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Abstract
Objective  This study aimed to compare the psychometric performance of the Cystic Fibrosis Questionnaire–
Revised–8 Dimensions (CFQ-R-8D), a new, condition-specific, preference-based measure, with that of generic 
preference-based measures EQ-5D-3L and Short Form 6 dimensions (SF-6D).

Methods  Data from three trials of participants with CF aged ≥ 14 years who completed the CFQ-R and EQ-5D-3L 
or SF-6D were used. Analyses were undertaken to evaluate convergent validity based on correlations with CFQ-R 
domain scores. Known-group validity was assessed based on percent predicted forced expiratory volume in one 
second and pulmonary exacerbations. Responsiveness was based on correlation of change and sensitivity to change 
based on change in symptom severity. Effect sizes and standardized response means were estimated.

Results  CFQ-R-8D utilities and dimensions were strongly correlated with most of the overlapping CFQ-R domain 
scores (ρ > 0.5); EQ-5D-3L and SF-6D utilities and dimensions had moderate (ρ > 0.3) to strong correlations in 
dimensions capturing similar concepts. All measures showed evidence of known-group validity (P < 0.05). Change 
correlations were strong for CFQ-R-8D utilities and dimensions and CFQ-R, but they were moderate for SF-6D and 
mostly weak ((ρ > 0.1) for EQ-5D-3L. The SF-6D had the largest mean change over time and effect sizes, followed by 
CFQ-R-8D and then EQ-5D-3L. Neither CFQ-R-8D or SF-6D utility scores had ceiling effects (< 9% responses in full 
health) compared with those of EQ-5D-3L (61-62%). In participants classified as being in full health by EQ-5D-3L, CFQ-
R-8D captured CF-specific health problems, particularly cough, abdominal pain, and breathing difficulty.

Conclusions  The CFQ-R-8D reflected known-group differences and changes over time with stronger evidence of 
good psychometric performance than EQ-5D-3L and similar evidence as SF-6D. Additionally, the CFQ-R-8D captured 
more condition-specific symptoms than EQ-5D-3L or SF-6D, which are important determinants of health-related 
quality of life for people with CF.
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Dimensions, EQ-5D-3L, Patient-reported outcomes, Quality of life, Short Form 6 Dimensions; SF-6D, Short Form 6 
Dimensions

Psychometric performance of the CFQ-R-
8D compared to the EQ-5D-3L and SF-6D 
in people with cystic fibrosis
Clara Mukuria1* , Donna Rowen1, Sarah Acaster2, Lisa J. McGarry3, Yiyue Lou3, Patrick R. Sosnay3 and  
Alexandra L. Quittner4

http://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-4318-1481
http://crossmark.crossref.org/dialog/?doi=10.1186/s41687-024-00697-w&domain=pdf&date_stamp=2024-2-22


Page 2 of 13Mukuria et al. Journal of Patient-Reported Outcomes            (2024) 8:24 

Background
Economic evaluations support decision-making by 
assessing the costs and outcomes of different interven-
tions. A common measure of outcomes is the quality-
adjusted life-year (QALY), which combines length of life 
with utility values that reflect health-related quality of 
life (HRQoL) [1]. Utility values are often derived using 
generic preference-based measures of health such as the 
EQ-5D [2, 3], which are recommended by agencies such 
as the National Institute for Health and Care Excellence 
(NICE) in England and Wales [4]. Generic preference-
based measures have been shown to be valid in many 
populations [5], but may miss important aspects of 
HRQoL in certain populations.

Cystic fibrosis (CF) is a genetic disorder caused by 
mutations in a gene that encodes a chloride-conducting 
transmembrane channel called the CF transmembrane 
conductance regulator (CFTR) [6]. CFTR dysfunction 
results in chronic infections and mucus retention fol-
lowed by local airway inflammation that is harmful to 
the lungs. CF affects several body systems, but the largest 
impact is caused by progressive respiratory impairment. 
Evidence suggests that the EQ-5D-3L is not sensitive to 
meaningful differences in lung function (as measured 
by pulmonary function tests) and QoL (as measured by 
validated questionnaires) among people with CF [7]. A 
validated condition-specific measure, the CF Question-
naire–Revised (CFQ-R), covers general HRQoL dimen-
sions (e.g., Physical Functioning, Vitality, Social, Role, 
and Emotional Functioning) as well as condition-specific 
dimensions (e.g., Respiratory Symptoms, Body Image, 
Weight, Digestive Symptoms, Eating Disturbances, and 
Treatment Burden), and has been used to assess out-
comes. However, the CFQ-R is not preference based and 
therefore cannot be used to derive health-state utilities. 
A new, condition-specific, preference-based measure, the 
CFQ–R–8 Dimensions (CFQ-R-8D), was developed from 
the CFQ-R to address these limitations [8].

Although the CFQ-R-8D is based on a well-validated 
measure, its psychometric performance has not yet been 
assessed relative to the longer, 50-item CFQ-R measure 
that it is drawn from or compared with the psychomet-
ric performance of generic preference-based measures 
in people with CF. Prior to use of any new measure, it 
is advisable to assess the psychometric performance of 
the measure, for example, to ensure that it is able to cap-
ture differences across different groups of severity and 
to capture changes over time due to therapy or disease 
progression. For preference-based measures that are used 
to generate utilities for use in health technology assess-
ment by agencies such as NICE and the Pharmaceutical 
Benefits Advisory Committee, it is also recommended 
that research be conducted to understand how the utili-
ties generated by the new measure differ from utilities 

generated by the generic preference-based measures [4, 
9]. NICE, for example, recommends that psychometric 
evidence is provided to support the use of a condition-
specific preference-based measure instead of EQ-5D, one 
of the most widely recommended measures [10], to gen-
erate QALYs in health technology assessment [4]. This 
can enable better understanding of how the utilities from 
the condition-specific preference-based measure dif-
fer from utilities from other measures and the potential 
impact on cost-effectiveness results.

The aim of this study was to compare the psychomet-
ric performance of the CFQ-R-8D with that of generic 
preference-based measures EQ-5D-3L and Short Form 
6 dimensions (SF-6D) in people with CF and to assess 
differences in the utilities generated across the three 
measures.

