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Abstract

Background: The purpose of the current study was to determine the final content validation, psychometric
characteristics, clinically meaningful improvement, and responder thresholds of the Clostridium difficile infection
(CDI)–Daily Symptoms (CDI-DaySyms™) patient-reported outcome (PRO) questionnaire.

Methods: This validation study was part of two phase III studies (NCT01987895 and NCT01983683) conducted in
patients with mild-to-moderate or severe CDI who completed the CDI-DaySyms™ daily throughout the treatment
period. The questionnaire was evaluated in three stages: final PRO item content validation (Stage I); psychometric
evaluation of reliability and construct validity (Stage II); and determination of clinically meaningful improvement and
responder thresholds using distribution-based methods (Stage III).

Results: The analysis included 168 patients. Most patients were female and Caucasian with mild-to-moderate CDI.
The mean age was 57.1 years. Initial item analysis supported by confirmatory factor analysis demonstrated the relevance
of 10 items grouped into three distinct domains (Diarrhea Symptoms, Abdominal Symptoms, and Systemic/Other
Symptoms). Domain scores demonstrated acceptable internal consistency and test-retest reliability, were sensitive to
change, and correlated in expected directions with other relevant symptom and disease-severity measures. Responder
thresholds were defined as score changes of − 1.00, − 0.80, and − 0.70 in the Diarrhea Symptoms, Abdominal Symptoms,
and Systemic/Other Symptoms domains, respectively.

Conclusions: The CDI-DaySyms™ is a valid measure of patient-reported CDI symptoms, with good measurement
properties, which supports its utility as an endpoint in clinical studies. Further studies confirming responder thresholds
based on anchor-based methods are required.

Trial registration: NCT01987895, registered November 20, 2013; NCT01983683, registered November 14, 2013.
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Background
Clostridium difficile infection (CDI) imposes a major
public health burden with increasing incidence, severity,
and mortality, along with more than $1 billion of associ-
ated medical costs per annual estimates in the United
States [1–4]. C. difficile infection has been reported in
acute care, community settings, and long-term care facil-
ities, with recurrence of CDI following initial treatment
being reported in up to 20 to 30% of patients [5, 6]. The
clinical manifestations of CDI include diarrhea of varying
severity, colitis, systemic toxic shock, and death [1, 2].
Traditionally, CDI severity has been evaluated through
clinician assessment of medical history, physical examin-
ation results, and methods such as imaging and colonos-
copy [7, 8]. However, clinical assessment may not clearly
depict the full spectrum of signs and symptoms experi-
enced by the patient. Patient-reported outcomes (PROs)
provide the patients’ perspectives on their disease, which
are not available from clinical assessments, and have be-
come increasingly critical to the drug approval process [9].
Patient-reported symptoms of CDI include reduced appe-
tite, diarrhea, abdominal pain, loss of control over bowel
function, lack of energy, and fatigue [10].
Currently, no PRO questionnaire is available that is

specific to the symptoms of CDI, has validated content,
and has clearly-defined psychometric characteristics
based on the criteria provided in the Food and Drug Ad-
ministration’s (FDA) PRO Guidance for Industry [11].
Cdiff32, the only disease-specific questionnaire available,
is not validated according to FDA standards and it re-
ports on overall health-related quality of life in patients
with CDI [12]. Other available PRO instruments/ques-
tionnaires such as the Gastrointestinal Symptom Rating
Scale (GSRS) [13, 14], the Inflammatory Bowel Disease
Questionnaire [15], the IBS-36 measure for irritable
bowel syndrome [16], and the Digestive Health Status
Instrument [17] are not validated in CDI, do not cover
all relevant symptoms of CDI, and are therefore not ap-
propriate for use in CDI.
In response to the lack of an adequate disease-specific

daily diary (PRO) covering relevant patient-reported
symptoms, the CDI-Daily Symptoms (CDI-DaySyms™)
was developed. It measures the broad range of local and
systemic CDI symptoms that patients report as mean-
ingful [18].
Before a questionnaire can be used in a clinical trial to

