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Abstract

Irritable bowel syndrome (IBS) is a chronic condition
affecting 3%-25% of the general population. As no curative
treatment is available, therapy is aimed at reducing
symptoms, often with little success. Because alteration
of the normal intestinal microflora has been observed
in IBS, probiotics (beneficial microbes taken to improve
health) may be useful in reducing symptoms. This paper
systematically reviews randomized, controlled, blinded
trials of probiotics for the treatment of IBS and synthesizes
data on efficacy across trials of adequate quality. PubMed,
Medline, Google Scholar, NIH registry of clinical trials,
metaRegister, and the Cochrane Central Register of
Controlled Trials were searched from 1982-2007. We
also conducted secondary searches of reference lists,
reviews, commentaries, relevant articles on associated
diseases, books and meeting abstracts. Twenty trials with
23 probiotic treatment arms and a total of 1404 subjects
met inclusion criteria. Probiotic use was associated with
improvement in global IBS symptoms compared to placebo
[pooled relative risk (RRpooked) 0.77, 95% confidence interval
(95% CI) 0.62-0.94]. Probiotics were also associated
with less abdominal pain compared to placebo [RRpooled =
0.78 (0.69-0.88)]. Too few studies reported data on other
IBS symptoms or on specific probiotic strains to allow
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estimation of a pooled RR. While our analyses suggest
that probiotic use may be associated with improvement in
IBS symptoms compared to placebo, these results should
be interpreted with caution, given the methodological
limitations of contributing studies. Probiotics warrant
further study as a potential therapy for IBS.
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INTRODUCTION

Irritable bowel syndrome (IBS) is a chronic condition that
severely impacts the quality of life of affected individuals”.,
The prevalence of IBS in the general population ranges from
3%-25%"". IBS is characterized by intermittent abdominal
pain, altered bowel habits (diarrhea and/or constipation)
and other gastrointestinal symptoms such as bloating and
flatulence in the absence of structural abnormalities in
the intestine. The pathophysiology of IBS is multifactorial
and may include motor and sensory dysfunction,
immune responses, food sensitivities and genetic
predispositionp’A'J. Risk factors include female gender (2-3
times more common), acute gastrointestinal infections (e.g
Campylobacter or Salmonella) and psychological factors™>",
As no curative treatments are available, therapy for IBS is
palliative and supportive, targeting specific symptoms, but
is notoriously unsatisfactoryw’g]. Although 30% of patients
report resolution of symptoms within one year, nearly 70%
report that symptoms recur within five yearsm.

Studies have observed altered intestinal microflora in
IBS patients and an increase in symptoms after enteric
infections[()'u], suggesting that restoration of the intestinal
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microflora may be a useful therapeutic goal. One strategy to
restore normal flora is the use of probioticsm’m. Probiotics
are “beneficial bacteria or yeasts that are ingested to
improve health”". Probiotics are also known to modulate
the immune response and reduce cytokine production™*"?,
Strong evidence for the beneficial role of probiotics exists
for the prevention of antibiotic-associated diarrhea, traveler’s
diarrhea and pediatric diarrhea”*?. There is emerging
evidence that probiotics may be useful in preventing or
treating Clostridinm difficile diarrhea and pouchitis™ ",
Studies of probiotics for IBS have yielded contradictory
results, which may be due to a variety of factors: small
sample size; variability in trial design; heterogeneity of
probiotic strain, dose and treatment duration; and patient
characteristics. The wide availability of probiotics as non-
prescription products and the lack of a synthesis of data
regarding efficacy have prompted us to conduct this meta-
analysis.

We conducted a systematic review of randomized,
controlled trials published as full articles or meeting
abstracts to: (1) assess the characteristics and quality of
randomized clinical trials in this area and (2) synthesize data
across studies regarding the efficacy of probiotics for IBS.

SEARCH STRATEGY

PubMed, Medline and Google Scholar were searched from
1982-2007 for articles unrestricted by language. Three
on-line clinical trial registers were searched: Cochrane
Central Register of Controlled Trials (www.cochrane.
org), metaRegister of Controlled Trials (www.controlled-
trials.com/mrct) and National Institutes of Health
(www.clinicaltrials.gov). Secondary and hand searches of
reference lists, other studies cross-indexed by authors,
reviews, commentaries, books and meeting abstracts also
were performed. Search terms included: irritable bowel
syndrome, diarrhea, probiotics, risk factors, Rome criteria,
Manning criteria, randomized controlled trials, placebo-
controlled, bloating and associated author names. Search
strategies were broad-based initially, then narrowed to the
disease of interest to increase the search network™. The
procedure for this meta-analysis was designed as suggested
by Egger et a/ with cleatly delineated parameters, a priori
inclusion and exclusion criteria and standardized data
extraction”®. Abstracts of all citations and retrieved
studies were reviewed and rated for inclusion. Full articles
were retrieved if specific treatments were given for IBS. In
some cases, only published abstracts from meetings were
available. Published abstracts from meetings were included
to lessen the potential for publication bias due to failure to

publish negative findings.

INCLUSION AND EXCLUSION CRITERIA

The primary objective of this meta-analysis was to
determine the overall efficacy of probiotics for IBS by
comparing a common outcome in treated patients with
a control group. Inclusion criteria included: randomized,
controlled, blinded efficacy trials in humans published as
full articles or meeting abstracts in peer-reviewed journals.

