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Abstract

Background: Probiotics are often taken by individuals with irritable bowel
syndrome (IBS). Which products are effective is unclear, despite an increas-
ing research base. This project will systematically review which strain- and
dose- specific probiotics can be recommended to adults with IBS to
improve symptoms and quality of life (QoL). It is part of a broader system-
atic review to update British Dietetic Association guidelines for the dietary
management of IBS in adults.
Methods: CINAHL, Cochrane, Embase, Medline, Scopus and Web of
Science were searched for systematic reviews (SRs) of randomised controlled
trial (RCT)s recruiting adults with IBS comparing probiotic intervention with
placebo. AMSTAR, risk of bias and diet bias tools were used to appraise
methodological quality. Symptom and QoL data were appraised to develop
probiotic-specific evidence statements on clinically meaningful and marginal
outcomes in various settings, graded clinical practice recommendations and
practical considerations.
Results: Nine systematic reviews and 35 RCTs were included (3406 partici-
pants) using 29 dose-specific probiotic formulations. None of the RCTs
were at low risk of bias. Twelve out of 29 probiotics (41%) showed no
symptom or QoL benefits. Evidence indicated that no strain or dose specific
probiotic was consistently effective to improve any IBS symptoms or QoL.
Two general clinical practice recommendations were made.
Conclusions: Symptom outcomes for dose-specific probiotics were hetero-
geneous. Specific probiotic recommendations for IBS management in adults
were not possible at this time. More data from high-quality RCTs treating
specific symptom profiles are needed to support probiotic therapy in the
management of IBS.

Introduction

Irritable bowel syndrome (IBS) is a chronic functional
gastrointestinal disorder, affecting 11% of the general

population (1). The Rome III diagnostic criteria for IBS
are internationally recognised (2) and subtypes include
IBS with constipation (IBS-C), IBS with diarrhoea (IBS-
D), mixed type (IBS-M) and unclassified (IBS-U) (3).
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Medication, diet and lifestyle are the main treatment
options for IBS, with numerous single and multi-strain
probiotics being widely used. Individuals with IBS regu-
larly ask healthcare professionals about which probiotic
to use (4).
Probiotics are live microorganisms that, when adminis-

tered in adequate amounts, confer a health benefit to the
host (5). Furthermore, in IBS treatment, it is recommended
that a probiotic should have its strains defined and have
proof of delivery of viable strain(s) at an efficacious dose at
the end of shelf-life established and, if it is a drug, then the
benefit has to outweigh risk for its use (6).
This systematic review is complementary to the second

British Dietetic Association (BDA) Guidelines on the diet-
ary management of IBS (7). The original guidelines
reviewed five randomised controlled trials (RCTs) relating
to only UK available probiotics (8), which limited interna-
tional applicability; thus, a wider search criteria was war-
ranted. There is increasing recognition that measurement
of quality of life (QoL) in RCTs is important, considering
the debilitating burden that IBS places on individuals,
with associated high healthcare and socio-economic
costs (9,10).
Diet affects gastrointestinal physiology, in particular in

relation to functional symptoms (11,12) and the gastroin-
testinal microbiota (13). Therefore, it is important to eval-
uate diet as a potential source of bias in IBS RCTs.
Several dietary aspects should be considered. Few RCTs
measure background dietary intake at baseline or end-
point. Furthermore, a placebo may contain confounding
ingredients that are known dietary triggers in IBS (e.g.
lactose, wheat) (14). Tolerance to placebo and probiotic in
terms of appearance, smell, taste and the ability to
swallow (e.g. capsules/tablets) should be considered in
relation to drop-out rate, especially in long-term studies.
Adherence rates in dietary studies are important and
should be defined at the outset and monitored through-
out (15).
There is an increasing research base, with over 60 RCTs

assessing IBS symptom and QoL benefits of probiotics
compared to placebo. The aim of this systematic review
of reviews and evidence-based practice guidelines was to
investigate which strain- and dose-specific probiotics can
be recommended to adults with IBS to improve global
and/or individual symptoms and/or QoL using an inte-
grated quality assessment process with an added focus on
dietary bias.

Methods

Study selection
A systematic review of systematic reviews using previously
described methodology (16) was performed to identify

suitable RCTs. In brief, Population, Interventions, Com-
parisons, Outcome measures and Types of study (PICOT)
included systematic reviews that had systematically
appraised RCTs of at least one probiotic versus placebo
in adults with IBS assessing symptom and/or QoL out-
comes were included. Eligibility criteria using PICOT is
detailed in the Supporting information (Table S1).

Literature search sources and review selection

Six electronic databases (CINAHL, Cochrane, Embase,
Medline, Scopus, Web of Science) from January 1985 to
October 2015 were searched to identify suitable papers
using IBS and probiotic search terms (see Supporting
information, Table S2). Relevant meta-analyses and
guidelines were cross-checked for further systematic
reviews. Three reviewers (PG, YAM, JT) independently
assessed each paper and followed the methodology below.
Any differences in assessment were agreed through con-
sensus. The search results were screened for further
papers for inclusion. Where it was unclear from the title
and abstract whether a study was eligible, the full paper
was retrieved. Only full papers limited to the English lan-
guage were included. The RCT critical appraisal method-
ology is described elsewhere (7). RCTs were excluded if
they allowed medication that could influence gastroin-
testinal symptoms or motility other than low usage of
rescue IBS medication (e.g. once a week).

Data extraction

Clinical outcome assessment for probiotic versus placebo
at baseline and intervention endpoint and, where applica-
ble, follow-up endpoint, were extracted from each RCT.
Outcomes of interest included global symptoms, abdomi-
nal pain/discomfort, bloating/distension, flatulence and
QoL, collected as intention-to-treat wherever possible.
For the subtypes IBS-D and IBS-C, data were also col-
lected on stool consistency, stool frequency, incomplete
evacuation, straining, bowel habit satisfaction, time of
bowel movement and colonic transit time. Statistically
significant outcomes for comparisons between interven-
tion and placebo at endpoint (P < 0.05) were assessed for
clinical relevance. Effect size was recorded or calculated
wherever possible as the numbers needed to treat (NNT)
or the numbers need to harm (NNH) or estimate of
change. Symptom outcomes were patient-reported in
preference to physician-reported, defined as dichotomous
(percentage of responders with satisfactory/adequate/con-
siderable relief of symptoms, often referred to as the glo-
bal symptom question) or continuous [severity or
frequency of symptoms, using a clearly defined Likert or
visual analogue scale (VAS) scoring system]. Multiple
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probiotic treatments within one RCT with a common
control group were analysed separately.
Currently, no validated and widely accepted outcome

measures for assessing clinical endpoints in IBS are avail-
able. Food and Drug Administration (FDA) (17) recom-
mendations on endpoint outcomes for medicinal products
in the treatment of IBS were used to separate clinically
meaningful benefit (improvement of at least 30% from
baseline) from marginal benefit (see Supporting informa-
tion, Table S3). A decrease of at least 95 points (18) in the
IBS symptom severity system (IBS-SSS) tool (19) was used
because this change is used in many IBS pharmaceutical
RCTs and is accepted by the Rome Committee. For IBS-
QoL, a decrease of at least 10 points was used (20). Data on
clinical setting and adverse events were collected and only
serious effects were reported to appraise probiotic safety.
Data on dietary factors (protocol and reported data) were
also collected relating to the probiotic and placebo prod-
ucts to assess dietary bias: ingredients and quantities con-
sumed per day, reported tolerance, adherence rate set and
reported adherence, as well as any dietary intake assess-
ments before and after the intervention (Table 1).

