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Development and Validation of a Clostridium difficile
Health-related Quality-of-Life Questionnaire
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Goals and Background: Patients with Clostridium difficile infection
(CDI) can experience long-term symptoms and poor quality of life
due to the disease. Despite this, a health-related quality of life
(HRQOL) instrument specific for patients with CDI does not exist.
The aim of this study was to develop and validate a disease-specific
instrument to assess HRQOL in patients with CDI.

Study: A systematic literature review was conducted to identify
HRQOL instruments and questions related to general health
(n = 3) or gastrointestinal disease (n = 12) potentially related to
CDI HRQOL. Removing duplicate questions and using direct
patient or clinician interviews, a 36-item survey was developed. The
survey was then tested using 98 patients with CDI and compared
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with the RAND Short-Form 36 (SF-36) Health Survey. Psycho-
metric analysis techniques were used to identify domains and
remove redundant items.

Results: Exploratory factor analysis identified 3 major domains
(physical, mental, and social) with 4 associated subdomains. Survey
overall and domain scores displayed good internal consistency
(Cronbach o coefficient >0.87) and concurrent validity evidenced
by significant correlation with SF-36 scores. The C. difficile survey
scores were better able than the SF-36 to discriminate quality-of-
life score differences in patients with primary versus recurrent CDI
and increasing time since last episode of CDI. The final version
contained 32 items related to the physical, mental, and social health
of CDI patients.

Conclusion: The properties of the newly developed Cdiff32 should
make it appropriate to assess changes over time in HRQOL in
patients with CDI.

Key Words: survey development, psychometric testing, factor
analysis, patient-reported outcomes

(J Clin Gastroenterol 2016;50:631-637)

lostridium difficile infection (CDI) is the most common

cause of infectious diarrhea in hospitalized patients in
the United States of America (USA) and is the most com-
mon health care-associated pathogen.! The Centers for
Disease Control and Prevention estimates there are
approximately 453,000 cases of CDI per year, 29,300
deaths, and over one billion dollars in health care costs
associated with CDI.2? One of the most common compli-
cations of CDI is recurrence, which occurs in 25% to 33%
of patients with primary CDI treated with metronidazole or
oral vancomycin.*> CDI also decreases a patient’s ability to
function.® 8 In patients with chronic diarrhea, such as that
associated with HIV infection® or following kidney trans-
plantation,'? intestinal symptoms may be associated with
reduced quality of life including decreased general well-
being, satisfaction, social, and physical functioning. The
acute effects of antibiotic-associated diarrhea has been
shown to impair functional capacity using a clinical esti-
mate of the ability to perform activities of daily living.'!
However, patient-specific health-related quality of life
(HRQOL) changes including physical, mental, and social
health because of CDI have not been studied. These
changes may be especially important in patients with
recurrent CDI, in whom persistent diarrhea or post-
infectious irritable bowel syndrome may cause long-term
reduced quality of life.!> An analysis of the literature did
not show the existence of any CDI-specific HRQOL
instrument. The objective of this study was to develop and
validate a disease-specific instrument to assess HRQOL
changes related to CDI with a focus on recurrent CDI.
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MATERIALS AND METHODS

Phase I: Development of Candidate Items

The stepwise procedure for the elaboration of the
C. difficile quality-of-life survey is shown in Table 1. To
begin the process, a systematic literature review using a
PubMed search was conducted on April 1, 2012 using the
search terms “quality of life” and (diarrhea or gastro-
intestinal or bowel). Items identified from this search were
aggregated and tabulated. Acceptability of the items and
removal of redundant or unimportant items were done by
direct interview of 10 clinicians, including physicians,
nurses, infection preventionists, and pharmacists, with
expertise in the treatment and care of patients with CDI.
The remaining items were tested to assure that the ques-
tions did not exceed a sixth grade reading level using the
Flesch-Kincaid scale,'® minimized ambiguity or cognitive
difficulty; avoided multibarreled questions, were concisely
and simply worded, and were easy to translate into other
languages. Each survey item was scored on a 5-point Likert
scale with a recall period of 7 days. Each item was cate-
gorized into one of 3 major domains (physical, mental, or
social) based on the subjective theme of the question.

