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Introduction: In patients with COPD, the COPD Assessment Test (CAT), Clinical COPD
Questionnaire (CCQ), Hospital Anxiety and Depression Scale (HADS) and EuroQol 5D
(EQ-5D-3L) are widely used patient reported outcome measures (PROMs) of respiratory
symptoms, anxiety, depression and quality of life. Despite established validity, responsive
ness and minimal important change (MIC), the reproducibility and especially important
agreement parameters remain unreported in these frequently used PROMs. The aim of this
study was to investigate the inter-day test–retest reliability and agreement of the CAT, CCQ,
HADS and EQ-5D-3L in patients with severe and very severe COPD (FEV1 <50%) eligible
for hospital-based pulmonary rehabilitation.
Patients and Methods: Fifty patients (22 females, mean [SD] age 67 [9] yrs.; FEV1 32[9] %;
6-minute walk distance 347 [102] meters; CAT 21 [6] points; BMI: 26 [6] kg/m2) completed the
questionnaires (CAT, CCQ, HADS, EQ-5D-3L) in combination with functional performance test
instructed by one assessor on test-day one (T1) and by another assessor 7–10 days later on testday two (T2).
Results: The inter-day test–retest reliability ICC was 0.88 (LL95CI: 0.80) for CAT; 0.69
(LL95CI: 0.46) for CCQ; 0.86 (LL95CI: 0.75) and 0.90 (LL95CI: 0.82) for HADS-anxiety (A)
and depression (D) and 0.87 (LL95CI: 0.76) for EQ-5D-VAS. The corresponding agreements
within a single measurement (standard error of measurement, SEM) and for repeated
measurement errors (smallest real difference, SRD) were respectively 2.1 and 2.9 points
for CAT; 0.5 and 0.7 points for CCQ total; 1.3 and 1.9 points for HADS-A; 0.9 and 1.3 points
for HADS-D and 6.8 and 9.7 VAS-score for EQ-5D-3L, respectively. Ceiling/flooring effect
was present in <5% for all questionnaires.
Conclusion: In patients with severe and very severe COPD, the CAT, CCQ, HADS and EQ5D-3L questionnaires presented moderate to excellent inter-day test–retest reliability, and no
floor or ceiling effect was documented for any of the questionnaires. Only CAT and HADS
had an acceptable SRD below the established MIC for assessing change over time on group
level, and none of the PROMS were fit to assess individual changes over time.
Keywords: COPD, questionnaires, patient reported outcomes, reproducibility of results

