Springvloet et al. Respiratory Research (2023) 24:14 Respirato ry Resea I’Ch
https://doi.org/10.1186/512931-022-02281-6

Validation of the CaReQol asthma: a patient B
reported outcome measure for monitoring

the perceived effects of pulmonary rehabilitation
in adult patients with severe refractory asthma

Linda Springvloet', Mattanja Triemstra', Bart Knottnerus', Marlon Rolink', Harry Heijerman? and Dolf de Boer'

Abstract

Background The CaReQol Asthma assesses the care-related quality of life outcomes of pulmonary rehabilitation
retrospectively in patients with severe asthma. The questionnaire comprises five domains (physical functioning; social
functioning; coping with asthma; knowledge about asthma; medication).

Aim To investigate construct and criterion validity of the CaReQoL Asthma, as well as its responsiveness and minimal
important change (MIC), in comparison with other health measures (AQLQ, ACQ and FEV,).

Methods Eighty three adults with severe refractory asthma filled out the CaReQol Asthma at 6 and 12 months after
a 12-week personalized multidisciplinary pulmonary rehabilitation program in a tertiary asthma centre, either in Swit-
zerland or The Netherlands. Construct validity and responsiveness were assessed by testing pre-defined hypotheses
about associations with changes in AQLQ, ACQ and FEV, scores. Criterion validity and MIC was assessed using Global
Perceived Effect (GPE). Factor analyses, Cronbach’s alpha, Spearman’s correlations, paired t-tests and Student-New-
man-Keuls tests were performed.

Results Cronbach’s alphas of the questionnaire domains ranged from 0.82 to 0.95. Good construct validity and
responsiveness were found; 84% of the assessed correlations confirm pre-defined hypotheses and reflect both weak
and moderate to strong correlations. Good criterion validity was also identified, with CaReQol scores discriminating
better than other health measures between levels of GPE at 6 months post-rehabilitation. The MIC for the total score
was estimated at 0.84.

Conclusion These study results suggest that the CaReQol Asthma is a valid and responsive instrument and shows to
be a comprehensive and tailored questionnaire for evaluating and monitoring outcomes of pulmonary rehabilitation
in patients with severe refractory asthma. In order to further substantiate the reliability and validity of the CaReQolL
Asthma, as well as to monitor outcomes of pulmonary rehabilitation in patients with severe asthma, it is recom-
mended to use the CaReQol Asthma in addition to other disease specific instruments.
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Background

Severe refractory asthma is asthma that remains uncon-
trolled despite optimal pharmacological treatment with
high dose inhaled corticosteroids plus another con-
troller and/or systemic corticosteroids, and adequately
addressing comorbidities and contributory factors [1].
This chronic condition and its treatment poses a sub-
stantial burden on the patients’ life, due to the symp-
toms, exacerbations and side-effects of the medication,
with profound consequences for the patients’ physical
and mental health, relationships and careers [2]. In the
Netherlands, approximately 3.6% of the adults with
asthma have severe refractory asthma and their care
is estimated to account for more than 60% of the costs
associated with asthma [1, 3].

Besides pharmacological treatment, non-pharma-
cological interventions such as allergen avoidance and
pulmonary rehabilitation are recommended for severe
refractory asthma [4, 5]. A pulmonary rehabilita-
tion trajectory is often indicated. Rehabilitation is the
process of helping a person achieve the highest possi-
ble level of function, independence and quality of life.
Pulmonary rehabilitation is defined as a comprehen-
sive intervention based on a thorough patient assess-
ment followed by patient-tailored therapies, which
include but are not limited to exercise training, edu-
cation, self-management and psychological support,
designed to improve the physical and psychological
condition of patients with chronic respiratory disease
and to promote the long-term adherence of health-
enhancing behaviors [6]. During and after this trajec-
tory, effects can be monitored by regularly measuring
the lung function (e.g. forced expiratory volume in one
second, FEV,) and patient-reported outcome meas-
ures (PROMs; i.e. questionnaires on the self-perceived
health status or health-related quality of life) [7, 8].

PROMs are frequently used in asthma care, for exam-
ple to assess the perceived severity or health status and
quality of life of patients. Two internationally well-
known, validated and frequently used instruments are
the Asthma Quality of Life Questionnaire (AQLQ) [9,
10] and the Asthma Control Questionnaire (ACQ) [11].
However, these are not specifically designed for assess-
ing the effects of pulmonary rehabilitation and might
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fall short in fully describing the health-related quality
of life from the patients’ perspective with respect to the
treatment goals. In general, there is a need for more
comprehensive assessments to identify treatable traits
that can be addressed during rehabilitation [12]. But
until now, specific instruments for comprehensively
assessing the outcomes of multidisciplinary pulmo-
nary rehabilitation for patients with severe asthma are
missing.

Therefore, we have developed the CaReQoL Asthma
to measure the Care-Related Quality of Life; a disease
and care-specific questionnaire for monitoring the
effects of clinical rehabilitation in patients with severe
asthma [13]. Patients were fully involved in all stages of
the development, in contrast to many previously devel-
oped PROMs (e.g. the ACQ) that have been developed
by clinicians or researchers and consequently do not
necessarily represent the patients’ perspective [14]. The
development process of the CaReQoL Asthma is sum-
marized in Box 1. The items of the questionnaire were
based on focus groups with patients, literature and
existing questionnaires, and extensive cognitive and
psychometric testing in patients [13].

