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Summary

Background: A better understanding of coeliac disease can be achieved by assess-

ing health‐related quality of life alongside clinical factors. Existing patient‐reported
outcome measures (PROMs) evaluating quality of life in coeliac disease have not

been developed in accordance with the US Food and Drug Administration guide-

lines.

Aim: To develop a PROM in accordance with best practice guidelines, capturing all

aspects of quality of life important to adults with coeliac disease.

Methods: Candidate items for the Coeliac Disease Assessment Questionnaire

(CDAQ) were refined through item appraisal, expert review, cognitive interviews,

and a translatability assessment. A cross‐sectional survey determined further item

reduction and the CDAQ's structure. The final CDAQ was administered alongside

the Short Form Health Survey Version 2 (SF‐36v2) in a second survey to assess

construct validity and test‐retest reliability.
Results: Pre‐testing the 64 candidate items revealed a range of issues which guided

their refinement and reduction, resulting in the final CDAQ with 32 items represent-

ing 5 subscales: stigma (eight items), dietary burden (eight items), symptoms (five

items), social isolation (five items), and worries and concerns (six items). Cronbach's

alpha ranged between 0.82 and 0.88 for all domains. Further results showed CDAQ

scores were more strongly correlated with the SF‐36v2's mental health dimensions,

as expected. Intraclass correlation coefficients ranged from 0.79 to 0.89.

Conclusion: The CDAQ is a reliable and valid coeliac‐specific measure that captures

all aspects of quality of life important to adults with coeliac disease. Further work is

underway to assess the CDAQ's responsiveness to change.

The Handling Editor for this article was Professor Peter Gibson, and it was accepted for

publication after full peer-review.
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1 | INTRODUCTION

Coeliac disease is a chronic autoimmune condition affecting approxi-

mately 1% of the population.1 The immune response is triggered by

the consumption of gluten, a protein found in wheat, barley and rye.

The only treatment currently available is a gluten‐free diet, which is

known to be burdensome, restrictive and challenging in terms of

adherence.2-4 Various aspects of daily life can be affected by follow-

ing a gluten‐free diet, including travelling, shopping and eating meals

outside of the home.5

Patient‐reported outcome measures (PROMs) present a unique

opportunity to systematically gain insight into patients’ views, which

may not overlap with clinical outcomes or biomedical markers.6 A

broader understanding of the impact of coeliac disease may help to

direct care and improve clinical outcomes.6 PROMs can also be used

as endpoints in clinical trials, which are currently underway to

develop and test pharmacological treatment alternatives to a gluten‐
free diet.7 It is likely that the treatments under development will be

supplementary to, rather than a substitute for, the diet.8

PROMs that are to be used in clinical trials to support labelling

claims should be developed by following the guidance of the US

Food and Drug Administration (FDA).9 In any case, this guidance is

considered best practice for the development of PROMs regardless

of their intended use.10 The initial steps of development should

include qualitative interviews or focus groups with people with the

relevant disease to generate candidate items, which then undergo

cognitive testing. Once the items have been determined, psychomet-

ric properties need to be assessed to evaluate the PROM's quality.

Specifically, PROMs must be reliable, valid and responsive to

change.11

Patient‐reported outcomes in coeliac disease have predominantly

been assessed using generic measures, such as the Short Form

Health Survey (SF‐36).12 However, generic measures are less specific

and can be less sensitive than disease‐specific measures. Some coe-

liac‐specific measures have been developed, for example, the Coeliac

Disease Questionnaire (CDQ)13 and the Coeliac Disease Quality of

Life Survey (CD‐QOL).14 A systematic review identified four candi-

date coeliac‐specific PROMs for use in clinical trials and concluded

that none of these meet the standards of the US Food and Drug

Administration.15 Another systematic review16 focused on patient‐
reported symptom scores and identified two coeliac disease indices

that have been approved by the US Food and Drug Administration.

Symptom indices are recommended as end points in clinical trials for

new treatments for coeliac disease.17 However, they are narrow in

their focus and are unlikely to capture all aspects of quality of life

that are important to people with coeliac disease. As such, there is a

need for PROMs that include other health‐related quality of life

domains to capture the broader burden of disease.

Due to the limitations of existing coeliac disease‐specific mea-

sures, our aim was to develop a new PROM, capturing all aspects of

coeliac‐specific health‐related quality of life, for adults with coeliac

disease using best current practice in instrument development.

2 | METHODS

The development of the Coeliac Disease Assessment Question-

naire (CDAQ) was undertaken in four stages (Figure 1). In stage 1,

qualitative interviews with 23 adults with coeliac disease informed

the development of candidate items and is reported elsewhere.18

In stage 2, candidate items were refined following item appraisal,

expert review of the items, cognitive interviews and a translatabil-

ity assessment. The items were amended as necessary after each

step of pre‐testing. In stage 3, data collected from a cross‐sec-
tional survey were used to reduce the number of items and iden-

tify the CDAQ's dimensions. In the final stage (stage 4), the

reliability and validity of the CDAQ was assessed using data from

a further cross‐sectional survey. Stages 2 to 4 are reported below,

with further details available in the Supporting Information. An

item tracking matrix documenting changes made to items during

development is available from the corresponding author. Ethics

clearance was obtained through the University of Oxford Central

University Research Ethics Committee (REC Reference No's: MSD‐
IDREC‐C1‐2013‐142; MSD‐IDREC‐C1‐2014‐031; MSD‐IDREC‐C1‐
2014‐031).

2.1 | Stage 2—Refining and pre‐testing the
candidate items

2.1.1 | Initial item appraisal and expert review

First, candidate items were reviewed using the Question Appraisal

System (QAS‐99)19 which aids the systematic assessment of ques-

tionnaires to identify and resolve common problems (eg, poor ques-

tion clarity) at an early stage of development. Second, feedback on

the retained items was obtained from experts in meetings and inter-

views in June 2013.

2.1.2 | Cognitive interviews

Cognitive interviews were conducted with people with coeliac dis-

ease in August 2013 to identify sources of response error within the

questionnaire, such as incomprehensible questions.20 Detailed notes

of any identified problems and suggestions for improving the items

were documented and guided item revision. All participants gave

written consent.

