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Performance of the EQ-5D-5L Plus Respiratory Bolt-On in the Birmingham
Chronic Obstructive Pulmonary Disease Cohort Study

Martine Hoogendoorn, PhD, Susan Jowett, PhD, Andrew P. Dickens, PhD, Rachel Jordan, PhD, Alexandra Enocson, PhD,
Peymane Adab, PhD, Matthijs Versteegh, PhD, Maureen Rutten-van Mélken, PhD

Objectives: A respiratory bolt-on dimension for the EQ-5D-5L has recently been developed and valued by the general public.
This study aimed to validate the EQ-5D-5L plus respiratory dimension (EQ-5D-5L+R) in a large group of patients with chronic
obstructive pulmonary disease (COPD).

Methods: Validation was undertaken with data from the Birmingham COPD Cohort Study, a longitudinal UK study of COPD
primary care patients. Data on the EQ-5D-5L+R were collected from 1008 responding participants during a follow-up
questionnaire in 2017 and combined with (previously collected) data on patient and disease characteristics. Descriptive
and correlation analyses were performed on the EQ-5D-5L+R dimensions and utilities, in relation to COPD characteristics
and compared with the EQ-5D-5L without respiratory dimension. Multivariate regression models were estimated to test
whether regression coefficients of clinical characteristics differed between the EQ-5D-5L+R utility and the EQ-5D-5L utility.

Results: Correlation coefficients for the EQ-5D-5L+R utility with COPD parameters were slightly higher than the EQ-5D-5L
utility. Both instruments displayed discriminant validity but analyses in clinical subgroups of patients showed larger
absolute differences in utilities for the EQ-5D-5L+R. In the multivariate analyses, only the coefficient for the COPD
Assessment Test score was higher for the model using the EQ-5D-5L+R utility as outcome.

Conclusions: This study showed that the addition of a respiratory domain to the EQ-5D-5L led to small improvements in the
instrument’s performance. Comparability of the EQ-5D across diseases, currently considered one of its strengths, would have
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to be traded off against a modest improvement in utility difference when adding the respiratory dimension.

Keywords: COPD, EQ-5D, respiratory dimension, validation.
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The EQ-5D (EQ-5D™ is a trade mark of the EuroQol Research
Foundation) has been often used to evaluate health-related
quality of life of patients with respiratory diseases, such as
asthma and chronic obstructive pulmonary disease (COPD).>~°
Several studies concluded that the EQ-5D is a valid and reliable
measure of health status in asthma and COPD.>*’ Nevertheless,
correlations of the EQ-5D and other generic health-related
quality of life measures with lung function and respiratory
markers are usually low or moderate.®® Other studies also argued
that the responsiveness of the EQ-5D to changes in health in
patients with asthma and COPD over time seems rather
limited,®'° which might lead to an underestimation of the
number of quality-adjusted life-years (QALYs) gained by a
treatment or intervention. It is hypothesized that important as-
pects of these respiratory diseases, such as shortness of breath,
coughing, wheezing, and fatigue, are not covered by the current 5

dimensions of the EQ-5D, causing a suboptimal sensitivity to
change. Several examples of COPD trials are available that
reported significant and relevant changes in clinical and patient-
reported outcomes, but very low gains in QALYs."'~'> An under-
estimation of the number of QALYs gained results in an over-
estimation of the cost per QALY, reducing the likelihood that the
treatment or intervention will be funded or reimbursed. Never-
theless, it has not been possible to demonstrate whether the
small QALY gains are due to insensitivity of instruments or a low
valuation by the general public of the observed gains in health-
related quality of life.

Recently, a respiratory bolt-on dimension has been developed
for the EQ-5D-5L as a potential solution to improve its respon-
siveness in patients with respiratory symptoms.'® The pilot valu-
ation study for the additional respiratory dimension demonstrated
a significant effect for the moderate to very severe levels of the
dimension, indicating that the new item is associated with addi-
tional disutility.

1098-3015 - see front matter Copyright © 2021, ISPOR-The Professional Society for Health Economics and Outcomes Research. Published by Elsevier Inc. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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This study aimed to apply the EQ-5D-5L plus respiratory
dimension (EQ-5D-5L+R) to a large primary care COPD popula-
tion, to explore the response distribution over the levels of the
respiratory dimension and its association with patient and COPD
disease characteristics.

