
a more accurate and credible conclusion re- 
quires more rigorous, larger multicenter ran-
domized controlled trials. In the future clinical 
study of probiotics in Crohn’s disease, it shou- 
ld be noted that RCT studies should describe  
the randomization method and random pro-
gram concealment, increase the sample size, 
and unify the probiotics (type, dosage, usage, 
course of treatment, etc.) in each clinical study.

In conclusion, probiotics do not show a thera-
peutic advantage in the maintenance of re- 
mission or remission of Crohn’s disease during 
the active period. There is still a need for large 
samples of high-quality clinical trials to further 
determine the efficacy of probiotic agents in 
the induction and maintenance of Crohn’s 
disease.
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