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Abstract
Irritable bowel syndrome (IBS) is a functional gastrointestinal disorder associated with abdominal pain, diarrhea,
constipation, or a mix of symptoms. The pathophysiology of IBS is not completely understood but appears to
involve genetics, the gut microbiome, immune activation, altered intestinal permeability, and brain-gut interactions. There is no gold standard for diagnosis. Several sets of symptom-based guidelines exist. Treatment strategies
for IBS may include both nonpharmacologic and pharmacologic approaches. Lifestyle modifications that aim to
improve exercise, sleep, diet, and stress may be warranted. Recent data suggest that a gluten-free diet and a
diet low in fermentable oligosaccharides, disaccharides, monosaccharides, and polyols (FODMAPs) may benefit
some patients. For patients with diarrhea-predominant IBS, treatment options include the synthetic peripheral µ-opioid receptor agonist loperamide, antispasmodic agents, antidepressants, serotonin 5-HT3 antagonists,
and the gut-specific antibiotic rifaximin. Ongoing research is evaluating the use of probiotics. For patients with
constipation-predominant IBS, therapeutic strategies may include dietary fiber, laxatives, and the prosecretory
agents lubiprostone and linaclotide. Research is continuing to optimize the use of available agents and evaluating
new approaches to further improve the care of patients with IBS.
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I

rritable bowel syndrome (IBS) is a functional gastrointestinal (GI) disorder that may cause abdominal
pain or discomfort, diarrhea, constipation, and
related symptoms. IBS is common, with prevalence
reaching more than 20% in some countries (Figure 1).1 In
western countries, rates of IBS are higher in women than
in men.1 Only a fraction of affected individuals—between
25% and 50%—seek medical care for their symptoms.1
IBS is categorized into subgroups based on the dominant bowel-related symptom(s). These subgroups include
IBS with diarrhea (IBS-D), IBS with constipation (IBS-C),
and IBS with mixed or alternating diarrhea and constipation (IBS-M).2 The IBS subgroups are defined based on
stool consistency, which has been shown to correlate with
constipation and diarrhea better than stool frequency.2
Stool consistency is also a better surrogate for colon transit,
with hard or lumpy stools predicting slow transit and loose
or watery stools predicting more rapid transit (Table 1).3
Identifying the relevant subgroup is important for selecting
the appropriate diagnostic tests and treatment strategies.
Although an IBS diagnosis including subtype is based
upon symptoms present at the time of evaluation, the majority of patients experience some change in their symptoms
over time, most often from IBS-C or IBS-D to IBS-M. Less
frequently, patients alternate between IBS-C and IBS-D.
Comorbidities are common in IBS and can affect both
the GI tract and other systems. A substantial proportion
of patients fulfill criteria for IBS and also have symptoms
suggestive of other functional GI disorders, including functional chest pain, heartburn, dyspepsia, and/or abdominal

pain.4 Patients with IBS are also more likely than the
general population to have other pain-related disorders,
including migraine headache, fibromyalgia, and chronic
pelvic pain.5 The presence of GI manifestations and global
pain disorders suggests a shared pathophysiology, perhaps
as a consequence of altered pain processing. Depression
and anxiety are also more common in IBS patients and
influence their illness experience.5
IBS is a costly disorder that has tremendous consequences on a societal level. Patients with IBS tend to utilize
more health care services than the general population, as
measured by nearly any parameter (eg, outpatient office
visits, diagnostic testing, and costs attributable to over-thecounter or prescription medications).6 In the United States,
estimated annual direct costs attributable to IBS exceed
$10 billion.7 Estimated indirect costs, which exceed $20
billion, are primarily due to missed work—either absenteeism or presenteeism (reduced productivity while at work).7
Pathophysiology of Irritable Bowel Syndrome
The pathophysiology of IBS is not fully understood.
When the pathophysiology of IBS was first considered in
the 1950s and 1960s, the symptoms were largely attributed to psychiatric illness. In the 1960s, the focus shifted
toward abnormalities in GI motility as a cause for IBS.8
In the 1970s and 1980s, the concept of visceral hypersensitivity was proposed, suggesting that IBS patients might
perceive any of a number of stimuli differently, leading to
GI symptoms.9 In the 1990s, the concept of the brain-gut
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Table 1. Accuracy of Stool Form in Predicting Delayed Transit

a

CTT by Wireless Motility Capsule

WGTT by Wireless Motility Capsule

WGT by 5-Day ROM Study

Stool Form
(value on BSFS)a

Sensitivity (%)

Specificity (%)

Sensitivity (%)

Specificity (%)

Sensitivity (%)

Specificity (%)

1

14

100

15

100

10

99

2

64

90

65

89

55

87

2.5

82

83

85

82

80

81

3

86

72

90

71

80

69

4

100

22

100

21

95

20

The average value over 2 to 5 days.

BSFS, Bristol Stool Form Scale; CTT, colonic transit time; ROM, radio-opaque marker; WGT, whole-gut transit; WGTT, whole-gut transit time.
Data from Saad RJ et al. Am J Gastroenterol. 2010;105(2):403-411.3
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Figure 1. Worldwide prevalence of irritable bowel syndrome. Adapted from Canavan C et al. Clin Epidemiol. 2014;6:71-80.1
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motility, visceral50sensation, and brain-gut interactions, as
well as mental health
disorders. Later in life, environmental
40
triggers may contribute to the development, or at least
the exacerbation,30of symptoms in patients with underly20 in motility, function, and sensation. In
ing abnormalities
susceptible individuals,
stimuli such as food or stress can
10
be important triggers
for
the abdominal pain and altered
0
bowel habits characteristic of IBS.
Recently, there has been a significant focus on the
role of the gut microbiome in the pathophysiology of
IBS.13 When considering the role of the microbiota, it is
helpful to recognize the significant presence of bacteria
in the human body. The number of bacteria far exceeds
that of the host somatic cells. At least 500 to 1000 spe-
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axis and related abnormalities gained popularity.10 In the
past 10 years, there have been tremendous advances in
our understanding of how these different factors might fit
together in the pathophysiology of IBS.11
Genetics, the microbiome, immune activation, and
altered intestinal permeability may all contribute to the
pathogenesis of IBS,11 and a biopsychosocial model has
been proposed to account for the influence of interactions
between the brain and the gut.12 Factors early in life that
may contribute to the development of IBS include impaired
family dynamics (eg, abuse or maternal deprivation), acute
GI infection, and, potentially, the use of systemic antibiotics.11 These factors may predispose individuals to the
development of abnormalities in enteric nerve dysfunction,
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Figure 2. Long-term dietary changes can alter the gut microbiome. Adapted from Voreades N et al. Front Microbiol. 2014;5:494.15
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cies of bacteria have been identified in the human body.
Moreover, 60% of the fecal biomass consists of bacteria.
The microbiome plays a critically important role in
the normal development and function of the GI tract.
Animals raised in a germ-free environment exhibit abnormal GI tract development and functioning.14 A variety of
factors influence the gut microbiome, including genetics,
diet, exposure to GI pathogens, and medications (Figure
2).15 The effects of antibiotics on the microbiome are well
known, and other medications may also have an impact.
Various alterations in the microbiome have been
identified in patients with IBS, who show qualitative and
quantitative differences, differences in distribution within
the GI tract, and a lack of microbial diversity compared
with people without IBS.16-20 The clinical relevance of
these early observations, and their role in the cause vs
effects of IBS, are not yet known.
Multiple studies have shown an association between
IBS and small intestinal bacterial overgrowth (SIBO).21
There are substantial limitations in the sensitivity and specificity of the breath tests used to detect SIBO.20 Nonetheless,
these findings are useful for exploring the hypothesis that
patients with IBS may have abnormalities in the microbiome, not only in the colon but also in the small bowel.
Supporting this hypothesis are studies suggesting that the
microbiome in the small bowel of IBS patients may be
altered both quantitatively and qualitatively.16

