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Abstract: Irritable bowel syndrome (IBS) is one of the most common gastrointestinal dis-
orders worldwide. The economic impact of IBS on the health care system is substantial, as is
the personal impact on patients. Patients with diarrhea-predominant IBS (IBS-D) comprise a
substantial proportion of the overall IBS population. Primary care providers are often the first
point of contact for patients with IBS-D and can accurately diagnose IBS after a careful history
and examination without extensive diagnostic tests. Several pharmacologic treatments (eg, loper-
amide, alosetron, and antidepressants) and non-pharmacologic treatments (eg, dietary modifica-
tion and probiotics) are available for IBS-D, but restrictions on use (eg, alosetron) or the lack
of controlled trial data showing reductions in both global and individual IBS-D symptoms (eg,
bloating, pain and stool frequency) emphasize the need for alternative treatment options. Two
newer medications (eluxadoline and rifaximin) were approved in May 2015 for the treatment of
IBS-D, and represent new treatment options for this common gastrointestinal condition.
Keywords: abdominal pain, antibiotic, bloating, diarrhea, irritable bowel syndrome

Introduction

Irritable bowel syndrome (IBS) is a prevalent functional gastrointestinal (GI) disor-
der that affects up to 15% of the general global population.' IBS is characterized
by symptoms of abdominal pain or discomfort that are relieved by defecation, and is
associated with disordered bowel function (ie, constipation, diarrhea, or alternating
constipation and diarrhea).® IBS can be diagnosed using Rome III criteria and subclas-
sified according to patients’ predominant stool pattern using the Bristol Stool Form
Scale as either constipation- or diarrhea-predominant, mixed type, or unsubtyped/
unclassified (ie, insufficient abnormality of stool consistency to meet criteria for the
other IBS subtypes; Table 1).° Up to 40% of patients with IBS have diarrhea as the
predominant bowel symptom (IBS-D subtype).!

IBS significantly reduces the quality of life of patients, their partners, and caregiv-
ers and impairs daily functioning.>’ It places a substantial financial burden on society,
owing to impaired work productivity and increased use of health care resources.® At
least some of the increased costs are related to additional medical tests and medical and
non-medical therapies, which are of uncertain value.* In a database search of patients
with and without IBS, patients with IBS were more likely to undergo standard labora-
tory blood and stool testing and endoscopic testing than other patients.®

Because the majority of IBS diagnoses originate from primary care physicians
(PCPs),® PCPs are in a unique position to facilitate proper diagnosis and manage-
ment techniques that may reduce the overall personal and societal burden of IBS.
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Table | Diagnostic criteria for IBS*

IBS (any subtype) IBS-D

IBS-C

IBS-M

IBS-U

Recurrent abdominal pain or discomfort** Loose or watery
stool*** =25% of

bowel movements

=3 days/month in the preceding 3 months

Hard or lumpy
stool® <25% of
bowel movements

Must be associated with =2 of the following:

e Symptom improvement with defecation

e Symptom onset with altered frequency of stool

e Onset of symptoms associated with altered
stool form

Hard or lumpy
stools =25% of
bowel movements
Loose or watery
stool*** <25% of
bowel movements

Hard or lumpy
stool’ =25% of
bowel movements
Loose or watery
stool®** =25% of

bowel movements

Insufficient alteration of stool
consistency to be classified as
one of the other subtypes

Notes: *Rome Il criteria. Criteria should be met for the previous 3 months, with onset of symptoms =6 months before diagnosis; **uncomfortable sensation that is not
described as pain; ***Bristol Stool Form Score 6-7; $Bristol Stool Form Score |-2. Data from Longstreth et al.®
Abbreviations: IBS, irritable bowel syndrome; IBS-C, constipation-predominant IBS; IBS-D, diarrhea-predominant IBS; IBS-M, mixed-symptom IBS; IBS-U, unclassified IBS.

Diagnosis and management of IBS by PCPs varies sub-
stantially throughout the United States and is inconsistently
applied across all patient age groups.’ Patient misinforma-
tion concerning the proper diagnosis of IBS may result in
PCPs performing extensive diagnostic testing to provide
reassurance;'® however, there is little evidence that such
additional testing alters the final diagnosis.!! Facilitating
understanding and effective communication of diagnosing
IBS among PCPs and patients may solidify standard of care
practices, thereby eliminating extraneous tests and reducing
health care costs.