The EQ-5D-5L+R was validated using data from the large Bir-
mingham COPD Cohort Study (BCCS). This 3-year longitudinal
study was designed to aid the understanding of the natural history
of COPD in primary care and to develop a prognostic index for
predicting hospital admissions specifically in a primary care COPD
population.”” Participants in the BCCS were recruited from 71
general practices across the West Midlands in the UK. The cohort
included 3 patient groups: (1) patients with a diagnosis of COPD in
the GP records at the start of the study (n = 1558), (2) patients
with no COPD diagnosis who reported respiratory symptoms and
had spirometry-confirmed airflow obstruction in a linked case-
finding trial (n = 331),'® and (3) patients reporting respiratory
symptoms having normal lung function in the linked case-finding
trial (n = 413). The first 2 patient groups were included in the
analyses for the current study.

BCCS data were collected at baseline (2012-2014) and follow-
up (2015-2016) study assessments. An additional questionnaire
including the EQ-5D-5L+R (Reproduced by permission of EuroQol
Research Foundation) was sent out to all surviving cohort partic-
ipants in the spring of 2017. Data collected during this survey in
combination with previously collected data were used for the
current analysis.

To measure the EQ-5D-5L+R, the original questions of the EQ-
5D-5L were kept unchanged and printed on 1 page in the regular
format.? The sixth question about the respiratory dimension'® was
printed on the next page and was formulated as follows:

Breathing problems (eg, shortness of breath, wheezing,
coughing, sputum)

O I have no breathing problems.

O I have slight breathing problems.

O I have moderate breathing problems.
O I have severe breathing problems.

O I have extreme breathing problems.

Relevant patient and disease characteristics that were collected
in the same questionnaire included the COPD Assessment Test
(CAT),"”® dyspnea (Medical Research Council [MRC] dyspnea
scale),?° current smoking status, and self-reported exacerbations
and respiratory-related hospitalizations in the past 12 months.
Additional patient-level information on patient and clinical char-
acteristics was obtained from the last available follow-up time
point before completion of the EQ-5D-5L+R. Sociodemographic
data available were sex, age, ethnicity, employment status, and
deprivation score (Index of Multiple Deprivation).?! Clinically
relevant parameters collected at previous time points included
medical history based on self-reported diagnosed comorbidities,
lung function (forced expiratory volume in 1 second [FEV;] and
FEV,% predicted), body mass index, disease-specific quality of life
(COPD St. George’s Respiratory Questionnaire [SGRQ] score),??
physical activity level (International Physical Activity Question-
naire short form),”* exercise capacity (sit-to-stand test), and grip
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strength (handgrip strength test). Table 1 shows all the variables
available in the BCCS with their last time point measured."”