2.1.3 | Translatability assessment

A translatability assessment was conducted to identify and address

any cultural or linguistic translatability issues. The assessment was

conducted in collaboration with PharmaQuest Ltd (now Corporate

Translations, Inc.), a company specialising in the translation and lin-

guistic validation of PROMs. Translators commented on the trans-

latability of the CDAQ's instructions, items and response options,

with comments used to further refine the CDAQ.
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2.2 | Stage 3—Item reduction and scale
development

Following pre‐testing, a postal survey (Survey 1) was conducted with

adult members of Coeliac UK, a UK‐based charity for people with

coeliac disease, in September 2014. Eight hundred members meeting

the following criteria were invited to participate: aged 18 years or

older; self‐reported a medical diagnosis of coeliac disease; and lived

in the UK. A random sample, stratified by ethnicity, age and gender,

was invited to increase the likelihood of achieving a diverse sample

(see Supporting Information for further details).

The survey questionnaire included 51 CDAQ candidate items

along with demographic and disease‐related questions (eg, time since

diagnosis, adherence to the gluten‐free diet). CDAQ items ask about

the past 4 weeks, with all items scored from 1 (“Never”) to 5

(“Always”). No data imputation was undertaken.

2.2.1 | Analysis

Data were analysed using IBM SPSS Statistics 20. The aim of the

analysis was to determine the structure of the CDAQ and, where

necessary, to reduce the number of items.

Prior to principal components analysis, candidate items were

considered for removal if more than 5% of data were missing on an

individual item; if there was a floor or ceiling effect >50% (ie, at

least 50% of respondents selected “never” or “always”); or if inter‐
item correlations <0.2 or >0.8 (ie, items were measuring different

constructs21 or almost the same thing22).

Development of candidate items18

13 items amended

Round 1: 9 items amended,
1 item added

Round 2: 6 items amended,
1 item added,
1 item deleted

43 items amended

19 items deleted

46 items amended
2 items added

16 items deleted

50 items

50 items

51 items

32 items 
(final version)

51 items

Initial appraisal of candidate
items using QAS-99

Expert review

Translatability assessment

Item reduction and scale
development (Survey 1)

Cognitive interviews

64 items developed
S

ta
ge

 1
S

ta
ge

 2
S

ta
ge

 3

Assessment of psychometric
properties (Survey 2)

S
ta

ge
 4 F IGURE 1 Number of items, and

amendments made, at each stage of
development of the Coeliac Disease
Assessment Questionnaire (CDAQ)
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Following the removal of candidate items, the Bartlett's Test of

Sphericity23 and the Kaiser‐Meyer Olkin (KMO) Measure of Sampling

Adequacy24 were performed to assess the factorability of the data.

A significant result for the Bartlett's Test, and KMO values >0.60

indicate the data is factorable.24

A principal components analysis with Varimax rotation was used

to identify the structure of the constructs. This method was chosen

as it tends to produce clearly defined domains25 and interpretable

solutions.21 Components with an eigenvalue greater than one were

extracted. During the analysis, items were considered for deletion

if they correlated highly with other items (>0.7), indicating item

redundancy; or they did not load strongly on any component (all

loadings <0.5), indicating a poor fit between the item and compo-

nents within the measure. Cronbach's alpha was used to assess

internal reliability, with values between 0.7 and 0.95 indicating

good internal consistency.26 Item‐total correlations <0.325 were

considered for removal as they contribute little to discriminate

between respondents.

A higher order factor analysis was conducted to determine the

appropriateness of combining dimension scores to create an overall

score.

2.3 | Stage 4—Assessing the reliability and validity
of the CDAQ

Following the reduction in items, a second cross‐sectional postal sur-
vey (Survey 2) was conducted with adult members of Coeliac UK.

Eight hundred members of Coeliac UK were invited to participate.

The same eligibility criteria and sampling strategy as the previous

survey (Stage 3) were adopted. The survey questionnaire included

the CDAQ, the Short Form Health Survey Version 2 (SF‐36v2),12

and demographic and disease‐related questions.

2.3.1 | Test‐retest reliability

To evaluate test‐retest reliability, consenting respondents completed

a second questionnaire, which included the CDAQ and the following

question (“Compared with 2 weeks ago, how would you rate the

impact of your coeliac disease on you and your health now?”), rated
on a five‐point response scale from “much better” to “much worse”.
Respondents reporting that their health was unchanged were

included in the analysis. A test‐retest interval of 2 weeks was

selected as it is generally considered short enough for no changes to

have occurred, but long enough to minimise the risk of respondents

recalling their previous answers.

2.3.2 | SF‐36v2

The SF‐36v2 is a 36‐item generic measure of health‐related quality

of life addressing the eight domains: Physical Functioning, Role‐Phy-
sical, Bodily Pain, General Health, Vitality, Social Functioning, Role‐
Emotional and Mental Health. In addition, two summary scores can

be calculated, the Physical Component Summary and Mental Com-

ponent Summary. The SF‐36v2 was selected as it is considered to

be the leading generic measure,27 it has been used in previous stud-

ies in coeliac disease, for example,28–30 and construct validity is com-

monly assessed against a generic measure.31 T scores (mean 50, SD

10) are reported, with higher scores indicating better quality of life

(original 0‐100 scores are reported in the Supporting Information). T

scores within 0.3 standard deviations of the mean are considered

within the normal range (ie, scores between 47 and 53). QualityMet-

ric Health Outcomes Scoring Software v4.5 was used to calculate

SF‐36v2 scores.

2.3.3 | Analysis

Internal consistency reliability, test‐retest reliability, and construct

validity were evaluated. The internal consistency of each CDAQ

dimension was assessed using Cronbach's alpha, with acceptable val-

ues ranging between 0.70 and 0.95.26 Test‐retest reliability was eval-

uated using the intraclass correlation coefficient (ICC), with values of

0.70 or above considered acceptable.26,32

In terms of construct validity, convergent and divergent validity

were assessed by comparing dimensions of the CDAQ and the SF‐
36v2. Higher scores on both measures indicate better quality of life,

therefore, all correlations were expected to be positive. Overall, the

CDAQ subscales and overall index score were expected to correlate

more strongly with mental health dimensions and the Mental Com-

ponent Summary score rather than with the physical health dimen-

sions of the SF‐36v2, with the exception of the symptoms subscale

that was expected to correlate more strongly with the physical

dimension scores of the SF‐36v2 (expected correlations outlined in

full in the Supporting Information).

