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Measurement of quality of life (QoL) is increasingly
being used in clinical intervention studies and has been
shown to be a valid indicator in assessing whether a medi-
cal treatment is beneficial [1–4]. The assessment of QoL
is now regarded as being one of the main outcome varia-
bles in clinical studies [5, 6], especially in chronic dis-
eases such as asthma, in which a cure by medical
intervention is seldom achieved. In this respect, QoL is
referred to as the daily functioning and the subjective
wellbeing of the pat-ient. Although asthma-specific QoL
questionnaires have been developed only recently, the
number of trials in which QoL measurement has been
applied is growing rapidly.

Clinical studies to investigate the effectiveness of long-
acting β2-agonists have been the first to assess the benefit
of QoL, together with objective measures of severity of
the disease. Virtually all studies have shown significant
improvements in lung function, use of rescue medication
to control symptoms, and diary-obtained symptom scores
[7–11]. In contrast, improvement in QoL by long-acting

β2-agonist treatment in asthmatic patients is not as clear
as improvement in the other measures of disease [2, 12].
Spirometric parameters, symptom scores and use of medi-
cation improved as expected, but only one of the wide
variety of QoL questionnaires revealed a substantial im-
provement. Improvements in lung function and symptoms
do not always reflect a clear improvement in the recorded
QoL. The question is whether this is dependent on the
kind of questionnaire used or whether patients do not per-
ceive a substantial improvement in their QoL as recorded
on any kind of questionnaire.

In this study, a comparison was made of the perform-
ance of two asthma-specific QoL questionnaires and three
generic questionnaires with a structured symptom score
diary and lung function measurements in order to assess
their ability to detect clinical improvement. The aim of the
study was to assess which QoL questionnaire was most
sensitive to change. The study was part of a multicentre
international study on the efficacy of inhaled formoterol in
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ABSTRACT: This study aimed to investigate the effect of treating patients with mod-
erate asthma with formoterol on quality of life (QoL) and to compare several ques-
tionnaires in their ability to detect changes in QoL.

In an eight month multicentre, randomized, placebo-controlled trial, patients with
asthma using daily inhaled corticosteroids and β2-agonists (Š5 inhalations·week-1)
were randomized to 6 months treatment with formoterol 24 µg b.i.d. (by Turbuha-
ler®) or a matching placebo. Patients recorded symptoms (maximal score 21) and
peak expiratory flow (PEF) twice daily. QoL was measured with two asthma-specific
questionnaires, the Asthma Quality of Life Questionnaire (AQLQ) and the Living
with Asthma Questionnaire (LWAQ), and with two generic QoL forms, i.e. the Short
Form 36 (SF36) and the Psychological and General Well-Being scale (PGWB) at ran-
domization and after 6 months of treatment.

Out of 110 patients studied, 56 received formoterol and 54 placebo. Mean baseline
forced expiratory volume in one second was 65% predicted. Mean morning PEF was
369 L·min-1. Mean total symptom score was 3.6. Morning PEF increased (26.8 L·
min-1, p=0.0001) and symptoms decreased (-1.23, p=0.012) in the formoterol group in
contrast to placebo. QoL improvements were measured in the LWAQ total score
(baseline 0.61, change -0.05, p=0.048) and the physical construct of the LWAQ (base-
line 0.71, change 0.07, p=0.044). The AQLQ and the generic QoL instruments showed
no significant changes.

In conclusion, the improvement in quality of life reported after 6 months was very
small and only reflected by the Living with Asthma Questionnaire.
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mild-to-moderate asthmatic patients using inhaled corti-
costeroids.