Structured feedback on the proposed questions was
obtained by direct interviews of 5 hospitalized patients with
CDI and 5 ambulatory patients with multiple episodes of
CDI. An explicit, scripted interview guide was used to elicit
feedback on the draft questions items based on the
National Institute of Health’s Patient Reported Outcomes
Measurement Information System (NIH PROMIS) sug-
gested guidelines to evaluate respondent perceptions about
language, comprehensibility, ambiguity, and relevance of
each item.!*!5 A standard set of probes was used as sug-
gested by the PROMIS network. Items for enhancement
were discussed after the completion of each set of 5 inter-
views. This iterative process resulted in stem and response
item improvements culminating in a 36-item questionnaire
for subsequent psychometric testing. The developed survey
was then sent to the social media network (Facebook Inc.,
Menlo Park, CA) of the Fecal Transplant Foundation
(http://thefecaltransplantfoundation.org/) for qualitative,
anonymous feedback on the survey questions. Ten patients
(5 with primary CDI and 5 with recurrent CDI) filled in the
survey twice over a period of 4 to 7 days to assess for
reproducibility of the survey answers. Ten patients with
CDI also completed the survey in the paper format as well
as the online survey format to assess the reliability of dif-
ferent survey formats. The online questionnaire was
designed to be a minor modification and was not expected
to change the content or meanings of items and response
scales.!® Intraclass correlation coefficient was calculated for
the test-retest procedure and the measurement equivalence
between the paper and online form.

Phase II: Clinical Assessment

The questionnaire was administered along with the
widely employed 36-item Short Form 36 (SF-36) Health
Survey!” to a cohort of patients with CDI. Inclusion criteria
included a positive toxin test for C. difficile, signs and
symptoms of CDI, and a specific treatment for CDI pre-
scribed by the treating physician. We purposely recruited
patients with acute and recurrent CDI. Data collected
included demographics, past medical history, number of
episodes of CDI, time since last episode of CDI, and cur-
rent use of antibiotics directed against CDI. Patients were
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TABLE 1. Stepwise Procedure for the Elaboration of the
Clostridium difficile Quality of Life Survey

Steps Procedure Results

Item generation Systematic literature 72 items identified

review

Acceptability Direct interview with 36 items selected
clinician experts
(n = 10) and C diff
patients (n = 10)

Acceptability Direct interview with Reproducibility:
C diff patients intraclass
(n =10) at an correlation
interval of 4-7d. coefficient.
Five patients were Primary CDI:
first episode; 5 0.92; recurrent
patients were CDI: 0.95
recurrent CDI.

Measurement Completion of paper Intraclass

equivalence and electronic correlation

between electronic instrument with C. coefficient: 0.991
and paper-based C  difficile patients
diff instruments (n = 10)

Clinical trial with the 98 patients with

fecal transplant primary or
association recurrent CDI
Ttem analysis Mean and SD
calculated for each
item

Three major scales of Cdiff19-20, 35-36
physical (2 deleted
subfactors), mental
(2 subfactors), and
social (1 factor)
accessed via factor

Item aggregation
into scales and
subscales

analysis
Inter item and item Pearson correlation  0: low score; 100:
to scale correlation  coefficient high score

Correlation of
Cdiff32 with
recurrent CDI

Correlation of
Cdiff32
subdomains with
SF-36 PCS

Correlation of
Cdiff32 and major
subdomains vs.
SF-36 PCS and
recurrent CDI

Translation

Linear regression

Pearson correlation
coefficient

Linear regression

Translate into French

by the forward-
backward method

C diff indicates Clostridium difficile; CDI, Clostridium difficile infection;
PCS, physical component score; SF-36, Short-Form 36.

recruited as part of an ongoing observational study in
Houston, Texas as previously described.!® In addition,
patients were also actively recruited from the social media
network of the Fecal Transplant Foundation. The Fecal
Transplant Foundation provides support for CDI patients
seeking fecal microbiota transplantation. As part of this
mission, the Foundation maintains an active social media
presence with patients with recurrent CDI. All patients
were nonhospitalized while completing the survey. All
subjects were asked to answer the questions from the per-
spective of their prior 7 days of experiences. The study was

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Clostridium difficile Survey Domains, Questions, and Item Analysis

