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Patient-Reported Outcomes

Development of the Cystic Fibrosis Questionnaire-Revised-8 Dimensions:
Estimating Utilities From the Cystic Fibrosis Questionnaire-Revised

Sarah Acaster, MSc, Clara Mukuria, PhD, Donna Rowen, PhD, John E. Brazier, PhD, Claire E. Wainwright, MD,

Bradley S. Quon, MD, Jamie Duckers, MD, Alexandra L. Quittner, PhD,1 Yiyue Lou, PhD, Patrick R. Sosnay, MD,

Lisa J. McGarry, MPH

A B S T R A C T

Objectives: Cystic fibrosis (CF) limits survival and negatively affects health-related quality of life (HRQOL). Cost-effectiveness

analysis (CEA) may be used to make reimbursement decisions for new CF treatments; nevertheless, generic utility measures

used in CEA, such as EQ-5D, are insensitive to meaningful changes in lung function and HRQOL in CF. Here we develop a new,

CF disease–specific, preference-based utility measure based on the adolescent/adult version of the Cystic Fibrosis

Questionnaire-Revised (CFQ-R), a widely used, CF-specific, patient-reported measure of HRQOL.

Methods: Blinded CFQ-R data from 4 clinical trials (NCT02347657, NCT02392234, NCT01807923, and NCT01807949) were

used to identify discriminating items for a classification system using psychometric (eg, factor and Rasch) analyses. Thirty-

two health states were selected for a time trade-off (TTO) exercise with a representative sample of the UK general

population. TTO utilities were used to estimate a preference-based scoring algorithm by regression analysis (tobit models

with robust standard errors clustered on participants with censoring at 21).

Results: A classification system with 8 dimensions (CFQ-R-8 dimensions; physical functioning, vitality, emotion, role func-

tioning, breathing difficulty, cough, abdominal pain, and body image) was generated. TTO was completed by 400 participants

(mean age, 47.3 years; 49.8% female). Among the regression models evaluated, the tobit heteroscedastic–ordered model was

preferred, with a predicted utility range from 0.236 to 1, no logical inconsistencies, and a mean absolute error of 0.032.

Conclusion: The CFQ-R-8 dimensions is the first disease-specific, preference-based scoring algorithm for CF, enabling

estimation of disease-specific utilities for CEA based on the well-validated and widely used CFQ-R.

Keywords: cost utility, cystic fibrosis, Cystic Fibrosis Questionnaire-Revised, patient-reported outcomes, quality of life.
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Introduction

Cystic fibrosis (CF) affects . 80 000 people worldwide and is

the most common life-threatening autosomal recessive disorder

in populations of Northern European ancestry, with an overall

incidence of 1 in 3500 in European countries.1-3 CF has a reduced

life expectancy, with median survival estimates of 41 to 57 years

across North America and Europe, depending on genotype and

sex.4,5 CF affects multiple organ systems, but for most people with

CF, the largest health impact is progressive respiratory impair-

ment.3 Symptoms commonly include cough, shortness of breath,

chest congestion, lack of energy, sinus discharge, and difficulty

sleeping.2 People with CF also commonly report psychological

symptoms.6,7

Health-related quality of life (HRQOL) is a multidimensional

concept that includes dimensions related to physical, mental,

and social functioning.8-11 Many clinical and demographic

characteristics have been associated with HRQOL in CF,

including occurrence of pulmonary exacerbations, disease

severity, sex, and socioeconomic status.8-11 The Cystic Fibrosis

Questionnaire-Revised (CFQ-R) is a validated instrument widely

used to assess HRQOL in CF studies and clinical trials.12,13 The

CFQ-R has 12 dimensions: physical functioning, emotional

functioning, social functioning/school functioning, body image,

eating problems, treatment burden, respiratory symptoms,

digestive symptoms, vitality, health perceptions, weight, and

role functioning.12,13 Three versions of the CFQ-R have been

developed: 1 for parents/caregivers to proxy report for children

aged 6 to 13 years, 1 that can be interviewer administered for

children aged 6 to 11 years or self-completed for children aged

12 or 13 years, and an adolescent/adult version for those aged

$ 14 years.12-14 Although there is some overlap in the items

1Dr Quittner was an employee of Behavioral Health Systems Research at the time the study was completed, but is currently an employee of The Cystic Fibrosis and

Pulmonary Center at Joe DiMaggio Children’s Hospital, Hollywood, FL, USA.
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and dimensions included in each version, the total number of

items differs between each of the 3 versions.13 As the version

with the broadest target population, this study focuses on the

adolescent/adult version.

Cost-effectiveness analyses, a framework used by some health

technology appraisal agencies to evaluate novel healthcare in-

terventions, require measures of HRQOL in the form of health state

utilities to generate quality-adjusted life-years, which combine

the value of HRQOL with the length of life into a single index

number. Health state utilities are typically generated from

preference-based measures that use preference-elicitation tech-

niques such as time trade-off (TTO), standard gamble, or discrete

choice experiment to assign a value, anchored at 0 for dead and 1

for perfect health, to health states described by the underlying

classification system.15 The National Institute for Health and

Care Excellence strongly prefers utilities generated using the

EQ-5D,16,17 a generic preference-based measure of HRQOL,

comprising 5 dimensions (mobility, self-care ability, ability to

undertake usual activities, pain and discomfort, and anxiety and

depression).18 There are 2 versions of the EQ-5D: one with 3

severity levels in each dimension (EQ-5D-3L) and one with 5

levels (EQ-5D-5L).19 The EQ-5D-3L lacks sensitivity to meaningful

differences in lung function and HRQOL among people with CF,

with individuals self-reporting mean utility of 0.923 for mild and

0.870 for severe lung function impairment,20 which are higher

than UK (0.856) and US (0.867) population norms.21 Although the

EQ-5D-5L was developed to increase sensitivity,19 it has also been

shown to lack sensitivity to changes in lung function among

people with CF during pulmonary exacerbations.22 Relatedly, a

mapping study found that the respiratory dimension of the CFQ-R

was not a significant predictor of EQ-5D-3L utility,23 and utilities

estimated from mapping to the EQ-5D-3L showed limited ability

to discriminate between groups classified based on lung function

in a disease largely characterized by respiratory symptoms.

