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(PRO) measurement have undergone major changes with
the dissemination of regulatory guidelines for PROs from
the US Food and Drug Administration (FDA) and the European Medicines Agency (EMA).1–3 Accumulating data also
provide new insights for measuring common FGID symptoms, such as abdominal pain, discomfort, diarrhea, urgency,
constipation, and bloating, among others. New information
about the placebo, “nocebo,” and “precebo” responses also
challenges researchers to consider the biases inherent in
FGID trials. In addition, advances in pragmatic clinical trial
(PCT) design offer new approaches to measuring the effectiveness of FGID therapies in the context of everyday clinical
practice. This updated Rome IV chapter now addresses each
of these new trends, provides guidance for investigators
seeking to develop and conduct FGID clinical trials, and
emphasizes evolving concepts about how best to test the
risks and beneﬁts among the full range of FGID treatments.

Identifying the Hypotheses
and Research Questions
The ﬁrst task is to establish the hypothesis of the putative effect of the studied treatment, based on its expected
mechanism of action, which generates the speciﬁc research
question(s) for the proposed trial. As multiple factors
contribute to the pathogenesis of FGIDs, it is likely that no
single therapeutic approach will fully abolish all symptoms.
*Authors share co-ﬁrst authorship.

C

linical trial design for functional gastrointestinal
disorders (FGIDs) is hampered by several factors,
including symptom variability between subjects or groups
and within subjects over time and the lack of speciﬁc biomarkers. The Rome diagnostic criteria and design recommendations are now routinely applied in clinical treatment
trials. Since the publication of the Rome III guidance, there
have been substantial advances in several aspects of clinical
trial design. The expectations for patient-reported outcome
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TREATMENT TRIALS

This article summarizes recent progress and regulatory
guidance on design of trials to assess the efﬁcacy of new
therapies for functional gastrointestinal disorders (FGIDs).
The double-masked, placebo-controlled, parallel-group
design remains the accepted standard for evaluating
treatment efﬁcacy. A control group is essential, and a
detailed description of the randomization process and
concealed allocation method must be included in the study
report. The control will most often be placebo, but for
therapeutic procedures and for behavioral treatment trials, respectively, a sham procedure and control intervention with similar expectation of beneﬁt, but lacking the
treatment principle, are recommended. Investigators
should be aware of, and attempt to minimize, expectancy
effects (placebo, nocebo, precebo). The primary analysis
should be based on the proportion of patients in each
treatment arm who satisfy a treatment responder deﬁnition or a prespeciﬁed clinically meaningful change in a
patient-reported outcome measure. Data analysis should
use the intention-to-treat principle. Reporting of results
should follow the Consolidated Standards for Reporting
Trials guidelines and include secondary outcome measures
to support or explain the primary outcome and an analysis
of harms data. Trials should be registered in a public
location before initiation and results should be published
regardless of outcome.
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Table 1.Goals of a Treatment Trial
To ascertain the ability of the intervention to
Relieve symptoms or decrease symptom severity
Improve functional health status and health-related quality of life
Improve ability to cope with symptoms
Decrease use of health care resources
Avoid harm and be cost-effective

Most FGID intervention studies evaluate the impact of a
treatment on the items listed in Table 1, but speciﬁc goals
can vary widely. Investigators should prioritize their
research question(s) pertinent to the speciﬁc FGID, develop
a hypothesis based on available evidence, and design a
study that most effectively answers the research
question(s).
In general, the primary question will address whether
the study treatment improves FGID symptoms. Consequently, the primary outcome measurement tools must
include reporting of the most important symptoms expected
to change with the proposed treatment. The secondary
questions are best determined by the particular disorder,
that is, its speciﬁc symptoms and the mechanism of action of
the treatment. Pathophysiological factors, while important
explanatory parameters, should be considered secondary
rather than primary end points.

Deﬁning the Target Condition
Patient Population

TREATMENT TRIALS

A screening log of key variables is mandatory in order
for readers to judge the generalizability of the results. The
log should include demographic (eg, age, sex, and race) and
clinical variables (eg, disease severity, symptom duration,
prior treatments for the condition, and the use of concurrent
medications) for patients entered and excluded, with reasons for exclusion. Explicit inclusion and exclusion criteria
are mandatory for all studies. Most treatment trials in FGIDs
have required a minimum severity level for speciﬁc symptoms thought to be typical of the condition. Balanced
consideration for the potential mechanism of action of the
drug must also be given when selecting the study
population.
It is advisable to include as broad a spectrum of patients
as possible, deﬁned by the Rome- speciﬁc FGID criteria.
Restricting or modifying the study population must be
justiﬁed. The EMA requests that early drug development
programs include sufﬁcient numbers of both men and
women to permit assessment of safety and efﬁcacy for both
sexes. The FDA also supports engagement of subjects of
different racial backgrounds.2,3

Inclusion Criteria
The minimum screening for eligibility should be speciﬁed and should adhere to current guidelines. The Rome
classiﬁcation of FGIDs is currently the most comprehensive
and well-established diagnostic system, and its use ensures
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a sufﬁcient degree of standardization of study participants
across centers and cultural settings, and allows further
exploration for differences in treatment response.