Emerging evidence also suggests that intestinal permeability is impaired in patients with IBS, lending possible
credence to the concept of the “leaky gut.”22 Some patients
with IBS demonstrate markers of increased immune
activation, including higher mast cell concentrations and
activation, altered immune markers, and elevated levels of
cytokines, including tumor necrosis factor–α.23
Patients who have experienced severe acute infectious gastroenteritis (bacterial, viral, or parasitic) are at
increased risk of developing long-term IBS symptoms, a
condition known as postinfectious IBS.24,25 Perhaps most
clinically relevant today are the differences in the natural
history of patients who develop IBS after an infection. IBS
is typically a chronic condition, but when it develops after
an infection, symptoms will resolve in approximately twothirds of patients in 5 to 6 years.26 Thus, it is important
to inform patients with postinfectious IBS that they are
likely to improve over time, regardless of the interventions
offered. At present, there is no evidence to suggest that
one therapy is better than another for postinfectious IBS.
In the future, however, there may be therapies specifically
for postinfectious IBS that affect immune activation or
the microbiome.
Multiple factors may contribute to the development
of IBS, including a genetic predisposition in the presence
of dysbiosis (abnormalities in the microbiome); environmental triggers, such as stress; psychologic disorders; diet;
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medications; and infections. Together, these factors may
lead to alterations in intestinal permeability that permit
increased antigen presentation, promoting immune activation. These events could lead to altered sensation and
functioning of the GI tract, causing the symptoms of IBS.
It has been hypothesized that systemic chemokines and
cytokines may lead to the extraintestinal symptoms, such
as fatigue, joint pain, and skin rash, often reported by
patients with IBS.27
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Figure 3. Impact of irritable bowel syndrome on various aspects
of life, as reported in a survey of 261 patients. Adapted from
Lacy BE et al. Aliment Pharmacol Ther. 2007;25(11):1329-1341.2
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Unfortunately, the use of extensive testing proved to be
4
expensive and misguided. In a study of patients who
underwent
colonoscopy for their GI symptoms, a normal
3.5
result did not allay patients’ fears that they were suffering
from3a severe organic illness.5 In addition, invasive tests
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the diagnosis of IBS, many gastroenterologists use the
definition
provided by the American College of Gastro0
6
Preabdominal
Pre with
Post
Post
Pre defecation.
Post
enterology:
pain
disordered
Frequency
Form
Ease of
This definition
captures the (BSFS)
key clinical IBS
characteristic
(BM/Day)
Passage
(1-7)
of abdominal pain while highlighting the changes in
bowel habits. It has not yet been validated.
More detailed guidelines are also available, includ7
ing the Manning criteria7 and the Rome criteria.8 None
6
are ideal.
The Rome III diagnostic criteria require
recurrent
abdominal pain/discomfort at least 3 days
5
per month over 3 months, with symptom onset at least
4
6 months before diagnosis and the presence of at least
2 of 3the following symptoms: improvement of pain/
discomfort
with defecation, onset associated with a
2
change in stool frequency, or onset associated with a
1
change
in stool appearance. IBS subtyping is based on
the predominant
stool pattern using the Bristol Stool
0
Form Scale.9 The Rome IIITimeline
criteria are commonly used
Placebo
first
in research studies Ondansetron
but not first
in clinical
practice.
Baseline week

In an international survey of 1966 adult patients diagnosed with IBS, the diagnosis was made a mean 6.6
years (±9.7 years) after symptoms began.1 Confirmation
of a positive diagnosis of IBS is important for several
reasons. A diagnosis can reassure patients about the
nature of their symptoms and avoid unnecessary testing,
procedures, and surgeries.2 Patients with IBS are more
likely to undergo unnecessary cholecystectomy, appendectomy, and hysterectomy than matched controls.3 An
accurate and timely diagnosis will also allow clinicians
to present the management options and initiate treatment. Persistent symptoms can reduce work productivity (Figure 3) and further increase the economic burden
of this prevalent disorder. Lastly, a diagnosis can help
patients feel confident about future treatment decisions
and optimize the use of health care resources.
The symptoms of IBS are nonspecific. Disorders
that can mimic IBS include inflammatory bowel disease
(IBD), celiac disease, lactose intolerance, microscopic
colitis, malabsorptive disorders, GI infections, dietary
intolerances, and hormonal disturbances. The first textbook of American gastroenterology, published in 1944,
advocated a diagnosis of exclusion.4 An assumption
underlying this strategy was that a battery of normal
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BS is a complex disorder, and a gold standard for
diagnosis does not exist. The diagnosis continues to
perplex health care providers, due to several factors:
symptoms are nonspecific, patients are heterogeneous,
and the evaluation criteria vary across specialties and
health care providers. Different beliefs regarding the etiology of IBS have led to inconsistent diagnostic strategies.
Guidelines continue to change as new evidence is added
to an ever-expanding database.
Currently, IBS is defined by symptoms—abdominal
pain, bloating, constipation, and diarrhea—in the absence
of obvious morphologic or biochemical abnormalities.
These symptoms lead to a broad differential diagnosis.
Nevertheless, when diagnostic criteria are fulfilled and
alarm features are absent, the need for diagnostic testing
should be minimal.
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Diagnostic Tests
Bristol Stool Form Scale
The Bristol Stool Form Scale was developed in the 1990s
in the Bristol Royal Infirmary in England.9 The authors
described 7 types of stool:
• Type 1: Separate hard lumps, like nuts (hard to pass).
• Type 2: Sausage-shaped, but lumpy.
• Type 3: Like a sausage, but with cracks on its surface.
• Type 4: Like a sausage or snake, smooth and soft.
• Type 5: Soft blobs with clear-cut edges (passed easily).
• Type 6: Fluffy pieces with ragged edges, a mushy stool.
• Type 7: Watery, no solid pieces, entirely liquid.
Stool types 3 and 4 are considered normal. Constipation is indicated by types 1 and 2. Diarrhea is indicated by
types 6, 7, and (to some degree) 5. When the Bristol Stool
Form Scale was first published, the authors postulated that
it could be used as a surrogate marker for colon transit,
but that concept has since been challenged. Nonetheless,
the Bristol scale provides a convenient way for patients
to describe their bowel habits, and it is routinely used in
clinical trials. In IBS-C patients, more than 25% of bowel
movements are types 1 or 2. In patients with IBS-D, more
than 25% are types 6 or 7. In patients with the mixed
subtype of alternating constipation and diarrhea, more
than 25% of bowel movements are types 1 or 2, and more
than 25% are types 6 or 7.
Blood Tests
If a patient presents with symptoms thought to represent
IBS, meets Rome III criteria, and does not have any
warning signs on history or examination, then routine
serologic tests are not recommended. Systematic reviews
show that patients with IBS symptoms are not more likely
to have an organic disorder (eg, Crohn’s disease, ulcerative colitis, colorectal cancer, and thyroid disease) than
healthy controls.10,11 In clinical practice, however, health
care providers routinely order a complete blood count
and often a C-reactive protein (CRP) test or erythrocyte
sedimentation rate (ESR) test, especially in patients with
diarrhea-predominant symptoms. A recent meta-analysis
has shown that this practice appears to be reasonable, as it
may distinguish IBS patients from those with an organic
cause for their symptoms.12 These results must be confirmed in a large prospective study. However, given the
ease, safety, and relatively low cost of this practice, it will
likely be incorporated into future guidelines.
The decision to evaluate IBS patients for celiac disease is controversial. In 2009, recommendations from
the American College of Gastroenterology Task Force on
IBS included the use of celiac serology testing in patients
with IBS.6 More recent data, however, have shown that
the prevalence of celiac disease among patients with non-

