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Background/Aims

Despite numerous randomized clinical trials and meta-analyses, there is no increased evidence for the efficacy of probiotics in
the treatment of irritable bowel syndrome (IBS). We review this evidence, identify and analyse the reasons for this lack of evi-
dence and propose methodological improvements for future studies.

Methods

Based on a literature search, we identified 56 papers that matched the purpose of our analyses. Twenty-seven studies used
multi-species bacterial preparations and 29 used single-strain probiotics. They were analysed regarding patients included, treat-
ment duration, probiotic dosage, and outcome measures.

Results

Trials in both groups suffered from heterogeneity with respect to probiotic concentration, duration of treatment, and other
methodological issues (crossover design and underpowered studies). This heterogeneity did not allow the application of a
meta-analytic approach and a systematic review was therefore performed instead. Multi-strain preparations combined 2 to 8
different bacterial subspecies, mostly lactobacilli or bifidobacteria, and used variable lengths of treatments. Overall, more than
50% of trials presented negative outcomes. The majority of the single-strain probiotic trials employing lactobacilli or Saccharomyces
were negative, whereas trials employing bifidobacteria showed positive results.

Conclusions

The heterogeneity of the studies of probiotics in IBS questions the value of meta-analyses. The use of different bacterial strains
and different mixtures of these strains, as well as different dosages, are the main contributors to this heterogeneity. Current
data provides limited evidence for the efficacy of a small number of single-strain probiotics in IBS (mostly bifidobacteria) and
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sound studies following strict trial guidelines (Food and Drug Administration and European Medicines Agency guidelines for
clinical trials) are needed. We summarised and proposed some methodological issues for future studies in the field.
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Introduction

“Probiotic” therapy —in contrast to antibiotic therapy — de-
fines the use of single bacterial strains or combinations of bacte-
rial strains to influence the commensal gut microbiota, despite the
fact that the term “probiotic” was not used before the 1950s."
Parker’ first established a definition in 1974. Fuller” defined pro-
biotic as a “living microbial food supplement” that improves the
host by improving its intestinal bacterial balance. His definition is
still valid today. This also resembles the position of the WHO/FAS
(2001) which state that probiotics are living organisms that, when
ingested in sufficient amounts, may be beneficial for the host.’
This definition avoids any speculation about the presumed mech-
anism of probiotics’ action. A 2014 update of the definition by the
International Scientific Association for Probiotics and Prebiotics
(ISAPP) confirmed® the latter definition. In addition, bacterial
yoghurt cultures usually consisting of Lactobacillus delbrueckii
subsp. bulgaricus and Streptococcus salivarius subsp. thermophilus,
which were not previously regarded as probiotics, are now in-
cluded in this group.

The use of probiotics in the treatment of gastrointestinal (GI)
tract disorders increased during the 1990s. Among the disorders
that have been shown to benefit from probiotic treatment in pla-
cebo-controlled double-blinded studies are antibiotic-associated
diarrhea,” traveller’s diarrhea,’ rotavirus induced diarrhea,” and
Clostridium difficile-associated diarrhea."’ Beneficial effects have
also been shown in diarrhea in children.' Other bacterial strains
showed efficacy in chronic constipation.”” Another potential in-
dication was reported recently in the remission phase of ulcerative
colitis,” whereas randomized clinical trials (RCTs) in Crohn’s
disease mostly revealed negative outcomes.'* Testing of probiotic
therapy and targeting functional GI symptoms such as defecation
problems (diarrhea and constipation) which are, however, not the
predominant feature of diseases such as irritable bowel syndrome

(IBS) were a significant step forward.

However, clinical trials prior to the formation of the interna-
tional Rome consensus for functional bowel disorders in 1988
mostly lack credibility because a homogenous disease definition
was lacking.U The consequence was that in some trials, patients
with or without abdominal pain in association with altered bowel
habits were classified as IBS sufferers (or irritable colon, mucous
colitis, or otherwise)."® In studies based on the Rome consensus
IBS definition,"” efficacy was often based on improvement of in-
dividual symptoms including abdominal pain, diarrhea, and/or
constipation.

A number of systematic reviews and meta-analyses'** ana-
lysed the efficacy of probiotics in the management of IBS and
these publications are frequently mentioned and cited in con-
sensus papers.”’

