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his document addresses the design of trials to assess the
fficacy of new treatments for functional gastrointestinal
isorders (FGID), emphasizing trials in irritable bowel syn-
rome and dyspepsia, because most research has been
ndertaken in these conditions. The double-blind, random-

zed, placebo-controlled, parallel group trial remains the
referred design. Randomized withdrawal designs, al-
hough encouraged by the European Agency for the Eval-
ation of Medicinal Products, have the same potential
isadvantages as a crossover design, including carryover
ffects, unmasking (unblinding), and overestimation of the
otential benefit for clinical practice. Innovative trial de-
igns that evaluate intermittent (on demand) treatment
re likely to become more common in the future. Investi-
ators should include as broad a spectrum of patients as
ossible and should report recruitment strategies, inclu-
ion/exclusion criteria, and attrition data. The primary
nalysis should be based on the proportion of patients in
ach treatment arm who satisfy an a priori treatment
esponder definition, or a prespecified clinically meaningful
hange in a patient-reported symptom improvement mea-
ure. Such measures of improvement are psychometrically
alidated subjective global assessments or a change from
aseline in a validated symptom severity questionnaire. It

s unethical to change the responder definition after a trial
egins. Data analysis should address all patients enrolled,
sing an intention-to-treat principle. Reporting of results
hould follow the Consolidated Standards for Reporting
rials guidelines and include an analysis of harms data and
econdary outcome measures to support or explain the
rimary outcome. Trials should be registered in a public

ocation, prior to initiation, and should be published even if
he results are negative or inconclusive.

he committee’s aims were to review the literature on
trial design for the functional gastrointestinal dis-

rders (FGIDs), to further develop guidelines1–3 to assist

esearchers in conducting treatment trials for the FGIDs,
rovide standards to help explain the mechanisms of
herapeutic success and enable regulatory agencies, re-
earchers, and providers to better evaluate the quality of
ublished studies. This report focuses largely on designs
hat evaluate treatment efficacy, with emphasis on irri-
able bowel syndrome (IBS) and functional dyspepsia
FD), because they have been studied most extensively.
tudies that address pathophysiology or mechanism of
reatment effects are not included in this review because
hey require quite different and diverse study designs.
ecommendations in this article are based largely on

onsensus of the literature, except where specifically in-
icated. We refer readers to the corresponding chapter in
he Rome III book for a more detailed discussion with
vidence-based examples.

Identifying the Research Question
and Hypothesis

The goals of most treatment trials are to ascertain
he impact of the intervention(s) on (1) the frequency and
everity of symptoms, (2) health status and quality of life,
3) the patient’s ability to cope with symptoms, and/or
4) the use of health care resources. Generally, a single
rial can answer only 1 or 2 of these questions.1–3

Investigators should select their most important research ques-
ion(s), pertinent to the specific FGID, develop a hypothesis
ased on available evidence, and design a study that will most
ffectively answer the proposed research question.

Abbreviations used in this paper: CONSORT, Consolidated Standards
or Reporting Trials; EMEA, European Agency for the Evaluation of
edicinal Products; FD, functional dyspepsia; FGID, functional gastro-

ntestinal disorder; ITT, intention to treat; NNH, number needed to
arm; NNT, number needed to treat; IBS, irritable bowel syndrome.
© 2006 by the American Gastroenterological Association Institute
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April 2006 DESIGN OF TREATMENT TRIALS 1539
Patient Population

A broad spectrum of patients should be included to
upport the generalizability of the trial findings to patients
utside of the trial. In pharmaceutical research, particularly,
egulatory agencies may limit licensed drug indications to
he trial population. The study population should be se-
ected based on the question, treatment (including possible
ide effects), expected results, and empirical data.2 A screen-
ng log, summarizing the most important demographic
ariables in patients entered or excluded and the reasons for
xclusion, is strongly recommended.

A screening log provides support for the generalizability of the
esults.

Specified inclusion and exclusion criteria are manda-
ory for all studies and should include the FGID case
efinition. If enrollment is targeted to a special popula-
ion to maximize treatment efficacy or minimize side
ffects, the reasons must be carefully documented.2,4,5

It is advisable to include as broad a spectrum of patients as
ossible, defined by the ROME-specific FGID criteria. Restrict-
ng the study population must be justified and inclusion and
xclusion criteria must be specified.

In clinical practice, many physicians avoid formal
nvestigation in favor of a positive diagnosis, reassurance,
nd lifestyle modification. However, entry criteria for
reatment trials must be more specific. The consensus
iew is that the minimum evaluation should include a
omplete blood count, imaging of the relevant part of the
astrointestinal tract within the previous 5 years, and
ther investigations determined by symptoms and family
istory.6 Emerging evidence suggests that screening IBS
atients for gluten enteropathy may also be desirable.7

hen testing is required for study inclusion, it should
e consistent across all study arms, and the timing
hould be defined and recorded.

The minimum screening investigation for eligibility should be
pecified.

Most trials of FGIDs have been conducted in academic
enters specifically interested in the FGIDs, creating
oncerns of selection bias that favor inclusion of patients
ith more severe symptoms and/or with psychosocial

ssues.8 Two large trials showed significant differences in
reatment response between primary and referred pa-
ients with FD.9 Thus, researchers should consider re-
ruiting broadly, noting if subjects are from primary,
econdary, or tertiary care. Differences in baseline sever-
ty and treatment response by site or type of recruitment
hould be examined.

