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INTRODUCTION
As many as 1 in 5 Americans have symptoms of irritable 
bowel syndrome (IBS), but only about 30% seek medical 
attention.1,2 Even so, IBS accounts for approximately 12% of 
visits to primary care physicians and 28% of referrals to gas-
troenterologists.3 With emerging evidence to support some 
practices, many people with IBS turn to complementary 
health practices, including dietary manipulation and the use 
of alternative medicine such as probiotics and prebiotics, to 
help relieve their symptoms.1,4,5 Therefore, patients with IBS 
who seek medical care for their IBS symptoms may have 
questions about diet and alternative treatments or may be 
self-managing. 

Dietary and some other treatments for IBS are sup-
ported by a growing body of evidence, much of which comes 
from programs such as the Human Microbiome Project and 
Human Gut Microbiome Initiative, which were intended to 
identify and characterize microorganisms found in associa-
tion with both healthy and diseased humans. These programs 
used state-of-the-art technology to characterize the human 
microbiome from multiple body sites.6 This evidence indi-
cates that the gut microbiome plays an important role in IBS 
and some other gastrointestinal (GI) disorders. The human 
microbiome is the collective genome (ie, genetic material) of 
all the microorganisms living in association with the human 
body, the vast majority of which reside in the distal gut.7,8 The 
gut microbiota refers to the complex ecosystem of more than 
a thousand microbial species inhabiting the intestine, most 
of which are bacteria, and accounts for 60% of the fecal bio-
mass.6,9,10 While research is still in its infancy, these programs 
suggest that microorganisms carry out a range of biological 
functions critical to the health of the individual.11

Emerging evidence also suggests that changes in the 
composition of the gut microbiota (dysbiosis) correlate 
with numerous diseases, including type 1 and type 2 diabe-
tes, obesity, asthma, and several cancers, as well as anxiety 
and depression.7,12-15 Perhaps least surprising is the increas-

ing evidence implicating gut microbiota alterations in gas-
trointestinal diseases such as inflammatory bowel disease  
and IBS.16

IRRITABLE BOWEL SYNDROME 
Microbial complications of IBS
The most convincing evidence that suggests gut microbiota 
are involved in the pathogenesis of IBS is the finding that IBS 
can develop in predisposed individuals following a bout of 
infectious gastroenteritis.17 The odds of developing IBS are 
increased more than sixfold after an acute GI infection, and 
the onset of new IBS symptoms after a bout of infectious gas-
troenteritis is reported by 6% to 18% of IBS patients.17

Additional evidence supporting a role for the gut 
microbiota in IBS include differences in the colonic micro-
biota between IBS and non-IBS populations, symptomatic 
response of IBS to antibiotic and probiotic administration, 
and recent anecdotal reports of responses to fecal microbial 
transplantation.11,18-21 Numerous studies have reported dif-
ferences in the mucosal and/or fecal microbiota of patients 
with IBS compared with healthy controls, such as reduced 
diversity of the microbial population, altered proportion of 
specific bacterial groups, different degree of variability in the 
microbiota composition, a higher degree of temporal insta-
bility, and more abundant mucosal bacteria.22 Some patients 
experience small intestinal bacterial overgrowth (SIBO), a 
condition in which bacteria colonize the small intestine, cre-
ating localized inflammation, altering intestinal absorption, 
and potentially using nutrients needed by the body, which in 
turn causes malnourishment. 

While our understanding of the pathophysiologic role 
of the gut microbiota in IBS is still developing, several pos-
sible mechanisms have been proposed. The current working 
hypothesis is that altered composition and metabolic activ-
ity of the gut microbiota activate mucosal innate immune 
responses and inflammation.9,17 These processes, in turn, 
increase mucosal permeability, promote epithelial barrier 
dysfunction, activate nociceptive sensory pathways, and dys-
regulate the enteric nervous system. 

Treatment approaches focused  
on altering the gut microbiome
While our knowledge about the gut microbiome and its role 
in IBS pathophysiology continue to develop, the gut micro-
biota has been a therapeutic target for years, if not decades.17

Dietary modification
Diet has been shown to significantly influence the composi-
tion and metabolic activity of the gut microbiota. In fact, dietary 
modification can substantially alter the gut microbiome in as 
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little as 3 days.9,23-25 Additionally, 60% to 70% of patients with 
IBS report a worsening of symptoms after meals, and 50% to 
70% report intolerance to various foods.3 

