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Abstract

Background Accurate assessment of preference-based

health-related quality of life is important in determining the

value of asthma interventions.

Objective To examine the sensitivity and responsiveness

of the EQ-5D and the AQL-5D to differences in asthma

control measured by the Asthma Control Questionnaire

(ACQ-5).

Methods The Observational Study of Asthma Control and

Outcomes was a prospective survey of persistent asthma

patients C12 years old in Kaiser Colorado. Patients

received a survey three times in 1 year, including the ACQ-

5, AQL-5D and EQ-5D-3L (including VAS). Censored

Least Absolute Deviations (CLAD) and logistic regression

were used, controlling for sociodemographics and

smoking.

Results There were 6666 completed surveys (1799 indi-

viduals completed all three survey waves). After control-

ling for covariates, each one-point increase in ACQ-5 was

associated with a decrease of 0.066, 0.058, 0.074 and 6.12

in EQ-5D(US), EQ-5D(UK), AQL-5D and VAS scores.

Uncontrolled asthma (ACQ-5[ 1.5) was associated with a

decrease of 0.15, 0.17, 0.11 and 10, respectively (vs.

ACQ B 1.5). AQL-5D scores were statistically signifi-

cantly different across categories of ACQ-5 scores of 0.5

(the minimum clinically important difference [MCID]),

while EQ-5D scores were not significant across most cat-

egories. The AQL-5D appeared more robust to changes in

control over time (responsiveness) compared to EQ-5D-3L.

Conclusion The AQL-5D appears more responsive to

changes in asthma control over time and more sensitive to

detecting differences corresponding to the ACQ-5 MCID

than the EQ-5D-3L. Using the EQ-5D-3L without an

asthma-specific measure such as the AQL-5D may miss

clinically important changes in asthma control.
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Health-related quality of life � Asthma � EQ-5D � AQL-5D �
Utility � Patient reported outcomes

Background

Many studies document the negative effect of poor asthma

control on health-related quality of life (HRQoL) [1–4].

The National Asthma Education and Prevention Program

guidelines underscore the importance of asthma control on

HRQL and as a goal of treatment [5–7]. Instruments such

as the Asthma Control Questionnaire (ACQ) have been

developed to measure asthma control [8].

In order to implement asthma treatments or disease

management interventions, payers (insurance companies,

governments, etc.) must find adequate value associated

with the intervention. Payers use preference-based HRQoL

(pbHRQoL) with survival to evaluate the relative value of

asthma interventions. In the United Kingdom, for example,
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the National Institute for Health and Clinical Effectiveness

(NICE) requires a comprehensive cost-utility analysis

before the National Health Service (NHS) will pay for the

use of treatments or procedures. Similar requirements exist

in Australia, Canada and many other countries, particularly

in Europe. Many payers in the USA also incorporate cost-

effectiveness analyses in their reimbursement decision-

making process.

Measuring treatment-related changes in HRQoL over

time requires an instrument that is responsive and inter-

pretable (able to detect an important and clinically mean-

ingful change over time) [9]. Previous research comparing

asthma-specific and generic measures of pbHRQoL has

been based on cross-sectional associations, not longitudinal

changes over time [10–12]. While these analyses are

informative in assessing instrument validity, they are not

directly applicable to assessing an instrument’s ability to

measure meaningful changes in asthma control over time.

Most cost-effectiveness studies of asthma interventions are

limited in that they are forced to assume that cross-sec-

tional relationships translate to longitudinal changes (i.e.,

that relationships across individuals would be similar to

relationships observed for within person changes over

time). Given that asthma interventions are aimed to

improve control within a person over time, assessing

responsiveness of pbHRQoL instruments is integral.

The purpose of this analysis is to: (1) compare the

sensitivity and responsiveness of the EuroQol five-dimen-

sional questionnaire (EQ-5D) and the five-dimensional

Asthma Quality of Life Questionnaire (AQL-5D) to dis-

tinguish between asthma control states; (2) examine the

impact of asthma control on specific domains and (3)

quantify the magnitude of utility estimates associated with

asthma control states.

Methods

Data source

The Observational Study of Asthma Control and Outcomes

(OSACO) was a prospective survey of patients with per-

sistent asthma in Kaiser Permanente of Colorado (KPCO)

[13]. KPCO is a group model, closed panel, nonprofit

HMO providing health care services to more than 625,000

members. Eligible individuals C12 years of age were sent

surveys during three waves over 1 year: April–August

2011, September–December 2011 and March–June 2012.

