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The Rationale and Clinical Effectiveness of Probiotics in
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Abstract: The pathophysiology of irritable bowel syndrome (IBS) is
still unknown. However, several lines of epidemiological, physiological, and clinical data suggest a role for intestinal bacteria in the
pathogenesis of the disorder. Recent microbiology studies demonstrated diﬀerences in the composition of the intestinal microbiota
between patients with IBS and healthy individuals. In addition,
physiological studies have shown that manipulation of the
intestinal microbiota by antibiotics, prebiotics, or probiotics can
aﬀect intestinal functions (eg, motility and sensation) relevant in
the pathogenesis of IBS. Several randomized control trials
comparing the eﬀects of probiotics versus placebo in IBS have
been published. Despite considerable diﬀerences in study design,
dosing regimens, probiotic species used, and reported clinical end
points, the current data indicate improving IBS symptoms and
reducing the risk of persistent IBS symptoms. The data on the use
of probiotics in children with IBS is more limited but is also
suggestive for beneﬁcial eﬀects. The inconsistencies between the
studies underline the need to look at each probiotic product
separately for speciﬁc conditions, symptoms, and patient populations. This review article discusses the rationale for targeting the
intestinal microbiota in patient with IBS and provides an overview
and a critical evaluation of the currently available clinical data on
the use of probiotics in the treatment of patients with IBS.
Key Words: probiotics, irritable bowel syndrome (IBS), intestinal
microbiota
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THE RATIONALE FOR TARGETING THE
INTESTINAL MICROBIOTA IN IBS
The adult human’s intestine harbors more than 500
diﬀerent species with a large diversity of aerobic and
anaerobic bacteria. However, our knowledge of the human
intestinal microbiota is still limited as the majority of the
normal bacteria in the gut have not yet been identiﬁed.1
Evidence for the role of intestinal bacteria in the
pathogenesis of irritable bowel syndrome (IBS) comes from
epidemiological, physiological, and clinical data.2,3 Epidemiological studies have identiﬁed gastrointestinal (GI)
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infection (eg, acute gastroenteritis) as a predictor for the
development of IBS and that patients who recover from
intestinal infection may continue to have chronic GI
symptoms consistent with IBS.4 Other studies have documented the presence of small-bowel bacterial overgrowth in a
portion of IBS patients,5 and in some of these studies
treatment with antibiotics led to signiﬁcant improvement in
symptoms.6 Further support for a possible role of bacteria in
functional GI conditions comes from physiological studies of
animals and humans, which show a profound eﬀect of
alterations in the composition of the intestinal microbiota on
the intestinal physiological functions.7
The evidence for diﬀerences in the composition of the
intestinal microbiota between patients with IBS and healthy
individuals is still emerging. Earlier studies using classic
culture techniques were able to investigate only a limited
number of cultureable bacteria. However, recent studies using
new DNA-based molecular techniques investigate a broader
spectrum of bacteria in the gut and provide more detailed
information, demonstrating subtle, but statistically signiﬁcant
diﬀerences in the composition of the intestinal bacteria
between patients with IBS and healthy individuals.8,9
Despite the current limited understanding of the role
of microbiota in the pathogenesis of IBS, there is a growing
interest in the manipulation of the intestinal microbiota as a
mean of treatment of patients with this disorder. Recent
clinical data have shown that manipulation of the intestinal
microbiota by antibiotics,10 prebiotics,11 or probiotics can
aﬀect human intestinal functions, which may be directly
relevant to the pathogenesis of IBS symptoms (eg, intestinal
motility and sensation); and that some patients can
experience relief of symptoms with these interventions.

THE SCIENTIFIC BASIS FOR THE USE OF
PROBIOTICS IN IBS
The probiotic concept suggests that supplementation
of the intestinal microbiota with the right types and
numbers of live microorganisms can improve the microbiota characteristics and promote health.12 Probiotic
products are available in diﬀerent preparations, including
fermented milk drinks, yogurts, food products (snacks,
chocolate, etc.), capsules, pills, and powders. The number,
variability, and availability of these products are increasing
as new products are constantly being developed and
marketed with various beneﬁcial health claims. In theory,
certain probiotics (at the right dose and in the right
formulation) can help restore the proper balance of the
intestinal microbiota, lead to better digestive and intestinal
function, and possibly improve GI symptoms.
Several randomized control trials comparing the eﬀects
of probiotics versus placebo in IBS have been published.
Comparing and summarizing these studies is diﬃcult due to
considerable diﬀerences in study design, dosing regimens,
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TABLE 1. Important Randomized Controlled Trials Investigating Probiotics Vs. Placebo in IBS