Exclusion Criteria/Appropriate Rule Outs
Important confounding factors to consider for possible
exclusion criteria are psychological comorbidities, sociocultural perspectives, and biological variations. Psychological comorbidities are often thought to be predictors of poor
response to treatment, but this has not been proven.4 Other
psychologically related inﬂuences include the placebo and
nocebo effects (see section on placebo and nocebo), and
future studies may wish to consider designs that could
measure the subject’s proneness to these effects.

Managing Functional Gastrointestinal Disorders
Overlap, Comorbidities, and Disease Modiﬁers
Overlap disorders, potential disease modiﬁers, and
important comorbidities that might affect treatment
response should be assessed and explored. The overlap of
FGIDs with other FGIDs and with somatic and psychiatric
disorders is a challenge for clinical trail design. First, the
accuracy of the FGID diagnosis may be questioned and it is
possible that a treatment might improve the symptoms of
one disorder while symptoms of the other worsen. Second,
the presence of a comorbidity may be associated with
increased symptom severity, greater impact on healthrelated quality of life (HRQOL), and greater psychological
distress—all of which could modify the response to
treatment. Third, underlying motility or sensory disorders
in different parts of the GI tract may interact in ways that
could affect the response to speciﬁc treatments. The
committee recommends that, in most situations, patients
with overlapping conditions be included in the trial and
the presence of comorbid conditions should be
documented.

Role of Biomarkers in Deﬁning
Study Population
Continuing research is needed to identify biomarkers
that attempt to elucidate disease mechanisms and may
facilitate assessment of efﬁcacy of treatments in FGID
studies. A biomarker is an indicator of a physiological or
pathological state that can be objectively measured and
evaluated, in contrast to PROs, which are measured using
questionnaires that capture patient perceptions of their
illness.5 A valid and reliable biomarker should optimally
distinguish patients with a known clinical syndrome from
other conditions, and do so with a high degree of sensitivity
and speciﬁcity. It may also have predictive value, in that its
presence could potentially predict natural history and/or
response to speciﬁc therapies.5 While they are not suitable
as surrogate end points at this time, they can be used to
stratify patients. However, at present, very few biomarkers
have been identiﬁed that have sufﬁcient sensitivity and
speciﬁcity.
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Masking/Blinding Process

Unique Challenges for the Design of Treatment
Trials in Functional Gastrointestinal Disorders
There are several challenges to conducting FGID treatment trials, including a high placebo response rate6;
symptoms that are intermittent and of ﬂuctuating severity7;
a potential need for multimodal therapy, given the limited
efﬁcacy of available treatments or multiple etiological
mechanisms affecting the disease process8; difﬁculty maintaining masking of patients and investigators in trials of
behavioral interventions9; contamination from over-thecounter treatments or medicines taken for other conditions; the necessity of avoiding signiﬁcant harms10 in
treating non life-threatening conditions; absence of biomarkers both for diagnosing the disorder in question and
for evaluating the treatment response; and absence of
acceptable end points for many FGIDs. In addition, clinical
trials differ from clinical practice in several ways, including
the application of strict inclusion and exclusion criteria, the
use of a placebo group, application of a standardized
intervention, frequent follow-up visits with extensive data
recording, and the use of study coordinators.
The placebo response observed in clinical trials has been
attributed in part to the attention given to enrolled subjects,
including detailed explanation and reassurance, close
monitoring, and ready access to study coordinators, which
may in themselves produce a therapeutic effect. Bias,
deﬁned as “systematic error” in estimating the treatment
effect, may enter a clinical trial at any stage, from design to
publication.11 The major sources of bias are listed in
Table 2.

Table 2.Major Sources of Bias in Clinical Trials
Bias type
Investigator bias

Patient expectancy (placebo)
Ascertainment bias
Self-selection for treatment

Changes in subject pool

Nonspeciﬁc effects
Doctor patient relationship
Regression to the mean

Publication bias

Comments
Conscious or unconscious,
usually expressed through
decisions about eligibility
Especially a problem where end
points are subjective
Patients are more likely to
respond positively to
treatments they prefer and
seek out
Publicity or other factors may
inﬂuence the subject pool
over time
Especially important in
psychological interventions
Patients are usually enrolled when
most symptomatic and
inevitably improve
Authors are more likely to submit
trials with positive results and
journals are more likely to
publish them

It is mandatory to undertake the maximum masking
possible, determined by the type of intervention and study
design. It is recommended to evaluate and report whether
masking was successful. Masking of participants, investigators, and evaluators to treatment assignment is a key
feature of a successful controlled trial.12 Single masking is
when only the study subject/patient is unaware of the
treatment allocation. Double-masking (both patients and
research personnel) is necessary to ensure the highest validity of the primary outcome measurement. Triple-masking
includes also masking monitors, data managers, statisticians, and others who interpret outcome tests.13 Interventions involving procedures such as psychotherapy,
hypnotherapy, sphincterotomy, or drug trials in which the
active drug causes predictable side effects or rapid symptom changes, are difﬁcult to mask from patients or investigators. Possible solutions include using independent
assessors who are unaware of the intervention, or standardized interviewer-administered or self-administered
questionnaires.14 In addition, study investigators are
encouraged to ask both patient and interventionist at the
end of the trial whether they believe active treatment was
administered and to report these data.