Introduction
In chronic obstructive pulmonary disease (COPD), patient reported outcome mea
sures (PROMs) of respiratory symptoms, other symptoms (eg anxiety), and healthrelated quality of life are increasingly used both as descriptive instruments and as
effect outcome measures.1–4 In addition, the use of PROMs as critical effect out
comes are being endorsed by health authorities and scientific societies.5 Especially,
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symptom relief is a warranted core outcome in COPD care
and pulmonary rehabilitation (PR),1,5 because COPD is an
incurable disease with increasing severity of symptoms as
the disease progresses. Both validity and reproducibility
are essential requirements of PROMs to be used as out
comes measures of symptoms and health-related quality of
life.6
Reproducibility concerns the degree to which repeated
measurements provide similar results in a specific
population.6 Reproducibility comprises reliability para
meters that assess how well patients can be distinguished
from each other despite measurement errors, and agree
ment parameters that assess exactly how close the results
of repeated measures are.7,8 Agreement parameters indi
cate systematic and random errors attributed to the mea
sure itself.6 Therefore, agreement parameter of PROMs is
paramount in research and clinical settings given the
importance of detecting individual and group changes
over time, eg after intervention. The smaller the measure
ment error, the smaller the changes that can be detected
beyond measurement error.7–9 For reproducibility studies
of PROMs with continuous scales scores, the COnsensus
based Standards for the selection of health Measurement
INstruments guideline (COSMIN) recommends that agree
ment parameters, ie the standard error of measurement
(SEM), limits of agreement (LOA) or smallest detectable
change (SDC), be calculated and reported.9,10
Nevertheless, the reproducibility and notably measurement
errors have only been sparsely reported in some of the
commonly used PROMs to evaluate eg PR.11–18
A variety of PROMs are being used in all types of study
designs related to COPD as well as in clinical practice.2–4,19–22
St. George Respiratory Questionnaire (SGRQ) is considered
the gold-standard questionnaire covering patients self-reported
respiratory symptoms.23 However, both the COPD
Assessment Test (CAT) and the COPD Clinical
Questionnaire (CCQ) are frequently preferred as they are
considered less time consuming, easier to complete for patients
and easier to interpret for healthcare professionals.23 Both the
CAT and the CCQ have proved excellent concurrent validity
with the SGRQ.11,16,23–25 Reliability parameters, which are
highly dependent of the heterogeneity of the study sample,6
have been investigated for the CAT and the CCQ question
naires in several studies among patients with varying severity
of COPD. The reported intraclass correlation coefficient (ICC)
ranged from 0.80 to 0.96 for CAT and 0.70 to 0.99 for CCQ
indicating moderate to excellent reliability.11–18,24,26–28 The
agreement parameters have been investigated for the CCQ in
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four studies. Three studies reported SEM ranging from 0.10 to
0.21 points for the total score,24,27,28 and one study28 reported a
95% LOA from −1.87 to 1.35 points. Regarding CAT, only one
study has reported agreement parameters, ie a SEM of 1.92
points, mainly in patients with mild to moderate airflow
obstruction, low symptom score, and high walking capacity.24
Reliability and agreement parameters are disease specific,8 and
because COPD is a heterogeneous disease, parameters deter
mined in patients with mild to moderate airflow obstruction,
low symptom score, and high walking capacity may not neces
sarily apply for patients with severe and very severe COPD
referred to hospital-based PR.
Among other symptoms frequently reported in COPD are
anxiety and depression. The Hospital Anxiety and
Depression Scale (HADS) questionnaire is a generic
PROM, which is widely used across medical conditions. In
patients with COPD, HADS is used for both symptom
screening and evaluation of changes in symptoms following
an intervention.3,22,29,30 To our knowledge no study has
reported reliability and agreement parameters for the
HADS in patients with COPD. Likewise, we were unable
to find any study in patients with COPD concerning reprodu
cibility for the widely used generic questionnaire EuroQol
5D (EQ-5D-3L), which assesses health related quality of life.
The reproducibility of a questionnaire is usually
assessed using a test–retest design with repeated adminis
tration (at least two) of the questionnaire over a period of
time when the underlying construct (eg respiratory symp
toms) is stable.9,31 Consequently, it is important to select
patients whose symptoms are not expected to change, and
to carefully choose a between-administration time gap that
is neither too short nor too long. A too short period might
allow patients to recall their earlier responses and a too
long period might allow for a true change in the status of
the patient.9,10,32
The primary aim of this study was to investigate the
inter-day test–retest reliability and agreement of com
monly used PROMs, ie CAT, CCQ, HADS and EQ-5D3L, in patients with severe and very severe COPD (FEV1<
50%) eligible for hospital-based PR.

Patients and Methods
Study Design
This inter-day test–retest reproducibility study was
planned as one of two separate reproducibility studies,
which both were part of a randomized controlled multi
center
trial
(RCT)
(ClinicalTrial.gov-identifier:
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NCT02667171) investigating the effect of pulmonary telerehabilitation and conventional PR in patients with severe
and very severe (FEV1< 50%) COPD.33,34 The purpose of
conducting this nested reproducibility study was to obtain
knowledge about how much difference is needed to detect
a real change in the PROM outcomes used in the RCT,
considering the measurement errors. We followed the
Guideline for Reporting Reliability and Agreement
Studies (GRRAS)8 and the COSMIN standards for studies
on reliability.10

Participants
Eligible patients for the RCT were identified and recruited
by respiratory nurses during outpatient COPD control vis
its from the University Hospitals Amager, Hvidovre,
Bispebjerg,
Frederiksberg,
Herlev,
Gentofte,
Frederikssund and Hillerød. All patients provided written
and informed consent. The RCT was approved by the
Ethics Committee of the Capital Region of Denmark (H15019380) and the Danish Data Protection Agency (jr.no.:
2012–58-0004) and conducted in accordance with the
ethical principles of the Helsinki Declaration.
All patients who agreed to participate in the RCT were
consecutively asked to participate in the reproducibility
study, which required an extra assessment visit prior to
randomization and intervention start. Recruitment for the
reproducibility study commenced on March 18, 2016 and
continued until 50 patients were recruited in March 20,
2017. A consecutive convenience sample size of 50
patients was chosen according to the recommendation
from COSMIN.32
Inclusion and exclusion criteria33 corresponded to the
criteria for outpatient hospital-based routine PR in the
Capital Region of Copenhagen, Denmark and pertained
to adults with a clinical diagnosis of COPD defined as
FEV1/FVC ratio < 0.70; FEV1 <50%; MRC ≥2; able to
communicate in Danish; no cognitive impairments; no
contraindication to exercise intervention; and no participa
tion in PR within the prior six months.33