Quality and validity

The AMSTAR tool was used to assess the quality of the
systematic reviews (21). To assess the validity of included
RCTs, the Cochrane Risk of Bias tool was used (22) and
modified to include a specific domain relating to diet
adapted from previous research (23), which took into
account dietary factors recommended for clinical trial
design (15). Six diet-related bias criteria were appropriate
to probiotic RCTs and are presented in Table 1.

Data synthesis

The Australian Government National Health and Medical
Research Council (NHMRC) methodology was used to
develop two evidence statement matrices (single and
multiple strains) to judge the evidence across studies
and their consistency, generalisability and applicability to
develop evidence statements and graded clinical recommen-
dations (24). Practical considerations were also developed.

Results

Nine systematic reviews met the inclusion criteria (25–33) and
were appraised (see Supporting information, Tables S4
and S5); six reviewed probiotic treatment for IBS (25–28,30,32)

and one for lower gastrointestinal symptoms (29), one
reviewed probiotics, prebiotics and synbiotics in IBS (33) and
another in IBS and chronic constipation (31). A total of 69
RCTs were identified from the systematic reviews and 35

met the inclusion criteria (Fig. 1). Reasons for excluded sys-
tematic reviews and RCTs are provided in the Supporting
information (Tables S6 and S7).

Quality of included randomised controlled trials

Risk of bias across RCTs was variable (Table 2) (7). Ran-
dom sequence generation carried a low risk of bias in 15
studies (36,38,39,41,45–48,52,55,57,58,62,63,68) and was high in two
(64,66). Eighteen RCTs provided inadequate information to
make clear judgment. Allocation concealment was low in
17 RCTs (34,36,38,39,41,46–48,52,55,57,58,63–66,68), high in one (45)

and unclear in the remaining RCTs. All RCTs stated that
they were double-blind and therefore scored well for blind-
ing of participants and researchers, although details were
lacking. There was a low risk of bias for blinding of out-
come assessment, with no RCT considered to have a high
risk of bias and nine RCTs lacked clarity (37,42–

44,51,54,56,58,68). Incomplete outcome data, which includes
an attrition bias if the drop-out rate is >20%, had a high
risk of bias in five RCTs (36,43,52,53,56) and a low risk in the

Table 1 Dietary bias criteria

Risk assessment criteria

Appropriate probiotic/

placebo formulation

Did the product contain only ingredients

other than the probiotic strain/placebo that

would be unlikely to alter gut motilityFor a

product in capsule or powder form, did the

product contain a desiccant that would be

unlikely to alter gut motilityFor a product as

a caplet/tablet were ingredient(s) that made

it hard/robust described to ensure it would

be unlikely to alter gut motilityIf the

product contained more than 12 g day–1

lactose was lactose intolerance a study

exclusion criteria

Probiotic/placebo

tolerance

Tolerance reported for appearance, smell and

taste of the product

Probiotic/placebo

adherence rate

Adherence rate of at least 80% was set

Adherence to

probiotic/placebo

Adherence rate was reported with any

deviation from set rate explained

Dietary intake Dietary intake at baseline/end-point of

intervention/follow-up was reported (24-h

recall, food frequency questionnaire or diet

diary) for probiotic and placebo groups to

show no difference between the groups

and therefore be unlikely to alter gut

motility. Relevant measurements include

mean BMI and mean intake of energy, total

carbohydrates, dietary fibre, alcohol,

FODMAPs (fructans, GOS, polyols, excess

fructose, lactose)

BMI, body mass index; FODMAPs, fermentable oligosaccharides, disac-

charides, monosaccharides and polyols; GOS, galacto-oligosaccharides.
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remaining RCTs. Selective reporting had a low risk of bias
in 20 RCTs, being unclear in one (61) with the remaining
RCTs considered to be high (36–39,41,43–46,50,52,54,55,62). Other
bias included the reported sample size calculation and
medication use, which had a low risk of bias in four RCTs
(47,51,65,68) and was unclear in five RCTs (41,54,62,63,66) and
high in the remaining RCTs.
Only one RCT had a low risk of diet-related bias (64) and

one had a high risk of diet-related bias as a result of an
inappropriate ingredient (skimmed milk powder, lactose
intolerance not excluded) for their study population (55)

(Table 2). Appropriate probiotic formulations were reported
in 77% (27/35) of the RCTs (35–38,41,45–53,55–62,64–68), whereas
only 43% (15/35) gave adequate detail to judge the
placebo as suitable (38,45,46,48,50–53,56,61,64–68). Only one RCT
measured patient-reported tolerance (91.7% product
versus 83.3% placebo) (41) and 11 reported acceptable tol-
erance without any measurement or adequate details
(37,39,44,46–49,58,64,66,67). Six (17%) RCTs set an adherence
rate at 80% (36,47,58,61,64,66), which was adhered to, except
for two RCTs that did not provide these data (36,61). A fur-
ther six RCTs did not set a rate but reported successful pro-
biotic adherence (43,44,51,55,59,60). Only one RCT measured
dietary intakes before and after intervention, although these
data were not presented (64).

Probiotic randomised controlled trial demographics

The RCTs included 3406 adults with IBS and the studies
were undertaken in Denmark, France, Germany, Holland,
India, Iran, Ireland, Israel, Poland, South Africa, South

Korea, Spain, Sweden, UK and the USA. All studies were
parallel in design, except one cross-over study (34).
Single-strain formulations were taken by 1539 partici-

pants (45% of total participants) in 19 different single-
strain doses from 16 RCTs (34–49). Multi-strain probiotics
were taken by 1867 participants in 20 different multi-
strain doses/formulations from 19 RCTs (50–68).
Twelve RCTs (1831 participants) were in the primary

care/community setting (38,39,41,42,44,49,51–54,63,67), 17 RCTs
(1061 participants) were in the secondary care/hospital
setting (34,36,43,46–48,50,55–62,64,68), three RCTs were in pri-
mary and secondary care (327 participants) (45,65,66) and
the setting was not reported in three RCTs (187 partici-
pants) (35,37,40). The details of the probiotic strains, doses
and formulations are provided in Table 2.

Outcomes

Twenty-nine probiotics from 35 RCTs improved at least
one outcome that had been measured (Table 3; see also
the Supporting information, Tables S8–S14). No evidence
was found to suggest that improved outcomes were pre-
sent with an increasing number of probiotic strains.

Global symptoms
Twenty-nine RCTs assessed global symptoms, whereas the
remaining six did not (34,36,37,40,46,47). Fourteen RCTs
showed statistically significant improvements for adequate
symptom relief (38,39,42,54,57,58,68), a VAS (45,49,50,55,56) or
the IBS-SSS (65,67). Ten probiotics demonstrated a clini-
cally meaningful improvement in primary care

Figure 1 Flow of systematic review papers retrieved, published between 2008 and 2015, to identify eligible RCTs.
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(38,39,42,54,65,67), secondary care (55,57,58,68) or both (65).
These improvements were with Lactobacillus plantarum
299v (DSM 9843) at a dose of 1 9 109 (38) and 2 9 1010
(42), Streptococcus faecium (39), a four-strain probiotic:
Bifidobacterium animalis subsp. actisBB-12, L. acidophilus

LA-5, L. delbrueckii subsp. bulgaricus LBY-27 and S. ther-
mophilus STY-31 (57) and a six-strain probiotic:
B. longum, B. bifidum, B. lactis, L. acidophilus, L. rhamno-
sus and Streptococcus thermophilus (68) all at 4 weeks, a
two-strain probiotic: Enterococcus faecalis (DSM 16440)

