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CONTEXT AND POLICY ISSUES  
 
Probiotics are microorganisms with potential health benefits when administered in adequate 
amounts.1 The most widely used and thoroughly researched organisms are Lactobacillus sp., 
Bifidobacterium sp., and Saccharomyces boulardii, a nonpathogenic yeast. Other bacterial 
genera, such as Streptococcus, Enterococcus, and Bacillus, have also been studied. The health 
benefits of probiotics may vary by genera, species, and strains as well as by the indication.2  
 
Prebiotics are nondigestible food products that selectively stimulate the growth and/or activity of 
bacteria in the colon and thus improve host health. Synbiotics combine probiotic organisms and 
prebiotics to act synergistically.2 
 
Several mechanisms have been proposed to explain the actions of probiotics. They are thought 
to exert beneficial effects by providing a protective barrier, enhancing immune responses, and 
directly competing with pathogenic bacteria.3 A probiotic species must be resistant to acid and 
bile to pass through the upper gastrointestinal tract in order to reach the lower gastrointestinal 
tract. Most probiotics must be taken regularly in order to promote and maintain colonization of 
the lower gastrointestinal tract.1 
 
Most of the identified benefits of probiotics relate to gastrointestinal conditions, and have been 
investigated in the treatment and prevention of antibiotic-associated diarrhea (AAD), acute 
infectious diarrhea including Clostridium difficile infection (CDI), and irritable bowel syndrome 
(IBS), among other conditions, in order to restore the normal gut flora and thereby restore 
regular bowel function and reduce symptoms.1-3 
 
The objective of this report is to conduct a review of the clinical evidence regarding the effects 
and safety of probiotics in antibiotic-associated diarrhea, C. difficile infection or irritable bowel 
syndrome. 
 
RESEARCH QUESTIONS 
  
1. What is the clinical evidence for the use of probiotics for antibiotic-associated diarrhea, 

Clostridium difficile infection or irritable bowel syndrome? 

2. What is the safety of probiotics for antibiotic-associated diarrhea, Clostridium difficile 
infection or irritable bowel syndrome? 
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KEY FINDINGS 
 
A large body of evidence from meta-analyses and randomized controlled trials indicate that 
compared with placebo, probiotics may reduce the incidence of antibiotic-associated diarrhea 
and may reduce the severity of symptoms related to irritable bowel syndrome. However, 
significant heterogeneity and low quality trials require conduct of further well-designed 
randomized trials that directly compare probiotics. Limited evidence from one meta-analysis 
suggests treatment with Saccharomyces boulardii in addition to vancomycin or metronidazole 
may reduce the incidence of recurrent C. difficile infection versus antibiotics alone. 
 
METHODS  
 
Literature Search Strategy 
 
A focused search (with main concepts appearing in title, abstract or subject heading) was 
conducted on key resources including PubMed, The Cochrane Library (2011, Issue 11), 
University of York Centre for Reviews and Dissemination (CRD) databases, Canadian and 
major international health technology agencies, as well as a focused Internet search. 
Methodological filters were applied to limit retrieval to health technology assessments, 
systematic reviews, meta-analyses, randomized controlled trials and non-randomized studies 
containing safety data. Where possible, retrieval was limited to the human population. The 
search was also limited to English language documents published between January 1, 2007 
and December 11, 2012.  
 
Selection Criteria and Methods 
 
One reviewer screened the titles and abstracts of the retrieved publications and evaluated the 
full-text publications for the final article selection, according to selection criteria presented in 
Table 1. 
 
Table 1: Selection Criteria 

Population 
 

Patients with antibiotic-associated diarrhea  
Patients with Clostridium difficile infection 
Patients with irritable bowel syndrome 

Intervention 
 

Probiotics 

Comparator 
 

No comparator specified 

Outcomes 
 

Clinical effectiveness 

 Change in the frequency of diarrhea 

 Change in symptoms of bloating and constipation 

 Quality of life  
Safety 

Study Designs 
 

Health technology assessments, Systematic reviews/Meta-analyses 
Randomized controlled trials 
Non-randomized studies (safety only) 
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Exclusion Criteria 
 
Studies were excluded if they did not meet the selection criteria, were duplicate publications or 
included in a selected systematic review, or were published prior to 2007. 
 
Critical Appraisal of Individual Studies 
 
The quality of included systematic reviews was assessed using the Assessment of Multiple 
Systematic Reviews (AMSTAR) tool.4 The quality of the included studies was assessed using 
the Downs and Black checklist.5 A numeric score was not calculated for each study. Instead, 
strengths and weaknesses of each study were summarized and described.  
 
SUMMARY OF EVIDENCE 
 
Quantity of Research Available 
 
A total of 409 citations were identified in the literature search. Following screening titles and 
abstracts, 317 citations were excluded and 97 potentially relevant reports (92 from the electronic 
search plus 5 from other sources) were retrieved for full-text review. Of the 97 potentially 
relevant reports, 66 publications did not meet the inclusion criteria. As a result, 31 publications 
were included in this review. Appendix 2 describes the PRISMA flowchart of the included 
studies in the review. 

 
Summary of Study Characteristics 
 
Details on study characteristics of the included reports can be found in Appendix 3. 
 
Study design 
 
One health technology report,2 five systematic reviews/meta-analyses6-10 and 25 randomized 
controlled trials (RCTs) met the inclusion criteria.11-35 Two non-randomized studies36,37 related to 
the safety of probiotics were eligible for inclusion but were excluded since they were either 
included in or were superceded by the health technology assessment on probiotic safety.2 
 
Population 
 
The populations of the included studies were patients with AAD, CDI, and IBS. Two meta-
analyses assessed probiotics for the prevention and treatment of AAD.6,7 RCTs included in 
these meta-analyses (82 RCTs6 and 34 RCTs7) primarily enrolled adults with a wide range of 
indications for antibiotics (most commonly Helicobacter pylori eradication). Both meta-analyses 
included one to two RCTs that explicitly investigated probiotics for the treatment of AAD, rather 
than the prevention of AAD. Most of the RCTs randomized a moderate number of patients 
(typically <100 in total). Two additional studies, both double-blind, placebo-controlled RCTs 
investigating the primary prevention of AAD among elderly inpatients newly starting antibiotics11 
and the treatment of AAD among adult inpatients,12 were included in this review that were 
published subsequent to the meta-analyses. 
 
For the CDI indication, two meta-analyses were included in this review: one evaluated 11 RCTs 
on the primary prevention of CDI among patients receiving antibiotics8 and the other assessed 
the efficacy of probiotics in the treatment of CDI (4 RCTs).9 Included trials were small to 
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moderate in size (range: n = 42 to 4378; n = 15 to 1689), largely enrolling adults with 
documented CDI. 
 
One meta-analysis10 was included that examined the effects of probiotics among patients with 
IBS. It included 19 RCTs (sample size range: 25 to 362) that enrolled mostly adults with Rome II 
IBS. In addition, 23 placebo-controlled RCTs (22 double-blind) met the inclusion criteria for this 
review that were published after the aforementioned meta-analysis.13-35 These trials varied 
widely in terms of patient numbers and characteristics, although they generally included adults 
with Rome II or III IBS (see Appendix 1). 
 
Finally, the included health technology assessment assessing the safety of probiotics imposed 
no restrictions on study design, language of publication, indication for probiotics, or patient 
characteristics.2 The assessment included 622 studies, but only 387 reported specific safety 
data; 291 were RCTs and non-randomized controlled trials. The majority of included studies 
were modest in size, ranging between 11 and 100 patients. Two-thirds of studies enrolled 
patients who were neither generally healthy nor critically ill; patient conditions were varied, 
including diarrhea, ulcerative colitis, or bacterial vaginosis. 
 
Interventions and comparators 
 
Across all three indications patients in RCTs were randomized to a probiotic (or synbiotic) 
preparation consisting of a single or multiple organisms, or to placebo (or prebiotic in one RCT 
in IBS35). Probiotic agents most commonly included species and strains from the genera 
Lactobacillus, Bifidobacterium, and Saccharomyces; also studied were the genera 
Streptococcus, Enterococcus, Bacillus, and non-pathogenic strains of Escherichia coli. The 
health technology assessment focused on the first six genera listed above.2 Dosing, regimen, 
treatment duration, and formulation of the probiotics were variable across all included studies. 
Treatment duration typically lasted only a few weeks. In studies assessing probiotics in the 
prevention and treatment of AAD and CDI, patients were randomized to probiotic as an adjunct 
to antibiotic therapy (i.e., all patients received antibiotics and were randomized to probiotic or 
placebo).6-12 The included RCTs assessing the effect of probiotics versus placebo on IBS were 
highly heterogeneous in terms of probiotic intervention (organism, single versus multiple 
organisms, potency, and duration).13-35 
 
Outcomes 
 
The most common outcome measure in studies on AAD and CDI the incidence of diarrhea.6-12  
Definitions of diarrhea were variable, although most typically defined as three or more loose 
stools in a 24 or 48 hour period; for CDI the definition included need for a positive toxin A or B 
test and/or bacteriologic culture. For studies on probiotics in IBS, the primary outcome tended to 
be patient assessed global IBS symptoms (or abdominal pain if global symptoms were not 
assessed). Other outcomes included changes in individual symptom scores, quality of life, and 
changes in bowel habits. 

 
Summary of Critical Appraisal 
 
Overall, the quality of the included reports was assessed as low to moderate; the included meta-
analyses were of higher quality. A detailed summary of the critical appraisal conducted for 
selected studies can be found in Appendix 4. 
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The health technology assessment and other systematic reviews/meta-analyses typically 
conducted comprehensive literature searches with no or minimal restrictions; however, it was 
generally unclear if the grey literature was searched.6-10 All of the meta-analyses except one8 
clearly performed duplicate study selection and data extraction. The likelihood of publication 
bias was not consistently assessed, nor was a list of excluded studies always provided. 
Additionally, the meta-analyses of probiotics for AAD combined results from trials on the 
treatment and prevention of AAD.6,7 This assumes the magnitude of the effect of probiotics for 
prevention or treatment of AAD is the same. However, since the studies on treatment were 
small and included among many prevention studies they are likely to have minimal impact on 
the validity of the meta-analyses. Moreover, one of these meta-analyses6 also combined 
findings from studies of the effect of probiotics on CDI with those on AAD. Although AAD and 
CDI share the same outcome (diarrhea) they are distinct and the assumption that the effect of 
probiotics in one indication reflects that in the other is potentially flawed; however, it is possible 
that the impact would be to bias effect estimate for benefit in AAD toward the null. 
 
The overall quality of the RCTs included in the systematic reviews/meta-analyses and in this 
review was low in part due to study design flaws and especially in reporting. For example, 72% 
of the trials included in the Hempel et al. systematic review of probiotics and AAD lacked 
sufficient information to assess the overall risk of bias.6 Descriptions of the type of probiotic 
studied (including the species, strain, concentration/dose, alive versus lyophilized) and 
population baseline characteristics were lacking. As well, there were poor descriptions of 
allocation concealment, inadequate power, possible publication bias, variation in outcome 
measures, lack of intention to treat analyses, and variable or unclear duration of follow-up. As 
well, adverse event reporting was very limited, there are no data on the cost-effectiveness of 
probiotics for AAD, CDI, and IBS, and no direct comparisons of probiotic strains were identified. 
 
The RCTs included in this review largely share the same limitations as those mentioned above 
in the included systematic reviews/meta-analyses: minimal description of the type of probiotic 
studied and population baseline characteristics, poor descriptions of allocation concealment, 
inadequate power, possible publication bias, variation in outcome measures, lack of intention to 
treat analyses, variable or unclear duration of follow-up, and limited reporting of adverse events. 
Also, no direct comparisons of probiotic strains were conducted in any of the included RCTs. 
 
Summary of Findings 
 
The key study findings are summarized in Appendix 5. 
 
Clinical effects of probiotics 
 
Antibiotic-associated diarrhea 
Both meta-analyses indicated a statistically significant reduction in AAD with probiotics versus 
controls (namely placebo) (random effects risk ratio [RR] 0.58, 95% confidence interval [CI]: 
0.50, 0.68; 63 RCTs;6 random effects RR 0.53, 95% CI: 0.44, 0.63; 34 RCTs;7). There was 
considerable heterogeneity in the pooled RR estimates (I2 range: 44% to 54%). The majority of 
included trials used Lactobacillus formulations, either alone or in combination with other genera, 
followed by Saccharomyces-based probiotics. Both of these genera significantly reduced the 
risk of developing AAD compared with controls; however, the degree of heterogeneity for the 
pooled estimates was moderate to high. Although pooled RRs for Bacillus, Bifidobacterium, and 
Enterococcus treatments were significantly reduced versus controls, the estimates were based 
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on few studies (2, 1, and 3 RCTs, respectively). No apparent age-related differences in effect 
were observed in either meta-analysis.6,7 
 
The double-blind RCT reported S. boulardii was not significantly superior to placebo for the 
prevention of AAD in elderly inpatients (odds ratio [OR] 1.16, 95% CI: 0.53, 2.56).11 Similarly, 
another double-blind RCT found that the combination of L. casei and B. breve were not 
significantly better than placebo in the treatment of AAD among adult inpatients.12 
 
C. difficile infection 
The meta-analysis by Johnson et al.8 reported statistically significantly lower rates of CDI among 
patients treated with probiotic, as adjunct to antibiotic, versus placebo (random effects RR 0.39, 
95% CI: 0.19, 0.79, P = 0.17) based on 7 RCTs. The reduction in the RR was statistically 
significant for the for the probiotic combination of L. acidophilus and L. casei versus placebo; it 
was not significant for S. boulardii. 
 