support efficacy assessments and potential labelling
claims, its content validity, psychometric characteristics,
and clinically-meaningful change thresholds must be
assessed in the target patient population [11].
The purpose of the current study was to quantitatively

support the final content validation and to determine
the final scoring algorithm of the questionnaire. The
study was conducted in selected sites participating in
two phase III efficacy and safety studies of CDI patients.
In addition, psychometric characteristics such as reliabil-
ity (test-retest and internal consistency), construct and
known-groups validity, and sensitivity to change of the
CDI-DaySyms™ were assessed. Finally, interpretation
guidelines were developed for clinically-meaningful im-
provement ranges and identification of responder
thresholds.

Methods
Study design
This validation study was conducted in the United States,
Canada, Australia, Korea, and Europe between 12 March
2014 and 16 May 2016. The study aimed to include ap-
proximately 165 patients based on sample-size calcula-
tions for all planned psychometric analyses. Patients with
mild-to-moderate or severe CDI were included irrespect-
ive of treatment allocation (i.e. all analyses were conducted
with blinded data). The study was conducted as a
sub-study of the International Multi-center Program
Assessing Cadazolid Treatment (IMPACT), which com-
prised two phase III, double-blind, double-dummy, ran-
domized, parallel-group studies (NCT01987895 and
NCT01983683), and was conducted under a separate
protocol and statistical analysis plan.
The development of the CDI-DaySyms™ followed the

recommendations found in the FDA’s PRO Guidance for
Industry [11]. Recent recommendations for establishing
clinically-meaningful changes and responder thresholds
were also considered [19]. A study Steering Committee
of clinical experts provided guidance on the study de-
sign, interpretation of results, PRO revision, PRO valid-
ation, and determination of responder thresholds.
The study consisted of a screening period of up to 48 h

from Days − 2 to 1, followed by random assignment to
study drug on Day 1. The treatment period started with
the first dose of study drug on Day 1 and lasted until the
end of treatment (EOT) on the day of the last dose of
study drug, with a follow-up period of up to 4 days. The
treatment period included a visit on Day 5 or 6, on site or
by telephone (Visit 2), and a visit on Days 8 to 11 (Visit 3).
Patient-reported demographic and site-reported clinical
information were collected at screening. Patients com-
pleted the CDI-DaySyms™ daily up to EOT + 2 to 4 days
(Visit 4). Additional questionnaires were administered to
describe the population and for use in the psychometric
evaluation of the CDI-DaySyms™. Patients completed
the Patient Global Assessment of Severity (PGA-S)
scale, the GSRS, the Activities of Daily Living (ADL)
questionnaire, and the Patient-reported Overall Health
Scale at Visits 1 and 3 [13, 14, 20, 21]. Clinicians com-
pleted the Clinical Global Impression of Severity
(CGI-S) at Visits 1, 3 and 4 and the Clinical Global Im-
pression of Change (CGI-C) scales at Visits 2, 3 and 4.
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Details related to study visits and assessment schedules
are provided in Additional file 1: Table S1.
The research protocol was approved by the Independ-

ent Ethics Committee or Institutional Review Board at
each participating site. All patients provided written in-
formed consent for one of the IMPACT studies and for
this validation sub-study. The CDI-DaySyms™ was trans-
lated according to the current best practices [22].

Patient population
A subset of sites from the IMPACT studies participated
in the validation sub-study and were selected based on
their willingness to participate and their likelihood of
recruiting at least five patients. Planned enrolment was
approximately 165 patients. Eligible patients were at
least 18 years old, had a diagnosis of mild-to-moderate
or severe CDI, with first occurrence or first recurrence
within 3months prior to randomization, and had diar-
rhea (defined as > 3 unformed bowel movements) within
the 24 h prior to randomization along with C difficile
toxin detected in stool (determined with enzyme im-
munoassay). A full list of inclusion and exclusion criteria
is provided in Additional file 1.