The study design included three waves in 1 year to capture

potential seasonal variation in asthma symptoms. Subse-

quent surveys were only sent to patients who completed the

previous wave. For each wave, patients who did not

respond after two attempted mailings were contacted by

phone to complete the survey. The OSACO study was

approved by the Kaiser Colorado and Regis University

Institutional Review Boards. Adults and parents of ado-

lescents gave consent to participate in the study.

In addition to the EQ-5D, AQL-5D and ACQ-5, the

survey included questions on asthma control, exacerba-

tions, smoking status, sex, family income level, race,

educational attainment and ethnicity. Exacerbations were

ascertained by asking: ‘‘In the last 6 weeks, have you

experienced serious asthma symptoms requiring you to

take oral steroid medications?’’

Instruments

Asthma control

Asthma control was assessed by the Asthma Control

Questionnaire (ACQ-5) [8]. Patients were asked to recall

how their asthma has been during the previous week and to

respond to the questions on a 7-point scale (0 = no

impairment, 6 = maximum impairment). The ACQ-5 asks

patients about asthma symptoms: nighttime awakening,

morning symptoms, activity limitations, shortness of breath

and wheeze. Questions are equally weighted—the final

score is the mean of all questions between 0 (totally con-

trolled) and 6 (severely uncontrolled). The ACQ has been

shown to have strong discriminative properties in both

detecting differences between patients with different levels

of asthma control and within-patient change in asthma

control over time [14, 15.] The self-administered adult

version of the ACQ has been validated in children 11 years

and older [16].

A change or difference of 0.5 is considered by the

developer to be the MCID [17]. In the current analysis, we

explored a variety of ACQ-5 cut points to assess the sen-

sitivity of the pbHRQoL instruments to distinguish

between levels of control. Previous research has suggested

a few potential cut points for the ACQ. The developers of

the ACQ argue that to be confident that a patient has well-

controlled asthma, the optimal cut point is 0.75 [18].

Alternatively, the authors recommend using a cut point of

1.5 to be confident that the patient has inadequately con-

trolled asthma. Sastre et al. estimated the cut point between

controlled and uncontrolled asthma was approximately

0.83 for the ACQ without lung function data. The authors

also note that an ACQ score between 0.83 and 1.5 indicates

some level of control and suggest that a hard cut point for

uncontrolled asthma is closer to 1.5. Based on this litera-

ture, the current research examined the sensitivity of

pbHRQoL instruments to distinguish between controlled

and uncontrolled asthma using three potential cut points:

0.75, 0.83 and 1.5.
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EQ-5D

The EQ-5D-3L is a five-item descriptive system measuring

5 dimensions of health status (mobility, self-care, usual

activities, pain/discomfort and anxiety/depression) with 3

levels per dimension (no problem, some problems and

extreme problems) based on the patient’s current health

state [19]. Preferences for the different health states

described by the EQ-5D are elicited from a general popu-

lation sample from which a scoring algorithm is created to

define a preference-based score (‘‘utility’’) for each possi-

ble health state [20.] The EQ-5D has been extensively

validated as a generic pbHRQoL instrument in a variety of

conditions and populations in over 6000 publications [21.]

In addition, Pickard et al. [22] have reviewed the evidence

of the construct validity, test–retest reliability and

responsiveness of the EQ-5D in asthma. The EQ-5D-3L

has been used in at least 29 studies including children [23].

Initial studies by Hennessy and Kind reported adequate

performance of the EQ-5D in adolescents aged

12–18 years [24]. Subsequent development of the child-

specific version of the EQ-5D, the EuroQol child-friendly

version EQ-5D-Y (youth), was focused on children aged

7–12 years [25]. The current research used the adult ver-

sion of the EQ-5D-3L.

This research included the EQ-5D tariffs for the USA

[20] and the U.K. [26]. Because the AQL-5D is based on

U.K. preferences, the EQ-5D scores based on the UK

preferences would be more comparable theoretically than

the EQ-5D U.S. tariffs. In addition, the EQ-5D VAS scores

provided are based on a different preference elicitation

method and may not be directly comparable.

AQL-5D

The Asthma Quality of Life Utility Index (AQL-5D) is a

five-item asthma-specific ‘‘utility’’ instrument derived from

the mini Asthma Quality of Life Questionnaire (mAQLQ).