Pillai and Nelson9  meta-analyzed four RCTs on probiotics versus placebo (in conjunction with 
vancomycin or metronidazole) for the treatment of recurrence of CDI. All four studies were small 
to moderate sized, with total samples ranging from 15 to 168 patients. A statistically significant 
benefit was found for one study only, in patients receiving S. boulardii (plus antibiotic) versus 
placebo: increased likelihood of cessation of diarrhea and reduced risk of recurrence among 
patients with initial or recurrent CDI. However, the estimates were not significant among patients 
with recurrent disease alone.9 
 
Irritable bowel syndrome 
One meta-analysis10 found probiotics were statistically significantly superior to placebo in 
treating IBS symptoms: RR of IBS not improving of 0.71 (95% CI: 0.57, 0.88; 10 RCTs); 
improvement in IBS symptom score (standardized mean difference [SMD] = -0.34, 95% CI: -
0.60, -0.07; 15 RCTs). However, there was significant heterogeneity, with I2 of 65% and 79%, 
respectively. 
 
Of the included RCTs investigating the effects of probiotics versus placebo on IBS, 12 
trials13,14,17,19,23,24,28,30-34 
reported significant superiority with probiotic in terms of overall IBS symptom scores and 
response rates, while eight RCTs15,16,18,20-22,25,26 reported no significant benefit with probiotics 
over placebo and one RCT reported no significant benefit with synbiotics over prebiotic.35 Two 
RCTs did not statistically compare the difference between treatment groups for IBS symptoms 
because of large differences in baseline symptom scores.27,29 Few studies evaluated quality of 
life changes with probiotics in IBS; of those that did, two20,23 reported improved quality of life 
with probiotic treatment, as compared with four trials14,16,26,28 that did not demonstrate a benefit. 
There was also no consistent benefit with probiotic over placebo regarding individual IBS 
symptoms and bowel habits. 
 
Safety of probiotics 
 
The Agency for Healthcare Research and Quality (AHRQ) technology assessment on the safety 
of interventions containing Lactobacillus, Bifidobacterium, Saccharomyces, Streptococcus, 
Enterococcus, and/or Bacillus strains used as probiotic agents in research to reduce the risk of, 
prevent, or treat disease was the primary data source for the safety evaluation for this review.2 
The technology assessment addressed six key questions to assess the safety of probiotics; 
these questions and the general findings are summarized in Appendix 5.  
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Case studies indicated fungemia and bacteremia were potentially associated with probiotic 
organisms. Case series and controlled trials did not report infection related to probiotic 
treatment; however, these studies rarely monitored for such infections and primarily reported on 
gastrointestinal adverse events.2 RCTs showed no statistically significantly increased relative 
risk of the overall number of adverse events associated with short-term probiotic use compared 
to controls (RR 1.00; 95% CI: 0.93, 1.07, P = 0.999). Also, no significant increased risk was 
identified among the included short-term RCTs related to gastrointestinal events, infections, or 
other adverse events, including serious adverse events.2 The long-term safety has yet to be 
determined.  
 
Analyses by probiotic genus did not demonstrate an increased risk of adverse events among 
any individual genus compared to controls in RCTs. A meta-regression comparing the relative 
risk ratio associated with the genera, however, indicated a statistically significantly higher risk 
for Streptococcus strains compared with the other genera; however, this indirect comparison 
was based on a small number of studies on Streptococcus, Enterococcus, or Bacillus 
interventions.2  
 
The AHRQ assessment indicated safety findings may differ by delivery vehicle. Probiotic 
recipients in studies in which yogurt or other dairy products were administered were more likely 
to experience adverse events compared with controls (RR 1.37; 95% CI: 1.05, 1.79; P = 0.022) 
based on the number of adverse event incidents reported across groups in a subgroup 
analysis.2 However, no direct comparisons between delivery vehicles were identified.  
 
No clear association was found indicating that probiotic combinations were related to more 
adverse events versus studies using one probiotic strain only; no evidence demonstrated that 
synbiotics differ from probiotics.2 
 
There was limited data on the effect of intervention or patient characteristics on safety. Stratified 
analyses and meta-regressions showed no increased risk of adverse events across age groups 
compared with adverse events observed in corresponding control groups.2 Case studies 
suggested that patients with compromised health were more likely to experience adverse events 
associated with probiotics. However, subgroup analyses of RCTs in medium health-
compromised patients (RR 1.03; 95% CI: 0.94, 1.13; P = 0.491) and critically ill patients (RR 
0.79; 95% CI: 0.51, 1.22; P = 0.286) did not show an increased risk of adverse events with 
probiotics versus control treatment.2  
 
The AHRQ assessment did not report an increased risk of serious adverse events with 
probiotics versus controls (RR 1.06; 95% CI: 0.97, 1.16; P = 0.201, 66 RCTs).2 However, this 
result was primarily based on Lactobacillus interventions. 
 
No studies were identified that examined possible interactions or confounders of probiotic 
interventions. Subgroup analyses demonstrated no statistically significant difference in adverse 
event rates between probiotics and controls among those who received concurrent antibiotics or 
corticosteroids. There were too few studies to assess interactions with concomitant diet 
therapies and immune suppressants.2 
 
LIMITATIONS 
 
The evidence comparing probiotics with placebo in the prevention and treatment of AAD and 
CDI, and the treatment of IBS, is limited in terms of quality and a high degree of heterogeneity 
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across studies for each indication. Most of the identified studies (included in this review and the 
included systematic reviews/meta-analyses) provided insufficient information on the intervention 
(including the species and strain of the organism[s], dose, concentration and potency, and 
duration of treatment and follow-up). A minority of studies reported adequate randomization 
methods, concealment of treatment group allocation, and blinding of outcome assessors to the 
treatment group. Studies often did not provide sample size and power calculations; in those that 
did, many were under powered to detect a difference between treatment groups, especially to 
assess adverse events. There is a lack of direct comparisons of genera, species, strains, or 
probiotic formulations. 
 
The AHRQ assessment of probiotic safety indicated that a large number of publications made 
vague safety statements such as “the intervention was well tolerated” and “there were no 
adverse events.”2  Moreover, although the AHRQ review included a large number of RCTs 
reporting on adverse events related to probiotic administration, most the trials were not 
designed to assess adverse events. Reported adverse events were poorly documented, lacking 
detail on the nature and severity of adverse events. Hence, there is a considerable gap in 
reporting of adverse events in probiotic clinical trials and current understanding of their short- 
and long-term effects. 
 
CONCLUSIONS AND IMPLICATIONS FOR DECISION OR POLICY MAKING  
 
In total, one health technology assessment, five systematic reviews/meta-analyses, and 25 
RCTs were included in this review. The health technology assessment provided evidence from 
a wide range of study designs and disease indications on the safety of six of the most 
commonly used genera of probiotics. There is a lack of assessment and systematic reporting of 
adverse events in probiotic trials. The available evidence in RCTs does not indicate an 
increased risk; however, these studies were rarely designed to detect differences in study 
groups regarding adverse events.  
 
Evidence from two meta-analyses indicated probiotics administered concurrently with antibiotics 
may reduce the incidence of AAD, with the most robust data coming from trials that 
administered S. boulardii and strains of Lactobacillus alone or in combination with other genera 
versus placebo. Two other meta-analyses suggested probiotics as adjunct to antibiotics may 
reduce the incidence of CDI in the primary prevention setting, but have little or no benefit in 
treating or preventing recurrence of CDI, with the possible exception of S. boulardii administered 
with vancomycin or metronidazole in patients with an initial or recurrent CDI episode. One meta-
analysis suggested that probiotics as compared with placebo may reduce the severity of global 
IBS symptom severity, particularly abdominal pain and bloating. However, trials reported 
variable effects of probiotics on the quality of life in patients with IBS. 
 
Despite a large volume of literature on probiotics, including meta-analyses and RCTs, the 
quality of the trials is generally low. There remain numerous evidence gaps regarding the use of 
probiotics for the treatment and prevention of AAD, CDI, and IBS. Well-designed, large-scale, 
long-term RCTs including direct comparisons between probiotics are required. 
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APPENDIX 1: Rome Diagnostic Criteria for Irritable Bowel Syndrome (IBS) 
 

ROME II DIAGNOSTIC CRITERIA 
 

ROME III DIAGNOSTIC CRITERIA 

At least 12 weeks, which need not be 
consecutive, in the preceding 12 months of 
abdominal discomfort or pain that has two out 
of three features: 

1. Relieved with defecation; and/or 
2. Onset associated with a change in 

frequency of stool; and/or 
3. Onset associated with a change in 

form (appearance) of stool. 
 
Symptoms that Cumulatively Support the 
Diagnosis of Irritable Bowel Syndrome 

 Abnormal stool frequency (for research 
purposes “abnormal” may be defined as 
greater than 3 bowel movements per day 
and less than 3 bowel movements per 
week); 

 Abnormal stool form (lumpy/hard or 
loose/watery stool); 

 Abnormal stool passage (straining, 
urgency, or feeling of incomplete 
evacuation); 

 Passage of mucus; 

 Bloating or feeling of abdominal 
distension. 

Diagnostic criterion* 
 
Recurrent abdominal pain or discomfort** at 
least 3 days/month in last 3 months associated 
with two or more of the following: 

1. Improvement with defecation 
2. Onset associated with a change in 

frequency of stool 
3. Onset associated with a change in 

form (appearance) of stool 
 
In pathophysiology research and clinical trials, 
a pain/discomfort frequency of at least 2 days 
a week during the screening evaluation is 
recommended for subject eligibility. 

 * Criterion fulfilled for the last 3 months with symptom onset at least 6 months prior to diagnosis. 
**“Discomfort” means an uncomfortable sensation not described as pain 
Source: Rome Foundation. Available from: URL: http://www.romecriteria.org/assets/pdf/20_RomeIII_apB_899-916.pdf 

http://www.romecriteria.org/assets/pdf/20_RomeIII_apB_899-916.pdf
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APPENDIX 2: Selection of Included Studies 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

citations excluded 
317 

potentially relevant articles retrieved 
for scrutiny (full text, if available) 

92 

potentially relevant 
reports retrieved from 
other sources (grey 

literature, hand search) 
5 

potentially relevant reports 
97 

reports excluded: 66 

 HTA/SR/MA superceded by more recent 
one (15) 

 Review article (14) 

 Clinical guideline (2) 

 RCT included in a HTA/SR/MA (19) 

 Wrong indication (7) 

 Editorial (4) 

 Safety study included in or superceded 
by an HTA (2) 

 Research protocol (1) 

 No outcomes of interest (1) 

 Wrong intervention (!) 

 

reports included in review 

 6 HTA/SR/MA 

 25 RCTs 

citations identified from electronic 
literature search and screened 

409 
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APPENDIX 3: Summary of Study Characteristics 
 
Table A3.1:  Summary of Study Characteristics of Included Systematic Reviews 
First 
Author, 
Publication 
Year, 
Country 

Study Design, 
Length of 
Follow-up 

Patient 
Characteristics, 
Sample Size (n) 

Intervention Comparator(s) Clinical 
Outcomes 

Hempel, 
2011

2
 

 
U.S. 

HTA/Systematic 
review/Meta-
analysis  
 
Included 622 
studies of any 
design; specific 
safety data 
reported in only 
387 studies 
 
291 RCTs/CTs 
53 case series 
43 case studies 
 

Total n using a 
probiotic = 24,615 

Probiotics: 
Lactobacillus 
Saccharomyces 
Bifidobacterium 
Streptococcus 
Enterococcus 

Combination 
 

Any comparator 
(including no 
comparator) 

Safety outcomes 

Hempel, 
2012

6
 

 
U.S. 

Systematic 
review/Meta-
analysis  
 
Included 82 
parallel RCTs on 
prevention and 
treatment of AAD; 
meta-analysis on 
63 RCTs  
 
Duration: 5 days 
to 2 months, 
when specified* 

n: >11,000 total 
mean (SD) = 
161.3 (192.3) 
median (range) = 
93.5 (12–1323) 
 
Age range (yrs):  
52/82 RCTs 
enrolled adults† 
 

Probiotics: 
Lactobacillus 
Saccharomyces 
Bifidobacterium 
Streptococcus 
Enterococcus 
Bacillus 

Combination 
 

Different 
probiotic or 
probiotic dose 
Placebo 
No treatment 

Incidence of 
AAD 

Videlock & 
Cremonini, 
2012

7
 

 
U.S. 

Systematic 
review/Meta-
analysis  
 
Included 34 DB, 
PC, parallel RCTs 
on prevention and 
treatment of AAD; 
meta-analysis on 
34 RCTs  
 
Duration: 3 days 
to several weeks* 

n: range = 23–437 
 
Age range (yrs):  
24/34 RCTs 
enrolled adults; 
mean age = 52 yrs 
10/34 RCTs 
enrolled children; 
mean age = 5 yrs 
 

Probiotics: 
Lactobacillus 
Saccharomyces 
Bifidobacterium 
Streptococcus 
Enterococcus 
Bacillus 
Combination 
 

Placebo 
 

Incidence of 
AAD 

Johnson, 
2012

8
 

 
U.S. 
Canada 

Systematic 
review/Meta-
analysis  
 
Included 11 DB, 
PC, parallel RCTs 
on primary CDI 
prevention; meta-
analysis on 7 
RCTs  

n: range = 42–437 
 
Age range (yrs):  
All RCTs enrolled 
adults; age range 
not specified in the 
systematic review 
 

Probiotics: 
Lactobacillus 
Saccharomyces 
Bifidobacterium 
Streptococcus 
Combination 
 

Placebo 
 

Incidence of 
primary CDI 
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First 
Author, 
Publication 
Year, 
Country 

Study Design, 
Length of 
Follow-up 

Patient 
Characteristics, 
Sample Size (n) 

Intervention Comparator(s) Clinical 
Outcomes 

 
Duration: 10 days 
to 4 weeks 

Pillai, 2008
9
 

 
U.S. 
U.K. 