Given this observed lack of sensitivity of EQ-5D in CF, an

alternative approach to estimating utilities is required. Utilities

generated from disease-specific measures that are sensitive to

change, such as the CFQ-R, have the potential to effectively cap-

ture disease-relevant concepts. Nevertheless, given that the CFQ-R

is not preference based, it cannot be used directly to generate

utilities. Here we derive the first preference-based scoring algo-

rithm to generate utilities from CFQ-R data.

Methods

The study was conducted in 5 stages using methods previously

described to estimate a preference-based measure from the Short

Form-36 dimension survey24,25 and other condition-specific,

preference-based measures from existing patient-reported mea-

sures of HRQOL.26 The 5 stages were (1) assessing the dimensional

structure of the CFQ-R using factor and Rasch analyses, (2) iden-

tifying suitable items for the health state classification system

using classical psychometric analyses, (3) using clinical and

participant input to assess the face validity of the CFQ-R items and

dimensions selected in stage 2, (4) valuation of the health states

by members of the general public, and (5) developing the scoring

algorithm for the classification system using regression modeling.

The first 3 stages used existing clinical trial data (described

below), whereas the latter 2 stages used primary data collected for

this study. Rasch analysis was conducted using RUMM2030

(RUMMlab Pty Ltd, Perth, Australia)27; all other analyses were

conducted using Stata 14.2 (StataCorp, College Station, TX).28

Cystic Fibrosis Questionnaire-Revised

The CFQ-R (adult and adolescent version) includes 50 items

assessing 12 dimensions scored on 4-point Likert scales, including

frequency (always to never), intensity (a great deal to not at all),

difficulty (a lot of difficulty to no difficulty), and true-false (very

true to very false). Dimensions are scored as the average across all

items and rescaled on a 0 to 100 scale where higher scores indi-

cate better HRQOL.

Clinical Trial Data

To facilitate selection of dimensions and items, we used data

from 4 randomized, double-blind, placebo-controlled clinical

trials designed to evaluate novel CF medications that included

the adult and adolescent version of the CFQ-R (EVOLVE

[NCT02347657], EXPAND [NCT02392234], TRAFFIC

[NCT01807923], and TRANSPORT [NCT01807949]); full de-

scriptions of trial designs have been published.29-31 In brief, the

trials enrolled participants aged $ 12 years with CF homozygous

for the F508del-CFTR mutation or heterozygous for F508del-CFTR

and a residual function mutation, who were randomized to active

treatment versus placebo. The primary outcome was percent

predicted forced expiratory volume in 1 second (ppFEV1), a

measure of lung function. Only participants who were adminis-

tered the CFQ-R adult and adolescent version (ie, those aged $ 14

years) were included in this analysis. Three trials had a 24-week

intervention period and were used for the main analysis; the

EXPAND trial, a crossover trial with 2 intervention periods of 8

weeks, was used to replicate the main-item selection analysis. All

analyses were conducted by analysts blinded to treatment

assignment to ensure item selection was driven by item perfor-

mance independent of treatment effect. Data included clinical

outcomes and other patient-reported measures, such as ppFEV1,

number of pulmonary exacerbations, and the patient-reported

Cystic Fibrosis Respiratory Symptom Diary (CFRSD).32

Assessment of the Dimensional Structure

The dimensional structure of the CFQ-R was assessed using

exploratory factor analysis with the principal-components

method and Rasch analysis33 to identify potential health di-

mensions and their associated items. Factor analysis can be used

to identify dimensional structures, whereas Rasch models allow

unidimensional estimates of item location and ability to be made.

Results from factor analysis were assessed based on eigenvalues

. 1 (including review of scree plots), assessment of contribution

of items to each factor and whether they contributed . 1 factor

(range 0-1 with higher values indicating greater contribution), and

assessment of measurement error based on uniqueness where a

value . 0.6 indicated that an item may reflect other information

not captured in the dimension (see Supplemental Methods found

at https://doi.org/10.1016/j.jval.2022.12.002 for further details).

Rasch analysis was undertaken for identified items in each factor

to assess whether all items fit based on assessment of the re-

siduals to identify potential divergence and assessment of local

dependency (ie, where there was . 1 item measuring the same

construct in the factor) (see Supplemental Methods found at

https://doi.org/10.1016/j.jval.2022.12.002 for further details).

Items excluded at this stage were those that did not contribute to

the identified factors or that showed evidence of local dependency

or divergence in the Rasch analysis. Items that were optional and

those relating to general health were excluded.
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Item Selection

To identify items best representing each dimension, a combi-

nation of classical psychometric analysis and Rasch analysis was

used (see Supplemental Methods found at https://doi.org/10.1016/

j.jval.2022.12.002 for further details on item selection methods).

Classical psychometric criteria were applied to each item in the

CFQ-R using the following metrics: level of missing data, distri-

bution of response across categories (floor and ceiling effects),

correlation of item to its own dimension, and responsiveness

(standardized response mean [SRM]) to change over time based

on improved ppFEV1.
34 Rasch analysis was used to assess the

performance of individual items. Items that did not fit the model,

did not cover the full range of severity, had disordered response

choices, or had differential item functioning were candidates for

exclusion from the health state classification system.34 Item

wording was required to be suitable for TTO valuation (eg, re-

sponses such as “somewhat true” vs “somewhat false” were not

concrete enough, and items that combine concepts, such as rating

walking function by level of tiredness, were not sufficiently

independent).