Patient characteristics should be documented sufficiently to
xamine the comparability of patients among centers and allow

omparisons with other populations. p
Special recruitment strategies such as advertising have
een accepted in some countries to accelerate recruit-
ent. A recent IBS study observed that patients re-

ruited by newspaper advertisement, in comparison to
atients enrolled by gastroenterologists, were older, more
ighly educated, more often depressed but less anxious,
nd had less severe IBS symptoms; primary care patients
ere also anxious but had symptom severity that was

ntermediate between patients recruited by advertise-
ent and patients recruited from gastroenterology clin-

cs.10

Recruitment strategies should be clearly identified to allow
xploration of different patterns of treatment response.

Patient Characteristics

Important patient characteristics to report include
ge, gender, race, symptom severity, duration of disease,
rior treatments for the study condition (and response),
nd the use of coexisting medications, including over-
he-counter drugs and vitamins. These may impact out-
omes and should be tested as possible disease or effect
odifiers. For example, gender differences in drug re-

ponse have become evident in clinical trials of certain
erotonergic drugs in patients with IBS.11 Depending on
he hypothesis, investigators may choose to enroll only
ne gender. However, if both women and men are to be
ncluded, there should be sufficient numbers of both to
llow meaningful subgroup analyses. As data accumulate
escribing the genetics of the FGIDs in relation to drug
esponsiveness, it may become relevant to assess these
arameters during clinical trials.11 It is also advisable to
ssess for psychological distress or prior mental health
roblems; in trials of psychological interventions or psy-
hoactive drugs, these may be important effect modifiers,
nd in trials of nonpsychological treatments, they are
otential confounders that could influence both baseline
ymptom severity and response to treatment.12

Potential disease modifiers/confounders that might affect re-
ponse to therapy should be assessed.

Clinical Trial Design

Clinical trials differ from usual practice in several
ays, including the application of strict eligibility cri-

eria, use of a placebo, a standardized intervention, fre-
uent follow-up visits with extensive data recording, and
he use of study coordinators. Nonetheless, standard
spects of diagnosis and management, especially an ad-
quate explanation and reassurance about the disease, are
art of standard care and should be provided to all
atients in the trial. Novel interventions must show

romise of a benefit over standard care.
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Every trial should incorporate the principles of good clinical
ractice to ensure that the study results are relevant to real
ractice situations.

Unique Challenges for the Design of
Treatment Trials in FGIDs

Study designs for treatment trials in FGID face
everal important challenges: (1) a high placebo response
ate13,14; (2) fluctuating symptoms15; (3) possible need
or multimodal therapy owing to weak effects of available
reatments or multiple etiologic mechanisms interacting
n the disease process16; (4) difficulty of masking (blind-
ng) patients and investigators, particularly in trials of
ehavioral interventions17; (5) contamination from over-
he-counter treatments or drugs taken for other condi-
ions (eg, antidepressants); and (6) avoidance of harms in
reating non–life-threatening conditions.18,19

Bias, defined as systematic error that leads to a devi-
tion of the estimated treatment effect from its true
alue, may enter a clinical trial at any stage from patient
nrollment to publication of the results. The major
ources of bias are listed in Table 1.20

Masking. Double masking (of both patients and
esearchers) to the intervention ensures the validity of the
utcome assessment. “Triple masking” is desirable and
xtends masking to all investigators, including data
anagers and statisticians.21 In drug trials, investigators

re encouraged to ask both the patient and the interven-
ionist who interacts with the patient at the end of the
rial whether they believe the active treatment was ad-
inistered and to report these data. Certain interven-

able 1. Major Sources of Bias

Bias Type Comments

. Investigator bias Conscious or unconscious bias, usually
expressed through decisions about
eligibility

. Patient expectancy
(placebo)

Especially a problem where end points
are subjective

. Ascertainment bias
Self-selection for

treatment
Patients are more likely to respond

positively to treatments they prefer
and seek out

Changes in subject
pool

Publicity or other factors may influence
the subject pool over time

. Nonspecific effects
Doctor–patient

relationship
Especially important in psychological

interventions
Regression to mean Patients are usually enrolled when

most symptomatic and inevitably
“improve”

. Publication bias Authors are more likely to submit
positive results and journals more
likely to publish them
ions, such as psychotherapy, hypnosis, sphincterotomy, c
r drug trials in which the active drug causes predictable
ide effects or rapid symptom change, are difficult to
ask from patients or investigators, but possible solu-

ions to maintain an investigator-masked outcome assess-
ent include using independent assessors who are un-

ware of the intervention, using a standardized
nterviewer or self-administered questionnaire, or per-
orming laboratory tests (eg, anal manometry in fecal
ncontinence) that are interpreted by individuals not
nteracting with the patients.

It is mandatory to undertake the maximum masking possible,
etermined by the type of intervention and study design.

Randomization. Randomization is a process (equiv-
lent to the flip of a coin) used to assign patients to
reatment arms in an unbiased fashion. The allocation se-
uence should be concealed from investigators and research
ersonnel should be unaware of the treatment to which a
atient will be assigned until after the patient has been
eemed eligible and has consented to participate.22 Stratified
andomization, whereby the most important prognostic fac-
ors (eg, gender and usual bowel habit) are identified be-
orehand, uses a separate randomization sequence for each
tratum (eg, male versus female or constipation-predomi-
ant versus diarrhea-predominant IBS) to balance these
actors among treatment groups.23 Stratification should be
imited to 1 or 2 factors.22,24 Particularly in multicenter
rials, in which sites may enroll only a few subjects, ran-
omization can be performed in blocks. A block refers to the
umber of subjects within which the group assignments
ave to be balanced. A permutated block design (variable block
ize) ensures that the sequence of assignments is unpredict-
ble to the investigator. When reporting the trial, the
andomization procedure should be explicitly described be-
ause it is a potential source of bias.