Over the years general assessments have remained rather
similar, presuming an overall positive effect whilst claiming a lack
of high-quality data: “Probiotics may improve symptoms of irri-
table bowel syndrome and can be used as supplement to standard
therapy.”"” “While our analyses suggest that probiotic use may be
associated with improvement in IBS symptoms compared to pla-
cebo, these results should be interpreted with caution given the
methodological limitations of contributing studies. Probiotics
warrant further study as a potential therapy for IBS”*": “Probiotics
may have a role in alleviating some of the symptoms of IBS; how-
ever further research should focus on the type, optimal dose of pro-
biotics and the subgroups of patients who are likely to benefit the
most”*’; “Six of the eight diseases (...irritable bowel syndrome...)
showed positive significant effects.... Across all diseases and pro-
biotic species, positive significant effects of probiotics were ob-
served for all age groups, single vs multiple species, and treat-
ment lengths.””’

Among these meta-analyses, the largest (including 35 trials)
found a significant effect of probiotics on global IBS symptom
rating for all 24 mono-strain preparations pooled”’; however nei-
ther lactobacilli nor bifidobacteria was effective when tested

separately. There was also an overall benefit of the 15 combina-
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tion trial; however, when specific combinations were tested, nei-
ther yielded a significant benefit over placebo. A significant effect
of probiotics on individual IBS symptoms was only found for
bloating and flatulence. A later meta-analysis covering data pub-
lished between 2007 and 2013, which included only 14 RCTs,
found probiotics to have a positive effect on abdominal pain
only.”

The initial idea of our project was a meta-analysis on the effi-
cacy of probiotics in the management of IBS. However, after the
initial search and data extraction (see Methods below), we con-
cluded that the current data did not allow a methodologically
sound meta-analysis to be performed. We therefore performed a
new literature search with a changed scope: to critically review the
body of evidence and to identify and assess the reasons for poor
evidence in the current literature, as reflected in recent meta-
analyses. We also proposed ways to improve methods for studies
in the future. Our new analysis was conducted in 4-steps: (1) lit-
erature search, (2) identification of systematic reviews and meta-
analyses, (3) comparison of lists from Step 1 and 2, and lastly (4)

sorting the final list according to specific criteria.

Methods

In our initial search early in 2014, we performed a PubMed
literature search using the search terms “(probiotic OR prebiotic)
AND (irritable-bowel-syndrome OR IBS OR functional-bowel-
disorder) AND trial” to retrieve randomized trials comparing a
probiotic or prebiotic to a control treatment in functional bowel
disorders such as IBS.

The abstracts of retrieved papers were screened to match the
following inclusion criteria:

(1) The study including IBS patients according to pre-de-

fined criteria (Manning, Kruis, and Rome);

(2) The study only including adult patients;

(3) The study design including a placebo army;

(4) The study being described as randomized;

(5) The study with attempted blinding of patient assignment;

(6) The study describing the prebiotic or the probiotic bac-

terial strain in sufficient detail;

(7) The study assessing either global IBS measures or single

symptoms or QOL;;

(8) The full paper being available and written in FEnglish.

If only an abstract was available, we excluded the study. After
exclusion of non-relevant studies, the remaining articles were

screened for the following criteria:

Probiotics in IBS

(1) Whether the study population was IBS, IBS-C or IBS-D,

and IBS-M;

(2) The number of patients included in the study;

(3) Whether the probiotic was single-strain or multiple-strain;

(4) Inthe case of multi-strain products, the strains included;

(5) Whether it was a pharmacological or nutritional probiotic;

(6) Whether the design was a parallel-group design or a

cross-over design;

(7) The duration of treatment.

All screenings were performed by 2 authors (E.B. and M.S.).
In case of disagreement, a third author (N.M.) was consulted for
a final decision. We also assessed the Jadad score for each se-
lected study in order to assess the methodological quality of the
clinical trials.

After the first review of the retrieved data and the decision to
change the purpose and methodology of the project, we im-
plemented a 4-step approach that helped us achieve our goals.

In Step 1 we performed a new literature search using the same
key words — “(probiotic OR prebiotic) AND (irritable-bowel-
syndrome OR IBS OR functional-bowel-disorder) AND trial”
—which resulted in the generation of new literature set. The last
update was performed on April 20, 2015. Retrieved papers were
screened again using the inclusion and exclusion criteria de-
scribed above.