No. of
Patients

Intervention
Duration

50

6 wk

No beneﬁt over placebo

104

4 wk

141
25

8 wk
8 wk

2. Kim et al29

48

4/8 wk

3.*Guandalini et al25

59

6 wk

B. infantis 35624

1. O’Mahony et al18

77

8 wk

B. infantis 35624

2. Whorwell et al19

362

4 wk

Nobaek et al30
Niedzielin et al31
Niv et al32
Guyonnet et al33

60
40
54
274

4 wk
4 wk
6 mo
6 wk

55

8 wk

Reduction in abdominal pain
in IBS not in FAP or FD
Reduction in abdominal pain
Reduction in bloating or
symptoms
No signiﬁcant change in gut
transit
Signiﬁcant reduction in
ﬂatulence and slower
transit
Improvement of IBS
symptoms
Reduction in abdominal pain,
bloating, bowel
satisfaction, and composite
score
Improvement in IBS
symptoms and IBS global
assessment score for 1 108
Reduction in ﬂatulence
Resolution of pain
No beneﬁt over placebo
No beneﬁt over placebo.
Subanalysis (n = 19)
increase in stools frequency
Reduction in number of BM
per day

1. Andriulli et al35

135

12 wk

No beneﬁt of synbiotic over
prebiotic. Signiﬁcant
reduction in BM, pain, IBS
Score in D-IBS (n = 47)

1. Kajanda et al20

103

6 mo

21

86

5 mo

Reduction in total symptom
scores in intervention
Reduction in GSS

B/C

40

2 wk

Reduction in abdominal pain

C

1. DrouaultHolowacz et al37

100

4 wk

No beneﬁt over placebo.
Some beneﬁt in subgroup
analysis

C

1. Enck et al38
2. Enck et al39
1. Williams et al40

297

8 wk

C

52

8 wk

Reduction in GSS by 50%
Reanalysis of previous data
Signiﬁcant reduction in
Symptom severity score

1. Simrén et al41

74

8 wk

No beneﬁt over placebo

1. Ringel-Kulka
et al42

60

8 wk

Signiﬁcant reduction in
bloating

Probiotic Intervention
Single probiotics
LGG

No. of Studies

Ref

1.*Bausserman and
Michail22
2.*Gawronska et al23
24

VSL#3

L.
L.
L.
B.

Plantarum (DSM 9843)
Plantarym 299V
reuteri ATCC 55730
animalis DN 173010

Bacillus coagulans GBI-30, 6086
Synbiotic
Lactobacillus paracasei B21060
with prebiotics vs. prebiotics
Mixed probiotics
LGG, L. rhamnosus LC705,
B. breve Bb99
Propionibacterium freudenreichii
spp shermanii JS
L. acidophilus SDC 2012 and
2013
B. longum LA 101, Lb.
acidophilus LA 102, L. lactis
LA 103 and S. thermophilus
LA 104
E. coli (DSM 17252) and En.
faecalis (DSM 16440)
Lactobacillus acidophilus
CUL60 (NCIMB 30157) and
CUL21 (NCIMB 30156),
Biﬁdobacterium lactis CUL34
(NCIMB 30172)
L. paracasei, ssp. paracasei F19,
L. acidophilus La5 and
B. lactis Bb12
L. acidophilus NCFM and
B. lactis Bi-07

3.*Francavilla et al
1. Kim et al28

1.
1.
1.
1.

1. Dolin34

2. Kajanda et al
1. Sinn et al36

Study Outcome

Recommendationw/z

B/C (in
children)