Study Setting
Administration of the questionnaires was conducted at the
Respiratory and Physical Therapy Departments of five
different University Hospitals (Hvidovre, Bispebjerg,
Herlev, Gentofte and Frederikssund) in Greater
Copenhagen by ten raters who were familiar with the
questionnaires from clinical practice and had obtained
accreditation to be raters.
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Assessment/Test Procedures
The raters followed the exact same procedures (Figure 1)
at test-day one (T1) and test-day two (T2), and adminis
tration of the questionnaires were conducted in the same
location and at the same time during the outpatient clinics’
opening hours from 10am to 2pm, Monday to Friday. The
administration on the first test-day (T1) was conducted by
one rater, and another rater completed the administration
on the second test-day (T2). To ensure that the first admin
istration of the questionnaires (T1) had no influence on the
second administration (T2), patients and raters were
blinded to the previous responses, and the interval between
the two administrations was 7–10-days. This interval was
chosen and appraised as long enough to prevent recall bias
and short enough to ensure that the patients had not chan
ged on the constructs that were to be measured. The
patients completed the questionnaires in a pause between
two sets of performance tests, ie, the six-minute walk test
and the 30-second sit-to-stand test (Figure 1). The CAT,
CCQ, HADS and EQ-5D-3L were administered to all
patients in the same order, and the patients filled out the
questionnaires in an undisturbed room without interference
from the rater. All patients got a brief, standardized
instruction in how to complete the questionnaires from
the rater;
Answer the questionnaires and questions consecutively in
the prepared order. If you have difficulty understanding a
question, I will help you with the clarification of the
specific question when all other questions are answered.
Take the time you need; you do not need to hurry.

Patients were instructed not to do any vigorous activities
three hours prior to the appointment and to take their
prescribed medication as usual. The administration proce
dure reflects the conditions in everyday clinical practice,
where several performance tests and questionnaires are
conducted within a narrow time frame (Figure 1).

Questionnaires
COPD Assessment Test (CAT) assesses the impact of
COPD on self-reported health status and symptoms.16 It
consists of 8 items, each scored between 0 and 5 points (0
= no impact or symptoms, 5 = worst possible impact or
symptoms) summing up to a total CAT score ranging from
0 to 40 points.16 A minimal important change (MIC) of
2–3 points has been reported.35,36
Clinical COPD Questionnaire (CCQ) assesses selfreported quality of life.11 It consists of 10 items, each
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Assessment and progression:
1. Subject history/introduction, while seated: resting blood pressure, resting heart rate, resting SpO 2, resting
dyspnea. Standing: anthropometric measures, i.e. weight and height (30 minutes)
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2. Instruction and performing 6MWT, end-heart rate, end-SpO2, end-dyspnea (10 minutes)
3. Seated rest (5 minutes)
4. Instruction and performing 30sec-STS (5 minutes)
5. Instruction of four questionnaires. Completion of the questionnaires in the order CAT, CCQ, HADS, EQ5D3L, in an undisturbed room without interference (30 minutes)
6. Seated: resting blood pressure, resting heart rate, resting SpO 2, resting dyspnea (5 minutes)
7. Instruction and performing 6MWT, end-heart rate, end-SpO2, end-dyspnea (10 minutes)
8. Seated rest for (5 minutes)
9. Instruction and performing 30sec-STS (5 minutes)
10. Assessment session completed. Total time 145 minutes.
Figure 1 Assessment procedures at test-day one (T1) and test-day two (T2).
Abbreviations: SpO2, arterial oxygen saturation as measured by pulse oximetry (%); dyspnea, perceived dyspnea (Borg cr-10); 6MWT, six-minute walk test; 30sec-STS, 30
seconds sit-to-stand test (repetitions); end-, immediately measure after test completion; CAT, COPD Assessment Test; CCQ, Clinical COPD Questionnaire; HADS-A and
D, Hospital Anxiety and Depressions Scale (HADS); EQ-5D-3L, EuroQol 5-Dimension 3-likert utility score and VAS score.

