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Abstract
Purpose Measuring quality of life in acute asthmatics is challenging, especially when asthma attacks can occur sporadically. 
Several questionnaires can be used to measure quality of life in this patient group; however, psychometric testing is limited on 
questionnaires that can be used to estimate Quality Adjusted Life years. The objective of this study is to assess the construct 
validity (convergent and discriminative validity) and responsiveness of the EuroQol-5-Dimensions 5-Level (EQ-5D-5L), 
Asthma Quality of Life Utility Index-5 Dimensions (AQL-5D) and Time Trade-Off (TTO) in acute asthma patients.
Methods Data from a prospective cohort study were used to test the validity and responsiveness of the EQ-5D-5L, AQL-
5D and TTO in asthma patients who were recruited from UK accident & emergency departments or hospital wards. The 
spearman’s rank correlation coefficient, the Kruskal–Wallis test statistic and the standardized response mean were used to 
test for convergent validity, discriminative validity and responsiveness, respectively.
Results One hundred and twenty-one participants were included in the available case analysis. The EQ-5D-5L and AQL-
5D showed moderate to strong correlations for convergent validity at baseline, week 4 and week 8. The AQL-5D and TTO 
showed moderate correlations at week 4 and week 8. No statistical significance was observed for discriminative validity at 
baseline. Both the EQ-5D-5L and the AQL-5D also showed that they were sensitive to change for the recovery responses.
Conclusions The EQ-5D-5L and AQL-5D showed stronger construct validity and responsiveness compared to the TTO. 
Therefore, both the EQ-5D-5L and AQL-5D should be considered for use in future economic evaluations.
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Introduction

Patient-reported outcome measures (PROMs) are used 
widely in research as they are useful for capturing patient’s 
perceptions for different health states [1]. The PROMs can 
be disease-specific (particular health-related quality of life 
aspects relating to people with a specific disease or condi-
tion) or generic (particular health-related aspects relating to 
people in general) questionnaires, and they can be conducted 
in different modes and at different time points [2].

As seen in a previous systematic review [3], the use of 
PROMs in asthma is extensive. Many different PROMs 
have been used for asthma studies [3–6], the Asthma Qual-
ity of Life Questionnaire (AQLQ) [7], mini-AQLQ [8], St 
George’s Respiratory Questionnaire (SGRQ) [9] and Euro-
Qol-5-Dimensions (EQ-5D) [10] being some common ones. 
As there are so many different PROMs available to use, it is 
important that there is transparency for their use and knowl-
edge as to which one is more appropriate. However, there 
is no current guidance on the most appropriate PROMs for 
asthma [5].

Testing preference-based measures (measures that 
describe aspects of a patient’s health, which usually consist 
of several domains, the scores from which are converted 
into index scores using an algorithm and typically have a 
scale where 0 is death and 1 is full health) [11] through psy-
chometric techniques have been performed before in many 
different diseases. However, this is limited in asthma where 
reliability, validity and responsiveness are often tested on 
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non-preference-based measures [12–18]. A previous study 
argued that the EQ-5D is valid and reliable for use on asthma 
patients to help clinicians form better decisions [19]. How-
ever, different preference-based measures have not been 
tested for asthma-related crisis events and previous asthma 
studies are often based on the older 3-level (3L) version of 
the EQ-5D, rather than the new 5L version. Therefore, this 
study aims to test the construct validity and responsiveness 
of the EQ-5D-5L [20], AQL-5D [21] and Time Trade-Off 
(TTO) [22] questionnaires. These specific questionnaires 
were chosen because they are preference-based. They are 
based on the responses of a sample of the UK public and 
enable the relative weight of different aspects of quality of 
life (QoL) to be considered such that QoL can be summa-
rized on a 0 (death) to 1 (full health) utility scale.

Methods

Study design and recruitment

This work is based on a prospective observational cohort 
study (Clinical Trials Number: NCT02771678) that recruited 
patients who had an asthma-related crisis event (accident and 
emergency attendance or hospital admission) at one of three 
sites (Norfolk and Norwich University Hospital, University 
Hospital Birmingham and Aberdeen Royal Infirmary) [23]. 
Participants met the inclusion criteria for recruitment if they 
were adults who had an asthma attack, were not hypoxaemic 
and did not need help from a carer to complete the question-
naires. One hundred and twenty-one patients were recruited 
from the hospitals and were asked to complete several qual-
ity of life questionnaires over an 8-week period [23]. All par-
ticipants provided written informed consent, and the study 
was approved by the NHS Cambridge South Research ethics 
committee (REC Reference: 16/EE0023). More details on 
the recruitment, methodology and measures applied in this 
study are reported elsewhere [23].

EuroQol‑5‑Dimensions 5‑Level (EQ‑5D‑5L)

Participants were asked to complete the EQ-5D-5L weekly 
over the 8-week time period. The EQ-5D-5L has questions 
about mobility, self-care, usual activities, pain/discomfort 
and anxiety/depression. Each of these questions has 5 lev-
els to choose from when completing the questionnaire [20]. 
These levels are no problems, slight problems, moderate 
problems, severe problems and extreme problems/unable. 
Once all questions had been answered, then the responses 
were converted into a health utility score on a 0 (death) to 
1 (full health) scale [10]. A visual analogue scale (VAS) is 
also part of the questionnaire and is a scale which ranges 

from 0 (the worst health you can imagine) to 100 (the best 
health you can imagine).

