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Abstract Objective To evaluate whether probiotics
maintain remission in patients with Crohn’s disease (CD).
Design A meta-analysis of controlled clinical trials. Methods
PUBMED and Cochrane Central Register of Controlled Trials
were searched for clinical trial studies investigated the effi-
cacy of probiotics for the maintenance of remission in Crohn’s
disease. Clinical relapse and endoscopic relapse were the key
outcomes of interest. Data were searched within the time
period of 1966 through may 2007. Result Eight randomized
placebo-controlled clinical trials met our criteria and were
included in the analysis. Seven determined clinical relapse and
three evaluated endoscopic relapse among patients with CD
received probiotics for maintenance of remission. Pooling of
seven trials for the outcome of clinical relapse yielded an odds
ratio of 0.92 (95% confidence interval of 0.52-1.62,
P = 0.8853), a nonsignificant odds ratio. The odds ratio for
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three studies for the outcome of endoscopic relapse was 0.97
(95% confidence interval of 0.54—1.78, P = 0.93), a nonsig-
nificant odds ratio. Conclusion This meta-analysis fails to
demonstrate the efficacy of probiotics in maintaining remis-
sion and preventing clinical and endoscopic recurrence in CD.
It is suggested to use probiotic preparations containing a
mixture of lactobacillus with E. coli or Saccharomyces.

Keywords Crohn’s disease - Probiotics - Clinical
relapse - Endoscopic relapse - Meta-analysis

Introduction

Crohn’s disease (CD) is a chronic inflammatory bowel
disease characterized by discontinuous transmural inflam-
mation affecting any portion of the gastrointestinal tract,
from the mouth to the anus [1].

The natural history of CD is characterized by recurrent
flare-ups of symptoms and by postoperative recurrence after
curative surgery [2]. More than 70% of CD patients are
operated at least once during their lifetime. New lesions
recur early after ileocolonic resection and this often leads to
clinical recurrence and eventual reoperation. Median time
to surgical recurrence is 10-20 years, to clinical recurrence
3-5 years, and to endoscopic recurrence 6 months [3].

Prevention of relapse is a key objective in the manage-
ment of CD. There is no current treatment available that
completely maintains remission without significant side-
effects. 5-Aminosalicylate (5-ASA) preparations are fre-
quently used to maintain remission but there is no evidence to
suggest that 5-ASA preparations are superior to placebo in
maintaining medically induced remission [4]. Corticoste-
roids are also evaluated for maintenance remission in CD and
do not appear to reduce the risk of relapse [5].
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Recently, probiotics have been concerned as a treatment
for maintaining remission and preventing recurrence of CD.
Probiotics are living microorganisms that, upon ingestion in
sufficient numbers, exert benefits on human health [6]. The
bacteria associated with probiotic activity have frequently
been lactobacilli or bifidobacteria, but Escherichia coli and
enterococcal strains have been used, as have nonbacterial
organisms such as Saccharomyces boulardii. The rationale
for using probiotics in the treatment of CD is based on
convincing evidence implicating intestinal bacteria in the
pathogenesis of the disease. It appears that the pathogenesis
of CD involves genetically influenced dysregulation of the
mucosal immune response to antigens present in the normal
bacterial flora [7]. The patient’s endogenous bacterial flora
may initiate a cascade, resulting in intestinal injury by
secreting inflammatory mediators such as lipopolysaccha-
ride, which may activate the host’s innate immune system
and initiate the aberrant immune response [8]. Mechanisms
by which probiotics exert their therapeutic effects include:
(1) modulation of barrier function, (2) antagonistic activity
against pathogenic bacteria either by inhibition of adher-
ence and translocation or by production of antibacterial
substances, (3) modulation of intestinal cytokine produc-
tion, (4) anti-inflammatory properties, and (5) improvement
of gut permeability [6, 9].