First, the response distribution of the EQ-5D-5L+R was
explored using frequency tables. Second, the mean and SD of
demographic and clinical variables for different levels of the res-
piratory dimension and the other EQ-5D dimensions were calcu-
lated. The chi-square test was used to test differences in
categorical data, which were summarized by frequencies and
percentages. Analysis of variance was used to test differences in
means for continuous variables with a normal distribution, while
the Kruskal-Wallis test was used to test differences for variables
with a skewed distribution. Third, the utility index value for the
EQ-5D-5L+R was calculated based on the preliminary tariff for all
6 dimensions estimated in a Dutch pilot study (range, —0.78 to
1.0).!° This was compared with the utility value for the standard
EQ-5D-5L calculated based on the published Dutch tariff
(range, —0.45 to 1.0).>* The correlation between the utility index
values and several clinical parameters was assessed using the
Spearman correlation coefficient. To investigate known-group
validity, the discriminatory ability of the EQ-5D and EQ-5D+R
was compared across 5 clinical subgroups: (1) history of exacer-
bations (<2 vs =2), (2) history of severe exacerbations defined as
hospital admission for COPD (no vs yes), (3) lung function
impairment (Global Initiative for Chronic Obstructive Lung Dis-
ease [GOLD] I/l vs GOLD III/IV), (4) level of dyspnea (MRC 1/2 vs 3/
4/5), and (5) CAT score (<10 vs =10). Cutoff values for these
different subgroups were obtained from the GOLD COPD guide-
lines.?® Differences in utilities between the clinical subgroups for
the EQ-5D-5L and EQ-5D-5L+R were tested using the Mann-
Whitney U test. Finally, regression models were estimated with
either the EQ-5D-5L utility index or the EQ-5D-5L+R utility index
as the dependent variable. Seven disease-specific parameters
(MRC dyspnea, SGRQ total score, CAT score, history of exacerba-
tions, history of severe exacerbations, handgrip test, and sit-to-
stand test) were added as independent variables one at a time
to a basic model that included covariates for sex, age, ethnicity,
deprivation score, work status, smoking status, history of several
diseases, body mass index, and FEV;% predicted to show the iso-
lated effect of the disease-specific parameters on the utilities.
Several types of generalized linear models were explored using
different distributions (normal/log/gamma) and assessed based on
their goodness of fit (Akaike information criterion, Bayesian in-
formation criterion, and root mean squared error). The coefficients
of the parameters were compared between the EQ-5D-5L and the
EQ-5D-5L+R model. Comparison was done by assessing whether
the mean estimates of the coefficients of the EQ-5D-5L+R model
were included in the confidence interval (CI) around the co-
efficients of the EQ-5D-5L model or not. All analyses were con-
ducted using SPSS version 25 (IBM Corp, Armonk, NY).

Of the 1889 BCCS participants potentially eligible for this study,
1032 responded to the additional questionnaire sent in 2017 and
1008 provided data for the respiratory bolt-on dimension. The
responses on the respiratory bolt-on were distributed as follows:
17% no breathing problems, 37% slight breathing problems, 32%
moderate breathing problems, 12% severe breathing problems,
and 1.8% extreme breathing problems. The ceiling effect was less



Variables available in the British COPD Cohort Study.

Sex

Age

Ethnicity

Employment status
Deprivation score
Smoking status

Number of comorbidities
Diabetes

High blood pressure
Coronary heart disease
Other heart disease
Stroke

Heart failure

Asthma

Depression

FEV; (litre/min)

FEV1% predicted

Body mass index (BMI)
MRC score

SGRQ impact score
SGRQ activity score
SGRQ symptom score
SGRQ total score

Total exacerbations in the past year'
Respiratory hospitalizations in the past year*
CAT score

IPAQ score

Sit-to-stand test

Handgrip test
EQ-5D-5L+R
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Baseline 0%
Additional 2017 questionnaire 0%
Baseline 3.9%
Additional 2017 questionnaire 2.3%
Additional 2017 questionnaire 0.8%
Additional 2017 questionnaire 5.2%
Baseline + 36-month follow-up 0%
Baseline + 36-month follow-up 0%
Baseline + 36-month follow-up 0%
Baseline + 36-month follow-up 0%
Baseline + 36-month follow-up 0%
Baseline + 36-month follow-up 0%
Baseline + 36-month follow-up 0%
Baseline + 36-month follow-up 0%
Baseline + 36-month follow-up 0%
36-month follow-up 0.7%
36-month follow-up 0.7%
36-month follow-up 1.9%
Additional 2017 questionnaire 0%
Baseline 21%
Baseline 19%
Baseline 20%
Baseline 38%
Additional 2017 questionnaire 5.1%
Additional 2017 questionnaire 2.8%
Additional 2017 questionnaire 6.3%
36-month follow-up 7.5%
36-month follow-up 10.2%
36-month follow-up 1.3%
Additional 2017 questionnaire 1.2%

CAT indicates COPD Assessment Test; COPD, chronic obstructive pulmonary disease; EQ-5D-5L+R, EQ-5D-5L plus respiratory dimension; FEV,, forced expiratory volume
in 1 second; IPAQ, International Physical Activity Questionnaire; MRC, Medical Research Council; SGRQ, St. George's Respiratory Questionnaire.

*Baseline, 2012-2014; 36-month follow-up, 2015-2016. The additional 2017 questionnaire was administered after the 36-month follow-up.

TSelf-reported number of periods with worsening of symptoms requiring steroids and/or antibiotics in the past 12 months.