Based on the literature (eg, 33,34), it was hypothesised that

the CDAQ overall index score would vary by gender, with

women expected to report lower scores than men. An indepen-

dent samples t test was used to test this hypothesis. In addition,

it was expected that the CDAQ overall index score would dis-

criminate between groups based on self‐reported impact of coe-

liac disease (scored from 1 “no impact” to 5 “very severe

impact”), with higher CDAQ scores for those reporting lower

impact. A one‐way ANOVA with Tukey‐Kramer post‐hoc test was

used to determine whether the differences between severity

groups were significant.

3 | RESULTS

Candidate items for the CDAQ were refined and pre‐tested, prior to
a survey being conducted for further item reduction and identifica-

tion of the subscales of the CDAQ. Following item reduction, the

reliability and validity of the CDAQ was assessed. This process, the

number of items and amendments at each stage are shown in Fig-

ure 1.
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3.1 | Stage 2—Refining and pre‐testing the
candidate items

3.1.1 | Initial item appraisal

Using the Question Appraisal System (QAS‐99),19 140 problems

were identified across the 64 candidate items. The largest number of

problems were due to items lacking clarity (eg, lengthy or awkward

wording), being double‐barrelled, or based on potentially problematic

assumptions (eg, that respondents have children). Consequently, 46

items were amended, two items were added to address unclear con-

structs more specifically, and 16 items were deleted as they were

conceptually too similar to other items.

3.1.2 | Expert review

Nine experts (including clinicians, researchers and Coeliac UK

employees) participated in a meeting or interview. Suggestions to

improve the candidate items included re‐wording, broadening con-

tent (eg, acknowledging the presence of gluten in drinks as well as

food), and adding statements to clarify that items should be

answered in relation to coeliac disease. Experts also commented on

the cultural translatability of some items (eg, “eating out” may not

occur in all cultures). Overall, 13 items were amended on the basis

of recommendations made by the experts.

3.1.3 | Cognitive interviews

Ten people (three men and seven women) with coeliac disease took

part in a cognitive interview. Two rounds of interviews were con-

ducted, following which it was deemed that no major issues

remained. Participants were aged between 24 and 80 years, the

majority of which were White British (n = 9), and had been diag-

nosed more than 6 years ago (n = 8), and half were married (n = 5)

and in full‐time employment (n = 5). Three types of problems were

identified: (a) participants answered some questions in general rather

than specifically about their coeliac disease; (b) participants inter-

preted specific words and phrases within the context of items in dif-

ferent ways to each other and (c) participants interpreted items in a

different way than intended. Amendments were made to 11 items.

In general, participants felt that the CDAQ comprehensively cov-

ered all areas of health‐related quality of life in relation to coeliac

disease. While participants accepted the 4‐week recall period, many

commented that certain important and potentially problematic expe-

riences, such as having medical tests or going on holiday, were unli-

kely to have occurred within this time frame.

3.1.4 | Translatability assessment

Sixty‐four potential translatability issues were identified across 40

items (out of 51), which were broadly categorised as “cross‐cultural”
(n = 27) or “grammatical” (n = 37). The majority of cross‐cultural
issues identified arose due to a lack of equivalent vocabulary in the

target languages (eg, words such as “condition”) (n = 22), or transla-

tions of phrases (eg, “eating out”) where no conceptually equivalent

phrases exist in all the target languages (n = 4). One item was poten-

tially difficult to translate due to sociocultural differences, with the

concept of following a gluten‐free diet out of personal choice not

understood in all cultures. The majority of grammatical issues identi-

fied were as a result of inconsistent tenses across items (n = 28),

structural errors (eg, missing verbs) (n = 7) and the wording of items

not accurately or adequately expressing the underlying concept

(n = 2). Sixty‐nine amendments were made to 43 items to address

these issues and improve the readability of items.

3.2 | Stage 3—Item reduction and scale
development

A 52% (n = 412) response rate to Survey 1 was achieved. One ques-

tionnaire was excluded from the analysis as only the demographics

section had been completed. The mean age of respondents was

49.8 years (SD 18.9, range 18‐87), with more women (n = 225,

54.7%) participating than men (n = 186, 45.3%). The majority were

White British (n = 348, 84.7%), married or in a civil partnership

(n = 270, 65.7%), and in full‐ or part‐time employment (n = 213,

51.8%). The duration of diagnosis of coeliac disease ranged from

1 month to 67 years (mean 8.2 years, SD 10.5).

3.2.1 | Item reduction

Fourteen items met the criteria for considering their exclusion. A

floor effect was present for eight items and a ceiling effect in one

item. Missing data (ie, nonresponse) was minimal, ranging from 0%

to 1.2% per item. The correlation matrix revealed a high inter‐item
correlation (r = 0.82) between items 24 (“felt depressed”) and 36

(“felt down or in low spirits”), suggesting multicollinearity.

Three of these items were retained despite meeting the exclu-

sion criteria. Item 40 (“felt annoyed about the cost of gluten‐free
food”) and item 13 (“had nausea or vomiting”) were retained as qual-

itative interview participants18 commented on the importance and

severity of these issues. Item 36 (“felt down or in low spirits”) was

retained as one but not both items should be removed when a pair

of items are highly correlated. Of the remaining 40 items, item 8

(“worried family member could develop coeliac disease”) was the

only item with a “not applicable” response option. As this response

option was rarely endorsed by respondents (1%, n = 4), the ‘not
applicable’ response option was removed.

3.2.2 | Subscale development

Bartlett's Test of Sphericity was statistically significant (χ2

(780) = 8963.46, P < 0.001), and the KMO measure was 0.95. This

confirmed that it was appropriate to conduct a principal components

analysis.

The principal components analysis (conducted on the 40 retained

candidate items) identified six components with an eigenvalue >1,
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explaining 58.6% of the variance. All items loaded on to at least one

component with a loading >0.40. Broadly, the subscales covered

stigma (11 items); dietary burden (10 items); worries and concerns

(six items); symptoms (six items); social isolation (five items) and

future concerns (two items). Six items met the pre‐defined
criteria for removal. A further two items were removed due to a

poor conceptual fit with other items within its component; and one

as it was addressing a similar issue to other items. Removal of these

items did not significantly affect the internal consistency of the

subscales.