The results obtained from studies evaluating the efficacy
of probiotics in maintaining remission in CD are conflicting
[10, 11]. Although narrative reviews have been used for this
purpose, these are largely subjective and thus different
experts can come to different conclusions and it becomes
impossibly difficult when more than a few studies are
involved. On the other hand, decision making on the basis
of clinical trials with different results is too hard and
possibly mistaken, which is why the performance of a meta-
analysis is necessary. Meta-analysis is a statistical proce-
dure for combining data from multiple studies to reach a
better conclusion because only summary statistics are
available in the literature. Only one systematic review has
been performed in this field, published in 2006, with the
inclusion of seven trials from the period 1966-2005 [12]; it
reached the conclusion that probiotics are ineffective in the
improvement of CD. In the present meta-analysis we col-
lected all studies on the effects of probiotics on CD in the
period from 1966 to May 2007 to update information about
the effectiveness of probiotics.

Methods
Data Sources and Study Selection

PubMed and Cochrane Central Register of Controlled
Trials were searched for studies investigated the efficacy of

probiotics in maintaining remission in patients with CD.
Data were collected from 1966 to May 2007. The search
terms were: “probiotic”, “probiotics”, “Escherichia coli”,
“lactobacillus”, “bifidobacteria”, “yeast”, “Crohn”, and
“inflammatory bowel disease”. There was no language
restriction. The reference list from retrieved articles was
also reviewed for additional applicable studies. Clinical
relapse and endoscopic relapse were the key outcomes of
interest. Randomized, placebo-controlled trials investigat-
ing the efficacy of probiotics in maintaining remission of
CD were considered. Each article was reviewed to elimi-
nate duplicates, reviews, case studies, and uncontrolled
trials. Trials were disqualified if their outcome was not
relapse (clinical and/or endoscopic), and those whose target
groups were not patients with CD (patients with ulcerative
colitis or pouchitis) were excluded from meta-analysis. We
considered completed published studies as well as abstracts
presented at meetings.

Data Extraction and Statistical Analysis

Data from selected studies were extracted in the form of
2 x 2 tables. All included studies were pooled and
weighted. The data were analyzed using Statsdirect (2.6.1).
Odds ratios (OR) and 95% confidence intervals (95% CI)
were calculated using the Mantel-Haenszel method. The
Breslow-Day test was used to test for heterogeneity. The
event rate in the experimental (intervention) group against
the event rate in the control group was calculated using a
L’Abbe plot as an aid to explore the heterogeneity of effect
estimates. Funnel plot analysis was used as a publication
bias indicator.

Results

The electronic searches yielded 2307 items; 2270 from
PubMed, and 37 from Cochrane Central. Of those, 11 trials
were scrutinized in full text. Three reports were considered
ineligible. Thus, eight trials were included in the analysis
[10, 11, 13-17] (Fig. 1). These included 320 patients with
CD randomized to receive either probiotics or placebo.
Patient characteristics, type and dosage of probiotic,
duration of treatment, interventions, and method of study
are presented in Table 1. Outcomes of clinical relapse and
endoscopic relapse were determined in seven [10, 11, 13,
14, 16-18] and three [11, 15, 16] trials, respectively.

As shown in Tables 2 and 3, clinical relapse in the
probiotic group was 24.6% (32/130) and in the placebo
group was 26.8% (33/123); endoscopic relapse in the
probiotic group was 58% (50/86) and in the placebo group
was 58% (53/91).
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2307 potentially relevant
reports identified and
screened for retrieval from
electronic search

2270 PubMed

37 Cochrane library

2296 reports excluded on basis of title
and abstract

A

11 reports retrieved

3 reports excluded upon fulltext
search

n=1: probiotic plus prebiotic vs.
placebo

n=1: outcomes investigated were
not relapse

n=1: probiotic plus antibiotic vs.
mesalazine

A

8 eligible randomized controlled
trials included in the meta-
analysis

Fig. 1 Flow diagram of the trial selection process

The summary OR for relapse of disease outcomes by
clinical evaluation among probiotics intake in seven trials
[10, 11, 13, 14, 16-18] was 0.920454 with a 95% CI of

0.523229-1.619244, indicating a nonsignificant OR
(P = 0.8853, Fig. 2). The Breslow-Day test for heteroge-
neity (P = 0.098) indicated that the studies were not
heterogeneous and could be combined, thus the fixed
effects for individual and summary of OR for meta-anal-
ysis of studies have been applied (Fig. 3).