Randomization
Investigators must include a detailed description of their
randomization process and concealed allocation method in
the report of the study. Randomization is the process of
assigning subjects to different treatment arms without bias,
which can be accomplished either by someone other than an
investigator preparing a numbered series of sealed envelopes containing group assignments or use of a computer
program for random allocation.13,15 Critical recommendations to ensure randomized concealed treatment are the
randomization code is generated by a noninvestigator
(preferably a computer), randomization is done within
blocks of variable size (permuted block randomization) or
sufﬁcient size to minimize unmasking due to side effects in
previously exposed patients, the list of patient treatment
assignments should be available only to the medical ofﬁcer
in charge of patient safety, and a record should be kept of
patients for whom the mask has been broken. When
reporting the trial, the randomization procedure should be
described explicitly.15 Stratiﬁed randomization is a variation
on randomization that is designed to assure balance on the
most important prognostic factors by using a separate
randomization sequence for each stratum (eg, male vs female or IBS with constipation [IBS-C] vs IBS with diarrhea ]
IBS-D])16.

Selecting a Control Group
A control group is required to establish the true efﬁcacy
of a new treatment. As therapies of proven efﬁcacy accumulate, a comparison against an active available treatment
can be considered, but this requires higher patient numbers
to establish efﬁcacy and may fail to show a statistically
signiﬁcant difference.17,18 Control groups for therapeutic
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procedures are equally crucial. In behavioral treatment trials, conﬁrming that the control intervention produces a
similar expectation of beneﬁt but does not act on the same
physiological or psychological principle is recommended. In
trials involving a therapeutic procedure, a sham group is
recommended when feasible.

Placebo, Nocebo, and Precebo Responses

TREATMENT TRIALS

Placebo. Placebo (from the Latin “to please”) is an
intervention that generates the expectation of beneﬁt in the
patient but is believed to lack any speciﬁc effect to change a
particular disorder,19 or an intervention for which there is
no scientiﬁc theory explaining its action.20 When used along
with blinding, use of a placebo design may enable investigators to assess side effects of interventions more
readily and with less bias. Placebos can be administered as a
drug or as a procedural intervention.20 The placebo effect is
well characterized in FGID trials, especially in FD and IBS,
with response rates ranging from 6% 72%21,22 and
0% 84%, respectively.6 A meta-analysis suggested that the
placebo response is larger when a responder is deﬁned by a
global improvement in IBS symptoms compared with
deﬁning a responder by reduction in abdominal pain.23,24 A
more recent systematic review and meta-analysis found
higher placebo rates in European randomized controlled
trials (RCTs) compared with those conducted in other continents; in those that used physician-reported outcomes
compared with those that used a patient-reported end
point; and in RCTs using shorter duration of therapy.25 Also,
pooled placebo response rates were generally higher in
RCTs using clinical criteria to deﬁne the presence of IBS
compared with those using Rome criteria, trials using 3
times daily dosing, trials that assigned patients to placebo or
active therapy in a 1:1 ratio, trials of antispasmodics and
mixed 5-HT3 antagonists/5-HT4 agonists, and trials of
lower scientiﬁc quality.25
Nocebo. In contrast to placebo, nocebo (from the Latin
“I shall harm”)20 is the expectation of distress. The expectation of side effects may increase the frequency with which
adverse effects are reported in both the active and control
arms of a drug study, and may increase the likelihood that
subjects will drop out of the trial.
Precebo. The term precebo was coined to describe the
effect that inﬂuences placebo even before the study begins.26 The precebo effect refers to the potential for a drug
beneﬁt during a clinical trial to be inﬂuenced by preconceived notions or by communications about the trial contained in advertisements and consent forms.

Baseline Observation vs Placebo Run-In
A period of prospective baseline measurement before
treatment is useful to evaluate patient eligibility. This also
limits recall and reporting biases and ensures that patients
are currently symptomatic. It allows comparison of patients
in the active and placebo groups, as well as evaluation of a
clinically important change in health status.
Older studies have used a placebo run-in period where
all patients received placebo for a speciﬁed period and their
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responses were assessed using the study outcome measures. Patients who signiﬁcantly improved were excluded.
Although acceptable to regulatory agencies, placebo run-in
can underestimate the overall effect size.27

