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Introduction
Irritable bowel syndrome (IBS) is a functional gas-
trointestinal disorder characterized by abdominal 

pain or discomfort associated with altered bowel 
habits, including constipation, diarrhea, or both.1 
Efforts to study the potential benefit of treatment 
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Abstract
Background: To evaluate the psychometric properties of the newly developed seven-item 
Irritable Bowel Syndrome – Diarrhea predominant (IBS-D) Daily Symptom Diary and four-
item Event Log using phase II clinical trial safety and efficacy data in patients with IBS-D. 
This instrument measures diarrhea (stool frequency and stool consistency), abdominal pain 
related to IBS-D (stomach pain, abdominal pain, abdominal cramps), immediate need to 
have a bowel movement (immediate need and accident occurrence), bloating, pressure, gas, 
and incomplete evacuation.
Methods: Psychometric properties and responsiveness of the instrument were evaluated in a 
clinical trial population [ClinicalTrials.gov identifier: NCT01494233].
Results: A total of 434 patients were included in the analyses. Significant differences were 
found among severity groups (p < 0.01) defined by IBS Patient Global Impression of Severity 
(PGI-S) and IBS Patient Global Impression of Change (PGI-C). Severity scores for each Diary 
and Event Log item score and five-item, four-item, and three-item summary scores were 
calculated. Between-group differences in changes over time were significant for all summary 
scores in groups stratified by changes in PGI-S (p < 0.05), two of six Diary items, and three of 
four Event Log items; a one-grade change in PGI-S was considered a meaningful difference 
with mean change scores on all Diary items −0.13 to −0.86 [standard deviation (SD) 0.79–
1.39]. Similarly, for patients who reported being ‘slightly improved’ (considered a clinically 
meaningful difference) on the PGI-C, mean change scores on Diary items ranged from −0.45 
to −1.55 (SD 0.69–1.39). All estimates of clinically important change for each item and all 
summary scores were small and should be considered preliminary. These results are aligned 
with the previous standalone psychometric study regarding reliability and validity tests.
Conclusions: These analyses provide evidence of the psychometric properties of the IBS-D 
Daily Symptom Diary and Event Log in a clinical trial population.
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of patients with IBS and diarrhea-predominant 
IBS (IBS-D) have been hindered by a lack of well 
validated symptom severity scales that meet cur-
rent standards for patient-reported outcome 
(PRO) instruments2,3 and a reliable biologic 
marker for IBS.4 In turn, this presents a challenge 
for development of optimal study designs and end-
points for clinical trials assessing drug impact on 
IBS,4 thereby hindering development of drugs that 
provide benefit to patients.

A patient-reported instrument for IBS-D has 
recently been developed and validated5,6 in line 
with the guidance from the US Food and Drug 
Administration (FDA) with respect to develop-
ment of both PROs and drugs to treat IBS.2,3 The 
instrument is a PRO measure that includes a 
seven-item IBS-D Daily Symptom Diary (hereaf-
ter referred to as the Diary), in which patients 
record the severity of symptoms over the previous 
24 h, and a four-item IBS-D Symptom Event Log 
(hereafter referred to as the Event Log), which is 
completed following each bowel movement to 
assess information regarding individual bowel 
movements.5 The ‘Diary’ collects information on 
abdominal pain, stomach pain, abdominal 
cramps, abdominal bloating, frequency of gas and 
accidents; and the ‘Event Log’ on each individual 
bowel movement, the immediacy of need, and the 
consistency of the bowel movement. It was devel-
oped by a multidisciplinary research team for use 
as a clinical trial endpoint in IBS-D and its con-
tent validity was evaluated during development 
using five qualitative research studies.6 Evidence 
from another observational study supported an 
initial evaluation of the psychometric properties 
of the instrument.7

In this article, we report additional analyses using 
data from a patient population in an interven-
tional clinical trial to further evaluate the psycho-
metric properties of the instrument in the specific 
context of a clinical trial population. In particular, 
we evaluated clinical validity (known groups anal-
ysis), responsiveness (ability to detect change), 
quality of completion, testing of test–retest relia-
bility and evaluation of construct validity through 
examining floor and ceiling effects and inter-item 
correlations, and the interpretation of scores in 
the context of clinically important change 
(responder definition).

The psychometric results obtained from both the 
standard standalone psychometric study7 and the 

LX1033 negative phase II data reported in this 
manuscript were evaluated by clinician experts in 
the field of IBS. This is the first IBS-D specific 
patient-reported outcome (PRO) developed in 
accordance with the US FDA PRO guidance to 
be used in an interventional study. This tool 
measures all concepts that are clinically relevant 
and important to patients in a manner that 
patients understand and can respond to, such as 
abdominal pain, bowel function, and bloating.

The experts’ review of the findings and recom-
mendation was considered in the context of the 
data generated during the development of the 
new instrument, including the LX1033 phase II 
clinical study.

This is the third in a series of papers describing 
the development and validation of a new meas-
ure of disease-specific symptom severity for IBS-
D. This paper provides new data from a phase II 
multicenter, randomized, double-blind, pla-
cebo-controlled, multiple-dose study to deter-
mine efficacy and safety in patients with IBS-D. 
In this interventional study the qualitative results 
were supported and psychometric findings were 
replicated, the validity of the PRO instrument 
showed good test–retest reliability and good sep-
arations of groups differing in self-reported 
symptom severity.