This study aims to assess the construct and crite-
rion validity of the CaReQoL Asthma, by comparing
the scores with two other self-report asthma-specific
health questionnaires (ACQ and AQLQ) and a clinical
measure (FEV,), and to assess the responsiveness and
the minimal important change (MIC) of the CaReQoL
Asthma. We hypothesize that this care-specific instru-
ment assesses the care-related health outcomes of
asthma rehabilitation more comprehensively and spe-
cifically than other asthma-specific questionnaires
(ACQ and AQLQ), and that the CaReQoL Asthma is a
more tailored, straightforward, and responsive instru-
ment for assessing the outcomes of asthma rehabilita-
tion longitudinally than the other instruments and the
clinical measure for lung function (predicted FEV,).

Methods

Study design and treatment setting

Data were collected as an additional, informal part of
a prospective clinical study with a 12 months follow-
up period on the effects of a 12-week personalized
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multidisciplinary pulmonary rehabilitation program,
either at a high-altitude (Dutch Asthma Centre in Davos,
Switzerland) or at sea-level (Merem Asthma Centre in
Hilversum, The Netherlands) [15]. The clinical study was
originally set up as a trial and was registered at The Neth-
erlands Trial Register (www.trialregister.nl; NTR5182),
but it fell back to an observational design because ran-
domization turned out to be not feasible. Nevertheless,
patients were assessed and evaluated during and after
their pulmonary rehabilitation in accordance with a sys-
tematic protocol.

Both asthma centres supplied structured, quality-con-
trolled personalized treatment and pulmonary rehabili-
tation for adults with severe asthma. The rehabilitation
included attempts to achieve optimal asthma control
and to reduce (oral) corticosteroids to the lowest effec-
tive level, exercise training, asthma education including
self-management, and psychological support. Both cen-
tres provided standardized treatment by using a modular
approach with nine basic modules: medication and inha-
lation; exacerbation; self-management; physical fitness;
daily physical activity; functional-ADL-training, dysp-
nea management; food and diet; coping; psychological
support.

After the 12-week rehabilitation period, patients were
followed for an additional 12 months with follow-up
visits every 3 months at the asthma centre in The Neth-
erlands. During the follow-up, patients were treated by
their referring pulmonologist according to the (interna-
tional) guidelines.

Patients

This validation study includes 83 adults (18-75 years)
with severe refractory asthma who were living in The
Netherlands and who filled out the CaReQoL Asthma at
follow-up at 6 and 12 months after the pulmonary reha-
bilitation. All selected patients had a diagnosis of severe
refractory asthma according to the ERS/ATS criteria [1],
and they were referred by their pulmonologist to a ter-
tiary asthma clinic between October 2015 and February
2018 [15].

At baseline, all patients were symptomatic and had
uncontrolled asthma, they used long-acting bronchodila-
tors and high dose inhaled corticosteroids with or with-
out oral corticosteroid, and they were either non-smokers
or ex-smokers for>6 months [15]. Treatment of comor-
bidity was optimized before taking part in the study
[15]. Uncontrolled asthma was defined by the presence
of at least two of the following criteria: (1) poor symp-
tom control defined as an ACQ-score>1.5 or an ACT-
score<20; (2) frequent severe exacerbations defined as
two or more bursts of systemic corticosteroids (>3 days)
in the previous year; (3) serious exacerbations defined
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as at least one hospitalization or intensive care unit stay
or mechanical ventilation in the previous year because
of an asthma exacerbation; and/or (4) persistent airflow
limitation (post-bronchodilator FEV1<80% predicted or
a FEV1/forced vital capacity (FCV) z-score < 1.64). More
details on the recruitment and selection procedure and
the exclusion criteria are described in a previous paper
on the clinical study by De Nijs et al. [15].

Patients voluntarily completed the CaReQoL Asthma
in addition to the primary and secondary outcome meas-
ures of the clinical study. All patients provided their writ-
ten informed consent on taking part in the clinical study
which was approved by the Ethics Committee of the
Academic Medical Center of the University of Amster-
dam (Amsterdam, The Netherlands) [15]. The CaReQoL
Asthma was not officially part of the clinical study, and
an amendment about the additional informal data collec-
tion with this instrument was handed over to the Ethics
Committee after the start of the clinical study.

Data collection and instruments

Data collection with the CaReQoL Asthma was an addi-
tional, informal part of the clinical study. Measurement
points of the clinical study itself were at baseline or entry
of the study (t0) and two additional follow-up measure-
ments after completing the 12-week pulmonary rehabili-
tation trajectory: after 6 months (38 weeks after entry;
t38) and at 12 months (64 weeks after entry; t64).

Apart from the CaReQoL Asthma, two other asthma-
specific self-report questionnaires were used: the Asthma
Quality of Life Questionnaire (AQLQ) and Asthma
Control Questionnaire (ACQ), and a clinical measure
for lung functioning (FEV,). The CaReQoL Asthma was
only assessed retrospectively at t38 and t64 (i.e. 38 and
64 weeks after the start of the rehabilitation), whereas
the other instruments (AQLQ, ACQ) and the FEV; were
assessed at all three points including baseline (t0, t38 and
t64).

CaReQol asthma

The Care Related Quality of Life in Asthma (CaReQoL
Asthma) is a 26-item questionnaire about the perceived
effects of pulmonary rehabilitation on the quality of life
of asthma patients [13]. This PROM aims to retrospec-
tively evaluate the ‘Care Related Quality of Life} by asking
asthma patients directly to rate the effects of rehabilita-
tion on various health aspects and their overall quality
of life. The face and content validity of this question-
naire have already been pre-tested in 15 cognitive inter-
views and a psychometric test based on a survey among
195 patients [13]. See Appendix for the content of the
questionnaire.
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The CaReQoL Asthma comprises five domains or
scales: Physical functioning (8 items), Social function-
ing (4 items), Coping with asthma (5 items), Knowledge
about asthma (3 items), and Medication (3 items). The 23
items measuring these five domains state to what extent
the pulmonary rehabilitation contributed to the patients’
treatment goals and health aspects, with a 5-point
answering scale: 1 =completely disagree, 2=partly disa-
gree, 3=neutral (not agree, nor disagree), 4=partly
agree, 5= completely agree. The escape option ‘not appli-
cable’ was coded as missing. For each domain, an average
scale score was calculated from the item scores (range
1-5), only for patients who completed more than half
of the items within the corresponding domain. All five
scales previously showed to have good internal consist-
ency, with Cronbach’s alpha’s between 0.75 and 0.96 [13].