Table 2 Risk of bias and quality assessment for 35 included randomised controlled trials

Reference
RCT risk of bias(22) Dietary risk of bias
Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13

Agrawal 2009 (50) ? ? + + + - - + + ? ? ? ?
Begtrup 2013(53) ? ? + + - + - + + ? ? ? ?
Charbonneau 2013 (35) ? ? + + + + - + ? ? ? + ?
Choi 2011 (36) + + + + - - - + ? ? + ? ?
Dolin 2009(37) ? ? + ? + - - + ? + ? ? ?
Ducrotte 2012(38) + + + + + - - + + ? ? ? ?
Enck 2008(54) ? ? + ? + - ? ? ? ? ? ? ?
Gade & Thorn 1989(39) + + + + + - - ? ? + ? ? ?
Guyonnet 2007(51) ? ? + ? + + + + + ? ? + ?
Hong 2009(55) + + + + + + - + - ? ? + ?
Hong 2011(56) ? ? + ? - + - + + ? ? ? ?
Hun 2009(40) ? ? + + + - - ? ? ? ? ? ?
Jafari 2014(57) + + + + + + - + ? ? ? ? ?
Ki Cha 2012 (58) + + + ? + + - + ? + + + ?
Kim 2003(59) ? ? + + + + - + ? ? ? + ?
Kim 2005(60) ? ? + + + + - + ? ? ? + ?
Ko 2013(61) ? ? + + + ? - + + ? + ? ?
Kruis 2012(41) + + + + + - ? + ? + ? + ?
Lorenzo-Zúñiga 2014(62) + ? + + + - ? + ? ? ? ? ?
Ludidi 2014(63) + + + + + + ? ? ? ? ? ? ?
Neidzielin 2001(42) ? ? + ? + + - ? ? ? ? ? ?
Niv 2005(43) ? ? + ? - - - ? ? ? ? + ?
Nobaek 2000(44) ? ? + ? + - - ? ? + ? + ?
O’Mahony 2005 (45) + - + + + - - + + ? ? ? ?
O'Sullivan 2000(34) ? + + + + + - ? ? ? ? ? ?
Pineton de Chambrun 2015(46) + + + + + - - + + + ? + ?
Roberts 2013(52) + + + + - - - + + ? ? ? ?
Simren 2010(64) * - + + + + + - + + + + + +
Sinn 2008(47) + + + + + + + + ? + + + ?
Sisson 2014(65) ? + + + + + + + + ? ? + ?
Sondergaard 2011(66) - + + + + + ? + + + + + ?
Stevenson 2014(48) + + + + + + - + + + ? + ?
Whorwell 2006(49) ? ? + + + + - + ? + ? ? ?
Williams 2009(67) ? ? + + + + - + + + ? + ?
Yoon 2014(68) + + + ? + + + + + ? ? + ?

1, Random sequence generation; 2, Allocation concealment; 3, Blinding of participants and personnel; 4, Blinding of outcome assessment; 5,

incomplete outcome data; 6, selective reporting; 7, other bias; 8, Probiotic formulation suitable; 9, Placebo suitable; 10, Well tolerated; 11,

Adherence rate set; 12, Probiotic adherence; 13, Dietary intake.

Risk of bias: , low; , unclear; , high.

*Dietary intake assessed but results not reported. RCT, randomised controlled trial.
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and Escherichia coli (DSM 17252) (54) and a four-strain
probiotic: B. bifidum BGN4, B. lactis AD011; L. aci-
dophilus AD031 and L. casei IBS041 (67) at 8 weeks and a
four-strain probiotic: L. rhamnosus NCIMB 30174,
L. plantarum NCIMB 30173, L. acidophilus NCIMB 30175

and Enterococcus faecium NCIMB 30176 at 12 weeks (65).
In IBS-D, global symptom improvement was seen with a
seven-strain probiotic: L. acidophilus, L. plantarum,
L. rhamnosus, B. breve, B. lactis, B. longum and S. ther-
mophilus (58) and a four-strain probiotic: B. bifidum

Table 3 Outcomes for included probiotic randomised controlled trials
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B. infantis 35624 (1x109)
capsule