Methods
Psychometric assessment of three measures, CFQ-R-8D, 
EQ-5D-3L, and SF-6D, was undertaken using data from 
three trials.

Measures
The condition-specific, preference-based CFQ-R-8D 
was developed from the CFQ-R adolescent/adult ver-
sion, which has 50 questions for self-completion by those 
aged ≥ 14 years [11, 12]. Nine items from the CFQ-R were 
used to derive eight domains: Physical Functioning, Vital-
ity, Emotion, Role Functioning, Cough, Breathing Diffi-
culty, Abdominal Pain, and Body Image. The CFQ-R-8D 
was valued using time trade-off with a sample of the UK 
general population (n = 400) via face-to-face interviews. 
The health state utility values range from 0.236 to 1 [8].

Two generic preference-based measures were included: 
EQ-5D-3L and SF-6D. The EQ-5D-3L has five dimen-
sions: mobility, self-care, usual activities, pain/discom-
fort, and anxiety/depression. EQ-5D-3L was scored using 
the UK tariff [2], which ranges from − 0.594 to 1. The 
SF-6D is a classification system that was derived from the 
Short Form-12 [13]. Utility weights were generated using 
the UK tariff, which ranges from 0.345 to 1.

Other assessments were used to support the compari-
son of the preference-based measures, including the indi-
vidual CFQ-R domain scores (range from 0 to 100, with 
higher scores indicating better QoL) and the CF Respira-
tory Symptom Diary (CFRSD), which focuses on pulmo-
nary symptoms (difficulty breathing, tightness in chest, 
wheezing, coughing, fever, chills/sweats), emotional 
impacts (worry, sadness/depression, crankiness, frustra-
tion), and activity impacts (reduction of usual activities, 
work/study, tiredness, sleep, rest) [14]. CFRSD scores 
range from 0 to 100, with higher scores indicating more 
symptoms. Clinical assessments included percent pre-
dicted forced expiratory volume in 1 s (ppFEV1) and the 
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number of pulmonary exacerbations (PEx) based on new 
or changed antibiotic therapy for four or more specified 
symptoms (e.g., increased cough, increased dyspnea, and 
change in sputum).

Data sources
Data were drawn from three trials. These included two 
phase 3, randomized, double-blind, placebo-controlled 
studies in which participants were randomly assigned to 
receive either lumacaftor (600 mg once daily or 400 mg 
every 12 h) in combination with ivacaftor (250 mg every 
12  h) or matched placebo for 24 weeks (NCT01807923 
and NCT01807949) [15]. These “EQ-5D Trials” included 
the adolescent and adult versions of the CFQ-R and EQ-
5D-3L. Additional analyses were undertaken with data 
from a phase 3, randomized, double-blind, multicenter, 
placebo-controlled, parallel-group trial to evaluate com-
bination therapy with tezacaftor (100 mg once daily) and 
ivacaftor (150 mg every 12 h) (NCT02347657) [16]. This 
“SF-6D Trial” included the CFQ-R, CFRSD, and Short 
Form-12 version 2. For all three trials, participants who 
were aged ≥ 12 years, had CF, were homozygous for the 
F508del-CFTR mutation, had a ppFEV1 between 40% and 
90% at screening, and had stable disease as judged by the 
investigator were eligible for inclusion.

Analyses reported here focus on data from the sub-
group of participants aged ≥ 14 years because the CFQ-R-
8D was derived from the adolescent and adult version of 
the CFQ-R, which was completed by this group. Younger 
participants completed different versions of the CFQ-R 
and the CFQ-R-8D could not be derived from these ver-
sions. The EQ-5D Trials sample included in this analysis 
(n = 1009) had a mean (SD) age of 26.2 (9.3) years, and 
48.4% (n = 488) were female. The SF-6D Trial sample 
(n = 455) had a mean (SD) age of 27.8 (9.8) years, and 
47.9% (n = 218) were female.

The data sets used for this validation study did not 
include treatment assignment variables, and all analy-
ses were conducted using data pooled across treatment 
arms.

Analysis
To ensure comparison across measures for the same 
sample, the analysis used data at each time point from 
participants with complete responses for both CFQ-R-
8D and either EQ-5D-3L or SF-6D and CFRSD, as none 
of the trials included all three measures. To ensure that 
we maximized the use of available data, other missing 
data (e.g., in ppFEV1 and PEx) were not used to exclude 
participants, meaning that sample size differed across 
analyses. Baseline and follow-up means and SDs for each 
preference-based measure, the CFQ-R and CFRSD were 
estimated. Across all analyses, a nominal P value of 0.05 
was considered statistically significant.

Convergent validity
Based on COSMIN (COnsensus-based Standards for the 
selection of health Measurement INstruments) guidance, 
validity (i.e., the degree to which an instrument measures 
the construct it aims to measure) was assessed using con-
vergent validity based on the relationship between the 
preference-based measures and the CFQ-R, which is a 
validated measure in this population. The CFRSD was 
also used in the SF-6D trial.

Pearson correlations were used for utility scores or 
total/dimension scores (CFQ-R and CFRSD) and Spear-
man rank correlations were used for dimensions. Cor-
relations were assessed as: ≥0.5 as strong, < 0.5 to ≥ 0.3 
as moderate, and < 0.3 as weak [17]. It was hypothesised 
that all the CFQ-R-8D dimensions would have strong 
correlations with the corresponding domains from the 
CFQ-R. It was expected that EQ-5D-3  L would have 
weaker correlations than the CFQ-R-8D while strong 
correlations were expected for SF-6D dimensions that 
overlapped with the CFQ-R (physical functioning, men-
tal health, pain and vitality). Utility scores are derived 
from members of the public and differ from scores such 
as those of the CFQ-R derived from people with CF – 
therefore hypotheses about how these would be related 
were based on differences across the measures rather 
than strength of correlation. The CFQ-R-8D utility scores 
were expected to be more strongly correlated to the 
CFQ-R domain scores than the EQ-5D-3L or the SF-6D 
utility scores. In the SF-6D trial, it was expected that the 
CFQ-R-8D dimensions and utilities would have moderate 
to strong correlations with the CFRSD, with strong cor-
relations for dimensions related to pulmonary symptoms 
(Cough and Breathing Difficulty), emotional impacts 
(Emotional Functioning), and activity impacts (Physical 
and Role Functioning, and Vitality). SF-6D dimensions 
and utilities were expected to have smaller strength cor-
relations with CFRSD compared to the CFQ-R-8D cor-
relations. Convergent validity was evaluated separately 
at baseline and follow-up to assess whether convergence 
was similar at different time points, as clinical trial inclu-
sion criteria may restrict the range of scores at baseline 
and thus may impact correlations.

