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ABSTRACT: This report concerns the development and validation of two patient-reported

outcomes questionnaires developed to assess chronic obstructive pulmonary disease (COPD)

patients’ ability to perform morning activities and to evaluate their morning symptoms.

Based on interviews with COPD patients, the Capacity of Daily Living during the Morning (CDLM)

questionnaire and the Global Chest Symptoms Questionnaire (GCSQ) were developed, linguistically

validated and incorporated into two multicentre, randomised trials involving a total of 1,100 COPD

patients; those trials were registered at ClinicalTrials.gov (NCT00496470 and NCT00542880). Data

from these trials were used to determine the reliability, validity and responsiveness of the

questionnaires and to derive estimates of minimal important differences (MIDs).

Both questionnaires displayed good-to-high reliability (Cronbach’s a 0.75–0.93). Analysis of

convergent validity showed that CDLM and GCSQ scores correlated significantly (p,0.001) with

symptoms, health-related quality of life (HRQoL) and use of rescue medication. In both trials,

CDLM and GCSQ scores discriminated between patients with different levels of HRQoL, as

assessed by the St George’s Respiratory Questionnaire for COPD patients (SGRQ-C), but not with

disease severity, as assessed by the Global Initiative for Chronic Obstructive Lung Disease

(GOLD) criteria. A significant improvement in CDLM and GCSQ scores occurred in response to

treatment. Estimations of MID scores, corresponding to an SGRQ-C MID of 4, were 0.20 for the

CDLM questionnaire and 0.15 for the GCSQ.

Both the CDLM questionnaire and the GCSQ are easy-to-use, reliable, responsive, self-

administered questionnaires that report on patients’ symptoms and ability to perform morning

activities.

KEYWORDS: Capacity of Daily Living during the Morning questionnaire, chronic obstructive

pulmonary disease, Global Chest Symptoms Questionnaire, morning symptoms and activities,

patient-reported outcomes

T
raditionally, asthma has been perceived as
a variable condition that is worse at night
and in the early morning, whereas chronic

obstructive pulmonary disease (COPD), between
exacerbations, is regarded as a less variable
disease. However, there is increasing evidence
that COPD displays diurnal variability in physio-
logical parameters of lung function (inspiratory
capacity, forced expiratory volume in 1 s (FEV1),
forced vital capacity (FVC) and peak expiratory
flow (PEF)) [1–4].

Quantification of what this diurnal variability in
COPD might mean in terms of patient symptoms
has recently been undertaken and has found that
most patients, especially those with severe dis-
ease, reported the morning as the most burden-
some time, impacting on routine morning
activities such as washing, drying and dressing
[5]. Existing patient-reported outcome (PRO)
questionnaires utilised in evaluating the impact
of treatment on patients with COPD do not
specifically address this diurnal/chronobiological
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variability [6]. Furthermore, the heterogeneity of COPD implies
that no single measure can fully reflect the burden of the disease
on the patient, and it is increasingly recognised that relying on
physiological end-points does not capture the full experience of
patients and the impact of the disease on their daily activities
and health-related quality of life (HRQoL) [7–10].

As the morning appears to be an especially troublesome time
of day for patients with COPD, there is a need for PRO
questionnaires to assess the burden and extent of morning
symptoms and the ability of patients to perform morning
activities. However, there are no validated PRO instruments
that specifically capture morning symptoms or the ability to
perform morning activities. The aim of the present study is to
describe the development and validation of the Capacity of
Daily Living during the Morning (CDLM) questionnaire and
the Global Chest Symptoms Questionnaire (GCSQ) as instru-
ments for the evaluation of COPD patients’ ability to perform
routine morning activities and to assess morning symptoms.

METHODS
Development of the CDLM questionnaire and GCSQ
The development of the PRO tools to assess morning activities
and morning symptoms followed an iterative process of
patient interviews and respiratory expert review [11].

Concept and item generation
Eight patients (five males, two current smokers and six
previous smokers, mean age 68.1 (range 47–86) yrs) with
severe COPD (diagnosis of disease with symptoms .2 yrs)
were interviewed during May–June 2006 to identify the
relevant issues of importance to the patients in general and
those related to their morning activities in particular. A
structured interview guide was developed and the interviews
were administered by a psychologist, aiming to capture in a
uniform manner patients’ experiences of COPD in general,
their symptoms and feelings in the morning, perceptions of the
disease’s impact and progression, and how treatment affects
their disease. Based on patients’ descriptions, questions and
response options were drafted to gather feedback regarding
the patients’ ability to perform morning activities and a global
impression of symptoms experienced by the patient at the time
of query.