Charbonneau 2013 (35) IBS
Rome

Ireland 
setting: unclear

76 39 37 ! 2w 8w 2w NS

B. infantis 35624 (1x1010)
malted milk 

O’Mahony 2005 (45) IBS
Rome II 

Ireland 
primary/secondary

77 25 25 ! 4w 8w 4w NS

B. infantis 35624 (1x106)
capsule

Whorwell 2006(49) IBS all F
Rome II

UK 
primary care 

362 90 90 ! 2w 4w 2w NS

B. infantis 35624 (1x108)
capsule

Whorwell 2006(49) IBS all F
Rome II

UK 
primary care 

362 90 90 ! 2w 4w 2w +IBS-
D

+IBS-
C

NS

B. infantis 35624 (1x1010)
capsule

Whorwell 2006(49) IBS all F
Rome II

UK 
primary care 

362 90 90 ! 2w 4w 2w NS

B. coagulans GB-1-30, 6068a

(2x109) capsule
Dolin 2009(37) IBS-D

Rome II 
USA 
setting: unclear

61 26 29 ! 2w 8w 0 NS

B. coagulans GB-1-30, 6068 
(8x108) capsule

Hun 2009(40) IBS-D
Rome III 

USA 
setting: unclear

50 25 25 ! 0 8w 0 NS

E. coli Nissle 1917b (2.5-
25x109, to 5-50x109) capsule

Kruis 2012(41) IBS
Rome II 

Germany 
primary care

120 60 60 ! 0 12w 0 NS

L. casei GGc (1x1010) tablet O'Sullivan 2000(34) IBS
Rome I 

Ireland
secondary care

48 24 24 ! 2w 8w 2w NS

L.plantarum 299vd (1x109)
capsule

Ducrotte 2012(38) IBS
Rome III

India 
primary care

214 108 106 ! 0 4w 0 NS

L.plantarum 299ve (2x1010)
liquid rosehip drink

Niedzielin 2001(42) IBS
Manning 

Poland 
primary care

40 20 20 ! 0 4 0 NS

L.plantarum 299vd (2x1010)
liquid rosehip drink

Nobaek  2000(44) IBS
Rome I 

Sweden 
primary care

60 25 27 ! 2w 4w 12
m

NS

L.plantarum 299v (1x1010)
capsule

Stevenson 2014(48) IBS-D and IBS-C
Rome II 

South Africa 
secondary care 

81 27 27 ! 2w 8w 2w NS

L. reuteri ATCC 55730 (1x108) Niv 2005(43) IBS Israel 54 21 18 " 1w 6m 0 NS

secondary care
S. cerevisiaeg (4x109) capsule Pineton De Chambrun 2015 

(46)
IBS
Rome III 

France 
secondary care 

179 93 86 NR 2w 8w 3w NS

Streptococcus faeciumh

(6.4x107) tablet
Gade & Thorn 1989(39) IBS

physician !
Denmark 
primary care

58 32 22 ! 0 4w 0 NS

2-straini (1.5-4.5x107) liquid Enck 2008(54) IBS
Kruis score 

Gernany 
primary care

297 149 148 ! 0 8w 0 GI

2-strainj (2.0x109) capsule Sinn 2008(47) IBS-mild
Rome II 

South Korea
secondary care

40 20 20 ! 0 4w 0 NS

3-straink (4.0x109) fermented 
milk

Hong 2011(56) IBS, Rome III South Korea
secondary care

72 37 36 ! 0 8w 0 NS

3-strainl (3.6x109) capsule Lorenzo-Zúñiga 2014(62) IBS-D
Rome III 

Spain 
secondary care

84 29 27 ! 0w 6w 0w NR

3-strainl (1.3x1010) capsule Lorenzo-Zúñiga 2014(62) IBS-D
Rome III 

Spain 
secondary care

84 28 27 ! 0w 6w 0w NR

3-strainm (5.2x 1010) capsule Begtrup 2013(53) IBS 
Rome III

Denmark 
primary care

131 67 64 " 0 6m 6m NS

3-strainn (1.25x1010 + 1.2x109)
natural yoghurt

Agrawal 2009 (50) IBS-C , all F
Rome III 

UK
secondary care

34 17 17 ! 11d 4w 0 NS

3-strainn (1.25x1010 + 1.2x109)
natural yoghurt

Guyonnet 2007(51) IBS-C
Rome II 

France 
primary care

274 135 132 ! 2w 4w 2w NS

3-strainn (1.25x1010 + 1.2x109)
natural yoghurt

Roberts 2013(52) IBS-C, M
Rome III 

UK 
primary care

179 91 88 " 0 12w 0 NR

L. salivarius (1x1010) malted 
milk

O’Mahony 2005(45) IBS
Rome II 

Ireland 
primary/secondary

77 26 25 ! 4w 8w 4w NS

S. boulardiif (4x1011) capsule Choi 2011 (36) IBS-D and IBS-M South Korea 67 34 33 " 1w 4w 0 NS

tablet Rome II secondary care
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Table 3. Continued

4-strainq (4x1010) powder Hong 2009(55) IBS-D,C,M,U
Rome III 

South Korea
secondary care

70 36 34 ! 1w 8w 0 IBS-D IBS-D NS

4-strainr (2.5x1010) capsule Williams 2009(67) IBS
Rome II 

UK 
primary care

56 28 28 ! 0 8w 2w NS

4-strains (1x1010 at 1ml/kg) 
water based suspension

Sisson 2014(65) IBS
Rome III 

UK 
Primary/secondary

186 124 62 NR 0w 12w 4w NS

6-straint (5x109) powder Ludidi 2014(63) IBS
Rome III 

Holland 
primary care

40 22 19 NR 2w 6w 2w NR

6-strainu (1x1010) capsule Yoon 2014(68) IBS
Rome III

South Korea
secondary care

49 25 24 NR 2w 4w 0 NS

7-strainv (1x1010) capsule Ko 2013(61) IBS-D
Rome III 

South Korea
secondary care 

26 14 12 ! 2w 8w 2w NS

7-strainw (1x1010) capsule Ki Cha 2012 (58) IBS-D South Korea
secondary care

50 25 25 ! 1w 8w 2w NS

8-strainx (4.5x1011) powder Kim 2003(59) IBS-D
Rome II 

USA 
secondary care

25 12 13 ! 2w 8w 0 NS

8-strainx (9x1011) powder Kim 2005(60) IBS with bloating
Rome II 

USA 
secondary care

48 24 24 ! 0 4w 2w NS

Rome II secondary care
NS4-strainp (4x109) capsule Jafari 2014(57) IBS with bloating Iran 108 54 54 ! 0w 4w 4w

3-straino (5x107) fermented 
milk

Simren 2010(64) IBS-D,C,M 
Rome II

Sweden 
secondary care

74 37 37 ! 2w 8w 8w NS

3-straino (7.5x1010) fermented 
milk

Sondergaard 2011(66) IBS
Rome II 

Denmark & Sweden 
primary/secondary 

64 32 32 ! 2w 8w 8w NS
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, benefit; , marginal benefit; , no improvement; , not measured/reported.

IBS-C significant in subtype IBS-C, IBS-D significant in subtype IBS-D, IBS-M significant in IBS-M, +IBS-C significant for IBS and subtype IBS-C, +IBS-D
significant for IBS and subtype IBS-D.

IBS, irritable bowel syndrome; IBS-C, IBS – constipation-predominant; IBS-D, IBS – diarrhoea-predominant; IBS-M, IBS involving both diarrhoea

and constipation; NS, no serious; NK, not reported; GI, gastrointestinal; QoL, quality of life; w, weeks.
aBifidobacterium coagulans GB-1-30, 6068 (GanedenBC30).
bEscherichia coli Nissle 1917 (Mutaflor).
cLactobacillus casei GG (Culturelle).
dLactobacillus plantarum 299v (DSM 9843).
eLactobacillus plantarum 299v (Proviva).
fSaccharomyces boulardii (Bioflor).
gSaccharomyces cerevisiae (Lesaffre).
hStreptococcus faecium (Paragut).
iEnterococcus faecalis (DSM 16440) with E. coli (DSM 17252) (ProSymbioflor).
jLactobacillus acidophilus-SDC 2012, 2013.
kLactobacillus sp. HY7801, B. longum HY8004, L. brevis HY7401.
lLactobacillus plantarum CECT7484 and CECT7485 Pediococcus acidilactici CECT7483.
mLactobacillus paracasei subsp. paracasei F19, L. acidophilus La5 and B. Bb1.
nBacterium lactis CNCM I-2494 (previously DN 173010), L. delbrueckii subsp. bulgaricus and Streptococcus thermophilus (Activia).
oLactobacillus paracasei subsp paracasei F19, L. acidophilus La5 and B. animalis subsp. lactis Bb12 (Cultura).
pBifidobacterium animalis subsp actis BB-12!, L. acidophilus LA-5!, L. delbrueckii subsp bulgaricus LBY-27, S. thermophilus STY-31 (Probio-Tec).
qBifidobacterium bifidum BGN4, B. lactis AD011, L. acidophilus AD031 and L. casei IBS041.
rLactobacillus acidophilus CUL60 (NCIMB 30157), L. acidophilus CUL21(NCIMB 30156), B. animalis subsp. lactis CUL34 (NCIMB 30172), B. bifium

(LAB4).
sLactobacillus rhamnosus NCIMB 30174, L. plantarum NCIMB 30173, L. acidophilus NCIMB 30175 and Enterococcus faecium NCIMB 30176

(Symprove).
tBifidobacterium lactis W52, L. casei W56, L. salivarius W57, Lactococcus lactis W58, L. acidophilus NCFM and L. rhamnosus W71.
uBifidobacterium bifidum KCTC 12 199BP, B. lactis KCTC 11 904BP, B. longum KCTC 12 200BP, L. acidophilus KCTC 11 906BP, L. rhamnosus

KCTC 12 202BP and S. thermophilus KCTC 11 870BP.
vLactobacillus acidophilus, L. plantarum, L. rhamnosus, B. breve, B. lactis, B. longum, S. thermophilus (Duolac 7S).
wLactobacillus acidophilus, L. plantarum, L. rhamnosus, B. breve, B. lactis, B. longum, S. thermophilus (Duolac 7).
xBifidobacterium longum, B. infantis, B. breve, L. acidiphilus, L. casei, L. bulgaricus, L. plantarum, Streptococcus salivarius subsp. thermophilus

(VSL#3).
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BGN4, B. lactis AD011, L. acidophilus AD031 and L. casei
IBS041 (55). In IBS-C, no probiotics provided clinically
meaningful global symptom improvement. Marginal
improvements were found with B. infantis 35624 at a
dose of 1 9 108 (49) at 4 weeks, B. infantis 35624 at a
dose of 1 9 1010 at 8 weeks (45) and a three-strain probi-
otic: L. sp. HY7801, B. longum HY8004 and L. brevis
HY7401 (56) at 8 weeks and, in subgroup analysis of IBS-
D (n = 201), B. infantis 35624 at a dose of 1 9 108 at
4 weeks (49), and IBS-C, a three-strain probiotic: B. lactis
DN73010, S. thermophilus and L. bulgaricus at 4 weeks
(50).