Exclusion criteria included: pre-clinical studies, safety
studies, case reports or case series, phase 1 studies in
volunteers, reviews, duplicate reports, trials of unspecified
treatments, uncontrolled studies, prebiotic treatments only
(no living organisms) or insufficient data in article.

ASSESSMENT OF METHODOLOGICAL
QUALITY

Studies that met the inclusion criteria were graded for
quality using the Linde Internal Validity Scale (LIVS),
which includes the following six items: method of
allocation to groups, concealment of allocation, baseline
comparability of intervention and placebo groups,
blinding of patients, blinding of evaluators, and intention
to treat/handling of withdrawals and drop—outsm'z()]. If no
information was provided for an item or it was unclear,
authors wete contacted for more information. If available
information was still inadequate, then zero points were
given for that item. Total possible scores range from 0 to 6.
All trials included in the meta-analysis had a total quality
score of 3 or more and those with a score less than 3
were excluded. Two independent reviewers independently
assessed inclusion criteria and quality of the trials.
Inconsistencies were resolved by discussion.

INTENT-TO-TREAT (ITT) ANALYSIS

Studies were considered to have adhered to intention-to-
treat principles if all subjects who were randomized were
analyzed with the group to which they were originally
assigned and if exclusions were primarily due to patient
withdrawal or loss to follow-up. If the investigators
excluded patients after randomization due to use of
non-study medications or antibiotics, noncompliance
with assigned treatment, or non-response to therapy, the
analysis was not considered to be ITT.

DATA EXTRACTION

Information on study design, methods, interventions,
outcomes, adverse effects and treatments was extracted
from each article using a standardized extraction table.
When necessary, authors were contacted for data not
reported in the original article.

OUTCOMES AND DEFINITIONS

We documented the types of outcomes for trials involving
IBS and probiotic in the literature. Outcomes were
reported by different studies as either the proportion of
subjects reporting improvement or the change in symptom
scores from baseline. We did not attempt to synthesize
results from studies reporting changes in symptom scores
because of numerous challenges including heterogeneity in
scales and scoring systems across studies and inconsistent
or incomplete reporting of numeric symptom scores.
Thus, we selected the proportion of subjects with
improvement in global IBS symptoms as the primary
outcome for this meta-analysis. Secondary outcomes
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included the proportion of subjects with improvement in
one of three common IBS symptoms: abdominal pain,
bloating or flatulence. Documentation of the outcome was
based on subject self-report and/or clinician assessment.

META-ANALYSIS METHODS

To estimate pooled relative risks across studies, we first
evaluated heterogeneity between and within trials using
the XZ test™. The relative risks of responding to probiotic
therapy were pooled using a random-effects model if
significant heterogeneity was found or a fixed-effects
model if the studies were homogenousm]. The number
needed to treat (NNT) was calculated using the reciprocal
of the pooled absolute risk reduction. P values less than
0.05 were considered significant. Analyses were performed
using Stata software version 9.2 (Stata Corporation,
College Station, Texas).

PUBLICATION BIAS

We used a funnel scatterplot to assess the potential for
publication bias™. Risk ratios were plotted against the
standard error of the risk ratio (a surrogate for study size)
of each study to detect asymmetry in the distribution
of trials. Larger studies usually provide a more precise
estimate of the true effect of the treatment and form the
narrow spout of the funnel plot. Smaller trials provide
less precise estimates, and the increased variability results
in a wider cone of the funnel plot. A gap in the funnel
plot (commonly, the absence of small studies with
negative findings) suggests potential publication bias or
methodological problems in smaller studies. Begg’s test
was also used to assess potential publication bias™>,

STUDY CHARACTERISTICS PREDICTIVE
OF POSITIVE FINDINGS

Because there was heterogeneity across studies, we
examined study design characteristics that we hypothesized
could be associated with results favoring probiotics over
placebo. These analyses examined results for the primary
outcome variable, reduction in global IBS symptoms. We
classified studies as favoring probiotics if the unpooled
RR was 0.67 or less. The study by Whorwell ¢ a/ included
3 different probiotic dose arms but was considered as
a single study for the purposes of this analysism. Since
one of the 3 arms showed results favoring probiotic, we
classified this study as favoring probiotics. Characteristics
examined as possible predictors included sample size, LIVS
quality score, proportion of female subjects, probiotic
dose, treatment duration, attrition > 20%, ITT analysis
and use of a proprietary (commercial) s5 nonproprietary
product. To explore possible predictive vatiables, we first
examined descriptive statistics (median and interquartile
range for continuous variables, proportions for categorical
variables). To test for statistical significance, we used the
Wilcoxon rank-sum test for continuous data and Fisher’s
exact test for categorical data.
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Citations identified from 1982-2007 from electronic databases
using “IBS and probiotics” (7 = 789)

' '

Screened (7 = 115) Non-probiotic excluded (7 = 674)
potential studies identified and IBS epidemiology, etiologies,
screened for inclusion mechanism of action,
non-probiotic treatments

v v

Excluded (n = 95)
63 reviews or commentaries
13 preclinical
6 no control group
3 not randomized
3 quality score < 3
2 Phase 1 in volunteers
2 insufficient data provided
1 prebiotic trial only
1 duplicate study
1 author withdrew study

Types of probiotics in included
trials (7 = 20)
Bifidobacterium infantis
Lactobacillus acidophilus
Lactobacillus plantarum
Lactobacillus reuteri
Lactobacillus rhamnosus
Saccharomyces boulardii
Streptococcus faecium
VSL#3 (mix of 8 strains)
Other probiotic mixes

Figure 1 QUOROM flow diagram of included and excluded studies of probiotics
for the treatment of Irritable Bowel Syndrome.