Statistical analyses for current study
A statistical analysis plan was created a priori for con-
ducting the psychometric evaluation of the draft ques-
tionnaire. The evaluation of the questionnaire was
performed in three stages: determination of the final
PRO item content and scoring algorithm (Stage I), psy-
chometric evaluation of reliability and construct validity
(Stage II), and determination of clinically-meaningful
improvement and responder thresholds (Stage III).
The Validation Analysis Set comprised patients who

had confirmed CDI, had taken study medication for at
least 5 days, and had at least one postbaseline assess-
ment. The demographic and baseline disease character-
istics were summarized with descriptive statistics.

Stage I: final PRO item content validation
The draft CDI-DaySyms™ comprised 13 items with the
following response options: none = 0, mild = 1, moderate
= 2, severe = 3, and very severe = 4. Items were evaluated
for redundancy and poor item performance characteris-
tics indicating potential for removal. Item performance
was evaluated using Day 1 data, including assessment of
floor/ceiling effects (> 30%), missing data, and strong
inter-item correlations (r > 0.80) indicating potential re-
dundancy or low correlations (r < 0.20) indicating a weak
relationship with other items.
Exploratory factor analyses (EFA) at Day 1 examined

the underlying domain structure among the items using
orthogonal and oblique rotations. Eigen values were ex-
amined to determine the optimal number of factors [23].
The initial number of factors was specified a priori as
three. EFAs were conducted using Mplus software [24].
Rasch analysis was used to examine item properties in

relation to the underlying construct being measured.
Items with negative fit residual values of less than − 3.0,
suggesting an overfitting item, and items with high posi-
tive residual values of more than 3.0, suggesting an
underfitting item, were flagged for potential deletion.
RUMM2030 was used for the Rasch analysis [25].
Differential item functioning examined differences in

scores between patients with first occurrence and patients
with first recurrence of CDI. Differential item functioning
was assessed using the Bonferroni correction for multiple
comparisons. Confirmatory factor analysis using Day 2
data was used to confirm the final factor structure, after
elimination of items based on item-based analyses, previ-
ous qualitative research results, and discussion with the
Steering Committee. Data from Day 2 was chosen as,
given the efficacy of the CDI treatments, data from Day 5,
Day 7, or indeed any other day, would not have been ap-
propriate due to the rapid resolution of symptoms. Hence,
selection of Day 2 ensured that patients were experiencing
variations in symptoms and represented a different set of
data for the confirmatory factor analysis. A scoring algo-
rithm for the CDI-DaySyms™ was developed, including
recommendations for handling missing data. The scoring
algorithm was developed following confirmatory factor
analysis. Further details are provided in the Methods sec-
tion of Additional file 1.

Stage II: psychometric evaluation (measurement
characteristics)
Validity and reliability testing was conducted for the
final domains identified in Stage I. Test-retest reliability
was conducted using intraclass correlation coefficients
(ICCs) in the subset of patients who had questionnaire
data on Days 9 and 10. Since, we had no measure of pa-
tient stability beyond symptom severity (which changed
rapidly due to treatment), the decision was made to
examine test-retest reliability while patients were still on
treatment, but when they were likely clinically stable.
Thus, the two-day test-retest period at the end of the
on-treatment period was selected. ICCs of at least 0.70
were considered to demonstrate good test-retest reliabil-
ity for the domain scores. An ICC of 0.4 to 0.7 indicates
moderate test-retest reliability, and an ICC of less than
0.4 indicates low test-retest reliability [26, 27].
Internal consistency reliability measured the extent to

which the items correlated with the other items within
their domain and was assessed using Cronbach’s alpha
on Day 1 data. Values greater than 0.70 were considered
acceptable [28].
Construct validity includes both concurrent and diver-

gent validity. Construct validity was assessed through



Table 1 Summary of patient demographics and baseline
disease characteristics

Patient characteristics Validation analysis set (N = 168)

Age (y)

Mean (SD) 57.1 (16.9)

Median (range) 60 (23.0–92.0)

Sex, n (%)

Female 114 (67.9)

Race, n (%)

White 157 (93.5)

Black/African-American 6 (3.6)

Asian 4 (2.4)

Other 1 (0.6)

CDI disease severity, n (%)

Mild-to-moderate 137 (81.5)

Severe 19 (11.3)