The mAQLQ is a disease-specific HRQL instrument that

measures 15 items derived from the original 32-item

AQLQ developed by Juniper [27]. The mAQLQ has 4

domains including symptoms, activity limitation, emo-

tional function and environmental stimuli. The patient

recall time horizon for the mAQLQ is the previous

2 weeks. The AQL-5D consolidates items of the mAQLQ

to derive an asthma-specific health status classification

system resulting in five domains: concern about asthma,

shortness of breath, pollution, sleep and activity [28]. There

are seven possible levels per domain ranging from ‘‘none

of the time’’ to ‘‘all of the time’’. The ‘‘utility’’ scoring

function for the AQL-5D was derived by asking a general

population in the U.K. to rate their preferences for asthma-

specific health states derived from the AQL-5D question-

naire [29, 30]. Previous research has documented the

validity of the AQL-5D in asthma [10, 29, 30]. The AQLQ

was modified for adolescents and adults in the revised

AQLQ12? [31]. Although only one word was changed to

derive the AQLQ12?, the mAQLQ has not been validated

in adolescent populations.

Statistical analysis

Study variables for this analysis included asthma control,

pbHRQoL, exacerbations and sociodemographic charac-

teristics. Unadjusted mean and standard deviations for all

instruments were calculated across ACQ-5 levels.

Censored least absolute deviations estimator (CLAD)

was used for all pbHRQoL scores (except the VAS)

because of their unique statistical properties. The reasoning

-0.154 

-0.087 

-0.152 

-0.075 

ACQ-5 > 0.75 
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Fig. 1 Asthma control cut points of the ACQ-5 (cross-sectional;

waves 1–3). Regression results of each HRQoL score on ACQ-5[cut

point (e.g.,[0.75 vs. not) controlling for wave, group, age, gender,

income, race, ethnicity, education and smoking. Reference is ACQ-

5B cut point (e.g., 0.75)
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and justification for using CLAD have been extensively

discussed elsewhere [32]. Briefly, because of clustering of

a high number of individuals around 1.0 (called ‘‘censor-

ing’’), use of OLS results in biased estimates. Alternatives

like Tobit are also problematic due to heteroskedasticity of

errors. VAS scores in these data did not share the same

complexities (no clustering at 100), and hence, OLS

regression was used. For analyses using CLAD, standard

errors were computed by bootstrapping with 130 iterations;

this method allows for a robust calculation of standard

errors [33].

Analyses were also conducted to examine the relative

importance of asthma control on the different domains of

the EQ-5D and AQL-5D. Dichotomous dependent vari-

ables were created for each EQ-5D and AQL-5D domain

by collapsing all levels within a given domain into two (no

reported problems or any reported problems). For example,

level 1 (no problems) on the EQ-5D was categorized as 0

and levels 2 and 3 (some problems or extreme problems)

were categorized as 1. Logistic regression was then con-

ducted for each domain. The main independent variable

was poorly controlled asthma (ACQ-5[ 1.5 vs.

ACQ B 1.5).

All of the cross-sectional regression analyses controlled

for the following covariates: wave and group fixed effects

(‘‘group’’ differentiates between individuals who self-

completed the survey on-site or by mail), age, sex, family

income level, race, educational attainment, ethnicity and

smoking status. The following series of cross-sectional

regression analyses were conducted:

(1) Dependent variable: pbHRQoL scores (continuous).

Independent variable: ACQ-5 score (continuous).

Results presented: Table 3.

(2) Dependent variable: pbHRQoL scores (continuous).

Independent variable: dichotomous—exacerbation—

yes/no. Results presented: Table 3.

(3) Dependent variable: pbHRQoL scores (continuous).

Independent variable: ACQ-5[ cut point (e.g.,

[0.75 vs. not). Results presented: Fig. 1.

(4) Dependent variable: pbHRQoL scores (continuous).

Independent variable: ACQ-5 categories cut by 0.5

(ACQ-5 0–0.5 reference). Results presented: Fig. 2.

(5) Logistic regression. Dependent variable: pbHRQoL

questionnaire (binary—any reported problems vs no

reported problems). Independent variable: (binary—

ACQ-5[ 1.5 vs B1.5). Results presented: Fig. 3.

In order to examine the responsiveness of the respective

instruments, analyses were conducted of the change in

scores from one wave to the next. For the independent
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Fig. 2 HRQoL scores by ACQ-5 categories (cross-sectional; waves

1–3). Asterisk statistically significantly different than previous ACQ-5

score category (p\ 0.05). Regression of HRQoL instrument on

ACQ-5 categories (ACQ-5 0–0.5 reference) controlling for wave,

group, age, gender, income, race, ethnicity, education and smoking
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variables in the regressions, five categorical variables were

created based on the ACQ-5 MCID: ACQ-5 Increase

(0\ACQ5\ 0.5); ACQ-5 Increase (ACQ5 C 0.5); ACQ-

5 Decrease (-0.5\ACQ5\ 0); ACQ-5 Decrease

(ACQ5 B -0.5) and no change. The dependent variable

was the change in pbHRQoL score (continuous), regressed

on the aforementioned categorical independent variables,

controlling for the covariates listed above (no change was

the reference group).