Choice of Study Design
The double-masked, randomized, placebo-controlled,
parallel-group trial is the gold standard for testing the efﬁcacy of new treatments. Variations of this basic design
include different groups receiving different doses of the
active treatment (dose-ranging, in phase 2), more than one
control treatment, multiarm trials, a baseline period of no
treatment, and a washout period after treatment is
completed.
As there is no universally effective treatment for any
FGID, the standard approach is to test a new therapy against
placebo to prove its superiority. Occasionally, trials of
equivalence and noninferiority are performed where a new
therapy is more convenient or less expensive.18
Crossover designs have been popular in FGID treatment
trials.6 Subjects receive both treatments during distinct time
periods, usually separated by a washout phase, in randomized order, with the aim of comparing the treatments.
Theoretically, a crossover design can increase sensitivity to
detect change, allowing a smaller sample size for the desired
statistical power. However, there are down sides: patient
dropout and missing data have a greater impact than in a
parallel-group design, carryover effects that occur when the
ﬁrst treatment inﬂuences the response to the second
treatment, and there is a higher risk of unmasking due to
side effects. Therefore, crossover trials seems most applicable in physiological studies where end points are objectively measured.
A factorial design is appropriate when evaluating combination treatments, which may be desirable in patients
with severe FGID symptoms.28 This requires a control group
for each intervention. The withdrawal trial is an “enrichment design” in which all subjects receive the active treatment and, at a predeﬁned time point, are classiﬁed as
responders or nonresponders. The latter are then excluded
and responders are randomly assigned to continue with
treatment or placebo. The efﬁcacy assessment is based only
on the second part of the trial. Potential carryover effects
from active treatment are the major drawback.29

Design of Trials for Behavioral, Surgical,
and Complementary and Alternative
Medicine Interventions
In trials evaluating the efﬁcacy of behavioral, surgical, or
many types of complementary and alternative medicine
interventions, it is not possible to mask the intervention
from the therapist (the individual implementing the intervention) or from the patient. Expectation of beneﬁt is the
most important variable to balance across intervention
arms. Some published trials of behavioral interventions
have compared symptom improvement in the active treatment group to symptom changes in people who remain on a
waiting list to receive the intervention or who continue to
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receive “standard medical care.” However, both of them
create a negative expectancy of improvement and therefore
have potential to overestimate the efﬁcacy of the investigational treatment. A better approach is to identify an
alternative, active treatment that generates a similar
expectation of beneﬁt and is assumed to be less effective.
Investigators have also tried to balance the amount of
contact time with the therapist and other characteristics
across treatment arms.30,31 The expectation of beneﬁt
should be measured in both groups to conﬁrm that the
treatment arms are balanced.14
A number of steps are recommended to minimize the
impact of investigator bias in behavioral trials: (1)
randomize patients to the treatment arms only after they
have been screened and found eligible; (2) have an expert
develop a detailed treatment manual for all treatment arms;
(3) use multiple well-trained interventionists and test
whether outcomes differ across interventionists; and (4) use
patient-completed outcome questionnaires or outcome assessors who are blind to the treatment assignment of each
subject.

There is a rapidly increasing interest in using probiotics
and prebiotics for the treatment of FGIDs, but interpreting
the trials to date has been hampered by suboptimal trial
design, small sample sizes, and the wide variety of probiotic
strains and formulations that have been used.37 A minimum
requirement for probiotic trials is to demonstrate that the
test organisms are present in stools or in the lumen of the
gut in a representative subset of exposed subjects. Whether
for registration as drugs, or as food supplements or functional foods, they require the same rigorous criteria, design,
and end points as classical pharmacological efﬁcacy
studies.38

Duration of Treatment

Considerations for Pediatric Trials

Prior recommendations for treatment durations of trials
of 8 12 weeks were based on experience together with
considerations of cost and ability to retain patients. The
EMA guidelines differentiate between trials to establish
short-term efﬁcacy, for which a treatment duration of 4
weeks or longer would be acceptable vs trials intended to
establish long-term efﬁcacy, for which a minimum of 6
months is recommended.3 Extended patient follow-up
should be considered to determine the treatment durability and should also relate to the presumed treatment
mechanism and periodicity of symptoms. Recent long-term
studies of 6 months duration in parallel design32 or on demand have now been undertaken in FGID patients.33

Compared with adults, there are far fewer published
clinical trials on FGID in the pediatric population. Primary
end points in children vary widely among studies. Developmental limitations make it difﬁcult to obtain reliable
PROs in young children. In trials involving infants, toddlers,
and younger children, reports of symptoms are based on
parental observation, so-called “observer-reported outcomes.” Unfortunately, minimally clinical important differences (MCIDs) and factors determining the magnitude of
placebo responses have not been established in pediatrics.

Adherence to Treatment and Study Protocol
During a clinical trial of FGID, adherence to medication is
critical in interpreting the results and efﬁcacy of treatment.
Most trials accept 80% as a reasonable level of adherence
that allows valid assessment of the treatment intervention.
Measuring adherence can be achieved by measuring a
metabolite of a drug treatment, counting unused medication, use of electronic or paper diaries, prescription purchase monitoring, patient interview, or physician
impression. Strategies that appear to enhance patient
adherence during clinical trials include short-term vs longer
trials, clear written instruction and education before and
during the trial, reminders to take medication, recording
symptoms or attending appointments, self-monitoring,
severity of condition or symptoms, efﬁcacy of the treatment, and patient education and understanding of the
importance of adherence.34

Considerations for Dietary Interventions
Major challenges in dietary trials include masking the
intervention and innovations in the choice of control diets.