Assessment of Face Validity of the Classification System

The face validity of the proposed items and dimensions was

assessed in interviews with clinicians and individuals with CF to

ensure that selected items and dimensions were important, were

relevant, and represented dimensions that may change after an

effective treatment. Four clinicians practicing in Australia, Canada,

the United Kingdom, and the United States and 5 individuals with

CF (2 from the United Kingdom, 2 from Australia, and 1 from

Canada) participated in the validation process.

Health State Selection and Valuation

Not all possible health states from the classification system

could be valued because of the many possible combinations of

items; therefore, a subset of health states was valued and used to

model the utilities for the complete classification system. An

orthogonal array was generated using IBM SPSS statistics version

21, which selected 32 health states for valuation, including the

best state (“full health”). The “full health” state was anchored on 1

as the combination of items in the CFQ-R classification system in

which no problems were recorded in any dimension, leaving 31

states to be valued. The worst health state was valued by all par-

ticipants. Each state was valued by multiple respondents; never-

theless, asking respondents to value all states would be

excessively burdensome. Therefore, the states were allocated to 4

sets containing mild, moderate, and severe health states, with

each respondent valuing 1 set of 8 or 9 health states. To avoid bias,

no reference to CF was made in the interview. Once the health

states for valuation were selected, cognitive debriefing interviews

were conducted with 5 members of the UK general population to

evaluate face validity of the states and understanding of the task.

The valuation sample was recruited from a UK general popu-

lation research panel, aiming to reflect the most recent UK census

population demographics.35 The interviews were conducted face

to face by 20 trained interviewers across 5 regions of the United

Kingdom (Birmingham, Glasgow, Manchester, London, Swansea)

in 2018. At the start of the interview, participants were shown the

items and an example health state. Afterward, participants

completed visual analog scale tasks and TTO tasks, first for 2

practice health states and then for the assigned CFQ-R health state

set. If the interviewer felt a participant did not understand or

engage with the practice task, they did not continue to complete

the main study health state exercise. For the visual analog scale

task, participants were asked to rate the presented health states,

plus the best state and “dead,” from 0 (very worst or least

preferred) to 100 (very best) to familiarize themselves with the

states they were valuing. Participants then completed the TTO, a

standardized interview method for valuing health states to

generate utility estimates.36,37 The method was designed to

determine the point at which participants considered 10 years in

the target health state to be equivalent (or they were indifferent)

to the prospect of x years in full health. Time in full health was

varied between high and low values, changing by 6-month in-

tervals, until this point of indifference was reached. If a participant

indicated that they believed that being dead was preferable to any

time living in a health state, the interviewer switched to a lead-

time TTO exercise,38 which asked participants whether they

would prefer to live for 10 years in full health followed by 10 years

in a health state or to live for x years of full health (where x , 10).

This lead-time procedure allowed the participant to trade more

years of life to determine how much worse than dead they

considered the health state to be and to estimate a utility below

zero (worse than dead). Participants also completed sociodemo-

graphic information, experience of illness (their own or family and

friends), and EQ-5D-5L (scored using UK population weights39).

Before conducting the valuation study, the study protocol was

reviewed and determined exempt from ethical review re-

quirements by an independent review board in the United States

(Western Institutional Review Board); nevertheless, an informed

consent was still collected before interview participation.

Development of Scoring Algorithm

Data were reviewed before analysis and flagged for exclusion if

responses were considered to reflect either a lack of under-

standing or engagement or if there were inconsistencies (ie, more

severe states were given higher utilities than milder states). Re-

sponses were flagged if participants assigned (1) the same value

for all states (except where all values are 1 [ie, full health]), (2) the

worst state the highest TTO value, and (3) all states values rep-

resenting worse than dead (, 0). Estimation was undertaken with

exclusions and robustness of results assessed the full data set

without exclusions.

To produce utilities for every health state defined by the

classification system, the utilities were modeled using regression

analysis. The standard specification was:

yij ¼ f ðXdlbÞ1ε
s
ij

where i = 1,2.n represented individual health states and j =

1,2.m represented respondents. The dependent variable yij was

TTO disutility (1-TTO value) for health state i valued by respondent

j, and Xdl was a vector of dummy explanatory variables for each

level l of dimension d of the classification system. Level l = 1 acted

as a baseline for each dimension, and εij was the error term. The

error term εij ¼ uj1 eij could be divided into uj the individual

random effect and eij the random error term for the ith health

state valuation of the jth individual. There was no constant term

because full health was defined as best CFQ-R health state (ie,

11111111).

Models were estimated using tobit models with robust stan-

dard errors clustered on participants with censoring at 21. This

accounts for censored data at21; respondents may want to assign

a value below 21, but this was not possible in the LT-TTO protocol

used. Use of robust standard errors clustered on participants
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accounted for multiple observations and had an impact on the

standard errors but not the coefficients. Random effects (RE) tobit

models were estimated to take into account differences at the

individual level given that these models appropriately dealt with

the structure of the data in which each respondent had multiple

observations.24 Mean-level models using tobit with robust stan-

dard errors clustered on participants were also estimated, given

that they reduced the impact of outliers in health state utilities

present in individual-level data. Tobit models that accounted for

heteroscedasticity were also estimated given that TTO data typi-

cally have larger variance for more severe states. A test for het-

eroscedasticity in the linear model confirmed this. Inconsistent

coefficients for adjacent severity levels of a dimension (eg, moving

from “sometimes” to “often” experiencing a health problem)

where health deterioration leads to a higher utility were contrary

to expectations. To address this issue, models were also estimated

that merged inconsistent adjacent severity levels to remove these

inconsistencies to ensure that a health deterioration leads to a

lower utility score.

Performance of regression models was assessed using the

number of significant (P , .05) and nonsignificant coefficients,

the consistency of the coefficients with the classification system,

and mean absolute error (MAE) at the health state level. MAE

was generated using the difference between observed and

predicted utilities at the health state level, and models with a

lower MAE were preferred. The Akaike information criterion

and Bayesian information criterion were also examined, with

lower values indicating a more preferred model. Predicted

values, observed values, and errors by health states were

plotted and examined for patterns that would indicate predic-

tive inconsistency across states. The final model was selected

through consideration of both logical consistency of coefficients

and predictive performance.