Investigators must include a detailed description of their
andomization scheme in the report of the study.

Selecting the control group. A placebo control
roup is essential to establish the efficacy of a new
reatment. When a proven efficacious treatment exists,
omparison against this active treatment may be consid-
red,25 but inclusion of a placebo is still recommended to
void an inconclusive trial, in which the active treat-
ents are of similar efficacy.
Behavioral therapy trials17 pose particular challenges

o identify inactive comparison treatments that generate
xpectancy comparable to the active intervention. Un-
reated patients are poor control subjects because they
an experience a “negative expectancy,”26 which may
esult in an overestimate of the impact of the interven-
ion. Options to assess the integrity of behavioral trials
nclude (1) testing the credibility of both active and

ontrol interventions after initial exposure (eg, by using
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April 2006 DESIGN OF TREATMENT TRIALS 1541
he Credibility Scale27),28 or (2) using a process measure
o ensure that the active treatment is producing the
ntended effects on physiology or cognitions while the
ontrol treatment does not (eg, does biofeedback for fecal
ncontinence change anal sphincter squeeze pressure
ore than the control condition, or does cognitive–

ehavioral therapy alter the patients dysfunctional atti-
udes to a greater extent than an education control
reatment?).17 Investigators should discuss residual
ources of bias and their potential impact on study
ndings in the discussion section of the report.
A placebo control group is essential. In behavioral treatment

rials, confirming that the control condition produces a similar
xpectation of benefit, but does not act on the same physiologic or
sychological principles, is recommended.

Placebo Interventions

A placebo is an intervention believed to lack any
pecific effect to change a particular disorder.29 Placebo
ffects range from 10% to 70% for FD14 and 0% to 84%
or IBS.13 This substantial placebo response rate makes it
ore difficult to demonstrate superior efficacy of new

reatments. Of note, a placebo administered by a physi-
ian appears to be more powerful than one given by other
ealth professionals.29 Some treatments also demonstrate
n order effect, in which an effective drug has a lesser
enefit when given after a placebo. This is especially
mportant if a placebo run-in period is implemented to
xclude placebo responders or in studies with a crossover
esign, because approximately half of patients in a cross-
ver study receive placebo first.

External factors may also contribute to changes in
ealth status making it difficult to detect a treatment
ffect, including (1) a natural variation in symptoms, (2)
egression toward the mean, and (3) unidentified or
nintended cointerventions. Regression to the mean is the
ikelihood that patients consult when symptoms are par-
icularly severe and improve with time owing to the
atural variation in symptom severity and irrespective of
rial participation.30 Important cointerventions such as
hanges in diet or using over-the-counter remedies could
lso lead to a false interpretation that an intervention was
ffective, as could the extra attention given patients by
esearchers during clinical trials (Hawthorn effect).20 The
agnitude of the placebo response may also be influ-

nced by the wording of the question used to define
reatment response or by the use of a compound ques-
ion; a recently published meta-analysis31 suggests that
he placebo response rate is larger when a responder is
efined by a global improvement in IBS symptoms com-
ared to defining a responder by reduction in abdominal

ain (average placebo responses of 36% versus 28%). d
The placebo response rate in treatment trials of FGIDs is
ubstantial and largely unavoidable.

Baseline observation versus placebo run-in. A
eriod of prospective baseline measurement before treat-
ent is useful to evaluate patient eligibility. This also

imits recall and reporting biases by ensuring that pa-
ients are currently symptomatic. It allows comparison of
atients in the active and placebo groups, as well as
valuation of a clinically important change in health
tatus.

Older studies have used a placebo run-in period where
ll patients received placebo for a specified period and
heir response was assessed, using the study outcome
easures. Patients who significantly improved were ex-

luded from further participation to reduce the propor-
ion of placebo responders and to exclude patients with
oor adherence. This has been used in several trials of
llergic rhinitis and, although acceptable to regulatory
gencies, may underestimate the overall effect size.32,33 It
s also difficult to predict whether (1) the placebo re-
ponse increases, plateaus, or decays after the run-in
hase,34 (2) a differential dropout occurs, and (3) patients
emoved from a trial have a different response to those
ho continue. Exclusion of patients for placebo response
ay also disrupt the doctor–patient relationship for fu-

ure management.
The disadvantages of a placebo run-in appear to outweigh the

enefits and it is best avoided. However, baseline observations
re recommended.

Choice of Study Design

The double-masked, randomized, placebo-con-
rolled trial is the gold standard method to test the
fficacy of a new treatment. A parallel group study
esign requires that patients be randomized to receive
nly one treatment assignment throughout the trial (af-
er a period of baseline assessment without treatment).
ose-ranging studies (different groups receive different
oses) and multiple control treatments, with a baseline
bservation of no treatment or a washout period after
reatment, are different variants of a parallel group de-
ign.

Crossover designs, in which subjects receive both treat-
ents during distinct time periods, separated by a wash-

ut phase have been popular in some FGIDs.14 Theoret-
cally, lesser variability in outcomes within subjects
ould require a smaller sample size for the desired sta-
istical power. However, patient dropout rates and miss-
ng data have a greater impact than in a parallel design,
ecause patients are omitted from both study arms when
ata are missing. The greatest disadvantages of crossover

esigns are (1) the carry-over (period-by-treatment) ef-
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1542 IRVINE ET AL GASTROENTEROLOGY Vol. 130, No. 5
ects that occur when the first treatment influences the
esponse to the second treatment or when symptoms
hange with time,35 and (2) the high likelihood of un-
asking owing to side effects.35 The European Agency

or the Evaluation of Medicinal Products (EMEA) may
ccept a crossover design for a Phase III trial, yet has
ighlighted problems that could invalidate study re-
ults36 and does not provide guidance for analysis. If
eriod and sequence effects occur, only the first treat-
ent period data should be used to determine efficacy.
lthough crossover designs are not recommended for

reatment trials with subjective end points, they may be
sed in physiologic studies, where the end points are
bjectively measured.