Question
Domains  Subdomain # Question, Text Mean STD Minimum Maximum
Physical General physical ~ Cdiffl  Have you had any difficulties and/or disruption carrying out 50.8  34.5 0 100
complaints your daily activities?
Physical General physical  Cdiff2 Have you had any difficulties carrying out your leisure 50.3 35.1 0 100
complaints activities like gardening, walking, etc.?*
Physical General physical  Cdiff3  Has it taken you longer to perform certain tasks at work 513 35.6 0 100
complaints (including work in the home)?*
Physical General physical ~ Cdiff4 Has your C diff infection prevented you from leaving your 39.0 29.8 0 100
complaints house?*
Physical General physical ~ Cdiff9  Are you afraid that certain food will worsen your C diff 548 38.3 0 100
complaints infection?
Physical General physical Cdiffl0 Have you felt frustrated about what you can eat and when? 54.3 39.0 0 100
complaints
Physical Specific physical  Cdiffl1  Because of your C diff infection, have you had trouble 45.7 36.6 0 100
complaints sleeping?
Physical Specific physical — Cdiff12  Because of your C diff infection have you been woken up  44.4 34.0 0 100
complaints from sleep?
Physical Specific physical ~ Cdiff13 Have you been bothered by abdominal pain? 40.8 35.1 0 100
complaints
Physical Specific physical  Cdiffl4 Have you been bothered by flatulence (wind)? 50.8 334 0 100
complaints
Physical Specific physical ~ Cdiffl5 Have you been bothered by a bloated stomach? 55.1 313 0 100
complaints
Physical Specific physical ~ Cdiffl6 Have you avoided wearing some clothes (tight clothes, 56.9 32.5 0 100
complaints dress, light-colored clothes...)?*
Physical Specific physical ~ Cdiff17 Have you been bothered by the smell caused by your C diff 53.1 38.2 0 100
complaints infection related diarrhea?
Physical Specific physical  Cdiffl18 Have you been bothered by how much time you spend on 49.7 35.1 0 100
complaints the toilet?
Mental  Anxiety future CdiffS5  Are you afraid that your C diff infection could come back 753 29.5 0 100
again?
Mental  Anxiety future Cdiff6  Are you afraid that your C diff infection could get worse in  71.4  30.9 0 100
the future?
Mental  Anxiety future Cdiff7  Are you afraid that the next time you’ll need antibiotics, 814 27.6 0 100
your C diff infection will appear again?
Mental  Anxiety future Cdiff§ Have you been worried about not knowing when the next 59.2  35.1 0 100
diarrhea would arise?
Mental  Anxiety current Cdiff19 I feel that my health is more delicate than other people’s
Mental  Anxiety current Cdiff20 I consider my health to be excellent
Mental  Anxiety current Cdiff21  Despite my C diff infection I can live a normal life 56.1  26.1 0 100
Mental  Anxiety current Cdiff22 I feel that I am not in control of my C diff infection 61.7 325 0 100
Mental  Anxiety current Cdiff23 I have no idea what I should do when I have my C diff 40.1 338 0 100
infection?
Mental  Anxiety current Cdiff24 T believe that any stress can worsen my C diff infection 56.6 322 0 100
Mental  Anxiety current Cdiff25 1 feel irritable because of my C diff infection 59.2 318 0 100
Mental  Anxiety current Cdiff26 1 feel isolated from others because of my C diff infection 64.8 333 0 100
Mental  Anxiety current Cdiff27 1 feel depressed because of my C diff infection 62.8 33.7 0 100
Mental  Anxiety current Cdiff28 I feel my life is less enjoyable because of my C diff infection 68.1  35.1 0 100
Mental  Anxiety future Cdiff29 I worry about transmitting my C diff infection to my family 65.8 34.7 0 100
and/or friends
Mental  Anxiety current Cdiff30 I feel much stressed because of my C diff infection 66.6 33.5 0 100
Social Relationship Cdiff31  Because of my C diff infection, I have difficulty being 43.1 31.2 0 100
around people I do not know
Social Relationship Cdiff32 My C diff infection is affecting my closest relationships 452 324 0 100
Social Relationship Cdiff33 I feel like I irritate others because of my C diff infection 61.7 32.1 0 100
Social Relationship Cdiff34 1 feel that no one understands my C diff infection 48.2 31.8 0 100
Social Relationship Cdiff35 I try to hide my C diff infection from my family and/or

friends

*In surveys given to currently hospitalized patients, these questions were modified to begin with “If you were at home right now,” followed by the question.
C diff indicates Clostridium difficile; STD, standard deviation.