constipated IBS (0.41%) was similar to that in the general
population (0.44%).13 Decision analytic models have demonstrated that serologic screening for celiac disease is costeffective as long as the prevalence exceeds 1%.14 Based on
these findings, routine serologic screening for celiac disease
in patients with persistent IBS symptoms—primarily diarrhea or significant bloating—is currently recommended.
Biomarkers
No single biomarker, or panel of biomarkers, can be
used to confidently make the diagnosis of IBS. Some
biomarkers, however, can provide insight into the nature
of a patient’s symptoms. Calprotectin, a protein released
by white blood cells, was evaluated as a marker to distinguish IBS from organic intestinal disease.15 Patients
with organic disease (n=263) or IBS (n=339) underwent
measurement of fecal calprotectin, serologic testing of
CRP and ESR, and assessment of small intestine permeability. Abnormal fecal calprotectin detected organic
disease with a sensitivity of 89% and a specificity of 79%.
An abnormal calprotectin test had an odds ratio (OR)
for organic disease of 27.8 (95% CI, 17.6-43.7), much
higher than that for elevated CRP (OR, 4.2; 95% CI,
2.9-6.1 [P<.0001]) or ESR (OR, 3.2; 95% CI, 2.2-4.6
[P<.0001]). Abnormal intestinal permeability detected
small intestinal disease (organic disease) with a sensitivity of 63% and a specificity of 87%. Therefore, abnormal
fecal calprotectin, abnormal small intestinal permeability,
and an elevated CRP and ESR can distinguish organic
from nonorganic intestinal disease.
The utility of fecal lactoferrin, along with fecal
calprotectin and CRP, was evaluated in a study of patients
with IBD or IBS.16 Patients with ulcerative colitis or Crohn’s
disease and active inflammation showed significantly
higher levels of lactoferrin, calprotectin, and CRP compared with patients who had inactive inflammation or IBS.
The authors reported an overall diagnostic accuracy in IBD
patients of 80% for high fecal lactoferrin and calprotectin
and 64% for high CRP. Another study investigating the
utility of fecal lactoferrin as a marker of inflammation also
found significantly higher levels in IBD patients compared
with IBS patients and healthy controls.17 High levels of
lactoferrin could distinguish active IBD from IBS and
healthy controls (grouped together) at a sensitivity of 67%,
a specificity of 96%, a positive predictive value of 87%, and
a negative predictive value of 86.8%.
A widely reported study evaluated the utility of
distinguishing IBS patients from non-IBS patients by
measuring a panel of 10 biomarkers.18 In this study, the
sensitivity and specificity of the biomarker algorithm for
differentiating IBS from non-IBS was 50% and 88%,
respectively. The positive predictive value was 81%, and
the negative predictive value was 64%.
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Stool Tests
Several different stool studies are available for clinicians
who suspect that their patient’s symptoms represent an
organic disorder of the colon. Stool studies are useful
for patients with liquid/watery/loose diarrheal stool to
distinguish an infection or inflammation from IBS with
diarrhea. However, since infection and inflammation
cause diarrhea, the absence of diarrhea (ie, formed stools)
effectively excludes clinically significant inflammation or
an infection. Stool examination for bacterial infections,
ova, and parasites may be useful in patients with acute
diarrhea (<4 weeks in duration) but not chronic diarrhea
(>4 weeks). (IBS patients fit into the latter category.) In
patients with symptoms thought to represent IBS with
diarrhea, results from a complete blood count and CRP
can effectively differentiate IBS from IBD; no stool tests
are necessary if both are normal. When there is still concern that IBD is causing the patient’s symptoms, and serologic tests for celiac disease are negative, then stool studies
for fecal leukocytes and fecal calprotectin are reasonable.
If these test results are negative—and the patient has
normal results on a complete blood count and CRP—the
diagnosis of IBD is extremely unlikely.
Breath Tests
When patients with IBS report symptoms of bloating, clinicians often consider whether underlying SIBO might be
the cause. Objective testing can be performed using either
lactulose or glucose as the substrate. Although lactulose
breath tests are the most commonly employed, glucose
breath tests may be less likely to produce false-positive
results.19 Both tests can be used to measure hydrogen and
methane production and overproduction, which is seen in
patients with SIBO.
Lactose intolerance seems to be slightly more prevalent
in IBS patients.6 In one study, lactose intolerance, as demonstrated by lactose breath testing, was present in approximately
38% of subjects with IBS symptoms and 26% of controls.6
It is difficult to prove that lactose maldigestion causes IBS
symptoms; self-reporting of symptoms thought secondary to
lactose intolerance has not proved reliable. A trial of dietary
exclusion is less expensive than a hydrogen breath test. Other
carbohydrates, such as fructose and sucrose, can exacerbate
IBS symptoms, although the clinical utility of routinely testing for these dietary intolerances is unknown.20,21
Colonoscopic Testing
A large prospective study evaluated the use of colonoscopy
and rectosigmoid biopsies in patients with suspected nonconstipated IBS.22 The only findings significantly more
common in the IBS population were mucosal erythema
or ulceration (Table 2). In the control population, polyps
and diverticulosis were significantly more common than in

Table 2. Colonoscopic Findings in IBS Patients Vs Controls
Lesion

IBS Patients
(n=466),
n (%)

Controls
(n=451),
n (%)

P Value

Polyps

68 (14.6)

155 (34.4)

<.0001

Mass

0 (0)

1 (0.2)

NS

Mucosal
erythema or
ulceration

23 (4.9)