Cognitive debriefing
The interview results were assessed by a group of respiratory
experts, comprising three respiratory physicians and two
health outcomes scientists from the UK, France, Sweden and
Poland, to develop concepts and design questions and
response options for use in the development of the CDLM
questionnaire and the GCSQ. To confirm that questions and
response options were clearly understandable and simple to
answer, seven further patients with COPD (five males, four
current smokers and three previous smokers, mean age
66.7 yrs) were interviewed using a cognitive debriefing inter-
view technique. Six of the seven patients found the ques-
tionnaires easy to understand and answer. Subsequently,
specialists in respiratory medicine evaluated the interview
results and provided input as to the final wording, the
selection of final items, and the structure of the CDLM
questionnaire and the GCSQ. At this stage, three items were
deleted because the evidence indicated they did not measure

the intended concepts. The final questionnaires were translated
into 21 different languages and linguistically validated prior to
use in clinical trials.

Administration of the questionnaires

The CDLM questionnaire was developed as a self-adminis-
tered daily assessment, and in the present clinical trials it was
administered through an e-Diary device (eSenseTM, PiKo1;
PHT Corporation, Geneva, Switzerland). The patients were
required to: 1) report on their ability to carry out six different
morning activities; and 2) rank the difficulty of performing
each of those activities on a five-point Likert-type scale ranging
from 0 (not at all difficult) to 4 (extremely difficult) (table 1). To
capture the effect of medication, patients were instructed to
complete the questions when they had finished all of their
morning activities. To ensure timely completion of the
questionnaire, the e-Diary was used as a reminder device;
2 h after opening the e-Diary in the morning, an electronic
alarm sounded alerting the patients to complete their ques-
tionnaire (if they had not already done so). The responses from
the two questions for each morning activity were used to
calculate a score ranging from 0 (so difficult that the activity
could not be carried out by the patient on their own) to 5
(activity was not at all difficult to carry out). There was no
weighting of the different morning activities; the total CDLM
score was calculated as the average of all morning activities.

The GCSQ was also developed to be self-administered daily,
which in the present trials was carried out through an e-Diary
device. The GCSQ could be assessed at any specific time to

TABLE 1 Items included in the Capacity of Daily Living
during the Morning (CDLM) questionnaire and
the Global Chest Symptoms Questionnaire
(GCSQ)

Items Response

options

CDLM questionnaire

1) Did you wash yourself this morning other than your

face i.e. body wash, shower or bathe?

a, c

2) Did you dry yourself with a towel after washing

this morning?

a, c

3) Did you get dressed this morning? b, c

4) Did you eat breakfast this morning? b, c

5) Did you walk around your home early this morning

after taking your medicine?

b, c

6) Did you walk around your home later this morning? b, c

GCSQ

1) How short of breath are you feeling right now? d

2) How tight does your chest feel right now? d

Response options were as follows. a: ‘‘Yes, I did it by myself’’; ‘‘Yes, but I

needed help’’; ‘‘No, I was unable to’’; ‘‘No, I did not for other reasons’’. b: ‘‘Yes,

I did’’; ‘‘No, I was unable to’’; ‘‘No, I did not for other reasons’’. c: If answering

‘‘yes’’, subjects were asked to answer the follow-up question ‘‘How difficult was

it for you to perform the task?’’ by selecting from the following response options

‘‘Not at all’’, ‘‘A little’’, ‘‘Moderately’’, ‘‘Very’’ or ‘‘Extremely’’. d: ‘‘Not at all’’, ‘‘A little’’,

‘‘Moderately’’, ‘‘Very’’, ‘‘Extremely’’.
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capture the patients’ experience of chest symptoms at that
specific moment (table 1). The GCSQ consisted of two
questions that required the patient to rate shortness of breath
and feelings of chest tightness. The patients recorded their
response on a five-point Likert-type scale ranging from 0 (not
at all) to 4 (extremely), the total score being calculated as the
average score of the two questions.