Systematic 
review/Meta-
analysis  
 
Included 4 DB, 
PC, parallel RCTs 
on treatment of 
current or 
recurrent CDI; 
meta-analysis on 
4 RCTs  
 
Duration: 4 to 10 
weeks 

n: range = 15–168 
 
Age range (yrs):  
Not reported;  
enrolled adults  

Probiotics alone 
or combined 
with MTZ or 
Vanco: 
Lactobacillus 
Saccharomyces 
Bifidobacterium 
Streptococcus 
Enterococcus 
Bacillus 
Combination 
 

Placebo 
 

Resolution of 
diarrhea & 
negative stool C. 
difficile cytotoxin 
assay or culture, 
recurrence of 
diarrhea, 
mortality, length 
of hospital stay, 
AEs 

Moayyedi, 
2010

10
 

 
Canada 
U.S. 
Ireland 

Systematic 
review/Meta-
analysis  
 
Included 19 DB, 
PC, parallel‡ 
RCTs on 
treatment of IBS 
symptoms; meta-
analysis on 10 
RCTs with a 
dichotomous 
outcome, and on 
15 RCTs with a 
continuous 
outcome 
 
Duration: 
minimum duration 
of 7 days to be 
eligible for 
inclusion 

n: range = 25–362 
 
Age range (yrs):  
Not reported 
 
Diagnostic criteria: 
Rome I = 1 RCT 
Rome II = 12 
RCTs 
Rome I and II = 1 
RCT 
Rome III = 1 RCT 
Manning = 1 RCT 
Author-defined = 2 
RCTs 

Probiotics: 
Lactobacillus 
Saccharomyces 
Bifidobacterium 
Streptococcus 
Escherichia coli 
Combination 
 

Placebo 
No treatment 

Mean change in 
global IBS 
symptoms (or 
abdominal 
pain if global 
symptoms were 
not reported),  
symptom cure or 
improvement 
(dichotomous),  
patient-reported 
outcomes, AEs 

AAD=antibiotic-associated diarrhea; AE=adverse event; CDI=Clostridium difficile infection; DB=double-blind; HTA=health 
technology assessment; IBS=irritable bowel syndrome; MTZ=metronidazole; PC=placebo-controlled; RCT=randomized controlled 
trial; Vanco=vancomycin; yrs=years 

“Combination” denotes a mixture of probiotics 
* Duration was inconsistently reported in the included RCTs 
† Age was inconsistently reported in the included RCTs 
‡ The first period of crossover RCTs were eligible for inclusion 
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Table A3.2:  Summary of Study Characteristics of Included Randomized Controlled Trials 
First 
Author, 
Publication 
Year, 
Country 

Study Design, 
Length of 
Follow-up 

Patient 
Characteristics, 
Sample Size (n) 

Intervention Comparator(s) Clinical 
Outcomes 

Pozzoni, 
2012

11
 

 
Italy 
 

DB, PC, parallel, 
RCT 
 
Duration: >12 
wks 

n=275 inpatients 
aged ≥50 yrs not 
yet started 
antibiotics or were 
on antibiotics <48 
hours  
 
Mean age (yrs) 
Probiotic: 79.9  
Placebo: 78.5 
% male 
Probiotic: 49.6 
Placebo: 50.0 

Probiotic: S. 
boulardii 1 
capsule (5 billion 
cfu per capsule) 
twice daily <48 
hours of 
beginning 
antibiotic, 
continued 
treatment 7 days 
after antibiotic 
withdrawal 
n=141 

Placebo 
n=134 

Frequency of 
diarrhea (AAD 
or CDI-
associated), 
mortality, 
incidence of 
fungemia 

de Souza, 
2012

12
 

 
Brazil 

DB, PC, parallel, 
RCT 
 
Duration: 1–2 
weeks 

n=70 inpatients 
aged ≥18 with AAD  
 
Mean age (yrs) 
Probiotic: 56.2  
Placebo: 54.0 
% male 
Probiotic: 48.6 
Placebo: 42.9 

Probiotic 
Combination: 
Lactobacillus 
casei plus B. 
breve 1 capsule 
(20 million to 2 
billion cfu and 
50 million to 5 
billion cfu per 
capsule) three 
times daily  
n=35 

Placebo 
n=35 

Cure rate, 
relapse rate 

Ducrotte, 
2012

13
 

 
France 

DB, PC, parallel, 
RCT 
 
Duration: 7 wks 

n=214 adult 
patients with Rome 
III IBS 
 
Mean age (yrs) 
Probiotic: 36.5  
Placebo: 38.4 
% male 
Probiotic: 64.8 
Placebo: 76.4 

Probiotic: 
Lactobacillus 
plantarum 299v 

1 capsule (10 
billion cfu per 
capsule) daily 
for 4 wks 
n=108 

Placebo 
n=106 

Frequency and 
intensity of 
abdominal pain, 
bloating and 
feeling of 
incomplete 
rectal emptying, 
stool frequency 

Murakami, 
2012

14
 

 
Japan 

DB, PC, cross-
over, RCT 
 
Duration: 16 
wks (two 4-week 
washouts, two 
4-week 
treatments) 

n=35 patients aged 
≥6 yrs with Rome III 
IBS 
 
Mean age (yrs) 
16.2 (n=23 FAS) 
% male 
43.5 (10/23) 

Probiotic: 
Lactobacillus 
brevis KB290 1 
capsule (10 
billion cfu per 
capsule) daily 
for 4 wks 
 

Placebo 
 

Improvement in 
IBS symptoms 
(bowel 
movements and 
abdominal 
pain), quality of 
life, AEs 

Dapoigny, 
2012

15
 

 
France 

DB, PC, parallel, 
RCT 
 
Duration: 6 wks 

n=50 adult patients 
with Rome III IBS  
 
Mean age (yrs) 
Probiotic: 46.1  
Placebo: 48.0 
% male 
Probiotic: 40.0 
Placebo: 20.0 

Probiotic: 
Lactobacillus 
rhamnosus 
LCR35 3 
capsules (200 
million cfu per 
capsule) daily 
for 4 wks 
n=25 

Placebo 
n=25 

Improvement in 
IBS symptoms 
(bowel 
movements, 
abdominal pain, 
bloating), quality 
of life, AEs 

Kruis, 2012
16

 
 

DB, PC, parallel, 
RCT 

n=120 patients 
aged 18–65 yrs with 

Probiotic: 
Escherichia coli 

Placebo 
n=60 

Improvement in 
IBS symptoms, 
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First 
Author, 
Publication 
Year, 
Country 

Study Design, 
Length of 
Follow-up 

Patient 
Characteristics, 
Sample Size (n) 

Intervention Comparator(s) Clinical 
Outcomes 

Germany  
Duration: 12 
wks 

Rome II IBS 
 
Mean age (yrs) 
Probiotic: 46.3  
Placebo: 45.1 
% male 
Probiotic: 20.0 
Placebo: 26.7 

Nissle 1917 1 
capsule (2.5 to 
25 billion cfu per 
capsule) daily 
for 4 days, then 
2 capsules daily 
up to 12 wks in 
total 
n=60 

quality of life, 
AEs 

Ki Cha, 2012
17

 
 
Korea 

DB, PC, parallel, 
RCT 
 
Duration: 10 
wks 

n=50 patients aged 
18–65 yrs with 
Rome III diarrhea-
dominant IBS 
 
Mean age (yrs) 
Probiotic: 37.9  
Placebo: 40.3 
% male 
Probiotic: 48.0 
Placebo: 56.0 

Probiotic 
Combination: 
Lactobacillus 
acidophilus, L. 
plantarum, 
L. rhamnosus, 
Bifidobacterium 
breve, B. lactis, 
B. longum, and 
Streptococcus 
thermophiles 1 
capsule (5 billion 
live bacteria per 
capsule) twice 
daily for 8 wks 
n=25 

Placebo 
n=25 

Improvement in 
IBS symptoms, 
quality of life, 
AEs 

Farup, 2012
18

 
 
Norway 

DB, PC, cross-
over, RCT 
 
Duration: 11 
wks (a 1-week 
run-in, two 3-
week treatments 
separated by a 
4-week 
washout) 

n=28 patients aged 
18–75 yrs with 
Rome II IBS; only 
16 patients 
analyzable 
 
Mean age (yrs): 
50 
% male 
31.3 (5/16) 

Probiotic: L. 
plantarum 
MF1298 1 
capsule (10 
billion cfu per 
capsule) daily 
for 3 wks 
 

Placebo 
 

Improvement in 
IBS symptoms, 
fecal microbiota 

Cui, 2012
19

 
 
China 

DB, PC, cross-
over, RCT 
 
Duration: 4 wks 

n=60 patients with 
Rome III IBS 
 
Mean age (yrs) 
Probiotic: 42.9  
Placebo: 47.5 
% male 
Probiotic: 29.7 
Placebo: 30.4 

Probiotic 
Combination: L. 
acidophilus plus 
B. longum 2 
capsules (cfu 
per capsule not 
reported) three 
times daily for 4 
wks 
n=37 

Placebo 
n=23 

Improvement in 
IBS symptoms, 
fecal microbiota 

Choi, 2011
20

 
 
China 

DB, PC, parallel, 
RCT 
 
Duration: 4 wks 

n=90 patients aged 
20–65 yrs with 
Rome II IBS 
 
Mean age (yrs) 
Probiotic: 40.2  
Placebo: 40.6 
% male 
Probiotic: 51.4 
Placebo: 48.7 

Probiotic: 
Saccharomyces 
boulardii 2 
capsules (200 
billion live cells 
per capsule) 
twice daily for 4 
wks 
n=45 

Placebo 
n=45 

Quality of life, 
improvement in 
IBS symptoms 



 
 

Probiotics for Diarrhea and Irritable Bowel Syndrome   19 
 
 

First 
Author, 
Publication 
Year, 
Country 

Study Design, 
Length of 
Follow-up 

Patient 
Characteristics, 
Sample Size (n) 

Intervention Comparator(s) Clinical 
Outcomes 

Kabir, 2011
21

 
 
Bangladesh 

DB, PC, parallel, 
RCT 
 
Duration: 60 
days 

n=70 inpatients 
patients aged 18–
50 yrs with Rome II 
diarrhea-dominant 
IBS  
 
Mean age (yrs) 
Probiotic: 32.4  
Placebo: 29.0 
% male 
Probiotic: 91.4 
Placebo: 91.4 

Probiotic: S. 
boulardii 200 to 
1000 mg (250 
mg capsules; 
cfu per capsule 
not reported) 
twice daily for 30 
days 
n=35 

Placebo 
n=35 

Improvement in 
IBS symptoms, 
patient-reported 
outcomes 

Sondergaard, 
2011

22
 

 
Denmark 
Sweden 

DB, PC, parallel, 
RCT 
 
Duration: 16 
wks 

n=64 patients aged 
18–70 yrs with 
Rome II IBS  
 
Mean age (yrs) 
Probiotic: 53.9  
Placebo: 48.5 
% male 
Probiotic: 26.0 
Placebo: 24.0 

Probiotic 
Combination: 
Lactobacillus 
paracasei ssp 
paracasei F19, 
L. acidophilus 
La5 and B. lactis 
Bb12 500 ml 
(fermented milk 
containing ≥50 
million cfu per 
ml) daily for 8 
wks 
n=32 

Placebo (acidified 
milk) 
n=32 

Improvement in 
IBS symptoms, 
quality of life, 
fecal micribiota 

Guglielmetti, 
2011

23
 

 
Germany 

DB, PC, parallel, 
RCT 
 
Duration: 8 wks 

n=122 patients 
aged 18–68 yrs with 
Rome III IBS 
 
Mean age (yrs) 
Probiotic: 36.7  
Placebo: 41.0 
% male 
Probiotic: 31.7 
Placebo: 33.9 

Probiotic:  
Bifidobacterium 
bifidum 
MIMBb75 
1 capsule (1 
billion cfu per 
capsule) daily 
for 4 wks 
n=60 

Placebo 
n=62 

Improvement in 
IBS symptoms, 
quality of life, 
AEs 

Guandalini, 
2010

24
 

 
U.S. 
Italy 
India 

DB, PC, cross-
over, RCT 
 
Duration: 20 
wks (a 2-week 
run-in, two 6-
week treatments 
separated by a 
2-week 
washout) 

n=59 patients aged 
4–18 yrs with Rome 
II IBS 
 
Mean age (yrs) 
12.5 
% male 
52.5 

Probiotic 
Combination:  
B. breve, B. 
longum, B. 
infantis, L. 
acidophilus, 
L. plantarum, L. 
casei, L. 
bulgaris, and S. 
thermophilus 

1 sachet (live, 
freeze-dried 
lactic acid 
bacteria, total 
concentration of 
450 
billion bacteria 
per sachet) daily 
for patients aged 

Placebo 
 

Improvement in 
IBS symptoms, 
patient- & 
caregiver-
reported 
outcomes 
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First 
Author, 
Publication 
Year, 
Country 

Study Design, 
Length of 
Follow-up 

Patient 
Characteristics, 
Sample Size (n) 

Intervention Comparator(s) Clinical 
Outcomes 

4–11 yrs; twice 
daily for those 
aged 12–18 yrs 
for 6 wks 

Ligaarden, 
2010

25
 

 
Norway 

DB, PC, cross-
over, RCT 
 
Duration: 11 
wks (a 1-week 
run-in, two 3-
week treatments 
separated by a 
4-week 
washout) 

n=19 patients aged 
18–75 yrs with 
Rome II IBS; only 
16 patients 
analyzable 
 
Mean age (yrs): 
50 
% male 
31.3 (5/16) 

Probiotic: L. 
plantarum 

MF1298 1 
capsule (10 
billion cfu per 
capsule) daily 
for 3 wks 
 

Placebo 
 

Treatment 
preference, 
number of 
weeks with 
satisfactory IBS 
symptom 
improvement, 
fecal microbiota, 
AEs 

Simren, 
2010

26
 

 
Sweden 

DB, PC, parallel, 
RCT 
 
Duration: 16 
wks 

n=74 patients aged 
18–70 yrs with 
Rome II IBS  
 
Mean age (yrs) 
Probiotic: 42  
Placebo: 44 
% male 
Probiotic: 29.7 
Placebo: 29.7 

Probiotic 
Combination: L. 
paracasei ssp 
paracasei F19, 
L. acidophilus 
La5 and B. lactis 
Bb12 200 ml 
(fermented milk 
containing ≥50 
million cfu per 
ml) twice daily 
for 8 wks 
n=37 

Placebo (acidified 
milk) 
n=37 

Improvement in 
IBS symptoms, 
psychological 
symptoms, 
quality of life 

Dolin, 2009
27

 
 
U.S. 