Missing information 12 (7.1)

Status at admission, n (%)

Inpatient 76 (45.2)

Outpatient 92 (54.8)

CDI episode type (investigator assessment in CRF), n (%)

First occurrence 135 (80.4)

First recurrence 33 (19.6)

CDI Clostridium difficile infection, CRF case report form, SD standard deviation
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evaluation of the correlation between the
CDI-DaySyms™ domain scores and relevant GSRS
scores, ADL questionnaire scores, and Patient-reported
Overall Health Scale scores, as well as PGA-S and CGI-S
scale scores at baseline (Visit 1). Construct validity was
assessed using Spearman correlation coefficients.
Known-groups validity at baseline was evaluated using

analysis of covariance with a fixed effects model that
compared initial and change scores between visits on the
CDI-DaySyms™ PRO questionnaire between groups that
differed on the basis of scores on the Patient Global As-
sessment of Severity and the Clinical Global Impression
of Severity scales. Pairwise comparisons between levels
(i.e., severe vs moderate, severe vs mild) were performed
using Scheffé’s test adjusting for multiple comparisons
and to determine whether domain scores were distin-
guishable for groups which differed on a key indicator
such as severity levels, based on the CGI-S or the PGA-S
scales.
For analyses of sensitivity to change from baseline to

EOT, improvement was defined as an improvement of 1
point in the CGI-S scale score or at least “minimally bet-
ter” in the CGI-C scale score. Sensitivity to change was
analyzed using a repeated-measures analysis of variance
to compare the difference in mean score changes up to
each time point in each group. Further details are pro-
vided in the Methods section of Additional file 1.
Stage III: determination of clinically-meaningful
improvement and responder thresholds
Distribution-based methods were used to determine
clinically-meaningful change because almost all patients
improved by Day 5 or 6, which was the earliest time point
when one of the anchor scales was assessed post-baseline.
Hence, anchor-based methods were not appropriate for
use as the primary method. Clinically-meaningful im-
provement ranges for CDI-DaySyms™ domain scores were
identified by: 1/2 standard deviation (1/2SD), standard
error of measurement (SEM), and effect size on Day 3,
supported by anchor-based methods at Day 5 or 6. The
CGI-C scale was determined to be the best anchor to in-
form the analyses because it was completed on Day 5 or 6.
The responder threshold was the upper boundary of the
range for clinically-meaningful improvement.
Results
Participant sample
The study enrolled 181 patients, 168 of whom met the
criteria for inclusion into the Validation Analysis Set. Pa-
tient demographics and baseline disease characteristics
are shown in Table 1. The analysis included 168 patients.
Most of the patients were female and White, with
mild-to-moderate CDI. The mean age was 57.1 years,
and most patients had experienced their first occurrence
of CDI.
At baseline, approximately two-thirds of patients

(64.3%) rated themselves as having severe or very severe
symptoms on the PGA-S while the clinicians rated
13.7% of patients as having severe or very severe symp-
toms using the CGI-S. Clinicians are likely to rate pa-
tients based on their overall experience of treating
patients with a range of CDI severity, while patients are
focused on their individual experience and impact,
which can be perceived as more severe by them. By
EOT, when only the clinicians’ assessments were col-
lected, most clinicians rated symptom severity as none
(78.0%), with the remaining being mild (11.9%), moder-
ate (6.0%), or missing (4.2%). Patients rated themselves
only at Visit 3, with most reporting none (47.6%) or mild
(18.5%) symptoms. These results are detailed in
Additional file 1: Table S2.