This article provides an overview of the pathophysiologic
mechanisms underlying IBS-D, discusses IBS-D diagnosis,
and highlights newer treatment advances for patients with
IBS-D.

Pathophysiology of IBS-D

Dietary factors

Ingestion of a meal stimulates a complex set of reactions that
allow processing, absorption, and movement of the ingested
food through the GI tract.'? These processes are coordinated
via bidirectional neural, hormonal, and immunologic com-
munication between the GI tract and the brain."* The pos-
sible relationship between diet and IBS is ill defined, but
diet-induced alterations in the gut microbiota, permeability,
and proinflammatory responses (either directly via food
sensitivity/intolerance or indirectly via changes in microbiota
composition) have been proposed and may contribute to the
increased visceral hypersensitivity and disruption in brain-GI
tract crosstalk associated with IBS.'

Accelerated transit

The GI tract is controlled, in part, by the enteric nervous
system (ENS), which uses neurotransmitters (eg, serotonin;
also known as 5-hydroxytryptamine) to modulate motil-
ity, mucosal secretion and absorption activities, mucosal

homeostasis, blood flow, and immune function." Serotonin
receptors are located throughout the ENS and are involved in
the regulation of reflexes that control GI motility and secre-
tion, as well as visceral sensation.'® Disruptions in serotonin
signaling, including a greater number of serotonin-positive
enterochromaffin cells in the crypt epithelium, increased
spontaneous release of serotonin from descending colon
mucosal cells, decreased concentration of colonic serotonin,
and diminished expression of serotonin reuptake transport-
ers, have been described in patients with IBS-D.'”!¥ An
increased number of brief (<15 seconds) colonic contrac-
tions, accelerated colonic transit, and alterations in small
bowel motor function (eg, increased frequency of migrating
motor complexes, duodenal and jejunal contractions, and ileal
distension) have been observed in patients with IBS-D;!*!
however, whether these disruptions are a direct result of
alterations in serotonin signaling or a consequence of other
pathophysiologic processes is unclear.

Visceral hypersensitivity

Some patients with IBS have reduced thresholds for the
sensation of bloating throughout the GI system compared
with unaffected individuals; however, visceral perception is
not altered in all patients and does not necessarily correlate
with a particular symptom profile.? Sensitization of neurons
involved in the perception or transmission of sensory infor-
mation from the ENS to the central nervous system (CNS)
is likely involved in IBS-related visceral hypersensitivity.'
Alterations in sensory neuromediators (eg, inflammatory
mediators) that occur as a result of changes in gut microbiota,
which might also be associated with a previous episode of
gastroenteritis,'® may contribute to the visceral hypersensi-
tivity and abdominal pain observed in some patients with
IBS-D.? Studies have also implicated alterations in CNS
innervation and processing of GI tract stimulation in patients
with IBS compared with healthy controls.!>**? In patients
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with IBS-D, increased visceral activity has been associated
with an increased number of colonic mast cells, closer prox-
imity of mast cells to nerves, and augmented activation of
pain and motor areas in the brain.**?¢ Taken together, these
data suggest that a variety of factors contribute to enhanced
GI tract reactivity in patients with IBS-D.

Gut microbiota

The gut microbiota is responsible for a variety of structural,
metabolic, and immune functions®” and is relatively stable
in healthy individuals.?®° Because of the plethora of func-
tions of the gut microbiota in human health, its disruption
(ie, dysbiosis) causes aberrations in multiple interconnected
pathways, including brain-gut crosstalk, regulation of the
neuroendocrine system, and immune system homeostasis,
and may contribute to the symptoms of IBS-D. Several
lines of evidence support a role of the gut microbiota in
the pathophysiology of IBS-D. For example, patients who
experience gastroenteritis are more likely to develop IBS
(ie, postinfectious IBS), including the IBS-D subtype, than
patients without a history of gastroenteritis.*! In addition, the
composition and diversity of the gut microbiota in patients
with IBS-D is altered compared with that in healthy individu-
als and patients with other IBS subtypes.3?> Additional clini-
cal studies are needed to fully understand the consequences
of the gut microbiota dysbiosis associated with IBS-D, but
the efficacy of agents that may impact the gut microbiota
(eg, probiotics and non-systemic antibiotics) suggest at least
a symptomatic role.