*Self-reported number of hospital admissions for lung problems.

in the EQ-5D-5L+R; 7.2% of the patients reported no problems on
all dimensions compared with 15.5% in the EQ-5D-5L.

Table 2 shows the patient and disease characteristics of the
study population stratified by response level of the respiratory
bolt-on. Worse levels of the respiratory dimension were associ-
ated with a higher deprivation score, higher percentage of current
smokers, more comorbidities, lower lung function values (FEV,),
less physical activity (International Physical Activity Question-
naire), and worse disease-specific quality of life (SGRQ, CAT) and
dyspnea scores. The same pattern was observed for the 5

dimensions of the EQ-5D (Appendix 1 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2021.05.006).

The mean utility based on the EQ-5D-5L+R was 0.675 (SD
0.33) with a minimum value of —0.67 and a maximum value of
1.00. For the utility based on the standard EQ-5D-5L, these values
were 0.695 (SD 0.29), —0.45, and 1.00, respectively. Figure 1 shows
the mean utilities based on the EQ-5D-5L with and without
respiratory bolt-on specified by response level of the respiratory
bolt-on. Utilities based on the EQ-5D-5L and EQ-5D-5L+R varied
substantially for patients with level 4 or 5 of the respiratory bolt-
on. For example, for patients with severe breathing problems, the
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Demographic and comorbidity characteristics by response on the respiratory bolt-on.

Males, n (%)

Age, mean (SD)

Ethnicity British/mixed British, n (%)
Smoking status, n (%)

- Current smoker

- Ex-smokers

- Never smokers

Employment status, in work n (%)
Deprivation score, mean (SD)*
Number of comorbidities, mean (SD)
Diabetes, n (%)

High blood pressure, n (%)
Coronary heart disease, n (%)
Other heart disease, n (%)
Stroke, n (%)

Heart failure, n (%)

Asthma, n (%)

Depression, n (%)

FEV, (litre), mean (SD)

FEV, (% predicted, mean (SD)
GOLD stage, n (%)

- Mild/moderate

- Severe/very severe
Body mass index, mean (SD)
SGRQ-C total score, mean (SD)*

- Impact subscore
- Activity subscore

- Symptom subscore
CAT score, mean (SD)*

MRC dyspnea scale, n (%)
- Grade 1-2

- Grade 3-5

Exacerbations in the
past 12 months, n (%)

- None

- 1 exacerbation
- 2 exacerbations
- 3 exacerbations

- More than 3 exacerbations

Severe exacerbations in the
past 12 months, yes, n (%)

IPAQ score, n (%)

- Low activity

589 (58)
71.0 (8.7)
887 (91)

180 (19)
609 (64)
167 (18)

159 (16)
26.3 (16.3)

180 (19)
490 (51)
156 (17)
149 (17)
79 (9)
83 (9)
362 (39)
247 (27)
2.0 (0.8)
81 (26)

874 (87)

127 (13)
29 (5.9)
32 (22)
19 (20)
39 (30)
51 (24)
16 (9)

485 (48)
523 (52)

532 (54)

148 (15)

121 (12)
91 (9)
88 (9)
50 (5)

328 (35)

94 (55)
68.9 (9.3)
147 (89)

23 (14)
95 (59)
42 (26)
42 (26)
23.5(14.8)
1.08 (0.9)
24 (14)
72 (43)
14 (9)
20 (12)
10 (6)
8 (5)
36 (22)
34 (21)
2.5(0.7)
99 (21)

167 (98)
4(2)
28 (5.3)
12.(11)
5(8)
13 (17)
28 (19)
6.6 (4.9)

152 (89)
19 (11)

146 (86)
11(7)
5(3)
3(2)
4 (2)
3(2)

41 (24)

213 (57)
70.5 (8.9)
321 (92)

56 (16)
225 (63)
76 (21)
81 (23)
24.4 (15.3)
1.12 (0.9)
55 (16)
154 (44)
46 (14)
51 (15)
17 (5)
20 (6)
128 (37)
82 (24)
2.2(0.7)
86 (22)

354 (95)
17 (5)
28 (5.2)
22 (14)
11 (13)
28 (23)
43 (20)
12 (5.7)