Stage I: final PRO item content validation
At baseline, four items (feeling bloated [38.8%], lighthead-
edness [44.8%], dizziness [58.5%], and nausea [53.0%])
demonstrated floor effects (> 30%). Inter-item correlations
at baseline showed that abdominal cramping and abdom-
inal pain were highly correlated, as were feeling tired and
lack of energy. Passing gas had low correlations (all < 0.20)
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with diarrhea, needing to empty bowels, feeling tired, lack
of energy, lightheadedness, dizziness, and lack of appetite.
These items were flagged for discussion and possible dele-
tion (Table 2). Individual item score changes over time
from baseline to EOT + 4 days are displayed in Fig. 1. Re-
sults demonstrated a sharp drop in all symptoms across
the entire study.
The EFA with the best conceptual fit was multifactor-

ial with three distinct factors. All items had factor load-
ings greater than 0.30. Rasch analyses were run
evaluating the individual domains identified in the
three-factor solution. Rasch analysis indicated misfit/
multidimensionality for some items. Domain 1 had no
misfit/multidimensionality. Domain 2 had some minor
misfit/multidimensionality for passing gas and disor-
dered thresholds for abdominal cramping and feeling
Table 2 CDI-DaySyms™ PRO questionnaire item performance – Day

Item Score, mean
(SD) at Day 1

Floor effects
at Day 1, %

Ceiling effects
at Day 1, %

High
> 0.8

1. Diarrhea 2.4 (1.2) 8.9 16.1 –

2. Need to empty
bowels right away

2.4 (1.2) 8.9 14.3 Bath
than

3. Need to go to the
bathroom more than
usual

2.4 (1.2) 11.4 13.8 Nee
bow

4.Passing gas (flatulence) 1.6 (1.1) 17.6 6.1 –

5. Abdominal cramping 1.8 (1.3) 22.6 10.7 Abd

6. Abdominal pain 1.7 (1.3) 22.9 10.8 Abd
cram

7. Feeling bloated 1.3 (1.3) 38.8 6.7 –

8.Feeling tired 2.2 (1.1) 9.5 13.1 Lack

9.Lack of energy 2.2 (1.2) 10.1 13.7 Feel

10. Lightheadedness 1.0 (1.2) 44.8 5.5 –

11. Dizziness 0.7 (1.1) 58.5 3.7 –

12. Lack of appetite 1.6 (1.3) 26.9 11.4 –

13. Nausea 0.9 (1.2) 53.0 6.0 –

CDI Clostridium difficile infection, CDI-DaySyms™ Clostridium difficile infection–daily s
bloated. Domain 3 had some evidence of misfit for lack
of energy and multidimensionality for lack of appetite.
Results from the item evaluation, EFAs, and the Rasch

analyses were reviewed with the Steering Committee.
Passing gas, dizziness, and nausea were deleted based on
the totality of evidence (Table 2). These three items were
removed from the CDI-DaySyms based on the statistical
analyses and steering committee input as to specificity
of the symptom to CDI. “Passing gas” was removed
based on misfit and multidimensionality found during
the Rasch analyses; low correlations with several of the
items indicated that it may not be a relevant component
of CDI symptom concepts. Dizziness was removed based
on the analyses and the Steering Committee noting that
the term dizziness was not relevant to the disease. Nau-
sea was the final item removed with low endorsement
1

correlations
0 with

Low correlations
< 0.20 with

Clinical input/Rationale
for decision

Item
decision

Passing gas Predominant symptom
in CDI

Retain

room more
usual

Passing gas Describes intensity of
urgency of bowel
movements

Retain

d to empty
els

– Describes frequency
of bowel movements

Retain

Diarrhea, empty
bowels, feeling
tired, lack of energy,
lightheadedness,
dizziness, appetite

Misfit/multidimensionality
in Rasch analyses

Delete

ominal pain – According to experts,
pathophysiology is
different from item 6

Retain

ominal
ping

– See item 5 Retain

– Most patients do
complain of bloating
based on expert input

Retain

of energy Passing gas Based on qualitative
study, items 8 and 9
are different

Retain

ing tired Passing gas See item 8 Retain

Passing gas Experts considered
lightheadedness more
relevant to CDI than
dizziness