Regression of normalized effect versus precision for
all included studies for “relapse with probiotics therapy”
was —3.297887 (95% CI = —6.069032 to —0.526741,
P = 0.0281), and Kendall’s test on standardized effect
versus variance indicated tau = —0.619048, P = 0.0302
(Fig. 4).

The summary OR for relapse of disease outcomes by
endoscopic evaluation among probiotics intake in three
trials [11, 15, 16] was 0.978567 with a 95% CI of
0.539186-1.775999, indicating a nonsignificant OR
(P = 0.9353, Fig. 5). The Breslow-Day test for heteroge-
neity (P = 0.108) indicated that the studies were not
heterogeneous and could be combined, thus the fixed
effects for individual and summary of OR for meta-anal-
ysis of studies have been applied (Fig. 6).

For four studies [11, 13, 14, 17] for which data for
relapse of disease outcomes among probiotics intake
(Lactobacillus rhamnosus strain GG = LGG) therapy could

Table 1 Characteristics of studies evaluating the efficacy of probiotics in preventing recurrence of CD

Trial Age (year) Sex (M/F) Probiotics Probiotic Duration Interventions Method
— — dosage (month)
Probiotic Placebo Probiotic Placebo

Bousvaros 14.8 14.9 26/13 21/15 LGG 2 x 10'° 24 Aminosalicylates, Multicenter
et al. (cfu/day) 6-mercaptopurine, azathioprine (11 center),
[13] Low-dose alternate-day double blind

corticosteroids (<0.5 mg/kg every
other day)

Malchow - - - - E. coli 25 % 10" 12 Prednisolone (60 mg/day) tapering Single center,
[18] (cfu/day) to 5 mg/day double blind

Schultz - - - - LGG 2 x 10° 6 Ciprofloxacin 500 mg bid, Single center,
et al. (cfu/day) metronidazole 250 mg tid double blind
[14]

Prantera 37.3 36.2 14/9 15/7 LGG 12 x10° 13 - Single center,
et al. (cfu/day) double blind
[11]

Guslandi 39.5 355 917 11/5 SB 1 g/day 6 Mesalamine 1g tid or bid Single center,
et al. investigator
[10] blind

Marteau 32 29 26/22 21729 LA, 4 x 10° 6 Corticosteroids Multicenter
et al. (cfu/day) (16 center),
[15] double blind

Van 38.7 35 19/15 18/18 LA, 10'° (cfu/ 3 Amoxiciline/clavulanic 500 mg tid Multicenter
Gossum day) (6 center),
et al. double blind
[16]

Zocco et al. — - - - LGG 18 x 10° 12 Mesalazine 2.4 g/day Single center,
[17] (cfu/day) unblinded

Lactobacillus johnsonii (LA1); Lactobacillus rhamnosus strain GG (LGG); Escherichia coli strain nissle 1917 (E. coli); Saccharomyces boulardii (SB)
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Table 2 Outcome of clinical relapse

Study

Definition of clinical recurrence

Clinical relapse (based on
CDAI score)

Bousvaros et al. [13]

Malchow et al. [18]
Schultz et al. [14]
Prantera et al. [11]

Guslandi et al. [10]

Van Gossum et al. [16]

Zocco et al. [17]

PCDALI score of greater than 30 points on any single visit or a PCDAI score
greater than 15 points of any two consecutive visit more than 1 week apart;
or need for corticosteroid or other rescue therapy for active CD; or need for
surgery or hospitalization for a complication of CD

CDAI >150
An increase in CDAI of >100 points

An increase in CDAI to more than 150 points, confirmed by endoscopic signs
of inflammation

CDALI >150 with an increase of 100 points over the baseline values for more
than 2 weeks

CDAI >150 with an increase of 70 points or higher from baseline
CDAI score

Probiotic Placebo
12/39 6/36
3/10 7/10
2/4 3/5

8/23 5/22
1/16 6/16
4/27 3/22
2/11 3/12

Pediatric Crohn’s Disease Activity Index (PCDAI); Crohn’s Disease Activity Index (CDAI)