The most compelling evidence for a beneficial impact 
of diet on IBS exists for a diet that restricts a group of short-
chain carbohydrates known collectively as fermentable oli-
gosaccharides, disaccharides, monosaccharides and polyols 
(FODMAPs). FODMAPs are found in such foods as wheat, 
legumes, milk, some fruits, and sorbitol.4,26 Rapid fermen-
tation of these incompletely absorbed carbohydrates leads 
to gas production and increased luminal water content, 
resulting in luminal distention that may account for IBS 
symptoms.4 Implementation of a low FODMAP diet for IBS 
reduces overall gastrointestinal symptoms and individual 
symptoms such as abdominal pain, bloating, constipation, 
diarrhea, abdominal distention, and flatulence.26,27 In a ran-
domized, single-blind, crossover study of 30 patients with IBS 
and 8 healthy controls who received 21 days of either a low 
FODMAP or typical Australian diet, 70% of patients with IBS 
experienced improvement in overall GI symptoms.28 Dietary 
intervention guided by specialized dietitians appears to be 
vital for the success of the diet, which is fairly complex.26 The 
ideal length of time for a patient to adhere to a low FODMAP 
diet has not been adequately studied; however, strict adher-
ence to a  low-FODMAP diet is not recommended long-term 
due to potential risks of inadequate nutrient intake.26

Very limited data suggest that gluten may exacerbate IBS 
symptoms in patients with IBS but not celiac disease whose 
symptoms are already controlled on a gluten-free diet. This 
observation suggests that a gluten-free diet may help some 
patients with IBS.29 However, a more recent study by the same 
investigators demonstrated that implementation of a gluten-
free diet in patients with IBS already on a low FODMAP diet 
did not provide added benefit.30

Fiber has long been considered a mainstay of therapy 
for relief of IBS symptoms. The beneficial effects of fiber 
are thought to reflect colonic fermentation with produc-
tion of short-chain fatty acids or its action as a prebiotic.3 A 
recent systematic review and meta-analysis of 14 trials found 
moderate-quality evidence that soluble fiber—but not bran 
fiber—is effective at improving global IBS symptoms and 
should remain a first-line therapy for IBS, given its affordabil-
ity and safety.31

Probiotics and prebiotics
Prebiotics (eg, fructooligosaccharides and inulin) are ingredi-
ents in food that remain undigested and which may stimulate 
either the growth or the activity of bacteria that are also bene-
ficial to human health.19 In contrast, probiotics are live micro-
organisms that, when ingested in adequate amounts, confer 

a health benefit to the host.4 Synbiotics combine prebiotics 
and probiotics, with a potentially synergistic action.19 There 
is a paucity of evidence for the efficacy of prebiotics or syn- 
biotics in IBS.22

Probiotics, principally those containing Lactobacillus sp. 
and Bifidobacterium sp., have been studied extensively as a 
way to beneficially modulate the GI microbiota in the treat-
ment of IBS.17,19,32,33 Lactobacillus sp. and Bifidobacterium sp. 
modulate several mechanisms that might be implicated in 
the pathogenesis of IBS, including effects on intestinal micro-
biota composition, GI dysmotility, visceral hypersensitivity, 
altered gut epithelium and immune function, and luminal 
metabolism.22 Interpreting results from probiotic studies in 
IBS is challenging due to inclusion of patients with differ-
ent IBS subtypes and the use of multiple probiotic strains 
and doses across studies, which may obscure the beneficial 
effects of individual strains within that species.19,32

In a meta-analysis of 35 studies of probiotics vs placebo 
for IBS, probiotics improved overall symptoms, with a rela-
tive risk of 0.79 (95% confidence interval, 0.70-0.89) for IBS 
symptoms persisting. Probiotics reduced abdominal pain, 
bloating, and flatulence. The number needed to treat (NNT) 
was 7. Some combinations of probiotics were superior to 
individual species or strains, although no specific combi-
nation was superior to another.19 Adverse events were more 
common with probiotics (16.5%) compared with placebo 
(13.8%), with a number needed to harm (NNH) of 35.19

Antibiotics
The alteration of the gut microbiota, and particularly the 
possible role of an SIBO in at least some patients with IBS, 
has prompted the evaluation of antibiotics as a treatment for 
IBS.22 Neomycin, a nonabsorbable antibiotic, was the first 
investigated for IBS. Neomycin produced a 50% improve-
ment in global IBS symptoms compared with placebo, but 
also induced rapid bacterial resistance.22 

The rifamycin-derivative rifaximin is an oral, nonsys-
temic, broad-spectrum antibiotic associated with a low bac-
terial resistance profile and a favorable side-effect profile.20 
Rifaximin appears to have anti-inflammatory, host-response, 
and gut microbiota modulatory activities.34 Rifaximin has 
shown efficacy in several small-scale studies of IBS as well 
as 2 large-scale, identically designed, phase 3, double-blind, 
placebo-controlled, multicenter trials (Targeted non-systemic 
Antibiotic Rifaximin Gut selective Evaluation Treatment 
[TARGET] 1 and TARGET 2) (TABLE).20,35