Asthma Quality of Life Utility Index‑5‑Dimensions 
(AQL‑5D)

The AQL-5D is a utility index scale generated from the 
asthma quality of life questionnaire (AQLQ) [7]. Partici-
pants were asked to complete the AQLQ monthly over the 
8-week period. It has 32 asthma-related questions with 
a choice of seven different responses for each question. 
Responses from five questions on the AQLQ were taken 
to generate the AQL-5D on a utility scale of 0 to 1 [21]. 
The responses taken were related to questions around sleep, 
concern, breath, pollution and activity.

Time Trade‑Off (TTO)

The TTO was modified to include two anchor options of 
‘current asthma health state’ and ‘well-controlled asthma’, 
and participants were asked to complete it monthly over the 
8-week period [24]. The ‘well-controlled asthma’ health 
state was described as ‘no asthma symptoms, no limita-
tion of activities due to asthma and no asthma attacks’. This 
modification was undertaken with a view to identify whether 
participants had reached their normal well-controlled asthma 
health state by week 4 or week 8 after having their asthma-
related crisis event, and to estimate the utility loss specifi-
cally associated with an asthma crisis event excluding the 
effect of any comorbidities.

The TTO was initially asked during a face-to-face consul-
tation at baseline using a laptop for visual aid. At the week-4 
and week-8 follow-ups, the TTO was either asked at a face-
to-face consultation during the participant’s routine hospital 
appointment, or over the telephone, if the follow-ups did 
not coincide with the participant’s routine hospital appoint-
ment. Iterative questioning was used for the TTO, starting 
at the mid-point of the participant’s estimated remaining life 
expectancy and increasing or decreasing by 10% increments 
depending on the response of the participant. For example, 
participants were asked whether they would choose their 
‘current asthma’ health state or ‘well-controlled asthma’ 
health state at the mid-point value, and if they chose the 
latter option, their years would decrease by 10% until indif-
ference was achieved. Alternatively, if participants chose the 
‘current asthma’ health state option, then their years would 
increase by 10% until indifference was achieved.

The TTO was chosen as it is the direct valuation method 
that was used for the EQ-5D, at the time of the study’s con-
ception [25]. The modified TTO is used in this study as it 
enabled us to consider whether the individual had returned 
to their well-controlled asthma state, and thereby specifically 
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estimate the loss in utility score associated with an asthma 
crisis event. In contrast, were a patient to have a utility 
score below full health according to the EQ-5D, it would be 
unclear whether they had, e.g. a comorbidity but had fully 
recovered from the asthma event, or instead were still yet 
to recover to their well-controlled asthma state. The use of 
the EQ-5D in the latter situation could lead to the loss in 
utility score associated with an asthma crisis event being 
underestimated.

Construct validity

Construct validity assesses whether the constructs of an 
instrument are measuring what it should be measuring [26]. 
Two forms of construct validity were considered: convergent 
and discriminative validity.

Convergent validity addresses the level of correlation 
between constructs and instruments. It shows whether the 
constructs or instruments that are being compared are related 
to each other as expected. These relations may be strong or 
weak correlations depending on the relationship expected 
between the constructs or instruments compared [27].

The correlations for convergent validity have been 
assessed at baseline, week 4 and week 8 of the study. The 
Spearman’s rank correlation coefficient was used to deter-
mine the correlations with statistical significance considered 
at the 5% level. Additionally, correlations were considered 
weak if < 0.3, moderate if 0.3 to 0.5 and strong if > 0.5 [28].

Discriminative validity (also known as known-group 
validity) is another type of construct validity which has been 
considered in this analysis [27]. When groups are expected 
to differ between each other, a test can be conducted to 
help assess whether a measure can discriminate between 
the groups. The analysis was conducted based on specific 
groups that were anticipated to have different levels of util-
ity at baseline due to their different asthma severity. Three 
peak expiratory flow (PEF) groups were chosen to conduct 
this analysis, where the PEF was recorded by medical report 
using a PEF meter [29]:

• < 50% of the best/predicted PEF (life threatening or acute 
severe asthma)

• 50–75% of the best/predicted PEF (moderate acute 
asthma)

• > 75% of the best/predicted PEF (good/very good 
asthma)

The Kruskal–Wallis test statistic was used to conduct the 
test for discriminative validity across the instruments using 
the above three PEF subgroups, i.e. to test for a significant 
difference in mean rank scores between groups. p-values 
were used to display the statistical significance.

Responsiveness

This was an assessment of all of the quality of life question-
naires, including the PEF to detect any sensitivity to change 
[26]. The idea behind responsiveness is that it should high-
light whether the instruments are measuring the constructs 
as it should, e.g. by detecting whether an expected improve-
ment or deterioration over a period of time is reflected in 
the scores for that instrument. Accordingly, we compared 
groups based on the following question which was asked at 
week 4 of the study:

Question Compared to your asthma state when you were 
in hospital approximately 4 weeks ago, how would you 
rate your asthma now?
Answers options very good, good, moderate, poor or very 
poor.