The last three items of the CaReQolL Asthma reflect
on the overall effect of pulmonary rehabilitation on
the quality of life (1 item; 1=completely disagree, to
5=completely agree), the global perceived effect (GPE
[16]) of the rehabilitation on the patient’s health (1 item
(How is your health, compared to your health prior to
rehabilitation?); 1=very much deterioration, 2=much
deterioration; 3=little deterioration; 4=no change;
5=little improvement; 6 =much improvement; 7 =very
much improvement), and the respondent’s age (in years),
respectively.

Asthma quality of life questionnaire

The Asthma Quality of Life Questionnaire (AQLQ) is
an asthma-specific 32-item questionnaire that measures
the health-related quality of life of adults with asthma for
four domains: Symptoms; Activity limitations; Emotional
functioning; and Environmental stimuli [9]. Four domain
scores and a total score were calculated (means of all
item-scores). The Minimal Important Difference (MID)
for the AQLQ is 0.5, which means that a change in score
of 0.5 on the 7-point scale is the smallest change that can
be considered clinically important [17].

Asthma control questionnaire

The Asthma Control Questionnaire (ACQ) measures
both the adequacy of asthma control and change in
asthma control, which occurs either spontaneously or
as a result of treatment. In this study, a 6-item version
of the ACQ questionnaire was used (without the clinic
staff score of the FEV; predicted) [18]. The ACQ score
was calculated as the mean of the 6 symptom-related
items (O=totally controlled; 6=severely uncontrolled;
with scores<0.5 indicating ‘controlled asthma’ and>1.5
‘uncontrolled asthma’). A change or difference in ACQ
score of at least 0.5 can be considered as clinically impor-
tant [18].
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Forced expiratory volume in one second

Pulmonary function was measured according to inter-
national recommendations and included the forced vital
capacity (FVC) and the forced expiratory volume in one
second (FEV;), assessed after inhaled administration of
400 pg salbutamol and expressed as percentage of the
predicted value [19]. The FEV; at baseline (t0), t38 and
t64 was used as an indicator of the pulmonary function
in this paper.

Statistical analyses

The analyses focused on the construct validity (factor
structure, internal consistency, convergent and diver-
gent validity), criterion validity, responsiveness and the
minimal important change (MIC). Analyses included:
factor analyses, internal consistency (Cronbach’s alpha),
Spearman’s rank correlation coefficients (r), mean scores
and 95% confidence intervals, paired t-tests and Stu-
dent—Newman—Keuls (SNK) tests. All analyses were per-
formed in Stata/SE (version 15) and a p-value of<0.05
was considered as statistically significant.

Since the response rate for the CaReQoL Asthma was
the highest at t38, this measurement point was mainly
used to investigate the psychometric properties of the
CaReQoL Asthma and to compare the CaReQol scores
with change scores of the AQLQ, ACQ and FEV, (A t0-
t38). Except for assessing the responsiveness, for which
the scores at t64 were used as well.

Construct validity
Defining the five domains of the CaReQoL Asthma was
based on psychometric analyses, including factor analy-
ses, conducted in a previous study (factor loadings range:
0.35-0.93, inter-scale correlations range: 0.59-0.90,
n=195) [13]. To confirm the psychometric properties
of the questionnaire in the current study sample, factor
analyses were conducted for each subscale separately
(Principal Component Analyses, with oblimin rotations;
Eigenvalue > 1 and factor loadings >0.40). Then the inter-
nal consistency of the subscales was assessed by calculat-
ing the Cronbach’s alpha for each scale. An alpha of>0.70
is generally considered as a good reliability [8, 20].

Subsequently, Spearman’s rank correlation coefficients
(r) were calculated to see whether the scales or items of
the CaReQoL Asthma do significantly correlate with
other similar measures (i.e. convergent validity), or do
not (i.e. divergent or discriminant validity). Convergent/
divergent validity was assessed by calculating Spearman’s
rank correlations between CaReQoL Asthma scores (t38)
and change scores (A t0—t38) of similar domains of the
AQLQ and the ACQ.

Based on the questionnaires’ content and more or
less similar items, moderate correlations (r=0.40-0.59)
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were expected between the following CaReQoL scores
and related domains or items in the AQLQ and ACQ
questionnaires:

» Physical functioning vs. changes in AQLQ Total
score, AQLQ Symptoms, AQLQ Activity limitations,
and ACQ;

+ Social functioning vs. changes in AQLQ Total score,
AQLQ Activity limitations and ACQ;

+ Coping with asthma vs. changes in AQLQ Emotional
functioning and ACQ;

+ Medication vs. changes in AQLQ Symptoms and
ACQ;

+ Overall quality of life (1 item) vs. changes in AQLQ
Total score, AQLQ Symptoms and ACQ;

+ Global perceived effect (1 item) vs. changes in AQLQ
Total score, AQLQ Symptoms and ACQ.

Weak (r<0.40) or insignificant (p>0.05) correlations
were expected between all other combinations of total
and domain scores, which would confirm divergent valid-
ity. See Table 3 for the hypothesized relationships. Good
construct validity means that at least 75% of the hypoth-
eses are correct [20].