LITERATURE SCREENING

The literature search yielded 3552 citations on probiotics, of
which 789 addressed probiotics and IBS. Based on review
of abstracts, 115 were selected for detailed screening;

STUDY SELECTION

The study selection process is shown in a QUOROM
(Quality of Reporting of Meta-analysis) flow diagram
(Figure 1), Overall, 95 studies that were screened failed
to meet 1 or more of the inclusion criteria: 63 (66%) were
reviews, 13 (14%) were pre-clinical studies, 6 (6%) had no
control group™™, 3 (3%) were not randomized"**,
10 (10%) were excluded for a variety of reasons. A total
of 20 articles met inclusion criteria and provided data on
23 probiotic treatment arms for 1404 patients with IBS
(Table 1)!""*** An additional seven trials were excluded
after article retrieval and screening for issues related to

quality and/or study design (Table 2)**,

and

STUDY QUALITY

The study quality of 23 treaments was assessed, and 20
trials with LIVS quality scores > 3.0 were included (Table 3).
The median quality score was 4 (range 3 to 6). Nine
studies did not describe the method of randomization,
8 did not provide baseline comparison of groups, 14 did
not specifically state that evaluators were blinded and 20
did not perform intention-to-treat analysis and/or did not
fully describe withdrawals. For six studies, the published
article or abstract did not contain sufficient information
to allow quality scoring, requiring communication with the
authors. Only three studies (15%) cleatly documented their
adherence to intention-to-treat principles****",

There were a variety of ways in which studies failed to
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Table 1 Description of 20 randomized, controlled trials of probiotics for IBS included in systematic review

Reference Probiotic Type of control Number Number Dose Durationof %
of subjects analyzed (cfu/d) treatment attrition
randomized (wk)

Maupas™” Saccharomyces cerevisiae boulardii lyo Placebo capsules 34 34 9x10’° 4 0

Gade™” Streptococcus faecium 40371 Placebo tablets 58 54 1x10" 4 7

Halpern™” L. acidophilus (heat killed) “Lacteol Fort” Placebo capsules 29 18 2x10" 6 38

Nobaek™” Lactobacillus plantarum DSM9843, in rose hip drink  Placebo plain rose hip drink 60 52 5x 10 4 13

O'Sullivan®” Lactobacillus rhamnosus GG Placebo tablets 24 19 1x10" 8 21

Niedzielin®™” Lactobacillus plantarum 299v, “ProViva” drink Placebo drink 40 40 2 x 10" 4 0

Kim®" VSL#3 (mix of 8 strains) powder packet' Placebo powder 25 25 9x10" 8 4

Bausserman™” Lactobacillus rhamnosus GG Placebo capsules 58 50 2 x 10" 6 22

Bittner™ Prescript-assist” Placebo capsules 27 25 26x10° 2 7

29 soil strains and prebiotic “leonardite”
Kajander™ L. rhamnosus GG + L. rham. LC705 + Bifido. breve Placebo capsules 103 81  89x10° 24 21
Bb99 +Prop. freudenreichii

Kim™! VSL#3 yogurt' Placebo yogurt 48 48 8 x 10° 4 0

Niv®! Lactobacillus reuteri 55730 Placebo capsules 54 39 2x10° 24 28

O'Mahony"” L. salivaricus UCC4331 Placebo drink 54 51 1x10" 8 16

O'Mahony"” Bifido. infantis 35624 Placebo drink 53 49 1x10" 8 16

Kim®”! B. subtilus + Strept. faccalis Placebo capsules 40 34 3 x 10" 4 15

Simren®™ L. plantarum 299v in rose hip drink plain rose hip drink 66 58 2x10° 6 12

Whorwell™ Bifido. infantis 35624 in 3 doses Placebo capsules 362 292 1x10° 4 19

1x10°
1x10"

Enck™ E. coli + Strept faecalis drink Placebo drink 297 264  4.5x10° 8 11

Gawronska!! L. rhamnosus GG Placebo capsules 37 37 6 %10’ 4 0

Marteau!™! Bifido. longum, Lact acidophilus, Lactococcus Placebo capsules 106 100  1x10° 4 6

lactis, Strept. thermophilus

Simren!™ Lact. paracasei, Lact acidophilus, Bifido. lactis Control milk 74 67 2x10" 8 9

in yoghurt

IBS: Irritable bowel syndrome; cfu/d: Colony forming units per day; Bifido.: Bifidobacterium; B.: Bacillus; E.: Escherichia; L.: Lactobacillus; Prop.: Propionibacterium.
'VSL#3 is a mixture of 8 probiotic strains (Lactobacillus casei, L. plantarum, L. acidophilus, L. bulgaricus, Bifido. longum, Bifido. breve, Bifido. infantis and Streptococcus

thermophilus).