Results

A total of 5951 individuals were eligible for the study. Of

this eligible population, 2681 completed the first survey

(Wave 1); 2186 also completed the second survey (Wave

2); and 1799 individuals completed all three surveys, for a

total of 6666 completed surveys (Table 1). (There were

387 individuals who completed only two surveys and 495

who completed only one). Of the 6666 completed surveys,

4.3 5.8 6.0 3.8 2.4 
0.0

10.0

20.0

30.0

40.0

50.0
EQ-5D 

Odds Ra�o

7.2 

48.5 

5.7 
14.4 10.8 

0.0

10.0

20.0

30.0

40.0

50.0
AQL-5D 

Odds Ra�o

Fig. 3 Odds of Reporting Problems on HRQoL Questionnaires for

ACQ-5[ 1.5 (compared to ACQ B 1.5) (cross-sectional; waves

1–3). Odds of reporting any problems versus no problems for each

domain of each questionnaire, comparing ACQ-5[ 1.5 versus

ACQ B 1.5. All odds ratios were statistically significant (p\ 0.01).

Logistic regression of reported problems for domain (any reported

problems = 1) on uncontrolled asthma (ACQ-5[ 1.5) controlling for

wave, group, age, gender, income, race, ethnicity, education and

smoking

Table 1 Sample characteristics

N = 2681

Proportion of sample

Female 0.65

Age (years), mean 47.9

Age group (years)

12–17 0.07

18–24 0.06

25–34 0.11

35–44 0.16

45–54 0.22

55–64 0.26

65–74 0.09

75–84 0.04

Race

White 0.85

Asian 0.02

African American 0.04

American Indian 0.04

Native Hawaiian 0.01

Multiple Race 0.00

Ethnicity

Hispanic 0.13

Non-Hispanic 0.86

Income ($ per year)

\$10,000 0.02

$10,000–$30,000 0.08

$30,000–$50,000 0.16

$50,000–$70,000 0.15

$70,000–$90,000 0.16

[$90,000 0.31

Education

\8th Grade 0.03

High school but did not graduate 0.05

High school graduate or GED 0.14

Some college 0.27

College graduate 0.25

Postgraduate 0.25

Smoking history

Never smoked 0.66

Current smoker 0.05

Previous smoker 0.28

Allergiesa 0.74

Employed 0.69

Exacerbationb 0.19

ACQ-5 (mean) 0.99

ACQ-5 0–1 N (%) 3654 (55)

ACQ-5 1–2 N (%) 1984 (30)

ACQ-5 2–3 N (%) 759 (11)

ACQ-5 3–4 N (%) 191 (3)

Qual Life Res (2016) 25:3017–3026 3021

123



1273 (19 %) were completed on-site. The mean ACQ-5

score was 0.99, with most scores falling between 0 and 1

(55 %) or 1 and 2 (30 %) and very few responses with

ACQ-5[ 4.0. Mean EQ-5D(UK) scores are lower than the

AQL-5D and EQ-5D US. The VAS (/100) has the lowest

mean score of the four instruments.

Cross-sectional analyses

Unadjusted results from Table 2 show that pbHRQoL

scores are associated with ACQ-5 scores, with poor control

associated with lower scores on all measures. Adjusted

results also demonstrate a strong association between poor

asthma control and lower pbHRQoL. Table 3 shows the

marginal decrement for each one-point increase in the

ACQ-5, after controlling for covariates. AQL-5D scores

appear to have the greatest magnitude association.

In adjusted analyses, all instruments appear sensitive to

differentiating common cut points. Figure 1 shows that the

dichotomous cut points indicating uncontrolled asthma

(ACQ-5[ 0.75; [0.83 and [1.5) are associated with a

greater magnitude decrement in EQ-5D than AQL-5D

scores. The AQL-5D appears to be more sensitive to dif-

ferences across the cut points compared to the EQ-5D(US)

and EQ-5D(UK) and the direction is more consistent, with

higher cut points resulting in lower scores (-0.086,

Table 1 continued

N = 2681

ACQ-5 4–5 N (%) 29 (.4)

ACQ-5 5–6 N (%) 5 (.1)

EQ-5D US (mean) 0.89

EQ-5D UK (mean) 0.86

VAS (mean) 80.9

AQL-5D (mean) 0.90

Data represent proportion of patients unless otherwise indicated.