8 (1.8)

<.01

Diverticulosis

41 (8.8)

96 (21.3)

<.0001

Angiodysplasia

1 (0.2)

2 (0.4)

NS

Hemorrhoids

85 (18.2)

74 (16.4)

NS

Anal fistula

0

1 (0.2)

NS

IBS, irritable bowel syndrome; NS, not significant.
Data from Chey WD et al. Am J Gastroenterol. 2010;105(4):859-865.22

patients with suspected IBS. Mucosal erythema or ulceration
was significantly less common in the control group. On
histologic examination, patients with suspected IBS had a
lower prevalence of adenomas (7.7% vs 26.1%; P<.0001)
compared with controls.22 In the IBS group, the overall rate
of microscopic colitis was 1.5%; the rate was slightly higher,
at 2.3%, among older patients (≥45 years). Therefore, in
patients with diarrhea or alternating bowel movements,
colonoscopy should include careful inspection of the terminal ileum to exclude IBD, and colonic biopsies should be performed to exclude microscopic colitis. This study highlights
the fact that structural abnormalities are not more common
among patients with nonconstipated IBS compared with the
healthy population. The findings support previous guidelines
stating that routine colonic imaging is not recommended in
the evaluation of IBS in patients younger than 50 years with
typical symptoms and no alarm features.6
Radiologic Tests
Clinicians frequently ask whether radiologic imaging is
required to make or confirm the diagnosis of IBS. Multiple studies from the 1980s and 1990s demonstrated that
routine radiologic imaging is not helpful for the diagnosis
of IBS.6 Imaging may be appropriate for IBS patients with
warning signs suggesting other maladies, physical abnormalities, or abnormal results on laboratory tests.
Disclosure
Dr Lacy is a member of the Scientific Advisory Boards of
Forest, Ironwood, Prometheus, Salix, and Takeda.
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Current and Emerging Therapies for Irritable
Bowel Syndrome
Anthony J. Lembo, MD

A

lthough a variety of nonpharmacologic approaches
and pharmacologic agents are available for IBS
symptoms, management of these patients begins
with reassurance, education, and lifestyle modification.
In addition, clinicians should build a strong, therapeutic
relationship with their patients, which has been shown
to improve clinical outcomes.1 For example, in a 6-week
study involving 262 IBS patients, those randomized to an
“augmented” patient-practitioner relationship—characterized by warmth, empathy, active listening, and a positive
outlook—reported significantly greater reduction in IBS
symptoms and improvement in quality of life than patients
assigned to a “limited” patient-practitioner relationship.2

patients, those randomized to physical activity (20-60
minutes of moderate to vigorous exertion 3 times a week
for 12 weeks) reported significant reduction in IBS symptoms compared with patients randomized to usual care.3
Other important lifestyle factors include adequate
sleep and stress management. A detailed dietary history can
often provide insight into possible triggers of IBS symptoms; the most common triggers include foods containing
lactose or high concentrations of fructose, fatty foods, and
inadequate or excessive amounts of fiber.4 Recently, there
has been substantial focus on the role of 2 dietary triggers:
gluten and fermentable oligosaccharides, disaccharides,
monosaccharides, and polyols (FODMAPs).

Lifestyle Modifications

Studies of Dietary Strategies
Multiple studies have shown that a gluten-free diet can
improve IBS symptoms, at least in some patients. Mayo
Clinic researchers conducted a 4-week, randomized

Lifestyle modifications, such as increased exercise, have
been shown to improve IBS symptoms. In a study of IBS
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Figure 4. Frequency of BMs in patients randomized to a
diet with
or without gluten. BM, bowel movement; BSFS,
7
Bristol Stool Form Scale; GCD, gluten-containing diet; GFD,
6
gluten-free
diet. Adapted from Vazquez-Roque MI et al.
Gastroenterology.
2013;144(5):903-911.e3.5
5

Response Rate (%)

Endpoint weeks

Treatment 2 starts

Wash-out

Endpoint weeks

Treatment 1 starts

Patients With Adequate Relief (%)

Baseline week

4
controlled
trial evaluating the efficacy of a gluten-free
5
diet in
3 patients with IBS-D and without celiac disease.
After 4 weeks, bowel movement frequency was reduced
2
in patients
randomized to a gluten-free diet as compared
with 1 patients randomized to a diet containing gluten
(P=.04;
Figure 4); this effect was more significant in
0
patients with the HLA-DQ2 or HLA-DQ8 genes.5 In
Timeline
another study, reintroduction
of gluten
to IBS patients
Ondansetron first
Placebo first
who had previously responded to a gluten-free diet was
associated with an increase in symptoms compared with
patients who remained gluten-free.6 These studies and
14-Day
10-Week follow-up
others
suggest
that at least(no
a study
subset
of IBS patients might
medication)
60 doubleblind
benefit treatment
from a diet with no gluten or a reduced amount.
phase
50
Studies evaluating the low-FODMAP diet have shown
Rifaximin
that40abdominal and bowel symptoms improve in some
Placebo
30
patients.
Recently, a randomized, controlled crossover study
compared
a low-FODMAP diet to a standard Australian
20
diet in 30 patients with IBS who were naive to prior
P=.001dietary
10
manipulations.7 Patients met the Rome III criteria, and they
0
did not
disease.
The6mean age
and
0 have celiac
2
4
8 was 41
10 years,12
Weekstudy, all meals were pro70% were women. During this
vided, and standardized questionnaires were used to report
daily symptoms. Patients rated their daily symptoms using
a visual analog scale ranging from 0 to 100 (with a lower
score meaning fewer symptoms). Among patients following
the 25
low-FODMAP diet, global IBS symptom scores were
P=.003
Placebo
Lubiprostone
nearly halved as compared with the placebo group (22.8
20
vs 44.9;
P<.001). IndividualP=.003
symptoms of bloating and
abdominal pain were also significantly better for patients on
the 15
low-FODMAP diet. The greatest symptom improve-