Abdominal pain
All RCTs except one (62) assessed abdominal pain. Thir-
teen RCTs showed improvement between the 4- and
12-week endpoints (38,40,42,46,47,49,50,54,55,57,61,65,68), four
assessed adequate relief (42,46,54,61), seven used a five-
point Likert or VAS scoring system (38,40,47,50,55,57,68),
one used the IBS-SSS (pain severity and frequency) (65)

and one used least squares mean scoring (49). Clinically
meaningful improvements in abdominal pain were
shown for eight probiotics: at 4 weeks using L. plan-
tarum 299v (DSM 9843) at a dose of 1 9 109 (38) and
2 9 1010 (42), a four-strain probiotic: B. animalis subsp.
Actis BB-12!, L. acidophilus LA-5!, L. delbrueckii
subsp. bulgaricus LBY-27 and S. thermophilus STY-31
(57), a six-strain probiotic: B. longum, B. bifidum, B. lac-
tis, L. acidophilus, L. rhamnosus and S. thermophilus (68),
at 8 weeks using and S. cerevisiae CNCM I-3856 (46)

and a two-strain probiotic: E. faecalis (DSM 16440) and
E. coli (DSM 17252) (54), and in IBS-D, using a seven-
strain probiotic: L. acidophilus, L. plantarum, L. rhamno-
sus, B. breve, B. lactis, B. longum and S. thermophilus
(61) and, in subgroup analysis, at 8 weeks using a four-
strain probiotic: B. bifidum BGN4, B. lactis AD011,
L. acidophilus AD031 and L. casei IBS041 (55). Marginal
improvements in abdominal pain were found for five
probiotics: at 4 weeks using L. acidophilus-SDC 2012,
2013 (47), B. infantis 35624 at a dose of 1 9 108 (49) at
12 weeks using a four-strain probiotic: L. rhamnosus
NCIMB 30174, L. plantarum NCIMB 30173, L. aci-
dophilus NCIMB 30175 and E. faecium NCIMB 30176
(65), in IBS-D, for pain severity at 8 weeks using Bacil-
lus coagulans GB1-30, 6068 (40), and IBS-C at 4 weeks
using a three-strain probiotic: B. lactis DN73010, S. ther-
mophilus and L. bulgaricus (50) and also B. infantis 35624
at a dose of 1 9 108 (sub-group analysis) (49).
Abdominal pain did not statistically signifi-

cantly improve using 22 dose-specific probiotics in 21
RCTs (34–36,39,41,43–45,48,49,51–53,56,58–60,63,64,66,67). One RCT
did not present these data (37).

Bloating
All RCTs except six (37,39,44,48,55,62) assessed bloating/dis-
tension. Five showed improvement in bloating
(38,40,49,57,59), all measured severity scores and one also
measured frequency (38). Two probiotics provided a clini-
cally meaningful improvement at 4 weeks: a four-strain
probiotic: B. animalis subsp. Actis BB-12!, L. acidophilus
LA-5!, L. delbrueckii subsp. bulgaricus LBY-27 and
S. thermophilus STY-31 (57) and L. plantarum 299v (DSM
9843) at a dose of 1 9 109 (38). Marginal improvements
were found for B. infantis 35624 at a dose of 1 9 108 at
4 weeks (49) and in IBS-D using an eight-strain probiotic:
B. longum, B. infantis, B. breve, L. acidiphilus, L. casei,
L. bulgaricus, L. plantarum and Streptococcus salivarius
subsp. thermophilus at 4 weeks (59) and B. coagulans GB1-
30, 6068 at 8 weeks (40). All other 27 dose-specific probi-
otics showed no improvement.

Flatulence
Nineteen RCTs used a Likert or VAS scoring system to
measure flatulence (36,40,41,43–45,49–53,55,58,60,61,63–66). A clin-
ically meaningful improvement in flatulence was shown
with L. plantarum 299v, at a dose of 2 9 1010 at 4 weeks
(44) and marginal improvement was found for B. infantis
35624 at a dose of 1 9 108 (49) and an eight-strain probi-
otic: B. longum, B. infantis, B. breve, L. acidiphilus, L. ca-
sei, L. bulgaricus, L. plantarum and S. salivarius
subsp. thermophilus, where bloating was the predominant
symptom (60) at 4 weeks. No probiotics improved flatu-
lence in any IBS subtypes. Twenty-four probiotics did not
improve flatulence (36,40,41,43,45,49–53,55,58,61,63–66). Sixteen
RCTs did not report (39,42) or measure this outcome
(34,38,45–48,54,56,57,62,65,67,68) or present these data (37).

Diarrhoea
Six RCTs measured stool consistency and urgency in IBS-
D (Bristol stool form scale 1 to 7) (37,55,58,59,61) or IBS-D
and IBS-M (36). Two further studies assessed bowel habit
satisfaction and urgency in sub-analysis (37,49) and stool
frequency in another (38).
A clinically meaningful improvement in bowel habit or

stool consistency was not shown after using any dose-
specific probiotic. Stool frequency (and incomplete evacu-
ation) substantially improved for L. plantarum 299v
(DSM 9843) at a dose of 1 9 109 (38) at 4 weeks.
Marginal improvements were found in three RCTs for
satisfaction in bowel habit using B. infantis 35624 at a
dose of 1 9 108 at 4 weeks (49), stool consistency using a
seven-strain probiotic: L. acidophilus, L. plantarum,
L. rhamnosus, B. breve, B. lactis, B. longum and S. ther-
mophilus (58) at 8 weeks and stool frequency for B. coagu-
lans GB1-30, 6068 (37) at 8 weeks.
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Constipation
Ten RCTs measured frequency of bowel movements,
reported as daily (34,36,44,46,49–52) or weekly (42,68), although
only three studies subtyped for IBS-C to determine clini-
cally relevant outcomes for constipation (49–51). These
RCTs assessed bowel habit satisfaction in sub-analysis (49),
stool consistency and frequency (51) and stool consistency,
time of bowel movement, straining during evacuation,
incomplete evacuation using a daily symptom diary and
objective measurement of gut transit time (50). No probi-
otic provided a clinically meaningful improvement in con-
stipation. Marginal improvements were shown for
B. infantis 35624 at a dose of 1 9 108 in bowel habit satis-
faction at 4 weeks (49), and for a three-strain probiotic
B. lactis DN73010, S. thermophilus and L. bulgaricus at a
dose of 1.25 9 1010 + 1.2 9 109 (50). Colonic transit time
improved from 56 h down to 12 h (21%; P = 0.026). The
same dose-specific probiotic used in two large RCTs (51,52)

did not show benefit compared to placebo.

Quality of life
Sixteen RCTs measured QoL using a validated tool (19,69–

71) for nineteen probiotic dose-specific probiotics and
strains; using the IBS-QoL tool (36,43,45,48,49,52,53,58,61,62,64),
the QoL domain in the IBS-SSS score (65–67), the Rand 36
(55) and a HRQOL tool (51).
Clinically meaningful improvements were found using

two probiotics, one with two different doses, a three-
strain probiotic: L. plantarum CECT7484 and CECT7485
and Pediococcus acidilactici CECT7483 taken at a daily
dose of 3.6 9 109 and 1 9 1010 for 6 weeks in IBS-D
patients (62), and a four-strain probiotic: B. bifidum
BGN4, B. lactis AD011; L. acidophilus AD031 and L. casei
IBS041 for 8 weeks in IBS (67). A marginal improvement
was observed using two probiotics: a seven-strain probi-
otic: L. acidophilus, L. plantarum, L. rhamnosus, B. breve,
B. lactis, B. longum and S. thermophilus for 8 weeks in
IBS-D (58) and Saccharomyces boulardii for 4 weeks in
IBS-D and IBS-M (36). No RCTs showed any improve-
ment in any QoL measures for IBS-C.
Fifteen probiotic doses in 12 RCTs showed no QoL

improvements after treatment (43,45,48,49,51–53,55,61,64–66).
Two RCTs gave inadequate data to assess QoL (41,45).