Known-group validity
Validity can also be assessed based on the ability of mea-
sures to discriminate between known groups [18, 19]. 
CFQ-R-8D, EQ-5D-3L and SF-6D utility scores were 
assessed. CFQ-R did not have an overall score; there-
fore, it was not assessed. The CFRSD was assessed in the 
SF-6D trial as it measured CFQ related impacts. Known 
groups were defined based on different levels of symptom 
severity for ppFEV1 using < 40%, ≥ 40 to < 70%, and ≥ 70% 
ppFEV1 cut-offs consistent with clinical trial reports 
[15] and the presence of less than 4 versus 4 or more 
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PEx at 20 to 24 weeks. We also examined groups based 
on age at screening, comparing adolescents (aged 14 to 
< 18 years) and adults (aged ≥ 18 years). Assessment was 
based on overall F test from an analysis of variance or t 
test and effect sizes (i.e., the difference in mean scores 
between two adjacent subgroups divided by the pooled 
SD of scores). Effect sizes of ≥ 0.2 to < 0.5, ≥ 0.5 to < 0.8, 
and ≥ 0.8 denote small, medium, and large effect sizes, 
respectively [17]. The CFQ-R-8D was hypothesised to 
have larger effect sizes than the EQ-5D-3L and SF-6D but 
smaller effect sizes than the CFRSD.

Responsiveness and sensitivity to change
Responsiveness, the ability of an instrument to detect 
change over time in the construct that is being measured, 
was assessed using correlations in change between the 
CFQ-R and the three preference-based measures [18, 19]. 
In the trials, the primary target was a change in respira-
tory function, and this was likely to result in change in 
the respiratory dimension and dimensions that would be 
affected by the physical and emotional impact of breath-
ing (physical, role, emotional and social functioning, and 
vitality). Therefore, change correlations were expected to 
be strong between these CFQ-R domain scores and the 
CFQ-R-8D equivalent dimensions but would be moder-
ate for SF-6D for overlapping dimensions and weak in 
the other dimensions. EQ-5D-3L has only three response 
levels in each of the five dimensions which may limit 
change, and therefore change correlations were expected 
to be weak.

Sensitivity to change was also assessed based on groups 
that experienced change which were defined based on 
clinical expert judgement of meaningful ppFEV1 change 
over time (i.e., improvement in ppFEV1 as ≥ 2 percentage 
points, no change from baseline as < 2 to > − 2 percent-
age points, and worsening as ≤ − 2 percentage points) or 
shift between severity groups (i.e., < 40%, ≥ 40 to 70%, 
and ≥ 70%) and PEx frequency (< 4 and ≥ 4). Standard-
ized response means (i.e., mean change score of a mea-
sure between two different time points divided by the SD 
of the change score) and change effect sizes were esti-
mated. Effect size in this case was the mean change score 
of a measure between two different time points divided 
by the SD of the score at baseline. Either metric can be 
used to assess responsiveness; change effect size ignores 
variation in the change over time, which may be relevant 
for the current analysis as we did not include treatment 
group and thus did not account for variability due to 
treatment effect. Effect sizes and standardized response 
means of ≥ 0.2 to < 0.5, ≥ 0.5 to < 0.8, and ≥ 0.8, denote 
small, medium, and large effect sizes/standardized 
response means, respectively, which were numerically 
compared across the measures. CFQ-R-8D utility scores 
were hypothesised to have larger standardised response 

means and effect sizes for those who improved than 
SF-6D or EQ-5D-3L.

Floor (i.e., proportion at the worst health) and ceiling 
(i.e., proportion at the best health) effects were compared 
across the measures alongside distribution of the utilities 
for each measure, as these characteristics impact the abil-
ity to detect change. CFQ-R-8D utility scores were con-
dition-specific and therefore were hypothesised to have 
lower ceiling effects than the EQ-5D-3L and the SF-6D.

Ability to capture utility for CF-specific health problems
Observed frequencies of each dimension of the CFQ-
R-8D were reported when the generic preference-based 
measures were at full health to assess the ability of the 
CFQ-R-8D to detect a health deterioration at the ceiling 
of each generic preference-based measure. It was hypoth-
esised that the CFQ-R-8D would be able to detect such 
health deterioration.

Results
Pooling across treatment arms, the mean (SD) CFQ-
R-8D utility scores were 0.812 (0.12) and 0.803 (0.12) at 
baseline, and 0.816 (0.13) and 0.811 (0.13) at follow-up in 
the EQ-5D-3L and SF-6D trials, respectively (Fig. 1). The 
mean (SD) EQ-5D-3L utility scores were 0.910 (0.13) at 
baseline and 0.909 (0.14) at follow-up in the EQ-5D-3L 
trials, while SF-6D utility scores were 0.802 (0.12) at base-
line and 0.812 (0.13) at follow-up in the SF-6D trial. The 
CFQ-R summary scores also had similar mean scores and 
SDs at both baseline and follow-up within each domain 
(see Supplementary Table 1).

Convergent validity (CFQ-R-8D, EQ-5D-3L, SF-6D)
As expected, all the CFQ-R-8D dimensions were strongly 
correlated with the overlapping domains in the CFQ-R 
(|0.64 to 0.82|). CFQ-R-8D utilities were also strongly 
correlated with CFQ-R dimension scores (|0.5 to 0.77|) 
with the exception of Body Image which had moderate 
correlations (|0.31 to 0.42|) (Supplementary Tables 2–5). 
CFQ-R-8D utility was also strongly correlated (ρ > 0.5) 
with other CFQ-R domain scores, with the exception of 
Weight (ρ = 0.20 at baseline), Eating Disturbance, and 
Treatment Burden (all moderate) (Supplementary Tables 
2–5).