Translation to Other Languages

The English version of the C. difficile questionnaire
was translated to French using the forward-backward
translation method.

approved by the Institutional Review Board of the Uni-
versity of Houston. The PI of the study (K.W.G.) had
access to the study data and reviewed and approved the
final manuscript.
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FIGURE 1. Factor formation-scree plots.

Statistical Analysis

Each item was transformed to a score between 0 (worst
QOL) and 100 (best QOL). Mean + SD was calculated for
each item score. Exploratory factor analysis was used to
identify item aggregation into subdomains from the 3 major
domains (physical, mental, or social) and removal of
redundant items. The number of factors chosen within each
domain was based on the initial scree test with the per-
centage of common variance accounted for by a given
factor.!® Factor number was chosen based on the Kaiser
criteria including an eigenvalue > 1, a break between fac-
tors observed on the scree plot, and factor loading > 0.4.20
Item aggregation and reduction was chosen using a promax
rotation as a measure of orthogonal rotation assuming
correlation between items within subdomains. Final sub-
domains were chosen based on these analyses coupled with
the conceptual meaning of each item. Interitem and item to
scale correlation was measured using the Pearson correla-
tion coefficient. Internal consistency was measured for each
domain and total scale using Cronbach o reliability
coeflicient.

Demographics and CDI disease variables were com-
pared between CDI patients stratified by primary CDI only
compared with patients that experienced recurrent CDI.
Variables were compared using the Pearson y> test for
categorical variables and Student ¢ test for continuous
variables. Correlation between subdomains of the C. diffi-
cile questionnaire was compared with the corresponding
SF-36 subscales. Mean differences in quality-of-life scores
in patients with primary versus recurrent CDI were assessed
using the Student ¢ test. Finally, mean score parameter
changes of the overall C. difficile quality-of-life score and
the major domains along with the corresponding subscales
of the SF-36 using multivariate linear regression. Any
demographic or CDI disease variable that was different
between patients with primary versus recurrent disease
(defined as a P < 0.2 in the univariate analysis) was
included in the multivariate model. SAS version 9.3 (SAS
Institute, Cary NC) or IBM SPSS Statistics version 22
(IBM, Armonk, NY) was used for all analyses. A P value
<0.05 was considered significant for inferential statistics.

RESULTS

The literature search identified 12,380 citations which
were reduced to 1364 citations using limits clinical trials,
publications with 10 years, humans, and English language.
The citations were screened for information about gastro-
intestinal or general quality-of-life questionnaires or rating
scales that could contribute questions for a new QOL scale.
Twenty-five relevant QOL surveys were identified of which
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15 were available for review.2!3* From a review of these
surveys, 72 separate items were identified and categorized as
referring to physical, social, or mental QOL facets. Ten
patients with CDI, 10 clinicians with expertise on the care
of CDI patients, and 10 non-CDI healthy subjects were
given the questionnaire on the relevance of the questions
through a face-to-face interview. On the basis of the results
of these interviews, some items were reformulated and the
number of total items was reduced to 36 questions. The 36-
item questionnaire was then given to 10 patients with CDI
twice at an interval between 4 to 7 days. Intraclass corre-
lation coefficient for test-retest was 0.92 for patients with
primary CDI (n = 5) and 0.95 for patients with recurrent
CDI (n = 5). Completion of the electronic survey and the
paper survey was also completed by 10 patients with CDI.
Intraclass correlation coefficient between the paper and
electronic version was 0.99.