Responses to the above question were grouped into 4 cat-
egories. As none of the participants chose the last item, ‘very 
poor’, this category was omitted from the groups. Wilcoxon 
signed-rank tests were conducted to identify any significant 
changes in scores within each category, accompanied with 
effect size (ES) and standard response mean (SRM) calcula-
tions [27].

The SRM helped to indicate how responsive the ques-
tionnaires were to change where a higher value would be 
expected for asthmatics who rated their asthma state as very 
good compared to 4 weeks ago. Values ranging between 0.20 
and 0.50 were considered small, 0.50 to 0.80 were consid-
ered moderate and greater than 0.80 were considered large 
[30].

Results

The available case analysis was used for this study, where 
121 participants were recruited, 42 were lost to follow-up 
and 8 withdrew [23]. Table 1 shows the baseline partici-
pant characteristics of the available case analysis. The par-
ticipants were recruited from three hospital sites in the UK 
(Norwich, Birmingham and Aberdeen) in 1 year, which 
increased the generalizability of the study [23]. The sam-
ple size, participant characteristics and attrition rate are 
similar to other asthma studies which assess the validity of 
PROMs, which further confirms the representativeness and 

Effect size (ES) ∶
Mean change

Standard deviation at baseline

Standardised Response Mean (SRM) ∶
Mean change

Standard deviation of change
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generalizability of the data [31, 32]. As a sensitivity analy-
sis, a complete case analysis (participants who completed all 
measures, at all three time points, N = 44) was undertaken, 
where it can be seen they had similar characteristics to the 
available case sample (see Supplementary Table 1).

Convergent validity

The convergent validity for baseline, week 4 and week 8 
is shown in Tables 2, 3 and 4, respectively, using Spear-
man’s rank correlation coefficients for the preference-based 
measures.

At baseline, the relationship between the EQ-5D-5L and 
the AQL-5D were significant at the 1% level, whilst the EQ-
5D-5L and the TTO, and the AQL-5D and the TTO were not 
significantly correlated.

The convergent validity relationships highlighted at 
baseline had become stronger at week 4. The EQ-5D-5L 
and the AQL-5D improved to have a strong correla-
tion at the 1% level. The AQL-5D and the TTO had a 

better relationship at week 4, with a moderate correlation 
observed at the 5% level.

The same relationships were also observed for the con-
vergent validity at week 8 of the study, as compared to 
the convergent validity relationships observed at week 4 
of the study. Both the EQ-5D-5L and the AQL-5D, and 
the AQL-5D and the TTO showed the same relationship.

Discriminative validity

Table 5 shows the discriminative validity test based on 
three PEF groups. The PEF groups were split into catego-
ries of different asthma severities: < 50% of best/predicted 
PEF, 50–75% of best/predicted PEF and > 75% of best/
predicted PEF [29]. The lower proportion (< 50% of best/
predicted PEF) indicates that the participants are furthest 
away from their best or predicated PEF, indicating that 
they are more poor (have life threatening asthma or acute 
severe asthma) than the participants who have a PEF of 
> 75% of their best or predicted PEF (good or very good 
asthma).

Most of the participants were within the 50–75% of 
best/predicted PEF category indicating that they had mod-
erate acute asthma at baseline. Interestingly, at baseline, 
some participants were in the third PEF category which 
indicated they had good/very good asthma based on their 
PEF being > 75% of their best/predicted value. Even 
though, most of the mean rank utility values were increas-
ing as hypothesized from the lowest PEF group (< 50% of 
best/predicted PEF) to the highest PEF group (> 75% of 
best/predicted PEF), the change was not very large and 
the results showed no statistical significant differences 
between any of the preference-based measures displayed.

Table 1  Baseline characteristics of participants for available case 
analysis

Demographics N = 121

Age (mean, years) 49.68
Height (mean, cm) 167.22
Weight (mean, kg) 85.54
Gender (%)
 Male 26.45
 Female 73.55

Ethnicity (%)
 White 95.83
 Mixed white and black 0.83
 White other 3.33

Smoking status (%)
 Never 42.50
 Non smoker 1.67
 Smoker 15.00
 Ex-smoker 40.83

Highest level of education (%)
 School 47.06
 College 33.61
 Degree 19.33

Employment status (%)
 Full-time 27.50
 Part-time 15.83
 Retired 28.33
 Stay at home parents 7.50
 Student 3.33
 Unemployed 17.50

Table 2  Convergent validity at baseline using Spearman’s rank cor-
relation coefficient

**p value is < 0.01 therefore statistically significant at the 1% level
a Pairwise correlation coefficients displayed. Correlation coefficients 
considered < 0.3 are weak, 0.3 to 0.5 are moderate and > 0.5 are 
strong

EQ-5D-5L  
(utility)

AQL-5D  
(utility)

TTO  
(utility)