A factorial design can be undertaken to evaluate com-
ined treatments.37 For example, to test the effects of
ombining two treatments, A and B, subjects are ran-
omly assigned to 4 groups: no A and no B; A and no B;

and no A; or both A and B. Investigators might
onsider such a design either (1) to save money by testing
treatments at once with fewer subjects overall, or (2) to

est for synergistic effects of combined treatments. Im-
ortantly, the 2 treatments should have distinct mecha-
isms of action to be able to interpret the simple effects
ie, the comparison of all patients receiving treatment A
o all patients not receiving treatment A, and the com-
arison of all patients receiving treatment B to all pa-
ients not receiving treatment B), or to detect whether
here is added benefit from combining treatments. Also,
control is required for each intervention. Potential cost

avings are frequently offset by the complexity of inter-
reting the data, except when testing for synergistic
reatment effects.

The withdrawal trial is an enrichment design, in which
ll subjects receive the active treatment. At a predefined
ime point, they are classed as responders or nonre-
ponders and the latter are excluded. Responders are then
andomly assigned to receive active treatment or placebo
nd efficacy is based on the second part of the trial.
otential carry-over effects from the first treatment, how-
ver, can prevent an accurate estimate of the drug benefit.
he EMEA guidelines38 support this design for testing
rugs for short-term efficacy in IBS, and require 2 or
ore treatment cycles to demonstrate efficacy. The
MEA recommends38 that masked withdrawal (switch to
lacebo at an unpredictable time) be undertaken after
ctive drug, but does not address how to perform the
omplex statistical analysis. Like the placebo run-in, this
esign can overestimate the effect size.39 One completed
tudy39 followed the EMEA guidelines (with minor vari-
tions) and provided data supporting the efficacy of

egaserod for IBS on repeated dosing cycles. s
There is a growing interest in developing drugs for
ntermittent treatment (short-course administration for a
redetermined time period after symptom recurrence) or
n-demand treatment (medication is taken only during
ymptoms). These issues have been addressed in gastro-
sophageal reflux disease.40 IBS and FD trials have fo-
used on continuous administration of drugs to moderate
r prevent attacks.4,5 However, most patients with
GIDs experience episodic “attacks,”15,41 and experts
elieve that patients often take medications only as
eeded. Trial designs and outcome measures required for
esting the efficacy of intermittent therapy differ from
hose used to test continuously administered treatments.
fter establishing efficacy during continuous administra-

ion, intermittent or on-demand studies can be con-
ucted. Guidelines for intermittent treatment of mi-
raine42 or gastroesophageal reflux disease43 may provide
model for FGIDs.
The parallel group design is the accepted standard for

valuation of efficacy for most treatments and is applicable to
ost experimental situations. The crossover design is best
voided.

Types of trials. The strongest case supporting the
fficacy of a new medication is made by demonstrating
linical and statistical superiority to placebo or an active
ontrol treatment. An equivalence study or noninferior-
ty trial can also be considered if (1) a known, effective
reatment is available and it would be unethical to
dminister a placebo (eg, cancer or inflammatory bowel
isease, not FGID), or (2) a new treatment might be less
ostly, safer, or just as good as standard therapy.25 Such
rials are usually more costly than superiority trials,
ecause much larger sample sizes are required. Investi-
ators must first estimate the expected difference be-
ween standard treatment and placebo from a meta-
nalysis or systematic review25,44 and then define
equivalence margins” that are smaller than the expected
ifference. The trial is judged to be positive only if the
5% confidence interval for the observed difference be-
ween the new and standard treatments falls within the
quivalence margins. For a noninferiority trial, only the
ower 95% confidence limit must fall within the
argins.
In trials that compare the investigational treatment to

different active treatment, the investigator is obliged to
how that the treatment arms are in equipoise; it is
nethical, for example, to compare the investigational
rug to an ineffective dose of an alternative compound.
Superiority trials (not equivalence or non-inferiority trials)

re recommended for FGIDs.
Duration of treatment. Treatment duration for
pecific FGIDs should be based on natural history data
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April 2006 DESIGN OF TREATMENT TRIALS 1543
escribing the frequency and duration of episodes. For
BS, this is highly variable,15 but for the majority of
atients both flares and remissions appear to last less than

week15,45; for dyspepsia, there is a high symptom
urnover in the general population.46 Prior recommen-
ations for trials of 8–12 weeks were based on experience
nd on concerns for cost and ability to retain patients.
MEA guidelines38 differentiate trials of short-term ef-
cacy, for which they would accept 4-week trials, from
ong-term efficacy trials, for which 6-month trials are
equired. Although both types of trials require patients
ith active symptoms at randomization, long term-stud-

es could include patients with intermittent symptoms.
urther research on the natural history of individual
GIDs should be a high priority, to allow clearer recom-
endations for trial duration. Extended follow-up

hould be considered to determine treatment durability
nd should relate to symptom periodicity and presumed
reatment mechanism.

A minimum treatment duration of 4 weeks that reflects the
ymptom periodicity and anticipated treatment mechanism is
ecommended. If chronic use is anticipated, trials of at least 6
onths should be undertaken to establish long-term efficacy.