Applying any standardized diet, such as the average national
diet, is likely to be an intervention, but it does control diet in
a standardized fashion. Recently, the methodological rigor of
dietary intervention trials has improved, with studies in
which all meals were provided in a masked fashion to the
patients for the duration of the trial.35,36

Considerations for Probiotic Trials

Pragmatic Clinical Trials
PCTs focus on the risks, beneﬁts, and costs of competing
therapies within the context of usual practice settings.39
Whereas explanatory RCTs restrict variability in treatment
delivery between sites and between treatment arms, PCTs
aim to understand health outcomes between competing
management approaches for a common clinical dilemma,
may include a broad range of patients from diverse settings,
and may even allow for different patterns of care within a
study arm to emulate clinical reality. However, as PCTs do
not tightly control all aspects of study design, it can be
difﬁcult to untangle mechanisms of action, or to isolate key
prognostic variables, and they are more susceptible to effects of investigator bias, patient expectancy, and ascertainment bias related to self-selection for different
treatments.

Registering With ClinicalTrials.gov
All clinical trials should be registered before initiation on
a dedicated, publically accessible website. One example is
ClinicalTrials.gov, established by the National Institutes of
Health. US law now not only mandates reporting of clinical
trials, but also establishes penalties for noncompliance.

TREATMENT TRIALS
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Patient-Reported Outcomes Measurement
Deﬁnition
and uses of patient-reported
outcomes. The patient report is of primary importance
in evaluating effectiveness of FGID therapies. PROs are
designed to capture the patients’ illness experience in a
structured format and may help bridge the gap between
patients and providers, while providing outcome targets for
clinical trials. The FDA, EMA, and other regulatory agencies
consider the patient report in drug approval, and have
developed guidance for development and use of PROs in
clinical trials.40,41 The National Institutes of Health has also
supported a major PRO initiative, called the Patient Reported Outcome Measurement Information System
(PROMIS; www.nihpromis.org), designed to develop and
evaluate several PRO domains.42

Classiﬁcation of Outcomes Measures
Individual symptoms can be measured across various
attributes, including frequency, severity, bothersomeness,
and predictability, among other factors.43 Individual symptoms and their attributes can be combined into symptom
clusters. FGID symptoms, in turn, may impact physical, social, and emotional function, measured in terms of HRQOL.
Finally, the broader illness experience of FGIDs, as
measured by HRQOL instruments, may have downstream
impacts on FGID-related resource utilization and work
productivity.44 Health utility measures, like the EQ-5D, are a
specialized form of PROs that inform cost utility
analyses—another key resource utilization outcome.45

Developing Patient-Reported Outcomes
for Clinical Trials: Guidance From
Regulatory Agencies

TREATMENT TRIALS

Regulatory agencies have developed detailed guidance
for how to validate and document developmental steps for a
PRO. Examples include the FDA guidance on PatientReported Outcome Measures40 and guidance for IBS registration trials.2
PRO development should begin with a systematic review
of the literature to build a conceptual framework for
developing a new PRO. The framework should be expanded
based on direct input from representative patients of the
target population. Both the FDA and EMA emphasize
rigorous qualitative methods in conducting patient focus
groups or interviews. PRO developers next focus on creating
the individual items for the instrument, in easily understood
language. The FDA and EMA generally recommend no more
than 1-day recall periods for a PRO. Investigators must next
conduct quantitative empirical testing of the instrument in a
representative sample of patients, including both crosssectional and longitudinal psychometric testing. The provisional PRO should undergo exploratory factor analysis to
evaluate the quantitative structure of the instrument, analysis of convergent validity by evaluating the relationship
with legacy instrument of relevance, and also measurement
of internal consistency and reliability of each PRO subscale.
Finally, the investigators must calculate the MCID for each
scale in the PRO.
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US Food and Drug Administration Interim
Guidance for Irritable Bowel Syndrome
Clinical Trial Outcomes
Recognizing that it would take time before an FDAqualiﬁed IBS PRO could be developed, the FDA agreed to
allow interim end points for registration trials until a ﬁnal
PRO is developed. The interim guidance, published in May
2012, suggests the following co-primary end points:
abdominal pain and abnormal defecation. The standard 11point numeric rating scale should be used to measure
abdominal pain in IBS. For abnormal defecation, the FDA
recommends measuring stool frequency for IBS-C trials, and
stool form measured using the Bristol Stool Form Scale
(BSFS) for IBS-D trials. Using the tools of the numeric rating
scale and the BSFS, the FDA recommends speciﬁc IBS
responder deﬁnitions, which is largely followed by the
EMA.3
The FDA interim guidance for IBS trials has signiﬁcant
limitations: Different inclusion criteria and different end
points are recommended for trials of IBS-C vs IBS-D, and
neither inclusion criteria nor end points are speciﬁed for
patients with IBS with constipation and diarrhea (IBS-M).
These limitations appear to restrict the target populations
that can be studied and the likely indications for drugs that
could be approved.