In Step 2 we identified systematic reviews and meta-analyses
in our literature search published between 2006 and 2015, which
summarise the respective actual state of knowledge. They were
reviewed for the included studies as well their major findings
across all studies. A complete list of trials included in the re-
viewed meta-analyses and systematic reviews was generated in-
dependently from the literature list from Step 1.

In Step 3 we compared both retrieved literature lists from
Step 1 and from Step 2 and identified papers included in one or
both lists as well as those that were excluded by us, but which
were included in one or more of the performed meta-analyses.
For each discrepancy found, we discussed the respective paper
among all authors to reach a final decision about it’s inclusion or
exclusion using the same criteria described in Step 1.

Step 4: the final list of included studies was sorted according
to the following criteria:

(1) Single-strain or multi-strain probiotic;

(2) Manufacturer of the preparation;

(3) If multi-strain, which bacterial strains were present;

(4) The dosage of each strain;

(5) The form of preparation either as a nutritional product
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or a drug;

(6) If single-strain, the bacterial strain used, and at which
dosage;

(7) Trial length and patient groups included,;

(8) Study outcome as defined by the authors — positive or
negative.

Based on our critical review of the current literature, we fi-

nally discussed the potential cornerstones of studies to investigate

the efficacy of probiotics in IBS in the future.

Results

Step 1: Figure 1 shows the results of the literature search, last
performed on April 20, 2015. After exclusion of systematic re-
views and meta-analyses (n = 9), uncontrolled trials (n = 20),
narrative reviews, editorial, letters and comments (n = 78), ani-
mal research (n = 2), studies of children and respective reviews
(n = 10), non-English papers and studies (n = 8), and others (n
= 8), 60 studies remained. Data published in abstract form only
was not included.

Following a full-paper review, we excluded 8 further studies

due to various reasons: only 1 study reported data from prebiotic

treatment,” 1 study did not use a probiotic in a strict sense (no
living bacteria),” 2 were microbial investigations of earlier stud-

.33 . . 33,34
ies,” " 2 were single-blinded,

and 2 were uncontrolled inter-
ventions.”* Based on hand-searches of the published meta-anal-
yses, we added 3 more studies,””™ resulting in a total of 55
articles.

Step 2: we identified 10 meta-analyses and systematic reviews
(published between 2008 and 2015) related to probiotic trials in
IBS,"**** reporting a total of 44 RCTs with variable number of
trials in each of them that increased over the years. One “systema-
tic review” of complementary and alternative therapies in IBS was
not comprehensive at all for IBS probiotic trials'®; it included on-
ly 4 studies that were also analysed and discussed in all other
reviews. Another review’ summarized previous systematic re-
views and meta-analyses,””*******! but did not provide the full
list of citations of papers and was therefore of no further help for
the purpose of this review.

Step 3: we then compared the literature lists from Step 1 and
Step 2 to identify the degree of overlap between each analysis. Of
the 45 papers listed in Step 2, we excluded 14 for different reasons.

Six citations were available as abstracts only”* and were

thus of no value for our study. One of those™ has been published

Excluded after abstract review

78 Reviews, editorials, letters |

20 Uncontrolled trials, case reports |

2 Animal studies

10 Studies in children, reviews |

8 Non-English papers/studies

3 Other interventions (eg, drugs)

9 Meta-analyses, systematic reviews

2 Study protocols |

3 Microbiome studies |

4 Hand searched

474

8 Excluded after paper review
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Figure 1. Preferred reporting items for
systematic reviews and meta-analyses
(PRISMA) scheme of retrieved litera-
ture.



as a full paper later*® and was included in our sample; another**
was also published as full paper”’ but was excluded since it was
not a probiotic in a strict sense; 2*7** had only an English abstract
however the full papers were written in Korean and Chinese each.

Two frequently included papers reported studies in child-

ren."””" Two were placebo controlled but single-blinded stud—

16:5,33‘51 one combined acupuncture with probiotic treatment,"
and one” reported microbiota changes from a probiotic trial pub-
lished before** which was already included in our list.

One study was not able to be verified” but was, by title, iden-
tical to another article by the same authors published in French**
It was excluded because it was published too long before the first
standardized diagnostic criteria for IBS to become available.”

