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Abstract
Background: Rehabilitation of patients with chronic obstructive pulmonary disease (COPD) is a key treatment in COPD.
However, despite the existing evidence and a strong recommendation from lung associations worldwide, 50% of patients
with COPD decline to participate in COPD rehabilitation program and 30–50% drop-out before completion. The main
reasons are severe symptoms, inflexible accessibility and necessity for transportation. Currently there are no wellestablished and evident rehabilitation alternatives. Supervised online screen rehabilitation could be a useful approach to
increase accessibility and compliance. The aim of this multicenter RCT study is to compare the potential benefits of a 10week online COPD rehabilitation program (CORe) with conventional outpatient COPD rehabilitation (CCRe).
Methods: This study is a randomized assessor- and statistician blinded superiority multicenter trial with two parallel
groups, employing 1:1 allocation to the intervention and the comparison group.On the basis of a sample size calculation,
134 patients with severe or very severe COPD and eligible to conventional hospital based outpatient COPD rehabilitation
will be included and randomized from eight different hospitals. The CORe intervention group receives group supervised
resistance- and endurance training and patient education, 60 min, three times/week for 10 weeks at home via onlinescreen. The CCRe comparison group receives group based supervised resistance- and endurance training and patient
education, 90 min, two times/week for 10 weeks (two hospitals) or 12 weeks (six hospitals) in groups at the local hospital.
The primary outcome is change in the 6-min walking distance after 10/12 weeks; the secondary outcomes are changes in
30 s sit-to-stand chair test, physical activity level, symptoms, anxiety and depression symptoms, disease specific and
generic quality of life. Primary endpoint is 10/12 weeks from baseline, while secondary endpoints are 22, 36, 62 weeks
from baseline assessments.
Discussion: The study will likely contribute to knowledge regarding COPD tele-rehabilitation and to which extent it is
more feasible and thereby more efficient than conventional COPD rehabilitation in patients with severe and very
severe COPD.
(Continued on next page)
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Background
Chronic Obstructive Pulmonary Disease (COPD) is a major
cause of chronic morbidity and the fourth leading cause of
death worldwide [1] (GOLD). COPD is characterized by increasing respiratory symptoms, frequent exacerbations and
disability in activities of daily living. International and
national guidelines emphasize that COPD rehabilitation is a
key cornerstone in the standard treatment of COPD
together with smoking cessation and pharmacological
treatment [2–6]. The core elements of COPD rehabilitation is physical exercise training, patientdirected education and smoking cessation support,
which are recommended as mandatory in standard
COPD rehabilitation programs [2–6]. It is evident
that COPD rehabilitation result in moderate to large
clinically relevant improvements in quality of life,
symptoms, anxiety and depression, walking distance,
exercise tolerance and physical function in patients
with mild as well as very severe stable COPD and in
patients with acute phases of exacerbation [2–7].
However, approximately 50% of the patients with
severe and very severe COPD decline to participate in
COPD rehabilitation programs and 30–50% drop out
before completion of the program [8–12]. The main
reasons are severe symptoms and exacerbations,
transportation distance and lack of energy [8–12].
There are no well-established rehabilitation alternatives for
these patients, but supervised COPD tele-rehabilitation in
groups delivered by health professionals in the patients’ own
home via a computer, tablet or television screen could be a
useful approach in terms of increasing compliance and adherence. Most studies on tele-rehabilitation in COPD have
been non-randomized descriptive feasibility studies and they
have reported promising effects on symptoms, physical function and quality of life [13–18]. Recently, results from three
randomized controlled trials on tele-rehabilitation have been
published [19–21]. In one study by Chaplin et al. (n = 103)
[20] per protocol analyses showed equal results in regard to
shuttle walk performance and COPD related symptoms
when comparing effects of a short term (6–8 weeks) unsupervised web-based individually tailored home exercise
program with a 7 week conventional pulmonary rehabilitation program comprising exercise and education. However,
the dropout rate was higher in the web-based program (57%
vs 23%). Another study by Vasilopoulou et al. (n = 150)21
showed that compared to a control group (usual care) the
risk of acute COPD exacerbation and hospitalization was