scored between 0 and 6 points (0 = no impairment),
divided into three domains: Symptoms (4-Items),
Functional state (4-Items) and Mental state (2-Items).11
The total score is calculated by summing the individual
items and dividing by 10. A MIC of 0.4 points has been
reported.27,36,37
Hospital Anxiety and Depression Scale (HADS)
assesses the level of anxiety and level of depression in
medically ill persons.38 The scale comprises two sub
scales, HADS anxiety (HADS-A, 7-items) and HADS
depression (HADS-D, 7-items), with each item scored
between 0 and 3. A total subscale score of 0–7 is consid
ered normal, 8–10 indicates a risk of anxiety or depres
sion, and 11–21 indicates considerable symptoms of
anxiety or depression disorder.38 A MIC of 1.5 points in
each scale has been reported.36,39
EuroQol 5-Dimension Questionnaire (EQ-5D), is a
generic global questionnaire measuring health-related
quality of life.40 We used the 3-Likert version of the EQ5D-3L, which has a descriptive and a visual analogue
scale. The descriptive system (EQ-5D) compromises five
dimensions: mobility, self-care, usual activities, pain/dis
comfort, and anxiety/depression. In the 3-likert version
each dimension has three scoring levels (no problem,
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some problem, severe problem). This version compromise
a total of 243 utility scores ranging from −0.624 (worst
possible health utility) to 1.0 (best possible health utility)
based on Danish EQ-5D-3L norm data set. The EQ-5DVAS records the overall self-rated health on a 20 cm
vertical visual analog scale ranging from zero (worst ima
ginable health) to 100 (best imaginable health).40 A MIC
of 6.5 to 8.0 points in EQ-5D-VAS is suggested in persons
with COPD, while MIC has not been reported for the 5dimension 3-likert questionnaire in patients with
COPD.41,42

Demographic and Descriptive Variables
Demographic and descriptive variables including age, gen
der, body mass index, smoking status, FEV1/FVC, FEV1,
GOLD, A/B/C/D stratification,43 Charlson Comorbidity
Index, BODE-index and oxygen supplement were regis
tered at T1.44

Statistical Analysis
Descriptive data are presented as means with standard
deviations (SD) for continuous data and as medians with
range for ordinal data and data not normally distributed.
Data distribution was inspected by histogram, Q-Q Plots
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and verified by Shapiro–Wilk test to determine approxi
mately normal distribution. Independent t-test or Mann–
Whitney U-test was used to compare demographic and
descriptive variables between patients included and not
included in the study. Paired t-test or Wilcoxon signed
rank test was used to compare inter-day systematic bias
between the patients’ completed questionnaires at T1
and T2.
Intra-class correlation coefficient (ICC) was calculated
to describe the reliability. The ICC1.1 model was used
because the assessments were conducted at five centers,
and all raters did not instruct each patient.7,45 The ICC1.1 is
a fixed model. ICCs values between 0–0.49 were consid
ered weak, ≥0.50–0.75 moderate, >0.75–0.90 good, and
>0.90 excellent reliability.46
Agreement between results at T1 and T2 was calcu
lated as standard error of measurement (SEM) and the
SEM95 using the equation SD*√1-ICC respectively 1.96
× SEM (SEM95).7,45 The SEM expresses the measurement
error that occurs within a single measurement where no
real change has occurred and indicates that there is a 68%
likelihood that the “true” score for a group of patients’ (or
a single patient’s SEM95) is within this measurement
error.31,46
The corresponding smallest real difference (SRD) and
SRD95 was calculated by the equation √2 × SEM (SRD)
and 1.96 × √2 × SEM (SRD95) respectively. The SRD
represents the smallest real difference to be detected
beyond the measurement error of repeated measurement
without a real change in a group of patients (or a single
patient’s SRD95).45,47,48 The SEM, SEM95, SRD and
SRD95 are expressed in the same unit as the original
measurement. To make comparisons between our agree
ment parameters and results from other studies easier,
these parameters were also expressed as a percentage of
the mean from the two subsequent visits (grand mean).
We determined a questionnaire suitable for evaluative
use, when the SRD was smaller than the established mini
mal important change (MIC). The MIC, which is derived
from longitudinal validity studies and preferably deter
mined by using an anchor-based methods, is the smallest
change in an outcome that an individual patient or clin
ician would identify as important.31,49 MIC is often
referred to as the minimal important difference (MID) or
the minimal clinical important difference (MCID), and
because that they constitute the same, they are used inter
changeably in the literature.50
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Bland Altman plots were used to visualize potential
systematic bias around the zero line as well as heterosce
dasticity. The mean difference with 95% CI and limits of
agreement (95% LOA) were calculated as mean±1.96*SD
and included in the plots.7,51 For all analyses P values of
less than 0.05 were considered statistically significant.
Finally, we report the proportion of patients with mini
mum and maximum score for each questionnaire, because
this shows the population-specific risk of floor and/or
ceiling effects. There is no consensus regarding cut off
values for floor or ceiling effects, but it has been suggested
that it is present if >15% of the participants achieve the
lowest (floor) or highest (ceiling) score.52 Floor and ceil
ing effects are of special interest in intervention studies,
because patients with the lowest possible scores may not
be able to further decline, and patients with the best
possible scores may not be able to further improve, fol
lowing an intervention. Data was analyzed using SPSS
version 22.0 (SPSS Inc., Chicago, IL, USA).