Diagnosis of IBS-D

Patients with IBS-D typically present with abdominal pain
associated with frequent loose stools and cramping, urgency
that is not relieved by defecation, and mucus in the stool.*
The occurrence of additional comorbid functional GI and
extraintestinal symptoms or disorders (eg, gastroesophageal
reflux disease,”” dyspepsia,®® interstitial cystitis,** migraine
headaches,*® and fibromyalgia®*’) may increase the probability
of a positive IBS diagnosis. Symptoms may be mild and infte-
quent, moderate and somewhat bothersome, or severe enough
to interfere with daily functioning, but all typically require an
ongoing management strategy to control symptoms.*#!
The diagnosis of IBS is often first made by PCPs, par-
ticularly by internists and family practitioners, and usually
without the need for specialized tests (eg, endoscopic or
radiologic tests).® The diagnosis may be established via a
symptom-based strategy using a combination of patient his-
tory, exclusion of alarm symptoms/warning signs, and use

of the Rome III criteria (Table 2)* or the American College
of Gastroenterology (ACG) definition of IBS (ie, abdominal
pain or discomfort that occurs in association with altered
bowel habits for =3 months).*** Diagnostic testing for celiac
disease may be warranted in patients presenting with diar-
rhea as their predominant symptom, but extensive diagnostic
testing is unnecessary for patients without alarm symptoms.
PCPs and other non-IBS specialists tend to perform a greater
number of diagnostic tests before informing the patient of an
IBS diagnosis;* however, at present, there appears to be little
diagnostic value in some of these tests (eg, complete blood
count, C-reactive protein, serum chemistries, stool testing for
intestinal parasites, and sigmoidoscopy with biopsies).3¢4
Addressing disease-related concerns, discussing reasonable
treatment goals and expectations, educating and empowering
patients, and addressing somatization issues with patients
may provide greater benefit than extensive testing.*

Treatment options for IBS-D
Antimotility agents

Loperamide

Loperamide is an over-the-counter opioid receptor agonist
that reduces peristalsis, increases intestinal transit time, and
diminishes loss of fluid and electrolytes. In four randomized,
placebo-controlled, double-blind studies, patients with IBS-D
who received loperamide experienced a significant improve-
ment in individual symptoms of stool frequency,*’* stool
consistency/number of unformed stools,”° and urgency*’

Table 2 Differential diagnosis in patients presenting with
symptoms of IBS and alarm symptoms/warning signs

Alarm symptoms/warning signs Potential differential

diagnosis

Anemia Celiac disease, colon cancer

Family history of colorectal cancer, Celiac disease, IBD, colon
inflammatory bowel disease, or celiac cancer
disease

Nocturnal diarrhea that awakens the Colorectal cancer, IBD,
patient microscopic colitis
Onset >50 years of age Microscopic colitis, colon
cancer

Clostridium difficile colitis
IBD, colon cancer,

hemorrhoids, ischemic colitis

Recent antibiotic use
Rectal bleeding
Unintentional weight loss Ischemic colitis, IBD, celiac
(>10% of body weight)

Persistent frequent diarrhea without

disease, colon cancer
Bile acid malabsorption
hematochezia

Persistent bloating and diarrhea Small intestinal bacterial

unresponsive to dietary interventions overgrowth

Note: Data from Wilkins et al.*
Abbreviations: IBD, inflammatory bowel disease; IBS, irritable bowel syndrome.
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but no improvement in bloating, a frequently bothersome IBS
symptom (Figure 1).*% Abdominal pain, a cardinal symptom
of IBS, was not relieved with the use of loperamide compared
with placebo in most studies.*’***° Loperamide was well
tolerated by patients with IBS-D;** the only adverse effects
reported were constipation, swollen fingers, trouble sleeping,
and oral blisters (n=1 each).*’# Loperamide 2 mg/day to 8
mg/day may be useful in some patients with IBS-D, but it is
not currently recommended by the ACG because of a lack of
high-quality evidence.*