Some rows may not add to 100 % because of omitted categories such

as ‘‘Not Applicable’’
a In the previous 6 weeks
b Exacerbation of asthma requiring the use of oral corticosteroids in

the previous 6 weeks (self-reported)

Table 2 Unadjusted HRQoL scores by ACQ-5 (waves 1–3)

ACQ-5 0–1.0 ACQ-5 1.0–2.0 ACQ-5 2.0–3.0 ACQ-5 3.0–4.0 ACQ-5 4.0–5.0 ACQ-5 5.0–6.0 Total

EQ-5D US (mean) 0.931 0.871 0.800 0.756 0.752 0.436 0.892

EQ-5D US (median) 1.000 0.844 0.816 0.800 0.800 0.204 0.860

SD 0.103 0.126 0.150 0.172 0.189 0.352 0.130

N 3599 1950 737 187 25 5 6503

EQ-5D UK (mean) 0.917 0.838 0.736 0.669 0.671 0.179 0.864

EQ-5D UK (median) 1.000 0.848 0.760 0.725 0.725 -0.181 0.883

SD 0.135 0.175 0.220 0.262 0.281 0.547 0.180

N 3599 1950 737 187 25 5 6503

AQL-5D (mean) 0.947 0.876 0.797 0.702 0.611 0.520 0.900

AQL-5D (median) 0.959 0.883 0.805 0.727 0.632 0.467 0.919

SD 0.049 0.064 0.085 0.097 0.095 0.094 0.089

N 3606 1946 740 185 26 5 6508

VAS (mean) 85.0 78.6 71.4 66.1 58.8 35.0 80.9

VAS (median) 88.0 80.0 75.0 70.0 65.0 25.0 85.0

SD 11.8 13.4 15.2 18.8 22.6 23.8 14.1

N 3490 1879 707 183 29 4 6292

Table 3 HRQoL associations with ACQ-5 scores and exacerbations

(Cross-sectional; waves 1–3)

Coefficient SE p 95 % CI 95 % CI

Dependent variable

EQ-5D US -0.066 0.009 \0.001 -0.083 -0.049

EQ-5D UK -0.058 0.009 \0.001 -0.075 -0.040

AQL-5D -0.074 0.001 \0.001 -0.077 -0.072

VAS -6.122 0.294 \0.001 -6.699 -5.545

Self-reported exacerbationa

EQ5D US -0.056 0.007 \0.001 -0.070 -0.042

EQ5D UK -0.069 0.008 \0.001 -0.084 -0.055

AQL 5D -0.057 0.003 \0.001 -0.064 -0.051

VAS -3.40 0.55 \0.001 -4.47 -2.33

Regression of HRQoL Score (e.g., EQ-5D US) on ACQ-5 score

(continuous), controlling for wave, group, age, gender, income, race,

ethnicity, education and smoking
a In the previous 6 weeks
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-0.091, -0.110). The magnitude of decrement associated

with exacerbation appears to be greatest for the EQ-

5D(UK) (variability is also greatest with wide confidence

intervals), while EQ-5D(US) and AQL-5D appear to be

similar (Table 3).

Figure 2 shows the association between HRQL scores

for categories of ACQ-5 scores separated by 0.5. The AQL-

5D shows a statistically significant difference between

even the mildest asthma control states such as 0–0.5 versus

0.5–1.0 and is able to differentiate between all ACQ-5

categories: The 95 % confidence bands show that there is a

statistically significant difference between all categories

except above ACQ-5[ 4.0 (where the sample size is very

limited). It appears to have a robust and monotonically

decreasing relationship with increasing categories of ACQ-

5 scores. The EQ-5D(UK) and EQ-5D(US) fail to distin-

guish between very mild states such as 0–0.5 versus

0.5–1.0 and fail to differentiate between most ACQ-5

categories. They appear to have a more pronounced mag-

nitude decrease associated with lower ACQ-5 scores;

however, ACQ-5 1–1.5 scores are -0.12 and -0.14 for the

EQ-5D(UK) and EQ-5D(US), respectively. Both show a

significant drop at ACQ[ 1.0 followed by a flatter

decreasing relationship with subsequent categories of

ACQ-5 scores compared to the other instruments. VAS

scores are statistically significantly different for the mildest

states, and appear to have a monotonically decreasing

association with ACQ-5 scores, but scores are not statisti-

cally significantly different for ACQ-5 above 2.5.