Materials and methods

IBS-D Symptom Diary and Event Log
Details of the development of the Diary and 
Event Log have been described previously.5–7 
Briefly, the initial development of the instrument 
involved several iterative rounds of in-depth 
qualitative research, including concept elicita-
tion focus groups and cognitive interviews to 
support evaluation of content validity. This 
qualitative research involved the identification, 
clarification, and refinement of items, instruc-
tions, and response scales to assess symptom 
concepts such as diarrhea, immediacy of need, 
bloating/pressure, among others.6

In the Marquis (2014) paper,6 in which the quali-
tative assessment of the Bristol Stool Form Scale 
(BSFS) and an adapted BSFS was tested in the 
IBS-D population, it was found that patients’ 
spontaneous descriptions of stool form and con-
sistency did not optimally correspond with those 
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of the two stool scales tested, one of which is 
mostly widely used in this setting. A new stool 
form and consistency scale applicable to IBS-D in 
the clinical setting was developed and cognitively 
tested.8 The final seven-item Diary includes items 
assessing abdominal pain, stomach pain, abdomi-
nal cramps, abdominal pressure, bloating, fre-
quency of passing gas, and bowel control (see 
Appendix Figure A). The response option for 
pain, cramps, and bloating is a 0–10 numerical 
rating scale ranging from 0 (low severity) to 10 
(high severity). Frequency of passing gas is rated 
on a five-point verbal descriptor scale ranging 
from ‘None of the time’ to ‘All of the time’. 
Response categories for the daily diary used an 
11-point numeric rating scale to assess severity; 
while the event log used a five-point or six-point 
ordinal (Likert-type) scale to assess the number 
of times the bowel movement occurred.6 The 
item for bowel control (accidents) requires a 
dichotomous ‘yes/no’ answer. Items thought to 
be more accurately and reliably recorded at the 
time of occurrence were included in the Event 
Log (see Appendix Figure B). This included the 
date and time of occurrence, immediacy of need 
(on a five-point scale from ‘No immediate need’ 
to ‘Extreme immediate need’), stool consistency 
(measured with the Astellas Stool Form Scale 
(ASFS)), and a dichotomous ‘yes/no’ item for 
incomplete bowel evacuation.

Study population
The instrument was included as an exploratory 
endpoint in a phase II, multicenter, randomized, 
double-blind, placebo-controlled, multiple-dose 

clinical trial involving 434 patients with IBS-D9 
[ClinicalTrials.gov identifier: NCT01494233]. 
The trial design consisted of four periods: a 
screening period (approximately 2 weeks), a run-
in period (15–20 days), the blinded treatment 
period (28 days), and the follow-up period (14 
days) (Figure 1).

During the run-in period, patients were allowed 
rescue medication: two or fewer doses of up to 4 
mg each of loperamide per week, and previous 
doses of bulking agents (psyllium products, fiber 
tablets) with a stable regimen (no significant 
change within the prior 3 months). Eligible 
patients were randomized 1:1:1:1 to receive one 
of three doses of LX1033 [an investigational 
drug; 1000 mg twice daily (n = 90); 500 mg three 
times daily (n = 90); 500 mg twice daily (n = 
90)], or matching placebo (n = 90) for 28 days. 
The study was conducted in accordance with the 
Declaration of Helsinki, Good Clinical Practice, 
International Conference on Harmonization 
guidelines and all applicable laws and regulations. 
All procedures were approved by appropriate 
central or local institutional review boards that 
provided ethical oversight for the study and all 
participating patients provided written informed 
consent.

Eligible patients were men and women aged from 
18 to 70 years, diagnosed with IBS-D based on 
the following criteria:

(1)	 Fulfilment of Rome III criterion for at 
least 3 months with symptom onset for at 
least 6 months prior to diagnosis.

Figure 1.  Clinical trial design. Dosing numbers were targets and do not reflect the number of patients 
recruited for each treatment arm. BID, twice daily; TID, three times daily.
*Day 1 may occur on same day as qualification visit or 3 to 5 days after, if assigned study drug is not onsite.
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(2)	 Recurrent abdominal pain or discomfort 
(the latter defined as an uncomfortable 
sensation not described as pain) for at least 
3 days/month during the last 3 months 
associated with two or more of the follow-
ing: improvement with defecation, onset 
associated with an increased frequency of 
stool, and onset associated with a change 
in form (appearance) of stool (i.e. loose/
watery) for at least 2 days per week with at 
least one stool that had a consistency of 
type 6 or 7 on the BSFS10 for each of the 2 
weeks during the run-in period.

(3)	 Weekly average of worst abdominal pain in 
the past 24 h score of greater than 3.0 
using a 0 (no pain) to 10 (worst pain) point 
scale for each of the 2 weeks during the 
run-in period.

(4)	 Normal structural evaluation of the colon 
(by air contrast barium enema, virtual 
colonoscopy, or endoscopic colonoscopy) 
within 5 years prior to screening for 
patients over 50 years or patients who had 
alarm symptoms (e.g. anemia, clinically 
significant unexplained weight loss, fam-
ily history of colorectal cancer, rectal 
bleeding, etc.).