Criterion validity

Criterion validity refers to a comparison between the
measure in question and an outcome assessed at the
same time (concurrent validity), and the extent to which
the measure is related to or predicts a concrete out-
come or criterion (predictive validity) [20]. In this study
the GPE (global perceived effect) was chosen as a crite-
rion, because it is a concrete and global measure for the
perceived effect of the pulmonary rehabilitation at t38.
The criterion validity was assessed by first subdividing
respondents into three groups based on the self-reported
global perceived effect (GPE) at t38, and by comparing
the three subgroups with respect to the five CaReQoL
domain scores and the change scores of the other health
measures since the start of the rehabilitation trajectory
(A t0-t38).

The three subgroups according to the criterion vari-
able (GPE) are categorized as follows: (1) patients who
reported a deterioration (a little, much or very much); (2)
patients who reported ‘no change’ or ‘little improvement’;
and (3) patients who reported ‘(very) much improve-
ment. The reason for including ‘little improvement’ in
group 2 was the low number of patients in the category
‘no improvement’ (n=6 at t38) and to create a more sub-
stantial reference group. Student-Newman—Keuls tests
were performed to test the null hypotheses of ‘no differ-
ences between subgroups’ It was hypothesized that the
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CaReQoL Asthma very well reflects the GPE-scores at
t38 (by showing significant differences in mean scores
between the three groups at t38), thus proving the ability
of this instrument to discriminate between patients with
a different level of perceived effect, whereas changes in
other scores (A t0-t38 AQLQ, ACQ, FEV,) are less likely
to do so.

Responsiveness

Responsiveness is either defined as the effect of treat-
ment, or as a measure of longitudinal validity defined
by the correlation of changes in the instrument with
changes in other measures [21]. In this study, the respon-
siveness of the CaReQoL Asthma, which aims to directly
reflect the effects of pulmonary rehabilitation on several
domains of health, was assessed in three steps. In step
one, to investigate statistical significance of the longitu-
dinal changes in care related aspects of health, the aver-
age scores on subsequent time points were compared.
For the CaReQoL Asthma, the scores at t38 and t64 were
compared by conducting one-sample paired t-tests, with
the null hypotheses being ‘no difference between t38
and t64’ In step two, the CaReQoL Asthma scores at t38
were correlated with the change scores (A t0-t38) for
other instruments, with the calculations and hypotheses
being similar to those of the construct validity. In step
three, the CaReQoL Asthma scores at t64 were correlated
with the change scores for other instruments (A t0-t64),
again with similar hypotheses as those formulated for
the construct validity. See Table 3 for the hypothesized
relationships.

Minimal important change

The minimal important change (MIC) was calculated for
the CaReQoL Asthma at t38. The MIC is defined as the
minimal change in a scale score that is considered to be
important [20]. Firstly, three subgroups of the GPE were
used (see "Criterion validity"). For each scale score, the
average score of patients in group 2 (no or little improve-
ment, see also "Criterion validity" for the consideration
of combining these two groups) was subtracted from the
average score of patients in group 3 (much or very much
improvement). In addition, relevant changes or MICs of the
AQLQ and ACQ scores (i.e. changes of at least 0.5 point)
were also considered as external criteria for computing the
MICs of the CaReQoL Asthma domains [17, 18].

Results

Descriptives and follow-up scores

The 83 patients who filled out the CaReQoL Asthma
included 64 female (77%) and 19 male (23%) patients who



Springvloet et al. Respiratory Research (2023) 24:14 Page 6 of 15
Table 1 Scores for CaReQol asthma (138, t64), AQLQ, ACQ and FEV, (t0, t38, t64) (n=83)
Baseline t0 Follow-up t38 Follow-up t64
Mean scores: Mean (95 CI) Mean (95 CI) Mean (95 CI)*
CaReQol asthma:
Total (1-5) - 3.89(3.73-4.06) (n=77) 3.92 (3.68-4.16) (n=47)
- Physical functioning (1-5) - 3.76 (3.53-3.99) (n=280) 3.66 (3.34-3.99) (n=48)
- Social functioning (1-5) - 3.62(3.39-3.86) (n=79) 3.70 (3.43-3.98) (h=49)
- Coping with asthma (1-5) - 4.23 (4.07-4.40) (n=280) 4.23 (3.96-4.49) (n=48)
- Knowledge about asthma (1-5) - 453 (4.37-4.68) (n=82) 457 (4.37-4.78) (n=49)
- Medication (1-5) - 3.36 (3.10-3.63) (n=281) 341 (3.07-3.74) (h=49)
Overall quality of life (1-5) - 405 (3.82-4.29) (n=280) 4.08 (3.76-4.40) (n=49)
Global perceived effect (1-7) - 5.35(5.05-5.65) (h=78) 5.29 (4.90-5.68) (n=49)
AQLQ:
Total 4.18 (3.96-4.40) (n=83) 505 (4.78-532)" (n=67) 4.94 (4.65-5.24)* (n=062)
- Symptoms 430 (4.07-4.53) (n=283) 5.09 (4.80-5.39)% (n=67) 497 (4.67-5.26)* (n=62)
- Activity limitations 367 (341-3.92) (h=382) 466 (4.34-4.99)" (Nn=67) 454 (419-4.89)* (n=62)
- Emotional functioning 5.08 (4.80-5.35) (h=283) 594 (5.71-6.17)% (n=67) 587 (5.57-6.16) (h=62)
- Environmental stimuli 4.12(3.81-4.44) (n=83) 488 (4.53-5.23)" (n=67) 4.82 (445-5.19) (n=62)
ACQ 2.78(2.56-2.99) (n=281) 2.06 (1.78-2.34)"* (n=66) 2.18(1.87-249)* (n=61)
FEV, 85.55 (80.64-9045) (n=282) 88.57 (82.65-94.49)* (n=61) 90.97 (83.85-98.08) (n=47)