EQ-5D-5L (utility) N = 120
1.0000a

AQL-5D (utility) N = 118 N = 118
0.3888a** 1.0000a

TTO (utility) N = 111 N = 109 N = 112
0.1287a 0.0864a 1.000a
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Responsiveness

The responsiveness test was conducted and observed how 
participants felt at week 4 of the study compared to how they 
were at baseline when in hospital with their asthma-related 
crisis event. Table 6 shows the results of the changes in 
means between baseline and week 4. As hypothesized, most 

of the utilities demonstrated sensitivity to change (which is 
highlighted from the SRM values). The range for the mean 
change from poor to very good groups in the EQ-5D-5L 
utility was from − 0.276 to 0.175, for the AQL-5D from 
− 0.0065 to 0.169 and for the TTO from − 0.173 to 0.254. 
The TTO was the only preference-based measure which 
didn’t have a large sensitivity to change in any of the four 
groups (poor, moderate, good and very good). Conversely, 
the AQL-5D showed large responsiveness to change for the 
very good and good group, and the EQ-5D-5L showed large 
responsiveness for the good and poor groups.

Discussion

This study used psychometric techniques to analyse the 
construct validity and responsiveness relationships between 
preference-based measures for people with acute asthma. 
The data used for this analysis was the available case analysis 
from the prospective cohort data collected from across three 
hospital sites in the UK from when people attended A&E 
or were admitted to hospital with acute asthma symptoms. 
This study analysed the observed findings by comparing the 

Table 3  Convergent validity at 
week 4 using Spearman’s rank 
correlation coefficient

*p-value is < 0.05, **p-value is < 0.01 therefore statistically significant at the 5% level and 1% level, 
respectively
a Pairwise correlation coefficients displayed. Correlation coefficients considered < 0.3 are weak, 0.3 to 0.5 
are moderate and > 0.5 are strong

EQ-5D-5L (utility) AQL-5D (utility) TTO (utility) PEF

EQ-5D-5L (utility) N = 71
1.0000a

AQL-5D (utility) N = 63 N = 70
0.5355a** 1.0000a

TTO (utility) N = 62 N = 62 N = 87
0.1771a 0.3027a* 1.000a

Table 4  Convergent validity at week 8 using Spearman’s rank corre-
lation coefficient

*p-value is < 0.05, **p-value is < 0.01 therefore statistically signifi-
cant at the 5% level and 1% level, respectively
a Pairwise correlation coefficients displayed. Correlation coefficients 
considered < 0.3 are weak, 0.3 to 0.5 are moderate and > 0.5 are 
strong

EQ-5D-5L (util-
ity)

AQL-5D (util-
ity)

TTO (utility)

EQ-5D-5L (util-
ity)

N = 64
1.0000a

AQL-5D (util-
ity)

N = 61 N = 64
0.6260a** 1.0000a

TTO (utility) N = 60 N = 58 N = 80
0.1871a 0.3087a* 1.000a

Table 5  Discriminative (known-group) validity at baseline using 
three PEF subgroups (aKruskal–Wallis test conducted and PEF split 
into three subgroups: < 50% of PEF best/predicted = life threaten-

ing/acute severe asthma; 50–75% of PEF best/predicted = moderate 
acute asthma and > 75% of best/predicted asthma for good/very good 
asthma [29]) against preference-based measures

*No statistical significant difference found for all PROMs between the three PEF subgroups
a Mean rank: The utilities are ranked from lowest to highest, and an average is taken based on the ranked order of utilities. The group with the 
lowest mean rank have the greatest number of lower utility values, and the group with the highest mean rank have the greatest number of higher 
utility values

< 50% of best/
predicted PEF 
mean  ranka

< 50% of best/
predicted PEF 
N

50–75% of best/
predicted PEF 
mean  ranka

50–75% of 
best/predicted 
PEF N

> 75% of best/
predicted PEF 
mean  ranka

> 75% of best/
predicted PEF 
N

p-value*

EQ-5D-5L utility 53.64 18 57.02 42 71.89 27 0.105
AQL-5D utility 53.36 18 56.45 42 68.96 26 0.223
TTO utility 49.91 16 58.11 40 56.70 28 0.713



 Quality of Life Research

1 3

preference-based measures at three main time points during 
the study, which were baseline, week 4 and week 8.

Summary of findings

The correlations between the preference-based measures 
were mostly moderately to strongly correlated and had 
strengthened from time points at baseline, through to week 
4 and week 8. At baseline, the EQ-5D-5L and the AQL-5D 
were significantly correlated at the 1% level. As the study 
progressed, the TTO and AQL-5D also showed more of an 
association, reaching statistical significance at the 5% level 
at week 4 and week 8 of the study, suggesting that the TTO 
and AQL-5D were correlating better when the participants 
were nearer to their recovery from their asthma-related crisis 
event.

The discriminative validity comparing the three PEF 
groups with the EQ-5D-5L, AQL-5D and TTO showed no 
statistical significant differences across the groups, even 
though the mean rank scores generally increased as PEF 
severity reduced.

A sensitivity analysis using complete cases (participants 
completing all measures, at all time points) was also under-
taken (see Supplementary Material Tables 1 to 6), where the 
results can be seen to be broadly comparable to that of the 
available case analysis.