Validation of questionnaires
Subjects
To validate the questionnaires, results of secondary analyses
of blinded data were used from two multicentre, multina-
tional, randomised studies as follows. Study 1: WELTE and co-
workers [12, 13], registered at ClinicalTrials.gov (NCT00496470);
Study 2: PARTRIDGE et al. [14], registered at ClinicalTrials.gov
(NCT00542880).

Patient selection criteria were similar in both clinical trials and
included patients o40 yrs of age, with a clinical diagnosis of
COPD and symptoms for o2 yrs, at least one COPD
exacerbation in the previous 12 months, current or previous
smoking habit with a smoking history of o10 pack-yrs, pre-
bronchodilator FEV1 f50% of predicted normal, and FEV1/
FVC ,70% pre-bronchodilator.

Study 1 was a 12-week, placebo-controlled, parallel-group trial
comparing the effect of once-daily tiotropium 18 mg with a
combination of tiotropium 18 mg plus twice-daily budesonide/
formoterol 320/9 mg (Symbicort1 Turbuhaler1; AstraZeneca,
Lund, Sweden [12, 13]; The Symbicort1 dry powder formula-
tion Turbuhaler1 is not currently approved in the USA). Study
2 compared, in a cross-over design, the effect of budesonide/
formoterol 320/9 mg or fluticasone/salmeterol 500/50 mg
(Seretide1 Diskus1, GlaxoSmithKline, Greenford, UK), both
one inhalation twice daily for 1 week each, separated by a 1–2-
week washout period, during which time patients received
their prescribed inhaled corticosteroid [14].

Measures
Morning activities and morning symptoms assessment
In both studies, patients completed the GCSQ before, and at 5
and at 15 min post-morning dose, while the CDLM question-
naire was completed before noon, after completing all morning
activities.

Lung function assessment
Morning pre- and post-dose FEV1 and PEF, in both studies,
were measured at home and transmitted wirelessly to an e-
Diary. In both trials, post-bronchodilator FEV1 was also
assessed at the randomisation visit at the clinic. For the
purposes of validation in the present study, the pre-dose
morning PEF assessed at home and the post-bronchodilator
FEV1 assessed at clinical visit (randomisation visit) were used.

St George’s Respiratory Questionnaire for COPD patients
The St George’s Respiratory Questionnaire for COPD patients
(SGRQ-C) [15], a modified and improved version of the
original SGRQ [16], was administered at clinic visits at the
beginning and end of the treatment period. A change of four
units in the SGRQ-C total score was estimated to constitute a
clinically meaningful change [16], and is known as a minimal
important difference (MID).

COPD symptoms and reliever use

In Study 1, the e-Diary was used daily to record breathlessness,
cough, chest tightness and sleep (night-time awakenings due
to COPD symptoms), with recordings being made each
evening using a five-point Likert-type scale, ranging from 0
(symptom not present) to 4 (symptom severe, almost constant).
The e-Diary was also used to record reliever use in both
Studies 1 and 2.

Clinical COPD questionnaire

The Clinical COPD Questionnaire (CCQ) is a brief measure of
clinical control in patients with COPD, consisting of 10 items
that are used to capture a total score and three domain scores
(symptoms, functional state and mental state) [17]. Patients
respond to each question on a seven-point Likert-type scale,
ranging from 0 (asymptomatic/no limitation) to 6 (extremely
symptomatic/total limitation). To assess clinical control in
Study 2, the 24-h version of the CCQ was used daily and
recorded in the e-Diary every evening before the intake of
study medication.

Statistical analysis
Unless otherwise specified, blinded baseline data obtained in
the run-in period were used in the analyses. For the analysis of
responsiveness and estimations of MID, changes in scores from
run-in to the average over the entire treatment period (e-Diary
data) or to the end-of-treatment period (clinic visit data) were
used.

Reliability of the questionnaires was examined through
assessment of the internal consistency and reproducibility,
i.e. test–retest reliability. Reliability was calculated using
Cronbach’s a and measures of the internal consistency between
different items of an instrument. Reliability scores .0.70 were
considered predictive of sufficient reliability, while values
.0.90 represented high reliability. Reproducibility measures
the consistency between two or more quantitative measure-
ments and was assessed using intraclass correlation coefficient
(ICC), comparing the scores on day 5 with the scores on day 7
of the run-in period.