2 Significant improvement compared to baseline (t0): paired t-tests, p <0.001 (AQLQ: n =67; ACQ: n=64)
* Significant improvement compared to baseline (t0): paired t-tests, p<0.01 (FEV;: n =60)
*Statistically significant difference with t38, according to paired t-tests, p <0.05 (ACQ; n=52; AQLQ: n=54)

# Differences between t38 and t64 not significant for CareQolL Asthma or GPE

had a mean age of 46 years (SD=14). These 83 patients
filled out the CaReQoL Asthma for the first time at t38
(6 months after rehabilitation), and 49 patients also filled
out the CaReQol Asthma after one year (t64). The aver-
age scores for the CaReQoL Asthma, as well as for the
other longitudinal measurements (AQLQ and ACQ and
the predicted FEV,), are presented in Table 1. Highest
scores of the CaReQoL Asthma at t38 were found for the
subscales Knowledge about asthma (4.53) and Coping
with asthma (4.23), followed by Physical functioning and
Social functioning (3.76 and 3.62, respectively). On aver-
age, the pulmonary rehabilitation did not seem to affect
the patients’ medication management as its mean score
of 3.36 resembled the ‘neutral’ answering category of 3.0.

Missing data

The average percentage of item missing was 4% for
the CaReQoL Asthma at t38. Sixty of the 83 patients
(72%), provided complete data on all 26 CaReQoL
items at t38. Of the 23 other respondents, 13 had one
or two missing items, nine had three to 11 missing val-
ues, and one respondent had 21 missing values. Par-
ticularly one item of the domain Medication (item 23
about side effects of medication) showed missing val-
ues (16% missing compared to 7% or less for all other
items). After 12 months (t64), 49 of the 62 participants
in the total clinical study (79%) filled out the CaReQoL

Asthma, due to incomplete follow-up as the CaReQoL
Asthma was not administered to all patients at t64.
Nevertheless, CaReQoL Asthma scores could be calcu-
lated for 77-82 of the 83 patients at t38, and for 47-49
patients at t64 (Table 1).

Construct validity

The factor analyses on each subscale confirmed the
structure of the CareQoL Asthma by showing high fac-
tor loadings for each item per subscale (see Table 2),
resembling the findings of a previous study on the psy-
chometric properties of the questionnaire [13]. Cron-
bach’s alpha for the five CaReQoL Asthma domains were:
Physical functioning 0.95 (8 items), Social functioning
0.93 (4 items), Coping with asthma 0.85 (5 items), Knowl-
edge about asthma 0.83 (3 items) and Medication 0.82 (3
items).

Table 3 shows the correlations between CaReQoL
Asthma scores at t38 and the change scores of other
measures between t0 and t38, together with the prede-
fined hypotheses. Of the 45 correlations investigated,
38 (84%) were in accordance with the hypotheses. Only
seven associations were either stronger (3x) or weaker
(4x) than expected. For example, Social function-
ing showed moderate instead of weak correlations with
AQLQ Symptoms and AQLQ Environmental stimuli
(r=0.48 and 0.42, respectively). On the other hand,
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Table 2 Factor loadings and Cronbach’s alpha for subscales of
the CareQolL Asthma (t38)

Factor #items Factor Cronbach’s
loadings alpha
(range)

Physical functioning 8 0.72-0.90 0.95

Social functioning 4 0.85-0.88 093

Coping with asthma 5 0.65-0.78 0.85

Knowledge about asthma 3 0.71-0.91 0.83

Medication 3 0.72-0.78 0.82

Factor analyses were conducted for each subscale (Principal Component
Analyses, with oblimin rotations; Eigenvalue > 1 and factor loadings > 0.40),
n=283

Coping was much weaker associated with AQLQ Emo-
tional functioning (r=0.18) and ACQ (r=— 0.14) than
expected.

Responsiveness

The CaReQoL showed positive effects of the pulmonary
rehabilitation (see Table 1), with an average total score
of 3.89 on the 5-point scale (1-5) at t38. The effects of
the rehabilitation appeared to remain stable over time as
there were no significant differences in scores at 6 and
12 months (i.e. no changes between t38 and t64 accord-
ing to paired t-tests). Similarly, the follow-up scores for
the AQLQ, ACQ and FEV; showed substantial and sig-
nificant improvements after 6 months. These other scores
also did not seem to change any further after 6 months,
according to the overall scores and confidence intervals
as displayed in Table 1, but paired t-tests for those who
responded to all follow-up measurements indicated that
the AQLQ total, AQLQ Symptom and AQLQ Activ-
ity limitations scores as well as the ACQ did signifi-
cantly change and somewhat diminished between 6 and
12 months (AQLQ: n=54, ACQ: n=52; p<0.05).

Table 3 shows the correlations between CaReQoL
Asthma scores at t38 and t64 and change scores of all
other instruments (differences between t0-t38 and t0-
t64, respectively). Similar to the construct validity and as
hypothesized, the scales on Physical functioning, Social
functioning, and the 1-item measuring the global per-
ceived effect (GPE) and the quality of life (QoL) were
moderately and significantly associated with changes in
the AQLQ scores (in particular: Total, Symptoms and
Activity limitations) and the ACQ. These Spearman’s
coefficients ranged between 0.40 and 0.59. Weak and
often non-significant correlations were found for the
other CaReQoL scales and the predicted FEV;.