Comparison with other studies

We found the correlation coefficients between the TTO and 
the EQ-5D-5L were much weaker compared to the EQ-5D-5L 
and the AQL-5D. Even as the study progressed, they stayed 
weak with no statistical significance. A previous asthma-
related cross-sectional study compared the TTO with the 
EQ-5D but had a higher correlation coefficient of 0.40, indi-
cating a moderate correlation [33]. However, there were sev-
eral differences between that study [33] and this current study 
around the participant population group, the questioning of 
the TTO and the number of levels on the EQ-5D. Neverthe-
less, in both studies, the TTO correlations had lower correla-
tions compared to the other preference-based measures, which 
suggests the TTO is less suitable in asthma populations.

The discriminative test indicated that the preference-
based measures were not very good at discriminating 
between the three PEF groups. Possible explanations for this 
result are that the preference-based measures are not able to 
capture changes related to the PEF, or that such PEF changes 
do not constitute a notable score change on the utility scale.

When assessing the responsiveness test conducted in this 
study (using the recovery questions from the participants at 
week 4 of the study), the AQL-5D and the EQ-5D-5L had 
larger responsiveness compared to the TTO. As the AQL-
5D is derived from the AQLQ and has been also shown to 

Table 6  Responsiveness of all preference-based measures between baseline and week 4 for recovery rates

ES effect size (mean change/SD at baseline)
*Small change, small responsiveness
**Moderate change, moderately responsive
***Large change, largely responsive
a Wilcoxon signed-rank test conducted and p-values in bold are statistically significant at the 5% level
b SRM standardized response mean (mean change/SD of change). If SRM = 0.2 to 0.50 equals small, 0.50 to 0.80 equals moderate and 0.80 and 
above equals large

Items N Baseline (mean) Week 4 (mean) Mean change SD at baseline SD at change ES SRMb p  valuea

EQ-5D-5L
 Very good 14 0.747 0.922 0.175 0.280 0.235 0.625 0.745** 0.011
 Good 17 0.585 0.807 0.221 0.325 0.233 0.680 0.948*** 0.000
 Moderate 24 0.630 0.724 0.094 0.265 0.239 0.355 0.393* 0.031
 Poor 8 0.604 0.328 − 0.276 0.148 0.268 − 1.865 − 1.030*** 0.066

AQL-5D
 Very good 15 0.629 0.798 0.169 0.135 0.187 1.252 0.904*** 0.010
 Good 17 0.621 0.787 0.166 0.132 0.140 1.258 1.186*** 0.001
 Moderate 26 0.560 0.621 0.061 0.113 0.110 0.540 0.555** 0.023
 Poor 9 0.529 0.524 − 0.005 0.107 0.019 − 0.047 − 0.263* 0.356

TTO
 Very good 14 0.679 0.932 0.254 0.250 0.329 1.016 0.772** 0.014
 Good 19 0.682 0.908 0.227 0.296 0.320 0.767 0.709** 0.013
 Moderate 23 0.598 0.787 0.189 0.297 0.348 0.636 0.543** 0.008
 Poor 8 0.881 0.708 − 0.173 0.177 0.376 − 0.977 − 0.471* 0.468
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have strong correlations in this study and others [21], this 
supports the use of the AQL-5D.

Strengths and limitations

The use of three different PROMs in this study is a strength 
for the comparison of psychometric techniques. Despite this, 
only construct validity and responsiveness were assessed in 
this study, which is a limitation, as there are other psycho-
metrics techniques which are useful for comparing meas-
ures. Secondly, the sample size was small when testing for 
discriminant validity and responsiveness, particularly due to 
the response rates. Therefore, it is recognized that a larger 
sample size would encourage more robust and representative 
results between groups.

Recommendation for the future

In the light of the findings from this study, both the construct 
validity and responsiveness tests suggest which preference-
based measures should be considered for the acute asthma 
population group for the criteria assessed. Overall, given the 
TTO performed poorly on the validity and responsiveness 
tests, we consider the AQL-5D and the EQ-5D-5L for use in 
economic evaluations for asthma studies. Even though the 
AQL-5D is a recent development [34], previous literature 
and this current study have strongly confirmed its perfor-
mance [21, 35]. Therefore, it is suggested that the disease-
specific questionnaire, AQLQ, is used in asthma studies 
in order to estimate utilities using the AQL-5D. However, 
given that NICE has recommended using the EQ-5D in eco-
nomic evaluations [36, 37], this should still be considered.

Conclusion

In conclusion, this study aimed to compare the performance 
between three preference-based measures that were used in 
a prospective cohort study, which estimated the loss asso-
ciated with an asthma-related crisis event. Psychometric 
techniques, in particular, convergent validity, discriminative 
validity and responsiveness, were used in this analysis. In 
this study, out of the three outcome measures tested, we do 
not consider the TTO to be the most appropriate measure in 
this population given it performs poorly on tests of construct 
validity and responsiveness. Instead, we suggest the AQL-
5D and EQ-5D-5L should be considered.