P=.078

ment occurred within the first 7 days in most patients; no
differences were noted among IBS subtypes. Patients following the low-FODMAP diet had a significant improvement
in IBS symptoms (P<.001).7 Stool consistency was improved
in patients with all IBS subtypes. Improvement in stool frequency was reported only in patients with IBS-D. It should
be noted that a FODMAP diet is fairly complicated and may
be difficult for patients to initiate on their own. Consultation with a nutritionist is generally recommended. When an
initial trial on a low-FODMAP diet is completed, patients
should systematically reintroduce the eliminated foods to see
if any can be linked to symptoms.
After appropriate lifestyle modifications have been
incorporated, the next step for IBS patients with ongoing
symptoms involves the use of pharmacologic treatments.
In general, these treatments are directed at the predominant symptom dictated by the underlying or primary
bowel pattern: constipation or diarrhea. Patients with
IBS-M may require treatment for both symptoms.
Pharmacologic Strategies for Irritable Bowel
Syndrome With Diarrhea
Loperamide
In patients with diarrhea-predominant IBS, loperamide,
a synthetic peripheral µ-opioid receptor agonist that
decreases colon transit and increases water absorption,
is often recommended. Studies of loperamide in the
treatment of IBS have shown improvements in stool
consistency and frequency, but more limited effects on
abdominal pain and other abdominal symptoms.8,9 In a
double-blind, placebo-controlled study in 60 patients with
IBS, loperamide significantly improved stool frequency
and consistency in patients with painless diarrhea.8 In a
smaller double-blind, placebo-controlled trial of patients
with IBS-D, loperamide significantly improved stool
consistency, pain, and urgency.9 Loperamide is associated
with constipation, and therefore the initial dose is low
(1-2 mg/day) and then titrated up or down as needed to
improve bowel function.
Antispasmodics
Antispasmodic agents are another common therapy in
patients with IBS. This class of medication reduces contractions in the bowel, potentially improving abdominal
pain and cramps, particularly in patients with pain that
is postprandial or episodic.10 The antispasmodic dicyclomine was shown to reduce IBS symptoms in a systematic
review of randomized controlled trials.11 Most antispasmodics available in the United States are anticholinergic
agents. Although they are generally most beneficial in
patients with IBS-D, low or intermittent use may also be
effective in patients with IBS-C or IBS-M.

10
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Peppermint oil is an antispasmodic that exerts its effects
by reducing the influx of calcium in smooth muscle cells. A
recent meta-analysis found peppermint oil to be significantly
superior to placebo for global improvement of IBS symptoms and improvement in abdominal pain.12 Peppermint oil
is generally well tolerated, with the most common side effect
being heartburn. A slow-release peppermint oil is now available in the United States and may reduce side effects.
Antidepressants
Antidepressants are commonly used in IBS-D. A recent
meta-analysis confirmed the efficacy of antidepressants,
including tricyclic antidepressants (TCAs), in the treatment
of IBS symptoms.13 A double-blind, randomized controlled
trial in 50 patients with IBS-D found that low-dose amitriptyline (10 mg nightly) was associated with a significant
reduction in the incidence of loose stool and feeling of
incomplete defecation at 2 months compared with placebo
(P<.05).14 The anticholinergic effects of TCAs can cause
constipation, particularly at high doses, and therefore these
agents are better suited for patients with IBS-D. However,
similar to antispasmodics, TCAs can be effective and tolerated at lower doses in patients with IBS-C.
Other types of antidepressants, including selective
serotonin reuptake inhibitors and serotonin-norepinephrine reuptake inhibitors, are also frequently used in
patients with IBS. Because selective serotonin reuptake
inhibitors and serotonin-norepinephrine reuptake inhibitors can be associated with diarrhea, they tend to be used
more in patients with IBS-C.
5-HT3 Receptor Antagonists
Alosetron Women with refractory IBS-D symptoms
that are severe and unresponsive to other agents may be
candidates for the serotonin 5-HT3 antagonist alosetron.
In a study from 2000, alosetron reduced abdominal pain
and discomfort (the primary endpoint), stool frequency,
and urgency in women with IBS-D.15 Alosetron was
initially approved by the US Food and Drug Administration (FDA) at a dose of 1 mg twice daily but was
removed from the market in 2000 following reports of
serious complications, such as constipation and ischemic
colitis.16 Alosetron was subsequently reintroduced under
a risk management plan with a lower recommended
starting dose of 0.5 mg twice daily and a narrower indication: women with severe IBS-D who had an inadequate
response to conventional therapy.17 Since the reintroduction of alosetron, serious outcomes from constipation and
ischemic colitis appear to have been mitigated.18
Ondansetron The 5-HT3 antagonist ondansetron is used
for the prevention of nausea and vomiting associated with
cancer chemotherapy, radiation therapy, and surgery. It

is not FDA-approved for use in IBS, but it appears to
be effective. In a recent randomized, double-blind, placebo-controlled crossover study of patients with IBS-D,
ondansetron met the primary endpoint of improvement
in average stool consistency in the last 2 weeks of treatment (P<.001; Figure 5). In addition, ondansetron was
significantly more effective than placebo as assessed by
improvements in urgency (P<.001), frequency (P<.001),
bloating (P=.002), and symptom severity (P=.001).19
There were no reports of ischemic colitis in this study.
Rifaximin
The gut microbiota has been explored as a target of treatment in IBS, given its importance in the development of
symptoms in some patients. Approaches include the use of
antibiotics and probiotics. The best-studied antibiotic in
IBS is rifaximin, an oral, gut-specific antibiotic. Rifaximin
is minimally absorbed by the GI tract.
TARGET 1 and 2 (Rifaximin 3 Times/Day [TID]
for Non-Constipation Irritable Bowel Syndrome [IBS])
were large, placebo-controlled, multicenter trials evaluating
rifaximin at 550 mg 3 times per day. Treatment was administered for 2 weeks. Afterward, patients were evaluated for
response during a 4-week follow-up period. The primary
endpoint was the proportion of patients who had adequate
relief of global IBS symptoms for at least 2 of the 4 weeks
during the primary evaluation period (weeks 3 through 6).
The primary endpoint was met by significantly more
patients in the rifaximin group than the placebo group in
both TARGET 1 (40.8% vs 31.2%; P=.01) and TARGET
2 (40.6% vs 32.2%; P=.03).20 Rifaximin was significantly
more effective than placebo in the proportion of patients
with adequate relief of bloating over the same time period
in TARGET 1 (39.5% vs 28.7%; P=.005) and TARGET
2 (41.0% vs 31.9%; P=.02).20 Other outcomes, including
improvements in abdominal pain and stool consistency,
were also significantly better in the rifaximin arm. The
efficacy of rifaximin appeared to be durable; the improvement over placebo persisted during the 10-week drug-free
follow-up period (Figure 6). Adverse event rates were similar with rifaximin and placebo.20 Specifically, rifaximin
does not appear to be associated with enteric infections,
such as Clostridium difficile, or with clinically significant
bacterial resistance. A meta-analysis of 18 clinical trials of
rifaximin in IBS found the overall number needed to treat
to be 10.2.21
Most recently, the randomized, placebo-controlled
TARGET 3 study evaluated the efficacy and safety of repeat
treatment with rifaximin in 636 patients with IBS-D who
had previously responded to open-label rifaximin but developed recurrent symptoms during the 18-week observation
period.22 This study used an endpoint recommended by the
FDA for IBS-D, which is a composite endpoint consisting
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of the percentage of patients who experienced improvement
that may improve mucosal immunity and restore the gut
during at least 2 of14-Day
4 weeks in both abdominal pain (defined
barrier function. The best-studied probiotic to date is Bifi10-Week
follow-up
as ≥30% decreasedoublefrom baseline in mean weekly pain score)
dobacteria infantis, which in 2 large, placebo-controlled tri(no
study
medication)
and stool60
consistency
(defined as ≥50% decrease from baseals improved abdominal symptoms, including bloating and
blind
bowel function.24,25 A 2014 meta-analysis that included
line in the number
of days per week with bowel movements
treatment
matching50
type 6 or
7 on the Bristol Stool Form Scale).
multiple probiotics, many administered as combinations,
phase
This endpoint differed from that used in the TARGET 1
found evidence to support their use in IBS.26 However, the
and TARGET 2 trials. Efficacy with retreatment was similar
optimal approach in regard
to which individual species,
Rifaximin
to that in40
the rifaximin-naive patients, with response rates
strains, or combinations to use, and at what dose and for
of 33% compared with 25% for placebo (P=.02), and is
what duration, remains unknown.
Placebo
consistent30
with standards in the FDA Guidance for Clinical Evaluation of IBS drugs.23 Notably, the symptom severBile Acid Binders
ity in patients starting rifaximin retreatment was lower than
Bile acid binders are another potential treatment option for
20before the initial course of rifaximin. However, IBS-D. Studies have shown that a substantial proportion of
it had been
these findings indicate the efficacy of rifaximin even when
IBS-D patients have evidence of bile acid malabsorption.27,28
P=.001
given as a10
second course. Based on these results, re-treating
In a systematic review of 1223 patients
with IBS-D, bile
patients with IBS-D who responded to an initial course of
acid malabsorption was mild in 26%, moderate in 32%,
rifaximin but relapsed may be appropriate.
and severe in 10%.29 Pharmacodynamic studies have shown
0
that bile acid levels are associated with stool frequency and
2
4
6consistency, fecal8 fat, and colonic
10 transit.30 In12a small,
Probiotics 0
Probiotics are a potential treatment option for patients with Week
randomized, double-blind, placebo-controlled trial of
IBS. The potential benefit of probiotics is thought to occur
patients with IBS-D, the bile acid sequestrant colesevelam
through a modification of the gut bacterial microbiome
hydrochloride decreased transit in the ascending colon