After removing these eight items, a further principal components

analysis was performed on the remaining 32 items (Table 1). Again,

the analysis identified six subscales with an eigenvalue >1, explaining

61.0% of the variance, with items loading on to the same subscales

as previously. Internal reliability was good with Cronbach's alpha val-

ues between 0.80 and 0.90 for all subscales, except ‘future con-

cerns’ (α = 0.63). Item‐total correlations were >0.3.

As well as having low internal reliability (α = 0.63), the “future
concerns” component comprised only two items. Ideally, each factor

should comprise at least three items22 to create a reliable scale. As

TABLE 1 Principal components analysis with Varimax rotation (32 items)

Item no Item description (abbreviated)

Component

1 2 3 4 5 6

3 Appeared to be making a fuss about dietary needs 0.75 0.21 0.16 0.15 0.24 0.05

5 Difficult to mention misunderstanding 0.73 0.14 0.23 0.06 0.23 0.01

37 Felt you were a nuisance 0.67 0.23 0.18 0.35 0.00 0.18

39 Felt guilty about others buying gluten-free food 0.63 0.28 0.12 0.16 −0.04 0.20

6 Received unwanted attention 0.61 0.06 0.12 0.15 0.07 0.12

4 Others misunderstood coeliac disease or dietary needs 0.60 0.18 0.27 0.05 0.34 −0.11

32 Felt uncomfortable refusing food or drink 0.59 0.15 0.23 0.30 0.20 0.11

7 Felt guilty about impact on friends and family 0.52 0.23 0.17 0.34 0.09 0.29

49 Frustrated by choice of suitable food 0.06 0.76 0.07 0.06 0.28 0.04

48 Difficulty finding food when out of the house 0.29 0.67 0.15 0.18 0.29 −0.07

42 Difficulty finding suitable food 0.14 0.63 0.22 0.18 0.17 −0.16

47 Burdened by the time to find or make gluten-free food 0.31 0.63 0.06 0.24 0.06 0.21

50 Frustrated by planning ahead 0.32 0.62 0.07 0.13 0.37 0.10

45 Disappointed with the taste or texture of gluten-free food 0.06 0.60 0.15 0.03 −0.21 0.29

40 Felt annoyed about the cost of gluten-free food 0.18 0.57 0.14 0.00 0.14 0.24

44 Craved food or drinks containing gluten 0.12 0.51 0.15 0.26 −0.29 0.07

12 Had abdominal bloating 0.21 0.12 0.74 0.10 0.02 0.10

14 Had pain 0.23 0.13 0.74 0.11 0.12 0.07

11 Bothered by bowel movements 0.13 0.13 0.69 0.05 0.12 0.29

13 Had nausea or vomiting 0.18 0.09 0.66 0.11 0.15 −0.06

15 Had tiredness or a lack of energy 0.14 0.19 0.62 0.35 0.09 0.14

27 Avoided social activities 0.22 0.10 0.19 0.76 0.22 0.06

22 Felt isolated from others 0.35 0.11 0.04 0.69 0.10 0.20

29 Avoided going out to eat 0.22 0.28 0.18 0.62 0.34 0.05

36 Felt down or in low spirits 0.31 0.21 0.36 0.54 −0.14 0.09

16 Daily activities were limited by coeliac disease 0.05 0.15 0.49 0.51 0.18 0.07

31 Concerned about cross‐contamination 0.31 0.22 0.20 0.27 0.62 0.32

30 Worried about accidentally consuming gluten 0.30 0.29 0.20 0.23 0.61 0.26

1 Worried about becoming ill after eating food prepared by others 0.40 0.19 0.36 0.19 0.55 0.13

20 Worried about becoming ill when not at home 0.22 0.16 0.36 0.32 0.51 0.18

8 Worried a family member could develop coeliac disease 0.18 0.12 0.12 0.13 0.20 0.72

9 Concern about developing a related health problem 0.19 0.20 0.35 0.22 0.18 0.57

Values <0.40 are shown in italics. The highest loading for each item is shown in bold.

Components: (1) stigma, (2) dietary burden, (3) symptoms, (4) social isolation, (5) worries and concerns, and (6) future concerns. In the final CDAQ, com-

ponents 5 and 6 were combined.

NB. Abbreviated CDAQ items are presented in this table. A full sample copy is available at https://innovation.ox.ac.uk/outcome-measures/coeliac-disea

se-assessment-questionnaire-cdaq/
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removal of these items would limit content validity, and as the items

were conceptually similar to items in the ‘worries and concerns’ sub-
scale, the components were combined. Internal reliability for the

combined scale was good (α = 0.85) and item‐total correlations suffi-

cient (>0.3) (Table 2).

3.2.3 | CDAQ overall score

A higher order factor analysis of the five CDAQ dimensions

identified one factor with an eigenvalue >1, explaining 68.0% of

the variance, indicating that it is appropriate to combine the

TABLE 2 Item‐total correlations and Cronbach's alpha statistics for the final subscales

Item no
Corrected Item‐Total
Correlation

Cronbach's
alpha

Stigma (8 items) 0.88

3 Appeared to be making a fuss about dietary needs 0.76

37 Felt you were a nuisance 0.72

5 Difficult to mention misunderstanding 0.68

32 Felt uncomfortable refusing food or drink 0.67

7 Felt guilty about impact on friends and family 0.63

39 Felt guilty about others buying gluten-free food 0.61

4 Others misunderstood coeliac disease or dietary needs 0.59

6 Received unwanted attention 0.52

Dietary burden (8 items) 0.83

48 Difficulty finding food when out of the house 0.69

49 Frustrated by choice of suitable food 0.65

47 Burdened by the time to find or make gluten-free food 0.65

50 Frustrated by planning ahead 0.65

42 Difficulty finding suitable food 0.57

40 Felt annoyed about the cost of gluten-free food 0.52

45 Disappointed with the taste or texture of gluten-free food 0.46

44 Craved food or drinks containing gluten 0.40

Symptoms (5 items) 0.82

14 Had pain 0.68

12 Had abdominal bloating 0.67

11 Bothered by bowel movements 0.61

15 Had tiredness or a lack of energy 0.58

13 Had nausea or vomiting 0.57

Social isolation (5 items) 0.82

27 Avoided social activities 0.71

29 Avoided going out to eat 0.65

22 Felt isolated from others 0.63

36 Felt down or in low spirits 0.55

16 Daily activities were limited by coeliac disease 0.53

Worries and Concerns (6 items) 0.85

31 Concerned about cross‐contamination 0.76

30 Worried about accidentally consuming gluten 0.73

1 Worried about becoming ill after eating food prepared by others 0.69

20 Worried about becoming ill when not at home 0.63

9 Concern about developing a related health problem 0.57

8 Worried a family member could develop coeliac disease 0.47

NB. Abbreviated CDAQ items are presented in this table. A full sample copy is available at https://innovation.ox.ac.uk/outcome-measures/coeliac-disea

se-assessment-questionnaire-cdaq/
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dimension scores to create an overall index score. The subscale

and overall index scores range from 0 to 100, where 0 indicates

poorest quality of life and 100 indicates highest quality of life.