The EQ-5D-5L and the AQL-5D illustrated moderate 
to strong correlations throughout all three time points at 
baseline, week 4 and week 8. Small to large changes were 
observed in the preference-based measures for the level of 
sensitivity to change for the recovery groups. However, 

the discriminative test indicated that the preference-based 
measures were not very good at discriminating against the 
three PEF groups, and the TTO showed weak correlations 
between the EQ-5D-5L and the AQL-5D.

Therefore, the results overall highlight that the EQ-5D-5L 
and AQL-5D are well correlated and sensitive to change for 
participants who have had an asthma-related crisis event. For 
the purposes of economic evaluation studies, and the fact 
that previous research recommends the use of the EQ-5D, 
both the EQ-5D-5L and the AQL-5D should be considered 
in the future. Nevertheless, it is important to bear in mind 
that both of these questionnaires have been recently devel-
oped, and therefore, further research is encouraged on a 
larger, more complete data set.

Acknowledgements We thank all of the participants for spending their 
time in the observational study and all of the respiratory research staff 
who were involved at the Norfolk and Norwich University Hospital, 
Queen Elizabeth Hospital in Birmingham and Aberdeen Royal Infir-
mary. In particular, we thank Sarah Harper, Amy Dymond, Dr Ben-
jamin Sutton, Victoria Fraser, Alison Mckay and Professor Graham 
Devereux.

Funding  This paper presents independent research funded by the 
National Institute for Health Research (NIHR) Collaboration for Lead-
ership in Applied Health Research & Care (CLAHRC) East of England, 
at Cambridgeshire and Peterborough NHS Foundation Trust. The views 
expressed are those of the authors and not necessarily those of the 
NHS, the NIHR or the Department of Health and Social Care.

Compliance with ethical standards 

Conflict of interest The authors declare that they have no conflict of 
interest.

Ethical approval All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards.

Informed consent Informed consent was obtained from all individual 
participants included in the study.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

 1. Black, N. (2013). Patient reported outcome measures could help 
transform healthcare. BMJ, 346, f167. https ://doi.org/10.1136/
bmj.f167.

 2. Weldring, T., & Smith, S. M. (2013). Patient-reported outcomes 
(PROs) and patient-reported outcome measures (PROMs). Health 
Services Insights, 6, 61–68. https ://doi.org/10.4137/HSI.S1109 3.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1136/bmj.f167
https://doi.org/10.1136/bmj.f167
https://doi.org/10.4137/HSI.S11093


 Quality of Life Research

1 3

 3. Crossman-Barnes, C. J., Peel, A., Fong-Soe-Khioe, R., Sach, T., 
Wilson, A., & Barton, G. (2018). Economic evidence for non-
pharmacological asthma management interventions: A system-
atic review. Allergy, 73(6), 1182–1195. https ://doi.org/10.1111/
all.13337 .

 4. Frew, E., Hankins, M., & Smith, H. E. (2013). Patient involvement 
in the development of asthma-specific patient-reported outcome 
measures: A systematic review. The Journal of Allergy and Clini-
cal Immunology, 132(6), 1434–1436. https ://doi.org/10.1016/j.
jaci.2013.05.047.

 5. Worth, A., Hammersley, V., Knibb, R., Flokstra-de-Blok, B., 
DunnGalvin, A., Walker, S., et al. (2014). Patient-reported out-
come measures for asthma: A systematic review. NPJ Primary 
Care Respiratory Medicine, 24, 14020. https ://doi.org/10.1038/
npjpc rm.2014.20.

 6. Shah, H. A., Dritsaki, M., Pink, J., & Petrou, S. (2016). Psycho-
metric properties of patient reported outcome measures (PROMs) 
in patients diagnosed with acute respiratory distress syndrome 
(ARDS). Health and Quality of Life Outcomes, 14, 15. https ://
doi.org/10.1186/s1295 5-016-0417-7.

 7. Juniper, E. F., Guyatt, G. H., Epstein, R. S., Ferrie, P. J., Jaeschke, 
R., & Hiller, T. K. (1992). Evaluation of impairment of health 
related quality of life in asthma: Development of a questionnaire 
for use in clinical trials. Thorax, 47(2), 76–83.

 8. Juniper, E. F., Guyatt, G. H., Cox, F. M., Ferrie, P. J., & King, D. 
R. (1999). Development and validation of the Mini Asthma Qual-
ity of Life Questionnaire. European Respiratory Journal, 14(1), 
32–38.

 9. Jones, P. W., Quirk, F. H., Baveystock, C. M., & Littlejohns, 
P. (1992). A self-complete measure of health status for chronic 
airflow limitation. The St. George’s Respiratory Questionnaire. 
American Review of Respiratory Disease, 145(6), 1321–1327. 
https ://doi.org/10.1164/ajrcc m/145.6.1321.

 10. Devlin, N., Shah, K., Feng, Y., Brendan, M., & van Hout, B. 
(2016). Valuing health-related quality of life: An EQ-5D-5L value 
set for England: research paper 16/01.

 11. York Health Economic Consortium. (2016). Preference-Based 
Measures. https ://www.yhec.co.uk/gloss ary/prefe rence -based 
-measu res/.