12  Gastroenterology & Hepatology Volume 11, Issue 4, Supplement 2 April 2015

Timeline
Ondansetron first

Placebo first

Patients With Adequate Relief (%)

N E W A N D E M E R G I N G T R E AT M E N T O P T I O N S F O R I R R I TA B L E B O W E L S Y N D R O M E

10-Week follow-up
(no study medication)

14-Day
doubleblind
treatment
phase

60
50

Rifaximin

40
Placebo

30
20

P=.001

10
0

0

2

4

6

Week

8

10

12
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period after cessation of treatment with rifaximin or placebo. IBS, irritable bowel syndrome. Adapted from Pimentel M et al. N
Engl J Med. 2011;364(1):22-32.20

and improved ease of stool passage and stool consistency
compared with placebo.31 Treatment with colesevelam
hydrochloride delayed emptying of the ascending colon by
an average of 4 hours compared with placebo.31

cholecystectomy or agenesis of the gallbladder) or those
who abuse alcohol.
Therapeutic Strategies for Irritable Bowel
Syndrome With Constipation

Response Rate (%)

Emerging25
Therapies for Irritable Bowel Syndrome
P=.003
Placebo
Lubiprostone
With Diarrhea
The first-line therapy for most patients
with IBS-C involves
Several new and promising therapies are on the horizon for
over-the-counter laxatives and dietary fiber. Although these
the treatment of IBS-D. The one that is furthest in develapproaches improve constipation-related symptoms, few
20
opment is eluxadoline, a mixed µ-opioid receptor agonist P=.003
have been evaluated in clinical trials of patients with IBS-C.
and δ-opioid receptor antagonist. Eluxadoline (at doses of
In a randomized trial of 139 patients with IBS-C, polyeth75 mg and 100 mg) was evaluated in 2 randomized,
ylene glycol (PEG) 3350 was more effective than placebo
double-blind, phase 3 clinical trials of patients with IBSas assessed by spontaneous bowel movements (the primary
15
D. This study used the FDA- recommended composite
endpoint), responder rates, stool consistency, and straining.33
endpoint based on simultaneous daily improvement in
However, changes in abdominal discomfort and pain were
abdominal pain and stool P=.078
consistency, which was evalusimilar with PEG and placebo after 4 weeks.33 Whether PEG
ated from weeks 1 through 12 (FDA responder endpoint)
can improve global symptoms in IBS-C therefore remains
10
and weeks 1 through 26 (European Medicines Agency
unclear. A systematic review and meta-analysis showed that
responder endpoint). Eluxadoline was significantly more
fiber improved overall IBS symptoms in a relatively small
effective than placebo in daily improvement in abdominal
proportion of patients.34 Subgroup analysis showed that the
pain and stool
5 consistency for at least 50% of the days benefits were mainly associated with soluble34fibers (eg, psylduring weeks 1 through 12 of treatment (P<.005).32
lium) rather than insoluble fibers (eg, bran).
Eluxadoline had a greater effect on bowel-related sympCurrently, 2 prosecretory agents are available for the
toms than on abdominal pain. Pancreatitis and sphincter
treatment of IBS-C. Lubiprostone is a chloride channel
of Oddi dysfunction
have been reported, particularly
type 2 activator. By opening chloride channels, lubiprostone
0
in patients without a gallbladder (eg, with a history of
causes an influx of chloride, sodium, and water into the
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Emerging Therapies for Irritable Bowel
Syndrome With Constipation
Bile Acid Modulators
Elobixibat is a minimally absorbed ileal bile acid transporter inhibitor. It reduces the active ileal reabsorption of
bile acids, resulting in a net increase of bile acids entering
the colon, which increases the transit of the colon. In
studies of patients with chronic constipation, elobixibat
improved the number of bowel movements, loosened stool
consistency, and decreased straining.40,41 In a double-blind,
placebo-controlled study of 36 women with functional
constipation, elobixibat significantly accelerated overall

25

Response Rate (%)

lumen, thereby increasing intestinal transit and improving
bowel function. Recent evidence suggests that lubiprostone
may also activate the cystic fibrosis transmembrane conductance regulator channel, perhaps stimulating muscle
contraction through prostaglandin E1 receptors.35 Two large,
randomized, placebo-controlled trials evaluated lubiprostone. The primary endpoint was overall response, which was
based on weekly assessments of IBS symptom relief provided
by patients via an electronic diary. The trials demonstrated
a significantly higher overall response with lubiprostone vs
placebo (17.9% vs 10.1%; P=.0001) in patients with IBS-C
(Figure 7).36 The efficacy of lubiprostone also appears to be
long-lasting; a 52-week extension study showed continued
improvement in overall response, as reported by patients, for
up to 13 months.37 Lubiprostone is FDA-approved for the
treatment of women with IBS-C at a dose of 8 µg twice daily.
Linaclotide is a 14-amino acid peptide that acts on the
guanylate cyclase C receptor located on the luminal surface
of intestinal epithelial cells, resulting in the activation of
the cystic fibrosis transmembrane conductance regulator and subsequent chloride secretion. In 2 randomized,
controlled, phase 3 trials, linaclotide was significantly more
effective than placebo at improving bowel and abdominal
symptoms in patients with IBS-C.38,39 Both trials used the
FDA’s primary composite endpoint for IBS-C (improvement of ≥30% in average daily worst abdominal pain
score and increase by ≥1 complete spontaneous bowel
movement from baseline [same week] for at least 50% of
weeks assessed) and 3 other primary endpoints, based on
improvements in abdominal pain and complete spontaneous bowel movements for 9 of 12 weeks. In a 12-week
study of 800 patients, the FDA endpoint was met by
33.6% of linaclotide-treated patients compared with
21.0% of placebo-treated patients (P<.0001).38 Another
study randomized 804 IBS-C patients to linaclotide or placebo for 26 weeks. The FDA endpoint was met by 33.7%
of linaclotide-treated patients vs 13.9% of placebo-treated
patients (P<.0001).39 Linaclotide is FDA-approved for men
and women with IBS-C at a dose of 290 μg once daily.
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Figure 7. Overall response in patients with IBS-C in 2
randomized, placebo-controlled trials comparing lubiprostone
vs placebo. IBS-C, irritable bowel syndrome with constipation.
Adapted from Drossman DA et al. Aliment Pharmacol Ther.
2009;29(3):329-341.36