3.3 | Stage 4—Assessing the reliability and validity
of the CDAQ

Survey 2 achieved a 34.5% (n = 276) response rate. Eight question-

naires were excluded as the respondents did not report receiving

their diagnosis from a doctor, thus leaving 268 respondents in the

analysis. The majority of respondents were female (n = 166, 61.9%),

married (n = 159, 59.3%), and White British (n = 225, 84.0%). The

mean age of respondents was 49.5 years (SD 18.9) and the mean

duration since diagnosis was 7.49 years (SD 9.67). CDAQ and SF‐
36v2 scores are given in Table 3. Missing data for CDAQ items were

very low, with the maximum amount of missing data for any one

item being 1.1% (n = 3), which meets the PROMs quality criteria set

out by Terwee et al.26 and indicates that the CDAQ is acceptable to

adults with coeliac disease.

3.3.1 | Internal consistency reliability

Internal consistency was assessed for each CDAQ subscale. Cron-

bach's alpha values were: stigma (0.87), dietary burden (0.87), symp-

toms (0.86), social isolation (0.86) and worries and concerns (0.82),

indicating good internal consistency reliability.

3.3.2 | Test‐retest reliability

A total of 167 respondents completed a follow‐up questionnaire, of

which four were removed as they did not confirm a medical diagno-

sis of coeliac disease. The mean CDAQ overall index score for those

returning a follow‐up questionnaire (55.87, SD 17.42) was statisti-

cally significantly higher (ie, better health‐related quality of life) than

those who did not return a follow‐up questionnaire (49.87, SD

18.50), P = 0.010. The mean test‐retest interval was 18.93 days

(range 13‐43 days).

The majority of respondents (n = 145, 89.0%) rated the impact of

their coeliac disease as ‘about the same’ as when they had completed

the first questionnaire and were included in the analysis. The ICCs for

the CDAQ subscales were: stigma (0.85), dietary burden (0.83), symp-

toms (0.80), social isolation (0.87), worries and concerns (0.79) and over-

all index score (0.89). All were statistically significant (P < 0.001)

indicating that the CDAQ scores are stable over time when participants

report no changes (see Supporting Information for CDAQ scores).

3.3.3 | Convergent and divergent validity

Correlations between CDAQ dimensions and the SF‐36v2 are shown

in Table 4. All correlations were in the expected direction (ie, posi-

tive). As expected, the CDAQ overall index score and subscale

TABLE 4 Spearman correlation coefficients between CDAQ subscales and the SF‐36v2

CDAQ Dimensions

SF‐36v2
Components SF‐36v2 Dimensions

PCS MCS PF RP BP GH VT SF RE MH

Overall index score 0.38* 0.60* 0.22* 0.34* 0.48* 0.60* 0.59* 0.58* 0.37* 0.60*

Stigma 0.18** 0.50* 0.06 0.20** 0.27* 0.41* 0.45* 0.46* 0.26* 0.49*

Dietary burden 0.31* 0.46* 0.22* 0.29* 0.36* 0.47* 0.42* 0.42* 0.33* 0.48*

Symptoms 0.42* 0.49* 0.21* 0.33* 0.51* 0.55* 0.54* 0.50* 0.31* 0.48*

Social isolation 0.35* 0.63* 0.28* 0.35* 0.44* 0.61* 0.59* 0.61* 0.44* 0.63*

Worries and concerns 0.30* 0.42* 0.15*** 0.29* 0.37* 0.45* 0.43* 0.40* 0.27* 0.42*

SF‐36v2 dimensions: PCS, Physical Component Summary; MCS, Mental Component Summary; PF, physical functioning; RP, role‐physical; BP, bodily
pain; GH, general health; VT, vitality; SF, social functioning; RE, role‐emotional; MH, mental health.

*P < 0.001; **P < 0.01; ***P < 0.05.

TABLE 3 Health‐related quality of life in coeliac disease—CDAQ
and SF‐36v2 scores

n Mean SD

CDAQ

Overall index score 254 53.56 18.05

Stigma 262 52.58 21.55

Dietary burden 262 39.50 19.19

Symptoms 264 59.38 24.09

Social isolation 263 67.41 23.17

Worries and concerns 264 50.00 21.11

SF-36v2a

Physical Component Summary Score (PCS) 265 49.46 9.23

Mental Component Summary Score (MCS) 265 47.11 10.71

Physical Functioning (PF) 267 50.84 9.30

Role‐Physical (RP) 266 48.89 9.84

Bodily Pain (BP) 265 48.62 10.32

General Health (GH) 267 46.41 11.63

Vitality (VT) 266 47.03 10.85

Social Functioning (SF) 266 48.20 10.23

Role‐Emotional (RE) 265 48.08 10.57

Mental Health (MH) 266 47.81 10.21

aNorm‐based T scores based on 2009 US general population norms

(mean 50, SD 10).
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scores were more strongly correlated with the Mental Component

Summary score than the Physical Component Summary score, with

the exception of the symptoms subscale, which was strongly corre-

lated with both (rs ≥ 0.4, P < 0.001). The CDAQ symptoms subscale

was also strongly correlated with Mental Health and Social Function-

ing. Increased symptoms would reasonably be expected to coincide

with poor psychological well‐being and limited social functioning,

and may explain the stronger than expected correlation between the

symptoms subscale and the Mental Component Summary score.