Table 3 Outcome of endoscopic relapse

Study Definition of endoscopic recurrence Endoscopic relapse (based on
endoscopic findings)
Probiotic Placebo
Prantera et al. [11] Determined according to the Rutgeerts scoring system 9/15 6/17
(presence of grade 2 or higher)
Marteau et al. [15] Ileum lesions determined according to the Rutgeerts scoring system 21/43 30/47
(grade >1) and colonic lesions by adapted classification
Van Gossum et al. [16] Determined according to the Rutgeerts scoring system 20/28 17/27

Fig. 2 Individual and pooled

Odds ratio meta-analysis plot [fixed effects]

odds ratios for the outcome of
“clinical relapse” in the studies

considering probiotics therapy

be extracted, the summery OR was 1.572638 with a 95%
CI of 0.761166-3.249213, a
(P = 0.2068, Fig. 7).

Bousvaros et al. 2005

Malchow 1997 .

2.222 (0.653, 8.189)

0.184 (0.018, 1.683)

Schultz et al. 2004 L

Prantera et al. 2002

0.667 (0.025, 18.195)

1.714 (0.413, 7.400)

0.111 (0.002, 1.206)

1.101 (0.163, 8.449)

0.667 (0.046, 7.509)

0.920 (0.523, 1.619)

Guslandi et al. 2000 .
Van Gossum et al. 2007 i1
Zocco et al. 2006 L
combined [fixed] T_
I T L T T L 1
0.001 0.01 0102 05 1 2 5 10 100

odds ratio (95% confidence interval)

nonsignificant OR

The Breslow-Day test for heterogeneity (P = 0.6775)
indicated that the studies were not heterogeneous and could

be combined and the fixed effects for individual and
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L'Abbe plot (symbol size represents sample size)

100 -
80
60

40{ @)

experimental percent

20

07““\““\““\““““
0 20 40 60 80 100

control percent

Fig. 3 Heterogeneity indicators for the outcome of “clinical relapse”
for studies including probiotics therapy

summary of OR for meta-analysis of studies have been
applied (Fig. 8).

Discussion

The natural history of CD includes periods of disease flare-
up and remission, and treatment in CD is directed towards
inducing and maintaining remission of symptoms.
Although several drug regimens show efficacy in inducing
clinical remission in active CD [19-21], no treatments are
available to avoid relapse of the disease. Regarding the role
of intestinal flora in pathophysiology of CD, it seems that
probiotics may have potential to maintain remission in CD.

Fig. 5 Individual and pooled
odds ratios for the outcome of
“endoscopic relapse” in the
studies considering probiotics

therapy Prantera et al. 2002

Marteau et al. 2006 4.——

Van Gossum et al. 2007

Bias assessment plot
0.5

0.71

Standard error
oS
©
PR R
o]

=
-
P

1.31

15—t
-4.0 2.4 -0.8 0.8 24 4.0 5.6

Log(Odds ratio)

Fig. 4 Publication bias indicators for the outcome of “clinical
relapse” for studies including probiotics therapy

The results from this meta-analysis showed that probi-
otics are not more beneficial than placebo for maintaining
remission and preventing clinical and endoscopic relapses
in patients with CD. Analyzing the studies in which the
probiotic preparation consisted of LGG suggests that LGG
does not reduce the risk of clinical relapse.

Of the eight trials that were included for this meta-
analysis, six trials [11, 13—17] claimed that probiotics are
not superior to placebo in maintaining remission and could
not prevent clinical and endoscopic relapses and only
two [10, 18] suggested that probiotics could maintain
remission and prevent clinical relapse. The present results
are supported by the conclusion of a systematic review of
the efficacy of probiotics in maintaining remission in CD

Odds ratio meta-analysis plot [fixed effects]

= 2.75 (0.53, 14.64)

0.54 (0.21, 1.36)

combined [fixed]

B 1.47 (0.41, 5.35)

0.98 (0.54, 1.78)