Results

Selection of CFQ-R Classification System

Baseline participant demographics and clinical characteristics

are presented in Table 1. The 3 participant data sets used for the

main analysis (EVOLVE, TRAFFIC, and TRANSPORT) were similar in

terms of age, sex distribution, and ppFEV1, whereas EXPAND had a

higher mean age and slightly higher percentage of female

participants.

As summarized in Table 2, factor analysis (Appendix Tables 1

and 2 and Appendix Fig. 1 in Supplemental Materials found at

https://doi.org/10.1016/j.jval.2022.12.002) identified 10 indepen-

dent factors. Rasch and psychometric analyses plus consideration

of item wording reduced these to 8 independent factors and the

item pool for consideration from 50 items to 12 items: physical

functioning (1 item, phys4), vitality (2 items, vital9 and vital11),

emotional functioning (2 items, emot7 and emot12), role func-

tioning (2 items, role36 and role37), respiratory symptoms (2

items, resp41 and resp45), body image (1 item, body26), digestive

symptoms (1 item, digest49), and treatment burden (1 item,

treat15). Results from the psychometric and Rasch analyses are

presented in Appendix Tables 3 to 13 and Appendix Figure 2 in

Supplemental Materials found at https://doi.org/10.1016/j.jval.2

022.12.002.

In summary, the psychometric analysis found that the level of

missing data in the data sets was low; therefore, this criterion was

not used for item selection. Evidence of ceiling effects was

observed for some items, but none had floor effects. Most items

(all but 1) had strong correlations (r . 0.5) with their related

dimension score across all the dimensions. SRMs were generally

very small (# 0.2), indicating that the items were not responsive.

The main exceptions were in the respiratory symptoms

Table 1. Baseline demographics and clinical characteristics of participants in each clinical trial (pooled treatment arms).

Sample characteristics Trial

TRAFFIC and TRANSPORT (N = 1009)* EVOLVE (N = 455)† EXPAND (N = 235)‡

Age, mean (SD), years 26.18 (9.29) 27.75 (9.82) 35.69 (13.79)

Female, n (%) 488 (48.4) 218 (47.9) 130 (55.3)

BMI, mean (SD) 21.50 (2.88) 21.36 (2.78) 24.33 (5.04)

ppFEV1, mean (SD) 59.60 (13.55) 58.50 (14.60) 61.78 (14.34)

CFQ-R dimension score, mean (SD)§

Body image 77.50 (22.22) 76.75 (22.26) 83.59 (17.83)
Digestive 83.49 (16.78) 82.30 (16.52) 84.59 (16.59)
Eating problems 92.31 (15.10) 90.79 (17.25) 93.33 (14.02)
Emotion 82.73 (15.27) 82.52 (16.21) 80.71 (16.26)
Health perceptions 66.88 (20.56) 64.57 (20.83) 64.82 (21.16)
Physical functioning 79.35 (20.21) 77.24 (21.43) 71.33 (23.03)

Respiratory symptoms 68.14 (16.97) 69.37 (16.47) 67.31 (17.50)
Role functioning 84.43 (16.23) 83.92 (16.90) 82.60 (17.16)
Social functioning 73.78 (16.89) 73.27 (16.68) 68.33 (18.55)
Treatment burden 56.55 (19.27) 60.32 (19.49) 63.17 (22.11)
Vitality 64.46 (17.43) 63.40 (18.29) 59.89 (18.41)
Weight 74.54 (33.80) 75.24 (31.63) 87.38 (23.60)

SF-6D/EQ-5D score, mean (SD) 0.93 (0.10) 0.80 (0.12) 0.79 (0.12)

SF-6D/EQ-5D score, median (range) 1 (0.45-1) 0.80 (0.53-1) 0.80 (0.41-1)

BMI indicates body mass index; CFQ-R, Cystic Fibrosis Questionnaire-Revised; ppFEV1, percent predicted forced expiratory volume in 1 second; SF-6D, Short Form-6
dimension survey.
*Up to 23 participants had missing data for some outcomes.
†Up to 3 participants had missing data for some outcomes.
‡One participant had missing data for some outcomes.
§Scores range from 0 to 100, with higher scores indicating a higher patient-reported quality of life with regard to the specified dimension.
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Table 2. Summary of findings from factor, psychometric, and Rasch analysis and assessment of wording.

Item* Item question Response
options

Dimension Psychometrics Rasch Wording For
consideration

Physical functioning

phys1 Performing vigorous
activities such as
running or playing
sports

A lot, some, a little, no
difficulty

Physical üü ü X X

phys2 Walking as fast as others A lot, some, a little, no
difficulty

Physical üü X X X

phys3 Carrying or lifting heavy
things such as books,
shopping, or school bags

A lot, some, a little, no
difficulty

Physical ü ü X X

phys4† Climbing 1 flight of stairs A lot, some, a little, no
difficulty

Physical ü üü üü üü

phys5 Climbing stairs as fast as
others

A lot, some, a little, no
difficulty

Physical ü X X X

phys13 To what extent do you
have difficulty walking?

A long time without
getting tired, a long time
but tired, cannot walk a
long time as get tired
quickly, avoid walking as
too tiring

Physical üü üü X X

phys19 I have trouble
recovering after physical
effort.

Very true, somewhat
true, somewhat false,
very false

Cross-loading üü X X X

phys20 I have to limit vigorous
activities such as
running or playing
sports.