Construct validity examines the correlation of a measure being
evaluated with variables that are already known to be related
to that measurement. Construct validity was assessed by
Pearson product–moment correlations between the CDLM or
the GCSQ scores with FEV1, PEF, SGRQ-C (total and domain
scores), CCQ (total and domain scores; Study 2 only), COPD
symptoms (breathlessness, cough, chest tightness and sleep;
Study 1 only) and use of reliever medication. Known-groups
validity, which examines the ability of a measure to discrimi-
nate between specific known groups that may be anticipated to
show differences in scores, was tested by comparing the
CDLM and GCSQ scores with different levels of disease
severity based on quartiles of HRQoL, assessed by the SGRQ-C
total score and FEV1.

Responsiveness, i.e. the ability of a measure to detect an
underlying change, was used to evaluate long-term changes in
CDLM or GCSQ scores, as well as short-term changes in GCSQ
scores. The responsiveness of CDLM and GCSQ scores to
within-group changes from run-in to the treatment period was
evaluated by measuring effect size (ES), standardised response
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mean (SRM) and t-statistics. ES represents the mean change
from baseline divided by the SD of the baseline scores, while
SRM represents the mean change from baseline divided by the
SD of this change. ES and SRM effect scores were categorised as
trivial (,0.20), small (o0.20 and ,0.50), medium (o0.50 and
,0.80) or large (o0.80). t-statistic values .1.96 were consid-
ered significant at the p,0.05 level [18, 19].

ES, SRM and t-statistics were also used to evaluate the ability
of GCSQ to detect short-term within-group changes from pre-
dose to 5- and 15-min post-morning dose. In Study 1, these
short-term changes were assessed during treatment weeks 1, 6
and 12 (for 7 consecutive days in each treatment period); in
Study 2, assessment was during the 1-week treatment period.
To ascertain the ability of GCSQ to reflect real changes, GCSQ
changes were also correlated to the observed changes in PEF
measurements collected at pre-dose and at 5- and 15-min post-
morning dose.

Anchor- and distribution-based methods were used to estimate
MIDs. Changes from the run-in to the treatment period in
CDLM and GCSQ scores were regressed using the frequently
used MID estimate of 4 for SGRQ-C [16], with geometric
regression to reduce measurement errors. This estimate was
then evaluated in relation to distribution-based estimates of 0.5
SD [20] and the standard error of measurement (SEM) [18, 19].
The distribution-based approach was used to provide support
for the anchor-based estimate.

RESULTS

Sample
The demographic and clinical characteristics of the subjects in
Studies 1 and 2 were similar (table 2).

Reliability
Cronbach’s a and ICC calculations showed that both the
CDLM questionnaire and GCSQ exhibited good-to-high
reliability (table 3).

Construct validity
Pearson product–moment correlation coefficients were gener-
ated for CDLM and GCSQ scores, utilising lung function
measures, disease symptoms and HRQoL (CCQ and SGRQ-C)
data (table 4).

As an expression of divergent validity (defined as a lack of
correlation between conceptually unrelated measures), the
correlations between the physiological measures and CDLM
and GCSQ were very low (as measured by PEF), or
nonsignificant (as measured by FEV1), in both Studies 1 and
2 (table 4). As evidence of convergent validity (defined as
validity supported by a substantial correlation of conceptually
similar measures), the correlations between COPD symptoms
and HRQoL measures, and CDLM and GCSQ scores were
moderate to high (table 4). Symptoms of breathlessness, cough,
chest tightness and night-time awakenings (assessed only in
Study 1) showed high and significant correlations (p,0.001) in
the expected direction with CDLM and GCSQ scores. CCQ
(total, symptoms, functional state and mental state (assessed
only in Study 2)) also showed high and significant correlations

TABLE 2 Patient demographics of Studies 1# and 2"

Characteristic Study 1 Study 2

PBO + TIO BUD/FORM + TIO All

Subjects n 331 329 442

Males 245 (74) 251 (76) 316 (71)

Mean age yrs (range) 62.5 (41–82) 62.4 (40–85) 63.0 (40–86)

Median time since diagnosis yrs (range) 5.7 (0.2–52.6) 5.7 (0.3–43.4) 6.3 (0–52)

Previous smokers % 54 58 66

Median smoking history pack-yrs (IQR) 38 (11) 36 (12) 40 (30)

Mean FEV1 % pred normal (range) 37.7 (16–51) 38.1 (10–58) 36.1 (13-51)

GOLD severity stage+

II o50–,80% 70 (21) 90 (27) 98 (22)

III o30–,50% 217 (66) 203 (62) 261 (59)

IV ,30% 42 (13) 33 (10) 82 (19)

Data are presented as n (%), unless otherwise stated. PBO: placebo; TIO: tiotropium; BUD: budesonide; FORM: formoterol; IQR: interquartile range; FEV1: forced

expiratory volume in 1 s; % pred: % predicted; GOLD: Global Initiative for Chronic Obstructive Lung Disease. #: WELTE et al. [12]; ": PARTRIDGE et al. [14]; +: defined by

measuring post-bronchodilator FEV1 as % pred normal. Data from [12, 14].