DB, PC, parallel, 
RCT 
 
Duration: 8 wks 

n=55 patients aged 
19–75 yrs with 
Rome III IBS  
 
Mean age (yrs) 
Probiotic: 52.3  
Placebo: 44.0 
% male 
Probiotic: 26.9 
Placebo: 20.7 

Probiotic: 
Bacillus 
coagulans GBI-
30, 6086 1 
capsule (2 billion 
cfu per capsule) 
daily for 8 wks 
n=26 

Placebo  
n=29 

Improvement in 
IBS symptoms, 
quality of life, 
bowel habits, 
AEs 

Hong, 2009
28

 
 
Korea 

DB, PC, parallel, 
RCT 
 
Duration: 8 wks 

n=70 patients aged 
18–75 yrs with 
diarrhea-dominant 
Rome III IBS  
 
Mean age (yrs) 
Probiotic: 36  
Placebo: 38 
% male 
Probiotic: 69.4 
Placebo: 64.7 

Probiotic 
Combination: B. 
bifidum BGN4, 
B. lactis AD011, 
L. acidophilus 
AD031, L. casei 
IBS041 1 packet 
(total 20 billion 
lyophilized 
bacteria) twice 
daily for 8 wks 
n=36 

Placebo  
n=34 

Improvement in 
IBS symptoms, 
quality of life, 
bowel habits 

Hun, 2009
29

 
 
U.S. 

DB, PC, parallel, 
RCT 
 
Duration: 8 wks 

n=50 patients aged 
23–70 yrs with 
Rome III diarrhea-
dominant IBS  
 
Mean age (yrs) 

Probiotic: B. 
coagulans GBI-
30, 6086 1 
caplet (800 
million cfu) daily 
for 8 wks 

Placebo  
n=22 

Improvement in 
IBS symptoms, 
AEs 
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First 
Author, 
Publication 
Year, 
Country 

Study Design, 
Length of 
Follow-up 

Patient 
Characteristics, 
Sample Size (n) 

Intervention Comparator(s) Clinical 
Outcomes 

48.4 
% male 
18 

n=22 

Enck, 2009
30

 
 
Germany 

DB, PC, parallel, 
RCT 
 
Duration: 8 wks 

n=298 patients 
aged 18–70 yrs with 
IBS*  
 
Mean age (yrs) 
Probiotic: 51.4  
Placebo: 50.0 
% male 
Probiotic: 69.4 
Placebo: 64.7 

Probiotic: 
Escherichia coli 
DSM17252 10 
drops (0.75 ml) 
three times daily 
during week 1, 
then 20 drops 
(1.5 ml) three 
times daily 
weeks 2 to 8 (1 
ml contains 15 
to 45 million cfu 
of live bacteria) 
n=148 

Placebo  
n=150 

Number of 
patients 
symptoms-free, 
improvement in 
IBS symptoms, 
AEs 

Agrawal, 
2008

31
 

 
U.K. 

DB, PC, parallel, 
RCT 
 
Duration: 5 wks 

n=38 female 
patients aged 20–
69 yrs with Rome III 
constipation-
dominant IBS  
 
Mean age (yrs) 
Probiotic: 42  
Placebo: 37 

Probiotic: B. 
lactis DN-173 
010 one 125 g 
pot (1.25 billion 
cfu per 
fermented milk 
pot) twice daily 
for 4 wks 
n=17 

Placebo  
n=17 

Improvement in 
IBS symptoms, 
bowel habits 

Williams, 
2008

32
 

 
U.K. 

DB, PC, parallel, 
RCT 
 
Duration: 10 
wks 

n=56 patients aged 
20–69 yrs with 
Rome II IBS; 52 
patients analyzed  
 
Mean age (yrs) 
Probiotic: 40  
Placebo: 38 
% male 
Probiotic: 10.7 
Placebo: 16.7 

Probiotic 
Combination: L. 
acidophilus 

(NCIMB 
30157 and 
NCIMB 30156), 
B. lactis (NCIMB 
30172) and 
B. bifidum 
(NCIMB 30153) 
1 capsule (25 
billion cfu per 
capsule) daily 
for 8 wks 
n=28 

Placebo  
n=24 

Improvement in 
IBS symptoms, 
bowel habits, 
quality of life, 
AEs 

Zeng, 2008
33

 
 
China 

SB, PC, parallel, 
RCT 
 
Duration: 4 wks 

n=30 adult patients 
with Rome II 
diarrhea-dominant 
IBS; 29 patients 
analyzed 
 
Mean age (yrs) 
Probiotic: 44.6  
Placebo: 45.8 
% male 
Probiotic: 71.4 
Placebo: 60.0 

Probiotic 
Combination:  
S. thermophiles, 
L. bulgaricus, l. 
acidophilus, and 
B. longum  (10 
to 100 million 
cfu per ml 
probiotic 
fermented milk) 
200 g twice daily  
for 4 wks 
n=14 

Placebo  
n=15 

Improvement in 
IBS symptoms, 
AEs 

Enck, 2008
34

 DB, PC, parallel, n=297 patients Probiotic Placebo  Number of 
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First 
Author, 
Publication 
Year, 
Country 

Study Design, 
Length of 
Follow-up 

Patient 
Characteristics, 
Sample Size (n) 

Intervention Comparator(s) Clinical 
Outcomes 

 
Germany 

RCT 
 
Duration: 8 wks 

aged 18–70 yrs with 
IBS*  
 
Mean age (yrs) 
Probiotic: 49.8  
Placebo: 49.4 
% male 
Probiotic: 51.7 
Placebo: 49.3 

Combination: E. 
coli DSM17252 
and 
Enterococcus 
faecalis 
DSM16440 10 
drops (0.75 ml) 
three times daily 
during week 1, 
then 20 drops 
(1.5 ml) three 
times daily 
weeks 2 to 3, 
then 30 drops 
(2.25 ml) three 
times daily 
thereafter for 8 
wks (1.5 ml 
contains 30 to 
90 million cfu of 
live bacteria) 
n=149 

n=148 patients 
symptoms-free, 
improvement in 
IBS symptoms, 
AEs 

Andriulli, 
2008

35
 

 
Italy 

DB, PC, parallel, 
RCT 
 
Duration: 12 
wks 

n=267 patients 
aged 18–75 yrs with 
Rome III IBS  
 
Mean age (yrs) 
Probiotic: 42.5  
Placebo: 42.8 
% male 
Probiotic: 27.3 
Placebo: 33.3 

Probiotic: L. 
paracasei 
B21060 (5 billion 
cfu per 7 g 
sachet) plus 
prebiotics, 1 
tablet twice daily 
for 12 wks 
n=132 

Prebiotic  
n=135 

Improvement in 
IBS symptoms, 
bowel habits, 
AEs 

AAD=antibiotic-associated diarrhea; AE=adverse event; CDI=Clostridium difficile infection; cfu=colony-forming units; DB=double-
blind; FAS=full analysis set; IBS=irritable bowel syndrome; MTZ=metronidazole; PC=placebo-controlled; RCT=randomized 
controlled trial; SB=single-blind; Vanco=vancomycin; wks=weeks; yrs=years  

* Based on the criteria of the International Classification of Health Problems in Primary Care (ICHPPC) of the World Organization of 
National Colleges, Academies and Academic Associations of General Practitioners/Family Physicians (WONCA) and not the 
gastroenterological set of symptoms proposed by Manning et al. or by the first version of the Rome criteria

30
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APPENDIX 4: Summary of Critical Appraisal 
 

First Author, 
Publication 
Year 

Strengths  Limitations 

Systematic Reviews 
Hempel, 2011

2
  Duplicate study selection and data 

extraction were performed  

 Comprehensive literature search 
(including grey literature) based on 
pre-defined criteria, no limits on date or 
language 

 A list and description of included 
studies was provided 

 Scientific quality of included studies 
was assessed and used appropriately 
in formulating conclusions 

 Tests of statistical heterogeneity were 
conducted and reported. A random 
effects model was used appropriately 
given the heterogeneity in the findings 
of studies  

 Conflicts of interest were stated 

 Unclear if publication bias was assessed  
 

Hempel, 2012
6
 

 
 Duplicate study selection and data 
extraction were performed  

 Comprehensive literature search 
based on pre-defined criteria, no limits 
on date or language 

 A list and description of included 
studies was provided 

 Scientific quality of included studies 
was assessed (Cochrane Risk of bias 
tool) and used appropriately in 
formulating conclusions 

 Tests of statistical heterogeneity were 
conducted and reported. A random 
effects model was used appropriately 
given the heterogeneity in the findings 
of studies  

 Publication bias was assessed (Egger 
regression and the Begg rank test)  

 Conflicts of interest were stated 

 Unclear whether grey literature was searched  

 No list of excluded studies provided 

 Results from two studies on treatment of AAD 
are combined with results from studies on 
prevention of AAD; however, these were small 
studies among many prevention studies and 
likely have little impact on the conclusions from 
the meta-analysis 

 Pooled studies of the effect of probiotic in 
preventing and treating CDI with those for AAD. 
AAD and CDI are separate clinical conditions 
and comprise different populations, natural 
histories. However, only there were only 3 such 
studies and they likely have little impact on the 
conclusions from the meta-analysis 

Videlock & 
Cremonini, 2012

7
 

 Duplicate study selection and data 
extraction were performed  

 Comprehensive literature search 
based on pre-defined criteria 

 A list and description of included 
studies was provided 

 Scientific quality of included studies 
was assessed (Cochrane Risk of bias 
tool) and used appropriately in 
formulating conclusions 

 Methods used to combine findings of 
studies were appropriate 

 Publication bias was assessed (Egger 
regression and the Begg rank test)  

 Conflicts of interest were stated 

 Literature search was limited to the years 
1966–2011 and by English language 

 Unclear whether grey literature was searched  

 No list of excluded studies provided 

 Results from one study on treatment of AAD are 
combined with results from studies on 
prevention of AAD; however, this was a small 
study among many prevention studies and 
likely has little impact on the conclusions from 
the meta-analysis 

 

Johnson, 2012
8
  Comprehensive literature search  Unclear if duplicate study selection and data 
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First Author, 
Publication 
Year 

Strengths  Limitations 

based on pre-defined criteria, no limits 
on language 

 A list and description of included 
studies was provided 

 Scientific quality of included studies 
was assessed and used appropriately 
in formulating conclusions 

 Tests of statistical heterogeneity were 
conducted and reported. A random 
effects model was used appropriately 
given the heterogeneity in the findings 
of studies  

 Publication bias was assessed (Egger 
regression and the Begg rank test)  

 Conflicts of interest were stated 

extraction were performed  

 Literature search was limited to the years 
1976–2010 

 Unclear whether grey literature was searched  

 No list of excluded studies provided 

 The likelihood of publication bias was not 
reported 

Pillai, 2008
9
  Duplicate study selection and data 

extraction were performed  

 Comprehensive literature search 
based on pre-defined criteria 

 A list and description of included and 
excluded studies was provided 

 Scientific quality of included studies 
was assessed (Cochrane Risk of bias 
tool) and used appropriately in 
formulating conclusions 

 Methods used to combine findings of 
studies were appropriate 

 Conflicts of interest were stated 

 Literature search was limited to the years 
1966–2007 

 Unclear if publication bias was assessed  

 Patient characteristics of included trials were 
poorly described 

Moayyedi, 2010
10

  Duplicate study selection and data 
extraction were performed  

 Comprehensive literature search 
based on pre-defined criteria; no 
restrictions on date or language 

 A list and description of included 
studies was provided 

 Scientific quality of included studies 
was assessed (Jadad scale) and used 
appropriately in formulating 
conclusions 

 Methods used to combine findings of 
studies were appropriate 

 Publication bias was assessed (Egger 
regression)  

 Conflicts of interest were stated 

 Unclear whether grey literature was searched  

 No list of excluded studies provided 
 

Randomized Controlled Trials 
Pozzoni, 2012

11
 

 
 Research question, eligibility criteria, 
intervention and outcomes were 
explicit  

 Sample size and power calculations 
conducted  

 Appropriate randomization and 
allocation concealment 

 The study was double-blinded 

 Patient characteristics were well-
balanced at study baseline 

 Per-protocol analysis 

 Patients with CDI were also included; these are 
separate clinical conditions and comprise 
different populations, natural histories. Including 
patients with CDI may have biased the effect 
toward the null 

 Approximately one-quarter of patients in each 
treatment group discontinued study early 

 Conducted at a single centre 
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First Author, 
Publication 
Year 

Strengths  Limitations 

 No conflict of interest 
de Souza, 2012

12
 

 
 Research question, eligibility criteria, 
intervention and outcomes were 
explicit  

 The study was double-blinded 

 Patient characteristics were well-
balanced at study baseline 

 No conflict of interest 

 Sample size and power calculations not 
reported; sample size was small  

 Analysis based on the full analysis set, not 
randomized (ITT) population 

 No description of randomization and 
allocation concealment methods 

 Possibly too small a dose of probiotic to see 
an effect 

 Adverse events were poorly reported 

 Conducted at a single centre 
Ducrotte, 2012

13
  Research question, eligibility criteria, 

intervention and outcomes were 
explicit  

 Sample size and power calculations 
conducted  

 Appropriate randomization and 
allocation concealment 

 The study was double-blinded 

 Patient characteristics were well-
balanced at study baseline 

 Analysis based on the full analysis set, not 
randomized (ITT) population; however, only 2 
patients in probiotic group and 7 in the 
control group discontinued early, hence 
analysis using the full analysis set is unlikely 
to have a large impact on validity 