Very true, somewhat
true, somewhat false,
very false

Physical üü üü X X

Vitality
vital6 You felt well. Always, often

sometimes, never
NA‡ NA NA NA NA

vital9 You felt tired. Always, often
sometimes, never

Vitality üü X üü üü

vital10 You felt full of energy. Always, often
sometimes, never

Cross-loading üü üü X X

vital11† You felt exhausted. Always, often
sometimes, never

Vitality üü X üü üü

Emotional functioning
emot7† You felt worried. Always, often

sometimes, never
Emotion üü X üü üü

emot8 You felt useless. Always, often
sometimes, never

Emotion X üü üü X

emot12† You felt sad. Always, often
sometimes, never

Emotion üü X üü üü

emot31 I often feel lonely. Very true, somewhat
true, somewhat false,
very false

Emotion üü ü X X

emot33 It is difficult to make
plans for the future (eg,
going to college, getting
married, getting
promoted at work).

Very true, somewhat
true, somewhat false,
very false

Role X NA X X

Role functioning
role35 To what extent did you

have trouble keeping up
with your schoolwork,
professional work, or
other daily activities
during the past 2 weeks?

No trouble, been able
but difficult, behind, not
able to do at all

Role ü üü X X

role36† How often were you
absent from school,
work, or unable to
complete daily activities
during the last 2 weeks
because of your illness
or treatments?

Always, often
sometimes, never

Role X X üü ü

continued on next page
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Table 2. Continued

Item* Item question Response
options

Dimension Psychometrics Rasch Wording For
consideration

role37 How often does CF get in
the way of meeting your
school, work, or
personal goals?

Always, often
sometimes, never

Role üü üü X ü

role38 How often does CF
interfere with getting
out of the house
to run errands such as
shopping or going to the
bank?

Always, often
sometimes, never

Role üü X X X

Social functioning
social22 I have to stay at home

more than I want to.
Very true, somewhat
true, somewhat false,
very false

Role NA NA X X

social23 I feel comfortable
discussing my illness
with others.

Very true, somewhat
true, somewhat false,
very false

Social X NA X X

social27 People are afraid that I
may be contagious.

Very true, somewhat
true, somewhat false,
very false

Social üü X X X

social28 I get together with my
friends a lot.

Very true, somewhat
true, somewhat false,
very false

Cross-loading üü X X X

social29 I think my coughing
bothers others.

Very true, somewhat
true, somewhat false,
very false

Social üü X X X

social30 I feel comfortable going
out at night.

Very true, somewhat
true, somewhat false,
very false

Cross-loading NA NA X X

Respiratory symptoms
resp40 Have you been

congested?
A great deal, somewhat,
a little, not at all

Respiratory üü ü X X

resp41† Have you been coughing
during the day?

A great deal, somewhat,
a little, not at all

Respiratory üü ü üü üü

resp42 Have you had to cough
up mucus?

A great deal, somewhat,
a little, not at all

Respiratory üü ü X X

resp43 Has your mucus been
mostly: [optional
question from 42]

Clear, clear to yellow,
yellowish-green, green
with traces of blood,
don’t know

NA‡ NA NA NA NA

resp44 Have you been
wheezing?

Always, often
sometimes, never

Respiratory X üü X X

resp45† Have you had trouble
breathing?

Always, often
sometimes, never

Cross-loading üü ü üü üü

resp46 Have you woken up
during the night because
you were coughing?

Always, often
sometimes, never

Respiratory üü üü X X

Eating problems
eat14 How do you feel about

eating?
Thinking about food
makes you feel sick,
never enjoy, sometimes
able to enjoy, always
enjoy

Eating X NA X X

eat21 I have to force myself to
eat.

Very true, somewhat
true, somewhat false,
very false

Eating X NA X X

eat50 Have you had eating
problems?

Always, often
sometimes, never

Eating X NA X X

Body image
body24 I think I am too thin. Very true, somewhat

true, somewhat false,
very false

Body üü ü X X

body25 I think I look different
from others my age.

Very true, somewhat
true, somewhat false,
very false

Cross-loading üü ü X X

continued on next page
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dimension, where response means were small to moderate in the

confirmatory analysis conducted on the EXPAND data for all res-

piratory symptoms items (. 0.2 to 0.6). Correlations between the

items and ppFEV1, number of pulmonary exacerbations, and body

mass index were generally weak and were therefore not used to

support item selection. The CFRSD was mainly focused on respi-

ratory symptoms, with 1 item on tiredness. Correlations between

the CFRSD and CFQ-R respiratory symptoms items ranged from r =

0.37 to 0.63. Correlations between the CFRSD and CFQ-R vitality

items ranged from r = 0.43 to 0.52.

Of the 12 items identified for consideration, 9 were selected for

clinician and participant validation. The role functioning “impact

on daily activities” item (role36) was selected over the “goals”

item (role37), and vitality “exhaustion” (vital11) was selected over

“tiredness” (vital9) because of the more concrete concepts refer-

enced in the former items, despite the role36 item not having the

strongest psychometric performance of all role items. Further-

more, the treatment burden item was removed because of

conceptual overlap with the role functioning item. Given that

worry (emot7) and sadness (emot12) were both considered rele-

vant and had the same response options, these items were com-

bined to represent the emotion dimension (in line with the EQ-5D

anxiety/depression dimension). Finally, the response option

wording for the body image item (body26; very true, somewhat

true, somewhat false, very false) was judged to be conceptually

complex and was therefore dichotomized to a true or false

response.

Assessment of Face Validity

The selection of the 9 of 12 items outlined earlier was endorsed

by all individuals with CF and clinicians, and all proposed items in

the classification outlined in Appendix Table 14 in Supplemental

Materials found at https://doi.org/10.1016/j.jval.2022.12.002 (see

example health state in Fig. 1) were considered valid and relevant

by CF clinicians and participants interviewed. Because cough and

breathing difficulties were judged to be relatively independent,

Table 2. Continued

Item* Item question Response
options

Dimension Psychometrics Rasch Wording For
consideration

body26† I feel bad about my
physical appearance.

Very true, somewhat
true, somewhat false,
very false

Cross-loading üü üü X ü

Digestive symptoms
digest47 Have you had problems

with wind?
Always, often
sometimes, never

Digestive üü ü X X

digest48 Have you had diarrhea? Always, often
sometimes, never

Digestive X üü üü X

digest49† Have you had
abdominal pain?