similar following a 12 months unsupervised individually tailored maintenance tele-rehabilitation exercise program combined with a weekly multidisciplinary telephone counseling
and a 12 months supervised pulmonary maintenance
rehabilitation program twice weekly at the hospital. However,
compared to the other groups the tele-rehabilitation group
had a reduced risk for visits to the emergency department.
Finally, a small study by Tsai et al. (n = 37) [19] compared
results from a non-exercising control group with results
from a supervised 8-week tele-rehabilitation program in
groups of 2–4 patients who could see and talk to both the
physiotherapist and the other participants. The study showed
significantly greater improvements in the endurance shuttle
walk time (but not in the incremental shuttle walk time or
the 6MWT), symptoms of anxiety and depression, and selfefficacy following the supervised tele-rehabilitation program.
Thus, the new results are promising, additional effects
from face-to-face supervised COPD tele-rehabilitation in
groups compared to outpatient supervised COPD rehabilitation in groups’ remains unanswered, i.e. potential higher
compliance and effects when supervised and potentially better resource utilization when delivered in groups. To our
knowledge this study protocol currently describes the first
RCT study planned to investigate effects from equally faceto-face supervised and group based COPD rehabilitation in
outpatient and tele-rehabilitation setting [22].
The purpose of our RCT study is to investigate the potential benefits of a 10-week supervised online COPD
rehabilitation program (CORe) with conventional supervised COPD rehabilitation (CCRe) on walking distance
(primary outcome), muscle endurance, physical activity
level, quality of life, and COPD symptoms after completion of the intervention and at follow-up 3, 6 and
12 month later in patients with severe and very severe
(stage III-IV) COPD. This paper describes the rationale
and design of the study.

Methods
Study principles

The protocol follows the SPIRIT 2013 (Standard Protocol
Items: Recommendations for interventional Trials) and the
Template for Interventions Description and Replication
(TIDieR) checklist for description of the interventions [23,
24]. Once completed the reporting will follow the
CONSORT (Consolidated Standards of Reporting Trials)
Statement for non-pharmacologic trials [25] (Fig. 1).
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Fig. 1 Consolidate standards of reporting trials (CONSORT) flow diagram of trial design

Study design

This study is a randomized controlled, assessor- and statistician blinded, superiority, multicentre trial with two
parallel-groups. The trial investigates the effect of supervised COPD Online rehabilitation in groups, delivered by
health professionals in the patients’ own home via a computer, in patients with severe and very severe (stage III-IV)
COPD (ClinicalTrial.gov-identifier: NCT02667171). Patients from the University hospitals in the Capital Region of
Denmark will be randomized to the supervised group-

based online COPD rehabilitation (CORe) or to the conventional supervised COPD rehabilitation program (CCRe).
The primary outcome will be the 6-min walking distance
after completion of the COPD rehabilitation program
(primary end point at 10/12 weeks). In addition, the study
collects follow-up data at 3, 6 and 12 months after completion of the program which will be published in a separate
paper (Fig. 1 and Table 1).
The primary hypothesis is that CORe is superior to
CCRe due to a higher compliance and adherence to the
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Table 1 Study measures and outcomes to be collected
Variable

Baseline

10/12 weeks (post)

3-month follow-up
(22-weeks)

6-month follow-up
(36-weeks)

12-month follow-up
(62-weeks)

X

X

X

X

30s sit-to-stand test (30STS)

X

X

X

X

Clinical COPD Questionnaire (CCQ)

X

X

X

X

COPD Assessment Test (CAT)

X

X

X

X

Hospital Anxiety Depression Scale

X

X

X

X

EuroQol 5D (3-L)

X

X

X

X

Primary outcomes
6 min walk distance (6MWD)
Secondary outcomes

Other variables and outcomes
Attendance in rehabilitation

X

Number of COPD related hospital admissions

X

X

X

X

X

Number of COPD hospital days

X

X

X

X

X

COPD related outpatient visits

X

X

X

X

X

Number of COPD exacerbations

X

X

X

X

X

Mortality

X

X

X

X

X

X

X

X

Exploratory outcome
24 h–mobility (ActivePAL3tm; 5 days)

X

Descriptive variables
Lung function

X

X

FVC

X

X

FEV1

X

X

FEV1/FVC%

X

X

FEV1% expected

X

X

Charlson morbity Index

X

X

Anthropometric measures
Gender

X

Age

X

Weight

X

X

X

X

Height

X

X

X

X

Body Mass Index (BMI)

X

X

X

X

Smoking status

X

X

X

X

Pharmacologic treatment

X

X

X

X

Self-reported measures

CORe program. We expect a mean between-group difference of 26 m in the 6-min walk test after completion
of the COPD rehabilitation programs (primary endpoint
at 12-weeks).
We also expect clinically relevant improvements in
both groups as a results of completing the COPD rehabilitation (Table 1).
Study setting and study population