 Short duration of treatment and follow-up for 
a chronic disease 

 The generalizability is uncertain since the 
population consisted primarily of males; IBS 
is twice as common in woman as in men 

 No conflict of interest statement 
Murakami, 2012

14
  Research question, eligibility criteria, 

intervention and outcomes were 
explicit  

 Sample size and power calculations 
conducted  

 Appropriate randomization and 
allocation concealment 

 The study was double-blinded 
 

 One-third of patients dropped-out or were 
excluded from the analysis due to protocol 
violations 

 Short duration of treatment and follow-up for 
a chronic disease 

 Baseline patient characteristics were poorly 
described 

 Population consisted of children and adults; 
no subgroup analyses were conducted for 
these groups 

 Conducted at a single centre 

 No conflict of interest statement 
Dapoigny, 2012

15
  Research question, eligibility criteria, 

intervention and outcomes were 
explicit  

 The study was double-blinded 

 Patient characteristics were well-
balanced at study baseline 

 No sample size and power calculations 
conducted; likely had small sample size to 
detect a difference 

 Methods of randomization and allocation 
concealment were not described 

 Analysis based on the full analysis set, not 
randomized (ITT) population; however, only 1 
patient per treatment group discontinued 
early, hence analysis using the full analysis 
set is unlikely to have a large impact on 
validity 

 Short duration of treatment and follow-up for 
a chronic disease 

 No conflict of interest statement 
Kruis, 2012

16
  Research question, eligibility criteria, 

intervention and outcomes were 
explicit  

 Appropriate randomization and 

 Sample size and power calculations not 
conducted  

 Short duration of treatment and follow-up for 
a chronic disease 
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First Author, 
Publication 
Year 

Strengths  Limitations 

allocation concealment 

 The study was double-blinded 

 Analysis based on the randomized 
(ITT) population  

 Patient characteristics were well-
balanced at study baseline 

 Conflict of interest statement 

 Conducted at a single centre 

Ki Cha, 2012
17

  Research question, eligibility criteria, 
intervention and outcomes were 
explicit  

 Sample size and power calculations 
conducted  

 Appropriate randomization and 
allocation concealment 

 The study was double-blinded 

 Analysis based on the randomized 
(ITT) population  

 Patient characteristics were well-
balanced at study baseline 

 Conflict of interest statement 

 Short duration of treatment and follow-up for 
a chronic disease 

 Conducted at a single centre 

Farup, 2012
18

  Research question, eligibility criteria, 
intervention and outcomes were 
explicit  

 Sample size and power calculations 
conducted (see Ligaarden

25
) 

 Appropriate randomization and 
allocation concealment 

 The study was double-blinded 

 Conflict of interest statement 

 Analysis based on the full analysis set, not 
randomized (ITT) population 

 Short duration of treatment and follow-up for 
a chronic disease 

 

Cui, 2012
19

  Research question, eligibility criteria, 
intervention and outcomes were 
explicit  

 Patient characteristics were well-
balanced at study baseline 

 Sample size and power calculations not 
conducted  

 Method of randomization and allocation 
concealment not described 

 Unclear if analysis was based on the 
randomized (ITT) population  

 Short duration of treatment and follow-up for 
a chronic disease 

 The study was double-blinded; however, 
there is uncertainty whether blinding was 
maintained since patients in the probiotic 
group received 2 capsules three times daily, 
while those in the placebo group received 1 
capsule three times daily 

 Conducted at a single centre  

 No conflict of interest statement 
Choi, 2011

20
  Research question, eligibility criteria, 

intervention and outcomes were 
explicit  

 Appropriate randomization and 
allocation concealment 

 The study was double-blinded 

 Patient characteristics were well-
balanced at study baseline 

 Sample size and power calculations not 
conducted  

 Unclear if analysis based on the randomized 
(ITT) population  

 The generalizability is uncertain since 
patients with constipation-dominant IBS were 
excluded 

 Short duration of treatment and follow-up for 
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First Author, 
Publication 
Year 

Strengths  Limitations 

 Conflict of interest statement a chronic disease 

 Conducted at a single centre 
Kabir, 2011

21
  Research question and eligibility 

criteria were explicit  

 The study was double-blinded 
 

 Method of randomization and allocation 
concealment was not described 

 Sample size and power calculations not 
conducted  

 Unclear if analysis based on the randomized 
(ITT) population  

 Intervention and outcomes were poorly 
described 

 Baseline patient characteristics were not 
well-described  

 Short duration of treatment and follow-up for 
a chronic disease 

 The generalizability is uncertain since the 
population consisted primarily of males; IBS 
is twice as common in woman as in men 

 No conflict of interest statement 
Sondergaard, 
2011

22
 

 Research question, eligibility criteria, 
intervention and outcomes were 
explicit  

 Sample size and power calculations 
conducted  

 Appropriate randomization and 
allocation concealment 

 The study was double-blinded 

 Patient characteristics were well-
balanced at study baseline 

 Conflict of interest statement 

 Per protocol analysis 

 Short duration of treatment and follow-up for 
a chronic disease 

 

Guglielmetti, 2011
23

  Research question, eligibility criteria, 
intervention and outcomes were 
explicit  

 Sample size and power calculations 
conducted  

 Appropriate randomization and 
allocation concealment 

 The study was double-blinded 

 Analysis based on the randomized 
(ITT) population  

 Patient characteristics were well-
balanced at study baseline 

 Conflict of interest statement 

 Short duration of treatment and follow-up for 
a chronic disease 

 

Guandalini, 2010
24

  Research question, eligibility criteria, 
intervention and outcomes were 
explicit  

 Appropriate randomization and 
allocation concealment 

 The study was double-blinded 

 Conflict of interest statement 

 Sample size and power calculations not 
conducted  

 Unclear if analysis based on the randomized 
(ITT) population  

 Short duration of treatment and follow-up for 
a chronic disease 

 The generalizability is uncertain since the 
population consisted primarily of males; IBS 
is twice as common in woman as in men 

Ligaarden, 2010
25

  Research question, eligibility criteria, 
intervention and outcomes were 

 Analysis based on the full analysis set, not 
randomized (ITT) population 
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First Author, 
Publication 
Year 

Strengths  Limitations 

explicit  

 Sample size and power calculations 
conducted  

 Appropriate randomization and 
allocation concealment 

 The study was double-blinded 

 Conflict of interest statement 

 Short duration of treatment and follow-up for 
a chronic disease 

 

Simren, 2010
26

  Research question, eligibility criteria, 
intervention and outcomes were 
explicit  

 Sample size and power calculations 
conducted  

 Appropriate randomization and 
allocation concealment 

 The study was double-blinded 

 Analysis based on the randomized 
(ITT) population  

 Patient characteristics were well-
balanced at study baseline 

 Conflict of interest statement 

 Short duration of treatment and follow-up for 
a chronic disease 

 No statistical adjustment for multiple 
comparisons 

Dolin, 2009
27

 
 

 Research question, eligibility criteria, 
intervention and outcomes were 
explicit  

 Appropriate randomization and 
allocation concealment 

 The study was double-blinded 

 Conflict of interest statement 

 Sample size and power calculations not 
conducted  

 Unclear if analysis based on the randomized 
(ITT) population  

 Short duration of treatment and follow-up for 
a chronic disease 

 Baseline patient characteristics were poorly 
described; groups were not balanced 
regarding mean age and, according to the 
author there was large variability in baseline 
symptom severity scores and quality of life 
scores which prevented an assessment of 
treatment differences 

 Only comparison between groups was based 
on a post- hoc analysis of bowel habits 

Hong, 2009
28

  Research question, eligibility criteria, 
intervention and outcomes were 
explicit  

 Sample size and power calculations 
conducted  

 Appropriate randomization and 
allocation concealment 

 The study was double-blinded 

 Analysis based on the randomized 
(ITT) population  

 Patient characteristics were well-
balanced at study baseline 

 Conflict of interest statement 

 Short duration of treatment and follow-up for 
a chronic disease 

 The generalizability is uncertain since the 
population consisted primarily of males; IBS 
is twice as common in woman as in men 

 

Hun, 2009
29

  Research question, eligibility criteria, 
intervention and outcomes were 
explicit  

 The study was double-blinded 

 Conflict of interest statement 

 Sample size and power calculations not 
conducted  

 Method of randomization and allocation 
concealment not described 

 Per protocol analysis 
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First Author, 
Publication 
Year 

Strengths  Limitations 

 Short duration of treatment and follow-up for 
a chronic disease 

 Baseline patient characteristics were poorly 
reported (only for overall sample, not by 
treatment group); baseline IBS symptom 
scores were very different between the 
groups 

Enck, 2009
30

  Research question, eligibility criteria, 
intervention and outcomes were 
explicit  

 Sample size and power calculations 
conducted  

 The study was double-blinded 

 Analysis based on the randomized 
(ITT) population  

 Patient characteristics were well-
balanced at study baseline 

 Method of randomization and allocation 
concealment not described 

 Short duration of treatment and follow-up for 
a chronic disease 

 No conflict of interest statement 

Agrawal, 2008
31

  Research question, eligibility criteria, 
intervention and outcomes were 
explicit  

 Sample size and power calculations 
conducted  

 The study was double-blinded 

 Analysis based on the randomized 
(ITT) population  

 Patient characteristics were well-
balanced at study baseline 

 Conflict of interest statement 

 Method of appropriate randomization and 
allocation concealment were not described 

 Short duration of treatment and follow-up for 
a chronic disease 

 The generalizability is uncertain since the 
population consisted only of women with IBS 

 Conducted at a single centre 
 

Williams, 2008
32

  Research question, eligibility criteria, 
intervention and outcomes were 
explicit  

 Sample size and power calculations 
conducted  

 The study was double-blinded 

 Patient characteristics were well-
balanced at study baseline 

 Conflict of interest statement 

 Method of randomization and allocation 
concealment not described 

 Analysis based on the full analysis set, not 
randomized (ITT) population; however, only 4 
patients in the control group discontinued 
early, hence analysis using the full analysis 
set is unlikely to have a large impact on 
validity 

 Short duration of treatment and follow-up for 
a chronic disease 

Zeng, 2008
33

 
 
China 

 Research question, eligibility criteria, 
intervention and outcomes were 
explicit  

 Sample size and power calculations 
conducted  

 Patient characteristics were well-
balanced at study baseline  

 Conflict of interest statement 

 Method of randomization and allocation 
concealment not described 

 Single-blind (patients) design; observer bias 
is possible 

 Unclear if analysis based on the randomized 
(ITT) population  

Enck, 2008
34

  Research question, eligibility criteria, 
intervention and outcomes were 
explicit  

 Sample size and power calculations 
conducted  

 The study was double-blinded 

 Analysis based on the randomized 

 Method of randomization and allocation 
concealment not described 

 Short duration of treatment and follow-up for 
a chronic disease 

 No conflict of interest statement 
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First Author, 
Publication 
Year 

Strengths  Limitations 

(ITT) population  

 Patient characteristics were well-
balanced at study baseline 

Andriulli, 2008
35

  Research question, eligibility criteria, 
intervention and outcomes were 
explicit  

 Sample size and power calculations 
conducted  

 Appropriate randomization and 
allocation concealment 

 The study was double-blinded 

 Analysis based on the randomized 
(ITT) population  

 Patient characteristics were well-
balanced at study baseline 

 Conflict of interest statement 

 Short duration of treatment and follow-up for 
a chronic disease 

Silk, 2009
38

  Research question, eligibility criteria, 
intervention and outcomes were 
explicit  

 Sample size and power calculations 
conducted  

 Appropriate randomization and 
allocation concealment 

 The study was double-blinded 

 Patient characteristics were well-
balanced at study baseline 

 Conflict of interest statement 

 Unclear if analysis based on the randomized 
(ITT) population  

 Short duration of treatment and follow-up for 
a chronic disease 

 Conducted at a single centre 

AAD=antibiotic-associated diarrhea; CDI=Clostridium difficile infection; IBS=irritable bowel syndrome; ITT=intention-to-treat 
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APPENDIX 5: Summary of Findings 
 

First 
Author, 
Publication 
Year 

Main Study Findings Authors’ Conclusions 

Systematic Reviews 
Hempel, 2011

2
 Q1. What are the short-term & long-term adverse event risks 

with probiotics? 
No indication that frequency of adverse events was increased in 
short-term probiotic use versus controls: RR of the number of 
participants with adverse events (0.98; 95% CI: 0.93, 1.04; P = 
0.537, 121 RCTs) as well as the number of adverse event 
incidences reported in each treatment group (RR 1.00; 95% CI: 
0.93, 1.07, P = 0.999; 208 RCTs) 
 
Q2. What are characteristics and associations of the reported 
harms? 
The most commonly reported adverse events were 
gastrointestinal, infections and infestations, and “other” category 
for symptoms that could not be assigned to a specific organ 
system or type of adverse event 
 
No indication that probiotics caused statistically significantly 
more gastrointestinal (RR 1.03; 95% CI: 0.89, 1.18, P = 0.693; 
126 RCTs), infections (RR 1.00; 95% CI: 0.87, 1.16, P = 0.967; 
65 RCTs), or other adverse events (RR 1.01; 95% CI: 0.91 1.12, 
P = 0.923, 131 RCTs) versus control group 
 