Binary Outcomes Measures
Many high-quality FGID RCTs have employed a binary
PRO end point, such as “adequate relief,” “satisfactory relief,” or “considerable relief,”46 which provide a dichotomous responder status (yes/no relief). Binary end points
are easy to administer and straightforward to interpret.46,47
Previous systematic reviews and the Rome III guidance
supported the use of binary end points as a standard for IBS
and FGID clinical trials.46–48 However, the FDA currently
discourages the use of these binary end points in clinical
registration trials, based on concerns about the possibility
that a clinical response with a binary end point may depend
on baseline severity, may not detect MCIDs, and may lack
capacity to track key illness domains or discriminate between clinical disease subgroups. Nevertheless, a working
party, which analyzed patient-level data from 12 existing
clinical trials in 10,000 patients, showed that the binary
response demonstrated excellent construct validity across a
wide range of variables and was able to detect MCIDs in key
bowel symptoms.49

Integrative Symptom Questionnaires
The IBS Severity Scoring System50 and the Functional
Bowel Disease Symptom Index51 are 2 well-validated
symptom questionnaires that integrate several components of IBS symptoms into a single score. The IBS Severity
Scoring System instrument, a widely used PRO for IBS
clinical research studies, incorporates pain, abdominal
distention, bowel dysfunction, and HRQOL to estimate
overall patient illness severity. The Functional Bowel Disease Symptom Index51 also includes the resource utilization
variable—number of physician visits. However, neither
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meets current psychometric EMA or FDA standards for a
qualiﬁed PRO for clinical trials. Functional dyspepsia trials
have used several outcome measures, with varying degrees
of validation, but none meets all the FDA and EMA end point
criteria for registration trials.52

Pictograms
Verbal symptom descriptors are used in most PRO instruments to evaluate symptom patterns and severity in
FGIDs.2,36,52 Pictorial representations have been proven to
be effective in improving comprehension and recall of new
information.53 The use of pictograms to evaluate FGID is
being examined and in functional dyspepsia shows potential
to improve concordance between the clinician’s and patient’s evaluation of symptom pattern and severity
(Figure 1).54 The impact of cultural context on interpretation and acceptability of pictograms needs evaluation.

Measuring Abdominal Pain vs Discomfort

Measuring Bloating
Bloating is reported by up to 31% of the general population,56,57 and is also very common among patients with
FGIDs. The feeling of bloating should be distinguished from
visible abdominal distention, as they do not always overlap.43 The use of pictograms has been recommended to
express bloating more accurately.

Measuring Stool Frequency and Form
Stool form and frequency are now part of FDA and EMA
end points for IBS clinical trials. The BSFS is used as a validated measure of stool form that also correlates with intestinal transit time.57 The BSFS has reasonable face validity for
patients and has improved the reliability of patient reports
on stool consistency. However, there are important limitations of the BSFS, including occurrence of multiple BSFS
forms within the same bowel movement and the difﬁculty to
determine the “start” and “end” of a bowel movement.
In current constipation trials, and supported by FDA,
stool frequency is measured in a diary using terms of (1)
bowel movement, (2) spontaneous bowel movement
(without need for manual maneuvers or rescue laxatives),
and complete spontaneous bowel movement (adds a sensory aspect in that the patient must experience a full evacuation without the residual feeling of retained stool).

Measuring Bowel Urgency
Bowel urgency is also a bothersome symptom that can
undermine HRQOL in patients with FGIDs like IBS55 and
fecal incontinence.56,58 The term urgency in IBS-D is

TREATMENT TRIALS

The Rome criteria have historically combined “pain” and
“discomfort” into the same symptom complexes. Abdominal
pain is a deﬁning characteristic for many FGIDS and an
important driver of symptom severity, HRQOL decrements,
and health care resource utilization.55 FGID pain is typically
measured as severity, using the previously discussed numeric
rating scale, but less is known about the impact of other pain
attributes, including frequency, constancy, recency, duration,
predominance, predictability, speed of onset, and its relation
to bowel movements. Although past clinical trials have used
PROs that group pain and discomfort together,46,49 the separation between pain and discomfort is inconsistent across
patient groups, and discomfort often refers to a range of
symptoms, such as bloating, gas, fullness, ﬂatulence, sensation of incomplete evacuation, and urgency. It is

recommended that pain be measured separately from
discomfort, and that the type of nonpainful symptom be
speciﬁed.

Figure 1. Three pictograms depicting the patient experience of abdominal bloating and distension.
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multifaceted, and includes attributes like frequency, intensity, interference, and ﬂuctuation, which may need to be
taken into account when creating a PRO.
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measured. Details of individual adverse events, including
impact and severity, are needed to allow pooling across
trials to allow calculation not only of number needed to
treat, but also of number needed to harm.

Health-Related Quality of Life Questionnaires
HRQOL is a type of PRO that captures biopsychosocial
health rather than individual symptoms. HRQOL is usually
measured with patient questionnaires or instruments that
collect data across several areas of health, including physical, psychological, and social functioning. HRQOL instruments are generally classiﬁed as either “generic,” which
measure HRQOL across many different conditions or populations; or “disease-targeted,” when they measure HRQOL
in 1 or more speciﬁc conditions.59 Examples of the former
include the Short Form-36 Health Survey60 and the Sickness
Impact Proﬁle.61 Disease-targeted HRQOL instruments
appear to be more responsive than generic HRQOL instruments to treatments for speciﬁc diseases. More than
110 disease-targeted HRQOL instruments were developed
in gastroenterology and cover a range of FGIDs.62 Of the
multiple disease-targeted instruments in IBS, the Irritable
Bowel Syndrome Quality of Life questionnaire63 has the
most extensive data supporting its validity.