Table 2 Examples of excluded randomized, controlled trials of probiotics for IBS

Reference Probiotic Number  Number Dose Duration Exclusion reason
of subjects of subjects (cfu/mL)
randomized analyzed
DiBaise®! L. plantarum 299v vs placebo 29 20 6 %10 4wk  Withdrawn by author
Saggioro*! L. plantarum + L. acidophilus 46 39 1x10" 4wk  Quality score = 2.0
Saggioro*! L. plantarum + Bifido. breve 44 37 1x10" 4wk  Quality score = 2.0
Long®! Bifido. (species not given,) 60 60 6 x10° 2wk  Quality score = 2.5
Kajander®! L. rhamnosus GG + L. rham. 103 83 8-9 x 10’ 6mo Duplicate study of Kajander K 2005
LC705 + Bifid. breve Bb99 +Prop.
freudenreichii
Bittner” Prescript-assist”, 29 soil strains 24 24 2.6 x10° Varied Controls from Bittner 2005 study, phase 4 study
and prebiotic
Moon'® Bacillus subtilis + St. faecium 34 34 750 mL/d, 4wk Outcome data not provided for each group in
cfu/d not given abstract

cfu/mL: Colony forming units per milliliter; IBS: Irritable bowel syndrome; L.: Lactobacillus; Bifido.: Bifidobacterium.

adhere to ITT principles. Seven studies excluded participants
who used prohibited/non-study medications, including
antibiotics, during the treatment phase! ******"¥ " while
five studies excluded subjects who demonstrated poor
compliance with study medications”"*******!l_ Three studies
reported that subjects either dropped out or were excluded
due to inadequate response to treatment™”** while in 4
studies, subjects were excluded for worsening abdominal
pain®" > Often, it was unclear whether subjects with
inadequate response ot worsening symptoms were excluded

at the investigators’ discretion or withdrew from the study
of their own accord.

DESCRIPTION OF INCLUDED STUDIES

A standardized data extraction table (Table 1) was used
to characterize each clinical trial. Twenty randomized
controlled trials provided adequate data regarding efficacy in
a total of 1404 patients with IBS. In 20 trials, 23 probiotic
treatment arms were compared to placebo control arms.

www.wjgnet.com
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Reference Total quality  Treatment Randomization Baseline Patients Evaluators  Handling and reporting of Data
score' allocation method comparison blinded blinded withdrawals/use of ITT source’
Maupas” 6 1 1 1 1 1 1 Paper
Gade™! 45 1 1 0 1 1 0.5 Paper
Halpern'” 4 1 1 0.5 1 0.5 0 Paper
Nobaek*” 3 1 0 0 1 0.5 0.5 Paper
O'Sullivan'” 3 1 0 1 0.5 0.5 0 Author
Niedzielin®™ 4 1 0 1 1 0 1 Paper
Kim®" 45 1 0 0.5 1 1 1 Paper
Bausserman® 55 1 1 1 1 1 0.5 Paper
Bittner™ 3 1 0 0 0.5 0.5 1 Author
Kajander®™ 45 1 1 1 05 05 0 Paper
Kim™ 4 1 0 1 1 0.5 0.5 Paper
Niv®™ 35 1 0 0.5 1 0.5 0.5 Paper
O’Mahony!"” 45 1 1 0 1 1 05 Paper
Kim®” 4 1 0 1 0.5 0.5 1 Paper
Simren®® 3 1 0.5 0 1 0.5 0 Author
Whorwell™ 35 1 0 05 1 05 05 Paper
Enck®” 4 1 0.5 0 1 0.5 1 Author
Gawronska!®! 45 1 1 0 1 05 1 Paper
Marteau®"? 45 1 0.5 1 1 0.5 0.5 Author
Simren!™® 35 1 0.5 0 1 0 1 Author

'Linde Internal Validity Scale score is based on columns 3-8; range, 0 (poor) to 6 (excellent). (Linde 1996)"; *Indicates whether additional contact with authors
was required to obtain information needed for quality scoring; “Data from published meeting abstract only.

10 -

Number of studies

.-L

1-40 50-99 100-199 200-299 300-399
Number of randomized patients

Figure 2 Number of randomized patients in 20 randomized, controlled clinical
trials of probiotics for the treatment of Irritable Bowel Syndrome.

Eighteen studies compared a single probiotic treatment arm
to placebo, one study compared two probiotic treatments
to placebom], and one study compared three doses of one
probiotic against placebo™. The number of patients in each
of these studies was generally small, with a median of 54
randomized subjects (range, 25-363; Figure 2). The daily
dose of probiotic treatment ranged from 450 to 1 x 10"
colony-forming units (cfu)/day (median = 9 X 10). For the
most part, the length of treatment in these studies was brief
(median = 4 wk), with 90% of studies having a treatment
phase of 8 wk or less.

PROBIOTIC STRAIN

Only two probiotics were tested in multiple trials:
Lactobacillus rhamnosus GG in three trials'™*>*" and
Bifidobacterinm infantis in two trials" "), None of the
L. rbamnosus GG trials provided evaluable data on either
the primary or secondary outcomes, which prevented
analysis by strain type.
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ASSESSMENT AND REPORTING OF
OUTCOMES

The outcomes assessed and reported varied widely
across the 20 studies. The effect on global IBS symptoms
(measured as either proportion with symptom improvement
or a reduction in severity scores) was reported in 15/20
(75%) of studies (Table 4) and was the primary outcome
for 7 (35%) of studies. Effects on abdominal pain were
reported by all studies. But, only 4 (20%) used this as a
primary outcome measure">>,

Other symptoms were less consistently assessed (e.g
flatulence, 13/20 studies; mucus in stool, 3/20 studies;
bloating, 15/20 studies). Only five studies collected some
measure of quality of life!" %4 Seven studies reported
data for 3 or more symptoms or outcomes without
specifying a primary outcome!!