Q3. What is the evidence that harms differ by product and 
delivery characteristics? 
Studies lack detail on identity of the included organisms, 
quantity, viability, or contaminants  
Stratified analyses by probiotic genus: no increased risk of 
adverse events with probiotic versus control in RCTs 
Direct comparisons of genera, species, strains, or delivery 
vehicles are lacking  
Limited evidence that safety may differ by delivery vehicle: when 
yogurt or other dairy products were administered, probiotic group 
were more likely to experience adverse events versus controls 
(RR 1.37; 95% CI: 1.05, 1.79; P = 0.022); studies directly 
comparing delivery vehicles are missing  
No conclusive evidence that probiotic combinations are related 
to more adverse events versus one probiotic strain only or 
evidence that synbiotics differ from probiotics; there is a lack of 
direct comparisons 
 
Q4. How do the harms vary based on (a) dose; (b) timing; (c) 
mode of administration; (d) age, gender, ethnicity, disease or 
immunologic status; (e) relationship to efficacy? 
Limited evidence on patient characteristic subgroups 
Time of onset of gastrointestinal effects: most effects observed 
in the first 3 days of treatment 
Onset of infections tended to occur 1 week to several weeks 
after initiation of probiotics (case studies)  
 
Stratified analyses/meta-regressions: no increased risk of 
adverse events for children (RR 0.96; 95% CI: 0.88, 1.04; P = 
0.296, 35 RCTs), adults (RR 0.97; 95% CI: 0.79, 1.19; P = 

“There is a lack of 
assessment and systematic 
reporting of adverse events 
in probiotic intervention 
studies, and interventions 
are poorly documented. 
RCTs and case studies 
diverge in the outcomes they 
report. The available 
evidence in RCTs does not 
indicate an increased risk; 
however, rare adverse 
events are difficult to assess, 
and despite the substantial 
number of publications, the 
current literature is not well 
equipped to answer specific 
questions on the safety of 
probiotic interventions with 
confidence.” (pp. ES-6) 
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First 
Author, 
Publication 
Year 

Main Study Findings Authors’ Conclusions 

0.745, 40 RCTs), or elderly (RR 0.94; 95% CI: 0.82, 1.08; P = 
0.367, 4 RCTs) versus corresponding control groups 
 
Case studies reporting serious adverse events described health-
compromised patients who contracted (most often) a serious 
infection potentially caused by probiotic organisms; subgroup 
analyses of RCTs in medium health-compromised participants 
(RR 1.03; 95% CI: 0.94, 1.13; P = 0.491) and critically ill patients 
(RR 0.79; 95% CI: 0.51, 1.22; P = 0.286) did not show a 
statistically significantly increased risk of adverse events for 
intervention participants compared with control group 
participants with similar patient characteristics 
 
Q5. Are probiotics associated with serious adverse effects and 
hospitalizations? 
No significant differences across probiotic and control groups for 
serious adverse events (RR 1.06; 95% CI: 0.97, 1.16; P = 0.201, 
66 RCTs); result is primarily based on Lactobacillus 
interventions, and a few studies on Saccharomyces and 
Bifidobacterium 
 
Q6. How do harms with probiotics relate to use of concomitant 
antibiotics, confounding diet therapies, corticosteroid use, 
immune suppressants, or other potential confounders? 
No studies identified assessing interactions or confounders of 
probiotics interventions 
Subgroup analyses in which the probiotic and control group 
received antibiotics (RR 1.07; 95% CI: 0.94, 1.23; P = 0.271) or 
corticosteroids (RR 1.04; 95% CI: 0.88, 1.22; P = 0.650) found 
no statistically significant increased risk of adverse effects  
Too few studies to assess interactions with concomitant diet 
therapies and studies in participants using immune suppressants 

Hempel, 2012
6
 

 
 

82 published RCTs: patients randomized to a probiotic or 
probiotic combinations versus control for prevention and 
treatment of AAD 
 
Bacillus versus control (2 RCTs) 

RR (95% CI): 0.45 (0.26, 0.79) 
RR (95% CI): 0.45 (0.27, 0.76) 
 
Bifidobacterium versus control (1 RCT) 

RR (95% CI): 0.93 (0.53, 1.66) 
 
Enterococcus versus control (3 RCTs) 
Pooled AAD RRRE (95% CI): 0.51 (0.38, 0.68) (I

2
 = 0%) 

 
Lactobacillus versus control (17 RCTs) 
Pooled AAD RRRE (95% CI): 0.64 (0.47, 0.86) (I

2
 = 56%) 

 
Saccharomyces versus control (15 RCTs) 
Pooled AAD RRRE (95% CI): 0.48 (0.35, 0.65) (I

2
 = 56%) 

 
Combinations versus control (25 RCTs) 
Pooled AAD RRRE (95% CI): 0.66 (0.49, 0.88) (I

2
 = NR) 

 
Overall probiotic versus control (63 RCTs) 

“The pooled evidence 
suggests that probiotics are 
associated with a reduction 
in AAD. More research is 
needed to determine which 
probiotics are associated 
with the greatest efficacy and 
for which patients receiving 
which specific antibiotics.” 
(pp.1959) 
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First 
Author, 
Publication 
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Main Study Findings Authors’ Conclusions 

Pooled AAD RRRE (95% CI): 0.58 (0.50, 0.68) (I
2
 = 54%) 

 
Age subgroups 
Children (0–17 yrs) (16 RCTs) 
Pooled AAD RRRE (95% CI): 0.55 (0.38, 0.80) (I

2
 = 68%) 

Adults (18–65 yrs) (14 RCTs) 
Pooled AAD RRRE (95% CI): 0.54 (0.34, 0.85) (I

2
 = 45%) 

Elderly adults (>65 yrs) (3 RCTs) 
Pooled AAD RRRE (95% CI): 0.81 (0.40, 1.63) (I

2
 = 65%) 

 
Adverse events 
4 RCTs: no infections or serious adverse events due to the 
administered probiotics organism  
19 RCTs: no adverse events were judged to be associated with 
probiotics intake, the intervention was considered safe, or no 
adverse events were observed 
59 RCTs: no report on probiotics-specific adverse events 
 

Videlock & 
Cremonini, 
2012
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34 published RCTs: patients randomized to a probiotic or 
probiotic combinations versus placebo for prevention and 
treatment of AAD 
 
Bifidobacterium versus placebo (10 RCTs) 
RR (95% CI): 0.55 (0.37, 0.82) (I

2
 = 48%) 

 
L. rhamnosus GG versus placebo (8 RCTs) 
Pooled AAD RRRE (95% CI): 0.40 (0.20, 0.81) (I

2
 = 67%) 

 
Lactobacillus versus placebo (24 RCTs) 

Pooled AAD RRRE (95% CI): 0.56 (0.45, 0.69) (I
2
 = 50%) 

 
S. boulardii versus placebo (7 RCTs) 
Pooled AAD RRRE (95% CI): 0.46 (0.30, 0.70) (I

2
 = 27%) 

 
Overall probiotic versus placebo (34 RCTs) 
Pooled AAD RRRE (95% CI): 0.53 (0.44, 0.63) (I

2
 = 44%) 

 
Age subgroups 
Children (10 RCTs) 
Pooled AAD RRRE (95% CI): 0.48 (0.35, 0.65) (I

2
 = 36%) 

Adults (24 RCTs) 
Pooled AAD RRRE (95% CI): 0.53 (0.43, 0.66) (I

2
 = 44%) 

 
Adverse events 
Adverse event data were not systematically reviewed; however, 
no serious adverse effects related to probiotics reported in any 
of the included studies 
 

“This updated meta-analysis 
confirms earlier results 
supporting the preventive 
effects of probiotics in AAD.” 
(pp. 1355) 

Johnson, 2012
8
 11 published RCTs: adults receiving antibiotics and randomized 

to a probiotic or probiotic combinations versus placebo for 
primary CDI prevention 
 
L. casei & L. acidophilus versus placebo (3 RCTs) 

Pooled CDI rate: Probiotic: 11/431; Placebo: 31/350 
RRRE (95% CI): 0.21 (0.11, 0.42) (I

2
 = 0%; P < 0.001) 

 

“While potential flaws in 
study design were identified, 
a review of the available 
literature suggests that the 
primary prevention of CDI 
with specific probiotic agents 
may be achievable. 
Additional studies of 
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Author, 
Publication 
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Main Study Findings Authors’ Conclusions 

S. boulardii versus placebo (4 RCTs) 

Pooled CDI rate: Probiotic: 11/319; Placebo: 14/274 
RRRE (95% CI): 0.70 (0.29, 1.69) (I

2
 = 17.2%; P = 0.30) 

 
Overall probiotic versus placebo (7 RCTs) 
Pooled CDI rate: Probiotic: 22/750; Placebo: 45/624 
RRRE (95% CI): 0.39 (0.19, 0.79) (I

2
 = 33.9%; P = 0.17) 

 

sufficient size and with 
rigorous design are needed 
to confirm these findings.” 
(pp. e786) 

Pillai, 2008
9
 4 published RCTs: adults receiving antibiotics (vancomycin or 

metronidazole) and randomized to a probiotic or probiotic 
combinations versus placebo for the treatment of recurrence or 
an initial episode of CDI  
 
L. plantarum versus placebo 
Cessation of diarrhea (1 RCT): Probiotic: 11/12; Placebo: 9/9 
RRFE (95% CI): 0.93 (0.73, 1.19) 
Recurrence of diarrhea (1 RCT): Probiotic: 4/11; Placebo: 6/9 
RRFE (95% CI): 0.55 (0.22, 1.35) 
Bacteriological cure (1 RCT): Probiotic: 7/12; Placebo: 7/9 
RRFE (95% CI): 0.75 (0.41, 1.36) 
 
L. rhamnosus GG versus placebo 
Recurrence of diarrhea (1 RCT): Probiotic: 3/8; Placebo: 1/7 
RRFE (95% CI): 2.63 (0.35, 19.85) 
 
S. boulardii versus placebo 
Cessation of diarrhea among patients with initial or recurrent CDI 
(1 RCT): Probiotic: 42/57; Placebo: 37/67 
RRFE (95% CI): 1.33 (1.02, 1.74) 
Cessation of diarrhea among patients with recurrent CDI (1 
RCT): Probiotic: 15/18; Placebo: 7/14 
RRFE (95% CI): 1.67 (0.95, 2.93) 
 
Recurrence of diarrhea among patients with initial or recurrent 
CDI (1 RCT): Probiotic: 15/57; Placebo: 30/67 
RRFE (95% CI): 0.59 (0.35, 0.98) 
Recurrence of diarrhea among patients with recurrent CDI (1 
RCT): Probiotic: 3/18; Placebo: 7/14 
RRFE (95% CI): 0.33 (0.10, 1.06) 
 

“There is insufficient 
evidence to recommend 
probiotic therapy as an 
adjunct to antibiotic therapy 
for C. difficile colitis. There is 
no evidence to support the 
use of probiotics alone in the 
treatment of C. difficile 

colitis.” (pp. 2) 

Moayyedi, 
2010
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19 published RCTs: adults randomized to a probiotic or probiotic 
combinations versus placebo or no treatment for the treatment of 
IBS  
 
Bifidobacterium versus placebo 
Risk of IBS not improving (2 RCTs) 
Pooled RRRE (95% CI): 0.80 (0.56, 1.13) (I

2
 = 51.7%) 

IBS symptom score after therapy (2 RCTs) 
Pooled SMDRE (95% CI): -0.33 (-0.90, 0.24) (I

2
 = 70.4%) 

 
Streptococcus versus placebo 
Risk of IBS not improving (1 RCT) 
Pooled RRRE (95% CI): 0.72 (0.53, 0.99) 
IBS symptom score after therapy (0 RCTs) 
Pooled SMDRE (95% CI): Not assessed 
 

“Probiotics appear to be 
efficacious in IBS, but the 
magnitude of benefit and the 
most effective species and 
strain are uncertain.” 
(pp.325) 
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Lactobacillus versus placebo 

Risk of IBS not improving (3 RCTs) 
Pooled RRRE (95% CI): 0.64 (0.41, 1.02) (I

2
 = 63.5%) 

IBS symptom score after therapy (4 RCTs) 
Pooled SMDRE (95% CI): 0.03 (-0.25, 0.31) (I

2
 = 0%) 

 
Combinations versus placebo 
Risk of IBS not improving (4 RCTs) 
Pooled RRRE (95% CI): 0.66 (0.36, 1.20) (I

2
 = 85.7%) 

IBS symptom score after therapy (9 RCTs) 
Pooled SMDRE (95% CI): -0.50 (-0.91, -0.09) (I

2
 = 85.4%) 

 
Overall probiotic versus placebo 
Risk of IBS not improving (10 RCTs) 
Pooled RRRE (95% CI): 0.71 (0.57, 0.88) (I

2
 = 68.2%) 

IBS symptom score after therapy (15 RCTs) 
Pooled SMDRE (95% CI): -0.34 (-0.60, -0.07) (I

2
 = 79.1%) 

 
IBS symptom-specific analysis, probiotic versus placebo 
Abdominal pain (10 RCTs) 
Pooled SMDRE (95% CI): -0.51 (-0.91, -0.09) (I

2
 = 85%) 

Outlier study removed, Pooled SMDRE (95% CI):  -0.22 (-0.37, -
0.06) (I

2
 = 0%) 

Bloating (8 RCTs) 
Pooled SMDRE (95% CI): -0.54 (-1.10, 0.02) (I

2
 = 89%)  

Outlier study removed, (I
2
 = 0%) 

Flatulence (6 RCTs) 
Pooled SMDRE (95% CI): -0.22 (-0.42, -0.01) (I

2
 = 13%) Urgency 

(3 RCTs) 
Pooled SMDRE (95% CI): -0.08 (-0.3, 0.14) (I

2
 = NR)  

 
Adverse events 
6 RCTs: no adverse events in either the control or active 
treatment arm 
3 RCTs: overall adverse events in 407 patients. RR adverse 
events between probiotics and placebo = 0.93; 95% CI: 0.64,  
1.36) 
All other studies did not report on adverse events or did not 
provide extractable data 