The odds of reporting any problems (vs. no problems)

on each questionnaire are shown in Fig. 3. The comparison

is controlled vs. uncontrolled asthma (ACQ-5[ 1.5 vs.

ACQ B 1.5). For example, individuals with ACQ[ 1.5

have 6 times higher odds of reporting some level of

problems on the usual activities domain of the EQ-5D

questionnaire than those with ACQ B 1.5. The likelihood

of reporting some problems appeared to be statistically

significantly associated with uncontrolled asthma for all

EQ-5D domains. Individuals with uncontrolled asthma

were most likely to report problems on the usual activities

and self-care domains of the EQ-5D. In contrast, individ-

uals with uncontrolled asthma have much greater odds of

reporting some level of problems on all five domains of the

AQL-5D (odds ratios 5.7–48.5). Shortness of breath

appeared to be the most sensitive domain to uncontrolled

asthma, but domains of the AQL-5D appeared to be more

sensitive to problems than EQ-5D domains in general.

Longitudinal analyses

Table 4 displays the results of the analysis of responsive-

ness, and Table 5 (appendix) presents the corresponding

numbers of individuals for each change category. The

AQL-5D appears to be the most robust, detecting statisti-

cally significant differences in ACQ-5 scores across all

categories (compared to no change) except one. In addi-

tion, the confidence intervals of each category do not

overlap, showing the AQL-5D capable of distinguishing

statistically significant differences between all groups as

well. The EQ-5D UK was able to differentiate between no

change and changes greater than the MCID. However,

improvements in asthma control meeting or exceeding the

MCID (ACQ-5 change B-0.5) were not statistically sig-

nificantly different than ‘‘no change’’ for W3–W2. The EQ-

5D US appeared to be the least robust: Only decreases in

the ACQ-5 from Wave 2 to Wave 1 and increases from

Wave 2 to Wave 3 meeting/exceeding the MCID were

statistically significant. Both the EQ-5D UK and EQ-5D

US had overlapping confidence intervals, suggesting that

these instruments were not capable of differentiating

between the categories.

Discussion

Previous cross-sectional analyses have shown that generic

measures such as the EQ-5D are able to distinguish

between the highest and lowest levels of control but lack

sensitivity for the middle [10]. The current research pro-

vides new information by examining the responsiveness

over time and item-level functioning of these instruments,

as well as their ability to discriminate across the MCID of

the ACQ-5. Our results suggest that the AQL-5D is more

responsive to changes in asthma control over time and is

better able to differentiate between granular levels of

control than the EQ-5D(UK) and EQ-5D(US).

Overall, all pbHRQoL instrument scores appeared to be

associated with poorly controlled asthma and exacerba-

tions. However, the AQL-5D appears to have greater

construct validity in measuring pbHRQoL associated with

asthma control than either EQ-5D index: The AQL-5D

appears to be more sensitive to distinguishing statistically

significant differences across the spectrum of ACQ-5

scores categorized by 0.5. In contrast, the EQ-5D(UK) and

EQ-5D(US) scores were not statistically significantly dif-

ferent for comparisons of most categories of ACQ-5 scores.

There is some disagreement about whether asthma-

specific pbHRQoL measures are more appropriate than

generic measures to assess asthma interventions [10]. For

example, NICE has explicitly published guidelines

requiring the use of the EQ-5D for all cost-utility analyses.

Others, however, have argued that disease-specific mea-

sures are more sensitive to improvements in health status in

asthma. NICE may consider the use of an asthma-specific

pbHRQoL instrument in place of the EQ-5D only if suf-

ficient evidence demonstrates deficiency in the EQ-5D. The
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lack of responsiveness of the EQ-5D to changes in asthma

control as well as its insensitivity to distinguish across the

MCID of the ACQ-5 may limit its usefulness in assessing

the cost-utility of asthma treatments. A treatment that

improves asthma control over time may not show signifi-

cant improvement in EQ-5D scores, which could result in

allocation of resources away from asthma interventions and

denial of reimbursement for treatments that improve

control.

Unlike disease-specific instruments, however, generic

instruments such as the EQ-5D have the benefit of con-

sistency across diseases for informing decisions from the

health system perspective. Use of varied disease-specific

instruments may improve sensitivity within conditions but

would lead to incomparability across diseases for a health

system. Ideally, future generation of generic pbHRQoL

instruments would include a respiratory-related domain or

bolt-on. Currently, however, if the EQ-5D is used in cost-

utility analyses, it seems prudent that an asthma-specific

instrument such as the AQL-5D can be considered in

addition.