Exclusion criteria included the inability to discon-
tinue any current drug therapy for IBS (except 
bulking agents) for 14 days immediately prior to 
the run-in period, during the run-in period, and 
for the duration of the study; an abdominal pain 
score rated at least 7 for more than 5 days/week 
during the run-in period; and concomitant use of 
opioid analgesics, or other drugs that specifically 
affect bowel motility, unless otherwise specified 
in the protocol.

Assessments
The schedule of assessments from the clinical 
trial protocol is shown in Table 1. All patients 
submitted paper diary recordings for the run-in, 
treatment, and follow-up periods or until early 
discontinuation. In addition to Diary and Event 
Log assessments, patients were also required to 
complete the IBS Patient Global Impression of 
Change (IBS PGI-C; weekly) and IBS Patient 
Global Impression of Severity (IBS PGI-S; 
weekly). The IBS PGI-C is a single-item rating 
scale that asks patients, ‘Compared to the way 
you felt before you entered the study, have your 
IBS symptoms over the past 7 days been: (1) 

“Substantially worse”; (2) “Moderately worse”; 
(3) “Slightly worse”; (4) “No change”; (5) 
“Slightly improved”; (6) “Moderately improved”; 
or (7) “Substantially improved”.’ The IBS PGI-S 
is a single-item rating scale that asks patients 
‘Please rate your IBS symptoms for the past 7 
days on a scale of 0–10, with 0 representing no 
symptoms and 10 the worst symptoms 
imaginable.’

In addition to the IBS PGI-S, two versions of the 
IBS Patient Global Impression of Change (PGI-
C) were completed during this study: one that 
assessed change since the previous day at day 15 
(PGI-C-Day) and another that asked patients to 
rate how the past week compared with the first 
week on the study at end of the study 
(PGI-C-Week).

Analyses
For analyses of known group comparisons, all eli-
gible patients (without regard to treatment assign-
ment) who completed the patient questionnaires 
on the first and last day of the 14-day run-in 
period and had recorded data for at least 10 days 
during that period were included in the cross-sec-
tional analysis population.

For the Diary items, symptom summary scores 
were created as the mean of responses to items 
one to five of the Diary (abdominal pain, stomach 
pain, abdominal cramps, abdominal pressure, 
and bloating; ‘frequency of gas’ item not 
included). In addition, four-item (stomach pain 
omitted) and three-item (stomach pain and bloat-
ing omitted) summary scores were also assessed. 
All three summary scores were included in analy-
ses to provide insights regarding the relative valid-
ity of each summary score to help identify which 
item grouping was most informative. Scoring was 
conducted via a multifaceted approach, using 
qualitative data, psychometric analysis, item 
response theory, and review by experts. Items 
excluded from scoring were not removed from 
the algorithm.

Quality of completion was assessed for the Diary, 
and missing responses were described for days 
1–15 on all questionnaires received. This included 
the number and percentage of missing items per 
patient and missing response per item, and num-
ber of patients with at least one missing item. For 
the Event Log, missing responses were described 
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for day 1 and day 15 for all bowel movements 
reported (i.e. all bowel movements for which a 
date is indicated in the Event Log) and included 
the number and percentage of missing items per 
bowel movement and missing response per item, 
as well as the number of bowel movements with 
at least one missing item. No imputation was 
conducted.

Three test–retest reliability analyses were per-
formed: daily scores were tested between days 14 
and 15, using patients classified as stable by the 
PGI-C Day; weekly scores were tested for day 
1–7 to day 22–28, using patients defined as stable 
based on their response to the PGI-C Week; and 
patients with equivalent PGI-S on any two of the 
five PGI-S days were used to assess test–retest 
reliability (see Table 1 for the schedule of assess-
ments). This approach was used to potentially 
increase the number of stable patients in the anal-
yses. Test–retest reliability was evaluated between 
the scores collected from the two days that 
patients had the same PGI-S.

Floor and ceiling effects were investigated for each 
score. For item scores, an item was considered to 
have a ceiling effect if the percentage of responses 
in the highest response category was over 100/
(number of response options on an item); and a 
floor effect if the percentage of responses in the 
lowest response category was over 100/(number of 
response options on an item).

Inter-item correlations were evaluated among the 
items of the IBS-D Daily Symptom Diary at day 
1 and week 1. The content of items that corre-
lated extremely highly with one another (>0.80) 
was reviewed as the items may have been so simi-
lar in content that they were capturing redundant 
information.

Evaluation of known group validity involved a 
cross-sectional comparison of scores on an instru-
ment among groups that would be expected to dif-
fer in the constructs being assessed.11 For the 
known groups analyses, weekly average scores on 
the Diary summary scores and the Event Log were 
assessed for weeks 1 and 4 treatment periods rela-
tive to values on the IBS PGI-C and IBS PGI-S 
scores. Categorical values for the IBS PGI-C were 
‘Substantially worse’, ‘Moderately worse’, 
‘Slightly worse’, ‘No change’, ‘Slightly improved’, 
‘Moderately improved’, and ‘Substantially 
improved’. The IBS PGI-S scores were stratified 

as ‘0–3’, ‘4–6’, and ‘7–10’. Comparisons were 
tested using one-way analysis of variance 
(ANOVA).