The trial is conducted at the Respiratory and Physiotherapy
Departments of eight hospitals in the capital region of

Denmark. The participating hospitals are Amager, Hvidovre,
Bispebjerg, Frederiksberg, Herlev, Gentofte, Frederikssund
and Hillerød University Hospitals, University of Copenhagen.
Recruitment of patients with severe and very severe COPD
and collection of data started March the 18th, 2016 and is
scheduled to continue until December 31st 2017 (clinicaltrial.gov registration on January 12th, 2016). The participating hospitals will provide monthly reports on patients who
accept or decline to participate and reasons for this. The
recruitment will be facilitated by a steering committee with
members from the departments of the participating
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hospitals. The investigator (HH) provides quarterly updates
on the recruitment progress and participates in meetings
with the clinical staff when requested.

2, made by a biostatistician (TK). The randomization
will be a 1:1 randomization block from each recruiting
hospitals.

Eligibility criteria

Blinding

Potentially eligible patients will be identified and recruited
by respiratory nurses during out-patient COPD control
visits. The nurses determine eligibility according to the inclusion and exclusion criteria listed below:

To ensure concealment of allocation a senior manager
from another research department with no interest in
the project, will provide the draw and will be responsible
for the randomization list, which will not be available to
the investigator. The senior manager will inform the
investigator about the allocation, and the investigator or
the project staff will subsequently inform the patient
about the allocation and when to begin CORe or CCRe.
All assessors are blinded to group allocation and previous test results. Due to the nature of the study the
patients cannot be blinded, but prior to the assessments
they are reminded not to disclose their group allocation
to the assessors. In case of failure keeping the outcome
assessor blinded (that is, if a participant reveals his/her
allocation) a second assessor will be available to step in
and conduct the assessment on another day.
To avoid experimenter’s (subconscious) bias the biostatistician who perform the data analyses and validate
the results will be blinded to group allocation. The
research group will interpret the results, and the conclusion
will be prepared in two versions before the allocation code
is broken (one assuming that arm A is the intervention,
and one assuming that arm B is the intervention).

Inclusion criteria

1. Age 18 years or older
2. Clinical diagnosis of COPD defined as the ratio of
forced expiratory volume at 1 s (FEV1) to forced
vital capacity (FVC) < 0.70 and no history of asthma
3. FEV1 < 50%, corresponding to severe or very severe
airflow limitation
4. Symptoms equivalent to the Medical Research
Council dyspnea scale (MRC) from 2 to 5
Exclusion criteria

1. Participation in/or recent completion of pulmonary
rehabilitation within the last 6 months before start
of intervention
2. Dementia/ Cognitive impairment or symptomatic
psychiatric illness
3. An impaired hearing and / or vision disability which
means that the instructions are not understood
4. Unable to understand and speak Danish
5. Unable to read Danish
6. Severe co-morbidity which means that exercise is
contraindicated
Eligible patients receive written information of the
study by the respiratory nurses and verbal information
about the study is given by the investigator or project
staff. The investigator ensures that all questions regarding participation are answered before the patient is asked
to participate in the study. According to the ethical
guidelines for medical research in Denmark, all patients
are encouraged to consider consent for at least 24-h
before making the decision. Patients who agree to
participate will be asked to sign an informed consent
form to be included in the study. The patient will keep
the original document and a copy will be archived with
the Case Report Form (CRF).
Randomization

Following baseline assessments patients will be randomly allocated to the intervention group (CORe) or the
comparison group (CCRe). Randomization will follow a
computer-generated block randomization list, block size

Sample size

For the study’s primary endpoint, the 6-min walk test
(6MWT) which assesses distance (in meters, 6MWD)
walked over 6 min, a change of 26 m is considered to be
a minimal clinically relevant difference (MIREDIF) in patients with severe and very severe COPD [26, 27]. Based
on a two-sample independent t-test with the given MIREDIF of 26 m, standard deviation of 44.6 m based on
data published by Puhan et al. 2011 [27], power of 80%
and significance level of 0.05 47 patients will be needed
in each group, 94 in total. A dropout rate of 30% is assumed, resulting in 134 patients being included in the
final study population.
Power estimations for secondary outcomes