EQ-5D-3L dimensions (mobility, usual activities, pain 
or discomfort, and anxiety or depression) had weak to 
moderate correlations (|0.28 to 0.45|) with the CFQ-R 
domains where there was conceptual overlap while the 
utility scores were mostly moderate strength correlations 
(Supplementary Tables 2 and 3).

As expected, SF-6D dimensions that overlapped with 
CFQ-R dimensions had strong correlations (|0.59 to 
0.76|), and this was reflected in strong correlations with 
the SF-6D utilities (Supplementary Tables 4 and 5). In the 
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SF-6D trial, the CFQ-R-8D dimensions that overlapped 
with constructs in the CFRSD were strong (|0.51 to 0.67|) 
for Breathing Difficulty, Cough, and Vitality as expected 
but the correlations for Physical, Emotional and Role 
functioning ranged from strong to moderate (Supple-
mentary Tables 4 and 5). Similar correlations were found 
for the SF-6D with the CFRSD. CFQ-R-8D utility scores 
had stronger correlations with the CFRSD (|0.67 to 0.7|) 
than the SF-6D (|0,50 to 0.55|).

Known-group validity (CFQ-R-8D, EQ-5D-3L, SF-6D)
All the preference-based measures demonstrated known-
group validity. Across all data sets, there were statistically 
significant differences in CFQ-R-8D utilities by symptom 
severity measured using ppFEV1 at both time points and 
PEx at follow-up (Tables 1 and 2) with small to medium 
effect sizes. EQ-5D-3L utility scores were able to differ-
entiate at follow-up for ppFEV1 and PEx with small effect 
sizes (Table 1).

SF-6D had statistically significant differences based on 
known groups with small to medium effect sizes. CFRSD 

Fig. 1  Distribution of utility measures at baseline and week 24a

CFQ-R-8D: Cystic Fibrosis Questionnaire–Revised–8 Dimensions; SF-6D: Short Form 6 dimensions
a Pooled treatment and placebo arms

 



Page 6 of 13Mukuria et al. Journal of Patient-Reported Outcomes            (2024) 8:24 

also had statistically significant differences for known 
groups with small to medium effect sizes (Table  2). 
CFRSD had the largest effect sizes for symptom sever-
ity measured using ppFEV1, followed by CFQ-R-8D and 
SF-6D. Effect sizes were nearly identical for symptom 
severity measured using PEx across all measures, and all 
measures detected statistically significant differences in 
utilities between the adolescent (aged 14 to < 18 years) 
and adult (aged ≥ 18 years) age groups.

Responsiveness and sensitivity to change (CFQ-R-8D, 
EQ-5D-3L, SF-6D)
Correlation between change in the CFQ-R-8D dimen-
sions and the overlapping CFQ-R domains were strong as 
expected (|0.52 to 0.78|) while the correlations with the 
CFQ-R-8D utilities were moderate to strong for the over-
lapping domains but they were weak for the Body Image 
domain (Supplementary Tables 6 and 7).

EQ-5D-3L dimension and utilities had mostly weak 
correlations as expected (Supplementary Table 6) while 
SF-6D dimension and utilities had moderate to weak cor-
relations with the CFQ-R domains where there was over-
lap (Supplementary Table 7).

Change correlations for the CFQ-R-8D Cough dimen-
sion were strong with change in CFRSD while the other 
overlapping constructs had moderate correlations and 
SF-6D change had smaller correlations (Supplementary 
Table 7).

Overall mean change between baseline and follow-up 
was very small (change effect size < 0.2) for all measures, 
which was not unexpected, as approximately one-half of 
the patient sample was derived from placebo arms (Sup-
plementary Table 6). When change was assessed based 
on changes in ppFEV1 and presence of PEx, change in 
utilities was in the expected direction for the CFQ-R-
8D and the EQ-5D-3L, although the differences between 
groups by symptom severity were small (Table 3).

Standardized response means and effect sizes were 
small for CFQ-R-8D based on ppFEV1 change groups 
with the exception of standardized response means for 
the no change group (0.01), which was expected. In con-
trast, for EQ-5D-3L, standardized response means were 
mostly < 0.2, which indicates little or no response. Both 
measures had similar negative changes in utility scores 
for those who had experienced four or more PEx; CFQ-
R-8D showed a moderate effect size, while the EQ-5D-3L 
effect size was small due to greater variance in the EQ-
5D-3L data.

Both CFQ-R-8D and SF-6D captured an increase 
in utility for participants showing an improvement in 
ppFEV1, but they did not reflect decreases in utility for 
those with ppFEV1 decline (Table  3). When change 
was assessed in movement across the ppFEV1 sever-
ity groups, SF-6D performed better than CFQ-R-8D, 
although most participants did not change in their sever-
ity group. The CFQ-R-8D and the SF-6D performed simi-
larly for PEx, with both able to detect a utility reduction 

Table 1  Known-group validity based on clinical and demographic variables at baseline and follow-up in the EQ-5D-3L trialsa

CFQ-R-8D EQ-5D-3L
Variable Groups N Mean SD ESb N Mean SD ESb

ppFEV1—baseline Normal ≥ 70% 246 0.842 0.11 0.31 246 0.920 0.14 0.09
Mild 40 to < 70% 660 0.806 0.11 0.23 660 0.908 0.12 0.06
Severe < 40% 80 0.78 0.13 80 0.900 0.12

F(2,983) = 12.3 F(2,983) = 1.1
P < 0.001 P = 0.34

ppFEV1—24 weeksc Normal ≥ 70% 277 0.863 0.11 0.48 277 0.935 0.12 0.23
Mild 40 to < 70% 579 0.802 0.13 0.42 579 0.903 0.15 0.35
Severe < 40% 63 0.749 0.14 63 0.854 0.13