As hypothesised, moderate to strong correlations (rs ≥ 0.4,

P < 0.001) were found between CDAQ worries and concerns and Gen-

eral Health, and CDAQ social isolation and Vitality. Moderate to strong

correlations (rs ≥ 0.4, P < 0.001) were also found between all other

CDAQ dimensions and General Health and Vitality. It is not unreason-

able to expect those with poorer general health and lower energy levels

to have poorer coeliac disease‐related health‐related quality of life (eg,

those with increased symptoms and who find the diet more burdensome

have lower energy and poorer perceptions of their health).

All other correlations were as hypothesised, although some cor-

relations between CDAQ dimensions and Role‐Physical were margin-

ally higher than anticipated (rs ≤ 0.35 as opposed to rs ≤ 0.30).

3.3.4 | Discriminative (known groups) validity

The mean CDAQ overall index score for men (60.91, SD = 16.81,

n = 93) was 11.73 higher than women (49.18, SD = 17.36, n = 158),

indicating that men report better health‐related quality of life.

This difference was statistically significant (95% CI, 7.32‐16.15,
t(249) = 5.232, P < 0.001).

The CDAQ overall index scores decreased from the “no impact”
(72.21 ± 16.32) through “mild impact” (62.59 ± 14.38), “moderate

impact” (51.57 ± 14.93), “severe impact” (40.92 ± 13.34), to “very
severe impact” (28.02 ± 13.53) groups. CDAQ overall index scores

were significantly different between these groups (F(4, 248) = 34.70,

P < 0.001). The decrease in CDAQ overall index scores were all sig-

nificant (P < 0.05) with the exception of the “no impact” to “mild

impact” (P = 0.061) groups (further details can be found in the Sup-

porting Information).

4 | DISCUSSION

The aim of this research was to refine and reduce the number of

candidate items, determine subscales, and assess the reliability and

validity of the CDAQ. The final CDAQ has 32 items across five sub-

scales: stigma (eight items), dietary burden (eight items), symptoms

(five items), social isolation (five items) and worries and concerns (six

items) and captures all aspects of quality of life of importance to

adults with coeliac disease as identified in the qualitative phase.18

The CDAQ has been shown to be a reliable and valid measure.

The methods used to develop the CDAQ have been shown to be

effective in the development of similar questionnaires in the past35,36

and are compliant with best practice guidance on the development of

PROMs, such as guidance provided by the US Food and Drug Adminis-

tration9 and the International Society for Pharmacoeconomics and

Outcomes Research (ISPOR).37 Involving potential respondents in the

refinement of questionnaire items through cognitive interviews

enhanced content validity, which is considered one of the most impor-

tant measurement properties of PROMs.26 Consultation with experts

can help to ensure that the content of newly developed PROMs is rel-

evant and comprehensive38 and the translatability assessment helped

improve the CDAQ's language and grammar and ensured that future

translation issues are minimised, which is important for PROMs.39

A 4‐week recall period was chosen as longer recall periods are

more appropriate when assessing disease‐specific health‐related qual-

ity of life, whereas shorter periods could underestimate the impact of

the condition.40 The qualitative interviews have highlighted how the

impact of coeliac disease can fluctuate according to periods of gluten

consumption and the social activities undertaken. Asking patients to

average symptoms over longer periods of time may provide good esti-

mates of health status in conditions where symptoms come and go.40

The final CDAQ subscales represent a modification to the con-

ceptual framework developed from the qualitative interviews (en-

compassing six main themes: emotional health, gluten‐free diet,

relationships, impact on activities, symptoms and financial issues).18

However, the themes from the qualitative interviews remain repre-

sented, albeit in a potentially less obvious way. For example, finan-

cial issues identified as a qualitative theme did not become a

subscale in their own right, but an item on the cost of gluten‐free
food fit with the subscale of ‘dietary burden’. The impact of coeliac

disease on travel and holidays was also commonly reported in the

qualitative interviews, but was difficult to include as an item because

the majority of respondents are unlikely to have been on holiday in

the 4 week time frame covered by the CDAQ. The concept is still

covered indirectly in an item on difficulties experienced with finding

suitable food away from home.

Following a gluten‐free diet is known to be burdensome2 and

the results of this study found dietary burden to have the greatest

impact on health‐related quality of life. Therefore, it is essential that

items addressing this burden are included in coeliac‐specific PROMs

that aim to comprehensively assess health‐related quality of life.

While items assessing dietary burden will be appropriate to the

majority of people with coeliac disease, they may be less relevant to

those who are newly diagnosed, but yet to be treated (ie, not yet

following a gluten‐free diet). Further research is required to assess

the reliability and validity of the CDAQ within this patient group.

This study also provides evidence that the CDAQ is a reliable

and valid measure for assessing health‐related quality of life in adults

with coeliac disease. Across both surveys, the internal consistency of

all five subscales was within the ideal range (0.7‐0.95).26 Other coe-

liac‐specific measures have also been found to be internally consis-

tent such as the CDQ13,41-44 and the CD‐QOL.14,45 However,

despite some involvement of people with coeliac disease in the

development, the CDQ has not been developed on the basis of in‐
depth interviews or focus groups, which are the recommended

approach by the US Food and Drug Administration.9
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Test‐retest reliability was assessed to examine the stability of

test scores over time. ICCs ranged from 0.79 to 0.89, indicating that

the measure is reliable. When assessed against Terwee et al's26 qual-

ity criteria, the CDAQ received a positive rating. The results indicate

that the test‐retest reliability of the CDAQ appears superior to the

CD‐QOL, for the Cohen's Kappa coefficient was not sufficient

(0.63),45 and at least comparable with the CDQ, for which some evi-

dence of sufficient test‐retest reliability was found.13,41-43 However,

the quality of some of the studies for both measures was poor with

small sample sizes or insufficient detail about study design.

Overall, correlations between the CDAQ and SF‐36v2 were as

expected, with dimensions of the CDAQ correlating more strongly

with mental health dimensions of the SF‐36v2 and the Mental Com-

ponent Summary score.