Results
Participants vs Non-Participants
Of the 108 eligible patients, 50 (22 females, mean [SD]
age 67 [9] yrs.; FEV1 32 [9] %; 6-minute walk distance
(6MWD) 347 [102] meters; CAT 21 [6] points; BMI: 26
[6] kg/m2) agreed to participate in the reproducibility
study (Supplementary Figure 1) shows how the final sam
ple was obtained). Twenty-three declined to participate
due to the extra testing date, while 35 patients could not
be included because they undertook the baseline assess
ments for the RCT less than one week before the sched
uled randomization and intervention. Demographic and
descriptive characteristics of the 58 patients, who did not
participate in the reproducibility study, did not differ sig
nificantly from those who participated (Table 1).

Inter-Day Test–Retest Reproducibility
All questionnaires and items were completed at both T1
and T2, and therefore, no values are missing. Test–retest
reliability (ICC1.1) for the CAT, CCQ-total, HADS-A,
HADS-D and EQ-5D-VAS were 0.88, 0.69, 0.86, 0.90
and 0.87, respectively. The test–retest agreement para
meters of the questionnaires are presented in Table 2.
Agreement between test results on group level within a
single measurement (SEM) and for repeated measurement
errors (SRD) were respectively 2.1 and 2.9 points for CAT;
0.5 and 0.7 points for CCQ total; 1.3 and 1.9 points for
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HADS-A; 0.9 and 1.3 points for HADS-D and 6.8 and 9.7
VAS-score for EQ-5D-3L, respectively. The Bland Altman
plots with 95% limits of agreement for the questionnaires
are shown in Figure 2 A to F. There was no significant
difference between results at T1 and T2 for any of the
PROMs (Table 2 and Figure 2A–F). For all questionnaires,
less than 5% of the patients achieved the lowest (floor),
respectively highest (ceiling) score (Table 2).

Discussion
To the best of our knowledge this is the first study to report
inter-day test–retest reproducibility parameters of the
HADS and EQ-5D-3L in patient with COPD, and one of
the few studies that have reported agreement parameters of

CAT and CCQ. We found excellent reliability and accep
table agreement for the CAT and HADS suggesting that
they can be used for group evaluative purpose in patients
with severe and very severe COPD.53

CAT
In line with previous results (ICC ranging from 0.80 to
0.94)16–18,24,26 we found good reliability for the CAT in
patients with severe and very severe COPD. To our knowl
edge the study by Tsiligianni at al24 is the only study that
has reported agreement parameters for the CAT in patients
with COPD. Although their patients had less symptoms
(median CAT score 13 points), less disease severity (65%
GOLD group I or II) and milder risk profile (BODE index

Table 1 Characteristics of Eligible Participants
Included

Not Included

Sex, men/women (n)

28/22

21/37

Age, years, mean (SD)

66.6±9.0

69.4±9.1

Body mass index, mean kg ·m−2, (SD)

25.4±5.6

25.8±5.6

FEV1% predicted, mean (SD)

32.0033±9.0

35.1±9.4

FEV1/FVC ratio, mean (SD)

41.4±10.6

45.1±11.8

GOLD I/II/III/IV, %

0/0/54/46

0/0/67/33

A/B/C/D, %

0/36/0/64

3/33/7/57

MRC dyspnea scale, median (range)

3.5 (3–5)

3.0 (2–5)

BODE index points, median (range)

5 (3–9)

5 (3–8)

Charlson index 1/2/≥3, (%)

52/30/18

28/47/26

LTOT, n (%)

4 (8)

9 (16)

6MWD in meters, mean (SD)

347 (102)

330 (103)

CAT score, mean (SD)

20.84±6.13

18.69±7.64

CCQ total, mean (SD)
CCQ-symptoms, mean, (SD)

2.90±0.92
2.88±1.00

2.68±0.98
2.75±1.02

CCQ-functional, mean (SD)

2.88±1.16

2.71±1.19

CCQ-Mental, mean (SD)

2.96±1.48

2.48±1.56

HADS-A, mean (SD)

5.72±3.63

5.67±3.88

HADS-D, mean (SD)

4.62±3.00

3.57±3.00

EQ-5D-VAS score, mean (SD)
EQ-5D-3L Utility score, mean (SD)