colonic transit (P=.059).40 A phase 2 study of patients with
chronic idiopathic constipation used a primary endpoint of
change in the number of spontaneous bowel movements
during week 1 compared with baseline. The mean increase
in spontaneous bowel movements for week 1 was 1.7 for
placebo vs 2.5, 4.0, and 5.4 for elobixibat at doses of 5
mg, 10 mg (P<.002), and 15 mg (P<.001), respectively.41
Studies in patients with IBS-C have yet to be conducted.
Guanylate Cyclase-C Receptor Agonist
Like linaclotide, plecanatide activates the guanylyl cyclase
C receptor in the GI tract, leading to intracellular secretion of chloride and extracellular antinociceptive effects
via excretion of cyclic guanosine monophosphate. Preliminary results from a 12-week, double-blind, placebocontrolled trial found improvement in IBS-C symptoms,
including abdominal pain and bowel habits, particularly
with the 3.0 mg and 9.0 mg doses. The FDA composite
endpoint for IBS-C was reached by 41.9% of patients in
the 3.0 mg group, 40% in the 9.0 mg group, and 24.7%
in the placebo group.42
Sodium Reuptake Inhibitors
Tenapanor is a selective inhibitor of the Na+/H+ antiport
protein, which is a sodium transporter on the surface of the
intestinal epithelia. By reducing the absorption of sodium,
tenapanor increases water in the intestines. A recent phase
2b clinical trial reported improvement in symptoms in 371
IBS-C patients.43 The primary endpoint—overall rate of
patients with complete spontaneous bowel movements—
was 60.7% with tenapanor vs 33.7% with placebo (P<.001).
Disclosure
Dr Lembo is a member of the Advisory Boards of Ironwood
Pharmaceuticals, Prometheus, Salix, and Forest Laboratories
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(now Actavis). He is a consultant for Forest, GI Health Foundation, Ironwood Pharmaceutical, Prometheus, and Salix.
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New and Emerging Treatment Options for
Irritable Bowel Syndrome: Q&A
William D. Chey, MD, Brian E. Lacy, PhD, MD, and Anthony J. Lembo, MD
G&H Are specific probiotics useful for patients
with IBS?
William D. Chey, MD There is no recommendation
for a specific probiotic. A 2014 meta-analysis by the
American College of Gastroenterology Task Force on the
Management of Functional Bowel Disorders appeared to
find benefit with probiotics when considered as a whole.1
However, evidence did not support the use of an individual probiotic species. The initial data on B infantis are
still considered to be some of the highest quality, most
positive results for probiotics.2 However, these findings
have not been replicated. The combination VSL#3 strain
showed benefit in a study from 2005.3
Clinicians tend to consider using B infantis in patients
with very mild symptoms. However, in a randomized
controlled trial in 275 patients with mild abdominal pain
or bloating, probiotics were not superior to placebo.4 Perhaps the probiotics were ineffective, or perhaps it was an
issue of the wrong population being studied, as patients
with minimal symptoms are not likely to have dramatic
improvement. Overall, the idea of universal probiotics for
IBS is not evidence-based. Although probiotics seem to
offer some benefit as a whole, we unfortunately cannot
make a specific recommendation for one probiotic over
another.
Brian E. Lacy, PhD, MD There is still much to learn
about probiotics. Many of my IBS patients have spent
significant amounts of money trying different over-thecounter probiotics. Most of these products have never been
tested; they probably do not even make it to the colon. My
message is “buyer beware.”
William D. Chey, MD If we think about the diversity
of the microbiome between individuals, it does not make
sense that one probiotic would work for everybody. The
concept of manipulating the microbiome is one of the
most promising new ways in which to treat patients with
IBS, but there is still much to learn.
G&H What is the role of diets?
Brian E. Lacy, PhD, MD As Dr Lembo discussed, many
patients are interested in the effect of diet on IBS. Between