Adherence to treatment and study protocol. Stan-
ard methods to assess adherence include interviewing
atients, counting unused medication,47 or measuring
lood levels of metabolites28 and may be especially im-
ortant when interpreting studies of long duration. The
requency of missed or late appointments and missing
ata from diaries or questionnaires should be reported for
ll trials.

Adherence to the protocol and treatment should be measured.

Methods for Collecting Symptoms
and Outcome Data

Accuracy of Symptom Recall

Efficient symptom assessment can be achieved by
aving patients complete questionnaires before treat-
ent and at follow-up visits. However, concerns about

he accuracy of retrospective questionnaires include
hether (1) symptoms present on the day they complete

he questionnaire influence reporting; (2) poor recall
ffects the accuracy of a retrospective report; and (3)
atients feel pressured to give a more positive report if
uestionnaires are completed in the presence of the in-
estigator. Although data support the presence of these
iases, they do not appear to be substantial.48 Recall of
ealth-related events appears to be reasonably accurate

or up to 3 months.49 a
Symptom Diaries

Diaries have been used to measure primary or
econdary end points and minimize recall bias. Relatively
ew symptoms are recorded and ratings can be performed
t a fixed time (eg, bedtime) or when symptoms actually
ccur. The former method is simpler for data analysis. A
ajor problem of diaries50 is poor adherence; patients

ften complete them retrospectively or just before a
isit.51 Hand-held electronic devices with reminder
larms51 or collecting information by telephone52 have
een shown to improve adherence to 80%–90%, and
atient satisfaction is good.51,52 Diary symptoms can also
e recorded on secure Web sites, which can accurately
ecord the time of completion.

Retrospective questionnaires are an acceptable method for
ssessing symptoms provided the recall interval is limited to 3
onths. Patients should receive clear instructions on the use of a
iary, including the directive to leave it blank if they forget to
ecord information. Electronic diaries are preferred over paper
iaries. Methods to ensure adherence to recording methods should
e implemented.

Outcome Measures

The primary outcome variable(s) provides the ba-
is for judging the success or failure of an intervention.
nly 1 or at most 2 variables should be selected and this

hould be done before the trial begins. The Food and
rug Administration and EMEA have recommended

hat investigators provide rules, a priori, that allow clas-
ification of each participant as a responder or nonre-
ponder for the primary outcome.38 Most trials also
nclude secondary outcome variables to (1) strengthen
he results by showing concordance between individual
ymptoms and the primary outcome measure, (2) address
he mechanism of the intervention, (3) assess the safety or
4) cost effectiveness of the treatment, and (5) identify
ariables that predict which patients are most or least
ikely to benefit.

The definition of a responder should reflect a clinically
eaningful symptom improvement for each patient. For

BS and other FGIDs, there is no consensus on what
onstitutes a clinically meaningful improvement. Some
tudies accept as little as a 10% reduction in a visual
nalog scale rating of symptom severity53 or 1 step on a
-step ordinal scale39 as clinically meaningful, whereas
ther studies require a 50% reduction in an aggregate
ymptom severity index54 or questionnaire.55 However,
he most commonly employed definition of clinically
eaningful improvement in IBS has been a patient’s

eport (yes or no) of “adequate relief of abdominal pain

nd discomfort”4,56–58 or “satisfactory relief of IBS symp-
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oms.”59,60 These definitions are assumed to have face
alidity. However, empirical data are needed for each
utcome measure to assess the clinical significance of
ifferent degrees of change from both the patient’s and
he physician’s perspectives.

One or at most 2 primary outcome measures should be specified
n advance. Investigators should list criteria to classify each
atient as a responder or nonresponder based on a clinically
eaningful change in symptoms.

Choosing a Primary Outcome Variable

In selecting a primary outcome, investigators
hould examine the trial objectives, population, and
echanism of action of the proposed treatment and

hould choose either a global measure, which integrates
he symptoms into a single numerical index, or the
ummary score of a validated symptom severity and/or
requency questionnaire.

Attention should be paid to the suitability of the
easurement scale used for each outcome measure. A

etailed discussion of measurement scales and their prop-
rties is beyond the scope of this report, but is more
horoughly addressed in the Rome III book and else-
here.2,61

Physician-reported assessments have been accepted in
ome studies,14 but are subject to greater measurement
rror than patient reports.62 Therefore, patient-reported
easures are endorsed. Only fully validated instruments

re recommended as primary outcome assessment tools,
nd secondary outcome measures should also be assessed
or robustness. Psychometric validation requires that (1)
he assessment instrument includes symptoms relevant
o and fully representative of the disorder (face validity);
2) it show a predictable relationship with other measures
construct validity); (3) the assessment produces similar
esults when readministered to patients whose health
tatus has not changed (reliability); (4) it can detect
linically meaningful change in health status when such
change has occurred (responsive); and (5) changes in score
an be related to clinical indicators that are meaningful
o clinicians (criterion validity).

Validation of a new outcome measure is best estab-
ished in a separate study.63 The frequency of data re-
ording for each outcome should also be specified before
he trial begins, as should the time frame defining the
atient response (whether at the end of the trial, during
prespecified proportion of weeks or months that re-

ponder criteria have been fulfilled, or for all time points
ssessed during the trial).