One more study™® from Step 2 was added to our list of Step 1
studies, resulting in 56 studies available for our analysis.

Taking into account only the studies on our list and in at least
one of the other analyses, overall agreement was low, as can be
seen in Figure 2: only § RCTs from all 56 were included in all 7
previous analyses (unless the analyses restricted their timeframe,
asin’") as well as in ours. Seven RCTs were exclusively analysed
by the largest study’® and our analysis added another 20 studies to
the list.

Step 4: of the 56 RCTs, 27 reported data from multi-strain
probiotics, and 29 from single-strain probiotic products. Such a

distinction was not made in the majority of the meta-analyses.

——— McFarland 2008
—— Nikfar 2008
—— Moayyedi 2008
Brenner 2009
Hoveyeda 2009
—— Ritchie 2012
——— Ford 2014
—— Didari 2015
—— Own data

60,61,62,
64,66,67,
83,84,85,
86,87,88,
90,93,
96,97

Figure 2. Schematic overlap of 56 randomized clinical trials or
probiotics in irritable bowel syndrome therapy, as they were included or
excluded into 10 systematic reviews and meta-analyses published between
2008 and 2015. Numbers refer to the numbering in the reference list.

Probiotics in IBS

Except in 2 studies,”** all others pooled data and provided over-
all statistics and relative risk calculations.”******* One” did
perform a systematic review instead of a meta-analysis, but never-

theless mixed both groups.

Multi-strain Probiotics
The 27 included studies using multi-strain probiotics are list-
ed in Table 1.****** Despite this common character, the stud-

ies were heterogeneous in many other aspects.

Study characteristics

The number of patients included ranged between 24 and 186
(median = 90). One study included patients with functional gas-
trointestinal disorders, ie, with diarrhea but not constipation and
not necessarily suffering from abdominal pain,” one was restricted
to constipation predominant IBS (IBS-C) patients” and 4 in-
cluded only diarrhea predominant IBS (IBS-D) patients.”******
All studies claimed the use of Rome (II or III) criteria, never-
theless, a more detailed description of the patient population (the
number of IBS-D, IBS-C, and mixed IBS [IBS-M] patients)
was lacking.

Treatment duration varied from 7 days to 6 months, thus not
fulfilling Rome criteria for treatment duration in many cases,”
with the majority of studies assessing treatment results after 8
weeks. A common outcome-reporting period (4 weeks for example)
was not available for comparison across all studies and neither
were the primary nor the secondary outcome variables according
to the FDA/EMA or Rome criteria in most studies.

Bacterial strain combinations

The largest heterogeneity was noted with respect to the bacte-
rial strain combinations used (Table 2). Most of the multi-strain
preparations were nutritional supplements from different suppli-
ers worldwide. The same preparation (VSL#3) was used in only

. 69,7780
3 studies.

some preparations and the combinations are numerous, since in

Up to 8 different bacterial strains are used in

many cases subspecies of specific strains were used that are only
available to (and eventually patented by) individual companies.
Two studies were performed by the same research group with the
same preparation.”*”*

The use of Streptococcus thermophilus and Lactobacillus bulgaricus
as starting cultures for yoghurt production is occasionally noted;
in the remaining cases it remains unclear whether these strains
were included. They were not regarded as probiotics until 2014,

when the ISAPP consented that they are probiotics by definition.®
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Table 1. Multi-strain Randomized Placebo-controlled Probiotics Trials in Irritable Bowel Syndrome