258 (69)
114 (31)

228 (63)
63 (18)
41 (11)
19 (5)
10 (3)

6 (2)

102 (29)

191 (59)
71.7 (8.0)
294 (93)

69 (23)
94 (64)
40 (13)
26 (8)
27.5(16.6)
1.43 (1.0)

127 (43)
88 (31)
1.8 (0.6)
73 (24)

270 (84)
51 (16)
29 (6.4)
42 (18)
28 (19)
53 (25)
58 (21)
21 (6.5)

70 (22)
253 (78)

129 (41)
61 (20)
57 (18)
39 (13)
27 (9)
15 (5)

124 (42)

91 (64)
72.5(9.0)
125 (91)

32 (24)
94 (69)
9(7)
10 (7)

31.8(18.2)

1.51(1.0)
32 (26)
73 (57)
27 (22)
26 (22)
19 (17)
17 (15)
71 (58)
43 (36)
1.5(0.7)
60 (26)

83 (60)
55 (40)
31 (6.5)
59 (20)
44 (24)
74 (23)
73 (18)
29 (5.8)

5(4)
142 (96)

29 (21)
13 (10)
18 (13)
30 (22)
47 (34)
26 (19)

61 (54)
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.39
<.001
.38

<.001

<.001
<.001
<.001
.007
<.001
<.001
.09
<.001
<.001
<.001
.009
<.001
<.001

<.001

<.001
<.001

<.001
<.001
<.001

<.001

<.001

<.001

<.001

continued on next page
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Table 2. Continued

Total
population

Variable
(n=171)
(N = 1008)

- Moderate activity 344 (37) 66 (39)
- High activity 260 (28) 61 (36)
Sit-to-stand test, mean (SD) 20 (7.4) 24 (7.4)
Handgrip test, mean (SD) 28 (11) 30(11)

No problems

Slight Moderate Severe/extreme P value
problems problems problems (ANOVA,
(n =372) (n = 323) (n =142) Kruskal-Wallis,
or x?)
132 (38) 112 (38) 34 (30)
118 (33) 62 (21) 19 (17)
21(7.1) 18 (6.6) 16 (5.7) <.001
29 (11) 27 (1) 26 (12) .007

ANOVA indicates analysis of variance; CAT, COPD Assessment Test; FEV;, forced expiratory volume in 1 second; GOLD, Global Initiative for Chronic Obstructive Lung
Disease; IPAQ, International Physical Activity Questionnaire; MRC, Medical Research Council; SGRQ-C, COPD St. George's Respiratory Questionnaire.
*In contrast to other scores, higher scores for deprivation, SGRQ-C, and CAT indicate a worse score.

utility value was 0.319 based on the EQ-5D-5L and 0.163 based on
the EQ-5D-5L+R, a difference of 0.156.

Association Between Respiratory Bolt-On Utilities and
Disease Characteristics

Table 3 shows the correlation coefficients between clinical
COPD characteristics and the utility values based on the EQ-5D-5L
with and without respiratory bolt-on. The utility value based on
the EQ-5D-5L+R correlated slightly better with virtually all
respiratory-related parameters than the standard EQ-5D-5L.

The EQ-5D-5L+R also displayed more marked differences in
utility values between clinical subgroups of patients than the EQ-
5D-5L (Table 4), with the largest difference (0.078) relating to a
history of severe exacerbations. Subgroup results for lung function
impairment and MRC specified by 4 and 5 categories, respectively,
are shown in the Appendix 1 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2021.05.006.

Results of the multivariate regression analysis showed that
generalized linear models using a normal distribution had the best
fit with the data (Appendix 1 in Supplemental Materials found at

https://doi.org/10.1016/j.jval.2021.05.006). For the multivariate
regression models using the EQ-5D-5L+R utility value as the
outcome, the coefficients for the clinical parameters were higher
(Table 5), but remained within the CI around the coefficients of the
EQ-5D-5L models, with the exception of the CAT score (EQ-5D-5L
model, —0.018 [95% CI —-0.020 to -0.017]; EQ-5D-5L+R
model, —0.021(95% CI —0.023 to —0.019]).