Eluxadoline

Eluxadoline, a mixed p-opioid receptor agonist and 8-opioid
receptor antagonist that reduces contractility and secretion in
the GI tract, was approved in 2015 by the US Food and Drug
Administration (FDA) for daily administration in patients
with IBS-D.>' However, because the FDA has recommended
to the US Drug Enforcement Administration that eluxadoline
be classified as a controlled substance and the designation is
pending, eluxadoline is not anticipated to be available until
the first quarter of 2016. In two separate Phase 3 trials in
patients with IBS-D (pooled population, >2,400 patients),
currently only published in abstract form, eluxadoline 75
mg or 100 mg twice daily significantly improved abdominal
pain and stool consistency (P<<0.005 vs placebo), number of
daily bowel movements (P<<0.05), and urgency (P<<0.05).%
These benefits were observed in the overall population and
in patients for whom loperamide had provided insufficient
relief.” The most commonly reported adverse events (AEs)
were constipation (7.4% and 8.3% for 75 mg and 100 mg

eluxadoline, respectively, compared with 2.4% for placebo)
and nausea (7.8% and 7.3% for 75 mg and 100 mg eluxado-
line, respectively, compared with 4.8% for placebo).*

Probiotics

Although probiotics may be an intuitive treatment option for
the treatment of IBS-D, few have been studied clinically. In
addition, the quality and consistency of probiotic prepara-
tions on store shelves is questionable because of shelf-life
limitations and a lack of government-sanctioned quality-
control standards. The limited clinical trial data published for
probiotics in IBS-D are contradictory and strain-dependent.
In a double-blind, placebo controlled study, VSL#3® (Sigma-
Tau Pharmaceuticals, Inc., Gaithersburg, MD, USA) for 8
weeks did not improve small bowel or colonic transit and had
no effect on bowel dysfunction, abdominal pain, flatulence,
or urgency compared with placebo in patients with IBS-D
(n=25).> In contrast, in a subset of patients with IBS-D, treat-
ment with Bifidobacterium infantis 1x10% cfu/mL capsule
once daily for 4 weeks (n=49) significantly improved incom-
plete evacuation (P=0.008), straining (P=0.007), bowel habit
satisfaction (P=0.014), and overall IBS symptoms (P=0.028)
vs placebo (n=56; Figure 2).>* Based on these limited data
and the favorable benefit/risk ratio, B. infantis 1x10% cfu/mL
may alleviate symptoms in some patients; however, health
care providers should be aware of the small sample size of the
trials and the limited number of results available compared
with those of other currently available agents. In addition,
health care providers should weigh the potential benefits
against the cost to the patients.*
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Figure | Symptom improvement with loperamide.

Notes: Patients with IBS-D (N=25) received loperamide 2 mg/day for | week, followed by a 4-week dose titration period in which patients could increase the dose by
2 mg/day each week until the response was satisfactory (maximum dose, 8 mg/day). The treatment period was |3 weeks. Data are accumulated mean scores ascertained at

5,9, and |3 weeks of treatment. *P<<0.05 vs placebo. Data from Lavé et al.*
Abbreviation: IBS-D, diarrhea-predominant irritable bowel syndrome.
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Figure 2 Reduction of IBS symptoms with Bifidobacterium infantis capsule administered once daily vs placebo.
Notes: Females with IBS-D recruited from primary care centers were randomized to receive B. infantis 35624 1x10° (n=49) or placebo (n=56) once daily for 4 weeks. Data
are least-squares mean changes from baseline at week 4. *P<<0.03 vs placebo. Data from Whorwell et al.>*

Abbreviations: IBS, irritable bowel syndrome; IBS-D, diarrhea-predominant IBS.