Global result on

Author Ref IBS-type N Dur IBS symptoms
Shavakhi 2014 57 All 132 2 wk Negative
Jafari 2014 58 All bloat 108 4 wk Positive
Lorenzo-Zuiiga 2014 59 IBS-D 84 6 wk Negative exc QoL
Sisson 2014 60 All 186 12 wk Positive
Ludidi 2014 61 All 40 6 wk Negative
Ko 2013 62 IBS-D 53 8 wk Negative
Begtrup 2013 63 All 131 6 mo Negative
Yoon 2013 64 All 49 4 wk Positive
Roberts 2013 65 IBS-C 179 12 wk Negative
Cui 2012 39 All 60 4 wk Positive
Min 2012 66 All 130 7 day Positive
Capello 2012 67 All 64 4 wk Negative exc bloating
Cha 2012 68 IBS-D 50 10 wk Positive
Michail 2011 69 IBS-D 24 8 wk Negative exc satiety
Hong 2011 70 All 74 8 wk Negative
Sondergaard 2011 71 All 64 8 wk Negative
Ringel-Kulka 2011 72 FGD 60 8 wk Positive
Simren 2010 48 All 74 8 wk Negative exc week 1
Hong 2009 38 All 70 8 wk Positive
Williams 2009 73 All 52 8 wk Positive
Kajander 2008 74 All 86 5 mo Positive
Drouault 2008 75 All 100 4 wk Negative
Kajander 2005 76 All 103 6 mo Positive
Kim 2005 77 All 48 4-8 wk Negative exc bloating
Bittner 2005 78 All 25 2 wk Positive
Saggioro 2004 79 All 50 4 wk Positive
Kim 2003 80 IBS-D 25 8 wk Negative

Ref, number in reference list; N, number of patients in study; Dur, duration of treatment; IBS, irritable bowel syndrome; bloat, bloating; IBS-D, diarrhea predominant
IBS; exc, excluding/except; QoL., quality of life; IBS-C, constipation predominant IBS, FGD, functional gastrointestinal disease.

While some strains (such as Lactobacillus acidophilus) are used
in almost all studies, many if not most of the strains are used ex-
clusively in a few combinations. The table lists only bacterial
strains that were used at least twice among the included studies.

The concentration of bacteria in these studies was not always
reported’”” and varied substantially, ranging from 10° (Shavakhi
etal”’) to 10" (Michail et al®”), providing that the concentrations
listed in the papers are correct and that (specifically for dairy
products) the cooling chain had not been interrupted. Only one
study compared a high dose (3 X 10" colony forming unit [cfu])
with a low dose (6 X 10 cfu) and found both equally ineffective
compared to placebo.”’

Due to the heterogeneity of the different probiotic composi-
tions, it appeared inappropriate to perform a meta-analysis; ex-
cept for the 3 VLS#3 studies which have been reported to pro-

vide no benefit over placebo in IBS.”

Global outcome

Most studies included here reported their outcome in global
terms. We used these explicit summaries of the efficacy of the re-
spective probiotic treatment to retrieve a globally rated “positive”
or “negative” IBS treatment outcome. However, we are aware of
the fact that this may be biased by the respective authors that tend
to underestimate or undervalue negative results, for instance in
comparison to registered trial reports.’""

We found that 14 of the 27 studies reported negative outcome
on global symptoms, however individual symptoms (bloating”"”’
and satiety”) were occasionally reported as being responsive to
treatment. Quality of life (QoL) improved in one study but symp-

tomatic improvement was not different from placebo.”” Thirteen
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studies were positive on global symptom reports. While the size
of the study populations has increased, this did not affect the
(positive or negative) outcome of the studies, as more patients
were included in the studies reporting negative outcomes than in
the studies with positive outcomes (Table 1).

In summary, the balance of positive and negative studies in-
dicates an arbitrary and random result rather than an effective
outcome of treatment attempts in IBS using multi-strain pro-
biotics. This contrasts with the summary of Ford et al* that
found an overall positive effect of multi-strain probiotics in IBS
when all included studies were pooled, but not of individual

combinations.
Single-strain Probiotics

Study characteristics

The 29 single-strain probiotic intervention studies exhibited
a large variability with respect to various design features, as

. . 37,52,56,83-108
shown illustrated in Table 3.
52,56,90,105

Four studies employed a
cross-over design, which is frequently used for motiva-
tional purposes (patients are easier to recruit when they are of-
fered an effective treatment, at least for a part of the trial).
However, they are difficult to evaluate since the assumption that
the data in both periods is equal and can be merged may be dis-
torted by unblinding and conditioning effects.'”’

Compared to multi-strain studies, more investigations
(15/29) were limited to 4 weeks (or 2 X 4 weeks in a cross-over
design) and some extended up to 8 weeks or beyond (11/29).
Similarly, the range of included IBS patients ranged from 12 to
362. Two trials included IBS-C”'""" and 3 trials only IBS-D pa-
tients,”""*”" while 2 studies stratified the patients into IBS-C and
IBS-D* or into IBS-D and IBS-M.” Only one study addressed
another subgroup of patients who may benefit from probiotics: pa-
tients with post-infectious IBS.""” Unfortunately, the researchers
did this post-hoc rather than prospectively (see below).”