C
C (in
children)
B/C

C
C
C
C
C

C

C

*Study done in children.
wRecommendation is based on: A = strong, positive, well-conducted, controlled studies in the primary literature, not abstract form; B = some positive,
controlled studies but presence of some negative studies or inadequate amount of work to establish the certainty; C = some positive studies but clearly
inadequate amount of work to establish the certainty of “A” or “B.”
zRecommendations relate to the speciﬁc strains that were tested and reported to be eﬀective.
B indicates Biﬁdobacretium; BM, bowel movements; E, Escherichia; En, Enterococcus; FAP, functional abdominal pain; FD, functional dyspepsia; GSS,
global symptom score; IBS, irritable bowel syndrome; L, Lactobacillus.
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probiotic species used, and reported clinical end points.
Despite these limitations, few recent systematic reviews and
meta-analyses concluded that probiotics appear to be
eﬀective, to varying extent, in patients with IBS.13–17 It
should be noted, however, that less than half of the published
studies satisfied the selection criteria for inclusion in these
meta-analyses and systematic reviews (McFarland n = 12;
Hoveyda n = 14; Moayyedi n = 18). Additional analyses of
the data have indicated significant heterogeneity among
studies (I2 = 68%; >25% indicate high levels of heterogeneity), possible publication bias, and small studies effects.13
In addition, some of the studies included in recent reviews
suffer from suboptimal study design with regard to
inadequate blinding, trial length, sample size, and clear
acceptable end points.14 Nevertheless, taken together these
meta-analyses have found that probiotics are better than
placebo with regard to improving IBS symptoms [odds ratio
1.63 (95% CI, 1.23-2.17); P = 0.001]15 and reducing the risk
of persistent IBS symptoms with a risk reduction of 0.77
(95% CI, 0.62-0.94; P<0.001)16 and 0.72 (95% CI, 0.57-0.88;
P = 0.002), and a number needed to treat of 4.13 However, as
grouping all studies together for systematic reviews and metaanalyses may dilute the effect of a specific intervention, it is
important to also evaluate each study separately. Careful
review of the individual studies reveal that most of the
reported studies were relatively small, of short duration, and
used various primary end points, often not clinically
applicable. Many of the studies found improvement in
primary end points compared with baseline, but few were
able to demonstrate significant improvement over placebo.
Overall, the quality of evidence based on the quality of
studies, number of studies, consistency of results among
studies, and clinical applicability of study end points is low
for most of the investigated probiotics. However, 2 probiotic
interventions seem to have better data in IBS. Bifidobacterium
infantis 35624 was studied in 2 well-designed clinical
trials.18,19 The first study compared B. infantis 35624 or
Lactobacillus salivarius UCC4331 versus placebo in 77
patients with IBS and found significant reduction in pain,
bloating, bowel movement difficulty, and composite score
(study primary end points) in the group receiving B. infantis
35624 (P<0.05) compared with placebo.18 A larger followup multicenter trial further supported these findings by
demonstrating significant improvement in pain (the study
primary end point) at 4 weeks in B. infantis 35624 (108) group
versus placebo group (1.73 vs. 1.48 respectively, P<0.03).
There was also improvement in global relief of IBS symptoms
in B. infantis 35,624 (108) group versus placebo group (62.3
vs. 42.0 respectively, P<0.02) and in other individual IBS
symptoms.19 The multispecies probiotic containing L.
rhamnosus GG (LGG), L. rhamnosus LC705, B. breve
Bb99, and Propionibacterium freudenreichii spp shermanii
JS has also been tested in 2 clinical trials.20,21 Both studies
have shown a significant reduction in IBS total symptom
(abdominal pain, distension, flatulence, borborygmi) score
over placebo (42% vs. 6% respectively, P = 0.01520; and
37% vs. 9% respectively, P = 0.0121).
Only few studies examined the eﬀect of probiotics in
children with IBS. LGG was studied in 3 randomized
clinical trials.22–24 Two of the 3 studies showed significant
benefit of LGG over placebo.23,24 A study of 6 to 16 year
olds with IBS, functional abdominal pain, and functional
dyspepsia found that only in the IBS group children
receiving LGG had greater likelihood of treatment success
(no pain) than those receiving placebo (33% vs. 5%; RB
r
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6.3; 95% CI, 1.2-38; P = 0.04) and the number needed to
treat 4 (95% CI, 2-36), as well as reduced frequency of pain
(P = 0.02).23 A second study with LGG of 5 to 14 year olds
with IBS and functional abdominal pain, showed that the
LGG group compared with placebo had lower frequency
(1.6 vs. 3.2 respectively; P<0.01) and severity (2.5 vs. 3.6
respectively, P<0.01) of abdominal pain.24 Another
clinical trial using VSL#3 in children 4 to 15 years with
IBS showed a significantly higher magnitude of improvement in relief of IBS symptoms (primary end point) in the
VSL#3 group compared with placebo (P<0.05).25

REGULATORY PERSPECTIVE
The regulatory authorities (eg, Food and Drug
Administration) regard probiotics as dietary supplements
that are not intended to diagnose, treat, cure, or mitigate
the eﬀects of diseases and recommend that consumers will
consult with a health care professional before using these
products. However, the ability of health care providers to
provide knowledgeable evidence-based advice with regard
to the appropriate use of probiotics is limited due to the
lack of high-quality data on commercially available
probiotic products. Indeed, most of the probiotic products
currently available on the market have not been adequately
tested for their eﬀectiveness in IBS in acceptably designed
clinical trials. Furthermore, despite the Food and Drug
Administration recommendation, <30% of probiotics
consumers do so with the advice of a health care provider.26

CONCLUSIONS AND CLINICAL IMPLICATIONS
OF CURRENT DATA
The data emerging from epidemiological, physiological, and clinical trials provide the rationale for the use of
probiotics in the treatment of IBS. However, the currently
available data, from well-designed randomized controlled
clinical trials in patients with IBS, is still limited and is not
suﬃcient to support a general recommendation for the use
of probiotics in general or a speciﬁc probiotic bacteria/
product in adults or in children27 with IBS. Further
research is needed to help identify the targeted patients
and symptoms, the most eﬀective probiotic species and
strains, and the preferred regimen of intervention. Nevertheless, in view of the paucity of available treatments for
IBS and their limited eﬃcacy, the overall safety of
probiotics lowers the bar for trying probiotic products in
patients with IBS and possibly other functional GI
disorders. Although probiotics should not be used as a
single therapy, they may be worth trying in symptomatic
patients in combination with current conventional treatments. When choosing a product for such patients, it is
recommended that providers and patients look for products
that were speciﬁcally tested in IBS. Table 1 summarizes the
probiotic bacteria tested compared with placebo in recent
randomized control trials in patients with IBS.
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