At t64, both Coping with asthma and Knowledge about
asthma show more responsive, higher and significant cor-
relations with changes in AQLQ or ACQ scores. In par-
ticular Coping with asthma, which was related to AQLQ

Page 7 of 15

and ACQ scores at t64, whereas these associations did
not exist at t38. Medication on the other hand, showed
less significant correlations at t64 compared to t38.

Criterion validity

Answers on the global perceived effect (GPE) of the pul-
monary rehabilitation at t38 showed a deterioration in
eight patients (group 1), no or a little improvement in 25
patients (group 2), and much or very much improvement
in 45 patients (group 3). Five patients did not fill out the
GPE and were missing. Table 4 presents the scores of
the CaReQoL Asthma (total and mean scale scores, and
overall quality of life) and change scores (t0—t38) for the
AQLQ, ACQ and FEV; for each GPE- group.

Almost all scores of the CaReQolL Asthma showed
significant differences between two or three of the GPE-
groups, except Coping with asthma and Knowledge
about asthma. Other instruments showed few significant
differences between the GPE-groups; only some changes
in AQLQ scores (Total, Symptoms and Activity limita-
tions) and the ACQ discriminated between some of the
GPE-groups.

Minimal important change

The minimal important changes (MICs) for the CaReQoL
Asthma scales at t38 are: Physical functioning 1.09, Social
functioning 1.10, Coping with asthma 0.35, Knowledge
about asthma 0.24, and Medication 1.34 (Table 5). Unfor-
tunately, no additional analyses could be conducted to
assess MICs in relation to relevant changes between t0
and t38 in AQLQ (an increase of at least 0.5) or ACQ (a
decrease of at least 0.5), as external criteria, due to small
numbers of patients with ‘no relevant change’ (n==8 and
n=7 at t38; n=9 and n=12 at t64, respectively).

Discussion

This paper describes the psychometric properties and
validity of the CaReQoL Asthma, a self-report question-
naire specifically designed for evaluating the perceived
outcomes of pulmonary rehabilitation in patients with
severe asthma. The instrument aims to comprehen-
sively describe the Care Related Quality of Life outcomes
regarding the treatment goals of pulmonary rehabilita-
tion that are important to patients [13]. Validation was
based on longitudinal data collected among 83 patients
with severe refractory asthma who took part in an obser-
vational clinical study on the effectiveness of pulmonary
rehabilitation in two tertiary asthma clinics in Switzer-
land and The Netherlands [15]. This study confirms that
the relatively short CaReQoL Asthma (26 items) is a
comprehensive, valid, reliable and responsive question-
naire for assessing relevant outcomes of pulmonary reha-
bilitation in patients with severe refractory asthma.
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Table 4 Criterion validity of CaReQoL asthma and AQLQ, ACQ and FEV; (t38)

Mean scores (t38)

Global perceived effect (t38):

Improvement” No or little improvement Deterioration”

CaReQol asthma (n=45) (n=25) (n=8)

Total score** 4.35%x% 3.571%* 2.93%x*

- Physical functioning 4.37%%% 3.28* 2.46%**

- Social functioning 4.24%%% 3.14%* 2.07%x*

- Coping with asthma 447 412 3.66%

- Knowledge about asthma 4.66 442 4.46

- Medication 3.98*** 264 2.38%**
Overall QoL 4.56** 3.67* 2.40%**
Mean change scores (A t0-t38):
A AQLQ: (n=38) (n=18) (n=6)

Total score 1.02%* 0.39 0.02*

- Symptoms 1.15%* 0.21 —0.10*

- Activity limitations 1.26% 049 —0.15*

- Emotional functioning 0.90 0.55 0.70

- Environmental stimuli 0.92 0.50 0.00
A ACQ —1.06** (n=37) —011(n=17) 0.30*% (h=5)
AFEV, 4.59 (n=34) 355(n=17) —222(n=5)

# Much or very much improvement according to GPE
" Little/ much/ very much deterioration according to GPE

Level of significance of differences between subsequent subgroups (column1; better vs. the same, column2; the same vs. deterioration, column3; deterioration vs.

better; SNK-tests): *p <0.05; **p < 0.01; ***p <0.001

Table 5 Minimal important change (MIC) for CaReQoL asthma scores (t38)

CaReQolL Asthma: mean scores at t38

Physical Social Coping with  Knowledge Medication Total
functioning functioning asthma about asthma
Global perceived effect (t38):
Much or very much improvement (n =45) 437 424 447 466 3.98 435
No or little improvement (n=25) 3.28 3.14 412 442 264 351
Minimal important change (MIC)* 1.09 1.10 0.35 0.24 1.34 0.84

*Difference in the CaReQoL Asthma score between ‘(very) much improvement’and ‘no or little improvement’

Good psychometric properties

Findings show that the CaReQoL Asthma has a good
construct validity and that it could reliably measure the
long-term impact of multidisciplinary and personalized
rehabilitation programs on the patients’ lives, regard-
ing five domains: Physical functioning (Cronbach’s
alpha=0.95), Social functioning (alpha=0.93), Coping
with asthma (alpha=0.85), Knowledge about asthma
(alpha=0.83) and Medication (0.82).

The new instrument even appears to assess outcomes
of rehabilitation that are only partly or not at all assessed
by the other well-known disease-specific instruments
AQLQ and ACQ that were used as primary and sec-
ondary outcome of the total clinical study [15]. Particu-
larly Coping with asthma and Knowledge about asthma

turned out to be unique domains of the CaReQoL
Asthma as these scores showed substantial effects of the
pulmonary rehabilitation but were only weakly correlated
with the two other questionnaires (AQLQ and ACQ).

Furthermore, the convergent and discriminant/diver-
gent validity and the responsiveness of the CaReQoL
Asthma, as compared to changes in AQLQ, ACQ and
FEV, scores, were in line with our expectations (i.e. 84%
conform pre-defined hypotheses). The very low and
insignificant correlations with the FEV, underline the
hypotheses that this clinical measure does not reflect the
patients’ self-reported health.