Inclusion criteria also varied. Four studies did not specify
which criteria were used defining IBS patients,”*'™'"” which
may indicate that data was collected before Rome criteria became
effective and in 2 studies, this was expressed in the article

98,106

(pre-Rome™ ). Whilst male patients were included, females

were dominant in all trials; one study exclusively recruited female

. 02
patients. !

Bacterial strains

With respect to the bacterial strains studied, the heterogeneity

Probiotics in IBS

. . . 52,85,89,105,106,108
continued: 6 studies used Lactobacillus plantagus,

however of different origin and subspecies; some were nutritional
supplements and some were developed as drugs. Other lactoba-
cilli strains were used only in single trials, such as Lactobacillus
brevi ,90 L ﬂcidophi/us,56’100 Lactobacillus reuteri ,103 Lactobacillus
rhammnosus GG, and Lactobacillus casei (CLR3S )

A similar picture emerged with bifidobacteria. Individual trials
have used Bifidobacterium bifidum (MIMBb75),™ Bifidobacterium
lactis,” Bifidobacterum animalis,"" and Bifidobacterium inﬁmls.gg’loz

A number of studies have used the yeast Saccharomyces bou-
lardi;"™™” however, it is unclear whether they used the same
strain, produced and/or distributed by different companies. A
novel study used a variant, Saccharomyces cerevisiae.”’ Four studies

investigated the efficacy of Bacillus coagulans***"*"

again from
different companies, in 2 instances combined with a prebiotic*® or
simethicone,”” which makes direct comparison difficult. One
study used a Streptococcus faecium strain’ and 2 used different
Escherichia coli strains, E. coli Nz'ssle,% and E. coli.”*

Only one study compared 2 completely different probiotics
and found that B. infantes was superior to Lactobacillus salivarius,
which was not superior to placebo.'” One study'”* compared 3
different putatively effective doses (1 X 10°, 1 X 10°, and 1 X
10" cfu) of a single strain, B. infantis and found the lowest and the
highest dose to be ineffective. The authors claimed a technical is-
sue as being responsible for the inefficacy of the highest dose (1
X 10" cfu).

As with multi-strain probiotics, the concentration of bacteria

in these studies was either not reported,”"”” or the daily dosage
varied by almost a factor of 1000, ranging from 1 X 10°

(Whorwell et al'”) to 8 X 10" (Choi et al™).

Global outcome

Again, we used the authors’ evaluation of their results and
separated positive from negative studies. Studies that noted an
improvement of QoL without changes in abdominal symptoms

84,95,101
were labelled as

(pain, stool frequency, and bloating),
“negative except QoL,,” since it is against all recommendations
(Rome criteria and FDA/EMA) to use QoL as a primary end-
point in IBS treatment studies.

Three more studies were identified as negative, contrary to
the evaluation of the respective authors: one found a significant
effect on abdominal pain, but not on other IBS symptoms. Upon
visual inspection of the data (ibid., see Figure 3 in Pineton de
Chambrun et al™), the effect occurred during weeks 6 to 8 with a

sudden change in pain severity, mimicking a “recruitment bias”
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of unknown origin; however, it lacks any rational discussion and
explanation. A similarly surprising and unexplained change oc-
curred in the responder data of another study (ibid., see Figure 2
in Kruis et al),” during weeks 9 to 12, which may explain for the
post-hoc significance in a subgroup of patients with post-infectious
IBS. Finally, one study'” found significant changes in bloating
scores, but not for any other core symptoms of IBS.

Balancing all studies revealed that 15 of the 28 studies
(excluding the study comparing lactobacilli against bifidobac-
teria'"*) yielded a negative or at least partly negative outcome.
Taking all patients in positive and negative studies into account,
more patients had a benefit from probiotics than those who did
not. This distribution is even more skewed if we allow the studies
with limited positive outcome (see above) to count as “positive.”
In this case, only 9 of the 29 studies had a clearly negative
outcome.

With respect to individual bacterial strains, the ratio of pos-
itive to negative studies with Lactobacillus plantagum was 3:3 and
for all other lactobacilli studies 2:5 (including the negative results
for Lactobacillus compared to placebo in the comparator study).'”*
In contrast, the number of positive to negative studies with bifi-
dobacteria was 4:2 (including O’Mahony et al'™*). Studies using
bifidobacteria included the largest samples, "' indicating that
bifidobacteria may be a clinically relevant treatment option in
IBS.