F(2,916) = 33.8 F(2,916) = 10.6
P < 0.001 P < 0.001

Pulmonary exacerbations—20–24 weeks (≥ 4)c No 835 0.825 0.12 0.60 835 0.917 0.13 0.44
Yes 116 0.748 0.14 116 0.856 0.18

t(949) = 6.3 t(949) = 4.5
P < 0.001 P < 0.001

Age groups—baseline 14 to < 18 years 191 0.837 0.11 0.26 191 0.941 0.10 0.29
≥ 18 years 806 0.807 0.12 806 0.903 0.14

t(995) = 3.3 t(995) = 3.6
P = 0.001 P < 0.001

CFQ-R-8D indicates Cystic Fibrosis Questionnaire–Revised–8 Dimensions; ES, effect sizes; ppFEV1, percent predicted forced expiratory volume in 1 s
a Pooled treatment and placebo arms
b ES was calculated by comparing the utility values for adjacent subgroups in the clinical measures. Small ES ≥ 0.2 to < 0.5; medium ES ≥ 0.5 to < 0.8; large ES ≥ 0.8
c 20–24 weeks and 24 weeks indicate follow-up at 20 to 24 weeks and follow-up at 24 weeks, respectively
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for participants with PEx and a small increase in utility 
for participants with no PEx. The effect sizes were small 
for both measures, although they were larger for CFQ-
R-8D than SF-6D for participants who experienced an 
improvement in ppFEV1 (Table 3).

CFRSD was able to reflect changes based on change 
in ppFEV1 and PEx symptom severity group. Standard-
ized response means and effect sizes for the CFRSD were 
larger or equivalent to those of the CFQ-R-8D and larger 
than those of the SF-6D for ppFEV1 changes but smaller 
on the other measures of change (Table 3).

The EQ-5D-3L had large ceiling effects at both base-
line and follow-up across all dimensions (Table  4). The 
ceiling effects varied from 61 to 62% at baseline and 
follow-up for the utility score and from 81 to 99.7% by 
dimension. CFQ-R-8D and SF-6D did not have ceiling 
effects for the utility scores, but there was evidence of 
ceiling effects in some dimensions (Table  4). For CFQ-
R-8D, Physical Functioning, Role Functioning, Abdomi-
nal Pain, and Body Image dimensions had approximately 
60–75% responses at the ceiling. The other CFQ-R-8D 
dimensions had lower proportions at the ceiling, but 
only Cough was < 10%. SF-6D dimensions showed a simi-
lar pattern, with ceiling effects ranging from 49 to 74% 
with the exception of energy (7–10%). CFRSD score did 
not suffer from ceiling effects. There were no individu-
als with the lowest scores across any of the measures. At 
the dimension level, there were no floor effects, with the 
exception of role limitation in SF-6D (23%).

Ability to capture utility for participants with CF-specific 
health problems (CFQ-R-8D, EQ-5D-3L, SF-6D)
Mean (SD) CFQ-R-8D scores for those who reported a 
utility value of 1 for EQ-5D-3L (n = 607/997 [60.9%]) and 
SF-6D (n = 24/413 [5.8%]) were 0.866 (0.08 [range: 0.401-
1]) and 0.916 (0.07 [range: 0.710-1]), respectively. When 
the EQ-5D-3L categorized participants as having no 
health problems, CFQ-R-8D was able to capture health 
problems, especially in Cough (n = 565/607 [93%]) but 
also in the CFQ-R-8D dimensions of Vitality, Emotion, 
Breathing Difficulty, and Abdominal Pain. There were 
fewer participants reporting no problems in SF-6D, but 
these participants had problems in CFQ-R-8D dimen-
sions of Cough and Abdominal Pain (Table 5).

Discussion
This study assessed the psychometric performance of 
the newly developed condition-specific CFQ-R-8D in 
comparison with the generic EQ-5D-3L and SF-6D using 
existing trial data of participants with CF. Overall, CFQ-
R-8D outperformed the EQ-5D-3L across all psychomet-
ric assessments and showed similar evidence of good 
psychometric performance as SF-6D.

CFQ-R-8D had better construct validity based on con-
vergent validity in relation to CF HRQoL – with strong 
correlations for dimensions and utility scores with the 
CFQ-R and the CFRSD as hypothesised, indicating 
construct validity. The only exception was for the Body 
Image domain from the CFQ-R which did not have 
strong correlations with the CFQ-R-8D utility score. As 
noted, utility scores come from members of the public; 
their preferences for Body Image were lower relative to 
the other dimensions of the CFQ-R-8D [8]. SF-6D had 
overlapping dimensions with the CFQ-R resulting in 
strong correlations whereas the correlations were of 
weaker strength for the EQ-5D-3L. As neither the EQ-
5D-3L nor the SF-6D had respiratory related dimensions, 
they were not able to reflect this construct as well as the 
CFQ-R-8D.

The analyses reported evidence of known-group valid-
ity for CFQ-R-8D, EQ-5D-3L, and SF-6D, examined using 
symptom severity groups defined using ppFEV1 and PEx. 
Overall, CFQ-R-8D had stronger evidence of known-
group validity than both EQ-5D-3L and SF-6D. However, 
the CFRSD had larger effect sizes than all the measures; 
this was not unexpected since it is a clinical measure 
that is focused on respiratory symptoms, and the known 
groups were defined based on symptom severity. CFQ-R-
8D, EQ-5D-3L, and SF-6D all had higher utility scores for 
adolescents than for adults, which reflects the expected 
relationship between increased age and poorer health.

The correlation in changes in the three measures with 
the CFQ-R domain scores were as expected with strong 
correlations for the CFQ-R-8D dimensions, moderate 
correlations for the SF-6D dimensions, and weak to mod-
erate correlations for the EQ-5D-3L. This supports the 
responsiveness of the CFQ-R-8D and that this was bet-
ter than for the two other preference-based measures. 
Change in the CFQ-R-8D utility scores also had larger 
correlations (0.2 to 0.63) with change in CFQ-R domain 
scores compared to the EQ-5D-3L (0.08 to 0.33) or SF-6D 
(0.06 to 0.43) utility scores. Therefore the CFQ-R-8D 
was evidence that the CFQ-R-8D utility scores were also 
more responsive than the two other preference-based 
measures.