For analyses of responsiveness and interpretation, 
patients who were included in the cross-sectional 
analysis population and also provided follow-up 
data at weeks 1 and 4 of the treatment period and 
the 2-week follow-up period on the Diary and 
Event Log were included in the longitudinal anal-
yses. For this assessment, changes in Diary and 
Event Log scores between week 2 of the run-in 
and week 4 of the treatment period were catego-
rized as ‘Improved’, ‘No change’, and ‘Worse’ 
based on separate analyses of changes in their 
PGI-S responses, and IBS PGI-C responses. For 
the PGI-S, patients with a two-grade or higher 
decrease were categorized as ‘Improved’; patients 
with a less than two-grade change were catego-
rized as ‘No change’; and patients with a two-
grade or higher increase were categorized as 
‘Worse’. For the IBS PGI-C, patients were cate-
gorized by responses on that single item at week 4 
as ‘Improved’ (‘Moderately improved’ or 
‘Substantially improved’), ‘No change’ (‘No 
change’), or ‘Worse’ (‘Moderately worse’ or 
‘Substantially worse’). In each case, Student t 
tests were performed to compare changes from 
baseline in mean Diary and Event Log scores 
within these change groups and ANOVA was 
used to compare changes in Diary and Event Log 
scores between those groups. Both single-item 
scores and the five-, four- and three-item IBS-D 
Daily Diary summary scores were compared 
among those change groups (see above for details 
of the composition of each summary score).

To aid future interpretation of the IBS-D Daily 
Diary and Event Log scores, one anchor-based 
and two distribution-based approaches were used 
to help understand the level of change that would 
be considered clinically important.12 In the 
anchor-based analysis, changes in the IBS PGI-S 
scores and the IBS PGI-C scores were used to 
define change groups. A minimal important dif-
ference was defined as a one-grade reduction on 
the IBS PGI-S scores from run-in week 2 to treat-
ment week 4, or a response of ‘Slightly improved’ 
on the IBS PGI-C. In addition, and as a sensitiv-
ity analysis, a response of ‘Moderately improved’ 
on the IBS PGI-C was also analyzed. In the first 
distribution-based method, a 0.5 standard devia-
tion (SD) was used as the threshold for a mini-
mally important difference.12,13 In the second 
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distribution-based approach, we used the stand-
ard error of measurement (SEM),14 calculated as:

SEM =SD at baseline 1- reliability×

[reliability was defined as the intraclass correla-
tion coefficient (ICC) between run-in week 2 and 
treatment week 1 in patients with no change in 
IBS PGI-S scores between day 1 and treatment 
week 1].

Results
A total of 434 patients were included in the study. 
Patient demographics are shown in Table 2.

Quality of completion
The quality of completion for the IBS-D Daily 
Symptom Diary met acceptability criteria, with 
less than 5% of responses missed by patients on 
any one day of the 14-day run-in period, and less 
than 10% of patients missing one or more items on 
any one day of week 1 or week 2 of the run-in 
period.

Floor and ceiling effects
Between 12% and 18% of subjects reported 
symptoms at the floor of measurement at day 1 
and day 15, except for ‘Frequency of gas’ (5–8%), 
and between 1% and 2.5% of subjects reported 
symptoms at the ceiling of measurement, except 
for ‘Frequency of gas’ (4% at day 1 and 1.5% at 
day 15). Floor effects are less of a concern in this 
instance as they represent absence of a symptom 
on that given day, which is characteristic of the 
disease, in particular, flare fluctuations seen with 
IBS-D. Therefore, these levels of floor and ceiling 
effects are considered acceptable and not of con-
cern. For future trials, patients with more severe 
ratings on average should be considered if a target 
effect is desired.

Inter-item correlations
With the exception of correlations with the 
‘Frequency of gas’ item, moderate to high inter-
item correlations were observed among all items: 
day 1 (range 0.674–0.904). The inter-item cor-
relations were highest between items measuring 
severity of abdominal and stomach pain (r = 
0.904 for the daily report at day 1 and 0.942 for 

the week 1 mean score), suggesting potential 
redundancy for those two items in particular, as 
patients consider these two items to be the same, 
although abdominal pain, cramps, and pressure 
need further investigation.7 These two items were 
also correlated at over 0.80 with abdominal 
cramps and abdominal pressure for both day 1 
and the week 1 mean scores. The results indicate 
that the items assessing gas and stomach pain 
should be omitted when using the instrument in 
future clinical trials.

Test–retest reliability
All symptom items on the IBS-D Daily Symptom 
Diary except ‘Frequency of gas’ met the threshold 
for test–retest reliability (ICC ⩾ 0.70; range 
0.778–0.834). For the Symptom Event Log, the 
mean number of events also met or surpassed the 
threshold of 0.70; however, mean immediacy, 
consistency, and emptying scores did not, as these 
symptoms are highly variable.7

Table 2.  Patient demographics.