Adverse events
No RCTs reported any serious adverse events and there-
fore all included probiotic products were considered safe.
Gastrointestinal adverse events were reported in one RCT
using a two-strain probiotic: E. faecalis (DSM 16440)
with E. coli (DSM 17252) (54). Twenty-nine events (vom-
iting, heartburn or diarrhoea) in the probiotic group and
20 events (abdominal pain) in the placebo group led to

study discontinuation. Three RCTs did not report on
adverse events (52,62,63). All remaining RCTs reported no
or minor adverse events.

Long-term effects
Evidence is lacking to demonstrate longer-term sustained
symptom improvement. Follow-up duration in nine
RCTs that showed clinical or marginal symptom or QoL
improvements were no longer than 4 weeks
(45,46,49,57,58,60,61,65,67). Only one RCT showed clinical
improvement at 12 months follow-up (44). A high drop-
out rate (>20%) was found in six RCTs, one of only
4 weeks in duration (36) and the remaining five, of
6 weeks to 6 months in duration (Table 3) (43,48,52,53,65).

Evidence statements

Eighteen evidence statements were developed demonstrat-
ing clinically useful efficacy for dose-specific probiotics
(Table 4). One further evidence statement lists 12 dose-
specific probiotics found to be ineffective in IBS treat-
ment.

Recommendations for clinical practice

No strain- and dose-specific probiotic demonstrated effi-
cacy from more than two RCTs. Therefore, no specific
recommendations were made. Two general recommenda-
tions have been updated (Table 5) (7).

Practical considerations

Individuals with IBS can be advised that, despite numer-
ous probiotic RCTs, there is insufficient good evidence to
recommend any specific probiotic product and, indepen-
dent of IBS-subtype, improvement in all symptoms is
unlikely.
There are many probiotics available with different

preparations, bacterial strains and doses. Individuals with
IBS who choose to try probiotics should be aware that
some products contain ingredients that may increase IBS
symptoms [dietary fibre, fermentable oligosaccharides,
disaccharides, monosaccharides and polyols (FOD-
MAPs)]. If an individual finds a probiotic beneficial after
4 weeks, he/she can be advised that the long-term effects
of continued use are unknown.
For individuals with co-morbidities that may modulate

immune function, healthcare professionals should use
these recommendations assessing each individual on a
case by case basis.
Probiotics are often expensive, and so individuals may

wish to weigh up benefit against ongoing cost.
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Table 4 Evidence statements

Probiotics used in various healthcare settings
Bifidobacterium infantis 35624 at a dose of 1 9 108 CFU 1 capsule per day for 4 weeks marginally improved global symptoms, abdominal pain,

bloating and flatulence, bowel habit satisfaction in IBS, IBS-D and IBS-C but not QoL in primary care (49)

Bacillus coagulans GB-1-30, 6068 at a dose of 2.0 9 109 CFU 1 capsule per day for 8 weeks marginally improved bowel

frequency in IBS-D (37) but not abdominal pain or flatulence and, at a dose of 8 9 108 CFU 1 capsule per day, it marginally improved abdominal

pain and bloating but not flatulence in IBS (40) (unknown setting)

A 4-strain probiotic barley extract liquid containing Lactobacillus rhamnosus NCIMB 30174, Lactobacillus plantarum NCIMB 30173,

Lactobacillus acidophilus NCIMB 30175 and Enterococcus faecium NCIMB 30176 at a dose of 1 3 1010 CFU at 1 mL kg–1 per day for

12 weeks improved global symptoms and marginally improved pain but not bloating or QoL in IBS in primary and secondary care (65)

Primary care/GP diagnosed
Streptococcus faecium at a dose of 6.4 3 107 CFU 4 tablets twice daily for 4 weeks improved global symptoms (NNT = 2.4) in IBS but

not abdominal pain or flatulence (39)

A 2-strain probiotic Enterococcus faecalis [DSM 16440] and Escherichia coli [DSM 17252] at a dose of 3.0–9.0 3 107 CFU in 1.5 mL

(20 drops) taken at 10 drops per day for 1 week, 20 drops per day for 2 weeks and 30 drops per day for 5 weeks improved global

symptoms (NNT = 3.3) and abdominal pain (NNT = 3.6) but not bloating in IBS in primary care (54). Adverse events included vomiting,

heartburn, diarrhoea (NNH = 9)

A 4-strain probiotic containing Lactobacillus acidophilus CUL60 [NCIMB 30157], Lactobacillus acidophilus CUL21 [NCIMB 30156],

Bifidobacterium animalis subsp. lactis CUL34 [NCIMB 30172] and Bifidobacterium bifidum CUL20 at a dose of 2.5 3 1010 CFU

1 capsule per day for 8 weeks improved global symptoms and QoL but not abdominal pain or bloating in IBS in primary care (67)

Secondary care/diagnosed by a gastroenterologist
Saccharomyces boulardii at a dose of 4 9 1011 CFU 1 capsule per day for 4 weeks marginally improved QoL but not abdominal pain, bloating or

flatulence in IBS-D and IBS-M (36)

Saccharomyces cerevisiae at a dose of 4 3 109 CFU 500 mg capsule per day for 8 weeks improved abdominal pain (NNT = 6.4) but

not bloating in IBS(46)

A 2-strain probiotic Lactobacillus acidophilus-SDC 2012 and 2013 at a dose of 2 9 109 CFU 1 capsule twice daily for 4 weeks marginally

improved abdominal pain but not bloating in IBS (47)

A 3-strain probiotic containing Lactobacillus plantarum CECT7484 and CECT7485 and Pediococcus acidilactici CECT7483 at a dose of

3.6 3 109 and 1.3 3 1010 CFU 1 capsule per day for 6 weeks improved QoL but not global symptoms in IBS-D (62)

A 3-strain probiotic containing Lactobacillus sp. HY7801, Bifidobacterium longum HY8004 and Lactobacillus brevis HY7401 at a dose of

4 9 1010 CFU 150 mL fermented milk tds for 8 weeks marginally improved global symptoms (NNT = 6) but not abdominal pain or bloating in

IBS in secondary care (56)

A 4-strain probiotic Bifidobacterium animalis subsp. actisBB-12!, Lactobacillus acidophilus LA-5!, Lactobacillus delbrueckii

subsp. bulgaricus LBY-27 and Streptococcus thermophilus STY-31 at a dose of 4 3 109 CFU 1 capsule twice daily for 4 weeks

improved global symptoms, abdominal pain and bloating in IBS (57)

A 4-strain probiotic Bifidobacterium bifidum BGN4, Bifidobacterium lactis AD011, Lactobacillus acidophilus AD031 and Lactobacillus

casei IBS041 at a dose of 4 3 1010 CFU 1 sachet (powder) twice daily for 8 weeks improved global symptoms and abdominal pain

but not flatulence or QoL in IBS (55)