A possible limitation is that all survey respondents are members

of Coeliac UK, although there is no evidence to suggest that health‐
related quality of life in this population differs from that of the wider

population of adults with coeliac disease. The cognitive interviews

included participants who were not recruited through their member-

ship of Coeliac UK. In addition, Survey 1 achieved a diverse sample

(eg, 12.1% belonged to black and minority ethnic groups), which

increases the likelihood that the final CDAQ will be of relevance to

adults from all demographic groups. The response rate to Survey 2

(34.5%) was lower than that achieved in Survey 1 (52.0%), and is

likely to be accounted for by its much greater length (as survey 2

also collected data on experiences of health care which will be

reported elsewhere). Despite this, the response rate was similar to

other Coeliac UK surveys.46 Furthermore, participants were recruited

on the basis of self‐reporting their diagnosis and while they consid-

ered themselves to have been given a diagnosis of coeliac disease, it

is possible that they may not have coeliac disease.

With clinical trials to develop treatments other than the glu-

ten‐free diet underway, it is important that valid and well‐devel-
oped PROMs are available as potential endpoints for trials.7 In

addition to symptoms and histological improvement, health‐related
quality of life is regarded as a key outcome in assessing new

therapeutic treatments and should be considered as a critical end

point in relevant clinical trials.17 The results of this study further

highlight the need to include measures of health‐related quality of

life in clinical trials of treatments for coeliac disease, as the great-

est impact on health‐related quality of life was the burden of

managing a gluten‐free diet. As it is likely that the diet will remain

relevant in combination with any treatments under development,8

it is important to have available PROMs that assess coeliac‐speci-
fic quality of life more broadly than symptoms alone. Furthermore,

the CDAQ is suitable for use in clinical practice and research

more broadly. Further research is underway to evaluate the

CDAQ's responsiveness to change.

ACKNOWLEDGEMENTS

We would like to thank the study participants for participating in the

cognitive interviews and surveys, the experts for their views on the

measure under development, and Coeliac UK for their support with

recruitment. In addition, we would like to acknowledge PharmaQuest

Ltd. for conducting the translatability assessment.

Declaration of personal interests: Helen Crocker, Crispin Jenkinson

and Michele Peters are co‐developers of the Coeliac Disease Assess-

ment Questionnaire (CDAQ) and as such may financially benefit from

any further use of the CDAQ.

AUTHORSHIP

Guarantor of the article: MP.

Author contributions: All authors contributed to the conception

and design of the study. HC collected the data and led the data anal-

ysis, supported by MP and CJ. All authors contributed to the devel-

opment of the Coeliac Disease Assessment Questionnaire.

All authors were involved in the writing of the manuscript and

approved the final version.

LICENCE

The Coeliac Disease Assessment Questionnaire (CDAQ) is owned

and licenced by Oxford University Innovations Limited. All use of

the CDAQ should be under licence which can be requested through

the Clinical Outcomes team at Oxford University Innovation—
https://innovation.ox.ac.uk/clinical‐outcomes/.

ORCID

Helen Crocker http://orcid.org/0000-0002-9786-0749

Michele Peters http://orcid.org/0000-0002-0076-5981

REFERENCES

1. van Heel DA, West J. Recent advances in coeliac disease. Gut.

2006;55:1037‐1046.
2. Shah S, Akbari M, Vanga R, et al. Patient perception of treatment

burden is high in celiac disease compared with other common condi-

tions. Am J Gastroenterol. 2014;109:1304‐1311.
3. Whitaker JK, West J, Holmes GK, Logan RF. Patient perceptions of

the burden of coeliac disease and its treatment in the UK. Aliment

Pharmacol Ther. 2009;29:1131‐1136.
4. See JA, Kaukinen K, Makharia GK, Gibson PR, Murray JA. Practical

insights into gluten‐free diets. Nat Rev Gastroenterol Hepatol.

2015;12:580‐591.
5. Sverker A, Hensing G, Hallert C. ‘Controlled by food’ ‐ lived experi-

ences of coeliac disease. J Hum Nutr Diet. 2005;18:171‐180.
6. Spiegel BM. Patient‐reported outcomes in gastroenterology: clinical

and research applications. J Neurogastroenterol Motil. 2013;19:137‐
148.

7. Gottlieb K, Dawson J, Hussain F, Murray JA. Development of drugs

for celiac disease: review of endpoints for Phase 2 and 3 trials. Gas-

troenterol Rep. 2015;3:91‐102.
8. Lindfors K, Lähdeaho ML, Kalliokoski S, et al. Future treatment

strategies for celiac disease. Expert Opin Ther Targets. 2012;16

(7):665‐675.
9. U.S. Food and Drug Administration. Guidance for industry: patient-

reported outcome measures: use in medical product development to

support labeling claims, 2009.

CROCKER ET AL. | 861

http://orcid.org/0000-0002-9786-0749
http://orcid.org/0000-0002-9786-0749
http://orcid.org/0000-0002-9786-0749
http://orcid.org/0000-0002-0076-5981
http://orcid.org/0000-0002-0076-5981
http://orcid.org/0000-0002-0076-5981


10. Speight J, Barendse SM. FDA guidance on patient reported out-

comes. BMJ. 2010;340:c2921.

11. Jenkinson C, McGee H. Health status measurement: a brief but critical

introduction. Abingdon: Radcliffe Medical Press Ltd; 1998.

12. Ware JE, Sherbourne CD. The MOS 36‐item short‐form health sur-

vey (SF‐36). I. conceptual framework and item selection. Med Care.

1992;30:473‐483.
13. Häuser W, Gold J, Stallmach A, Caspary WF, Stein J. Development

and validation of the Celiac Disease Questionnaire (CDQ), a disease‐
specific health‐related quality of life measure for adult patients with

celiac disease. J Clin Gastroenterol. 2007;41:157‐166.
14. Dorn SD, Hernandez L, Minaya MT, et al. The development and vali-

dation of a new coeliac disease quality of life survey (CD‐QOL). Ali-

ment Pharmacol Ther. 2010;31:666‐675.
15. Canestaro WJ, Edwards TC, Patrick DL. Systematic review: patient‐

reported outcome measures in coeliac disease for regulatory submis-

sions. Aliment Pharmacol Ther. 2016;44:313‐331.
16. Hindryckx P, Levesque BG, Holvoet T, et al. Disease activity indices

in coeliac disease: systematic review and recommendations for clini-

cal trials. Gut. 2018;67:61‐69.
17. Ludvigsson JF, Ciacci C, Green PH, et al. Outcome measures in coeliac

disease trials: the Tampere recommendations. Gut. 2018; 67:1410‐
1424.