The 4 studies using the yeast Saccharomyces™**”*” demon-
strated no or only limited efficacy in IBS. In contrast, all 4 trials
with Bacillus coagulans®*""*”" were positive; however, both groups
were conducted with rather small groups of IBS patients and re-
quire larger studies. The (positive or negative) single studies us-
ing E. coli,” E. coli Nissle,”* and Streptococcus ﬁzecz'um37 need in-
dependent replication before a preliminary conclusion can be

drawn.

Discussion

Obur systematic review of 56 published RCT's of probiotics in
IBS and of 10 systematic reviews and meta-analyses, including
most of these trials, identified major flaws in the RCTs, obscur-
ing the evidence for the efficacy of probiotics as a treatment op-
tion in IBS. Consequently, less evidence was produced with in-
creasing numbers of RCTs added to meta-analyses. The latest
and largest of these meta-analyses™ concluded that while across
all studies moderate evidence exists for efficacy of probiotics in

general (though restricted to single-strain preparations) on global

symptoms, neither individual bacterial strain reached a sufficient
level of evidence, nor are individual core IBS symptoms (except
bloating) effectively treated by any of the tested bacteria. Multi-
strain probiotics appear to be of no value at all. Narrative reviews
on the efficacy of probiotic treatment in IBS usually follow these
systematic reviews and meta-analyses.

In an attempt to understand why the picture has not im-
proved but has rather developed into the opposite in recent years,
we analysed all available studies for homogeneity in the applied
drugs (or food supplements), in design and trial features and
global outcomes and found that heterogeneity rather than homo-
geneity has increased over the years. Patient recruitment and se-
lection especially, treatment duration, probiotic dosages and the
choice of primary and secondary endpoints of the study have not
followed the same route that pharmacology of GI drugs have
paved through the FDA,'* EMA,'"” and international con-
sensus parties such as the Rome group.” Whilst in GI pharma-
cology placebo rates have dropped and efficacy of drugs over pla-
cebo has increased,'* the development of probiotics has not fol-
lowed the same trend. One reason for this might be that, invest-
ments in clinical research and trials are still the exception rather
than the rule for the nutritional (dairy) industry, not least because
of lower profit rates and higher turn-around of investments into
marketing of products.

Instead of rigorously questioning the value of previously test-
ed probiotics in IBS, we finally attempted to outline the require-
ments for future trials to overcome these limitations. Many of
these are already clinical standards that have been set during the
last 25 years in GI drug development, by drug companies, appro-
val authorities, and expert consensus parties. These have not been
adopted yet by the nutritional industry that is responsible for most
of the compounds that have been put to the market. However,
clearly there cannot be different standards for drug and nutrient
testing, and the future common policy of EMA and Furopean
Food Safety Authority in Europe'" has underlined this.

How to Study Efficacy of Probiotics in
Irritable Bowel Syndrome

Since GI health claims for probiotics have to assess efficacy
with respect to patients with functional bowel disorders of IBS-
type,“s they have to be measured with standards of drug testing
in the same area, ie, according to FDA and EMA rules'™"" and
the consensus of the gastroenterology community.'” The follow-
ing provides a summary of putative paradigms to guide future

trials.
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First and foremost, any clinical study should be registered
and it should be registered before the study start and not after the

. 57,8692
data evaluation.

Only 6 of the 27 multi-strain probiotic
studies were registered. Even more surprisingly, only 3 of the 29
studies with single-strain probiotics were registered despite the
fact that the single-strain probiotics were used not as nutritional
supplement, but as drug by the majority. Registration prevents
(silent) deviations from the proposed protocol and statistical eval-
uation strategy and diminishes doubts as to whether the reported
efficacy data was a re-interpretation of missing efficacy on the pri-
mary endpoints chosen (see above).

Secondly, the study would need to be adequately powered. As
we have repeatedly discussed,* studies with samples size lower
than 100 patients are at increased risk of producing high and var-
iable placebo response rates and therefore would need strong ef-
fects on the primary study endpoint to achieve significance.
However, this cannot be expected with nutritional interventions
(even when provided as approved drugs) which is confounded by
the variability of daily nutrition including consumption of pre-
and probiotics.'® In this respect, 19 of the 27 multi-strain and 21
of the 29 single-strain probiotic studies had a priori low chance of
finding significant effects; however, to our knowledge only a few
were based on a power calculation.