Dietary modification

Many patients with IBS report the onset of GI symptoms
after ingestion of specific food types (eg, fried or fatty foods;
Figure 3A).” Rigorous trials of dietary manipulations in
patients with IBS are lacking; however, potential benefits
have been observed with some dietary modifications.*
A diet low in fermentable oligosaccharides, disaccharides,
monosaccharides, and polyols (FODMAPs) may decrease
symptoms in patients with IBS,>"- particularly those with
IBS-D.*" In addition, two small trials of a gluten-free or very
low carbohydrate diet showed improved stool frequency,®*¢!
stool consistency,” and abdominal pain® in patients with
IBS-D (Figure 3B-E).% Given the lack of strong evidence for
dietary adjustment and the high patient adherence require-
ments, dietary modification plans are not strongly recom-
mended by the ACG.*

Serotonergic agents

Given the complex role of serotonin in the GI tract, serotonin
antagonists have been evaluated for the treatment of IBS-D;
however, only alosetron, a serotonin receptor antagonist, is
available, under a risk management program, in the United
States.* A number of randomized, placebo-controlled trials
have been conducted with alosetron in patients with IBS,
including those with the IBS-D subtype. Most of these trials
showed improvement in stool consistency, stool frequency,
and overall IBS symptoms in females during treatment;
however, daily therapy is required, and effects diminish
rapidly with treatment cessation (Figure 4).5¢” Evidence on
the efficacy of alosetron in males has been conflicting; early

dose-ranging studies showed a lack of consistent efficacy
in males despite beneficial effects in females.*” However,
in a 2005 trial, alosetron treatment resulted in an increased
percentage of males with adequate relief of pain and dis-
comfort and improved stool consistency, despite a lack of
effect on stool frequency, urgency, incomplete evacuation,
or bloating.%®

Alosetron is associated with several AEs, predominately
constipation.®” In 2001, alosetron was voluntarily withdrawn
from the US market because of concerns of reports of
ischemic colitis,”” which occurs in approximately 0.1% of
patients.”" It was reintroduced into the US market in 2002
but only for females with severe IBS-D and with required
participation in a risk-management program.*

Antidepressants

Tricyclic antidepressants and selective serotonin reuptake
inhibitors (SSRIs) modulate the activity of serotonin in the
GI tract and reduce global IBS symptoms and abdominal
pain in patients with IBS (number need to treat =4 for both
agents).* Because tricyclic antidepressants increase intes-
tinal transit time, they may be preferable to SSRIs for the
treatment of patients with IBS-D.”> However, data on the
efficacy of these agents specifically for IBS-D are limited.
A small trial of amitriptyline in patients with IBS-D (n=50)
reported improvement in the feeling of incomplete defeca-
tion and loose stools compared with placebo.”® AEs (eg,
drowsiness and dry mouth) are more common with anti-
depressants than placebo (number needed to harm =9) and
may limit patient tolerability. Currently, the ACG does not
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patients with IBS-D (n=17). Data from Boéhn et al and Austin et al.>¢

Abbreviations: BSFS, Bristol Stool Form Scale; G, gastrointestinal; IAC, incompletely absorbed carbohydrates; IBS-D, diarrhea-predominant irritable bowel syndrome.

strongly recommend antidepressants for IBS-D and notes
the potential for AEs, the greater costs of some medications
(especially SSRIs), and potential patient reluctance to take
antidepressants.*

Fecal microbiota transplant

The recognition of the importance of gut microflora
modulation in IBS has prompted the investigation of a
non-traditional means of restoring the gut microbiota (ie,
fecal microbiota transplant [FMT]). FMT involves the
administration of healthy donor stool into the colon of the

symptomatic patients.” Benefits of this therapy have been
described for other GI diseases associated with alterations
in the gut microbiota (eg, Clostridium difficile infection
and inflammatory bowel disease);”* however, there are few
published data on the efficacy of this therapy in patients with
IBS-D (n=9).” Therefore, FMT should be considered as an
investigational therapy because its usefulness as a therapeutic
option for IBS-D is unknown. In addition, there are notable
safety concerns with FMT, including transient GI complaints
(eg, abdominal cramping) and the potential for development
of autoimmune disorders.
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Figure 4 Efficacy of alosetron in females with severe IBS-D.

Notes: Females with predominantly IBS-D vs other subtypes were randomized to receive either placebo (n=323) or alosetron | mg twice daily (n=324) for 12 weeks and
were followed for an additional 4 weeks. Adequate relief of pain was ascertained weekly by patient response (yes/no) to the following question: “In the past seven days,
have you had adequate relief of your irritable bowel syndrome pain and discomfort?” "P<<0.05 vs placebo. Reprinted from The Lancet, 355(9209), Camilleri M, Northcutt AR,
Kong S, Dukes GE, McSorley D, Mangel AW, Efficacy and safety of alosetron in women with irritable bowel syndrome: a randomised, placebo-controlled trial, 1035-1040.,
Copyright (2000), with permission from Elsevier.®?