Data Collection Strategies

TREATMENT TRIALS

Both the FDA and the EMA recommend the use of daily
diaries to assess the interim primary symptom outcomes in
IBS, while speciﬁc PROs are being developed. Most likely,
this recommendation can also be extended to other FGIDs
for which no guidelines have been produced to date. The use
of daily assessment serves to minimize recall bias and
avoids inﬂuence by the presence of the investigator.
Symptom ratings can be performed at a ﬁxed time (eg,
bedtime), or at the time when symptoms actually occur. The
FDA suggests using an interactive voice response or personal digital assistant to assure accurate data collection
because concern has been raised that paper diaries may be
retrospectively completed just prior to a visit.64,65 A number
of secondary outcome variables, such as QOL questionnaires, use a longer retrospective recall period, and need to
be collected only intermittently during the course of a trial.
More recently, real-time capturing of symptom occurrence,
using electronic applications on hand-held devices, has the
potential to provide more accurate information on actual
onset of symptoms and their time course. However, patient
compliance is crucial and the gain over daily diaries
completed at a ﬁxed time of day needs to be proven.

Adverse Events and Safety Monitoring
It is important to report all adverse events found in
treatment trials, as new or unexpected side effects may be
encountered when testing new therapies. An extension of
the Consolidated Standards of Reporting Trials (CONSORT)
statement66,67 encouraged the use of the term harms rather
than safety. If the collection of harms data is a key trial
objective, this fact should be reﬂected in the title and abstract, as well as the body of the article. The methods section
should also clearly deﬁne how adverse events were

Analysis and Data Reporting
Consolidated Standards of Reporting
Trials Guidelines
The original CONSORT statement, ﬁrst published in
1996, was developed to improve the quality of reporting of
2-group, parallel RCTs.66,67 The latest iteration, the CONSORT 2010 Statement,68 re-emphasized the importance of
clearly and transparently reporting the reason the study
was undertaken, and how it was carried out and analyzed. It
includes a 22-item checklist, including key elements of statistical reporting to which investigators should adhere,67
and a ﬂow diagram with 4 sections (ie, enrollment, allocation, follow-up, and analysis). Many journals now require
that manuscripts describing clinical trials conform to the
CONSORT guidelines.

Primary Efﬁcacy Analysis
Deﬁning minimally clinical important differences
and responder deﬁnitions. In general, a study should
have 1 and no more than 2 primary outcome measures.67
The FDA has published guidance on trial design, end
points, and responder deﬁnitions for the treatment of IBS.2
The most recent update of the EMA guidance follows the
same principles.3 The primary statistical analysis should
focus on the chosen primary outcome measure(s), and the
result of this planned analysis determines whether or not
the study has a positive result in support of a new
treatment.
Although the main outcome often is reported as a
comparison between the end of treatment and baseline
observations, it is also important that data are provided
describing how patients changed throughout the course of
the study. When 2 primary outcome variables are included
in the trial, the investigators should specify in advance
whether the trial is positive if only one of the outcome
measures is signiﬁcant, or if they require that both be
signiﬁcant. If signiﬁcance of any primary outcome will
provide evidence for efﬁcacy of the treatment, the analysis
should adjust for multiple comparisons.69 For all outcome
measures, the estimated effect of the intervention (difference between active and placebo treatment) and a 95%
two-sided conﬁdence interval should be included.70 Statistically signiﬁcant differences between study groups can
also be expressed using a P value (actual values). The
reciprocal of the therapeutic gain can also allow computation of the number of patients needed to treat to
encounter a patient who will experience a clinical
beneﬁt.71
The statistical analysis should be based on an intentionto-treat principle, which includes all patients randomized to
treatment.72 Dropouts can be considered treatment nonresponders, or the last observation of the primary outcome
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variable that was available can be carried forward. Both
approaches should be examined to test for differences in
results. Many studies also report a per-protocol (all patients
who followed the protocol) or an all-patients-treated (all
patients who received treatment after randomization)
analysis. These analyses may provide insight as to whether a
treatment works under optimal conditions but cannot
replace the intention-to-treat analysis.
In prespeciﬁed analyses, the effect of potential modiﬁers such as sex, age, duration, or severity of disease, and
presence of psychological stress can be assessed using a
logistic regression analysis, where the binary dependent
variable represents the a priori speciﬁed deﬁnition of a
responder.73