The EQ-5D is a generic instrument and does not contain

any respiratory-specific items or domains. The EQ-5D

appears sensitive to crude differences between controlled

and uncontrolled asthma. However, it is not well under-

stood how the symptoms of poor asthma control impact

EQ-5D domains. Results of this analysis show that all EQ-

5D domains are sensitive to poorly controlled asthma, but

the self-care and usual activities domains are most sensi-

tive. In additional sensitivity analyses comparing ACQ-5

Table 4 Responsiveness of

HRQoL changes on changes in

ACQ-5 by MCID across waves

(Longitudinal; Waves 1–3)

Independent variable Coefficient SE p value 95 % CI 95 % CI

AQL-5D change (W2–W1)

ACQ-5 Increase (0\ACQ5\ 0.5: W2–W1) -0.014 0.004 0.001 -0.022 -0.006

ACQ-5 Increase (ACQ5 C 0.5: W2–W1) -0.052 0.004 0.000 -0.061 -0.043

ACQ-5 Decrease (-0.5\ACQ5\ 0: W2–W1) 0.011 0.004 0.007 0.003 0.020

ACQ-5 Decrease (ACQ5 B -0.5: W2–W1) 0.051 0.005 0.000 0.042 0.060

AQL-5D change (W3–W2)

ACQ-5 Increase (0\ACQ5\ 0.5: W3–W2) -0.017 0.005 0.000 -0.026 -0.008

ACQ-5 Increase (ACQ5 C 0.5: W3–W2) -0.058 0.005 0.000 -0.068 -0.048

ACQ-5 Decrease (-0.5\ACQ5\ 0: W3–W2) 0.007 0.005 0.159 -0.003 0.016

ACQ-5 Decrease (ACQ5 B -0.5: W3–W2) 0.039 0.005 0.000 0.030 0.049

EQ-5D UK change (W2–W1)

ACQ-5 Increase (0\ACQ5\ 0.5: W2–W1) -0.017 0.010 0.095 -0.037 0.003

ACQ-5 Increase (ACQ5 C 0.5: W2–W1) -0.022 0.011 0.040 -0.043 -0.001

ACQ-5 Decrease (-0.5\ACQ5\ 0: W2–W1) 0.003 0.010 0.801 -0.018 0.023

ACQ-5 Decrease (ACQ5 B -0.5: W2–W1) 0.027 0.011 0.017 0.005 0.048

EQ-5D UK change (W3–W2)

ACQ-5 Increase (0\ACQ5\ 0.5: W3–W2) -0.007 0.011 0.536 -0.028 0.015

ACQ-5 Increase (ACQ5 C 0.5: W3–W2) -0.036 0.011 0.002 -0.058 -0.013

ACQ-5 Decrease (-0.5\ACQ5\ 0: W3–W2) 0.002 0.011 0.886 -0.020 0.023

ACQ-5 Decrease (ACQ5 B -0.5: W3–W2) 0.012 0.011 0.312 -0.011 0.034

EQ-5D US change (W2–W1)

ACQ-5 Increase (0\ACQ5\ 0.5: W2–W1) -0.013 0.007 0.076 -0.028 0.001

ACQ-5 Increase (ACQ5 C 0.5: W2–W1) -0.015 0.008 0.062 -0.030 0.001

ACQ-5 Decrease (-0.5\ACQ5\ 0: W2–W1) 0.002 0.008 0.751 -0.013 0.017

ACQ-5 Decrease (ACQ5 B -0.5: W2–W1) 0.019 0.008 0.021 0.003 0.035

EQ-5D US change (W3–W2)

ACQ-5 Increase (0\ACQ5\ 0.5: W3–W2) -0.007 0.008 0.408 -0.022 0.009

ACQ-5 Increase (ACQ5 C 0.5: W3–W2) -0.027 0.008 0.001 -0.043 -0.011

ACQ-5 Decrease (-0.5\ACQ5\ 0: W3–W2) 0.000 0.008 0.978 -0.015 0.015

ACQ-5 Decrease (ACQ5 B -0.5: W3–W2) 0.006 0.008 0.450 -0.010 0.023

All regressions controlled for group, age, gender, income, race, ethnicity, education and smoking. Refer-

ence group is no change in ACQ-5 score

MCID minimum clinically important difference of ACQ-5 is 0.5
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scores[3.5 (vs B3.5) on the odds of reporting some/any

problems per EQ-5D domain, the self-care domain was by

far the most likely to show problems (odds[ 50) followed

by usual activities (odds [ 25). Future research should

examine the nature of this relationship more specifically.