TABLE 3 Reliability estimates of the Capacity of Daily
Living during the Morning (CDLM) questionnaire
and the Global Chest Symptoms Questionnaire
(GCSQ)

Internal consistency# ICC

Study 1 Study 2 Study 1 Study 2

Subjects n 660 441 578 376

CDLM 0.93 0.93 0.89 0.90

GCSQ 0.82 0.88 0.82 0.75

ICC: intraclass correlation coefficient. #: Cronbach’s a.
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(p,0.001) in the expected direction with CDLM and GCSQ
scores. Furthermore, in both trials, SGRQ-C (total, symptom,
activity and impact), as well as total rescue medication use
showed low to moderately sized but statistically significant
correlations (p,0.001) in the expected direction with CDLM
and GCSQ scores (table 4).

Known-groups validity
Known-groups validity was assessed by evaluating how
CDLM and GCSQ scores differed for various quartiles of
patients, grouped according to their SGRQ-C scores (fig. 1) or
FEV1 values according to Global Initiative for Chronic
Obstructive Lung Disease (GOLD) severity stage (fig. 2).

In both Studies 1 and 2, CDLM scores discriminated between
patients with different levels of HRQoL, as assessed by
SGRQ-C (fig. 1a). According to separate evaluations of linear
trends, the CDLM scores differed significantly between
quartiles of patients in both studies (Study 1: t(533)5-14.26,
p,0.001; and Study 2: t(357)5-10.69; p,0.001). Similarly,
testing of linear trends showed that GCSQ scores differed
significantly between quartiles of patients with different
disease severity in both studies (Study 1: t(642)513.57,
p,0.001; and Study 2: t(433)57.24, p,0.001) (fig. 1b).
However, when GOLD stage severities were used as the
measure of disease severity, the CDLM and the GCSQ scores

did not distinguish between patients at different GOLD stages
in either study (fig. 2).

Responsiveness
Long-term responsiveness of the instruments was assessed by
comparing end-of-treatment CDLM and GCSQ scores with
those during run-in (table 5), whereas short-term effects were
measured by comparing scores pre- and post-dose (table 6). In
both Studies 1 and 2, significant (p,0.001) improvements in
CDLM and GCSQ scores were seen in response to treatment in
comparison with the baseline assessments, indicative of
responsiveness (table 5). In Studies 1 and 2, ES values ranged
0.23–0.24 for the CDLM score and 0.24–0.32 for the GCSQ
score; the corresponding SRM values ranged 0.36–0.44 for the
CDLM score and 0.34–0.42 for the GCSQ score.

The changes in GCSQ from pre-dose to 5- and 15-min post-
morning dose were significant in both trials, with ES ranging
-0.27– -0.30 at 5 min post-dose and -0.40– -0.48 at 15-min post-
dose. The corresponding SRM values ranged -0.68– -0.69 at
5 min post-dose and -0.79– -0.89 at 15-min post-dose. A relatively
large variability was observed in both GCSQ and PEF; thus, the
correlation between the change in GCSQ and PEF assessments,
although statistically significant, was weak (table 6).

Estimation of minimal important differences
To enable better understanding of what represents a clinically
meaningful change, anchor- and distribution-based procedures
were used to estimate MIDs for the CDLM questionnaire and
GCSQ (table 7). The geometric regression analyses with
SGRQ-C, using the established MID of 4, showed that the
corresponding change of four units on SGRQ-C ranged
between 0.15 (Study 1) and 0.22 (Study 2) for CDLM, and
between 0.12 (Study 2) and 0.13 (Study 1) for GCSQ. Scatter
plots were used to visualise the distribution of changes in
CDLM and GCSQ scores and their corresponding changes in
SGRQ-C scores, on which these geometric regression analyses
were made (see figure 1 of the online supplementary material).