 12. Globe, G., Wiklund, I., Lin, J., Chen, W. H., Martin, M., Mat-
tera, M. S., et al. (2016). Psychometric properties of the asthma 
symptom diary (ASD), a diary for use in clinical trials of persis-
tent asthma. The Journal of Allergy and Clinical Immunology: in 
Practice, 4(1), 60–66. https ://doi.org/10.1016/j.jaip.2015.07.008.

 13. Nguyen, J. M., Holbrook, J. T., Wei, C. Y., Gerald, L. B., Teague, 
W. G., Wise, R. A., et al. (2014). Validation and psychometric 
properties of the Asthma Control Questionnaire among children. 
The Journal of Allergy and Clinical Immunology, 133(1), 91–97. 
https ://doi.org/10.1016/j.jaci.2013.06.029. (e91–96).

 14. Bime, C., Wei, C. Y., Holbrook, J. T., Sockrider, M. M., Revicki, 
D. A., & Wise, R. A. (2012). Asthma symptom utility index: Reli-
ability, validity, responsiveness, and the minimal important differ-
ence in adult asthmatic patients. The Journal of Allergy and Clini-
cal Immunology, 130(5), 1078–1084. https ://doi.org/10.1016/j.
jaci.2012.07.058.

 15. Nelsen, L. M., Vernon, M., Ortega, H., Cockle, S. M., Yancey, S. 
W., Brusselle, G., et al. (2017). Evaluation of the psychometric 
properties of the St George’s Respiratory Questionnaire in patients 
with severe asthma. Respiratory Medicine, 128, 42–49. https ://doi.
org/10.1016/j.rmed.2017.04.015.

 16. Apfelbacher, C. J., Jones, C. J., Frew, A., & Smith, H. (2016). 
Validity of three asthma-specific quality of life questionnaires: 
The patients’ perspective. British Medical Journal Open, 6(12), 
e011793. https ://doi.org/10.1136/bmjop en-2016-01179 3.

 17. Kheir, N. M., Emmerton, L., & Shaw, J. P. (2008). Assessing the 
responsiveness of the Asthma Quality of Life Questionnaire with 

pharmaceutical care. Pharmacy World & Science, 30(4), 322–328. 
https ://doi.org/10.1007/s1109 6-007-9179-y.

 18. van Bragt, S., van den Bemt, L., Thoonen, B., Jacobs, J., Merkus, 
P., & Schermer, T. (2014). Validity, reliability and discriminative 
capacity of an electronic quality of life instrument (Pelican) for 
childhood asthma in the Netherlands. Quality of Life Research, 
23(3), 927–938. https ://doi.org/10.1007/s1113 6-013-0533-3.

 19. Pickard, A. S., Wilke, C., Jung, E., Patel, S., Stavem, K., & Lee, T. 
A. (2008). Use of a preference-based measure of health (EQ-5D) 
in COPD and asthma. Respiratory Medicine, 102(4), 519–536. 
https ://doi.org/10.1016/j.rmed.2007.11.016.

 20. Herdman, M., Gudex, C., Lloyd, A., Janssen, M., Kind, P., Par-
kin, D., et al. (2011). Development and preliminary testing of 
the new five-level version of EQ-5D (EQ-5D-5L). Quality of Life 
Research, 20(10), 1727–1736. https ://doi.org/10.1007/s1113 
6-011-9903-x.

 21. Young, T. A., Yang, Y., Brazier, J. E., & Tsuchiya, A. (2011). The 
use of rasch analysis in reducing a large condition-specific instru-
ment for preference valuation: the case of moving from AQLQ to 
AQL-5D. Medical Decision Making, 31(1), 195–210. https ://doi.
org/10.1177/02729 89X10 36484 6.

 22. Attema, A. E., Edelaar-Peeters, Y., Versteegh, M. M., & Stolk, 
E. A. (2013). Time trade-off: One methodology, different meth-
ods. Eur J Health Econ, 14(Suppl 1), S53–S64. https ://doi.
org/10.1007/s1019 8-013-0508-x.

 23. Crossman-Barnes, C. J., Sach, T., Wilson, A., & Barton, G. 
(2019). Estimating loss in quality of life associated with asthma-
related crisis events (ESQUARE): A cohort, observational study. 
Health and Quality of Life Outcomes, 17(1), 58. https ://doi.
org/10.1186/s1295 5-019-1138-5.

 24. Shah, K., Mulhern, B., Longworth, L., & Janssen, M. F. (2016). 
An empirical study of two alternative comparators for use in 
time trade-off studies. Value Health, 19(1), 53–59. https ://doi.
org/10.1016/j.jval.2015.10.012.

 25. NICE. (2013). Guide to the methods of technology appraisal 2013.
 26. de Vet, H. C. W., Terwee, C. B., Mokkink, L. B., & Knol, D. L. 

(2015). Measurement in medicine (5th ed.). Cambridge: Cam-
bridge University Press.

 27. Fayers, P. M., & Machin, D. (2016). Quality of life (3rd ed.). West 
Sussex: Wiley.

 28. Cohen, J. (1988). Set correlation and contingency tables. Applied 
Psychological Measurement, 12, 425–434.

 29. British Thoracic Society. Scottish Intercollegiate Guidelines Net-
work. (2016). British guideline on the management of asthma: A 
national clinical guideline. London: British Thoracic Society.