A 6-strain probiotic Bifidobacterium longum, Bifidobacterium bifidum, Bifidobacterium lactis, Lactobacillus acidophilus, Lactobacillus

rhamnosus and Streptococcus thermophilus at a dose of 1 3 1010 CFU 1 capsule twice daily for 4 weeks improved global

symptoms (NNT = 3.3) and abdominal pain but not bloating in IBS (68)

An 8-strain probiotic Bifidobacterium longum, Bifidobacterium infantis, Bifidobacterium breve, Lactobacillus acidophilus, Lactobacillus casei,

Lactobacillus delbrueckii subsp. bulgaricus, Lactobacillus plantarum and Streptococcus salivarius subsp. thermophilus at a dose of 9 9 1011

lyophilised bacteria at 2 sachets per day for 4 weeks marginally improved flatulence but not abdominal pain in IBS with bloating (60). At a dose of

4.5 9 1011 lyophilised bacteria at 2 sachets per day for 8 weeks, it marginally improved bloating but not global symptoms, abdominal pain or

flatulence in IBS-D (59)

Probiotics where evidence was inconsistent across RCTs
Lactobacillus plantarum 299v (DSM 9843) at a dose of 1 3 109 CFU 1 capsule per day for 4 weeks substantially improved global symptoms,

abdominal pain and bloating, and marginally reduced high stool frequency in IBS in primary care (38). At a dose of 1 9 1010 CFU 1 capsule per day

for 8 weeks in secondary care, there was no benefit on global symptoms, abdominal pain or QoL in IBS-C and IBS-D (48). At a dose of 2 9 1010 CFU

400 mL per day rosehip drink for 4 weeks, global symptoms and abdominal pain substantially improved (5% oatmeal) in one study (42) and flatulence

substantially improved in another (44)

Bifidobacterium infantis 35624 at a dose of 1 9 1010 CFU in malted milk for 8 weeks marginally improved global symptoms but not abdominal

pain, bloating or quality of life in IBS (lactose intolerance excluded) in primary and secondary care (45). Evidence was lacking for B. infantis 35264

at a dose of 1 9 1010 CFU 1 capsule per day for 4 weeks in primary care (49)

A 3-strain probiotic Bifidobacterium lactis CNCM I-2494, with Streptococcus thermophilus and Lactobacillus bulgaricus (2 starters) at a dose of 1.25 9 1010 +
1.2 9 109 CFU in two 125 g pots per day (natural yoghurt; unflavoured) for 4 weeks marginally improved IBS-C (NNT = 13), abdominal pain and bowel

frequency in secondary care (50) but it did not improve IBS-C or IBS-M at 4 weeks (52) or 6 weeks (51) in primary care
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Probiotic fermented milks and yoghurts are a good
source of calcium.

Discussion

This systematic review of 35 probiotic RCTs from nine sys-
tematic reviews shows that the evidence for using specific
probiotics to improve IBS symptoms is inadequate, proba-
bly as a result of the heterogeneity of IBS and probiotics
and a limited amount of research that has investigated IBS
subtypes, as well as the same dose-specific probiotic and
formulation. There was no consistency of efficacy between
different probiotics and no product specific recommenda-
tions can be made for use in clinical practice.
These recommendations are applicable to primary and

secondary care and, to our knowledge, detail on setting
has not previously been presented. The recommendations

are consistent with other guidelines (33,72) and eight of
the included systematic reviews (25–28,30–33). The other sys-
tematic review was published by a European expert con-
sensus group and was based on primary outcomes for
each RCT (29); however, over half of the included RCTs
were in secondary care and included studies with less
than 20 participants (73,74). Recommendations for symp-
tom-specific probiotics were made without accounting for
effect size.
It has been argued that meta-analysis may be superior

to systematic review in the assessment of probiotic RCTs
in IBS management (25,27,30,31,33). However, a meta-analy-
sis should only compare like with like and the underlying
differences between probiotic products may explain some
of the heterogeneity when the results are pooled. Added
ingredients may obscure the true probiotic benefit when
(i) the dose only differs (49,62); (ii) doses and formulations
of the same strain differ (38,42,44,48); or (iii) symptom
severity and setting differ (50–52).
In seeking to establish what was a clinically meaningful

outcome, criteria were extrapolated from the FDA recom-
mendations for abdominal pain with an improvement
score of at least 30% compared to baseline (17), despite
knowing that the placebo effect is 37.5% in pharmaceuti-
cal RCTs in IBS (26,31). This means that the clinically
meaningful outcomes presented here may overestimate
patient-perceived benefit and justify using a decrease of at
least 95 points in the IBS-SSS as a response (75) as
opposed to 50 points as originally described (19). The
95-point reduction correlates well with a 30% pain

Table 4. Continued

A 7-strain probiotic Lactobacillus acidophilus, Lactobacillus plantarum, Lactobacillus rhamnosus, Bifidobacterium breve, Bifidobacterium lactis,

Bifidobacterium longum and Streptococcus thermophilus at a dose of 1 9 1010 CFU 1 capsule bd for 8 weeks in IBS-D in secondary care

substantially improved overall symptoms (adequate relief) (NNT = 3) and marginally improved diarrhoea and QoL in one RCT (36) but

improvement was substantial for only abdominal pain (NNT = 1.9) (61) and global symptoms, bloating, flatulence or QoL did not improve in a

further small pilot study

Ineffective probiotics

Evidence is lacking to show any symptom or QoL improvements after the use of 12/29 (41%) dose-specific probiotics:

Bifidobacterium infantis 35264 at a dose of 1 9 106 CFU and 1 9 1010 CFU 1 capsule per day for 4 weeks in primary care (49) and at dose

1 9 109 1 capsule per day for 8 weeks (unclear setting) (35)

Escherichia coli Nissle 1917 at a dose of 2.5 9 109 to 5 9 1010 CFU 1–2 capsule per day for 12 weeks in primary care (41)

Lactobacillus casei GG at a dose of 1 9 1010 CFU 1 tablet per day for 8 weeks in secondary care (34)

Lactobacillus plantarum 299V at a dose of 1 9 1010 CFU 1 capsule per day for 8 weeks in secondary care (48)

Lactobacillus reuteri ATCC 55730 at a dose of 1 9 108 CFU 1 tablet per day for 25 weeks in secondary care (43)

Lactobacillus salvarius subsp. salvarius UCC4331 at a dose of 1 9 1010 CFU malted milk for 8 weeks in primary and secondary care (45)

A 3-strain probiotic Lactobacillus paracasei subsp. paracasei F19, Lactobacillus acidophilus La5, B. Bb12 at a dose of 1.3 9 1010 CFU 1 capsule

per day for 6 months in primary care (53) and at a dose of 5 9 107 CFU 400 mL day–1 fermented milk (64) or 7.5 9 1010 CFU 500 mL day–1

fermented milk (66) for 8 weeks in primary and secondary care

A 6-strain probiotic B. lactis W52, Lactobacillus casei W56, Lactobacillus salivarius W57, Lactococcus lactis W58, Lactobacillus acidophilus NCFM

and Lactobacillus rhamnosus W715 9 109 CFU one sachet per day for 6 weeks in secondary care (63)

Clinically meaningful improvements are shown in bold. CFU, colony forming unit; NNT, number needed to treat; NNH, number needed to harm;

IBS, irritable bowel syndrome; IBS-C, IBS – constipation-predominant; IBS-D, IBS – diarrhoea-predominant; IBS-M, IBS involving both diarrhoea and

constipation; QoL, quality of life.