We performed power estimations for all secondary outcomes based on the decided inclusion of 134 (67 in each
group) patients, and expected standard deviation (SD) and
an existing minimal clinical important difference (MCID)
for each outcome (Table 2). The decided sample size
makes it possible to detect clinically relevant differences in
secondary outcomes for respectively; muscle strength and
leg endurance, symptoms, anxiety and depression, and
health-related quality of life (HRQOL) all corresponding
with a power above 80% to reject the null hypothesis (type

EQ5D-questionnaire (mobility, self-care,
usual activities, pain/discomfort, and
anxiety/depression)
Norm based utility score (−0.624–1.000)
EQ5D-VAS (0–100 mm)
Steps per day
Minutes lying/sitting
Minutes standing/walking
Number of body transitions per day

COPD Assessment Test (CAT)

Clinical COPD Questionnaire
(CCQ)

Hospital Anxiety and Depressions Scale (HADS)

EuroQol 5-Dimension Questionnaire
(EQ-5D)

activePAL™ activity monitor
(PAL Technologies Ltd., Glasgow, UK)

Symptoms

Disease specific quality of life

Anxiety and depression

Health-Related Quality of Life

Physical activity

HADS-A scale (0–21)
HADS-D scale (0–21)

Ten items, three domain score (symptoms,
functional and mental) and overall score.
Items score ranges from 0 to 6

Eight symptom questions (0–5 points)
Total score 0–40 points

Total numbers of repetitions

30 s sit-to-stand test

Muscle strength and endurance legs

Subscales

Instrument

Variables

Table 2 Anticipated power on secondary outcomes

Steps per day 1100/2262 (0.50)

EQ5D-VAS 8/16 (0.82)

Not relevant – only one
question in each dimension

NR (not reported)

HADS-A 1.5/2.5 (0.93)
HADS-D 1.5/2.5 (0.93)

Overall score 0.4/1.1 (0.55)

3.0/5.5 (0.88)

2.0/2.5 (0.99)

Hypothesized Difference/ SD
(anticipated power)

HADS-A 0.83
HADS-D 0.82

Overall score 0.91
Symptom score 0.78
Functional score 0.89
Mental score 0.80

0.88

NR (not reported)

Cronbach’s alpha
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I error 5%). The outcomes for disease specific quality of
life and physical activity were both have a power below
80%, and must be considered as exploratory outcomes
(Table 2).

Study groups
Warm-up in both groups (CCRe and CORe)

Warm-up has duration of 5 min (in CORe group) and
10 min (in CCRe group). The aim is familiarization of
movements, increasing range of motion and stimulation
of joints, muscles and cardiorespiratory warm-up in accordance with recommendations from the American
College of Sports Medicine [28]. The warm-up protocol
is presented in Table 3.

Comparison group - conventional COPD rehabilitation
programme (CCRe)

Patients in the comparison group will receive the supervised standard COPD Rehabilitation program (CCRe) for
patients with severe and very severe (stage III-IV) COPD,
which follows the Danish Health Authority’s National
Clinical Guideline and the Regional Guidelines [6, 29, 30].
The guidelines allow for minor variations in the duration
of the program (from 10 to12 weeks) but not in the content of the program [6, 29, 30]. The rehabilitation program
contains exercise and patient education. Exercise sessions
last 60 min twice weekly and will be supervised by skilled
physiotherapists with at least 2 years of experience with
COPD rehabilitation. The content of the physical exercises
is presented in Table 4. Patient education sessions of 60–
90 min will take place once weekly following the exercise
session. The total number of patient education sessions
will vary from 10 to 12 lessons (including follow-up sessions). Topics covered in the education program are presented in Table 5.
Table 3 Warm-up protocol – intervention COPD online
rehabilitation
Time

Exercises

Intensity

Progression

Warm-up
(duration
5 min)

Sitting or standing:
-Heel uprisings (uni- or
bilateral),
- Kneeextension
- rear deltoid row
- chest press
movement
- Vertical shoulder
press’
(uni- or bilateral).
Standing:
-Walking on site
- side to side walking
- leg curl
- leg swing
- squats

Non-specific intensity
Purpose:
-increase body
temperature
- cardiorespiratory
warm-up
-muscle and tendon
tissue warm-up

none

Intervention group - COPD online rehabilitation programme
(CORe)