Demographics n (%)
(N = 434)

Mean age (SD) 44.6 (13.5)

Gender  

  Female 297 (68.4%)

  Male 136 (31.3%)

  Missing 1 (0.2%)

Ethnicity  

  Not Hispanic or Latino 385 (88.7%)

  Hispanic or Latino 45 (10.4%)

  Unknown/missing 3 (8.7%)

  No response 1 (0.2%)

Race  

  White/Caucasian 383 (88.2%)

  Black/African American 36 (8.3%)

  American Indian/Alaskan Native 5 (1.2%)

  Asian 4 (0.9%)

 � Native Hawaiian/other Pacific 
Islanders

2 (0.5%)

  Other 5 (1.2%)

SD, standard deviation.
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Clinical validity
Known groups analyses. The construct validity of 
the Diary and Event Log was evaluated by a 
‘known groups’ comparison approach, in which 
patients were stratified according to severity based 
on the single-item IBS PGI-C or IBS PGI-S rating 
scales at weeks 1 and 4 of the treatment period.11

IBS PGI-S. The IBS PGI-S scores were grouped 
as ‘0–3’ (least severe), ‘4–6’, and ‘7–10’ (most 
severe). Scores for all items on both the Diary and 
Event Log were higher among patients of higher 
IBS severity levels at weeks 1 and 4 of the treat-
ment period, with statistically significant differ-
ences (p < 0.001) in the scores among all the 
groups, except for ‘Frequency of gas’ at week 1 
[Figure 2(a, b)].

Five-item, four-item, and three-item Diary sum-
mary scores. The known groups approach was 
also used to compare summary scores of the 
Diary that included five-item (omitting ‘Fre-
quency of gas’), four-item (also omitting ‘Stom-
ach pain’), and three-item (also omitting 
‘Bloating’) versions. Differences among severity 
groups defined by either approach were statisti-
cally significant at both weeks 1 and 4 of the treat-
ment period for all three versions of the summary 
score [Figures 3(a,b)]. In addition, the mean val-
ues for all three versions of the Diary summary 
scores were greater in those groups identified as 
having more severe symptoms using the IBS 
PGI-S scores at weeks 1 and 4, and using the IBS 
PGI-C at week 1. The one exception was that, at 
week 4, mean values for all versions of the Diary 

Figure 2.  Known groups analysis using IBS PGI-S scores. IBS PGI-S scores indicating more severe symptoms 
(0–3, least severe; 4–6, moderately severe; 7–10, most severe) were associated with increasing severity on the 
Diary and Event Log at weeks 1 (a) and 4 (b). IBS PGI-S scores indicating more severe symptoms (0–3, least 
severe; 7–10, most severe) were associated with increasing severity on the Diary and Event Log at weeks 1 (a) 
and 4 (b). Between-group differences for each item except for ‘Frequency of gas’ at week 1 were significant. 
Note that lower scores indicate less severe symptoms. *p < 0.001; †p < 0.01 (ANOVA). ANOVA, analysis of 
variance; IBS-D, diarrhea-predominant irritable bowel syndrome; IBS PGI-S, IBS Patient Global Impression of 
Severity.
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summary scores in the group identified using the 
IBS PGI-C as having ‘Substantially, moderately, 
or slightly worse’ symptoms were slightly less than 
those identified as having ‘No change’.

Responsiveness. The ability of the instrument to 
detect changes over time was evaluated by com-
paring changes in Diary and Event Log scores 
among responder groups defined by changes in 
the IBS PGI-S and IBS PGI-C scores between 
run-in week 2 and treatment week 4.

IBS PGI-S.  Patients were stratified into three 
groups: ‘Improved’, ‘No change’, and ‘Worsened’ 
based on two-grade or higher improvements, less 
than two-grade change, or two-grade or higher 
worsening. For each item of both the Diary and 
Event Log except ‘Daily percentage completely 

emptied bowels’, the pattern of mean changes in 
scores was consistent with their assignment to these 
responder groups based on the IBS PGI-S scores 
[Figure 4(a)]. Specifically, the greatest improve-
ments in Diary and Event Log scores for each item 
were observed in those assigned to the ‘Improved’ 
group based on their IBS PGI-S scores. Between-
group differences were significant for all Diary 
items and all Event Log items [Figure 4(a); p < 
0.05, ANOVA]. Within-group changes over time 
from baseline in mean scores were significant for 
the ‘Improved’ groups on most items of the Diary 
and Event Log, and for the ‘No change’ groups on 
most items of the Diary (p < 0.05, Student’s t test).

For responder groups defined using the IBS PGI-
C, the three groups of ‘Improved’, ‘No change’, 
and ‘Worsened’ were based on responses of 

Figure 3.  Known groups analysis of five-item, four-item, and three-item summary scores of the Diary using 
the IBS PGI-S and IBS PGI-C scores at weeks 1 (a) and 4 (b). *p < 0.05 (ANOVA). ANOVA, analysis of variance; 
IBS-D, diarrhea-predominant irritable bowel syndrome; IBS PGI-C, IBS Patient Global Impression of Change; 
IBS PGI-S, IBS Patient Global Impression of Severity.
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‘Moderately improved’ or ‘Substantially 
improved’, ‘No change’, and ‘Moderately worse’ 
or ‘Substantially worse’, respectively, at treatment 
week 4 compared with run-in week 2. The relative 
mean change in scores for almost every item on 
the Diary and Event Log were consistent with 
their assignment to each responder group [Figure 
4(b)]. Between-group differences were significant 
for all items on the Diary and Event Log (p < 
0.05, ANOVA). Within-group changes from base-
line in mean scores were significant for the 
‘Improved’ groups on all items of the Diary and 
Event Log, and for the ‘No change’ groups on 5 of 
the 10 total items (p < 0.05, Student’s t test).