Some studies reported the number and proportion of
subjects with improvement, while others reported change
in numeric symptom scores since baseline. The scales used
to measure the severity of IBS symptoms varied widely
between studies, making it challenging to compare results
across studies. Visual analogue scales were most often
used, but still only used by 6 studies! ™ *** Likert
scales were used by 3 studies' ™ and specific validated
scales were used by several studies Gastrointestinal
Symptom Rating Scale (GSRS)"** and IBS Severity
Scoring System (IBS—SSS)[‘%(”S&()Z]. Several studies used their
own study-specific scale or scoring system“7’35’45’47’50’53’54’59’(’”.
Often it was unclear whether this scale had been validated.

While many studies assessed a wide range of IBS
symptoms, few reported detailed results across the
spectrum of symptoms (Table 4), making it more difficult
to combine data across studies. For instance, only 8 of 13
studies reporting that they had collected data on flatulence
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Table 4 Outcome assessment and reporting for 20 included clinical trials of probiotics for IBS

Outcome
Reference Global response Abdominal pain  Bloating/distension  Flatulence  Stool frequency Mucous Stool consistency  Dyspepsia
Maupas'*”! R R R R R R
Gade™” R R R R R
Halpern” R A A A A A
Nobaek!" R R R A R
O'Sullivan'*”’ R R A R A
Niedzielin®™ R R R A A
Kim®™! R R R R R R
Bausserman™? A R R A A
Bittner™ A A A
Kajander™ R R R R R A A
Kim™ R R R R R
Niv® R R R A
O'Mahony"” R R R A R
Kim™” R A A A A
Simren®™ R A A A A A A
Whorwell™ R R R R A
Enck®™ R R A A A
Gawronska®” R
Marteau! R R A A
Simren'™ R A A
Percent reporting 65% 80% 50% 40% 25% 0 30% 5%

A: Assessed; R: Reported in sufficient detail to allow extraction of data. Bold font indicates that this was the primary outcome identified by the authors for
analysis. If author reported no difference between active and placebo groups for a given symptom, but did provide further details, the outcome was classified as

assessed only.

Table 5 Global Improvement in IBS Symptoms in 14 probiotic/placebo treatment arms

Reference Probiotic Global improvement in IBS symptoms Definition of primary outcome'
Probiotic n/n (%)  Placebo n/n (%)
Maupas™” Saccharomyces cerevisiae boulardii lyjo 13/16 (81) 13/18 (72) Improvement of symptoms
Gade™” Strept faecalis 26/32 (81) 9/22 (41) Improvement of symptoms based on physician
assessment
Halpern"” L. acidophilus 17/18 (94) 13/18 (72) Absence of symptoms
Nobaek! L. plantarum 11/25 (44) 7/27 (26) Decrease = 1.5 on VAS symptom scale
Niedzielin™ L. plantarum 9/20 (45) 3/20 (15) Absence of symptoms
Kim®" VSL#3° 4/12 (34) 5/13 (38) Satisfactory relief of IBS symptoms
Kajander™ L. rhamnosus GG + L. rham. LC705 + 31/41 (76) 17/40 (43) Symptoms alleviated based on significant
Bifid. breve Bb99 + Prop. freudenreichii reduction of symptom scores
Simren®™ L. plantarum 10/29 (35) 11/29 (38) Reduction = 50% of total symptom score
Whorwell™ Bifido. infantis (dose, 10° cfu/mL) 33/74 (44) 32/76 (42) Adequate relief of symptoms
Whorwell™ Bifido. infantis (dose, 10° cfu/mL) 45/72 (62) 32/76 (42) Adequate relief of symptoms
Whorwell™ Bifido. infantis (dose, 10'° cfu/mL) 26/71 (37) 32/76 (42) Adequate relief of symptoms
Enck™ E. coli + Strept faecalis 102/149 (68) 56/148 (38) Reduction of = 50% in total symptom score
Marteau! Bifido. longum, L. acidophilus, 20/47 (42.6) 22/52 (42.3)  Relief of discomfort
Lactococcus lactis, Strept thermophilus
Simren!” L. paracasei, L. acidophilus, 14/33 (42) 17/34 (50) Reduction of = 50% in total symptom score

Bifido. lactis in yoghurt

"Unless otherwise stated, all primary outcomes are defined based on patient report. *VSL#3 is a mixture of 8 probiotic strains (Lactobacillus casei, L. plantarum, L.

acidophilus, L. bulgaricus, Bifidobacterium longum, Bifidobacterium breve, Bifidobacterium infantis and Streptococcus thermophilus).

provided this data in their paper and only 5 of 15 reporting
they had collected data on stool frequency reported any
such data in their paper.