All three measures showed some sensitivity to change. 
Mean change for participants who had improvements 
in ppFEV1 ranged from 0.019 to 0.035 in EQ-5D-3L and 
0.024 to 0.041 in CFQ-R-8D, while this ranged from 
0.026 to 0.056 in SF-6D. All measures also reflected the 
presence of PEx with negative mean change (− 0.031 
and − 0.051 for CFQ-R-8D; −0.046 for EQ-5D-3L; and 
− 0.039 for SF-6D). Both CFQ-R-8D and SF-6D had 
larger changes than the EQ-5D-3L. In addition, although 
there were changes in EQ-5D-3L score, it generally 
showed smaller standardized response means and effect 
sizes than CFQ-R-8D due to larger SDs indicating more 



Page 9 of 13Mukuria et al. Journal of Patient-Reported Outcomes            (2024) 8:24 

Ta
bl

e 
3 

Re
sp

on
siv

en
es

s o
f g

en
er

ic
 a

nd
 c

on
di

tio
n-

sp
ec

ifi
c 

m
ea

su
re

s b
y 

ch
an

ge
 in

 p
pF

EV
1 a

nd
 se

ve
rit

y 
gr

ou
p 

fro
m

 b
as

el
in

e 
to

 fo
llo

w
 u

pa−
c

Ch
an

ge
 in

 C
FQ

-R
-8

D
Ch

an
ge

 in
 E

Q
-5

D
-3

L 
or

 S
F-

6D
Ch

an
ge

 in
 C

FR
SD

Va
ri

ab
le

G
ro

up
s

N
M

ea
n

SD
SR

M
ES

N
M

ea
n

SD
SR

M
ES

N
M

ea
n

SD
SR

M
ES

EQ
-5

D
-3

L 
tr

ia
ls

pp
FE

V 1—
ba

se
lin

e 
to

 2
4 

w
ee

ks
d,

e
Im

pr
ov

em
en

t
39

6
0.

02
4

0.
10

0.
23

0.
22

39
6

0.
01

9
0.

14
0.

14
0.

25
–

–
–

–
–

N
o 

ch
an

ge
24

3
0.

00
1

0.
09

0.
01

0.
23

24
3

−
0.

01
6

0.
13

−
0.

12
0.

06
–

–
–

–
–

D
et

er
io

ra
tio

n
26

7
−

0.
02

3
0.

11
−

0.
21

26
7

−
0.

02
4

0.
15

−
0.

16
–

–
–

–
pp

FE
V 1 s

ev
er

ity
 g

ro
up

—
ba

se
lin

e 
to

 2
4 

w
ee

ks
d

Im
pr

ov
em

en
t

12
0

0.
04

1
0.

10
0.

41
0.

39
12

0
0.

03
5

0.
13

0.
28

0.
30

–
–

–
–

–
N

o 
ch

an
ge

72
3

0.
00

0
0.

11
0.

00
0.

28
72

3
−

0.
00

8
0.

14
−

0.
06

0.
05

–
–

–
–

–
D

et
er

io
ra

tio
n

63
−

0.
02

9
0.

10
−

0.
28

63
−

0.
01

5
0.

16
−

0.
09

–
–

–
–

Pu
lm

on
ar

y 
ex

ac
er

ba
tio

ns
 (≥

 4
)

N
o

82
9

0.
01

1
0.

10
0.

11
0.

59
82

9
0.

00
6

0.
13

0.
05

0.
37

–
–

–
–

–
Ye

s
11

6
−

0.
05

1
0.

14
−

0.
49

11
6

−
0.

04
6

0.
20

−
0.

32
–

–
–

–
SF

-6
D

 tr
ia

l
pp

FE
V 1—

ba
se

lin
e 

to
 2

4 
w

ee
ks

d,
e

Im
pr

ov
em

en
t

15
5

0.
03

0
0.

09
0.

33
0.

40
15

5
0.

02
6

0.
11

0.
23

0.
23

15
5

3.
79

10
.5

0
0.

36
0.

38
N

o 
ch

an
ge

11
2

−
0.

01
0

0.
11

−
0.

09
−

0.
06

11
2

0.
00

2
0.

10
0.

02
0.

09
11

2
−

0.
28

9.
58

−
0.

03
0.

04
D

et
er

io
ra

tio
n

12
8

−
0.

00
4

0.
10

−
0.

04
12

8
−

0.
00

7
0.

09
−

0.
08

12
8

−
0.

74
11

.3
4

−
0.

07
pp

FE
V 1 s

ev
er

ity
 g

ro
up

—
ba

se
lin

e 
to

 2
4 

w
ee

ks
d

Im
pr

ov
em

en
t

39
0.

02
7

0.
09

0.
31

0.
19

39
0.

05
6

0.
13

0.
42

0.
48

39
4.

87
9.

36
0.

52
0.

36
N

o 
ch

an
ge

32
0

0.
00

8
0.

10
0.

08
0.

24
32

0
0.

00
6

0.
10

0.
06

0.
26

32
0

0.
98

10
.7

3
0.

09
0.

20
D

et
er

io
ra

tio
n

36
−

0.
01

6
0.

11
−

0.
15

36
−

0.
02

1
0.

08
−

0.
28

36
−

1.
14

11
.2

9
−

0.
10

Pu
lm

on
ar

y 
ex

ac
er

ba
tio

ns
 (≥

 4
)

N
o

35
7

0.
01

2
0.

10
0.

12
0.

42
35

7
0.

01
4

0.
11

0.
13

0.
50

35
7

1.
57

10
.6

7
0.

15
0.

24
Ye

s
48

−
0.

03
1

0.
12

−
0.

30
48

−
0.

03
9

0.
10

−
0.

37
48

−
1.

02
11

.6
7

−
0.