Randomized Controlled Trials 
Pozzoni, 2012
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Probiotic = S. boulardii; Control = placebo 
 
Incidence of AAD: Probiotic: 16/106 (15.1%); Placebo: 13/98 
(13.3%) 
OR (95% CI) Probiotic versus placebo: 1.16 (0.53, 2.56) 
 
Incidence of CDI: Probiotic: 3/106 (2.8%); Placebo: 2/98 (2.0%) 
OR (95% CI) Probiotic versus placebo: 1.40 (0.23, 8.55) 
 
No statistically significant differences between groups in the time 
to onset, duration, and severity of symptoms in patients who 
developed AAD 
 
Adverse events 
Probiotic: 41/106 (38.7%); Placebo: 35/98 (35.7%) 
Adverse events were mild in severity, most frequently 

“In elderly hospitalized 
patients, S. boulardii was not 
effective in preventing the 
development of AAD.” 
(pp.922) 
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constipation, abdominal pain, pruritus, headache, cutaneous 
rash, and fever 
No cases of fungemia 

de Souza, 
2012
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Probiotic = L. casei + B. breve; Control = placebo 

 
Mean (SD) duration of treatment period: 
Probiotic = 5.06 (2.18) days; Placebo = 5.49 (3.17) days (P = 
NS) 
Mean (SD) duration of AAD among those who were “cured”: 
Probiotic = 4.87 (2.13) days; Placebo = 4.52 (2.55) days (P = 
NS) 
 
AAD cure without relapse: 
Probiotic = 19/35 (54.3%); Placebo = 17/35 (48.6%) (P = NS) 
AAD cure with relapse: 
Probiotic = 12/35 (34.3%); Placebo = 8/35 (22.8%) (P = NS) 
No AAD cure (treatment failure): 
Probiotic = 4/35 (11.4%); Placebo = 10/35 (28.6%) (P = NS) 
 
Adverse events 
7 patients from each group, in addition to diarrhea, presented 
with bloating and/or abdominal cramps and/or vomiting 

“In this light, it is concluded 
that L. casei associated with 
B. breve, in the administered 
dosage and frequency, has 
no effect on the antibiotic-
associated diarrhea. Similar 
studies need to be 
conducted with higher doses 
of these or other probiotics.” 
(pp. 112) 

Ducrotte, 
2012
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Probiotic = L. plantarum; Control = placebo 
 
Frequency of IBS symptoms (mean % change from baseline to 
week 4, based on 4-point scale [1 = occasional symptom; 4 = 
daily symptom]) 
Abdominal pain: Probiotic = -51.9%; Placebo = -13.6% (P <0.05) 
Bloating*: Probiotic = -67%; Placebo = -30% (P <0.05) 
Feeling of incomplete evacuation*: Probiotic = -55%; Placebo = -
25% (P <0.05) 
Stool frequency*: Probiotic = -43%; Placebo = -17% (P <0.05) 
 
Severity of IBS symptoms (mean % change from baseline to 
week 4, based on VAS [0 = no pain; 8–10 = severe pain]) 
Abdominal pain: Probiotic = -45.2%; Placebo = -23.3% (P <0.05) 
Bloating*: Probiotic = -55%; Placebo = -20% (P <0.05) 
Feeling of incomplete evacuation*: Probiotic = -50%; Placebo = -
20% (P <0.05) 
 
Patient and physician assessment of overall efficacy as good or 
excellent (4-point scale from “poor” to “excellent”) 
Patient: Probiotic = 78.1%; Placebo = 8.1% (P = NR) 
Physician: Probiotic = 82.8%; Placebo = 11.1% (P = NR) 
 
Adverse events 
One probiotic patient reported transient vertigo onset  
 
No other adverse events were reported 
 

“A 4-wk treatment with L. 
plantarum 299v (DSM 9843) 

provided effective symptom 
relief, particularly of 
abdominal pain and bloating, 
in IBS patients fulfilling the 
Rome III criteria.” (pp. 4012) 

Murakami, 
2012
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Probiotic = L. brevis; Control = placebo 
 
IBS symptoms 
Mean (SD) frequency of bowel movements:  
Observation period = 8.8 (3.5); Wash-out period = 7.8 (2.5); 
Probiotic treatment period = 8.0 (3.1); Placebo treatment period 

“Probiotics, the safety of 
which has been established, 
are used widely in various 
foods and can now be 
purchased readily. The 
results of the present study 
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= 7.0 (3.8) (No statistically significant difference between 
periods) 
 
Mean (SD) frequency of abdominal pain: 
Data could not be extracted from the figure in the published 
article. The author states: “The frequency of abdominal pain was 
significantly reduced in the test capsule consumption period 
compared with the other periods.” (pp. 19) 
 
Quality of life (5-point scale, Dartmouth COOP charts Japanese 
version) 
No significant difference in any item (physical activity, emotional 
problems, social activity, pain, and overall health state) among 
the time periods; however, “the mean score for all items was 
reduced in the test capsule consumption period.” (pp. 21) 
 
Adverse events 
No adverse events reported 

suggest that KB290 is useful 
for early intervention in IBS.” 
(pp. 16) 

Dapoigny, 
2012
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Probiotic = L. casei rhamnosus; Control = placebo 
 
IBS severity score, mean (SD) change from baseline 
After 4-week treatment: Probiotic = -63.2 (100.6); Placebo = -
64.3 (95.9); 25% decrease for both groups; P = NS 
At the end of follow-up (6 weeks): Probiotic = -40.6 (110.1); 
Placebo = -36.0 (109.5); 15% decrease for both groups; P = NS 
 
IBS subgroups: 
Only patients with diarrhea-dominant IBS had a decrease in IBS 
severity score (-36%) with probiotic versus no change with 
placebo; no statistical analyses could be performed for IBS 
subgroups due to small sample sizes 
 
Adverse events 
No adverse events were reported  

“This pilot study suggests 
that LCR35 could have some 
efficacy in IBS patients 
complaining of diarrhoea. 
These preliminary results 
need to be confirmed in 
larger studies.” (pp. 2068) 

Kruis, 2012
16

 Probiotic = E. coli; Control = placebo 
 
Responder rate 
After 12 weeks: Probiotic: 27/51 (52.9%) achieved clinical 
response; Placebo = 23/48 (47.9%) achieved clinical response 
(PP analysis, P = 0.30) 
 
No difference between groups for change from baseline to week 
12 with IBS symptoms or improvement in quality of life. 
 
Adverse events 
No deaths occurred  
1 serious adverse event in a placebo patient (tooth abscess)  
Any adverse event: Probiotic: 30/60 patients (50%); Placebo: 
27/60 patients (45.0%)  
The most frequent adverse event was influenza-like illness 
(6.7% in both treatment groups). 

“Probiotic EcN shows effects 
in irritable bowel syndrome, 
especially in patients with 
altered enteric microflora, 
e.g. after gastroenterocolitis 
or administration of 
antibiotics.” (pp. 467) 

Ki Cha, 2012
17

 Probiotic = L. plantarum, L. acidophilus, L. rhamnosus, B. breve, 
B. lactis, B. longum, and S. thermophilus; Control = placebo 
 
Responder rate (adequate relief of overall IBS symptoms for ≥5 
of the 10 weekly assessments) 

“The probiotic mixture was 
effective in providing AR of 
overall IBS symptoms and 
improvement of stool 
consistency in D-IBS 
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Probiotics: 12/25 (48%); Placebo: 3/25 (12%); P = 0.01 
 
Change in IBS symptom score 
Percentage changes in total mean scores: Probiotics: 33.8%; 
Placebo: 33.3%; P = NS 
Symptom subscores did not differ significantly between the 2 
groups 
 
Daily bowel movements (changes in Bristol Stool Scale from 
baseline) 
Percentage change: Probiotics: -14.5% (19.7); Placebo: -0.6% 
(25.4); P = 0.045 
 
Quality of life (IBS-QOL questionnaire) 
Percentage change: Probiotic: 21.3%; Placebo: 9.0%; P = NS 
Individual domains: only 1 of 8 with statistically significant 
difference between the groups; percentage change in the health 
worry score: Probiotic: 42.3%; Placebo: 14.0%; P = 0.031 
 
Adverse events 
No adverse events were reported in the probiotics group; 
however, 2 patients in the placebo group withdrew due to 
worsening abdominal pain and diarrhea  

patients, although it had no 
significant effect on 
individual symptoms. The 
therapeutic effect of 
probiotics is associated with 
the stabilization of intestinal 
microbiota.” (pp. 220) 

Farup, 2012
18

 Probiotic = L. plantarum; Control = placebo 
 
IBS symptom score 
Probiotic increased IBS symptom score by 1.57 (95% CI: 0.10, 
3.05; P = 0.04) compared with placebo 

“The trial indicates that the 
symptomatic aggravation 
related to intake of L. 
plantarum MF 1298 was a 
direct effect of the microbe 
on the gut wall and not 
caused by changes in the 
fecal microbiota.” (pp. 1) 

Cui, 2012
19

 Probiotic = L. acidophilus + B. longum; Control = placebo 

 
Response rate at week 4 
Probiotic: 24/37 (64.9%); Placebo: 7/23 (30.4%); P <0.01 
 
IBS symptoms at week 4 
Statistically significant (P <0.01) difference between probiotic 
and placebo on time and frequency of events of pain or 
discomfort, abdominal distention and dissatisfaction with bowel 
habits. No significant difference for dissatisfaction with 
defecation 

“Bifid triple viable capsule 
supplement may benefit 
patients with IBS. Multistrain 
probiotic preparation may be 
a promising candidate for 
IBS therapy, although the 
mechanism needs to be 
further studied.” (pp. 238) 

Choi, 2011
20

 Probiotic = S. boulardii; Control = placebo 
 
Quality of life (IBS-QOL questionnaire) 
Percentage change: Probiotic: 15.4%; Placebo: 7.0%; P = 0.03 
Individual domains: only 2 of 8 with statistically significant 
difference between the groups; percentage change in the 
interference with activity score: Probiotic: 19.1%; Placebo: 4.2%; 
P <0.01; percentage change in the social reaction score: 
Probiotic: 18.8%; Placebo: 3.0%; P = 0.02 
 
IBS symptom scores 
Percentage change total score: Probiotic: -24.6%; -20.4%; P = 
NS 
No statistically significant difference between treatment groups 

“S. boulardii improved IBS-
QOL better than placebo but 
was not superior for 
individual symptoms in 
patients with diarrhea-
predominant IBS or mixed-
type IBS.” (pp. 679) 
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on individual symptoms 
No statistically significant difference between treatment groups 
on bowel frequency and stool consistency (based on Bristol stool 
scale) 
 
Adverse events 
No adverse events were reported in probiotic group; 1/43 in the 
placebo group withdrew due to worsening abdominal pain and 
flatulence 

Kabir, 2011
21

 Probiotic = S. boulardii; Control = placebo 
 
No statistically significant differences between probiotic and 
placebo were reported for stool frequency and consistency, 
abdominal pain and distension, and patient-reported outcomes 
at day 30 or day 60 

“S. boulardii treatment for 30 
days in diarrhea predominant 
IBS patients did not result in 
any improvement in this 
study.” (pp. 397) 

Sondergaard, 
2011

22
 

Probiotic = L. paracasei ssp paracasei, L. acidophilus, B. lactis; 

Control = placebo 
 
The proportion of patients reporting adequate symptom relief 
increased in both patient groups, but there was no statistical 
difference between the groups. IBS-Severity Scoring System 
scores did not differ statistically between the groups at the end 
of the treatment period, but improved during the study period in 
both groups. 

“During this 8-week trial 
gastrointestinal symptoms 
improved. However, there 
was no difference between 
treatment with fermented 
milk containing probiotics or 
acidified milk. The effect of 
probiotics on IBS symptoms 
remains uncertain and 
further studies are 
warranted.” (pp.663) 

Guglielmetti, 
2011
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Probiotic = B. bifidum; Control = placebo 

 
Patient global assessment of IBS symptoms 
Improved global IBS symptoms with probiotic versus placebo; 
Mean (95% CI) change from baseline: Probiotic: -0.88 points (-
1.07, -0.69); Placebo: -0.16 points (-0.32, 0.00) (P < 0.0001) 
 
Changes in IBS symptoms 
Significant reduction with probiotic versus placebo during the 
treatment phase that persisted during the wash-out phase for: 
- pain ⁄ discomfort: -0.82 points (95% CI: -1.01, -0.63) 
versus -0.18 (95% CI: -0.35, -0.01) (P < 0.0001) 
- distension ⁄ bloating: -0.92 points (95% CI: -1.15, -0.69) versus 
-0.21 (95% CI: -0.37, -0.05) (P < 0.0001) 
Significant reduction with probiotic versus placebo during the 
treatment but not the wash-out phase for: 
- urgency: -0.67 points (95% CI: -0.86, -0.48) versus -0.21 (95% 
CI: -0.35, -0.07) (P = 0.0001)  
No effects detected for frequency of bowel movement and 
feeling of incomplete bowel evacuation 
Composite symptom score significantly reduced with probiotic 
versus placebo during the treatment phase that persisted during 
the wash-out phase: Probiotic: -0.80; Placebo: -0.20; P <0.0001  
 
Responder rates 
Overall responder rates: Probiotic: 57%; Placebo: 21%;  
P = 0.0001  
Adequate relief: Probiotic: 47%; Placebo: 11%; P < 0.0001 
 
Quality of life (SF-12 questionnaire) 

“Bifidobacterium bifidum 

MIMBb75 effectively 
alleviates global IBS and 
improves IBS symptoms 
simultaneously with an 
improvement of quality of 
life. Considering the high 
efficacy of MIMBb75 in IBS 
along with the good side-
effect profile, MIMBb75 is a 
promising candidate for IBS 
therapy.” (pp. 1123) 
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SF12 sum scores: significant gain in quality of life within the 
probiotic group 
 
Adverse events 
Probiotic: 23; Placebo: 13  
Most frequent were related to IBS; for probiotic: abdominal 
distension, upper abdominal pain, diarrhea, nausea; for placebo: 
abdominal distension and pain 
No severe adverse events reported 

Guandalini, 
2010

24
 

Probiotic = B. breve, B. longum, B infantis, L. acidophilus, L. 
plantarum, L. casei, L. bulgaris, and S. thermophilus; Control = 
placebo 
 
Probiotic was significantly superior to placebo (P<0.05) in  
the subjective assessment of relief of symptoms 
 
Probiotic was significantly superior to placebo for: abdominal 
pain/discomfort (P<0.05), abdominal bloating/gassiness 
(P<0.05), and family assessment of life disruption (P<0.01) 
 
No significant difference was found (P = 0.06) in the stool pattern  
 
Adverse events 
No adverse effect was reported in any of the patients. 