Clinical Assessment

Ninety-eight patients affected with CDI aged 52 + 16
years (female: 78%; white: 88%) were recruited and com-
pleted the C. difficile questionnaire of whom 76 completed
the SF-36. Twenty-two patients (22%) were currently tak-
ing C. difficile antibiotics, most commonly oral vancomycin
(16%), metronidazole (5%), or fidaxomicin (1%). Twenty-
seven patients (28%) had experienced only a primary case
of CDI. Patients had experienced an average of 2.6 &+ 2.6
recurrences (range, 0 to 14). The average time since CDI
diagnosis was 4.2 + 1.8 months. Patients with recurrent
CDI were more likely to be female (89%) as compared with
patients with primary CDI (52%; P < 0.001) and were less
likely to have been hospitalized in the previous 3 months
(P = 0.026). There were no significant differences in age or

TABLE 3. Scale Reliability and Clostridium difficile Survey Content
(32 Items, 3 Major Domains, and 4 Subdomains)

Cronbach o
Domains or Subdomains Questions Coefficient
Physical Cdiff14, 9-17 0.956
General physical Cdiff14, 9-10 0.94
complaints
Specific physical Cdiff11-18 0.933
complaints
Mental Cdiff5-8, 19-30 0.932
Anxiety future Cdiff5-8,29 0.941
Anxiety current Cdiff19-28,30 0.893
Social relationships Cdiff31-36 0.871
Total 0.968

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.



J Clin Gastroenterol * Volume 50, Number 8, September 2016

The C diff 32

past medical history between patients with primary or
recurrent CDI.

Domains, subdomains, questions, and item analysis for
the survey are shown in Table 2. The scree test identified 2
factors in the physical and mental domains had an eigen-
value >1 with an associated drop in the scree plot after
factor 2 (Fig. 1). For the social domain, 1 factor had an
eigenvalue > 1 with an associated drop in the scree plot after
factor 1. For the physical domain, factors 1 and 2 explained
64.2% and 8.7% of the variance, respectively, resulting in
72.9% of the variance explained by both factors. For the
mental domain, factors 1 and 2 explained 60.3% and 8.7%
of the variance, respectively, resulting in 69.0% of the var-
iance explained by both factors. For the social domain,
factor 1 explained 61.8% of the variance. All items showed a
factor loading of >0.5 to at least one of the factors. Factor
analysis and domain structure is shown in Supplemental
Table 1, Supplemental Digital Content 1, http://link-
s.lww.com/JCG/A218. Results of the exploratory factorial
analysis identified 2 subdomains for physical QOL catego-
rized as general physical complaints or specific physical
complaints related to the CDI. Two subdomains for mental
QOL were also identified and categorized as anxiety of
future complications of CDI and anxiety of current mental
health related to CDI. One domain for social was identified
and categorized as relationships. Scale reliability and con-
tent of the C. difficile questionnaire is shown in Table 3.
Internal consistency measured with Cronbach o was > 0.87
for all domains and subdomains. Interitem and item to scale
correlation is shown in Supplemental Table 2, Supplemental
Digital Content 1, http://links.lww.com/JCG/A218.

To measure concurrent validity, the overall, physical,
and mental domains of the C. difficile questionnaire were
compared with the physical and mental component summa-
ries of the SF-36. All 5 of these domains were significantly
correlated (P < 0.001) using the Spearman rank-correlation
coefficients (correlation coefficient range, 0.67 to 0.91). The
overall C. difficile quality-of-life score was more highly cor-
related with the C. difficile physical (0.91) and C. difficile
mental scores (0.91) than the SF-36 physical (0.63) or SF-36
mental (0.78) scores. Overall and major domains of the C.
difficile questionnaire and the SF-36 physical and mental
component summaries quality-of-life scores decreased in
patients with recurrent CDI compared with patients with
primary CDI (Fig. 2). All results were statistically significant
(P < 0.001) except for the SF-36 physical component scores
(P =0.11). Separate multivariate linear regression models
were built to assess parameter estimate changes for the
overall and major domains of the C. difficile questionnaire
and the SF-36 physical and mental component summaries
quality-of-life scores (Table 4). Gender and previous hospi-
talization were included in all models based on the univariate
analysis. Quality-of-life scores consistently decreased with
increasing number of CDI episodes and improved with
increasing time since last episode. C. difficile overall and
major domains scores displayed greater mean changes in
parameter estimates compared with the SF-36 physical or
mental component scores. The French language translation
for the Cdiff32 is shown in Supplemental Table 3, Supple-
mental Digital Content 1, http://links.Iww.com/JCG/A218.