09
CF

Q
-R

-8
D

 in
di

ca
te

s 
Cy

st
ic

 F
ib

ro
si

s 
Q

ue
st

io
nn

ai
re

–R
ev

is
ed

–8
 D

im
en

si
on

s;
 C

FR
SD

: C
ys

tic
 F

ib
ro

si
s 

Re
sp

ira
to

ry
 S

ym
pt

om
 D

ia
ry

; E
S:

 e
ffe

ct
 s

iz
es

; p
pF

EV
1: 

pe
rc

en
t p

re
di

ct
ed

 fo
rc

ed
 e

xp
ira

to
ry

 v
ol

um
e 

in
 1

 s
; S

F-
6D

: S
ho

rt
 F

or
m

 
6 

di
m

en
si

on
s;

 S
RM

: s
ta

nd
ar

di
ze

d 
re

sp
on

se
 m

ea
n

a  P
oo

le
d 

tr
ea

tm
en

t a
nd

 p
la

ce
bo

 a
rm

s
b  C

ha
ng

e 
in

 p
pF

EV
1 s

ev
er

it
y 

gr
ou

p 
w

as
 d

efi
ne

d 
as

 m
ov

em
en

t b
et

w
ee

n 
th

e 
fo

llo
w

in
g 

gr
ou

ps
: p

pF
EV

1 <
 4

0%
, ≥

 4
0 

to
 <

 7
0%

, a
nd

 ≥
 7

0%
c  S

m
al

l S
RM

/E
S 

≥ 
0.

2 
to

 <
 0

.5
; m

ed
iu

m
 S

RM
/E

S 
≥ 

0.
5 

to
 <

 0
.8

; l
ar

ge
 S

RM
/E

S 
≥ 

0.
8

d  2
4 

w
ee

ks
 in

di
ca

te
s 

fo
llo

w
-u

p 
at

 2
4 

w
ee

ks
e  F

or
 p

pF
EV

1, 
an

 im
pr

ov
em

en
t w

as
 d

efi
ne

d 
as

 a
n 

in
cr

ea
se

 o
f ≥

 2
 p

er
ce

nt
ag

e 
po

in
ts

, n
o 

ch
an

ge
 w

as
 d

efi
ne

d 
as

 a
 c

ha
ng

e 
of

 <
 ±

 2
 p

er
ce

nt
ag

e 
po

in
ts

, a
nd

 d
et

er
io

ra
tio

n 
w

as
 d

efi
ne

d 
as

 a
 d

ec
re

as
e 

of
 ≥

 2
 p

er
ce

nt
ag

e 
po

in
ts



Page 10 of 13Mukuria et al. Journal of Patient-Reported Outcomes            (2024) 8:24 

variation. These larger SDs would be reflected in more 
uncertainty when EQ-5D-3L values are used in health 
technology assessment.

All measures exhibited ceiling effects across multiple 
dimensions, meaning that the measures cannot capture 
an improvement for participants who are already report-
ing no problems with the dimension. EQ-5D-3L had 
much larger ceiling effects than CFQ-R-8D and SF-6D 
and reported large ceiling effects for utility scores that 
were not observed for CFQ-R-8D or SF-6D. The high 
level of ceiling effects, with nearly two-thirds of patients 
at the maximum EQ-5D-3L value at baseline, calls into 
question the face validity of the use of EQ-5D-3L in 
people with CF. High ceiling effects may also have been 
a reflection of trial inclusion/exclusion criteria; how-
ever, enrolment criteria for the CF trials were broad, and 
people with CF with lung function below the enrolment 
criteria (i.e., ppFEV1 < 40%) comprised a minority of the 
CF population. Moreover, the baseline EQ-5D-3L val-
ues for participants with CF in the studies were higher 

than those of UK population norms [21], which indicates 
that the severity of CF was not reflected by EQ-5D-3L. 
Future research could assess whether the 5-level version 
of EQ-5D, the EQ-5D-5L, has better performance.

Differences across classification systems were investi-
gated, particularly for participants reporting full health 
in EQ-5D-3L and SF-6D. These differences indicated 
that the CFQ-R-8D was able to capture health problems, 
particularly cough, whereas EQ-5D-3L and SF-6D clas-
sify participants as being in full health. For the CF pop-
ulation, this is important because cough is a common 
symptom affecting HRQoL. This ability to capture health 
problems not captured by the EQ-5D-3L and SF-6D is a 
meaningful contribution of this condition-specific pref-
erence-based measure over the generic measures.

Overall, the selection of a preference-based measure 
that is used to generate QALYs is likely to impact the 
QALY results, and hence the incremental cost-effective-
ness ratio. CFQ-R-8D demonstrated better construct 
validity and responsiveness than the other two measures. 

Table 4  Floor and ceiling of generic and condition-specific measures at baseline and week 24a

EQ-5D-3L trials SF-6D trial

% at floor % at ceiling % at floor % at ceiling

Baseline 24 weeksb Baseline 24 weeksb Baseline 24 weeksb Baseline 24 weeksb

N 997 951 997 951 441 441 416 416
CFQ-R-8D

CFQ-R-8D utility 0.00 0.00 1.70 3.68 0.00 0.00 1.81 3.85
Physical Functioning 0.70 1.89 72.42 69.09 1.36 2.16 63.04 64.18
Role Functioning 0.90 2.52 73.62 69.93 1.81 1.20 70.29 74.52
Emotion 1.00 0.63 39.92 50.37 0.91 1.20 40.36 45.67
Vitality 1.50 1.47 37.61 40.48 1.81 1.92 41.72 42.55
Breathing Difficulty 0.70 0.32 53.86 52.68 0.23 0.72 51.93 57.69
Cough 10.53 9.67 5.22 10.09 9.30 8.17 4.31 6.73
Abdominal Pain 0.60 0.74 59.58 58.99 0.68 1.20 53.74 53.37
Body Image 1.20 1.26 64.19 64.25 1.36 1.92 64.63 62.74

EQ-5D-3L
EQ-5D-3L utility 0.00 0.00 60.88 62.36 – – – –
Mobility 0.00 0.00 95.39 93.06 – – – –
Self-care 0.00 0.11 99.70 99.37 – – – –
Usual activities 0.10 0.21 88.37 85.59 – – – –
Pain/discomfort 0.40 0.74 73.62 75.81 – – – –
Depression/anxiety 0.40 0.42 80.74 81.49 – – – –