 30. Cohen, J. (1988). Statistical power analysis for the behavioural 
sciences (2nd ed.). New York: Lawrence Erlbaum Associates.

 31. Hyland, M. E., Jones, R. C., Lanario, J. W., & Masoli, M. 
(2018). The construction and validation of the Severe Asthma 
Questionnaire. European Respiratory Journal. https ://doi.
org/10.1183/13993 003.00618 -2018.

 32. Apfelbacher, C. J., Jones, C., Hankins, M., & Smith, H. (2012). 
Validity of two common asthma-specific quality of life question-
naires: Juniper mini asthma quality of life questionnaire and Syd-
ney asthma quality of life questionnaire. Health and Quality of 
Life Outcomes, 10, 97. https ://doi.org/10.1186/1477-7525-10-97.

 33. Szende, A., Svensson, K., Stahl, E., Meszaros, A., & Berta, G. Y. 
(2004). Psychometric and utility-based measures of health status 
of asthmatic patients with different disease control level. Phar-
macoeconomics, 22(8), 537–547.

 34. Yang, Y., Brazier, J. E., Tsuchiya, A., & Young, T. A. (2011). 
Estimating a preference-based index for a 5-dimensional health 
state classification for asthma derived from the Asthma Quality of 
Life Questionnaire. Medical Decision Making, 31(2), 281–291.

 35. McTaggart-Cowan, H. M., Marra, C. A., Yang, Y., Brazier, J. 
E., Kopec, J. A., FitzGerald, J. M., et al. (2008). The validity 

https://doi.org/10.1111/all.13337
https://doi.org/10.1111/all.13337
https://doi.org/10.1016/j.jaci.2013.05.047
https://doi.org/10.1016/j.jaci.2013.05.047
https://doi.org/10.1038/npjpcrm.2014.20
https://doi.org/10.1038/npjpcrm.2014.20
https://doi.org/10.1186/s12955-016-0417-7
https://doi.org/10.1186/s12955-016-0417-7
https://doi.org/10.1164/ajrccm/145.6.1321
https://www.yhec.co.uk/glossary/preference-based-measures/
https://www.yhec.co.uk/glossary/preference-based-measures/
https://doi.org/10.1016/j.jaip.2015.07.008
https://doi.org/10.1016/j.jaci.2013.06.029
https://doi.org/10.1016/j.jaci.2012.07.058
https://doi.org/10.1016/j.jaci.2012.07.058
https://doi.org/10.1016/j.rmed.2017.04.015
https://doi.org/10.1016/j.rmed.2017.04.015
https://doi.org/10.1136/bmjopen-2016-011793
https://doi.org/10.1007/s11096-007-9179-y
https://doi.org/10.1007/s11136-013-0533-3
https://doi.org/10.1016/j.rmed.2007.11.016
https://doi.org/10.1007/s11136-011-9903-x
https://doi.org/10.1007/s11136-011-9903-x
https://doi.org/10.1177/0272989X10364846
https://doi.org/10.1177/0272989X10364846
https://doi.org/10.1007/s10198-013-0508-x
https://doi.org/10.1007/s10198-013-0508-x
https://doi.org/10.1186/s12955-019-1138-5
https://doi.org/10.1186/s12955-019-1138-5
https://doi.org/10.1016/j.jval.2015.10.012
https://doi.org/10.1016/j.jval.2015.10.012
https://doi.org/10.1183/13993003.00618-2018
https://doi.org/10.1183/13993003.00618-2018
https://doi.org/10.1186/1477-7525-10-97


Quality of Life Research 

1 3

of generic and condition-specific preference-based instruments: 
The ability to discriminate asthma control status. Quality of 
Life Research, 17(3), 453–462. https ://doi.org/10.1007/s1113 
6-008-9309-6.

 36. Drummond, M. F., Sculpher, M. J., Torrance, G. W., O’Brien, B. 
J., & Stoddart, G. L. (2005). Methods for the economic evaluation 
of health care programmes (3rd ed.). New York: Oxford Univer-
sity Press.

 37. Drummond, M. F., Sculpher, M. J., Claxton, K., Stoddart, G. L., & 
Torrance, G. W. (2015). Methods for the economic evaluation of 
health care programmes (4th ed.). New York: Oxford University 
Press.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s11136-008-9309-6
https://doi.org/10.1007/s11136-008-9309-6

	The construct validity and responsiveness of the EQ-5D-5L, AQL-5D and a bespoke TTO in acute asthmatics
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design and recruitment
	EuroQol-5-Dimensions 5-Level (EQ-5D-5L)
	Asthma Quality of Life Utility Index-5-Dimensions (AQL-5D)
	Time Trade-Off (TTO)
	Construct validity
	Responsiveness

	Results
	Convergent validity
	Discriminative validity
	Responsiveness

	Discussion
	Summary of findings
	Comparison with other studies
	Strengths and limitations
	Recommendation for the future

	Conclusion
	Acknowledgements 
	References