“VSL#3 is safe and more 
effective than placebo in 
ameliorating symptoms and 
improving the quality of life in 
children affected by IBS.” 
(pp. 24) 

Ligaarden, 
2010
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Probiotic = L. plantarum; Control = placebo 
 
Patient preference 
13 patients (81%; 95% CI: 57%, 93%; P = 0.012) preferred 
placebo to probiotic 
 
IBS symptom scores 
Mean (SD) number of weeks with satisfactory relief of 
symptoms: Probiotic: 0.50 (0.89); Placebo: 1.44 (1.26); Paired 
difference, mean (95% CI) = -0.94 (-1.57, -0.31); P = 0.006  
 
Mean (SD) IBS sum symptom score: Probiotic: 6.44 (1.81); 
Placebo: 5.35 (1.77); Paired difference, mean (95% CI) = 1.09 
(0.31, 1.87); P = 0.010 
 
Symptom scores were significantly (P <0.05) better for placebo 
versus probiotic for abdominal pain/discomfort and urgency 
 
Stool consistency and diarrhea (consistency + frequency) were 
significantly (P <0.05) superior for placebo versus probiotic 
 
Adverse events 
Total = 4 events; 3 considered minor; 1 required hospitalization 
of a placebo patient but the patient continued in the study 

“This trial shows for the first 
time an unfavourable effect 
on symptoms in subjects 
with IBS after intake of a 
potential probiotic.” (pp. 16) 

Simren, 2010
26

 Probiotic = L. paracasei ssp paracasei, L. acidophilus and B. 
lactisplantarum; Control = placebo 
 
Responder rate 
Probiotic: 14/37 (38%); Placebo: 10/37 (27%); P = 0.3 
 
IBS symptom score 
IBS symptom severity improved significantly in both groups 

“We could not detect a 
clearly positive effect of 
fermented milk containing 
three probiotic bacteria on GI 
symptoms in IBS patients 
compared with the control 
treatment. However, a trend 
towards a more favourable 
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during the treatment period. This change was greater with 
probiotic during the first 2 weeks, but thereafter, no significant 
group differences were seen 
 
Quality of life 
Some of the domains of the disease-specific IBSQOL 
questionnaire improved in both groups, but none of the changes 
observed differed significantly between the groups 
 

effect during the first weeks 
was seen in the active 
group.” (pp. 218) 

Dolin, 2009
27

 Probiotic = B. coagulans; Control = placebo 
 
Patient-reported outcomes 
Baseline severity and quality of life scores were not similar 
between groups; between group comparison was not made 
 
Bowel habit (post hoc analysis) 
Mean number of bowel movements per day was significantly 
reduced with probiotic versus placebo (P = 0.042); adjusted for 
baseline frequency and age 
 
Adverse events 
Total: Probiotic: 5/26 (19.2%); Placebo: 6/29 (20.7%) 
Adverse events tended to be of mild to moderate severity and 
generally self-limiting 

“This small pilot study 
provides evidence that the 
proprietary B. coagulans 
GBI-30, 6086 probiotic is 
safe and effective for 
reducing daily bowel 
movements in patients with 
IBS-D.” (pp. 655) 

Hong, 2009
28

 Probiotic = B. bifidum, B. lactis, L. acidophilus, and L. casei; 
Control = placebo 
 
IBS symptom scores 
Reductions of pain score after 8 weeks: Probiotic: −31.9; 
Placebo −17.7; P = 0.045 
Reduction in defecation discomfort after 4 weeks: Probiotics: 
−29.2; Placebo: −13.5; P = 0.043 
 
Response rate  
For pain: Probiotics: 64%; Placebo: 44%; P = NS 
For defecation discomfort: Probiotics: 58%; Placebo: 41%; P = 
NS 
Symptom sum of scores: Probiotic: 56%; Placebo: 50%; P = NS 
 
Bowel habits 
There was no significant change in bowel habits including 
defecation frequency and stool consistency in both groups 
 
Quality of life 
There was no significant change in quality of life in both groups 
 
Adverse events 
No serious adverse events reported  
12/70 patients reported mild adverse events including common 
cold, headache, cystitis, low back pain 
The number of adverse events per group was 8, same in both 
groups 

“Composite probiotics 
containing Bifidobacterium 
bifidum BGN4, Lactobacillus 
acidophilus AD031, and 

other species are safe and 
effective, especially in 
patients who excrete normal 
or loose stools.” (pp. 101) 

Hun, 2009
29

 Probiotic = B. coagulans; Control = placebo 
 
IBS symptom score 
Baseline symptom scores were not comparable between the 

“Preliminary data suggest 
that the patented B. 
coagulans GBI-30, 6086 
probiotic may be a safe and 
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groups, hence between group comparisons are difficult to 
interpret 
Within group changes: Improvements from baseline abdominal 
pain and bloating scores with probiotic were statistically 
significant for all 7 weekly comparisons (P < 0.01); only changes 
in abdominal pain scores at weeks 6 and 8 achieved statistical 
significance (P < 0.05) with placebo 
 
Adverse events 
No treatment-related adverse events or serious adverse events 
were reported during the 8-week study period 

effective option for the relief 
of abdominal pain and 
bloating for patients with IBS. 
Larger, extended trials are 
needed to verify these 
results.” (pp. 119) 

Enck, 2009
30

 Probiotic = E. coli; Control = placebo 

 
Responder rate 
Global symptom score: Probiotic: 27/148 (18.2%); Placebo: 
7/150 (4.7%); P = 0.000397  
Abdominal pain score: Probiotic: 28/148 (18.9%); Placebo: 
10/150 (6.7%); P = 0.001649 
 
Adverse events 
Total: Probiotic: 48 events; Placebo: 40 events 
The most frequent: fatigue (n = 28), pruritus (n = 12), and 
diarrhea (n = 9); these all occurred equally in the probiotic and 
placebo arms of the study 
2 patients on probiotic and 0 patients on placebo withdrew due 
to an adverse event 

“Treatment of IBS with the 
probiotic Symbioflor-2 is 
effective and superior to 
placebo in reducing typical 
symptoms of IBS patients 
seen by general practitioners 
and by gastroenterologists.” 
(pp. 209) 

Agrawal, 2008
31

 Probiotic = B. lactis; Control = placebo 
 
IBS symptoms: abdominal distension and bloating 
Probiotic versus placebo:  
- a significant reduction in the percentage change in maximal 
distension (median difference: -39%, 95% CI: -78, -5; P = 0.02)  
- a trend towards reduction in bloating (AUC mean difference: -
0.47, 95% CI: -1.01, 0.07; P = 0.084) 
 
Overall abdominal symptoms and bowel habits 
Probiotic versus placebo:  
- a significant reduction in the overall symptom severity score (-
0.5, 95% CI: -1.0, -0.05; P = 0.032) 
- stool consistency showed borderline significant improvement; 
straining during evaluation, feelings of incomplete evacuation, 
and stool frequency showed a trend to improve with probiotic but 
were not statistically significant 

“This probiotic resulted in 
improvements in objectively 
measured abdominal girth 
and gastrointestinal transit, 
as well as reduced 
symptomatology. These data 
support the concept that 
accelerating transit is a 
useful strategy for treating 
distension.” (pp. 104) 

Williams, 2008
32

 Probiotic = L. acidophilus (2 strains), B. lactis, and B. bifidum; 

Control = placebo 
 
A statistically significant improvement in mean overall symptom 
severity score and quality of life at the end of treatment (week 8) 
with probiotic versus placebo; the difference did not persist 
during the 2-week post-treatment period 
 
Abdominal pain score, bloating score, satisfaction with bowel 
habit, and days with pain were not significantly different between 
the treatment groups at week 8 
 
 

“LAB4 multistrain probiotic 
supplement may benefit 
subjects with IBS.” (pp. 97) 
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Adverse events 
1 patient in the probiotic group reported an increase in flatulence  
 
No other adverse events were reported 

Zeng, 2008
33

 Probiotic = S. thermophilus, L. bulgaricus, L. acidophilus, and B. 
longum; Control = placebo 
 
Treatment with probiotics significantly decreased the mean 
global IBS scores compared with the baseline scores (P < 
0.001); no significant improvement for placebo patients 
 
Mean scores of abdominal pain and flatulence were significantly 
lower than baseline with probiotic (P < 0.001; P = 0.010, 
respectively); the sensation of bloating failed to show any 
improvement; no significant improvement for placebo patients on 
any of these individual symptoms 
 
Adverse events 
No reported adverse events 

“Short-term active lactic acid 
bacteria treatment for D-IBS 
improved mucosal barrier 
function.” (pp. 994) 

Enck, 2008
34

 Probiotic = E. coli + E. faecalis; Control = placebo 

 
Responder rate 
Global symptom score: Probiotic: 102/149 (68.5%); Placebo: 
56/148 (37.8%); P < 0.001  
Abdominal pain score: Probiotic: 108/149 (72.5%); Placebo: 
66/148 (44.6%); P = 0.001 
Kaplan-Meier analysis: mean response time of 4–5 weeks for 
probiotic and >8 weeks for placebo (P < 0.0001) 
 
Adverse events 
Total: Probiotic: 52 events; Placebo: 35 events 
Gastrointestinal adverse events: diarrhea (n = 11 with probiotic; 
n = 3 with placebo), gastric (upper GI) pain or discomfort (n = 11 
with probiotic; n = 7 with placebo), nausea and vomiting (n = 2 
with probiotic; n = 5 with placebo), heartburn (n = 2 with 
probiotic; n = 0 with placebo), painful bloating (n = 0 with 
probiotic; n = 2 with placebo), upper and lower abdominal pain (n 
= 0 with probiotic; n = 1 with placebo), dry mouth (n = 3 with 
probiotic; n = 1 with placebo), and bleeding hemorrhoids (n = 1 
with probiotic; n = 0 with placebo)  
Total adverse events associated with discontinuation: Probiotic: 
9; placebo: 9 
The gastrointestinal adverse events that led to discontinuation: 
Probiotic: vomiting, diarrhea and heartburn; Placebo: abdominal 
pain  

“Treatment of IBS with the 
bacterial lysate 
ProSymbioflor is effective 
and superior to placebo in 
reducing typical symptoms of 
IBS patients seen by general 
practitioners.” (pp. 1103) 

Andriulli, 2008
35

 Probiotic (Synbiotic) = L. paracasei (+ prebiotic); Control = 
prebiotic 
 
No significant difference between treatment groups regarding 
absent/mild pain (synbiotic: 53.9%; prebiotic: 53.4%) or self-
reported amelioration of well-being (synbiotic: 63.3%; prebiotic: 
60.9%) at the end of treatment 
 
In diarrhea-dominant IBS: borderline significant reduction in 
frequency of bowel movements with synbiotic (baseline mean = 
3.59 per day; final mean = 2.41 per day) versus prebiotic 

“To improve pain and well-
being, Flortec is encouraging 
in patients with diarrhea 
predominant IBS. To 
establish its efficacy for the 
majority of IBS patients, 
Flortec has to be compared 
with an inert placebo in 
future work.” (pp. S218) 
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(baseline mean = 3.40 per day; final mean = 2.95 per day) (P = 
0.05). Significant reduction in abdominal pain and IBS symptom 
scores within synbiotic group but not within the prebiotic group 
versus baseline; no between group comparison 
 
Adverse events 
Number of patients withdrew due to adverse events: Synbiotic: 5 
(20%) due to diarrhea, abdominal discomfort, and vomiting; 
Prebiotic: 4 (13%) due to abdominal pain and a skin rash 
 
Data on overall adverse events was not reported. The author 
stated, “The overall prevalence of adverse events was not 
different between controls and patients receiving the synbiotic 
formulation.” (pp. S222) 

AAD=antibiotic-associated diarrhea; CDI=Clostridium difficile infection; CI=confidence interval; FE=fixed effects; IBS=irritable 
bowel syndrome; NR=not reported; NS=not statistically significant; OR=odds ratio; RCT=randomized controlled trial; RE=random 
effects; RR=risk ratio; SD=standard deviation; SMD=standardized mean difference; wks=weeks; yrs=years 
* Estimated from the graphs in the published article 

 
 
 


	TITLE:
	CONTEXT AND POLICY ISSUES
	RESEARCH QUESTIONS
	KEY FINDINGS
	METHODS
	Table 1: Selection Criteria
	Exclusion Criteria
	SUMMARY OF EVIDENCE
	Summary of Study Characteristics
	Summary of Critical Appraisal
	Summary of Findings
	LIMITATIONS
	CONCLUSIONS AND IMPLICATIONS FOR DECISION OR POLICY MAKING
	REFERENCES
	APPENDIX 1: Rome Diagnostic Criteria for Irritable Bowel Syndrome (IBS)
	APPENDIX 2: Selection of Included Studies
	APPENDIX 3: Summary of Study Characteristics
	APPENDIX 4: Summary of Critical Appraisal
	APPENDIX 5: Summary of Findings