Patients and methods

Patients

 During a study regarding the efficacy of the long-act-
ing β2-agonist formoterol (Formoterol Turbuhaler®, Astra
Draco, Lund, Sweden), 230 adult asthmatic patients were
followed for 8 months. Details about methodology and
QoL assessment have been described previously [13, 14].
The present study pertains to the 110 Dutch patients. Pat-
ients participated in five centres in The Netherlands, 65
patients recruited from 44 general practitioners and 32
from four outpatient hospital clinics. All asthmatic pati-
ents were in a stable phase of the disease and used inhaled
corticosteroids regularly and short-acting β2-agonists as
needed, with a minimum of five inhalations in the week
before randomization. Patients using theophyllines and
oral steroids were excluded. On entering the study, the for-
ced expiratory volume in one second (FEV1) was >40%
predicted and reversibility after 500 µg of terbutaline
>15% of baseline. The study protocol was approved by
the Medical Ethics Committees of all participating centres
and patients gave written informed consent.

Study design

A double-blind placebo-controlled parallel design was
used, with a run-in period (4 weeks) to obtain baseline
values, a treatment period (24 weeks) and a wash-out per-
iod (4 weeks). The dose of inhaled corticosteroids taken
on entry was maintained at a constant level throughout the
study. Patients were treated with formoterol 24 µg twice
daily or placebo. Terbutaline sulphate (250 µg inhalations
via the Turbuhaler®) was allowed as needed for the relief
of symptoms. No long-acting β2-agonists were allowed,
with the exception of the study medication. Patients filled
in daily diary cards to record daytime symptoms of chest
discomfort, sputum production, cough, activity and whee-
zing on a scale ranging from 0 (none) to 3 (very severe).
Night-time symptoms of wheeze and cough were record-
ed on the same scale, adding up to a total asthma symptom
score of 21. The highest of three measurements of peak
expiratory flow (PEF) by a Mini-Wright peak flow meter
was recorded each morning and evening, together with the
use of daytime and night-time bronchodilator and other
medication. PEF was measured before inhalation of the
study drug and the patients were asked to refrain from the
use of terbutaline at least 6 h before measurements.

Quality-of-life measurements

QoL was assessed at the end of the run-in period before
the start of treatment and at the end of the 6 month treat-
ment period. Two generic QoL instruments were used: the
Short Form 36 (SF36) [15, 16] and the Psychological and
General Well-Being index (PGWB) [17, 18]. Two asthma-
specific QoL questionnaires were also used: the Living

with Asthma Questionnaire (LWAQ) [19, 20] and the As-
thma Quality of Life Questionnaire (AQLQ) [21, 22]. The
AQLQ can be used in a self-administered and an inter-
view-administered form. In this study the interview-
administered form was used. Interviewers were trained by
an instructional video tape. The QoL measurements were
all performed in the same order after lung-function meas-
urement; first, the AQLQ interview, followed by a booklet
with the three other questionnaires. Patients were not al-
lowed to see their previous answers scored during the first
visit.

Spirometry

FEV1, and forced vital capacity (FVC) were measured
using calibrated spirometers in the morning on the same
day as the four QoL questionnaires were filled in. Revers-
ibility of FEV1 was tested at entry in the morning between
08:00 and 12:00 h after 500 µg of terbutaline (Bricanyl
Turbuhaler®). β2-agonists were stopped at least 8 h before
the test. Measurements were made in triplicate and the
best recorded.

Data analysis

QoL questionnaires were scored following their respec-
tive instructions. The LWAQ was calculated using its two
construct subscales [2]. Symptom scores are presented as
the mean total symptom scores during 1 day. All diary
variables were calculated separately as a mean of the last
14 days before treatment and the last 14 days of the treat-
ment. Morning and evening PEF were the mean of PEF
values of morning and evening diary records, respectively.
Changes in symptom scores were calculated by taking the
absolute difference between mean scores of the last 14
days before treatment and the last 14 days during treat-
ment.

Statistical tests were carried out on an intention-to-treat
basis for valid data. Valid questionnaire domains requir-
ed an answer to at least 80% of the items, except in the
AQLQ "activity" domain, in which the rules of the author
were followed [22]. The results of the QoL instruments
and the symptom scores were tested for internal consist-
ency, using Cronbach's alpha. All analyses were performed
using the Statistical Package for Social Sciences (SPSS
Inc., Chicago, IL, USA).