Always, often
sometimes, never

Digestive üü ü üü ü

Weight
weight39 Have you had trouble

gaining weight?
A great deal, somewhat,
a little, not at all

Body X X X X

Treatment burden

treat15 To what extent do your
treatments make your
daily life more difficult?

Not at all, a little,
moderately, a lot

Treatment üü üü ü ü

treat16 How much time do you
currently spend each
day on your treatments?

A lot, some, a little, not
at all

Treatment/Role üü üü X X

treat17 How difficult is it for you
to do your treatments
(including medications)
each day?

Not at all, a little,
moderately, very
difficult

Treatment üü üü X X

Health perceptions
health18 How do you think your

health is now?
Excellent, good, fair,
poor

NA‡ NA NA NA NA

health32 I feel healthy. Very true, somewhat
true, somewhat false,
very false

NA‡ NA NA NA NA

health34 I lead a normal life. Very true, somewhat
true, somewhat false,
very false

NA‡ NA NA NA NA

Note. X Psychometrics: ceiling effects (. 70%) and low correlation with dimensions scores.
X Rasch: poorly fitting items/not ordered in response levels/differential item functioning in age or sex.
X Wording: not amenable to valuation/too narrow to represent dimension.
ü Borderline ceiling effects; differential item functioning in age or sex only.
üü Item included.
CF indicates cystic fibrosis; CFQ-R, Cystic Fibrosis Questionnaire-Revised; NA, not applicable.
*Items labeled based on original measure; prefix represents original dimension, and number represents order in the CFQ-R: phys, physical functioning; vital, vitality;
emotion, emotional functioning; role, role functioning; social, social functioning; resp, respiratory symptoms; eat, eating problems; body, body image; digest,
digestive symptoms; weight, weight; treat, treatment burden; health, health perceptions.
†Included in the health state classification.
‡Item was not included for consideration of dimension because it is a global item and cannot be included in a classification system.
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these items were treated as independent concepts for the valua-

tion, resulting in 8 dimensions: physical functioning, vitality,

emotion, role functioning, breathing difficulty, cough, abdominal

pain, and body image.

Valuation Results

After cognitive debriefing interviews (n = 5) to check the un-

derstanding and interpretability of the health states, a total of 400

TTO interviews were conducted (see Appendix Figure 3 in

Supplemental Materials found at https://doi.org/10.1016/j.jval.2

022.12.002). Of the total sample, 14 TTO interviews were

excluded for valuing all states as identical (but not at full health);

38 respondents were excluded for valuing the worst health state

as equivalent to their highest TTO value; and 7 respondents were

excluded for valuing all health states as worse than being dead.

The main analyses focused on 345 respondents with robustness

analyses using the full sample; data for the practice states were

not analyzed.

The analysis sample did not meaningfully differ, based on

measured characteristics, from the overall sample and was com-

parable with the most recent UK population census data in terms

of sex, age, and ethnicity (Table 321,40).

The TTO values for all health states that were directly

valued are presented in Appendix Table 15 in Supplemental

Materials found at https://doi.org/10.1016/j.jval.2022.12.002.

Mean and median values did not vary substantially across

states, apart from the best and worst health states that were

valued. The SDs were large, indicating variation in the indi-

vidual valuations.

Development of the Scoring Algorithm

Estimates of preference weights based on tobit, RE tobit, and

mean-level models using tobit with and without accounting for

heteroscedasticity are presented in Table 4. Models with a con-

stant term were also tested, but the constants were not statisti-

cally significant and did not improve the model fit statistics. The

coefficients were all positive as expected, indicating that less than

full health resulted in an increase in disutility. Regression co-

efficients were logically consistent in most dimensions (ie,

disutility values increased as severity increased), but where the

levels within a dimension were disordered (eg, levels 3 and 4 for

role functioning in the RE tobit model), levels were combined to

generate a logically consistent (ordered) model.

All models better predicted mean disutility for each health

state at the more severe end than at the milder end, indicating a

relationship between error and predictive ability (Fig. 2). MAEs

ranged from 0.025 to 0.039. Across the 31 health states, 5 to 12

had MAE . 0.05, and only 1 was . 0.1, indicating small levels of

error at the health state level and thus good predictive ability

(Table 4).

Figure 1. Example health state. Example of 1 health state; 31
health states were evaluated.

You have a little difficulty climbing 1 flight of stairs

You sometimes feel exhausted

You sometimes feel worried or sad

You sometimes have trouble breathing

You cough a little during the day

You never have abdominal pain

You feel bad about your physical appearance

You are able to complete daily activities

Table 3. TTO sample demographics and equivalent UK general population census data.

Demographics Full sample (N = 400) Analysis set (n = 345) UK general population
census data40

Age, mean (SD), years 47.3 (16.0) 46.5 (16.1) –

Age distribution, n (%)
18-40 years 140 (35.3) 129 (37.7) 37.5
41-64 years 173 (43.6) 146 (42.7) 41.6
$ 65 years 84 (21.2) 67 (19.6) 20.9

Female sex, n (%) 199 (49.8) 173 (50.1) 51.4

White British, n (%) 341 (85.3) 295 (85.5) 87.8

Employment status, n (%)

Employed or self-employed 271 (67.8) 236 (68.6) 61.9
Unemployed 29 (7.3) 24 (7.0) 4.4
Full-time student 16 (4.0) 16 (4.7) 5.8
Retired 63 (15.8) 52 (15.1) 13.8

Highest education, n (%)
Secondary school 150 (37.5) 127 (37.1) 28.5
Technical/vocational qualifications* 130 (33.0) 118 (34.2) NA
Completed university 46 (11.5) 38 (11.1) 27.2

Experience of a serious illness: yes, n (%)† 161 (40) 137 (40) NA

EQ-5D-5L score, mean (SD) 0.81 (0.25) 0.81 (0.25) 0.86‡

EQ-5D-5L indicates 5-level version of EQ-5D; NA, not applicable; TTO, time trade-off.
*Equivalent to secondary school or university qualification.
†Yourself, a family member, or someone you provided care for.
‡UK population norm.21
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The final preferred model, selected through consideration of

logical consistency of coefficients, predictive performance, and the

ability to reflect variation at the individual level, was the tobit

heteroscedastic–ordered model, with a predicted range of health

state utilities from 0.236 to 1 for the CFQ-R-8-dimension scoring

algorithm (CFQ-R-8D). Based on the worst level, the dimension

with the largest disutility was breathing difficulty (0.1268)

whereas body image had the smallest disutility (0.028). The Stata

code used to generate utility values is provided in the Supplement

found at https://doi.org/10.1016/j.jval.2022.12.002.