Five-item, four-item, and three-item Diary sum-
mary scores. These were also assessed using the 
responder groups defined by the IBS PGI-S or 
IBS PGI-C scores. For all three versions of the 
Diary summary score, the relative mean changes 
in the scores reflected their assignment to each 
responder group for both IBS PGI-S and IBS 
PGI-C [Figure 5(a, b)]. In the analyses using 
either IBS PGI-S or IBS PGI-C, between-
groups differences were significant for all three 
versions (p < 0.05, ANOVA), and within-group 
change from baseline was significant for the 
‘Improved’ and ‘No change’ groups (p < 0.05, 
Student’s t test).

Figure 4.  Responder analysis. The relative distributions of mean scores for almost every item on the Diary and 
Event Log, except for ‘Daily percentage of completely emptied bowels’, were consistent with their assignment 
to responder groups of ‘Improved’, ‘No change’, and ‘Worsened’ using either the IBS PGI-S (a) or IBS PGI-C 
(b). Note that negative values for changes in scores indicate improvement. *Between-group p < 0.05 (ANOVA); 
†within-group (change from baseline) p < 0.05 (Student’s t test). ANOVA, analysis of variance; IBS-D, diarrhea-
predominant irritable bowel syndrome; IBS PGI-C, IBS Patient Global Impression of Change; IBS PGI-S, IBS 
Patient Global Impression of Severity.
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Preliminary estimation of clinically important 
changes
To define the level of change in scores that can be 
considered clinically important for the instrument, 
an anchor-based approach was employed using 
changes in the IBS PGI-S and IBS PGI-C between 
run-in week 2 and treatment week 4 as anchors. 
For the IBS PGI-S, a one-grade reduction was 
defined as being a meaningful difference, whereas 
for the IBS PGI-C, patients who reported being 
‘Slightly improved’ were considered to have expe-
rienced a clinically important change. Using these 
definitions, similar preliminary estimates of clini-
cally important change were observed for all items 
on the Diary and Event Log (except ‘Percentage 
of completely emptied bowels’) and all three ver-
sions of the Diary summary score (Table 3). The 

mean preliminary estimates of clinically important 
change ranged from –0.13 to –1.55 points (SD 
range 0.69–1.39), and the mean clinically impor-
tant change for the average daily percentage of 
completely emptied bowels was 9.38 (SD 26.24) 
using IBS PGI-S as an anchor and 10.85 (SD 
26.80) using the IBS PGI-C as an anchor.

Two distribution-based approaches were also 
used to estimate the clinically important change: 
0.5 of a SD or the SEM as thresholds (see 
Methods). Again, similar clinically important 
change estimates were observed using either 
approach for all items on the Diary and Event 
Log (except ‘Percentage of completely emptied 
bowels’) and all three versions of the Diary sum-
mary score (Table 3). The mean clinically 

Figure 5.  Responder analysis of Diary summary scores. The relative distribution of five-item, four-item, 
and three-item mean summary scores on the Diary were consistent with their assignment to responder 
groups of ‘Improved’, ‘No change’, and ‘Worsened’ using either the IBS PGI-S (a) or IBS PGI-C (b). Note that 
negative values for changes in scores indicate improvement. *Between-group p < 0.05 (ANOVA); †within-group 
(change from baseline) p < 0.05 (Student’s t test). ANOVA, analysis of variance; IBS-D, diarrhea-predominant 
irritable bowel syndrome; IBS PGI-C, IBS Patient Global Impression of Change; IBS PGI-S, IBS Patient Global 
Impression of Severity.
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important change estimates ranged from 0.35 to 
0.77. The mean clinically important change for 
the average daily percentage of completely emp-
tied bowels was 16.75 using the 0.5 SD threshold 
and 10.61 using the SEM threshold.

As a sensitivity analysis with regard to the IBS 
PGI-C, an anchor of ‘moderately improved’ was 
also analyzed as being clinically important 
(Table 4). The mean preliminary estimates of 
clinically important change (except ‘Percentage 
of completely emptied bowels’) ranged from 
−0.62 to −2.32 (SD range 0.78–1.49). The 
mean clinically important change for the aver-
age daily percentage of completely emptied 
bowels was 21.39 (SD 30.86).