The changes from randomization to the end of treatment
period were analysed. Student's t-tests were used for all
indices and domains of the QoL questionnaires in order to
compare the changes during treatment between the two
treatment groups. In addition, Cohen's effect size was cal-
culated for the asthma-specific questionnaires in order to
compare questionnaires with different scales.

Results

Patients

Patient characteristics and their baseline QoL values are
shown in table 1. Three patients in the formoterol group
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withdrew during the treatment period (one adverse event
and two noncompliance), along with four patients in the
placebo group (all asthma deterioration).

Clinical outcome measures and diary

Treatment with formoterol improved all respiratory out-
come measures. Mean FEV1 changed from 2.39 to 2.50 L
(p>0.05) in the formoterol group, but was stable at 2.19 to
2.20 L in the placebo group. Mean use of inhaled terbuta-
line for the relief of symptoms decreased during treatment
with formoterol (-1.88 inhalations, p<0.0001) and not dur-
ing placebo (+0.26 inhalations). The difference in change
in morning PEF between formoterol and placebo was 38.7
L·min-1 (p<0.0001). Mean total daily symptoms in the for-
moterol group decreased from 3.8 to 3.0 but increased
from 3.5 to 4.0 in the placebo group. The difference in
change in daily mean total symptom scores between for-
moterol and placebo was 1.3 (p=0.012). Adverse events
occurred at the same rate in both treatment groups.

Quality of life

Baseline values of QoL are shown in table 1. There was
no difference in QoL between the groups at the start of
the study. The distribution of total baseline scores of the
AQLQ and the LWAQ are shown in figures 1 and 2. The
change in scores of the QoL questionnaires are shown in
table 2. The LWAQ total score and the physical problem
construct of the LWAQ improved significantly (p<0.05).
The AQLQ domains and total score revealed the same
trend in favour of the formoterol group, but the difference
from the placebo group was not significant. Generic QoL
measures did not show a significant improvement.

The effect sizes of the QoL questionnaires are shown in
table 3. The effect size of the LWAQ total, the LWAQ
physical and the symptom domain of the AQLQ were
higher than the other QoL indices. Table 4 shows corre-
lations between changes in QoL indices and changes in
diary-obtained symptom scores, β2-agonist use for the
relief of symptoms, PEF and FEV1. The change in symp-
tom scores obtained from the diary and the change in most
of the QoL domains, with the exception of mental dom-
ains, were strongly related. Change in β2-agonist use cor-
related more strongly with change in symptom-related
domains of QoL than with change in mental-health dom-

Table 1.  –  Patient characteristics and baseline values by
treatment group

Formoterol Placebo

Patients  n
Age  yrs
Male  n
Atopy  %
FEV1  % pred
Reversibility in FEV1% baseline
PEF morning  L·min-1

Symptom score (0–21)
β2-agonist use inhalations·day-1

β2-agonist use inhalations·night-1

Quality of life questionnaires
AQLQ
LWAQ
PGWB
SF36

56
40.8±13.2

28
    68.8

65.9±17.2
25.2±11.8
376±108.9
3.76±2.9
1.86±1.4
1.40±1.4

5.66±0.80
0.61±0.21

84.36±17.19
72.89±17.27

54
46.4±14.2

28
    66.6

64.7±16.9
26.3±13.1
361±95.1
3.5±2.8

1.68±0.9
1.25±0.8

5.70±0.67
0.63±0.31

85.31±14.99
73.15±15.39

Values are shown as mean±SD. FEV1: forced expiratory volume
in one second; PEF: peak expiratory flow; AQLQ: Asthma Qua-
lity of Life Questionnaire; LWAQ: Living with Asthma Ques-
tionnaire; PGWB: Psychological and General Well-Being scale;
SF36: Short Form 36.
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Fig. 1.  –  Frequency distribution of baseline values of the Asthma Quality
of Life Questionnaire (AQLQ) (n=110). AQLQ scale: 0–7, with 7 as the
best score. Mean±SD: 5.7±0.74.
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Fig. 2.  –  Frequency distribution of baseline values of the Living with
Asthma Questionnaire (LWAQ) (n=110). LWAQ scale: 2–0, with 0 as the
best score. Mean±SD: 1.38±0.30.
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Table 2.  –  Mean values for change of quality of life within
patients during the treatment period for each treatment
group