DISCUSSION

Patient-reported outcomes are increasingly recognized
as important endpoints for clinical research. In Europe,

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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>50% of the regulatory documents for approval of new
pharmaceuticals include guidance for the use of patient-
reported outcomes in the approval process.>* Although a
number of gastrointestinal quality-of-life surveys exist, no
equivalent HRQOL instrument exists for CDI. Therefore,
the aim of this study was to develop a disease-specific scale
able to measure quality-of-life differences in patients with
CDI. In this study, we designed and validated the Cdiff32
HRQOL survey using an established method for scale
development and validation.

In phase I of the study, we identified previous pub-
lished QOL studies that had been applied to patients with
gastrointestinal illness. All unique questions identified by
this search were tabulated and categorized into physical,
mental, and social domains to allow for future collaborative
work with the NIH PROMIS initiative.’> All questions
were reformulated onto a common 5-point Likert scale and
assessed for comprehension and ease of use. Using focus
group discussions with CDI patients and clinician experts,
the number of items in the questionnaire was reduced to 36
questions. Test-retest and paper to electronic measurement
equivalence were all acceptable.

Next, exploratory factor analysis was used to identify
relevant subdomains and also reduced the total number of
questions to 32. Two subscales were identified for the
physical and mental domain. The overall survey, domains,
and subdomains showed high internal consistency using
Cronbach a coefficient analysis. Construct validity analysis
showed a strong correlation with the SF-36 physical and
mental components. Finally, the Cdiff32 and major sub-
domains were superior to the SF-36 at identifying differ-
ences in quality of life between CDI patients with primary
compared with recurrent CDI.

Despite following scientifically appropriate psycho-
metric methods, this study has certain limitations. This
study was developed in the context of an observational trial
and validated using an anonymous survey. The utility of the
Cdiff32 to measure changes based on drug therapy or other
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TABLE 4. Multivariate Model to Assess Changes in Clostridium difficile Questionnaire and SF-36 Quality-of-Life Scores Stratified by
Number of CDI Episodes, Time Since Last Episode, and Other Confounders

Change in Parameter Estimate + SE (P)

Domains No. CDI Episodes Time (mo) Since Last Episode Female Hospitalized in Last 3mo
Cdiffoverall —10.4 £ 1.5 (P < 0.001) 10.8 & 2.25 (P < 0.001) —12.1 £ 4.3 (P = 0.0064) 8.0 £ 4.0 (P = 0.045)
Cdiffphysical ~ —11.1 £ 1.9 (P < 0.001) 14.1 £ 2.8 (P < 0.001) —7.6+55(P=0.17) 9.7 £ 5.0 (P = 0.056)
Cdiffmental —8.7 + 1.6 (P < 0.001) 7.3 £ 2.4 (P = 0.003) —13.6 + 4.6 (P = 0.0043) 7.0 £ 4.2 (P =0.10)
Cdiffsocial —9.7+£ 1.8 (P < 0.001) 8.0 £ 2.7 (P = 0.0044) —11.8 £5.3 (P =0.028) 1.5+ 48 (P=0.75

SF36 physical
SF36 mental

—4.8 £ 2.3 (P = 0.045)
—7.5 4+ 2.4 (P = 0.0024)

5.6+ 3.3 (P =0.098)
11.6 £ 3.5 (P = 0.0012)

—3546.5 (P =0.59)
—6.8 £ 6.3 (P =0.28)

14.6 £ 5.6 (P = 0.011)
8.1+59(P=0.17)

CDI indicates Clostridium difficile infection; SF-36, Short-Form 36.

targeted interventions will require future randomized-con-
trolled studies, especially with larger sample sizes. The
study was developed and validated only by English-speak-
ing scientists and patients. Language translations and cul-
tural nuances will need to be tested in the appropriate
language and cultural populations. The study was not
powered to identify differences in the subdomains identified
in the development of the instrument. Future research will
be needed to assess validity of these subdomains of the
Cdiff32. Finally, although the major domains of the Cdiff32
were chosen to correlate with the PROMIS initiative, the
correlation of the Cdiff32 domains scores with PRO ques-
tions from the PROMIS database will require further study.
In summary, this study developed and validated the
Cdiff32, a multilanguage HRQOL instrument to be used in
patients with CDI. The questionnaire should be evaluated
for value in other forms of enteric infection and disease.
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