As a means of triangulating these MID estimates, the
recommended distribution-based estimates SEM and 0.5 SD

[20] were also calculated [18, 19]. The SEM range was 0.19–0.28
for CDLM and 0.22–0.27 for GCSQ. The 0.5 SD values were
somewhat higher, ranging 0.40–0.42 for the CDLM score and
0.32–0.42 for GCSQ score (table 7), thus corroborating the
findings of the regression analyses.

DISCUSSION
Using secondary analyses of data from two multicentre
randomised trials [12, 14], we found that the morning
questionnaires developed here, the CDLM questionnaire and
the GCSQ, were reliable and responsive to treatment effects
and could discriminate between patients with different levels
of HRQoL as assessed by SGRQ-C.

It is increasingly acknowledged that COPD symptoms and the
ability to perform daily activities are at their worst in the
mornings compared with other times during any 24-h period
[11, 21, 22]. Although a number of PRO questionnaires have
been developed which assess symptoms and HRQoL in
patients with COPD, none of these specifically measure the
impact of the disease in the morning and in particular, how the

TABLE 4 Pearson product–moment correlations between
Capacity of Daily Living during the Morning
(CDLM) or the Global Chest Symptoms
Questionnaire (GCSQ) score and measures of
lung function, symptoms and health status

CDLM GCSQ

Study 1 Study 2 Study 1 Study 2

Subjects n 547 361 646 437

PEF morning 0.10* 0.11* -0.12* -0.16*

FEV1 morning 0.01 0.03 -0.08 0.00

Total rescue -0.37*** -0.17*** 0.40*** 0.20***

Breathlessness -0.65*** 0.73***

Cough -0.43*** 0.51

Chest tightness -0.58*** 0.81***

Sleep -0.56*** 0.58***

CCQ

Total -0.61*** 0.70***

Symptoms -0.49*** 0.65***

Function -0.63*** 0.65***

Mental -0.53*** 0.59***

SGRQ-C

Total -0.55*** -0.49*** 0.52*** 0.35***

Symptoms -0.32*** -0.16*** 0.42*** 0.27***

Activity -0.57*** -0.43*** 0.44*** 0.26***

Impact -0.47*** -0.48*** 0.46*** 0.33***

PEF: peak expiratory flow; FEV1: forced expiratory volume in 1 s; CCQ: Clinical

COPD Questionnaire; SGRQ-C: St George’s Respiratory Questionnaire for

COPD patients. *: p,0.05; ***: p,0.001.
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disease affects important routine morning activities, such as
washing, drying, dressing and eating breakfast.

It should be highlighted that chest symptoms (as assessed by
GCSQ) may impact on a patient’s ability to carry out various
activities (as assessed by the CDLM questionnaire), indicating
that there is some relationship between the tools. However, it
should also be stressed that GCSQ and the CDLM question-
naire measure distinct aspects of the disease, necessitating the
validation of both tools. Validation assessment of the CDLM
questionnaire and GCSQ showed both to be reliable, with
expected correlations observed with all measures. Both the
CDLM questionnaire and GCSQ showed moderate-to-high
correlations with the conceptually related measures of COPD
symptoms, HRQoL (SGRQ-C and CCQ) and use of rescue
medication. As the CDLM questionnaire aims to capture
morning activities, while the GCSQ captures global chest
symptoms, the CDLM scores showed somewhat weaker
correlations with COPD symptoms and the symptoms
domains of SGRQ-C and CCQ compared to the correlation of

these domains with GCSQ. Similarly, the CDLM questionnaire
showed somewhat stronger correlations with the activity
domain of SGRQ-C compared to the GCSQ. Both question-
naires differentiated between groups of patients with different
levels of HRQoL, as assessed by SGRQ-C, and therefore
showed evidence of known-groups validity. In this way, both
the CDLM questionnaire and the GCSQ were able to
distinguish between different levels of HRQoL as indicators
of disease severity. The CDLM questionnaire and the GCSQ
showed less correlation with PEF and no correlation with
FEV1; this was observed in both trials. Similarly, the CDLM
and GCSQ scores did not distinguish between patients with
different levels of disease severity when using GOLD severity
stage, based on the physiological measure FEV1. This is in line
with previous suggestions that the GOLD stages do not make a
distinction between which COPD patients are active or inactive
in daily life [22] and is consistent with other data showing poor
correlation between PRO measures and physiological para-
meters such as FEV1 or dyspnoea score [23]. However, it
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,51, GII o51 to ,63, GIII o63 to ,75 and GIV o75; corresponding figures for