Moreover, the CaReQoL Asthma showed good crite-
rion validity and discriminant scores in relation to the
global perceived effect (GPE) as a criterion variable. The
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CaReQoL domain scores discriminated better than other
measures between three levels of the perceived effect
at 6 months post-rehabilitation, except for the domain
Knowledge about asthma which appeared to be unrelated
to the perceived effect.

The minimum important change (MIC) for the
CaReQoL Asthma total scale is estimated at 0.84 and var-
ies per domain, from 0.24 (Knowledge about Asthma)
to 1.34 (Medication). However, these MICs are likely to
be somewhat overestimated as real minimal differences
could not be established in this study because of very low
number of patients reporting ‘no improvement. While
this GPE-reference group had to be merged with ‘it
tle improvement’ to create a more substantial subgroup,
this might have led to an overrating of the MICs. The
estimated MICs for the CaReQoL Asthma resemble the
findings of a previous study showing minimal important
differences from 0.21 to 1.16 per domain [13]. Thus, an
overall MIC of 0.8 and MICs between 0.2 to 1.2 for the
five domains seem to be realistic.

Coping and knowledge

The CaReQoL domains Coping with asthma and Knowl-
edge about asthma had the highest average scores at 6
and 12 months post-rehabilitation. These high scores
reflect major and significant contributions of the rehabili-
tation trajectory to the patients’ coping skills and knowl-
edge about asthma. But these two domains appeared to
be the least responsive to change, compared to other
measures, and also had the lowest and least reliable
MICs (0.35 for Coping and 0.24 for Knowledge) because
of mainly non-significant differences between the GPE-
groups (i.e. the criterion measure).

Interestingly, the increased coping and knowledge
of patients due to the rehabilitation (according to the
CaReQoL) seem to have more persistent long-term
effects on the quality of life (AQLQ) and asthma con-
trol (ACQ), as correlations between these outcomes
increased over time. Particularly coping was related
to an increase in asthma control after one year. Appar-
ently, increased coping skills and knowledge on asthma
may persist over time and could still reinforce or prolong
the effects of pulmonary rehabilitation by contributing
to the patients’ quality of life in the long run. This is in
line with literature on various interventions aimed to
improve asthma knowledge, self-management, medica-
tion adherence and inhalation techniques (e.g. objective
monitoring, feedback, education or training and group
learning) which in turn may result in an increased quality
of life and clinical outcomes [22, 23]. But the underlying
mechanism of the effects of pulmonary rehabilitation and
the mediating effects of increased knowledge and cop-
ing skills on the self-management, health outcomes and
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quality of life of patients with severe asthma still needs
further investigation [22, 23].

Long-term effects

Altogether, the follow-up measurements with the
CaReQoL Asthma showed substantial and endur-
ing effects following the pulmonary rehabilitation on
the patients’ quality of life and other health outcomes,
still present after 12 months. In general, the follow-up
measurements at 6 and 12 months showed a substan-
tial improvement to the patients’ knowledge and coping
with asthma after rehabilitation, followed by an increased
physical and social functioning, but a rather weak change
in their medication management. These results are in line
with the previously reported findings of the total clinical
study [15] and other studies on the benefits of personal-
ized pulmonary rehabilitation programs [5, 24, 25]. Addi-
tionally, the clinical study showed the strongest effects on
quality of life and asthma control at the end of the reha-
bilitation trajectory (after 12 weeks), and these effects
were larger and more sustainable in the high-altitude
group than in patients who followed a rehabilitation pro-
gram at sea-level [15].

Study limitations

The present study has some limitations. Firstly, the num-
ber of patients included in this study is low. A total of 83
patients were included at t38, which is normally too small
for exploring internal consistency and construct validity
[20]. However, the factor analyses as well as other psy-
chometric analyses were also conducted in a previous
study (published in dutch), consisting of 195 respondents
and showing similar findings [13]. In addition, for test-
ing a priori hypothesis, as is done for construct valid-
ity and responsiveness, a total of 50 respondents seems
adequate, which is met for measurements at t38 [20].
Nevertheless, conclusions should be drawn with cau-
tion and replication is warranted. Secondly, the numbers
of listwise missings are high: of the 83 who filled out the
CaReQoL Asthma at t38, 60 had no missing items at t38
and only 38 patients also participated and fully com-
pleted the questionnaires at t64. This loss to follow-up
was partly due to incomplete data collection as not all
study participants in the total clinical study additionally
received a CaReQoL Asthma at t38 and t64. But there did
not seem to be selection bias since there were no differ-
ences in demographic or clinical characteristics between
those who dropped out and those who completed the fol-
low-up of the total clinical study [15]. Another limitation
for validating the CaReQoL Asthma concerns the few
and long-term measurement points at which our instru-
ment was applied, given the focus of the clinical study
[15]. Evaluations during and at the end of the pulmonary
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rehabilitation, for example half-way and after 12 weeks,
would have yielded better data to study the responsive-
ness and criterion validity of the instrument. These
measurement points are also recommended for imple-
menting the instrument in clinical practice for the pur-
poses of shared decision making, monitoring and quality
improvement [26]. Finally, as the CareQol Asthma is a
direct measure requiring respondents to report change in
functioning as compared to baseline, baseline measures
were effectively obtained retrospectively and therefore
susceptible to recall bias [27]. However, the obvious alter-
native would have been an indirect measure of change
where respondents only report current level of func-
tioning at baseline (t0) and follow-up (t38 and t64) and
change is calculated as the difference between baseline
and follow-up. In such a design, the baseline measure
would be susceptible to response shift, i.e., the phenom-
enon that internal standards of severity of symptoms
change over time [28]. Although it is commonly assumed
that recall bias is a bigger problem than response shift,
empirical results appear to be mixed [27, 28],