02 0.5
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Fig. 6 Heterogeneity indicators for the outcome of “endoscopic
relapse” for studies including probiotics therapy

by Rolfe et al. [12], although some differences exist
between two studies. In the previous meta-analysis, seven
papers were included while we included eight papers. In
addition, one trial that was included in the previous meta-
analysis [22] was not considered eligible in our meta-
analysis, because it compared rifaximine plus probiotic
against mesalazine. We included two new studies instead
[15, 16], which both determined the outcome of endoscopic
relapse. The trial done by Van Gossum et al. also evaluated
the outcome of clinical relapse [16]. The trial done by
Bousvaros et al. [13] was analyzed separately in the pre-
vious analysis because it investigated the clinical relapse

Fig. 7 Individual and pooled
odds ratios for the outcome of
“clinical relapse” in the studies
considering probiotics therapy
(Lactobacillus rhamnosus strain
GG = LGG)

Bousvaros et al. 2005

Schultz et al. 2004

control percent

Fig. 8 Heterogeneity indicators for the outcome of “clinical relapse”
for studies including probiotics therapy (Lactobacillus rhamnosus
strain GG = LGG)

among pediatrics but we did not separate it from other
studies. The trial of Guslandi et al. [10] was also analyzed
individually because the probiotic preparation used in that
study contained yeast other than bacteria. Furthermore, we
improved the present work by reanalyzing the studies in
which the probiotic preparation consisted of LGG.

It should not be forgotten that the type of probiotics
differs and thus extrapolation of a positive or negative
result obtained with one type to another type is challeng-
ing. Interestingly, in all trials claiming ineffectiveness of
probiotics in preventing relapse, lactobacillus was the main
composition [11, 13—17]. In addition, in two trials [10, 18]

Odds ratio meta-analysis plot [fixed effects]
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1
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Zocco et al., 2006

combined [fixed]
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<>
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that concluded effectiveness of probiotics, the lactobacillus
was not present. In one of them, E. coli and in the other one
the yeast Saccharomyces were used in the probiotic prep-
aration. Therefore it is obvious that probiotics containing
lactobacillus alone cannot reduce the risk of relapse in
patients with CD.

On the other hand, there is no dose-response study
available for probiotics and the dose chosen in clinical
trials is usually based on the amount present in dairy
products. Thus, it is possible that the ineffectiveness of
lactobacillus containing probiotics is due to an inappro-
priate dose of lactobacillus present in these preparations.

The effects of probiotics on the immune system are not
fully understood. Malin et al. have suggested that LGG has
the potential to increase the gut I[gA immune response and
thereby promote the gut immunological barrier [23].
Beyond this result, any form of bacterium can become an
antigenic stimulus and consequently be the cause of the
increased recurrences. In two studies [11, 13], it was seen
that the recurrence rate tended to be higher in the probiotic
group than in the placebo group.

One should also consider that the efficacy of one pro-
biotic may not be the same in all patients or in the same
patient at different stages of disease. Responsiveness to
treatment is dependent on several variables, including the
characteristics of the host (age, sex, lifestyle, compliance),
the lesions (site, extent, type of gross lesions), previous
history (presence, number and type of resections), and risk
factors (smoking, appendectomy, familial history of
inflammatory bowel disease) [2].

One might think that severity of disease or other
complications in this kind of patients could confound the
results of this study. In addition, some might think that the
small number of included studies may reduce the impact
of the meta-analysis. In answer to both of these questions,
it should be emphasized that the most important param-
eter in meta-analysis is inclusion and it is necessary to
select shared outcomes of different studies and exclude
those that had different study design. Thus, the small
number of included studies in the present meta-analysis
does not bias its conclusion. All included studies were
pooled and weighted, the OR was derived from outcomes,
and a fixed effect model was used. In a fixed model, the
true magnitude of the effect is assumed to be a constant
whose value is unknown but is estimated by using the
values from the included studies. Therefore, severity of
disease or other confounding parameters cannot bias this
meta-analysis.

In conclusion, this meta-analysis fails to demonstrate the
efficacy of probiotics in maintaining remission and pre-
venting clinical and endoscopic recurrence in CD. It is
suggested to use probiotic preparations containing a mix-
ture of lactobacillus with E. coli or Saccharomyces.
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