Study 2 were GI ,53; GII o53 to ,67; GIII o67 to ,80 and GIV o80.
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FIGURE 2. a) Capacity of Daily Living during the Morning (CDLM) ques-

tionnaire and b) Global Chest Symptoms Questionnaire (GCSQ) scores of patients

classified according to Global Initiative for Chronic Obstructive Lung Disease

(GOLD) severity stage. Data are mean¡SD (minimum and maximum), with the

central line within the box representing the mean, the outer edges of the box

representing the SD, and the whiskers representing the minimum and the maximum.

h: Study 1; &: Study 2. Group (G)II, GIII and GIV refer to GOLD severity stages II–IV

and were based on forced expiratory volume in 1 s % predicted of normal post-

dose GII o50 to ,80, GIII o30 to ,50 and GIV ,30, e.g. GIV ,30 is GOLD

severity stage IV with FEV1 ,30% predicted normal post-dose.
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should be noted that in the present study, GOLD stage I
patients were not represented and the majority were classified
as GOLD stage III patients.

The CDLM questionnaire and GCSQ scores revealed significant
improvements in response to the changes in treatment from run-
in to treatment period in both Studies 1 and 2. The ES and SRM
values obtained reflect small-to-moderate effects for these long-
term changes [24]. With regard to the short-term effects, GCSQ
showed significant changes from pre-dose to 5- or 15-min post-
morning dose, with greater changes observed at the 15-min
post-dose assessment. The correlation between GCSQ changes
and the corresponding alterations in PEF were weak, which may
have been due to the relatively large variability in changes in
GCSQ (range -2.00–0.75 and -2.50–1.00 for changes at 5- and
15-min post-dose, respectively) and in PEF (range -96.7–109.0
and -96.0–175.9 for changes at 5- and 15-min post-dose,
respectively). The low correlation between changes in GCSQ
and PEF indicates the limitations in GCSQ’s ability to reflect
relevant changes observed in PEF measurements. It is worth

noting that there was a stronger correlation between the GCSQ
and the 15-min post-dose PEF assessment (compared with the 5-
min post-dose PEF measure), which may indicate that the GCSQ
requires a longer treatment time frame to manifest a significant
response.

The CDLM questionnaire and GCSQ were responsive in both
studies, and differences recorded by SGRQ-C assessment
correlated with changes in CDLM and GCSQ scores in the
expected direction. An anchor-based approach was used to
estimate corresponding MIDs for CDLM and GCSQ scores.
Distribution-based approaches (i.e. SEM and 0.5 SD) provided
confirmation that these estimates were in a reasonable range,
although with somewhat higher estimates of 0.5 SD. As has
been pointed out previously [18], distribution-based methods
provide guidance and support on clinically significant and
meaningful changes, but do not define a minimally important
change. It may be argued that the 12-week study (Study 1)

TABLE 5 Assessment of morning responsiveness to
change according to Capacity of Daily Living
during the Morning (CDLM) questionnaire and
Global Chest Symptoms Questionnaire (GCSQ)
scores from run-in to the end of treatment

Subjects

n

Mean ES SRM t-statistic

Run-in End Change

CDLM

Study 1 230 4.13 4.33 0.16 0.24 0.44 6.73***

Study 2 316 3.61 3.86 0.22 0.23 0.36 6.36***

GCSQ

Study 1 287 1.41 1.26 -0.15 0.24 0.34 5.77***

Study 2 418 1.61 1.41 -0.20 0.32 0.42 8.74***

ES: effect size; SRM: standardised response mean. ***: p,0.001. Analyses of

responsiveness were made for patients who received a change in treatment

compared to the run-in period, i.e. not including the placebo group in Study 1,

but including both active treatment groups in Study 2.