Table 5 Clinical practice recommendations for probiotics

Recommendation Grade

Advise that probiotics are unlikely to provide substantial

benefit to IBS symptoms. However, individuals choosing

to try probiotics are advised to select one product at a

time and monitor the effects. They should try it for a

minimum of 4 weeks at the dose recommended by the

manufacturer (2016)

B

For individuals with IBS, taking a probiotic product is

considered safe in IBS (2016)

B

Republished with permission (7). IBS, irritable bowel syndrome.
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improvement over time (75). The European Medicines
Agency recommendation is that a clinically meaningful
response for a five- or seven-point scale is the highest or
two highest improvement grades, respectively, and where
abdominal pain score has improved by at least 30% com-
pared to baseline (76). If these two critical symptom out-
comes are combined, then only six included studies
(38,42,54,55,57,68) showed clinically meaningful effectiveness.
It is difficult to achieve statistically significant clinically
meaningful benefit in dietary RCTs where the total sam-
ple size is less than 100, as shown for two RCTs with a
seven-strain probiotic (58,61), and especially because diet-
ary variability and pre- and probiotic intake are confound-
ing factors (28). Only three RCTs had at least 100
participants (38,51,54) and six had 50–99 (41,46,49,52,53,57),
which means that almost three-quarters of the RCTs were
potentially pilot studies with a sample size too small to
develop any probiotic-specific clinical recommendations.
All RCTs reported no serious adverse events, although

one lacked clarity on whether study discontinuation as a
result of vomiting, heartburn or diarrhoea could have been
serious (54). Therefore, clarity is needed for definitions of
minor and serious events, as described elsewhere (77).
The current recommendations are general, providing

unsurprising but clinically useful information on safety
and the evidence-base. It is disappointing that the more
recent RCTs cannot be translated into symptom and QoL
specific IBS treatment options. These findings remain
consistent with other national guidelines (33), although
some strongly recommend probiotic use in general (78),
or for pain, bloating, diarrhoea and constipation (72),
being relatively low in cost and safe to use. Probiotics are
readily accessible and are considered to have a role in IBS
management for mild to moderate symptoms (79). There-
fore, healthcare professionals and individuals with IBS
should be advised that the current evidence does not sup-
port any specific probiotics to have a significant benefit
on symptoms or QoL and probiotics can be expensive for
the patient over time.
This is the first systematic review of probiotics in IBS

to consider diet-related bias for uncertainty in outcomes
and specific criteria were developed. Appropriateness of
the ingredients in the vehicles used to carry the probiotic
dose or as a placebo is of paramount importance to min-
imise their effect on outcomes. Over one-fifth of the
included RCTs did not adequately describe these
(34,39,40,42–44,54,63) and yet all studies should report on all
of the ingredients used for both probiotic and placebo.
One RCT used a lactose-containing milk-based product
and did not exclude IBS participants with known lactose
intolerance (55). Exclusion of participants with known lac-
tose intolerance should be considered in populations
where there is a high prevalence (80).

Diet can influence the microbiota composition (81,82)

and particular dietary components (e.g. dietary fibre and
FODMAPs) influence IBS symptoms (11,83–86) and the
colonic microbiota (83,84). Alterations in the colonic
microbiota in IBS may explain a reduction in anti-
inflammatory cytokine levels (interleukin-10) (45) and
visceral hypersensitivity (87), increasing IBS symptoms
(85). Only one RCT measured dietary intake at baseline
and endpoint using a 3-day food diary (64). Recognition
that diet can influence outcomes was considered in eight
RCTs because participants were advised not to change
eating habits (35,38,43,48,50–52,60), although background diet
was rarely reported. One RCT checked for dietary habits
that might interfere with the assessment of the study
product, although this was not quantified (38). Thus,
dietary intake should be measured at baseline and end-
point to (i) determine whether there has been any
change to dietary intake during the RCT and, if this is
the case, (ii) whether this may have had an impact on
the clinical outcomes.
Reporting on product tolerance, adherence and adher-

ence rate was limited, with 13 RCTs (37%) not reporting
on any of these aspects (34,38,40,42,45,50,52–54,56,57,62,63). An
80% adherence rate was provided in six RCTs but no jus-
tification for this rate was provided (36,47,58,61,64,66), it and
may have been too low compared to validated standards
for other dietary studies (15). One RCT reported that nat-
ural yoghurt impacted its high drop-out rate (52) and
another made no direct association with adherence,
despite six out of 24 (32%) participants reporting tablet
aftertaste in both groups (34). These factors should be
included in protocol design.
With wide variation in the number of probiotic species,

strains and suitable vehicles to carry a viable dose to the
colon, the study of probiotics and their application to this
heterogeneous disorder is challenging. The task of one or
several strains substantially impacting on an individual’s
microbial ecosystem appears to be unlikely when the true
extent of its biodiversity is unknown. Considering how
IBS symptoms fluctuate over time, there may be a net
benefit for some individuals to trial a probiotic because
there is a high placebo response (26). It may also offer
nutritional benefit, if provided in a milk- or fibre-based
form, or offset pharmacotherapy.
Future probiotic RCTs should ensure that diet-related

bias is included in protocol development and intervention
and that placebo products are appropriate for an IBS
population through appropriate feasibility work. Non-gas-
trointestinal health status, such as somatic, mental and
social domains, is also important (88), which may impact
on food choice and dietary intake; these factors were not
assessed but were also not identified as relevant outcomes
in the nine systematic reviews.
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Limitations

Several limitations were identified during the appraisal pro-
cess. First, the heterogeneity of IBS makes outcome judge-
ment complex and internationally agreed validated
symptom and QoL outcome measures are lacking. Cut-off
points to measure participant-reported IBS symptom effi-
cacy were developed from three sources (17,20,75) so that all
symptoms were independently presented and not com-
bined as recommended for medicines (17,76). Second, a
small sample size and high risk of bias were also likely to
contribute. Third, in clinical practice, size of effect (e.g.
NNT and NNH) is useful; however, the data were limited
and so future studies should be designed to easily measure
these by including a binary yes/no clinical response end-
point for adequate relief of symptoms (31). Fourth, only
three systematic reviews provided adequate detail regarding
RCT exclusion (25,28,33); for the remaining six systematic
reviews, it was difficult to identify why RCTs had been
excluded, adding complexity to quality assessment across
the reviews. Finally, in the present review, four RCTs
included in other systematic reviews were excluded as a
result of medication usage and concern over the potential
impact on IBS symptoms during the study (89–92). Three of
these studies had 86 (92), 103 (91) and 122 (90) participants
each where medication was allowed throughout the inter-
vention for constipation and diarrhoea (90–92) and, addi-
tionally, abdominal pain and flatulence (91,92).

Research recommendations

High-quality RCTs of probiotics should consider IBS sub-
type and predominant symptom profile, validated symp-
tom and QoL assessment, meet low risk established bias
criteria and low diet-related bias criteria, and standardise
baseline and outcome assessment. Multicentre collabora-
tive research is desirable to develop probiotic therapy so
that it is individualised to the IBS symptom profile, with
equality from the local to international level.

Conclusions

This systematic review of systematic reviews focused on
dose-specific probiotics from the highest quality of
evidence available to determine clinically meaningful
efficacy. The probiotic evidence statements and recom-
mendations provide health professionals with the most
accurate evidence-based answers that are currently avail-
able for adults with IBS within each clinical setting. Indi-
vidual probiotics for specific IBS symptom profiles
cannot be recommended at this time. More data from
high-quality RCTs in IBS and its subtypes taking into
consideration all types of bias, including diet-related bias,

are needed to determine the effectiveness of probiotic
therapy in IBS.
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