and reported as actual incidence rates and 95% conﬁdence
intervals.77
Sample size and power calculations. The protocol
should clearly specify the assumptions upon which the
sample size calculation was based.78 This includes the
minimum effect size that the trial is designed to detect, a
(type I) error level, the statistical power or b (type II) error
level, and when evaluating changes (differences) in continuous outcomes, the standard deviation of the difference
(Figure 2). Trials have generally been powered to detect
differences between 10% and 15%, at a power of 80% and
an a level of 5%, using a 2-sided test. An allowance for
dropouts should also be made in determining the appropriate sample size, and the number and timing of the
dropouts should be reported.
For responder analyses, the protocol should clearly state
what constitutes a patient responder. The study must have
sufﬁcient power to detect a clinically important difference in
the proportion of responders.79,80
Interim analysis and stopping rules. Plans for
interim analyses should be clearly prespeciﬁed in the study
protocol, but usually there is no compelling reason to
incorporate speciﬁc interim analyses for interventions in the
FGIDs. Unplanned preliminary analyses should be avoided
because premature presentation of results can affect the
further conduct of the trial and can lead to the reporting of
inaccurate observations.81,82 On the other hand, adaptive
clinical trial designs that explicitly allow for study design
modiﬁcations based on interim analyses have become
increasingly attractive due to their ﬂexibility and efﬁciency
in pharmaceutical/clinical development.81–84 Limitations of
these designs include control of type I error rate, minimization of statistical and operational bias on the estimates of
treatment effects, and the interpretability of the results.84
The FDA provided draft guidance on adaptive design clinical trials for drug and biologic development.85
TREATMENT TRIALS

Analysis of secondary outcome measures and
subgroups. It is recommended that changes in each of the
symptoms that comprise the entry criteria be analyzed by
intention to treat and reported. This may support (or refute)
the direction and magnitude of the interventional effect on
the primary outcome measure. Investigators sometimes
include a large number of secondary variables to identify
predictors of response or to explore other possible effects of
the intervention unrelated to the primary hypothesis. In
such cases, adjustment for repeated testing is needed, or the
intestiagors may use descriptive rather than inferential
statistics, or they may choose a conservative a level (eg, .01)
to protect against type I error without unduly inﬂating the
type II error rate.
Exploratory subgroup analyses are commonly performed in trials addressing the effectiveness of therapies for
patients with FGIDs. This practice is controversial and some
researchers question its validity,67,74–76 particularly when
undertaken after initial evaluation of the dataset (post-hoc
subgroup analysis). The test of interaction is the most
appropriate type of subgroup analysis.76 Speciﬁc plans to
present and analyze harms data should be clearly described,

Design of Treatment Trials for FGIDs 1477

Figure 2. Elements of a
sample size calculation
including Type I and Type
II error.
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Interim analyses to assess the futility of continuing a
trial should be overseen by a Data and Safety Monitoring
Board that is independent from the investigators, should
test for equivalence rather than superiority of one treatment
relative to the other, and should use a priori deﬁned liberal
equivalence margins for the effect size.
Noninferiority trials. The design and methods for the
statistical analysis of equivalence and noninferiority trials
can be complex and have not been developed to the extent
seen in superiority trials. The most important design and
analysis aspects are estimating the effect size of the active
comparator based on previous RCTs, selection of appropriate noninferiority margins, and determining the sample
size.86 The FDA has published Guidance for Industry NonInferiority Clinical Trials.87

Ethical Issues

TREATMENT TRIALS

All investigational products should receive approval
from local regulatory agencies and all clinical trials should
be approved by local ethical committees before their start.
All patients should sign informed consent before any studyrelated procedure, and all personnel involved in clinical
trials should adhere to Good Clinical Practice guidelines and
have recent (last 2 years) evidence of qualiﬁcation. Most
hospitals and research institutions are also mandating
manuals documenting evidence of training in standard
operating procedures. Clinical trials should maintain a balance between scientiﬁc ambitions and the patients’ interest
in receiving effective therapy without being exposed to risk
or unnecessary evaluations. Adverse events must be monitored and registered throughout the study, and serious
adverse events need to be rapidly reported and evaluated
for their relationship to the investigational treatment. For
the placebo-controlled study phases in which patients might
receive placebo or a treatment of uncertain therapeutic
value for longer periods, rescue medication should be
offered whenever possible. Patient beneﬁt for participating
in trials may increase when an open-label follow-up treatment can be offered after the controlled study phase.
Many studies offer ﬁnancial compensation to participating patients for the time lost due to study visits. These
incentives, and other coverage of expenses (travel, food),
should be of reasonable magnitude to prevent patients from
enrolling in a study purely for ﬁnancial reasons. Similarly,
ﬁnancial compensation to physicians or institutions for
participating in clinical trials should also be reasonable and
concordant with standards of reimbursement based on
resource utilization or time commitment.

Recommendations for Future Research
Several issues that should be addressed with future
research include:
1. Examining and minimizing the magnitude of placebo
effects
2. Creating and validating measures of expectancy for
FGIDs (placebo, nocebo, and precebo)
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3. Assessing the natural history of FGID to determine
the appropriate duration of acute and long-term RCTs
4. Extending follow-up after RCTs to determine the
durability of interventions.
5. Further elucidating the characteristics of IBS-M
6. Developing PROs for IBS-M
7. Developing PROs, observer-reported outcomes and
pictograms for pediatric trials in FGID
8. Establishing normal bowel habit ranges in children
by age and sex
9. Assessing whether a 1-day recall period for outcomes is appropriate
10. Assessing whether the current FDA and EMA guidance for primary outcomes (co-primary outcomes)
for IBS are optimal or other outcomes (including
binary outcomes) are also valid
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