Retain

Passing gas See item 10 Delete

Passing gas Experts noted that lack
of appetite is relevant
in severe disease

Retain

– The item had a low
mean score and high
floor effect across
patients

Delete

ymptoms, SD standard deviation



Fig. 1 CDI-DaySyms™ PRO questionnaire daily item performance plot (N = 168)
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across disease severity and a recommendation by the
Steering Committee.
Two items, abdominal cramping and passing gas, had

nonuniform differential item functioning but were nonsig-
nificant after Bonferroni correction. The confirmatory
factor analysis on Day 2 showed three factors with con-
firmatory fit indices of 0.995, indicating excellent model
fit. The three domains (containing 10 items) identified are
labelled in a conceptual framework (Fig. 2). Factor load-
ings were as follows: Diarrhea Symptoms domain, 0.879–
0.962; Abdominal Symptoms domain, 0.697–0.969; and
Systemic/Other Symptoms domain, 0.709–0.979.
Fig. 2 CDI-DaySyms™ PRO questionnaire conceptual framework with confi
The final scoring algorithm was based on the ques-
tionnaire’s five-point Likert scale. Likert responses were
converted to numerical values as follows: none = 0, mild
= 1, moderate = 2, severe = 3, and very severe = 4. Item
scores within each domain were averaged to provide
three separate domain scores. Based on factor analyses,
this questionnaire does not support a total score.
Since diarrhea is the cardinal symptom of CDI, the

Steering Committee advised that missing items in that
domain be treated as follows: if Item 1 (diarrhea) was
available, then a domain score was calculated, even in
cases where both Item 2 (need to empty bowels right
rmatory factor analysis (Day 2)
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away) and Item 3 (needing to go to the bathroom more
than the usual) were missing. In all other cases, if greater
than 50% of the items were missing, then the domain
was marked as missing. For the other two domains (Ab-
dominal Symptoms and Systemic/Other Symptoms), if
greater than 50% of items were missing, the domain was
to be marked as missing.

Stage II: psychometric evaluation (measurement
characteristics)
Reliability
Good test-retest reliability was observed for Abdominal
and Systemic/Other Symptoms domains (ICC = 0.83),
while the Diarrhea Symptoms domain (ICC = 0.62) was
below the threshold of 0.70 (Additional file 1: Table S3).
All domains demonstrated excellent internal consistency
reliability with Cronbach’s alphas for the domains (Diar-
rhea Symptoms: 0.92; Abdominal Symptoms: 0.82; and
Systemic/Other Symptoms: 0.85).

Validity
Convergent validity was demonstrated, with mostly mod-
erate correlations between CDI-DaySyms™ domains and
other measures that were conceptually equivalent. Con-
versely, lower correlations were found between
CDI-DaySyms™ domains and measures that were
Table 3 Construct validity (convergent and divergent validity): corre
and other PROs

N CDI-DaySyms™ s

Diarrhea sympto

GSRS

Abdominal pain 158 0.21*

Reflux 158 0.27**

Indigestion 158 0.13

Diarrhea 158 0.39***

Constipation 157 0.09

ADL questionnaire–total score 157 0.17*

Patient-reported overall health scale

Self-rated health (item 1) 156 −0.12

Overall quality of life (item 2) 155 −0.05

Rating of physical health (item 3) 157 −0.14

Mental health (item 4) 157 −0.01

Global rating of pain (item 5) 156 0.26*

Fatigue (item 6) 156 0.27**

PGA-S scale 159 0.43***

CGI-S scale 167 0.25**

ADL activities of daily living, CDI Clostridium difficile infection, CDI-DaySyms™ Clostrid
severity, GSRS gastrointestinal symptom rating scale, PGA-S patient global assessme
aPearson product moment correlations or Spearman-rank correlations
*p < 0.05; **p < 0.001; ***p < 0.0001
conceptually dissimilar, demonstrating divergent validity
(Table 3). Overall, results suggest that CDI-DaySyms™
PRO questionnaire measures concepts that are unique to
CDI and not fully covered by other questionnaires.
At baseline, all three domains demonstrated known-

groups validity among the categories of mild, moderate, se-
vere, and very severe based on the severity categories of the
CGI-S (p = 0.008 to p = 0.0001) and PGA-S (p = 0.0029 to
p < 0.0001) scales, respectively. The scores increased as ex-
pected from mild to moderate and mild to very severe on
both the CGI-S and PGA-S scales. However, due to the
small sample size in the more severe categories, there were
no increases between the moderate and severe categories
on the CGI-S scale (Fig. 3a), whereas the mean score de-
creased slightly for the Systemic/Other Symptoms domain
from mild to moderate on the PGA-S scale (Fig. 3b).
Pairwise comparisons between mild and moderate