Results based on the full sample had more nonsignificant co-

efficients (3 compared with 1 in the tobit heteroscedastic model;

Appendix Table 16 in Supplemental Materials found at https://doi.

org/10.1016/j.jval.2022.12.002) although this was reversed for

other models (eg, tobit model), and there was also some evidence

of slightly more inconsistencies.

Discussion

Here we describe the development of the CFQ-R-8D, a novel

preference-based scoring algorithm that allows utilities to be

estimated for use in economic evaluations based on patient-

reported CFQ-R data. The final classification system has 8

Table 4. Models estimating preference weights based on disutility.

Dimension
level

Tobit Tobit
ordered

RE
tobit

RE tobit
ordered

Mean
tobit

Mean
tobit
ordered

Tobit
het

Tobit
het
ordered

Disutility

Physical functioning: reference—you have no difficulty climbing 1 flight of stairs

A little difficulty 0.0351 0.0351 0.0458* 0.0467* 0.0324† 0.0325† 0.0421* 0.0409‡

Some difficulty 0.0644† 0.0645† 0.0579† 0.0588† 0.0684† 0.0687† 0.0603† 0.0593†

A lot of difficulty 0.1062† 0.1063† 0.0962† 0.0960† 0.1035† 0.1033† 0.1044† 0.1036†

Role functioning: reference—you are able to complete daily activities
Sometimes unable 0.0471* 0.0472* 0.0146 0.0164 0.0568† 0.0570† 0.0485* 0.0482*
Often unable 0.0955† 0.0955† 0.0901† 0.0859† 0.0937† 0.0938† 0.0874† 0.0883†

Always unable 0.1056† 0.1058† 0.0812† 0.0859† 0.0997† 0.0996† 0.1091† 0.1081†

Emotion: reference—you never feel worried or sad
Sometimes 0.0579† 0.0578† 0.0676† 0.0669† 0.0643† 0.0644† 0.0619† 0.0631†

Often 0.0971† 0.0971† 0.0922† 0.0912† 0.1064† 0.1040† 0.0951† 0.0960†

Always 0.0991† 0.0992† 0.1134† 0.1112† 0.1018† 0.1040† 0.1038† 0.1041†

Vitality: reference—you never feel exhausted
Sometimes 0.0434† 0.0433† 0.0419* 0.0423* 0.0495† 0.0495† 0.0409* 0.0396*
Often 0.0719† 0.0720† 0.0746† 0.0753† 0.0703† 0.0705† 0.0743† 0.0708†

Always 0.1105† 0.1105† 0.1075† 0.1080† 0.0994† 0.0992† 0.1074† 0.1083†

Breathing difficulty: reference—you never have trouble breathing
Sometimes 0.0492‡ 0.0490‡ 0.0472‡ 0.0460* 0.0632† 0.0632† 0.0502* 0.0515*
Often 0.0702† 0.0702† 0.0799† 0.0793† 0.0722† 0.0723† 0.0701† 0.0700†

Always 0.1317† 0.1315† 0.1277† 0.1270† 0.1254† 0.1250† 0.1257† 0.1268†

Cough: reference—you do not cough during the day
A little 0.0204 0.0204 0.0273 0.0272 0.0260† 0.0262† 0.0217 0.0250
Sometimes 0.0368‡ 0.0369‡ 0.0280‡ 0.0283‡ 0.0451† 0.0454† 0.0407* 0.0426*
A great deal 0.0966† 0.0965† 0.0893† 0.0887† 0.0911† 0.0908† 0.1014† 0.1003†

Abdominal pain: reference—you never have abdominal pain
Sometimes 0.0598† 0.0551† 0.0613† 0.0594† 0.0624† 0.0574† 0.0664† 0.0586†

Often 0.0506† 0.0551† 0.0582† 0.0594† 0.0523† 0.0574† 0.0525† 0.0586†

Always 0.0843† 0.0843† 0.1089† 0.1082† 0.0685† 0.0682† 0.0850† 0.0847†

Body image: reference—you do not feel bad about your physical appearance

You do 0.0309* 0.0309* 0.0334† 0.0332† 0.0275† 0.0273† 0.0278* 0.0280*
Not significant 4 4 3 3 0 0 1 1
Inconsistent 1 0 2 0 2 0 1 0
AIC 4 049 4047 2 743 2 739 212038 212003 3835 3841
BIC 4 188 4180 2 887 2 872 211899 211876 4106 4099

MAE 0.033 0.033 0.039 0.039 0.025 0.025 0.032 0.032
MAE . 0.05 6 6 11 12 6 6 6 5
MAE . 0.1 0 0 0 0 0 0 1 0
Values at:
22222221 0.687 0.692 0.694 0.695 0.645 0.650 0.668 0.673
44444442 0.235 0.235 0.242 0.242 0.283 0.283 0.235 0.236
33333332 0.483 0.478 0.486 0.489 0.464 0.461 0.492 0.486

AIC indicates Akaike information criterion; BIC, Bayesian information criterion; het, heteroscedasticity; MAE, mean absolute error; RE, random effects.
*P , .05.
†P , .01.
‡P , .1.
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dimensions: physical functioning, vitality, emotion, role func-

tioning, breathing difficulty, cough, abdominal pain, and

body image, representing a broad range of the HRQOL impacts

in CF included in the CFQ-R adolescent/adult version and

endorsed as meaningful and relevant by people with CF and

clinicians.