GLOBAL RESPONDERS

The primary outcome selected for this analysis was the
proportion of patients in each group with global IBS
symptoms by the end of treatment, with ‘responders’

being a dichotomous variable defined by study
investigators (Table 5). Of the 23 treatment arms, 14 (61%)
had evaluable data for this outcome. Eight treatment arms
either did not collect data on global symptom relief >
or reported change in symptom scores rather than
proportion with improvement'""*>***7,

When the meta-analysis model was fitted, the Xz test for
heterogeneity was 41.0 (P <0.001), indicating a high degree

of heterogeneity; so a random-effects model was used to

www.wjgnet.com



2656 ISSN 1007-9327 CN 14-1219/R World J Gastroenterol May 7, 2008 Volume 14 Number 17
Study ID RR (95% CI) Weight % Figure 3 Forest Plot of randomized
Maupas 1983 %7 0.68 (0.19, 2.39) 2.20 controlled trials of 14. treatmgnt grms
Gade 1589 ! 032 (0.14, 071) 430 from 12 studies measuring re'Iatlve risk of

| IBS symptoms after probiotic treatment
Halpern 1996 1 0.18 (0.02, 1.32) 0.97 compared to placebo. X-axis is relative risk,
Nobaek 2000 = 0.76 (0.50, 1.14) 8.16 with black dot indicating the relative risk, line
Niedzielin 2001 — 0.65 (0.42, 1.00) 7.86 indicating 95% confidence interval and the
Kim 2003 %—% 1.08 (0.60, 1.95) 6.13 size of the grey box proportional to sample
Kajander 2005 —— ‘ 0.42 (0.23, 0.77) 5.98 size.
Simren 2006 v:—f 1.06 (0.72, 1.56) 8.48
Whorwell 2006_10 x 6 :rk 0.96 (0.72, 1.27) 9.90
Whorwell 2006_10 x 8 +‘ 0.65 (0.45, 0.92) 8.93
Whorwell 2006_10 x 10 i+ 1.09 (0.84, 1.42) 10.15
Enck 2007 L 3 i ‘ 0.51 (0.39, 0.66) 10.06
Marteau 2007 3+‘ 1.00 (0.71, 1.40) 9.14
Simren 2007 e 1.15 (0.74, 1.80) 7.75
Overall (I-squared = 68.3%, P = 0.000) <> 0.77 (0.62, 0.94) 100.00
Note: Weights are from random effects analysis 3
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Figure 4 Funnel plots of randomized controlled trials for examining presence of
IBS symptoms with probiotic or placebo treatments. RR: Relative risk of global IBS
symptoms; s.e. of RR: Standard error of relative risk, an indicator of sample size.

pool these results. The forest plot, weighted on sample
size, is shown in Figure 3. Compared to placebo, probiotics
were significantly protective (less global IBS symptoms
compared to placebo at the end of the study) [pooled
relative risk (RRpooied) = 0.77; 95% confidence interval (95%
CI), 0.62-0.94]. The number needed to treat was 7.3. The
funnel plot (Figure 4) is generally symmetrical, showing
little evidence of publication bias. Begg’s test did not show
statistically significant publication bias (z = 0.93, P = 0.35).

SENSITIVITY ANALYSES

We repeated the meta-analysis weighting by study quality
score rather than sample size, with similar results (RRpooled
= 0.65; 95% CI, 0.52-0.82). As it appeared that the pooled
risk estimate was heavily influenced by one large study[sg],
we re-ran the analysis excluding the study, but similar

results were found (RRpooled = 0.82; 95% CI, 0.67-0.99).

SECONDARY OUTCOMES

A priori secondary outcomes for this study included
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the proportion of subjects who reported one of three
IBS symptoms: abdominal pain, bloating/distension, ot
flatulence (gas). Of 23 treatment arms, 12 (52%) had
evaluable data on at least one of these secondaty outcomes.
Fourteen treatment arms either did not collect data on these
secondary outcomes 71 o reported symptom scores
rather than proportion with symptoms'>>***" As only
five treatment arms reported proportion of subjects with
reduced bloatingl%’49’52’54’55J and four reported proportion
with improved flatulence* ™™ further statistical analyses
were not performed for these outcomes.

Eight trials (11 probiotic treatment arms) had evaluable
data for the proportion of patients reporting abdominal
pain at the end of follow-up (Table () PH0A830:923839.601
There was a high degree of heterogeneity (XZ = 306.0,
P < 0.001), and so a random-effects model was used. The
forest plot, weighted on sample size, is shown in Figure 5.
Compared to placebo, probiotics were associated with
less risk of abdominal pain (RRpeoted = 0.78; 95% CI,
0.69-0.88). The number needed to treat was 8.9. The
funnel plot was generally symmetrical, showing little
evidence of publication bias, and Begg’s test did not show
statistically significant publication bias (z = -0.70, P = 0.48).
The pooled relative risk for abdominal pain was similar
when weighted by study quality (RRpooled = 0.61; 95% CI,
0.45-0.81) and after exclusion of the two trials conducted
in children (RRpootea = 0.77; 95% CI, 0.68-0.88)">".