49.22±19.50
0.66±0.17

54.22±18.59
0.70±0.18

Notes: Data are presented as mean ±standard deviation and median (range) or percent in non-normally distributed variables; Independent t-test or Mann–Whitney U-test
was used to compare demographic and descriptive variables between patients included and not included in the study and denoted *if p<0.05.
Abbreviations: FEV1, forced expiratory volume in the first second; FVC, forced vital capacity; GOLD, Global initiative for Chronic Obstructive Lung; A/B/C/D, risk
stratification; MRC, Medical Research Council; BODE index, body mass index, airflow obstruction, dyspnea and exercise capacity; LTOT, long-term oxygen therapy; 6MWD,
six-minute walk distance; CAT, COPD Assessment Test; CCQ, Clinical COPD Questionnaire; HADS-A and D, Hospital Anxiety and Depressions Scale (HADS); EQ-5D VAS
score, EuroQol 5-Dimension Questionnaire Visual Analogue Scale; EQ-5D-3L Utility, EuroQol 5-Dimension 3-likert utility score.
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Notes: Results from test-day 1 and test-day 2 are presented as mean±SD and difference between days as mean±[SE CI95%]; Paired t-test or Wilcoxon signed rank test was used to compare inter-day systematic bias between the
patients’ completed questionnaires at T1 and T2 and denoted *if p<0.05.
Abbreviations: Floor, lowest score; Ceiling, highest score; n, number; ICC1.1, intraclass correlation coefficient model 1.1; LL 95, lower limit 95% confidence; SEM, standard error of measurement; SEM%, standard error of measurement
expressed as a percentage of the mean; SEM95, standard error of the measurement at the 95% confidence level; SEM95%, standard error of measurement expressed as a percentage of the mean; SRD, smallest real difference; SRD%,
smallest real difference as a percentage of the mean SRD95, smallest real difference at the 95% confidence level; SRD95%, smallest real difference as a percentage of the mean; CAT, COPD Assessment Test; CCQ, Clinical COPD
Questionnaire; HADS-A and -D, Hospital Anxiety and Depressions Scale (HADS); EQ-5D VAS, EuroQol 5-Dimension Questionnaire Visual Analogue Scale; EQ-5D-3L Utility, EuroQol 5-Dimension 3-likert utility score.

18.41 (37)
0.19 (28)
9.67 (19)
0.10 (15)
13.4 (27)
0.14 (21)
6.84 (14)
0.07 (11)
0/1
0/3
49.22±19.5
0.66±0.17
EQ-5D-VAS, score
EQ-5D-3L Utility

50.28±18.64
0.68±0.13

1.10 [−2.69; 4.81]
−0.02 [−0.02; 0.05]

0.87 (0.76)
0.77 (0.59)

3.69 (64)

2.49 (55)
1.27 (28)

1.88 (32)
2.61 (45)

1.76 (39)
0.90 (20)

1.33 (23)

0/0

0.90 (0.82)

1/0

−0.20 [−0.76; 0.24]
4.62±3.00
HADS-D, points

4.36±2.69

5.72±3.63
HADS-A, points

5.80±3.52

−0.10 [−0.64; 0.80]

0.86 (0.75)

2.47 (88)

1.33 (47)
1.27 (45)

0.74 (26)
1.02 (36)

1.76 (63)
0.90 (32)

0.52 (19)

0/0

0.57 (0.25)

2/3

−0.31 [−0.73; 0.11]
2.96±1.48
CCQ-Mental

2.65±1.22

2.88±1.16
CCQ-functional

2.78±1.08

−0.10 [−0.37; 0.17]

0.78. (0.62)

1.41 (51)
1.44 (51)
0.68 (24)
0.72 (26)
0.94 (34)
1.00 (36)
0.48 (17)
0.51 (19)
0/0
0/0
2.90±0.92
2.88±1.00
CCQ-Total, points
CCQ-symptoms

2.72±0.82
2.70±0.92

−0.18 [−0.41; 0.06]
−0.18 [−0.45; 0.08]

0.69 (0.46)
0.71 (0.49)

5.77 (28)
2.94 (14)
4.08 (20)
2.08 (10)
0.88 (0.80)
0/0
−0.84 [−1.93; 0.25]
20.84±6.13
CAT total, points

20.00±5.89

SRD

(SRD%)
(SEM95%)

SEM95
SEM (SEM%)
ICC1.1(LL95)

(n)

Floor/Ceiling
Difference
Test-Day 1 (T1)

Test-Day 2 (T2)

Hansen et al

Variables

Table 2 Inter-Day Test–Retest Reproducibility of Results from the Patient Reported Questionnaires
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SRD95 (SRD95%)