18. Crocker H, Jenkinson C, Peters M. Quality of life in coeliac disease:

qualitative interviews to develop candidate items for the Coeliac

Disease Assessment Questionnaire. Patient Relat Outcome Meas.

2018;9:211‐220.
19. Willis GB, Lessler JT. Question Appraisal System QAS-99. Rockville:

Research Triangle Institute; 1999.

20. Willis GB. Cognitive interviewing: a “how to” guide. http://appliedre

search.cancer.gov/archive/cognitive/interview.pdf. Accessed August

30, 2016.

21. Pett MA, Lackey NR, Sullivan JJ. Making sense of factor analysis.

London: Sage; 2003.

22. de Vet HC, Terwee CB, Mokkink LB, Knol DL. Measurement in medi-

cine. Cambridge: Cambridge University Press; 2011.

23. Bartlett MS. Tests of significance in factor analysis. Br J Math Stat

Psychol. 1950;3:77‐85.
24. Kaiser HF, Rice J. Little Jiffy. Mark IV. Educational and Psychological

Management. 1974;34:111‐117.
25. Nunnally JC, Bernstein IH. Psychometric Theory, 3rd edn. New York:

MacGraw-Hill; 1994.

26. Terwee CB, Bot SD, de Boer MR, et al. Quality criteria were

proposed for measurement properties of health status question-

naires. J Clin Epidemiol. 2007;60:34‐42.
27. McDowell I. Measuring health: a guide to rating scales and question-

naires. New York: Oxford University Press; 2006.

28. Barratt SM, Leeds JS, Robinson K, et al. Reflux and irritable bowel

syndrome are negative predictors of quality of life in coeliac disease

and inflammatory bowel disease. Eur J Gastroenterol Hepatol.

2011;23:159‐165.
29. Hallert C, Grännö C, Hultén S, et al. Living with coeliac disease: con-

trolled study of the burden of illness. Scand J Gastroenterol.

2002;37:39‐42.
30. Zarkadas M, Cranney A, Case S, et al. The impact of a gluten‐free

diet on adults with coeliac disease: results of a national survey.

J Hum Nutr Diet. 2006;19:41‐49.
31. Jenkinson C, Fitzpatrick R. Patient reported outcomes. In: Ziebland

S, Coulter A, Calabrese JD, Locock L, eds. Understanding and using

health experiences: improving patient care. Oxford: Oxford University

Press; 2013:72‐80.
32. Kline P. A psychometrics primer. London: Free Association Books; 2000.

33. Norström F, Lindholm L, Sandström O, Nordyke K, Ivarsson A. Delay

to celiac disease diagnosis and its implications for health‐related
quality of life. BMC Gastroenterol. 2011;11:1‐8.

34. Zampieron A, Daicampi C, Martin A, Buja A. Quality of life in adult

celiac disease in a mountain area of northeast Italy. Gastroenterol

Nurs. 2011;34:313‐319.
35. Jenkinson C, Dummett S, Kelly L, et al. The development and validation

of a quality of life measure for the carers of people with Parkinson's
disease (the PDQ‐Carer). Parkinsonism Relat Disord. 2012;18:483‐487.

36. Dean K, Jenkinson C, Wilcock G, Walker Z. The development and

validation of a patient‐reported quality of life measure for people

with mild cognitive impairment. Int Psychogeriatr. 2014;26:487‐497.
37. Patrick DL, Burke LB, Gwaltney CJ, et al. [ISPOR] Content validity ‐

establishing and reporting the evidence in newly developed patient‐
reported outcomes (PRO) instruments for medical product evaluation:

ISPOR PRO good research practices task force report: part 1 ‐ eliciting
concepts for a new PRO instrument. Value Health. 2011;14:967‐977.

38. Reeve BB, Wyrwich KW, Wu AW, et al. ISOQOL recommends mini-

mum standards for patient‐reported outcome measures used in

patient‐centered outcomes and comparative effectiveness research.

Qual Life Res. 2013;22:1889‐1905.
39. Brod M, Tesler LE, Christensen TL. Qualitative research and content

validity: developing best practices based on science and experience.

Qual Life Res. 2009;18:1263‐1278.
40. Norquist JM, Girman C, Fehnel S, DeMuro-Mercon C, Santanello N.

Choice of recall period for patient‐reported outcome (PRO) mea-

sures: criteria for consideration. Qual Life Res. 2012;21:1013‐1020.
41. Aksan A, Mercanligil SM, Häuser W, Karaismailoğlu E. Validation of

the Turkish version of the Celiac Disease Questionnaire (CDQ).

Health Qual Life Outcomes. 2015;13:1‐7.
42. Pouchot J, Despujol C, Malamut G, Ecosse E, Coste J, Cellier C. Vali-

dation of a French version of the quality of life “Celiac Disease

Questionnaire”. PLoS ONE. 2014;9:e96346.

43. Marchese A, Klersy C, Biagi F, et al. Quality of life in coeliac

patients: Italian validation of a coeliac questionnaire. Eur J Intern

Med. 2013;24:87‐91.
44. Ford S, Howard R, Oyebode J. Psychosocial aspects of coeliac dis-

ease: a cross‐sectional survey of a UK population. Br J Health Psy-

chol. 2012;17:743‐757.
45. Zingone F, Iavarone A, Tortora R, et al. The Italian translation of the

celiac disease‐specific quality of life scale in celiac patients on gluten

free diet. Dig Liver Dis. 2013;45:115‐118.
46. Gray AM, Papanicolas IN. Impact of symptoms on quality of life

before and after diagnosis of coeliac disease: results from a UK pop-

ulation survey. BMC Health Serv Res. 2010;10:1‐7.

SUPPORTING INFORMATION

Additional supporting information will be found online in the

Supporting Information section at the end of the article.

How to cite this article: Crocker H, Jenkinson C, Peters M.

Quality of life in coeliac disease: item reduction, scale

development and psychometric evaluation of the Coeliac

Disease Assessment Questionnaire (CDAQ). Aliment Pharmacol

Ther. 2018;48:852–862. https://doi.org/10.1111/apt.14942

862 | CROCKER ET AL.

http://appliedresearch.cancer.gov/archive/cognitive/interview.pdf
http://appliedresearch.cancer.gov/archive/cognitive/interview.pdf
https://doi.org/10.1111/apt.14942