Discussion

This study aimed to validate the EQ-5D-5L+R in a large pri-
mary care COPD population. Descriptive analyses showed that
COPD disease characteristics worsened with worse levels of the
respiratory dimension and the standard 5 EQ-5D dimensions. The
utility based on the EQ-5D-5L had a fair correlation (0.2 < r < 0.5)
with the majority of COPD characteristics and a moderate corre-
lation (0.5 < r < 0.7) with SGRQ total score, CAT, and MRC. All but
one correlation with the EQ-5D-5L+R utility were slightly higher.
There were strong correlations (r > 0.7) with the CAT and MRC.
Absolute mean differences in utility between clinical subgroups of

Figure 1. Mean (SE) EQ-5D-5L and EQ-5D-5L+R utilities for patients with a different response on the respiratory dimension.

1
+0.011

+0.027
I
T
0.8
0.6
0.4
0.2
0

No breathing problems  Slight breathing
problems

-0.2

Moderate breathing
problems

-0.026

I
-0:156
I

‘ -0.274
Extreme breathing
problems

Severe breathing
problems

EQ-5D-5L = EQ-5D-5L+R

EQ-5D-5L+R indicates EQ-5D-5L plus respiratory dimension; SE, standard error.
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Correlation coefficients between COPD characteristics
and utility values based on the EQ-5D-5L with and without
respiratory bolt-on.

FEV,, litre .26% .32%
FEV1% predicted 24% .32%
Body mass index -17* -.17*
SGRQ-C total score —.63% —.67%
- Impact subscore —.58% —61%
- Activity subscore —.63* —.65*
- Symptom subscore —.46* —.51*
Cough (yes/no) —.35% —.39*
Phlegm (yes/no) —.35% —.39%
Chest tightness (yes/no) —.45% —.50*
CAT score —.69* =.71*
MRC dyspnea scale —.69% —.72*
Exacerbations in —.32% —.36%
the past 12 months

Respiratory hospitalization =a12 —.14*
in the past 12 months

IPAQ score, n (%) 22* .24%
Sit-to-stand test .38* .38*
Handgrip test 7% J6e*

CAT indicates COPD Assessment Test; COPD, chronic obstructive pulmonary
disease; FEV,, forced expiratory volume in 1 second; IPAQ, International
Physical Activity Questionnaire; MRC, Medical Research Council; SGRQ-C, COPD
St. George's Respiratory Questionnaire.

*P<.01.

patients were significantly larger for the EQ-5D-5L+R, ranging
from +0.037 for the CAT score to +0.077 for history of severe
exacerbations. Although regression coefficients for COPD param-
eters were higher when using the EQ-5D-5L+R rather than the
EQ-5D-5L utility value as outcome, the differences in coefficients
were small and not significant for all clinical variables except the
CAT score. Because the EQ-5D-5L+R was only measured once, the
responsiveness of the instrument to changes in clinical parame-
ters could not be assessed within the current data set. Therefore, it
is not yet possible to determine the impact of using the EQ-5D-
5L+R on the number of QALYs gained of an intervention or
treatment. Comparable with the standard EQ-5D dimensions,
utility decrements for the respiratory dimension are highest for
the more severe levels. Decrements for moderate, severe, and
extreme breathing problems are —0.086, —0.219, and —0.327,
respectively.'® For example, if a treatment improves the symptoms
of a respiratory patient from severe to moderate breathing prob-
lems, this substantially increases the utility and can result in an
additional gain in QALYs compared with the EQ-5D-5L if according
to patients the impact of the improvement in symptoms is not
fully captured by the other 5 dimensions. Future research is
needed on the responsiveness of the EQ-5D-5L+R. In addition, it
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should be emphasized that the current validation study should be
repeated in other patient populations such as asthma and car-
diovascular patients before conclusions on the final validity of the
respiratory bolt-on could be drawn.