In TARGET 1 and TARGET 2, patients affected by IBS 
without constipation (N=1258) received either rifaximin  
550 mg or placebo 3 times daily for 2 weeks, then were fol-
lowed for an additional 10 weeks.20 Significantly more 
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patients in the rifaximin group than in the placebo group 
had adequate relief of global IBS symptoms during the first  
4 weeks after treatment (TABLE).20,35 The percentage of patients 
with adequate relief decreased over time in both groups, but 
remained higher for patients treated with rifaximin com-
pared with patients receiving placebo during all 3 months in 
both studies. The incidence of adverse events was similar in 
the rifaximin and placebo groups.

Most recently, the randomized, placebo-controlled TAR-
GET 3 study indicated that repeat treatment with rifaximin 
550 mg 3 times daily for up to three 2-week cycles in patients 
with diarrhea-predominant IBS (IBS-D) was significantly 
more efficacious than placebo (38.1% vs 31.5%, P=.03) in 
improving IBS symptoms. Treatment was well tolerated.35

Although not indicated for IBS-C (constipation pre-
dominant), rifaximin (400 mg 3 times daily for 7-10 days) 
has been evaluated in patients with IBS-C in 2 small,  
double-blind trials.36 In one trial, rifaximin plus neomycin 
significantly improved severity of constipation and symp-
toms of bloating and straining for up to 4 weeks compared 
with neomycin plus placebo.36 In the other trial, which uti-
lized a crossover design, rifaximin significantly decreased 

bloating, abdominal pain, abdominal distension, and flatu-
lence compared with placebo.37

Overall, these data suggest that rifaximin, with its favor-
able safety profile and demonstrated efficacy, is a therapeutic 
option for patients with IBS-D.

Other prescription medications
Alosetron, a selective 5-HT

3
 antagonist, and eluxadoline, a 

mixed opioid receptor agonist/antagonist, are also approved 
for IBS-D but have no effect on the gut microbiome.

Fecal microbiota transplantation
Fecal microbiota transplantation (FMT) involves oral admin-
istration of encapsulated fecal material containing distal gut 
microbiota from a healthy person who serves as a donor.14 The 
goal is to treat disease by restoring microbiota typically found in 
a healthy person. FMT has been effective for Clostridium diffi-
cile infection, generating speculation that the process may ben-
efit other conditions associated with dysbiosis, including IBS.14 

Data about the efficacy of FMT for IBS are scanty and 
far from conclusive at this time, consisting primarily of sev-
eral case series reporting relief of symptoms in patients with 

 TABLE  TARGET-1, -2, and -3 trials for rifaximin in the management of irritable bowel syndrome20,35

 
Study design

 
Patients

 
Treatment

Primary efficacy  
outcomes

Secondary efficacy 
outcomes

 
Safety

R, DB, PBO-C; 
TARGET 1 and 
TARGET 2 
combined

IBS (Rome II 
criteria) with 
abdominal pain 
and discomfort

Rifaximin 550 mg 
tid (n = 624) 
vs PBO (n = 634)a 
for 2 weeks

Adequate relief b of 
global IBS symptoms: 
rifaximin vs PBO: 
40.7% vs 31.7%; 
P <.001

Adequate reliefb of 
IBS-related bloating: 
rifaximin vs PBO, 
40.2% vs 30.3%;  
P <.001

AEs comparable 
between groups

Rifaximin vs PBO: 
Headache: 6.1% vs 
6.6%; upper respiratory 
tract infection: 5.6% vs 
6.2%; abdominal pain: 
4.6% vs 5.5%

Open label, then 
R, DB, PBO-C; 
TARGET 3 

IBS-D (Rome 
III criteria) with 
abdominal pain 
and bloating

Rifaximin 550 mg 
tid open-label for  
2 weeks (n=1074)

If relapsed 
during 18-week 
observation phase: 
rifaximin 550 mg 
tid (n=328) vs PBO 
(n=308)

Percentage of 
respondersc after first 
repeat treatment: 
rifaximin vs PBO: 
38.1% vs 31.5%; 
P=.03

Percentage of 
responders who did 
not have recurrence 
through end of 6-week 
repeat treatment 
observation phase and 
continued to respond 
without recurrence 
through end of second 
repeat treatment 
phase: rifaximin vs 
PBO: 13.2% vs 7.1%; 
P =.007