Formoterol Placebo

Pre Change Pre Change p-value*

AQLQ
Activity
Symptoms
Emotional
Environment
LWAQ
Physical problem
Emotional problem

SF36 total
PGWB total

5.66
5.28
5.50
6.26
5.73
0.61
0.67
0.46

72.89
84.36

0.15
0.36
0.19

-0.02
0.10

-0.05
-0.06
-0.04

1.16
0.49

5.70
5.40
5.63
6.25
5.70
0.63
0.71
0.44

73.15
85.31

0.05
0.25

-0.12
0.08
0.14
0.00
0.01

-0.01

1.20
3.33

0.53
0.65
0.12
0.51
0.80
0.048
0.044
0.35

0.99
0.19

*: Difference between the two treatment groups. AQLQ: Ast-
hma Quality of Life Questionnaire; LWAQ: Living with Asthma
Questionnaire; SF36: Short Form 36; PGWB: Psychological
and General Well-Being scale.
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ains of QoL. The same applied to the correlations in lung
function scores and QoL, with stronger correlations with
change in symptom and physical domains than with change
in mental-health domains. The change in AQLQ showed
stronger relations with the change in symptoms, β2-ago-
nist use and FEV1 than the LWAQ. There was little change
in the generic questionnaires.

Discussion

This study showed that all measurements of asthma,
both subjective and objective, improved early in the study
and maintained their improvement with a high statistical
significance. However, only two QoL variables (the physi-
cal problem construct of the LWAQ and the LWAQ total
score) showed an improvement which reached statistical
significance. Calculation of effect sizes showed that LWAQ
total, the physical construct of the LWAQ and the symp-
tom domain of the AQLQ had almost equal responsive-
ness. The AQLQ total and the other domains of the AQLQ,
as well as the generic QoL questionnaires, were unable to
detect differences in QoL between the formoterol and pla-
cebo group. This was also reflected by low effect sizes,
which also showed little responsiveness. Correlations bet-
ween changes in asthma-specific QoL and changes in other

subjective measures of asthma severity, such as symptom
scores and need for β2-agonist use, and objective measu-
res, such as FEV1, were highly significant. The improve-
ment in the physical problem domain of the LWAQ and
the relatively strong correlation between clinical improve-
ment and change in most domains of the AQLQ and the
LWAQ shows that the asthma-specific QoL questionnaires
showed a better longitudinal construct validity than the
generic questionnaires.

RUTTEN-VAN MÖLKEN et al. [23] showed that improvement
associated with salmeterol treatment was detected only by
the three domains of AQLQ and not by the construct sub-
scales of the LWAQ. In their opinion, the greater respon-
siveness of the AQLQ resulted from "informed ad-
ministration", i.e. that patients read the answers they had
given at baseline just before answering the questions at
follow-up. This informed answering is recommended as a
part of the procedure for this questionnaire [22]. In the
present study this administration procedure was deliber-
ately not followed since it was found to be in contrast to
the administration procedures of the other questionnaires.
This study therefore may add support to the hypothesis
that "informed administration" improves the responsive-
ness of the AQLQ. Whether other questionnaires could
also improve their responsiveness by using "informed ad-
ministration" remains unclear.