Patients in the intervention group will receive the supervised COPD Online Rehabilitation Program (CORe),
which is an intervention that has never been systematically offered in Denmark. The CORe intervention is supervised by skilled physiotherapists and respiratory
nurses with at least 2 years of experience with COPD rehabilitation, and delivered via a web-cam at Bispebjerg
Hospital to a group of 4–8 patients who exercise at
home and communicate via a computer. Each session is
60 min, i.e. 35 min of exercise and 25 min of patient
education, three times per week for the duration of
10 weeks. The exercises used in CORe exercise program
were identified and selected amongst exercises used in
previous exercise intervention studies on patients with
severe or very COPD and involves larger muscle groups
with 50/50% exercises for upper and lower extremities,
respectively [4, 5, 31–36]. Volume, intensity and content
specified in the training protocol is in accordance with
both national and international exercise recommendations [4–6, 29, 30, 37, 38]. The exercises (Tables 6 and
7) are executed in four sets to achieve peripheral muscle
fatigue and secondary dyspnea/breathlessness. Each set
is carried out in a predefined period of 20 to 40 s with a
maximum number of repetitions performed, i.e. 8 to 25
repetitions depending on the patients exercise capacity
and motivation [28, 39], but with the aim of 12 to 20
repetitions. The pause is predefined from 40 to 20 s
(Table 6). The exercise velocity is based on recommendations applying to high-repetitive exercises (> 15 repetitions) [28], i.e. moderate to high speed equaling 1–2 s
for both the concentric and the eccentric movements.
The exercise load is body weight supplemented by external weight using dumbbells (1 to 10 kg). The intensity is
estimated to be equivalent to 40–80% of one repetition
maximum (8–25 repetitions), and exercises are performed as high repetitive time-based muscle endurance
training at least 80% of the exercise time corresponding
to a weekly volume of 90 min (30 min × 3 sessions). In
practice the training intensity is determined by using the
self-rated Borg CR-10 scale (score range 0–10), and the
aim is to achieve a training intensity corresponding to
score 4–7 (moderate to very strong shortness of breath
during the exercises).
The first 2 weeks serve as a familiarization phase with
the purpose to adapt to exercising, adjusting and optimizing load and to avoid musculoskeletal overload injuries. Thus, exercises for the lower extremities (Table 6:
exercise # 1, 3, 5) are carried out without dumbbells at
the first session. If a patient can perform three consecutive sets without resting during the active period external load is added at the following training session. The
external load increase ranges from 2 to 4 k (total weight
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Table 4 Exercise content comparison group - conventional COPD rehabilitation
Exercise type

Exercises

Intensity

Progression

Warm-up
(duration 5-10 min)

Sitting or standing:
-Heel uprisings (uni- or
bilateral),
- Kneeextension
- rear deltoid row
- chest press movement
- Vertical shoulder press’
(uni- or bilateral).
Standing:
-Walking various
- leg curl
- leg swing
- squats

Non-specific intensity
Purpose:
-increase body temperature
- cardiorespiratory warm-up
-muscle and tendon tissue Warm-up

none

Endurance training
(duration 20-30 min)

-Walking or
-Cycle or
- Treadmill or
- Circuit training or
- Activity games

Borg CR-10 dyspnea 4–7
Exercises performed in intervals or
continuous

Every 2nd to 4th week
load adjustment individualized

Resistance training
Duration 20-30 min)

Machine:
-leg press
-knee extension
Pull down and/or chestpres
(vertical)
Other equipment for strength
circuit training
elastic band
Dumbbells
Weight cuff

40–80% of 1RM corresponding from
8 to 25 repetitions
2-3sets

Every 2nd to 4th week load
adjustment individualized
(repetition counting by
supervisor)

Cool-down
(duration5-10 min)

Breathing exercises
Pursed lip breathe
Relaxation exercises
Yoga exercises

Non-specific intensity

Non-specific

Responsible health profession: Physiotherapist
Monitoring of intensity may vary, but it is expected that hospitals use either objective (pulse or Watt monitoring) or subjective (CR Borg scale for dyspnea)
measurements for intensity monitoring
Resistance training will be evaluated for progression by counting their maximal repetition and estimate a new optional weight/resistance within 8–25 repetitions
Workout logs from every training session are recommended registered by the authorization law

Table 5 Patients educations topics control group –
conventional COPD rehabilitation
Topics/themes

Communication/ learning form

• COPD and the treatment
• The importance of
smoking cessation
• The importance of daily
activity and exercise
• The importance of
nutrition
• Medication and use of
devices and inhalation
technics
• Early signs of exacerbation
and action plan
• Use of nebulizer apparatus
and oxygen apparatus.
Individually smoking
cessation and dietician will
be optional for the
individual COPD patient if
assessed relevant.