Discussion
The IBS-D Daily Symptom Diary and Event Log 
is an instrument, recently developed in line with 
the FDA guidance, which has the potential to 
address the need for assessment of the effects of 

therapies in clinical trials. The data presented here 
represent the first evidence of the psychometric 
properties in a clinical trial population that reflects 
the targeted context of use. Importantly, this rep-
resents the first evidence of the ability of the instru-
ment scores to detect changes over time in an 
interventional study. To date, evaluation of the 
psychometric properties and concurrent validity of 
the instrument compared with other instruments, 
including the IBS Severity Scoring System15 and 
the IBS Quality of Life Questionnaire has been 
performed using data from an observational study.7 
The findings reported here are highly consistent 
with those preliminary findings, but this time from 
a clinical trial population. First, both quality of 
completion and the floor and ceiling effects were 
similar to those seen in the original validation 
study.8 The prespecified criteria for floor and ceil-
ing effects were quite stringent in this observational 
setting for the purpose of psychometric testing. 
This is critical for a measure intended for use in a 
clinical trial in which changes over the course of 
treatment are primary or secondary endpoints. It is 

Table 3.  Interpretation of scores.

Score Anchor-based estimations 
Mean (SD) 

Distribution-based 
estimations 
Mean (SD)

IBS PGI-S
n = 38

IBS PGI-C
n = 73

0.5 SD
n = 330

SEM
n = 330

Diary score (mean)  

  Abdominal pain –0.79 (1.31) –1.44 (1.36) 0.55 0.62

  Stomach pain –0.76 (1.21) –1.47 (1.38) 0.65 0.61

  Abdominal cramps –0.79 (1.34) –1.55 (1.39) 0.66 0.68

  Abdominal pressure –0.86 (1.39) –1.44 (1.35) 0.70 0.61

  Bloating –0.81 (1.69) –1.26 (1.37) 0.86 0.60

  Frequency of gas –0.13 (0.79) –0.45 (0.69) 0.39 0.37

  Summary score (five item) –0.80 (1.30) –1.43 (1.26) 0.58 0.53

  Summary score (four item) –0.81 (1.34) –1.42 (1.27) 0.61 0.54

  Summary score (three item) –0.81 (1.29) –1.48 (1.30) 0.57 0.56

Event Log average daily score  

  Number of events –0.54 (1.33) –0.77 (1.26) 0.77 0.58

  Immediacy of need (mean) –0.16 (0.73) –0.51 (0.66) 0.35 0.28

  Consistency (mean) –0.34 (0.81) –0.72 (0.82) 0.38 0.45

  Percentage of completely emptied bowels 9.38 (26.24) 10.85 (26.80) 16.75 10.61

IBS-D, diarrhea-predominant irritable bowel syndrome; IBS PGI-C, IBS Patient Global Impression of Change; IBS PGI-S, 
IBS Patient Global Impression of Severity; SD, standard deviation; SEM, standard error of measurement.
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assumed that the clinical threshold for study inclu-
sion in future studies will screen subjects at the 
floor from inclusion in the study.

Similarly, the test–retest reliability results reported 
here were consistent with previous results and 
were above the suggested threshold criteria (ICC 
⩾ 0.70).

The instrument also demonstrated preliminary 
responsiveness to longitudinal change as evalu-
ated using changes in the IBS PGI-S and IBS 
PGI-C scores. The results of those analyses pro-
vide strong evidence that the instrument is able to 
separate patients whose condition is ‘improved’ 
from those whose condition is unchanged or 
worsened. In contrast, the evidence in relation to 
separating the unchanged and worsened groups 
was mixed; often there was little numerical differ-
ence between those two groups. However, this is 

perhaps not surprising given the limited change 
observed, and may reflect the presence of a pla-
cebo effect.

Regarding quality of completion, no one item has 
notably higher missing data than any other item. 
This suggests that the missing data were random 
and did not reflect any problems with acceptabil-
ity, relevance, or comprehension. Nevertheless, a 
study by Mujagic and colleagues reported that 
end-of-day diaries resulted in higher abdominal 
pain and flatulence scores compared with day-
average scores in patients with IBS.16

One of the major strengths of the IBS-D 
Symptom Diary and Event Log is that it provides 
rigorous assessment of all important symptoms 
of IBS-D. The aspects of IBS-D assessed by this 
instrument provide more specific information 
regarding a patient’s condition or response to 
therapy compared with a single-item rating sys-
tem such as the IBS PGI-C. Nevertheless, the 
ultimate usefulness of an instrument such as this 
involves a balance between comprehensiveness 
and feasibility/respondent burden; such issues 
are particularly important for instruments that 
are completed daily/per event, such as this one. 
On initial evaluation of psychometric validity, 
item level results for the ‘Frequency of gas’ item 
were relatively weak and suggested that this item 
may not be closely related to severity. Here, a 
five-item summary score omitting the ‘Frequency 
of gas’ item was evaluated and results from anal-
yses with that version were equally strong, sug-
gesting that this item may be dispensable. Given 
that the four-item and three-item summary 
scores for the Diary also provided remarkably 
similar results, there may be room to streamline 
the instrument further. In fact, a previous analy-
sis suggests that ‘Stomach pain’, which was omit-
ted from the four-item summary score, is a strong 
candidate for deletion as it is so strongly related 
to ‘Abdominal pain’.7

Astellas engaged a group of gastroenterology 
experts to understand the relevance and clinical 
applicability of the instrument. The panel was 
probed about bloating and its potential of being 
multidimensional. The panel stated that bloating 
was observed in clinics and seemed very important 
to patients from the clinical perspective; therefore, 
it was recommended not to delete the bloating 
item, but instead to keep it and utilize it as an 
exploratory endpoint. Another example is the three 

Table 4.  Interpretation of scores: sensitivity analysis 
on IBS PGI-C.