AEs comparable 
between groups

Rifaximin vs PBO: 
Overall: 42.7% vs 
45.5%; nausea: 3.7% vs 
2.3%; upper respiratory 
tract infection: 3.7% 
vs 2.6%; urinary tract 
infection: 3.4% vs 4.9%

Abbreviations: AE, adverse event; bid, twice daily; DB, double-blind; IBS, irritable bowel syndrome; PBO, placebo; PBO-C, placebo-controlled; R, randomized; TARGET, 
Targeted non-systemic Antibiotic Rifaximin Gut selective Evaluation Treatment; tid, 3 times daily. 
aPatients included in modified intention-to-treat analysis.
bDefined as relief of symptoms for ≥2 of first 4 weeks of treatment by self-report.
c Defined as a decrease in abdominal pain ≥30% from baseline AND a decrease in frequency of loose stools ≥50% from baseline for ≥2 weeks during a 4-week posttreat-
ment period.
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IBS who do not respond to con-
ventional therapy.21,38,39 Among 
concerns regarding FMT is the 
potential for long-term risks that 
may manifest as the develop-
ment of chronic disease based 
on alterations in the gut micro-
biota.14 For example, transplan-
tation of human fecal microbiota 
from obese subjects to rodents 
has been shown to transmit an 
obesity phenotype.40 FMT from 
lean subjects to obese subjects 
with metabolic syndrome, on 
the other hand, has proven ben-
eficial, including an increase 
in insulin sensitivity.41 Well-
designed, large, randomized, 
controlled studies are required 
before FMT can be considered a 
therapeutic option in IBS.

IMPLICATIONS  
FOR CLINICAL PRACTICE
While our understanding of 
the role of the gut microbiota 
and dysbiosis in IBS contin-
ues to evolve, several treatment 
approaches that target the gut 
microbiota have already demon-
strated efficacy in IBS. The cur-
rent body of knowledge regard-
ing these treatments suggests a 
logical sequence, or simple algo-
rithm, to guide their use in clini-
cal practice (FIGURE). 

Diet manipulation should 
be considered first, including rul-
ing out celiac disease in patients 
with persistent symptoms of gas, bloating, and diarrhea, 
as well as patients with a family history.3 A gluten-free diet 
trial is a reasonable intervention, especially in patients with  
IBS-D, mixed irritable bowel syndrome, or predominant 
symptoms of gas and bloating. Alternatively, or in a patient 
not responding to a gluten-free diet, a 4-week trial of a low 
FODMAP diet under the guidance of a dietitian may be help-
ful. Longer trials need careful monitoring due to the potential 
for nutritional deficiencies.3 Initiation of a gluten-free diet in 
a patient already on a low FODMAP diet is unlikely to provide 
additional benefit.

Probiotics may be considered in patients in whom 
dietary modification provides insufficient relief. While evi-
dence does not suggest superiority of 1 microorganism over 
another, products containing combinations of microorgan-
isms appear to be slightly more effective than single species/
strain products. Trial duration should be at least 4 weeks 
before assessing treatment response.17

Rifaximin may be considered for patients with 
IBS refractory to dietary manipulation and probiotics. 
The drug is indicated only for the treatment of IBS-D,  
however.

 FIGURE  Suggested algorithm for gut microbiota-targeted therapy for IBS

Consider trial of low FODMAP diet  
or gluten-free dieta

Adequate relief? Continue diet

If tried gluten-free first, switch  
to low FODMAP diet

If tried low FODMAP diet first, gluten-free 
diet not likely to have additional benefit

Adequate relief?Continue diet

Consider trial of probiotic  
(combination product)b

Adequate relief?

Consider 2-week trial of rifaximin  
550 mg tid

No

No

Yes

Yes

No

Continue probiotic
Yes

Abbreviations: FODMAP, fermentable oligosaccharides, disaccharides, monosaccharides, and polyols; IBS, irritable 
bowel syndrome.
aConsider ruling out celiac disease in patients with persistent symptoms of gas, bloating, and diarrhea, and those with a 
family history.
bConsider at least a 4-week trial at adequate doses before judging response to treatment.
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In conclusion, IBS is one of the most common disorders 
treated by primary care physicians. Our rapidly accumulating 
knowledge about the pathophysiologic role of disturbances 
in the gut microbiota in IBS has prompted manipulation of 
the microbiota as a new therapeutic target for the disorder. 
A proposed algorithm suggests a logical approach for utili-
zation of diet, probiotics, and antibiotics in clinical practice 
to manipulate the gut microbiota in the management of 
patients with IBS.  l
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