A patient-reported outcome assessment is recommended. Psy-
hometric validation of each outcome measure is recommended

efore it is used in clinical trials. r
Adequate relief or satisfactory relief as a primary
utcome measure. Since 1999, most published pharma-
eutical trials for IBS have used “adequate relief of ab-
ominal pain and discomfort”4,56–58 or ”satisfactory relief
f IBS symptoms”59,60 as their primary outcome measure.
esponders were defined as patients who reported “yes”

o adequate relief or satisfactory relief on at least half of
he weeks in the treatment trial. These studies demon-
trated statistically significantly higher responder rates
or active drug relative to placebo and led to approvals
or alosetron and tegaserod by the Food and Drug
dministration.
Mangel et al64 assessed the validity of the adequate

elief measure in diarrhea-predominant IBS patients and
howed that responders differed significantly from non-
esponders regarding pain-free days, pain severity, ur-
ency, stool frequency, and 6 of 8 SF-36 quality of life
ubscales plus 8 of 9 scales on a disease-specific quality of
ife measure. However, correlations among measure-
ents (convergent validity), test–retest reliability, and

nternal consistency were not reported. Similar validation
ata have been reported for satisfactory relief.55,65

Integrative symptom questionnaires. An alterna-
ive method for defining a responder in an IBS treatment
rial is to ask patients to report the frequency or severity
f all (or a representative group) of IBS symptoms prior
o and again following treatment, and to define a re-
ponder as a patient who reports at least a 50% decrease
n IBS symptom severity.54,55,66 There are several ques-
ionnaires that examine the severity of IBS, such as the
astrointestinal Symptom Rating Scale for IBS67 and the
unctional Bowel Disorder Severity Index.68 However,
he Irritable Bowel Syndrome Symptom Severity Scale69

s the only IBS symptom severity scale that has been
hown to be responsive to treatment effects.17,69,70

Whitehead et al55 compared different outcome mea-
ures including satisfactory relief and a 50% reduction in
he Irritable Bowel Syndrome Symptom Severity Scale
uestionnaire, in an observational study of patients’ re-
ponse to usual medical care for IBS. They reported that
he response rate on satisfactory relief was influenced by
retreatment symptom severity: patients with initially
ild IBS symptoms showed the highest responder rate

ut the smallest change in symptom severity, whereas
atients with initially severe IBS symptoms showed the
owest responder rate but the largest decrease in severity.
n contrast, when defining a responder as a patient who
eported at least a 50% decrease in symptom severity,
retreatment symptom severity had no impact on the
esponder rate. Defining a responder based on a 50%

eduction in symptoms has been used in several stud-
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es54,71 and has been endorsed by 1 expert panel.72 How-
ver, like satisfactory relief and adequate relief, it re-
uires further validation.
Subjects can be classed as responders and nonre-

ponders at different time points during a trial. In pub-
ished trials, patients were classified as responders if they
eported adequate relief or satisfactory relief on at least
0% of weeks over a 1- to 3-month period.4,39,53,57,59,60

owever, this loses important information; the most
ersuasive evidence for efficacy would be to show that
atients in the active treatment had a sustained response
nce they reported satisfactory or adequate relief. Inves-
igators are encouraged to use more sophisticated statis-
ical models that address the longitudinal trajectory of
esponder status.73,74 At a minimum, studies should
eport the proportion of patients responding at each time
oint and throughout the trial.
Several well-validated outcome measures have been

sed in FD trials.75 These use a single global outcome of
specific symptom (eg, Glasgow Dyspepsia Severity

core76), a global overall assessment of dyspepsia symp-
oms (eg, the Canadian Dyspepsia Score77), the LEEDS
yspepsia Questionnaire,78 or several questions covering

mportant dyspepsia and quality of life outcomes (eg, the
everity of Dyspepsia Assessment,79 the Dyspepsia
ymptom Questionnaire,67 the Quality of Life in Reflux
nd Dyspepsia Questionnaire,67 and the Nepean Dyspep-
ia Questionnaire80). For some FGIDs, such established
utcome measures are yet to be developed.

Pain or discomfort is a key feature of many FGIDs and
s typically either the primary outcome variable or an
mportant secondary outcome variable in clinical trials.
ain has 3 dimensions—intensity, duration, and fre-
uency—that can be considered separately or integrated
n a global assessment of pain or can be incorporated into
quality of life measure. Different rating scales can be

sed that are reproducible and sensitive to change.81 If
ain is chosen as the primary outcome, a meaningful
linical response should be defined beforehand, and the
roportion of patients reaching this end point reported.
Adequate relief and satisfactory relief are the current stan-

ards for primary outcome assessment in treatment trials in
GIDs. Alternative outcome measures such as integrative symp-

om questionnaires are also acceptable. All of these measures
equire additional validation.

Safety issues and absence of harms. Every trial
hould document and report adverse events. Recent at-
ention has focused on the appropriate reporting of
arms-related issues in randomized clinical trials.82

hen collecting harms data is a trial objective, it should
e reflected in the manuscript reporting the study results

nd the report should clearly define adverse events and t
ow they were measured. Investigators should attempt to
lace benefits and harms for any intervention into
erspective.
Anticipated and unanticipated adverse events should be

eported.

Choosing Secondary Outcome Variables

The reasons for including each secondary outcome
nd the plan for analysis should clearly be identified
efore the trial begins. Health economic outcomes are
ecoming an important class of secondary outcomes.83,84

Secondary outcomes should be selected based on the study
uestion and should be validated measures that support or
xplain the results. Integrating health economic outcomes is
ecommended when feasible.