In a study in which the use of salmeterol and low-dose
inhaled corticosteroids were compared with high-dose in-
haled corticosteroids in asthma patients, problem scores
obtained from structured QoL diaries proved to be more
sensitive to change than QoL quesionnaires [24]. In the
present study a symptom-score diary was used, with very
short simple questions about cough, wheeze, activity, chest
discomfort and sputum production. These diaries were
filled in during the whole study and it must be considered
that patients always saw their recent previous answers,
thus obtaining partial "informed administration". This in-
dicates that a simple diary, as used in our study with
informed administration, provides a more sensitive in-
strument to detect changes in subjective symptoms than
asthma-specific QoL questionnaires. However, QoL ques-
tionnaires provide information other than diary-obtained
symptom scores, β2-agonist use and FEV1. QoL, defin-
ed as patients' functioning and subjective wellbeing, is a
complex and abstract construct that is influenced by many
aspects of life, including asthma. In the present group of
patients with near-normal health-related QoL, the impact
of the change in lung function on the symptom scores and
the use of β2-agonists did not have a comparable influence
on QoL. The influence of these changes may disappear in
the noise of other factors that were perceived as being
more important. This study suggests that an improvement
of >~4% in FEV1 or 1.3 points in symptom scores is
needed in order to gain substantial improvement in QoL.

Furthermore, many chronic patients adapt over time to
changes in the disabilities of their chronic disease. In this
study QoL was assessed with an interval of 6 months, a
period which could have been long enough for the patients
to adapt to their new situation.

Improvements in QoL during treatment with formoterol
were limited in these patients, despite an improvement of
diary-obtained symptom scores and lung function. LWAQ
total score, the LWAQ physical construct score and the
AQLQ symptom domain were responsive to change. Chan-

Table 3.  –  Effect sizes of changes in quality of life during
treatment with formoterol in comparison to treatment with
placebo

Effect size 95% CI

AQLQ
Activity
Symptoms
Emotional
Environment
LWAQ
Physical problem
Emotional problem
SF36 total
PGWB total

0.128
0.106
0.316
0.132
0.051
0.394
0.407
0.196
0.008
0.268

-0.267–0.532
-0.343–0.559
-0.083–0.724
-0.266–0.534
-0.347–0.451
-0.003–0.796
-0.015–0.809
-0.192–0.589
-0.380–0.397
-0.120–0.664

CI: confidence interval; AQLQ: Asthma Quality of Life Ques-
tionnaire; LWAQ: Living with Asthma Questionnaire; SF36:
Short Form 36; PGWB: Pscyhological and General Well-Being
scale.

Table 4.  –  Correlations between changes in quality of life
and changes in diary-obtained symptom scores, rescue
β2-agonist use, peak expiratory flow (PEF) and forced ex-
piratory volume in one second (FEV1) after 6 months of
treatment

Symptoms β-agonist PEF FEV1

AQLQ
Activities
Symptoms
Emotions
Environment
LWAQ
Physical
Mental
SF36
PGWB

-0.65+

-0.53+

-0.60+

-0.51+

-0.40+

0.46+

0.47+

0.17
-0.44+

-0.38+

-0.38+

-0.22**
-0.43+

-0.24**
-0.29**
0.32**
0.28**
0.25**

-0.15
-0.11

0.49+

0.45+

0.52+

0.25**
0.30**

-0.50+

0.54+

-0.19
0.33+

0.12

0.37+

0.26**
0.39+

0.09
0.30**

-0.30**
-0.32**
-0.13
0.14
0.07

Values are shown as correlation coefficients. AQLQ: Asthma
Quality of Life Questionnaire; LWAQ: Living with Asthma Ques-
tionnaire; SF36: Short Form 36; PGWB: Psychological and
General Well-Being scale. **: p<0.01, +: p<0.0001.
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ges in symptom scores, PEF and FEV1 correlated signifi-
cantly with changes in LWAQ and AQLQ, showing a good
longitudinal construct validity. Generic QoL measurements
of the SF36 and the PGWB showed no improvement and
correlated less with changes in symptoms and measure-
ments of pulmonary function.

Therefore, from this study on the effect of formoterol in
addition to inhaled corticosteroids in patients with mild
asthma, it can be concluded that the responsiveness to
change of the total score on the Living with Asthma Ques-
tionnaire was better than that on the Asthma Quality of
Life Questionnaire and the generic quality of life question-
naires. The longitudinal construct validity of the Asthma
Quality of Life Questionnaire was similar to the Living
with Asthma Questionnaire and superior to the Short Form
36 and the Psychological and General Well-Being scale.
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