TABLE 6 Assessment of morning responsiveness to
change according to Global Chest Symptoms
Questionnaire (GCSQ) and peak expiratory flow
(PEF) scores from pre- to post-dose

Subjects

n

Mean

change

ES SRM t-statistic Correlation

r-value

Study 1

DGCSQ5 296 -0.18 -0.27 -0.69 -11.67*** -0.22

DPEF5 294 12.44 0.19 0.63 10.86***

DGCSQ15 293 -0.26 -0.40 -0.89 -15.24*** -0.28

DPEF15 293 16.11 0.24 0.81 13.86***

Study 2

DGCSQ5 380 -0.20 -0.30 -0.68 -13.40*** -0.12

DPEF5 379 8.68 0.15 0.47 9.16***

DGCSQ15 380 -0.32 -0.48 -0.79 -15.29*** -0.19

DPEF15 380 11.95 0.21 0.55 10.68***

DGCSQ5 and DGCSQ15: change in GCSQ score from pre-dose to 5- and 15-

min post-dose, respectively. DPEF5 and DPEF15: change in PEF from pre-dose

to 5- and 15 min post-dose, respectively. ES: effect size; SRM: standardised

response mean. ***: p,0.001.

TABLE 7 Estimates of minimally important differences (MIDs) for Capacity of Daily Living during the Morning (CDLM) and Global
Chest Symptoms Questionnaire (GCSQ) scores using anchor- and distribution-based approaches

Subjects n Anchor-based approach Distribution-based approaches

SGRQ-C (SEM)# SEM" 0.5 SD
+

CDLM questonnaire

Study 1 469 0.15 (0.01) 0.19 0.40

Study 2 316 0.22 (0.02) 0.28 0.42

GCSQ

Study 1 578 0.13 (0.01) 0.27 0.32

Study 2 418 0.12 (0.02) 0.22 0.44

SGRQ-C: St George’s Respiratory Questionnaire for chronic obstructive pulmonary disease patients; SEM: standard error of measurement. #: MID54;
": MID5SD6square root (1–a); +: MID50.56SD.
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should be given more weight than Study 2 in estimating MIDs,
since it allows for sufficient changes in the anchor SGRQ-C to
occur. However, inclusion of multiple trials should strengthen
validation of new tools and consequently, taking Study 2 data
into account, we suggest that MIDs of 0.20 for the CDLM
questionnaire and 0.15 for GCSQ are the most reasonable point
estimates based on the present dataset. As with all MID
estimates, future clinical trial data may provide further
support and adjustments to these estimates. The consistency
observed in the reliability, validity and responsiveness across
the two trials further supports the robustness and utility of the
CDLM questionnaire and GCSQ tools to evaluate morning
activities and morning symptoms in clinical trials, despite the
differences in treatment during the run-in and treatment phase
as well as the different duration of the trials.

A limitation of this study is the small number of patients used
to develop the CDLM questionnaire and the GCSQ. While the
reliability and validity of the questionnaires was assessed
using two independent trials involving a total of ,1,100
patients, the support for the reliability and validity of the tools
may be limited to the patient populations studied in these
trials, which included patients at GOLD stages II to IV. The
validity and responsiveness of these tools for patients with
mild COPD (GOLD stage I) remains to be established;
however, as the morning is less burdensome to these patients,
the need for these tools amongst this group is reduced.
Although only 25% of the patients in Studies 1 and 2 were
female, no differences between sexes were observed in either
trial in the analyses of score changes from baseline to treatment
period. Although assessment of differences between sexes was
not an objective of the present report, and the studies were not
powered for such an analysis, this finding suggest no
differences between sexes are expected in the performance of
the instruments developed here.

The questionnaires were developed to be self-administered
daily, and in the present trials e-Diaries were used for data
capture; however, we did not assess the possible impact of
health literacy of the subjects on the administration of the
questionnaires via this device. Validation was via e-Diary,
which provides a more reliable means of data capture and
should thus avoid the problem of missing data. Potentially, the
questionnaires could also be administered in paper format, but
further work would need to be done to assess the validity of
utilising the questionnaires in this way.

Both the CDLM questionnaire and the GCSQ are reliable and
responsive PRO questionnaires that can measure the ability of
patients with COPD to perform morning activities and their
morning symptoms, respectively. Estimations of MID scores,
corresponding to an SGRQ-C MID of 4, were 0.20 for the CDLM
questionnaire and 0.15 for GCSQ. The CDLM questionnaire and
GCSQ could be incorporated into multinational clinical trials to
assess the impact of COPD on morning symptoms and the
patient’s ability to perform morning activities. Further evalua-
tion of the CDLM questionnaire and GCSQ will determine the
utility of these tools in general clinical practice.
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