Although important aspects of respiratory diseases might not
be included in the descriptive system of the EQ-5D, one could
argue that their impact on physical functioning might be captured
by the standard EQ-5D dimensions mobility, self-care, and usual
activities. A study from Finch et al*® showed that, when using an
item pool based on generic preference-based measures, both in
principal component analysis and confirmatory factor analysis, the
breathing item of the 15D questionnaire loaded on the construct
of physical function, showing a high correlation between a res-
piratory item and physical functioning. Similar results were found
by Engel et al?” when examining items from generic measures and
a capability measure using exploratory factor analysis. These high
correlations were not observed in our study, where the item pool
included items from condition-specific measures. In the devel-
opment phase of the respiratory bolt-on, we observed that items
on respiratory symptoms were included in separate constructs in
the principal component analysis not including EQ-5D physical
function dimensions. Nevertheless, adding a respiratory or other
dimension to the EQ-5D always increases the risk of overlap with
the standard 5 dimensions, which could be an explanation for the
limited sensitivity of the EQ-5D-5L+R in the current study. Results
of the current study are specific for the respiratory bolt-on and
should not be generalized to other bolt-ons.

The larger differences in utility value between the important
clinical subgroups and the higher regression coefficients for the
EQ-5D-5L+R can mainly be explained by the increased length of
the utility scale for the EQ-5D-5L+R utility value (range, —0.78 to
1.0; total length, 1.78) compared with the EQ-5D-5L utility value
(range, —0.45 to 1.0; total length, 1.45). This was also observed in a
study of Versteegh et al’® that explored the relevance of
condition-specific preference-based measures. In this study,
health states based on (simplified) disease-specific questionnaires
were valued by the general population resulting in utilities, which
were compared with the utilities obtained from the EQ-5D-3L
questionnaire. Absolute differences in utility score between
levels of severity of the diseases were larger for the EQ-5D than
the disease-specific instruments, because the range of the utility
scale for the EQ-5D utility was greater.”® This implies that the
absolute differences in utility value between subgroups of patients
are strongly affected by the length of the utility scale. An increased
length of the utility scale results in larger differences between
health states and therefore larger gains in QALYs. In the current
study, the assumption that results could be explained by a larger
scale was tested by performing an analysis using the normalized
score for the EQ-5D-5L and EQ-5D-5L+R (Appendix 1 in Supple-
mental Materials found at https://doi.org/10.1016/j.jval.2021.05.
006). Results showed that absolute differences in utility between
subgroups of patients became smaller and even nonsignificantly
different between the EQ-5D-5L and EQ-5D-5L+R using normal-
ized utilities. This illustrates that the length of the scale has an
impact on the results, but the longer range of the EQ-5D-5L+R
scale is justified by the additional disutility that breathing prob-
lems add.

The results of the study were in line with previous studies.
Other studies exploring the correlation between either EQ-5D-3L
or EQ-5D-5L and clinical COPD parameters**—! found that, in
general, the EQ-5D utility had a poor correlation with lung func-
tion, that is, FEV,% predicted (r, 0.14-0.19).5"*! Despite this low
correlation, the EQ-5D-3L was found to be able to discriminate
between different stages of lung function impairment.5>! The
correlation with lung function in our study was fair and higher for
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Table 4. Differences in utility value in clinical subgroups of patients with COPD (in-between subject analysis).

Subgroup Mean EQ-5D-5L Mean EQ-5D-5L utility value Difference

utility value without with respiratory
respiratory dimension dimension

History exacerbations:

<2 exacerbations .753 749

=2 exacerbations .573 .515

Difference 179*% .235% .055*
History severe exacerbations:

No respiratory hospitalization .708 .692

1 or more respiratory hospitalizations .530 436

Difference 179% .256* .078*
Lung function impairment:

GOLD 1/2 716 .706

GOLD 3/4 .561 473

Difference .156%* .233% .077*
Symptoms MRC

MRC 1/2 .855 .859

MRC 3/4/5 .547 .504

Difference .308* .355% .047*
Symptoms CAT

CAT <10 .874 .881

CAT =10 .630 .600

Difference .244% .281* .037*

CAT indicates COPD Assessment Test; COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease; MRC, Medical
Research Council.
*P<.001.

the EQ-5D-5L+R utility. Correlation between MRC score and moderate-to-strong correlation with utility values in previous
utility has been reported to be around 0.5 in previous studies.”?%*° Other studies exploring the performance of bolt-on
studies,®”>°° compared with approximately 0.6 in this study. In  dimensions for the EQ-5D also found larger differences in utility
line with this analysis, the CAT score was reported to have a between subgroups of patients for the EQ-5D with additional

Table 5. Multivariate analysis showing the isolated effect of 7 clinical parameters on utilities (generalized linear model with normal
distribution).