Quality of life assessment. FGIDs significantly
mpact quality of life.85,86 Generic and disease-specific
uality of life instruments are available.63 Generic in-
truments can assess quality of life in large populations
nd across a wide spectrum of disorders, but may not
eflect all important aspects of health status for specific
isorders. They may be less sensitive to detect important
reatment effects, but they permit comparisons with
ther diseases and help to detect unexpected changes in
ealth status after treatment. Examples of validated in-
truments include the Sickness Impact Profile,87 the
ottingham Health Profile, the SF-36 (Short Form of
eneral Health Questionnaire),88 and the Psychological
eneral Well-Being Index.89 Disease-specific quality of

ife instruments75,90,91 examine problems specific to the
GID (eg, the fear of fecal incontinence in IBS). Theo-
etically, they can detect smaller and more specifically
elevant changes in health status, which may be missed
y generic instruments. Quality of life measures have not
een used as the primary outcomes in pharmaceutical
linical trials because they were believed to be insuffi-
iently responsive to treatment, but have been strongly
ecommended as secondary outcome variables. One re-
ort focusing on the health-related quality of life data
rom two previously reported trials of alosetron found a
ignificantly greater improvement on active drug com-
ared to placebo,92 challenging the belief that these
easures are not responsive enough to be employed as

rimary outcome variables.
Quality of life assessments are important secondary outcomes.

nvestigators are encouraged to include both a baseline generic
nd a pre–post disease-specific quality of life instrument.

Analysis and Data Reporting

The type of statistical analysis is determined by

he particular study design and primary outcome mea-



s
(
e
g
i
a
s
r
j
t
t
t
e
D
a
m

r

p
t
m
b
t
f
r
v
s
p
b
s
i
T
t
I
r
b
l
b
e
a
d

o
t
a

g
v
p
i
a

e
o
p
t
t
t
u
t
n
N
t

s
r

t
d
t
n
t
e
m
a
a
m
m
u
a
(
s
t
o
a
b
fi
a

i

o
c
o
m
p
e
m
j

1546 IRVINE ET AL GASTROENTEROLOGY Vol. 130, No. 5
ure(s). The Consolidated Standards for Reporting Trials
CONSORT) statement was developed by scientists and
ditors to improve the quality of reporting parallel
roup, randomized, controlled trials.93 It emphasizes the
mportance of transparently reporting the study objective
nd how the study was conducted and analyzed. Evidence
upports improved quality of methodology and data
eporting93 when CONSORT guidelines are used. Many
ournals now require that manuscripts describing clinical
rials conform to the CONSORT guidelines, found on
he web at www.consort-statement.org. Recent publica-
ions have made similar recommendations for studies
valuating diagnostic testing (Standards for Reporting of
iagnostic Accuracy initiative94) and reporting meta-

nalyses (Quality of Reports of Meta-Analyses state-
ent95).
Investigators should adhere to the CONSORT statement on

eporting of clinical trials.
The main analysis for FGID trials should focus on the

rimary outcome measure(s) to determine whether or not
he study results support a new treatment. Although the
ain outcome often compares the end of treatment and

aseline observations, data should also describe how pa-
ients changed during the study; the results of a trial are
ar more compelling if patients have had a sustained
esponse to the intervention. When 2 primary outcome
ariables are included in a trial, investigators should
pecify in advance whether the trial will be considered
ositive if only 1 outcome measure is significant, or if
oth are required. If significance on any primary outcome
uffices, the analysis should adjust for multiple compar-
sons, for example, using the Bonferroni correction.96

he committee suggests that the EMEA recommenda-
ion requiring 2 positive primary outcomes for trials in
BS may be overly conservative. The primary outcome
esults should be stated in absolute numbers to include
oth a numerator and denominator; it is not sufficient to
ist only percentages of (non)-responders (eg, not 20%
ut rather 10/50, 20%). For all outcome measures, the
stimated effect of the intervention (difference between
ctive and placebo treatment) and a 95% 2-sided confi-
ence interval should also be included.97

The main result of the study must be based on the evaluation
f the primary outcome measure as stated in the protocol before
he study begins. The primary outcome should be stated in
bsolute numbers and should include a 95% confidence interval.

Statistically significant differences between study
roups can also be expressed using a P value. Actual
alues and not thresholds (ie, not P � .05) should be
rovided and should be complementary to confidence
ntervals. The reciprocal of the absolute risk reduction, in

risk reduction trial, or therapeutic gain, in a treatment o
fficacy trial, can also allow computation of the number
f patients who need to be treated (NNT) to encounter a
atient who will experience a clinical benefit. Although
he NNT is reported infrequently in randomized, con-
rolled trials, its inclusion can convey the clinical impor-
ance of a study result.98 Similarly, harms data can be
sed to estimate the number of patients that would need
o be treated with a drug to see an adverse event (number
eeded to harm [NNH]). Calculation of the NNT and
NH allows the researcher or clinician to more quanti-

atively assess the benefits and risks of any given therapy.
When reporting P values, actual values and not thresholds

hould be provided. An NNH can be calculated based on the
isk of adverse effects and can be weighed against the NNT.

The statistical analysis should be based on an inten-
ion-to-treat (ITT) principle99 with a plan for handling
ropouts. The trial can either be analyzed as the propor-
ion of responders in each group, treating all dropouts as
onresponders, or by carrying forward the last observa-
ion available for the primary outcome. A dual analysis,
xamining for differences in results using the 2 different
ethods should be performed. Many studies also report
per protocol (all patients who followed the protocol) or

n all-patients-treated (all patients who received treat-
ent following randomization) analysis. These analyses
ay provide insight as to whether a treatment works

nder optimal conditions, but cannot replace the ITT
nalysis. When there is a discrepancy between the ITT
negative) and per protocol (positive) analyses, the results
hould be interpreted as inconclusive. The effect of po-
ential modifiers such as gender, age, duration or severity
f disease, and presence of psychological stress can be
ssessed using a logistic regression analysis, where the
inary dependent variable represents the a priori speci-
ed definition of a responder.100 Such covariates should
lso be prespecified.

The primary analysis should be the ITT analysis and must
nclude all patients randomized.