Score Anchor-based 
estimations
Mean (SD)

IBS PGI-C
n = 61

Diary score (mean)  

  Abdominal pain –2.32 (1.29)

  Stomach pain –2.25 (1.31)

  Abdominal cramps –2.26 (1.45)

  Abdominal pressure –2.25 (1.23)

  Bloating –2.11 (1.49)

  Frequency of gas –0.62 (0.78)

  Summary score (five item) –2.24 (1.22)

  Summary score (four item) –2.24 (1.23)

  Summary score (three item) –2.28 (1.23)

Event Log average daily score  

  Number of events –0.80 (0.99)

  Immediacy of need (mean) –0.71 (0.76)

  Consistency (mean) –0.95 (0.97)

 � Percentage of completely 
emptied bowels

21.39 (30.86)

IBS-D, diarrhea-predominant irritable bowel syndrome; 
IBS PGI-C, IBS Patient Global Impression of Change; SD, 
standard deviation.
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items associated with abdominal pain (abdominal 
cramps, pain, and pressure), which Astellas 
thought should be evaluated as a single score, and 
the experts concurred. Upon a complete review of 
the results, the experts were supportive of the rel-
evance, clinical applicability of the instrument, and 
conceptual framework with regard to items 
included and their respective domains.

The results presented here provide evidence that 
the findings of the earlier psychometric evaluation 
can be replicated in a clinical trial population, thus 
supporting the instrument’s use in that setting. 
Inter-item correlations showed a logical pattern of 
correlations that was consistent with that demon-
strated in the observational study.7 The instrument 
was again able to consistently distinguish among 
patients who differed in their self-rated severity 
levels based on other assessments, thus supporting 
its clinical validity. This provides evidence that the 
instrument is assessing symptoms of IBS-D that 
are salient and important to patients and, again, 
this is consistent with findings from the observa-
tional study.7 The instrument also demonstrated 
preliminary responsiveness to longitudinal change 
as evaluated using changes in the IBS PGI-S and 
IBS PGI-C scores. Change scores and distribu-
tion-based analyses were also used to provide pre-
liminary estimates of the level of changes in scores 
that can be considered clinically important and 
meaningful. Sensitivity analyses utilizing a higher 
level of improvement (i.e. ‘Moderately improved’ 
on the IBS PGI-C) demonstrated that mean 
change scores incrementally increased, which fur-
ther demonstrates the instrument’s ability to 
change in concert with other measures. Further, 
the sensitivity analyses force the discussion of what 
changes should be considered clinically meaning-
ful and what changes are meaningful to the patient. 
That is, what is seen as a lack of clinical improve-
ment (i.e. a one-point change) may be an impor-
tant improvement to the patient. Given that limited 
change was seen in this study, these initial esti-
mates should be interpreted with caution.

The current analysis has some limitations. The 
lack of a well established ‘gold-standard’ assess-
ment of IBS-D severity means that any anchor-
based analyses to estimate minimal clinically 
important difference (MCID) have limitations 
and should be interpreted with caution. Moreover, 
the regulatory recommended primary endpoint 
and this instrument revealed no difference in the 
response rates between the investigational drug 

and placebo. Thus, caution should be applied in 
interpreting the responsiveness and anchor-based 
analyses given that they are based on a study with 
an unsuccessful intervention. Nevertheless, the 
analyses evaluating validity and reliability provide 
strong evidence that the psychometric properties 
established in an observational study are equally 
strong in the context of use of an interventional 
clinical trial.

In addition, the responder analyses need to be 
interpreted with caution as they are based on a 
study in which changes over time were limited. 
The appropriateness of the clinically important 
change values will ultimately be strengthened by 
replication of these analyses in a study that 
includes successful therapeutic intervention.

Despite those caveats, there is reason to be opti-
mistic about the validity of the instrument since 
positive results of psychometric analyses are now 
documented in several distinct study popula-
tions.5–7 Thus, this instrument may provide a use-
ful tool to assess the efficacy of potential IBS-D 
therapies. Furthermore, it may prove useful in a 
clinical setting because it will provide clinicians 
with a means to more accurately assess changes in 
the status of IBS-D in patients and therefore ena-
ble improved treatment options.

In summary, this new instrument provides a valid 
and reliable assessment of IBS-D severity, as 
reported in the previous qualitative and psycho-
metric papers.5–7 The results of this interventional 
study provide further evidence that this instru-
ment has potential for measuring the effect of 
treatment in clinical trials, in particular, when the 
desired effects are reported and known only to the 
patients. It is recommended that the anchor-based 
analyses performed to define MICD are further 
evaluated in a study that includes successful thera-
peutic intervention. Finally, the instrument may 
also prove useful in the real-world clinical setting, 
because it will provide clinicians with a means to 
more accurately assess changes in the status of 
IBS-D in patients and, therefore, provide valuable 
information to evaluate treatment options.
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