Future research

Future studies with the CaReQoL Asthma could reveal
more specific effects of the pulmonary rehabilitation
in patients with severe asthma over time, including
increased knowledge and coping skills. Furthermore,
future research may yield more insight into the underly-
ing mechanisms that either enhance or hamper disease
management and shared decision making on the per-
sonalized treatment, not only for severe asthma but per-
haps also for other respiratory disorders (i.e. mild asthma
and COPD) and other treatment modalities (regular
treatment or specific disciplines, e.g. physiotherapy). In
addition, future studies should aim to replicate the psy-
chometric properties of the CareQoL Athma in bigger
samples.
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Conclusions

Our findings show good properties for the construct
validity (internal consistency, convergent and diver-
gent validity), responsiveness and criterion validity of
the CaReQoL Asthma at 6 months post-rehabilitation.
This instrument is the first PROM that was specifically
designed for measuring outcomes of pulmonary reha-
bilitation in patients with severe asthma. It has been
developed in close collaboration with patients and fully
describes the impact of the pulmonary rehabilitation
on life domains which are important to patients. More-
over, our results suggest that this instrument may be
regarded as a unique and complementary instrument
as it does not measure exactly the same constructs as
the AQLQ and ACQ and it comprises specific domains
on knowledge and coping with asthma which are not
covered by these instruments. In order to further sub-
stantiate the reliability and validity of the CaReQoL
Asthma, as well as to monitor outcomes of pulmonary
rehabilitation in patients with severe asthma, we rec-
ommend to use the CaReQoL Asthma in addition to
other disease specific instruments.

Appendix
CaReQol asthma
Questionnaire on the ‘care related quality of life’ in persons
with severe asthma
Please answer the following propositions about the effects
that you might experience after your recent pulmonary
rehabilitation. The questions are about your opinion and
the perceived effects during the past two weeks.

Add your response to each question starting with
‘Due to the pulmonary rehabilitation....

You may choose ‘not applicable’ (N.A.) when the
question is not applicable to you, or when a change or
effect is not related to your asthma.

Physical functioning Totally disagree

Partly disagree

Neither agree, nor Partly agree  Totally agree N.A

Due to the pulmonary disagree
rehabilitation...
1 ...l am better able to climb stairs [ ] a I:I [ |
2 ...l can walk for a longer time a a a [ | W] ]
3 ...lam better able to play sports [ a a a a |
or to do physical exercises or
workouts
4 _..lam in better shape (more a W] a a 4 ]
physically fit)
5 ...lam less tired a a [ a [N [N |
6 ...I suffer less from a shortness of [ [ a a a |
breath
7 ...my health status is more stable [ a a a 4 1
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Physical functioning Totally disagree  Partly disagree  Neither agree, nor Partly agree  Totally agree N.A
Due to the pulmonary disagree
rehabilitation...
8 ...I'have less asthma attacks a a a a a a
Social functioning Totally disagree  Partly disagree  Neither agree, nor Partly agree  Totallyagree  N.A
Due to the pulmonary disagree
rehabilitation...
9 ...I can better conduct my daily a a a a a a
activities (such as work, study or
housekeeping)
10 ...l do things more often sponta- [ 2 ] | | o
neously
1 ...getting out and about with oth- [ a
ers (such as pleasure trips, visiting,
going out) is easier for me
12 ...doing things inand around the [ a a a | a
house (such as in-house jobs or
shopping) is easier for me
Coping with asthma Totally Partly Neither agree, nor Partly agree Totally agree N.A
Due to the pulmonary disagree disagree disagree
rehabilitation...
13 ...lam in a better mood a a a a a a
14 ...I'can cope better withmy [ a a a a 2
asthma
15 ...I'have better control over A a
my asthma (mastering my
asthma)
16 ...lam better able to make 1 a
my own choices
17 ...Iam more aware of my N | N ] W] W] N | |
own limits
Knowledge about asthma  Totally Partly Neither agree, nor Partly agree Totally agree N.A
Due to the pulmonary disagree disagree disagree
rehabilitation...
18 ...I'have more knowledge a [} [} a a a
of my asthma (and | can
explain it better to others)
19 ...I have more knowledge of [} [ [ a a a
my asthma medication
20 ...I'know better what to ]
do in case of a shortness of
breath
Medication Totally disagree  Partly disagree  Neither agree, nor Partly agree  Totallyagree  N.A
Due to the pulmonary disagree
rehabilitation...
21 ...I need less medication a a a a a a
22 ...l am better adjusted to my ] [ | a ] a a
medication
23 ...l experience less side-effects of [ 2 [} a [} [}

my medication
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Overall Totally disagree  Partly disagree  Neither agree, nor Partly agree  Totallyagree  N.A
Due to the pulmonary disagree
rehabilitation...

24 ...my quality of life has improved [ | ] ] | a

25 How is your health now, compared to your health
before the pulmonary rehabilitation?

— Very much improvement
— Much improvement
— Little improvement
— No change
— Little deterioration
— Much deterioration
— Very much deterioration
— Idon’t know/not applicable

26 What is your age?
years.

Abbreviations
CaReQol  Care Related Quiality of Life in Asthma

PROM Patient reported outcome measure

MIC Minimal important change

AQLQ Asthma Quality of Life Questionnaire
ACQ Asthma Control Questionnaire

FEV, Forced expiratory volume in one second
GPE Global perceived effect

95Cl 95% Confidence interval

SD Standard deviation

SNK Student-Newman-Keuls test
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