were statistically significant among CGI-S scale categor-
ies (p < 0.001). Almost all pairwise comparisons among
PGA-S scale categories were significant for the Diarrhea
Symptoms and Abdominal Symptoms domains (p < 0.05)
(Additional file 1: Table S4).
Sensitivity to change using the CGI-C scale was dem-

onstrated at EOT for the Diarrhea Symptoms domain (p
= 0.0184), whereas the Abdominal Symptoms and Sys-
temic/Other Symptoms domains were nonsignificant at
lation between CDI-DaySyms™ PRO questionnaire symptoms

ymptomsa at baseline

ms Abdominal symptoms Systemic/Other symptoms

0.46*** 0.39***

0.31*** 0.40***

0.39*** 0.22*

0.27** 0.22*

0.16 0.17*

0.25* 0.38***

0.08 −0.13

0.07 −0.12

0.08 −0.17*

0.15 −0.13

0.52*** 0.31***

0.26* 0.53***

0.36*** 0.28**

0.29** 0.22*

ium difficile infection–daily symptoms, CGI-S clinical global impression of
nt of severity, PRO patient-reported outcome



Fig. 3 Known-groups validity: ANOVA of CDI-DaySyms™ PRO questionnaire and the CGI-S and PGA-S scales at baseline. Pairwise comparisons
between domain LS means were performed using Scheffé’s test adjusting for multiple comparisons. Comparisons were: 1 = Mild vs Moderate;
2 = Mild vs Severe; 3 = Mild vs Very Severe; 4 = Moderate vs Severe; 5 = Moderate vs Very Severe; 6 = Severe vs Very Severe. Significance levels:
*p < 0.05; **p < 0.001; ***p < 0.0001. a Statistically-significant CGI-S pairwise comparisons were Diarrhea Symptoms for comparison = 1**;
Abdominal Symptoms for comparison = 1***; and Systemic/Other Symptoms for comparison = 1**. b Statistically-significant PGA-S pairwise
comparisons were Diarrhea Symptoms for comparisons = 2**, 3***, 4*, 5***; Abdominal Symptoms for comparisons = 2*, 3**, 5**; and Systemic/
Other Symptoms for comparison = 5**. Abbreviations: ANOVA, Analysis of Variance; CDI-DaySyms™, Clostridium difficile Infection–Daily Symptoms;
CGI-S, Clinical Global Impression of Severity; LS, least-square; PGA-S, Patient Global Assessment of Severity; PRO, patient-reported outcome
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p = 0.0807 and p = 0.7510, respectively. Sensitivity to
change using the CGI-S scale was demonstrated at EOT
on the Diarrhea Symptoms (p = 0.0003) and the Sys-
temic/Other Symptoms domains (p = 0.0045), whereas
the Abdominal Symptoms domain demonstrated a
p value of p = 0.0595.

Stage III: determination of clinically-meaningful
improvement and responder thresholds
The distribution measure 1/2 SD was 0.54, the SEM
was 0.92, and the effect size was − 1.08 for the Diar-
rhea Symptoms domain. For the Abdominal Symp-
toms domain, the 1/2 SD was 0.55, the SEM was 0.78,
and the effect size was − 0.69, whereas for the Sys-
temic/Other Symptoms domain, the 1/2 SD was 0.51,
the SEM was 0.66, and the effect size was − 0.63. Re-
sults of the distribution-based analyses, supported by
anchor-based methods, were triangulated to estimate
a clinically-meaningful improvement range for each
domain (Diarrhea Symptoms, − 1.00 to − 0.55; Ab-
dominal Symptoms, − 0.80 to − 0.55; and Systemic/
Other Symptoms, − 0.70 to − 0.50; Additional file 1:
Figure S1).
Responder thresholds were defined as score changes of

− 1.00, − 0.80, and − 0.70 for the Diarrhea, Abdominal
Symptoms, and Systemic/Other Symptoms domains, re-
spectively. Responder thresholds were met by over half
of the patients for all domains (Diarrhea Symptoms:
67.5%; Abdominal Symptoms: 59.6%; Systemic/Other
Symptoms: 56.0%; Additional file 1: Table S5).