Secondary Outcome Measures and
Subgroups

Results should be reported for all prespecified
utcomes. Score changes should be reported for each
ardinal symptom of the entry criteria. Secondary
utcomes that are used to support or refute the pri-
ary analysis should be analyzed by ITT and not per

rotocol. Adjustment for multiple comparisons is gen-
rally unnecessary when analyzing secondary outcome
easures because the efficacy of the treatment is

udged on the basis of the analysis of the primary

utcome variable, not the secondary outcomes. Sec-

http://www.consort-statement.org
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ndary outcome measures are examined to support the
rimary outcome analysis. When many secondary vari-
bles are included to identify predictors of response or
xplore for other benefits, the type I error rate may be
nflated and can be adjusted.96 However, the Bonfer-
oni correction may be too conservative96 and can
ncrease the likelihood of a type II statistical error,
endering truly important differences nonsignificant.
sing descriptive rather than inferential statistics (eg,
eans and confidence intervals) or reporting actual P

alues is a possible solution.
Specific plans to present and analyze harms data

hould be clearly described and withdrawals from each
rm of the trial should be detailed. ITT is the preferred
nalysis for harms data.82

Exploratory subgroup analyses are commonly per-
ormed in trials of FGIDs, although their validity is
ontroversial.101 The recommended test of interaction101

valuates for differences in treatment effects between
omplementary subgroups (eg, older and younger sub-
ects), rather than simply comparing P values for each
ubgroup, thereby maintaining statistical power.

Secondary analyses used to support an efficacy claim should be
TT analyses. Harms data should be analyzed by ITT when
ossible, but absolute incidence rates and 95% confidence inter-
als should also be provided.

Sample Size and Power

The protocol should present and clearly specify
he assumptions underlying the sample size calculation.
hese elements include the minimum effect size (differ-
nce in primary outcome between groups) that the trial
s designed to detect, the � (type I) error level, the
tatistical power or � (type II) error level, and when
valuating continuous outcomes (eg, difference in sever-
ty scores), the standard deviation of the difference. Re-
ent trials have been powered to detect differences as
mall as 10%,58 12%,59,60 or 15%.4,57 Often, a power of
0% is used (� error or type II error of 20%) and � (type
) error of 5% using a 2-sided test. An allowance for
ropouts should also be made in determining the appro-
riate sample size, but efforts should be made to keep the
ropout rate below 10%–20%. It is inappropriate for an
nvestigator to conclude, from an inadequately powered
tudy that fails to find a statistically significant difference
etween interventions, that the 2 interventions are
quivalent.44

A sample size calculation should be routinely performed and
hould be based on the expected behavior of the primary outcome

easure. p
Interim Analysis and Stopping Rules

There is no compelling reason to incorporate in-
erim analyses in trials to determine efficacy because
GIDs are not life threatening. Moreover, because the
ncidence of serious adverse events is expected to be low,
ny occurrence of a serious adverse event is likely to
rompt the safety committee to reevaluate the trial with-
ut carrying out an interim analysis. Thus, interim anal-
ses in trials of FGIDs are normally only done to assess
he futility of continuing the trial. Plans for interim
nalyses should be clearly prespecified in the study pro-
ocol and appropriate statistical methods to adjust for
ultiple comparisons are necessary.101,102 The most com-
on method is to partition the � level for the trial by

ubtracting the � level for the interim analysis from the
level intended for the final analysis. Consequently,

ost investigators use a conservative � level, such as
001, for the interim analysis so that sufficient power is
eserved for the final analysis. If an interim analysis is
replanned, � sharing can be incorporated when calcu-
ating the sample size. Unplanned preliminary analyses
hould be avoided; premature presentation of results may
ffect the further conduct of the trial and can lead to the
eporting of inaccurate observations.

There are few guidelines for conducting interim anal-
ses to assess the futility of continuing a trial. However,
o preserve the credibility of the investigators (a) such
nalyses should be overseen by a Data and Safety Moni-
oring Board that is independent from the investigators,
b) the analysis should test for equivalence rather than
uperiority of 1 treatment relative to the other, and (c)
iberal equivalence margins for the effect size should be
efined a priori and will likely be wider than those
pplied to serious harms.

Interim analyses are not recommended because they may
eopardize the trial integrity unless there is reason to believe
articipation in the trial (either in the active treatment or
ontrol group) places the patient at risk.

Ethical Issues

The main result of a trial must be presented
ccording to the predetermined primary outcome mea-
ure(s). Selecting a primary outcome measure after the
rial is concluded inflates the type I error rate and is
isleading. Unexpected results that were not part of the

riginal hypothesis103 should be considered as purely
xploratory, for testing in future studies. Adherence to
tudy goals is strengthened when an independent advi-
ory group is assembled.

Changing the primary outcome measure(s) in the analysis

hase of a study should not be done; it invalidates the statistical
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nalysis and renders the conclusions of uncertain value by
nflating the chances of a type I error.

Concern has been raised that several negative FGID
reatment trials have not been published, overestimating
he efficacy of some treatments and/or diminishing safety
oncerns. Investigators are ethically obliged to publish
he results of all completed studies, and journal editors
hould publish methodologically sound studies, whether
esults are negative or positive. Some journals now re-
uire investigators to register clinical trials before initi-
tion, and failure to do so bars their publication by
ubscribing journals.104 The Cochrane Collaboration sys-
ematic reviews also underscore the need for publication
f all relevant studies.105

It is unethical to withhold publishing the results of a
ompleted trial.

In reviewing the relevant literature for this report, the
ommittee identified a number of areas that require
dditional evaluation. These recommendations for future
esearch are listed in Table 2.
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