In contrast, the AQL-5D is an asthma-specific instru-

ment. Our results show that poorly controlled individuals

have a high likelihood of reporting problems on all

domains of the AQL-5D. Shortness of breath appears to

have the strongest association, followed by sleep and

activity. In sensitivity analyses comparing ACQ-5 scores

[3.5 (vs B3.5) on the odds of reporting some problems per

AQL-5D domain, there was perfect association (meaning

that all individuals who had ACQ[ 3.5 reported at least

some problems) for these three domains. This may also

partially explain the stronger correlation between the AQL-

5D and the ACQ-5. Both contain domains specific to

shortness of breath, nighttime awakening and activity

limitations.

The recall window differs across the three instruments.

The EQ-5D asks patients to rate their current health state

while the AQL-5D is based on the previous 2 weeks and

the ACQ-5 is based on the previous week. It is possible that

the different recall windows of the instruments could

influence the correlation between scores and may even

compromise the ability to compare these instruments.

Asthma symptoms can be variable from 1 week to the next,

and the potential direction of the bias due to different recall

horizons is unclear.

In addition, the items within the AQL-5D may be cor-

related because they are all related to asthma HRQoL. If

the items within the AQL-5D are correlated, the single

summary score of the AQL-5D may be more sensitive to

small changes in asthma control. This may contribute to

greater sensitivity of the AQL-5D to changes in asthma

control. The AQL-5D contains five levels per item, while

the EQ-5D-3L contains only three levels per item. It is

unclear whether the more recent five-level EQ-5D-5L

would be more sensitive to changes in asthma control than

the EQ-5D-3L used in this research.

The inclusion of adolescents aged C12 years may be a

limitation in this study. Validation studies have shown the

self-administered adult version of the ACQ to be valid in

populations as young as 11 years old [16]. While the EQ-

5D-3L has been shown to be valid in adolescents

C12 years of age [24], there may be some limitation to the

use of the adult version in our study among adolescents

subjects. The m-AQLQ (and hence the AQL-5D), however,

has not been well validated in adolescent populations.

The results of this study may not be generalizable to

other populations. The sample in this study was less likely

to be African American, Hispanic and poor compared to

the U.S. general population. The inclusion of older

individuals with potential comorbidities may also limit the

results of this study. Regression analyses did not control for

comorbidities. The existence of comorbidities may differ-

entially impact pbHRQoL, and results should be inter-

preted with caution.

There is the potential for selection bias in this study.

Individuals who were willing to participate in multiple

surveys may be different than those not. The statistical

analysis controlled for survey administration timing and

group as well as explicitly controlling for sociodemo-

graphic characteristics. Patients C50 years of age pre-

scribed ipratropium or tiotropium were excluded from this

analysis in order to avoid misclassifying COPD patients as

persistent asthma patients [13]. This, however, may have

resulted in unintentionally excluding some asthma patients.

This research provides important insight into the specific

relationship between asthma control and pbHRQoL. The

EQ-5D and AQL-5D appear sensitive to differentiating

between controlled and uncontrolled asthma and exacer-

bations. The AQL-5D appears more responsive to changes

in asthma control over time and more sensitive to distin-

guishing across the MCID in ACQ-5 scores. Of the five

EQ-5D domains, self-care and usual activities appear most

sensitive to uncontrolled asthma. To fully capture the

benefits of asthma treatments and interventions, it seems

prudent to include both a generic measure like the EQ-5D

and an asthma-specific measure like the AQL-5D.
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Appendix

See Table 5.

Table 5 Number of individuals with changes in ACQ-5 scores over

time by MCID

W2–W1

ACQ-5 Increase (0\ACQ5\ 0.5: W2–W1) 508

ACQ-5 Increase (ACQ5 C 0.5: W2–W1) 406

ACQ-5 Decrease (-0.5\ACQ5\ 0: W2–W1) 461

ACQ-5 Decrease (ACQ5 B -0.5: W2–W1) 355

ACQ-5 no change (W2–W1) 428

W3–W2

ACQ-5 Increase (0\ACQ5\ 0.5: W3–W2) 366

ACQ-5 Increase (ACQ5 C 0.5: W3–W2) 329

ACQ-5 Decrease (-0.5\ACQ5\ 0: W3–W2) 401

ACQ-5 Decrease (ACQ5 B –0.5: W3–W2) 326

ACQ-5 no change (W3–W2) 359

MCID minimum clinically important difference of ACQ-5 is 0.5
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