Type of analysis EQ-5D-5L utility value EQ-5D-5L utility value
with respiratory dimension with respiratory dimension
Coefficient clinical Coefficient clinical
Parameter (95% Cl) Parameter (95% ClI)

1. Basic model* + MRC (=3 vs <3) — 252 (~.288 to —.215) 274 (-315 to —.232)

2. Basic model + SGRQ total score (per point) —.007 (-.008 to —.006) —.008 (-.009 to —.007)

3. Basic model + CAT score (per point) ~.018 (~.020 to —.017) ~.021 (~.023 to —.019)

4. Basic model + any exacerbation (yes vs no) —.082 (=.120 to —.045)) =111 (=153 to —.069)

5. Basic model + severe exacerbation (yes vs no) —.143 (-.222 to —.064) —.206 (—.294 to —.117)

e mp— 005 (.003-.007) 005 (.003-.008)

7. Basic model + sit-to-stand test -009 (.007-.012) :010 (.007-.013)

BMI indicates body mass index; CAT, COPD Assessment Test; Cl, confidence interval; FEV,, forced expiratory volume in 1 second; MRC, Medical Research Council; SGRQ,
St. George's Respiratory Questionnaire.

*The basic model included sex, age, ethnicity, deprivation score, work status, smoking status, history of several diseases, BMI and FEV;% predicted. A check for
multicollinearity in the basic and other models showed that all variance inflation factors (VIPs) were well below 10.
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dimension.>*** A study by de Graaf et al*? reported slightly larger
differences in utility with the EQ-5D-5L plus cognitive dimension
than the standard EQ-5D-5L in patients with stroke with different
levels of modified Rankin Scale and patients with and without a
decrease in health or daily activities. Luo et al**> found that abso-
lute mean differences in utility values between mutually exclusive
subgroups of patients with different vision problems were larger
for the EQ-5D-3L plus vision bolt-on than the standard EQ-5D-3L.
The strengths of this study were that the BCCS study collected
a wide range of patient characteristics, physiological measures,
and clinical outcomes from a large, well-characterized primary
care COPD population.'” A limitation of the study was that the EQ-
5D-5L+R was measured during a follow-up questionnaire, while
some of the clinical parameters were obtained from earlier mea-
surements. Nevertheless, with the exception of a deterioration in
grip strength and a slight improvement in lung function, the
majority of clinical parameters remained stable during the 3-year
study period, thus minimizing the impact of using data from
different time points. In addition, the design of this study would
have been most optimal when half of the patients would have
completed the EQ-5D-5L+R and half the regular EQ-5D-5L,
because self-reporting on a dimension of the EQ-5D may depend
on the response on the other dimensions. Another limitation was
that English patients completed the descriptive system, whereas
EQ-5D-5L+R utilities could only be calculated based on a Dutch
tariff. An English tariff for the EQ-5D-5L+R is not available.

This study showed that the addition of a respiratory bolt-on to
the EQ-5D-5L led to a modest improvement in performance of
the utility instrument. Although differences in utilities between
clinical subgroups of patients were larger with the EQ-5D-5L+R
than the EQ-5D-5L, clinical COPD variables correlated only
slightly better with EQ-5L-5D+R utilities. Adding a respiratory
dimension to the EQ-5D might improve its responsiveness in
certain diseases. Nevertheless, the main disadvantage is that it
reduces the comparability of the outcomes of the EQ-5D across
diseases, which is currently one of the strengths of the instru-
ment. This study showed that comparability would be traded off
against a modest improvement in the absolute difference in
utility. The final impact on the QALY gained, however, would
depend on the time horizon used in the evaluation. On the basis
of our findings, we would recommend future intervention
studies to calculate both the standard QALYs to allow comparison
with other diseases and the “bolt-on” QALYs to measure the
impact of adding a symptom- or disease-specific dimension on
the cost-effectiveness ratio.

Supplementary data associated with this article can be found in the
online version at https://doi.org/10.1016/j.jval.2021.05.006.
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