STUDY CHARACTERISTICS PREDICTING
POSITIVE RESULTS

We compared the characteristics of six studies that
favored probiotics over placebo (study RR < 0.67 for
improvement in global IBS s.ymptoms)[35’46’%’5“’54’59J with
six studies showing a weak effect or no benefit 47006
Studies with a stronger probiotic effect were larger than
those showing weak or no effect (median 80.5 subjects
vs 50 subjects, P = 0.20) and had shorter duration of
treatment (median 4 wk »s 6 wk, P = 0.60). but, these
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Reference Probiotic Improvement in abdominal pain Definition of secondary outcome'
Probiotic n/n (%) Placebo n/n (%)
Gade™” Strept faecalis 25/32 (78) 10/22 (45) Absence or presence of symptom
Nobaek!" L. plantarum 9/25 (36) 5/27 (18) Decrease = 1.5 on VAS symptom scale
O'Sullivan*” L. rhamnosus GG 9/19 (47) 12/19 (63) Symptom improved
Niedzielin®™ Lacto plantarum 20/20 (100) 11/20 (55) Absence of symptoms
Bausserman® Lacto rhamnosus GG 11/25 (44) 10/25 (40) Decrease of = 1 point symptom score
Kajander®™ L. thamnosus GG + L. rham. LC705 + 27/41 (66) 17/40 (43) Symptoms alleviated
Bifid. breve Bb99 +Prop. freudenreichii
Whorwell™ Bifido. infantis (10° dose) 32/74 (43) 39/76 (52) Adequate relief of symptoms
Whorwell™ Bifido. infantis (10° dose) 42/72 (59) 39/76 (52) Adequate relief of symptoms
Whorwell™ Bifido. infantis (10" dose) 28/71 (39) 39/76 (52) Adequate relief of symptoms
Enck™ E. coli + Strept faecalis 108/149 (72) 66,148 (45) = 50% decrease in symptom score
Gawronska!! Lacto rhamnosus GG 6/18 (33) 1/19 (5) Absence of pain
'All secondary outcomes are defined based on patient report.
Study ID RR (95% CI) Weight (%)  Figure 5 Forest plot of randomized
i controlled trials of 12 treatment arms from 10
Gade 1989 ! 0.40 (0.19, 0.86) 4.77 studies measuring relative risk of abdominal
Nobaek 2000 +‘ 0.79 (0.56, 1.11) 7.09 pain after treatment with a probiotic
O'Sullivan 2000 — 1.43 (0.69, 2.96) 2.35 compared lo placebo. The X-axis depicts
o ! relative risk, with black dot indicating the
Niedzielin 2001 : 0.05 (0.00, 0.85) 3.19 relative risk, line indicating 95% CI and the
Bausserman 2005 . 0.93 (0.58, 1.50) 5.03 size of the grey box proportional to sample
Kajander 2005 et 0.59 (0.36, 0.98) 781 Sz
Whorwell 2006_10 x 6 ET 1.17 (0.86, 1.58) 12.24
Whorwell 2006_10 x 8 +‘ 0.86 (0.60, 1.22) 12.07
Whorwell 2006_10 x 10 i - 1.24 (0.92, 1.68) 11.99
Enck 2007 ool 0.50 (0.37, 0.67) 27.59
|
Gawronska 2007 +: 0.70 (0.50, 0.99) 5.87
Overall (I-squared = 72.7%, P = 0.000) @ 0.78 (0.69, 0.88) 100.00
! 1 !
0.00327 1 306

Favors probiotic

differences were not statistically significant. Two-thirds of
studies showing strong protective effects used proprietary
(commercial) products, compared to 100% of those
showing weak or no effect (P = 0.46). In bivariate analyses,
no characteristics differed significantly between the two
types of studies.

ADVERSE EVENTS

Most studies (17/20, 85%) provided only minimal
information about adverse events. Fourteen studies (70%)
stated that no serious adverse reactions were noted, but
failed to provide any information on how adverse events
were ascertained or what types of reactions were considered.
Three (15%) of the trials did provide limited data on adverse
reactions, including reactions such as “increased intestinal
symptoms”, “epistaxis”, “aftertaste”, “anxiety” and “angina”,
but did not report rates of adverse reactions by treatment
gro%g[f;’;’w. Three trials (15%) did not report any safety
data" ">,

We identified 20 clinical trials that met inclusion criteria

Favors placebo

and provided relevant information about the efficacy of
probiotics for IBS symptoms. These trials included 23
probiotic treatment arms and 1404 subjects. Trials were
generally small and of short duration and had moderate
quality. But, the majority did not follow intention-to-treat
principles. Overall, probiotic use was associated with less
likelihood of global IBS symptoms compared to placebo
RR = 0.77; 95% CI, 0.62-0.94) and with abdominal pain
by the end of follow-up (RR = 0.78; 95% CI, 0.69-0.88).
There was not sufficient data to examine other individual
IBS symptoms or the efficacy of individual probiotic
strains.

STRENGTHS AND LIMITATIONS

We performed a comprehensive review of the literature and
made an effort to minimize publication bias by including
recent studies as well as those published only as meeting
abstracts. Validated quality scoring and data extraction
were performed by two reviewers independently, using
standardized templates, and differences were resolved by

www.wjgnet.com
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discussion. We excluded studies of poor quality, limiting the
impact of serious study design flaws. We selected a primary
outcome (global improvement in IBS symptoms) that is
clinically relevant and of great concern to IBS patients, as is
also true for our secondary outcome (relief of abdominal
pain). Communication with study authors was a productive
tool for obtaining data not reported in detail in some studies.