60% to 70% of IBS patients report a worsening of symptoms
after meals, 50% to 70% believe that they are intolerant to
various foods, and more than 70% believe that foods are the
etiologic basis for their symptoms.5-11 Although a number of
different diets are now employed, data supporting their use
are limited. Frequently used diets include a very-low carbohydrate diet, a gluten-free diet, and a low-FODMAP diet.
One small study evaluated the impact of a very low–
carbohydrate diet on GI symptoms in patients with IBSD.12 Among the 13 patients who completed the study, all
met the primary endpoint: adequate relief of IBS symptoms
for at least 2 of the 4 weeks. Significant improvements were
noted in stool frequency and consistency (P<.001 for each)
and abdominal pain (P=.007). Although the exact mechanism is unknown, restricting carbohydrates may improve
IBS symptoms because these nutrients are broken down in
the colon, thereby creating intestinal gas and increasing the
osmotic load, which leads to diarrhea.
A low-gluten diet may improve IBS symptoms, according to the results of 2 recent trials. A double-blind, placebocontrolled rechallenge dietary study enrolled patients who
had reported previous improvement in IBS symptoms
when following a gluten-free diet.13 This study evaluated
whether the addition of gluten (2 bread slices and 1 muffin per day) to a gluten-free diet would impact symptoms.
More patients in the gluten group reported that their symptoms were not controlled (68% vs 40%; P=.001). These
patients also experienced worse abdominal pain (P=.016),
bloating (P=.031), overall symptoms (P=.047), and fatigue
(P=.001). Dr Lembo discussed a study in which a glutenfree diet was associated with reduced stool frequency, particularly in patients with the HLA-DQ2 or DQ8 genes.14
Gluten also increased small bowel permeability, an effect
heightened in patients with these genes.
The idea behind the low-FODMAP diet is that
restricting foods that ferment in the GI tract should
improve symptoms of gas, bloating, diarrhea, and urgency.
Dr Lembo described results of the recent Australian
study.15 Among patients following the low-FODMAP
diet, global IBS symptoms were nearly halved as compared
with the placebo group. The greatest symptom improvement occurred within the first 7 days in most patients; no
differences were noted among IBS subtypes. Three caveats
to this study are the crossover design, the use of a “typical”
Australian diet, and the small sample size. That being said,
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this most recent study adds further evidence to the use of
a low-FODMAP diet in clinical practice.
G&H What is the role of antibiotics in the
treatment of IBS?
Anthony J. Lembo, MD Rifaximin is by far the beststudied antibiotic in IBS, and it has several appealing
properties. First, rifaximin is gut-specific; its predominant
effect is intraluminal, and it has limited systemic availability. Second, it does not significantly alter the microbiota
of the GI tract.16 It does not tend to cause diarrhea or
other superinfections such as C difficile.17
There have been smaller studies showing some efficacy
with neomycin.18 However, neomycin is associated with
more side effects than rifaximin, so it is less ideal. Systemic
antibiotics have not been well studied as a treatment for
IBS, and I generally do not recommend them. In contrast,
single-agent rifaximin has demonstrated significantly greater
efficacy over placebo as assessed by relief of global IBS symptoms and abdominal bloating.19 Moreover, based on the
TARGET 3 trial, retreatment with rifaximin in previously
responding patients shows a similar efficacy of approximately
10% over placebo, suggesting that repeated treatments are
also effective, with no significant adverse effects.16
Brian E. Lacy, PhD, MD That is an important message.
Some IBS patients, especially those with IBS-D or IBSM, will do better on a gut-selective antibiotic. It can be
dangerous to treat all IBS patients with broad-spectrum
antibiotics, such as ciprofloxacin and metronidazole.
William D. Chey, MD It is also important to keep
in mind the potential consequences of administering
repeated courses of systemically absorbed antibiotics to
our IBS patients, who are often young women. Although
a proportion of patients will respond to antibiotics, symptoms typically recur within 3 to 6 months, and patients
may therefore require multiple courses. I would caution
gastroenterologists and primary care doctors against
giving young women repeated courses of systemically
absorbed antibiotics.
G&H What is the role of breath testing for IBS-D?
William D. Chey, MD As Dr Lacy alluded to, breath
testing is a confusing topic. Abnormal results on a glucose
hydrogen breath test and, perhaps to a lesser degree, a lactulose hydrogen breath test, provide some indication that the
patient might have SIBO and would therefore likely benefit
from antibiotics. The downside of breath testing is its lack
of accuracy.20 Lactulose hydrogen breath testing is sensitive because lactulose passes all the way through the small

intestine and almost always reaches the colon. In fact, the
lactulose hydrogen breath test was developed to measure
oral-fecal transit time. Lactulose is absorbed in the small
intestine in patients with SIBO. Therefore, although the
lactulose hydrogen breath test is sensitive, and will pick up
bacterial overgrowth anywhere in the small bowel, it is nonspecific. Studies now show that in some people, particularly
IBS-D patients with rapid transit, lactulose will progress
to the colon within 15 to 30 minutes of oral ingestion.21
The notion that an early peak can be used to predict the
presence of bacterial overgrowth is not true.
Glucose-based testing has the opposite issue. Because
glucose is avidly absorbed by various transporters in the
proximal small bowel, an oral glucose load is completely
absorbed by the mid jejunum. Therefore, an increase in
hydrogen or methane production indicates that fermentation is occurring somewhere in the foregut, proximal to
the mid jejunum. It may be occurring in the small bowel
or in the stomach. The problem is that a lot of bacterial
overgrowth likely occurs in the distal small bowel, where it
will not be picked up with glucose. Therefore, the glucose
hydrogen breath test is more specific than the lactulose
hydrogen breath test, but it is undoubtedly less sensitive.
Personally, I use glucose hydrogen breath testing because
it makes me feel more comfortable about the diagnosis.
But I acknowledge that this use is debatable.
Anthony J. Lembo, MD I would emphasize that no
studies have adequately evaluated the association between
treatment response and results of breath testing.
G&H What are some areas of future research?
Anthony J. Lembo, MD The future is very promising. In
the past 10 years, we have come closer to an understanding of the IBS pathophysiology. The last few years have
seen interesting advancements in the understanding of
the microbiota and other areas.
Brian E. Lacy, PhD, MD I agree. The past decade has seen
some remarkable accomplishments in the management
of IBS. There is a better understanding of IBS etiology,
and we now recognize the importance of prior infections
and the concept of postinfectious IBS. Initial forays have
been made into understanding the interactions of the gut
microbiome with both the enteric nervous system and
central system, and we are starting to appreciate how these
interactions contribute to the pathophysiology of IBS. In
addition, treatment has moved beyond fiber. Options now
include exercise, diet, probiotics, antibiotics, chloride channel activators, guanylate cyclase activators, serotonergic
agents, antidepressants, and a number of behavioral interventions, including hypnotherapy and cognitive behavioral
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therapy.22,23 Despite these gains, however, there is still much
to learn about the etiology and pathophysiology of IBS.
Many patients remain symptomatic.
The diagnostic criteria for IBS are currently being
revised. The Rome IV guidelines should be available in the
spring of 2016. Although previous iterations of the Rome
criteria have been used to guide clinical research, it will be
important to ensure the validity of these new criteria not just
in research studies, but also in everyday practice. As a part
of this review process, it will also be important to determine
whether the criteria used to subtype IBS patients help predict
response to therapy. Research will need to focus on the relative roles of intestinal permeability, immune activation, and
the gut microbiome in the pathophysiology of IBS. It will be
important to determine how these factors relate to intestinal
motility, visceral hypersensitivity, and central hypersensitivity—critical components of IBS symptom generation. Further research is needed into the role of biomarkers for the
diagnosis of IBS. In addition, determination of the utility of
these biomarkers in guiding treatment will be essential.
In terms of treatment, it will be necessary to identify
predictors of response (eg, genetic factors, psychologic factors, gut microbiome factors) for IBS patients and to define
whether specific IBS subtypes are more likely to respond to
one intervention or another based on these factors. Further
studies are needed to identify diets that may help improve
symptoms and to determine whether specific diets are best
for specific IBS subtypes. Patients and providers are well
aware of the temporal relationship between food ingestion and symptom development in IBS patients. A better
understanding of this relationship is important, as it may
translate into new treatment options for IBS patients with
significant postprandial distress. Bloating is an important
symptom for many IBS patients. The pathophysiology is
still not well understood, although recent experimental
studies using diet, probiotics, and antibiotics have shed
some light on this complex phenomenon. Further research
in this area is needed, especially given the fact that no
medication is FDA-approved for the treatment of bloating.
Lastly, the need to better understand the role of the gut
microbiome cannot be understated, as it may turn out to
be the critical factor in symptom generation, and thus the
best target to improve patients’ symptoms.
Disclosures
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Takeda. He has received research grants from Ironwood, Nestle, and
Prometheus. Dr Lacy is a member of the Scientific Advisory Boards
of Forest, Ironwood, Prometheus, Salix, and Takeda. Dr Lembo
is a member of the Advisory Boards of Ironwood Pharmaceutical,
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