In TTO interviews, most of the states valued were considered to

be better than dead, with only 5.5% of the TTO values , 0 and 6%

at 0. These results are comparable with the recent EQ-5D-5L En-

gland valuation, where 5.1% were valued as worse than dead, and

the US valuation where 5.1% were valued at 0.41,42 Unlike the

EuroQol Valuation Technology protocol used to value the EQ-5D-

5L,42 not all participants were shown both the worse than dead

and better than dead procedure; participants were only shown the

worse than dead procedure if their preferences took them there. It

is unknown whether this may have affected responses, but it is

difficult to reason why knowing how a health state is valued as

worse than dead would affect participants’ responses in the better

than or worse than dead TTO choice. Overall, a few outliers were

seen in the TTO data, but at the health state level, mean TTO values

did not vary widely, with most values between 0.5 and 0.6. This

lack of variability may reflect the mix of severity levels across

dimensions in each health state that was valued. It may also reflect

the challenge of valuing 8 dimensions using TTO; nevertheless,

international protocols for longer and more complex approaches

have been successfully implemented (eg, EORTC QLU-C10D).43

The tobit models that were estimated all had coefficients with

the expected sign and most were statistically significant at the 10%

level, but all had inconsistencies. The tobit heteroscedastic–

ordered model was selected because it addressed the problem of

heteroscedasticity and only had 1 inconsistency. The values

ranged from 0.236 to 1, which is a smaller range than the UK EQ-

5D-3L (20.594 to 1).18

Before development of the CFQ-R-8D, a study was undertaken

to estimate utilities in CF based on a mapping algorithm linking

CFQ-R data to the 3-level version of the EQ-5D (EQ-5D-3L).23 Ev-

idence from this study suggested that the EQ-5D-3L may not be

sensitive to meaningful changes in health status in the CF popu-

lation. The core respiratory dimension of the CFQ-R was not a

significant predictor of EQ-5D-3L utility and thus not included in

the mapping algorithm. Perhaps not surprisingly, utilities esti-

mated from the algorithm showed limited ability to discriminate

between groups classified based on lung function. The CFQ-R-8D

reflects a broad range of CF-specific health dimensions included

in the CFQ-R, which is a well-validated and widely used measure

to evaluate treatment benefit in CF. Although the CFQ-R-8D uses a

subset of the CFQ-R items in the scoring algorithm, as is generally

necessary for scoring algorithms, this specificity does not suggest

that the full CFQ-R should not be administered. Capturing the full

impact of CF on HRQOL provides important evidence outside

economic evaluation.

Limitations of the current work should be highlighted. Four

trial data sets were used to select items for the classification

system, and although the use of multiple data sets and larger

combined sample size was advantageous in this context, all 4

samples included clinical trial participants for whom severity of CF

may have been different from that in a typical CF population

because of study inclusion criteria. In addition, most items

demonstrated only small SRMs, the notable exceptions being the

respiratory items, and thus may not reflect their performance in

other CF populations. As such, the items selected here ideally

should be validated in another setting, such as a registry or

observational study. The TTO sample was drawn from the UK

population to reflect UK societal values as recommended by

agencies, including the National Institute for Health and Care

Excellence.44 To use this classification system in another country,

it may be desirable to repeat the TTO valuation and algorithm

estimationwith a local population; nevertheless, UK valuations for

utility measures may be acceptable where local weights are

unavailable.45

Interviewers were trained, but there were no specific built-in

interviewer quality checks during the data collection process,

and the number of interviewers and variability in number of

interviews conducted may have affected data quality. Notably, 5

interviewers did not record values , 0, but because they

equally did not record many values at zero (1 interviewer

recorded 3 values at zero, whereas the others recorded none),

this was not considered in the modeling. Therefore, data quality

issues were addressed using exclusions where poor under-

standing in the TTO was indicated by the TTO responses. A

substantial number of TTO participants (n = 55; 13.8%) were

excluded from the analysis because of low data quality, sug-

gesting some participants had difficulty with the valuation ex-

ercises that was not identified in the cognitive interviews or by

the interviewer. In addition, some respondents may have found

it difficult to assess 8 dimensions that may have led to heu-

ristics such as focusing on some of the dimensions and not

others. Nevertheless, the full sample and analysis TTO set were

comparable, based on measured demographic characteristics,

and the analysis set was comparable with the most recent UK

population census data. Given the number of health states

required for the TTO valuation, each participant valued only 1 of

the 4 blocks of health states, which may have added systematic

variability; nevertheless, having participants value all states

would have risked data quality, and the approach taken here

reflects that which was used in previous valuations (eg, EQ-5D).

Finally, evidence is required about how the new measure

compares to measures such as EQ-5D in the context of eco-

nomic evaluation and quality-adjusted life-year estimation.

Conclusions

The CFQ-R-8D allows direct estimation of CF-specific utilities

from the CFQ-R, a well-validated measure that is used widely in CF

clinical trials and clinical practice, thus enabling utilities for use in

cost-effectiveness analyses to be generated from any existing or

future CFQ-R data set. The ability to adequately capture the HRQOL

Figure 2. Mean observed and predicted disutility by health state.

Het indicates heteroscedastic; RE, random effects; Tbt, tobit.
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in this population using a metric suitable for economic evaluation

is essential to demonstrating the potential benefit and value of

new CF treatments. An evaluation of the psychometric perfor-

mance of the CFQ-R-8D compared with the generic EQ-5D-3L and

Short Form-6 Dimension survey is ongoing.46

Supplemental Material

Supplementary data associated with this article can be found in the

online version at https://doi.org/10.1016/j.jval.2022.12.002.
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