Discussion
The CDI-DaySyms™ is the first daily symptom diary
measuring the broad range of CDI symptoms, which pa-
tients in a prior study reported as relevant and meaning-
ful [18]. The development and validation of the
questionnaire were rigorously completed in accordance
with the FDA’s PRO Guidance for Industry [11]. This
paper presents the quantitative evidence to support the
final content validation, psychometric characteristics,
and clinically-meaningful improvement ranges and re-
sponder thresholds for the CDI-DaySyms™.
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The Cdiff32 is the only other available disease-specific
questionnaire for measuring symptoms of CDI. However,
it differs from the CDI-DaySyms™ in that the domains
focus on more distal concepts, such as the burden and/or
impact of CDI symptoms on patients’ lives, including daily
activities, diet, and sleep [12]. Additionally, the Cdiff32
has a week-long recall period, which would not be appro-
priate for CDI symptoms, given the rapidity with which
the disease can respond to therapy. Thus, the
CDI-DaySyms™ represents an important and useful new
symptom-based endpoint for application in clinical trials
evaluating treatments for CDI as well as clinical practice.
In the current study, most patients had disease of

mild-to-moderate severity and were experiencing their
first occurrence of CDI; they were generally representative
of the CDI population encountered in routine clinical
practice and expected to be recruited in future clinical tri-
als. Epidemiologic surveys also support this conclusion
about the generalizability of the study population [29, 30].
Assessment of test-retest reliability in an acute disease

in a clinical trial setting is difficult because of the rapid
symptom improvement. The expectation in the case of
CDI was that symptoms would begin to demonstrate im-
provement 24 to 48 h following treatment, making it diffi-
cult to examine test-retest reliability early in the clinical
trial. To overcome this challenge, these analyses were con-
ducted during Days 9 to 10, when symptom change had
slowed down. This approach demonstrated acceptable
ICCs for the Abdominal Symptoms and Systemic/Other
Symptoms domain (ICC = 0.83), and an ICC that was
slightly below the recommended threshold for the Diar-
rhea Symptoms domain (0.62), which might reflect the
ongoing daily variability in diarrhea. The authors believe
that test-retest reliability of the CDI-DaySyms™ has been
sufficiently established, although it would be interesting to
examine this in a more stable patient population.
It is important to establish responder thresholds, i.e.,

the amount of change on a PRO measure that is mean-
ingful from the perspective of patients, both for applica-
tion in clinical trials and clinical practice. Anchor-based
methods could not be used as the primary method to
determine meaningful change thresholds, because most
of the patients had improved by Days 8 to 11 (when the
PGA-S and CGI-S anchor measures were administered).
Hence, distribution-based methods were used for the
main analyses for determining meaningful change and
responder thresholds, with anchor based methods being
used for triangulation and to inform upper bounds of
the range. Day 3 data were selected based on discussions
with clinical experts, as data collection at this time rep-
resented the most opportune time to examine meaning-
ful change, because response to therapy is generally
assessed after 2 to 3 days of treatment in clinical prac-
tice. Clinically-meaningful improvement and responder
definitions were identified, with responder thresholds
being met by over half of the patients for all domains.
Further studies to confirm the responder thresholds
using anchor-based methods are required.

Conclusions
The CDI-DaySyms™ is a valid measure of diarrhea and
other CDI-related symptoms. It assesses patient-relevant
CDI symptoms and can be used to monitor CDI patient
improvement and response to treatment. The CDI-
DaySyms™ showed good measurement properties and these
strong psychometric characteristics support its utility as an
endpoint in clinical studies. In addition, as the first PRO
questionnaire to capture a complete range of symptoms as-
sociated with CDI, it could be a useful tool for healthcare
practitioners in a clinical practice setting.
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