SF-6D
SF-6D utility – – – – 0.00 0.00 5.44 8.65
Physical functioning – – – – 8.16 7.71 55.56 61.20
Role limitation – – – – 23.81 22.84 48.53 52.64
Social functioning – – – – 0.68 0.24 63.04 64.90
Pain – – – – 0.45 0.72 74.15 73.08
Mental health – – – – 0.68 0.24 55.33 58.17
Energy – – – – 5.44 5.53 7.48 10.10

CFRSD – – – – 0.00 0.00 1.81 3.85
CFQ-R-8D indicates Cystic Fibrosis Questionnaire–Revised–8 Dimensions; CFRSD: Cystic Fibrosis Respiratory Symptom Diary; SF-6D: Short Form 6 dimensions
a Pooled treatment and placebo arms
b 24 weeks indicates follow-up at 24 weeks
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It was also able to demonstrate sensitivity to change. In 
general, EQ-5D-3L utilities are higher and show smaller 
differences across symptom severity groups and smaller 
change over time. In contrast, SF-6D and CFQ-R-8D 
utilities have similar values and similar differences across 
symptom severity groups and changes over time, with 
CFQ-R-8D sometimes having larger differences. This 
suggests that utility values generated using CFQ-R-8D 
would be most similar to SF-6D utilities. At the partici-
pant level, the CFQ-R-8D would be expected to capture 
more condition-specific symptoms—cough in particu-
lar, followed by vitality, abdominal pain, and breathing 
difficulty. Other studies that have assessed the perfor-
mance of condition-specific and generic preference-
based measures found that condition-specific measures 
may improve performance compared with EQ-5D-3L 
for milder health states, as condition-specific measures 
are not prone to ceiling effects and they target relevant 
symptoms [22]. Some studies have found mean change 
in EQ-5D-3L score to be larger than mean change in 
condition-specific, preference-based measures [22]; 
however, this was not the case in this study. An analy-
sis using the CFQ-R-8D to calculate utility values from 
clinical trial data demonstrated a utility benefit of 0.085 
for participants treated with the CF treatment elexa-
caftor/tezacaftor/ivacaftor vs. those treated with placebo, 
when controlling for post-treatment lung function (Data 

on file: REF-19,105). A similar benefit was estimated 
using change from baseline with real-world elexacaftor/
tezacaftor/ivacaftor treatment in several countries (util-
ity increase of 0.089, controlling for increase in lung 
function; Data on file REF- 22,775). These applications 
suggest that the CFQ-R-8D may be a reliable and useful 
measure in evaluating the utility benefit of treatments for 
CF.

Limitations of this study included that the analy-
ses were conducted on trial data that were also used to 
develop the classification system for CFQ-R-8D. This may 
have had some impact on the psychometric performance 
of the CFQ-R-8D since the items for the classification 
were, in part, selected based on the psychometric perfor-
mance in these data sets. In addition, the relatively high 
CFQ-R scores at baseline may indicate that these trial 
populations did not cover the range of symptom sever-
ity for people with CF. Most participants had normal or 
mild symptom severity based on ppFEV1. Partly due to 
this, assessment of change over time was based on broad 
groups, particularly for changes in severity category for 
ppFEV1, which may mask differences. The assessments 
were also based on pooled data over treatment arms 
which may limit the responsiveness assessment of the 
CFQ-R-8D, although the measure was able to reflect dif-
ferences based on other measures of severity over time. 
Therefore, assessment of the psychometric performance 
of CFQ-R-8D in other data sets of people with CF is rec-
ommended. Any comparisons of preference-based mea-
sures must also take into account the different sources of 
utility values for the measures: time trade-off for CFQ-R-
8D and EQ-5D-3L and standard gamble for SF-6D using 
different protocols. The EQ-5D-3L and SF-6D valuation 
studies were conducted ≥ 17 years ago, whereas the CFQ-
R-8D valuation study was conducted in 2019, and general 
population preferences may have changed over this time 
[2, 13]. It is not possible to account for these differences, 
but it is worth noting that they may have had an impact.

Furthermore, the different measures have different 
recall periods for people completing the measure. EQ-
5D-3L asks people to report their health today, whereas 
CFQ-R (and hence CFQ-R-8D) asks people to report 
their health over the last 2 weeks, and SF-6D asks peo-
ple to report their health over the last 4 weeks. These 
different recall periods could have impacted the results 
because participants’ health may have differed across the 
different recall periods.

Conclusions
Despite these limitations, the analysis presented here 
provides a good evidence base for the performance of 
CFQ-R-8D in people with CF relative to two commonly 
used generic preference-based measures across different 
trials. The CFQ-R-8D showed stronger evidence of good 

Table 5  Frequencies of CFQ-R-8D when generic measures equal 
1 (i.e., no problems in any dimension) at baseline

Level 1 Level 2 Level 3 Level 4
EQ-5D-3L trials (EQ-5D-3 L = 1)n = 607/997
CFQ-R-8D, n

Physical Functioning 515 81 11 0
Vitality 281 303 20 3
Emotion 314 277 12 4
Role Functioning 507 87 12 1
Cough 42 302 227 36
Breathing Difficulty 408 193 6 0
Abdominal Pain 422 178 7 0
Body Imagea 459 112 34 2

SF-6D trial (SF-6D = 1)n = 24/413
CFQ-R-8D, n

Physical Functioning 21 3 0 0
Vitality 18 6 0 0
Emotion 21 3 0 0
Role Functioning 21 2 0 1
Cough 4 15 4 1
Breathing Difficulty 20 4 0 0
Abdominal Pain 16 7 1 0
Body Imagea 22 1 0 1

CFQ-R-8D: Cystic Fibrosis Questionnaire–Revised–8 Dimensions; SF-6D: Short 
Form 6 dimensions
a Body Image has only two levels in the classifier but is based on an item with 
four levels (i.e., very true, somewhat true, somewhat false, and very false). 
Disutility is associated with “somewhat true = 3” and “very false = 4”
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psychometric performance than EQ-5D-3L and similar 
evidence as SF-6D. In addition, the CFQ-R-8D captured 
more condition-specific symptoms than EQ-5D-3L or 
SF-6D, which are important determinants of HRQoL for 
people with CF.
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