Dovepress

≤2 points), the agreement parameters (SEM: 1.9 points;
LOA 95%: −8.0; 12.0 points) were very similar to ours.
We could not find any other study that has reported the
SRD. Our results suggest that a change of 2.9 points on
group level, respectively 5.7 points on individual level, is
required before we can be confident that a real change has
occurred. In patients with moderate to severe COPD, the
MIC for the CAT has been reported to be from 1 to 3.8
points depending on study design and method.35,36 The
MIC can be calculated in different ways and there is often
uncertainty surrounding the calculation and interpretation
of MIC.50 In addition the MIC estimate may differ on the
patients initial health status or symptom burden and the
specific intervention delivered.50 We found that the SRD
for the CAT is lower than the previously reported MIC
based on rehabilitations studies,35,36 and this suggests that
the MIC can be distinguished from repeated measurement
error on a group level. Thus, it appears that CAT is
acceptable for evaluative purposes in a group of patients
with severe and very severe COPD. In contrast, our results
at the individual level, SRD95 of 5.8 points, suggest that
the MIC cannot be distinguished from repeated measure
ment error in single patients. Substantial fluctuation in
daily symptoms in patients with severe and very severe
COPD might be a contributing factor.
To our knowledge floor and ceiling effects have not
been investigated before. We did not find any floor or
ceiling effects for the CAT, and thus this cannot have
influenced the results.

CCQ
The reliability of the CCQ total score was moderate (ICC:
0.69), which is in the lower end of what has previously been
reported (ICC 0.70 to 0.99) in patients with mild to severe
COPD.11–18,24,26–28 Similarly, we found SEM (0.5 points) in
the higher end than previously reported (SEM respectively
reported as 0.2 points,27 0.4 points24 and 0.6 points28).
However, it must be noted that the previously reported SEM
of 0.2 points appears to be estimated by using an ICC from an
unrelated study sample. None of these previous studies
reported the SRD, but Berkhoff et al28 reported LOA (mean
difference of −0.3 points with a 95% LOA from −1.9 to 1.4
points),28 which is very similar to our results for LOA. The
study by Berkhoff et al28 collected data based on routine
inclusion criteria similar to ours, the sample size was similar,
baseline CCQ scores were comparable and the included
patients had multimorbidity as most had ≥2 comorbidities.
The study only differed from ours regarding FEV1% predicted
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CAT (Test-day 2 – Test-day 1 score)

CCQ total score (Test-day 2 – Test-day 1 score)

HADS-A (Test-day 2 – Test-day 1 score)

A

B

C

HADS-D (Test-day 2 – Test-day 1 score)

EQ-5D-VAS (Test-day 2 – Test-day 1 score)

EQ-5D-Utility (Test-day 2 – Test-day 1 score)

D)

E)

F)

Figure 2 Bland and Altman plots of the CAT, CCQ-total, HADS-A, HADS-D, EQ-5D-VAS and EQ-5D-Utility.
Notes: Mean difference between result from test-day 1 and test-day 2 (dotted line) with limits of agreement 95% CI (black lines). (A) CAT score difference obtained on two
separate days (T2 vs T1). (B) CCQ total score difference obtained on two separate days (T2 vs T1). (C) HADS-A score difference obtained on two separate days (T2 vs T1).
(D) HADS-D score difference obtained on two separate days (T2 vs T1). (E) EQ-5D-VAS score difference obtained on two separate days (T2 vs T1). (F) EQ-5D Utility
score difference obtained on two separate days (T2 vs T1).
Abbreviations: CAT, COPD Assessment Test; CCQ, Clinical COPD Questionnaire; HADS-A and D, Hospital Anxiety and Depressions Scale (HADS); EQ-5D VAS score,
EuroQol 5-Dimension Questionnaire Visual Analogue Scale; EQ-5D-3L Utility, EuroQol 5-Dimension 3-likert utility score.

mean, which was 51.0 (SD 15.0) in the Berkhoff study28 and
32.3 (SD 9.0) in our study. We did not find any floor or ceiling
effects for the CCQ.
The previously reported MIC for the CCQ total score is 0.4
points in patients with moderate to severe COPD.36,37 Our
result for the SRD (0.7 points) and SRD95 (1.4 points) in
patients with severe and very severe COPD (Table 2) suggests
that the previously reported MIC cannot be distinguished from
repeated measurement error. In that perspective, the CCQ may
be less suitable compared to the CAT questionnaire for eval
uating changes in respiratory symptoms over time, both on
group and individual level, in patients with severe and very
severe COPD. These findings need to be confirmed in future
studies, before any appraisal can be made.