Abbreviations: IBS, irritable bowel syndrome; IBS-D, diarrhea-predominant IBS.
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Figure 5 Efficacy of rifaximin for patients with IBS-D.

Notes: Patients were randomized to receive placebo (n=635) or rifaximin 550 mg three times daily (n=625) for 2 weeks followed by a 10-week follow-up period. Adequate
relief of symptoms was assessed weekly by patient response (yes/no) to the following question: “In regard to all of your symptoms of IBS, as compared with the way you
felt before you started the study medication, have you, in the past 7 days, had adequate relief of your IBS symptoms?” From The New England Journal of Medicine, Pimentel
M, Lembo A, Chey WD, et al, Rifaximin therapy for patients with irritable bowel syndrome without constipation, 364(1), 22-32. Copyright © (201 I) Massachusetts Medical
Society. Reprinted with permission from Massachusetts Medical Society.”®

Abbreviation: IBS, irritable bowel syndrome.
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Non-systemic antibiotics (rifaximin)

The role of the gut microbiota in IBS, including interactions
with CNS processes (eg, pain sensitivity), suggests that mod-
ulation of the gut microbiota might improve IBS symptom:s.
Rifaximin, a non-systemic antibiotic, was approved in May
2015 for the treatment of IBS-D in adults. In a combined
analysis of two separate Phase 3 trials, a 14-day course of
rifaximin 550 mg three times daily, in patients with IBS-D,
significantly increased the percentage of patients who had
adequate relief of global IBS symptoms (P<<0.001; pooled;
Figure 5),® and improved IBS-related bloating (P<<0.001;
pooled) and abdominal pain/discomfort and loose or watery
stools (P=0.008; pooled) compared with placebo for up to
10 weeks post-treatment.” In a Phase 3 retreatment study
of patients initially responding to open-label rifaximin
who experienced symptom recurrence, the percentage of
responders (pain and stool consistency improvements) to
randomized, repeat treatment was significantly greater with
rifaximin vs placebo (33% vs 25%, P=0.02).”” The AE profile
of rifaximin in patients with IBS-D was generally similar to
that observed with placebo. AEs (=2% of patients) reported
more often with rifaximin vs placebo were nausea (4.3% vs
3.8%), diarrhea (4.3% vs 3.5%), sinusitis (2.7% vs 2.5%),
vomiting (2.4% vs 1.4%), and cough (2.1% vs 1.4%).7¢ Data
suggest that 1 patient would experience an AE with rifaximin
for every 846 patients who would benefit (number needed

to harm =8,971 and number needed to treat =10.6).74"87 As
noted in the Warnings and Precautions section of the rifaxi-
min prescribing information, there is a risk of C. difficile
infection with use of nearly all antibacterial agents including
rifaximin, and severity may vary from symptoms of mild
diarrhea to fatal colitis. Based on its favorable efficacy and
safety profiles, rifaximin is a viable treatment option for
patients with IBS-D; however, health care providers should
be aware that response may not be ubiquitous.*

Conclusion

IBS-D is a common GI condition that imposes substantial
personal and societal burdens. Whereas the etiology and
pathophysiology of IBS-D continue to be investigated,
interconnected alterations in visceral sensitivity, GI motil-
ity, and gut microbiota likely play a role in the disorder.
PCPs are often the first point of contact for patients with
IBS-D and are capable of identifying and treating IBS-D.
The diagnosis and treatment of IBS-D should involve a
symptom-based strategy consisting of exclusion of alarm
signs, evaluation of IBS subtype, and selection of treatment
based on risk/benefit profile (Figure 6). Extensive diagnostic
testing in the absence of alarm symptoms is unnecessary
and should be avoided to minimize costs as appropriate.
Several treatment options are available for IBS-D; however,
some therapies (eg, diet modulation and probiotics) require
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additional clinical safety and efficacy data and therefore
have not been strongly recommended. Two drugs approved
in the United States in May 2015 for IBS-D (eluxadoline
and rifaximin) appear to be efficacious and well-tolerated
treatment alternatives.
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