Our findings should be interpreted with caution due
to important limitations of the existing literature. Two
important limitations in the existing trials included the
lack of ITT analysis and the presence of heterogeneity
in both outcome assessment and study design. A crucial
issue is the quality of included studies, with only 3 of
20 studies petforming true intention-to-treat analyses.
In many studies, participants were excluded from final
analyses for reasons such as noncompliance, failure to
respond to treatment, or use of prohibited medications.
It is difficult to predict how these exclusions may have
affected results. But, it is certainly possible that substantial
bias could have been introduced, which could account
for the apparent beneficial effects observed when data
were pooled across studies. Missing values may cause
both systematic and unpredictable bias in controlled trial
results'” . A recent meta-analysis of chondroitin for
osteoarthritis found that small trials and those not analyzed
according to ITT principles were more likely to report
benefits from chondroitin, while larger studies with greater
methodological rigor did not find an effect'. Larger
studies utilizing ITT have not been performed to examine
probiotics as potential therapy for IBS.

Heterogeneity was another important limitation of the
published literature, including heterogeneity in the strain and
dose of probiotic (which prevented analysis of effects of
specific strains); sample size (smaller studies resulted in low
power to detect effects in individual studies); duration of
treatment and follow-up (short trials do not allow adequate
follow-up given the chronic relapsing nature of IBS); and
in the assessment and reporting of outcomes. All these
sources of heterogeneity made it difficult to combine data
from all twenty studies. Another important problem is
the lack of systematic data collection and teporting about
adverse effects. As a result, it is difficult to be sure that the
probiotics studied have been adequately evaluated for safety.

COMPARISON WITH OTHER SYSTEMATIC
REVIEWS

To date, no other meta-analysis of probiotics for IBS has
been published. Recent published reviews of probiotics
for IBS included fewer studies (range, 4 to 12) and
focused primarily on evaluating the rationale and potential
mechanisms for probiotics as treatment for IBS™*™. No
ptior reviews have attempted to calculate a pooled estimate
of efficacy, and few reviews provided a detailed summary of
individual studies’ outcome data or unpooled risk estimates.

IMPLICATIONS FOR FUTURE RESEARCH

This review highlights important considerations for
the design of future studies of probiotics as a potential

www.wjgnet.com

Recommendations

More trials testing the same probiotic strain
Larger sample size

Longer duration of treatment and follow-up
Intention to treat analysis:

All participants analyzed with the group to which they were originally
assigned, regardless of compliance with treatment, response to
treatment, or use of prohibited (non-study) medications.

Greater efforts to minimize loss to follow-up
Standardized assessment of IBS outcomes
Provide some assessment of global relief of IBS symptoms

Detailed collection and reporting of data on potential adverse reactions

treatment for IBS (Table 7). There is a need for standardized
outcome assessments and larger studies, preferably with
longer duration of treatment and follow-up. Future studies
should make every effort to minimize loss-to-follow-
up and to adhere to ITT principles, analyzing all subjects
with the group to which they were originally assigned,
notwithstanding potential noncompliance with treatment or
the use of other (non-study) medications. Following these
methodological principles will provide greater assurance
that results are not due to bias. Future studies would
benefit from better standardization of outcomes to be
studied, including the use of uniform symptom scales. We
recommend that future studies examine overall relief of
IBS symptoms as an outcome. Although many prior studies
primarily reported symptom scores, a statistically significant
reduction in symptom score may not be meaningful to an
individual patient suffering from IBS. Bijkerk ef @/ examined
the validity of 10 methods to assess IBS response and found
a single question asking about ‘adequate relief of IBS-related
symptoms’ was as valid as more detailed questionnaires on
outcome'™. In order to determine if one probiotic strain is
more effective for IBS than others, confirmatory trials with
the same probiotic strains are required.

Finally, it is important that future studies systematically
assess potential adverse effects and provide detailed results,
including rates of adverse effects in the treatment and
placebo groups.

IMPLICATIONS FOR CLINICAL PRACTICE

While our findings provide preliminary evidence that
probiotics may be useful in treating IBS, it is too soon
to recommend their use in clinical practice. The pooled
relative risks reported here are based on studies with
significant methodological limitations, and bias cannot be
ruled out as the explanation for these positive findings.
Since we did not find any evidence of significant adverse
effects from these treatments, and given the lack of
available conventional treatments, clinicians should
strongly consider discussing the evidence of benefits and
risks of probiotics with their patients with IBS. Although
the costs of probiotics vary widely, the cost may be similar
to other over-the-counter remedies for IBS (such as
loperamide).
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An important consideration is the lack of regulation
of the commercial probiotic products that are cutrrently
available. No universal quality assurance programs exist
to ensure that commercial products contain the probiotic
strain and concentration that are claimed, or to ensute
the absence of contamination that could pose risks to
consumers. Some resources are available to provide
further information about product testing; for example,
Consumerlab is an independent company in the U.S.
that tests commercially available health and nutrition
products and publishes data about the contents of
various commercial products, including the presence of
contaminants (http://www.consumerlab.com). They also
offer a voluntary certification program. In the summer of
2007, the Food and Drug Administration issued new rules
regarding good manufacturing practices for supplement
manufacturers, aimed at ensuring more uniform quality
of supplements. It remains to be seen whether these new
rules will substantially improve the quality and safety of
nutritional supplements.

CONCLUSION

In summary, the present meta-analysis suggests that
probiotics offer promise for the treatment of IBS. Results
should be interpreted cautiously given the methodological
limitations of published studies. Futute studies are needed,
in particular larger studies of longer duration with greater
methodological rigor. In addition, more data are needed
regarding which specific strains and doses are most likely
to be effective. The use of probiotics for IBS warrants
further study, particularly given the chronic nature of this
condition, its major impact on patients’ quality of life, and
the dearth of other effective treatments.
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