HADS and EQ-5D-3L
Both HADS and EQ-5D-3L are commonly used outcomes
in clinical research,3,4,19,22,54,55 clinical practice56 and for
public health evaluative purposes.57
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Although HADS has been used in patients with COPD,
to our knowledge this is the first study to investigate the
reproducibility of the HADS in this patient group. We
found that the HADS questionnaire showed good reliabil
ity (ICC: 0.86 to 0.90) in patients with severe and very
severe COPD. The agreement parameter SRD for the
HADS-D (1.3 points) is below the established MIC of
1.5 points, while it was exceed for the HADS-A subscale
(SRD: 1.8 points).39 The results indicate that the HADS-D
subscale is acceptable for evaluative purposes in a group
of patients with severe COPD. In contrast, the SRD95 of
3.7 points (HADS-A) and 2.5 points (HADS-D) is greater
than the established MIC suggesting that the HADS ques
tionnaire is less suitable for evaluation of changes over
time in single patients. We found no floor or ceiling effect
for the HADS-A and HADS-D in patients with severe and
very COPD.
Similar to the HADS questionnaire, we could not find
any study that has investigated the reproducibility of the
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EQ-5D-3L questionnaire in patients with COPD. We
found that EQ-5D-VAS showed good reliability (ICC:
0.87) in patients with severe and very severe COPD. The
agreement parameter SRD (9.7 points) exceeded the estab
lished MIC of 6.5 to 8.0 points.41,42 None of the studies
performed analysis for reproducibility when MIC was
established.41,42 The study by Nolan et al which was a
prospective responder-blinded 8-week outpatient pulmon
ary rehabilitation intervention, reported an average
increase in EQ-5D-VAS of 8.6 points (CI95%: 6.5 to
10.7) and thus did not exceed the SRD of 9.7 for groups.
The study by Zanini et al reported an average EQ-5D-VAS
improvement of 14 points (CI95%: 12.8 to 15.1) exceed
ing the SRD for groups. The effect size from this study is
however limited by its retrospective and unblinded study
design and the study was additionally based on data from a
3-week inpatient rehabilitation program in patients
admitted with COPD exacerbation and changes due to
medical treatment and recovery cannot be separated from
the rehabilitation intervention. This indicates some cau
tiousness for the use of the EQ-5D-3L questionnaire for
evaluative purposes unless it is used in large populationbased studies.57 We found no floor or ceiling effect for the
EQ-5D-3L utility and VAS score.
The key messages from our study are that in general
the PROMs can be used for evaluative purposes in
groups of patients with severe and very severe COPD,
but they are less suitable for assessing individual
changes over time. Patients with severe and very severe
COPD may experience significant fluctuations in daily
symptoms without a clinical exacerbation. As a conse
quence, it has been suggested that agreement parameters
of less stable measurements can be improved if the
average of several measurements is used.46 Thus, for
individual patients, completion of consecutive question
naires could be considered in the days or weeks before
consultations or measurement time-points. This could
feasibly be solved by using electronic surveys, although
this potentially impacts the psychometric properties of
questionnaires.58 The agreement parameters of such a
measurement procedure must therefore be investigated
in future studies.

Strength and Limitations
This study followed the guideline for reporting reliability
and agreement studies (GRRAS), including reports on all
relevant reproducibility domains, and in accordance to
COSMIN recommendations, a moderate to good sample
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size of 50 patients. We used a rigorous standardized meth
odological assessment approach, which included using the
same conditions to reduce the effect of diurnal fluctuations
in symptoms, the same rest intervals and order of ques
tionnaires and functional tests, and a standardized instruc
tion from trained raters. Furthermore, we reassured that
patients were stable and did not have an exacerbation,
defined by the Global Initiative for Chronic Obstructive
Lung Disease as: “an acute worsening of respiratory symp
toms that results in additional therapy”43 during the repro
ducibility study. Retrospectively, it would have been
valuable if we additionally had used the global rating
scale between test and retest to ensure that the patients
perceived themselves as stable We cannot rule out that the
functional tests performed before completion of the ques
tionnaire may have influenced the reported symptoms at
both visits. To limit any influence of dyspnea and fatigue
we ensured that every patient felt rested and that oxygen
saturation, heart rate and perceived dyspnea was fully
normalized before the patients filled out the question
naires. The disclosed limitations to restrict a possible
recall bias are similar to those known from existing
publications.11–18,24,26–28 Finally, due to our inclusion cri
teria, our results cannot be generalized to all patients with
COPD per se.

Conclusion
In conclusion, the inter-day test–retest reliability of the
CAT, CCQ, HADS and EQ-5D-3L were moderate to
excellent. The agreement parameter SRD were smaller
than the previously reported MICs for CAT and HADS,
indicating that these PROMs on group level are suitable
for evaluating changes over time in patients with severe
and very severe COPD. In contrast to previous studies, we
found that the CCQ was less suitable for assessing selfreported respiratory symptoms, because the SEM and SRD
exceeded the previously reported MIC for CCQ total
score. None of the PROMs were suitable for measuring
individual changes over time.
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