Thirdly, a probiotic study in IBS patients would preferen-
tially not use a cross-over design; such designs have almost com-
pletely been abandoned in gastrointestinal pharmacology and
elsewhere for obvious reasons. They carry the risk of unblind-
ing,"”” of cross-over effects when wash-out periods are too
short,"® and of conditioning effects in the second (placebo) phase
when the initial treatment is the probiotic."” Consequently, the
statistical evaluation should be restricted to the first treatment
phase; however, these studies are usually not powered for such
“quasi parallel design.” Only 4 of the single-strain studies and
none of the others installed a cross-over design.

Furthermore, inclusion and exclusion criteria should closely
follow the EMA and FDA guidelines for clinical trials in
IBS,"*'" including the definition of minimal severity for in-
clusion, global primary endpoints, and adequate secondary end-
points (pain, bloating, and a clinically meaningful responder defi-
nition). It should incorporate at least 8 weeks of treatment, an ad-
equate follow-up interval and restriction to one of the different
IBS subtypes. Documentation of nutritional habits as well as stool
and pain diaries should be mandatory.

Finally, either a single-strain probiotic should be tested

against placebo, or 2 different probiotics in a comparative effec-

Probiotics in IBS

tiveness research design'" and the compounds chosen should be
based on the available evidence. This excludes multi-strain pro-
biotics, dairy products that require maintenance of the cooling
chain and probiotics which have not been able to demonstrate su-
periority over placebo despite frequent trials, as documented in
our list above. Comparative effectiveness research trials need
larger samples (for demonstration of non-inferiority and the
choice of the comparator is essential.'"® A 3-arm trial (such as
O’Mahony et al'™*) testing 2 different probiotics against placebo is
certainly an elegant alternative. Comparing probiotic treatment to
other dietary or non-dietary therapies (prebiotics™ and simethi-
cone”’) or adding probiotics to other treatments (acupuncture™)
may help in recruiting patients but does not support the search for
evidence.

We are aware of the limitations of our own analysis. While we
included as many published trials as possible into this systematic
review, we excluded trials reported as abstracts only and those not
published in English. For a meta-analysis of overall efficacy, this
may create a publication bias: however, for a critical review of
methodological flaws this may not be as relevant since detailed
data needed for critical analyses is usually not included into con-
gress abstracts. We also ignored differences in primary endpoints
(and their statistical characteristics, continuous or binary) re-
ported in these studies and referred to reported overall efficacy
data as “true” —assuming that the authors have reported the best
evidence they could gain from their own data, irrespective of what
the initial evaluation plan was. Otherwise, the overall evidence
may have been even poorer. Finally, since most of the mul-
ti-strain preparations were nutritional supplements from different
suppliers worldwide, the same product may have been available in
different countries under different brand names with different la-
belling and approved for different indications due to differences
in national regulations for approval of nutritional supplements.
We were not able to resolve this issue.

When evaluating the efficacy of the FODMARP diet in IBS
on behalf of the Rome Foundation, Yao et al''® thoroughly dis-
cussed the methodological difficulties of dietary trials, with an
emphasis on functional bowel disorders. Most importantly, diet-
ary intervention trials need to address the collinearity between
food, nutrients, and bioactive components which could obscure
the relationship between food and their effects in the gut. The au-
thors provided recommendations for such trials, ranging from as-
sessment and documentation of baseline nutrients intake, via ad-
equate masking of study food, to the design of adequate sham

controls; however, the authors insist that for food trials, the
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randomized, double-blind and placebo-controlled study remain

as the gold standard.

In summary we conclude, that the heterogeneity of the stud-

ies of probiotics in IBS questions the value of meta-analyses. The

use of different bacterial strains and different mixtures of these

strains, as well as different dosages, are the main contributors to

this heterogeneity. Current data provides limited evidence for the

efficacy of a small number of single-strain probiotics in IBS

(mostly bifidobacteria) and sound studies following strict trial
guidelines (FDA and EMA guidelines for clinical trials) are
needed.
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