Topics are promoted as a combination of:
• Information
• Dialogue
• Reflection exercises
• Practical exercises
• Focusing on increasing the
individual’s self-competence
• Networking and exchange
of experience.

Responsible health profession: Respiratory nurse

for two dumbbells) when progression adjustments are
made. Exercises for the upper extremities (Table 6: exercise # 2, 4, 6) are carried out with the smallest weights
(1 kg / pcs.) at the first exercise session. If a patient can
perform three consecutive sets without resting during
the active period external load is added at the following
training session. The external load increase ranges from
2 to 4 k (total weight for two dumbbells) when progression adjustments are made. Progressions are assessed individually from session to session [31–34]. In addition
the patients are asked to count their repetitions in each
set every 6th sessions, and if the number of repetitions
exceeds 25 the external load is increased at the next
training session.
Exercise log

Each patient has an exercise log, which is completed by
the supervisor who instructs the sessions online. The exercise log contains the number of completed sets, loads
in kilo, customized additions and non-completed sets for
each of the participants for all sessions.
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Table 6 Exercise protocol intervention group COPD online rehabilitation (Chronological order)
Exercise#

Exercise name

Extremities

Uni/bilateral execution

Bodyposition

Time/volume

Exercise load

1

Sit-to-stand

Lower extremities

Bilateral

Sitting and standing

Active: 80-160 s.
Rest:160-80s.
Total: 240 s.

Bodyweight and
dumbbells

2

Biceps curl -shoulder
press

Upper extremities

Bilateral

Standing

Active: 80-160 s.
Rest:160-80s.
Total: 240 s.

Dumbbells

3

Step-up

Lower extremities

Bilateral

Standing

Active: 80-160 s.
Rest:160-80s.
Total: 240 s.

Bodyweight,
dumbbells and
stepbox

4

Bent Over Rowing

Upper extremities

Unilateral

Standing
Upper body slightly
forward bended

Active: 80-160 s.
Rest:160-80s.
Total: 240 s.

Dumbbells

5

Static-dynamic Squat

Lower extremities

Bilateral

Standing

Active: 80-160 s.
Rest:160-80s.
Total: 240 s.

Bodyweight and
dumbbells

6

Front Raise Dumbbells

Upper extremities

Bilateral

Standing

Active: 80-160 s.
Rest:160-80s.
Total: 240 s.

Dumbbells

Patient education

The education topics are disseminated as a combination
of dialogue, reflection exercises and practical exercises
[30, 40] (Table 8). Overall the topics are similar to those
in CCRe group (Table 5), but delivered as 20 min sessions three times per week in total 30 sessions. The
medical and nutrition topics are provided by a respiratory nurse. The dissemination focus is in particular on:
 Participation and dialogue to facilitate sustainable

knowledge related to COPD
 Creating space for reflection and deliver opportunity

for the patient’s own action plan for handling the
disease
 Awareness and acceptance of patients’ different ways
in understanding and acquire knowledge
 Promoting the positive aspects and opportunities in
life with COPD
Statistical analysis
Descriptive data

Descriptive data for the intervention and comparison
groups will be compared using Chi-square test or Fishers
exact test for categorical variables, the Student’s t-test for
normally distributed continuous variables, if the normality
can’t be assumed non-parametric Mann-Whitney U test
will be used instead. Descriptive variables will be presented as means, standard deviation, medians with range

or frequencies with percentages depending on the distribution of the variable.

Analysis of primary and secondary outcome

Difference between intervention groups in primary
and secondary outcomes at 10/12 week follow-up are
analyzed by mixed effect models. Models will include
treatment, age, gender, BMI, FEV1 and smoking
status, and random effect assessor, hospital allocation
and subject. Normal distribution of the model residuals is evaluated by QQ-plots, transformation of outcome may be used if distribution of residuals are not
normal. All models will be fitted as listed above, in
the event that convergence is not possible or other
fitting issue the model structure will be reduced and
reasoning for changes will be mentioned.
If all missing data is missing at random, maximum
likelihood estimation in the mixed effect models can be
done under assumptions of ignorability to account for
missing data.
Secondary outcomes will also be analyzed mixed effect
model with the same fixed and random effects as the
primary outcome.
No interim analysis will be made. Statistical analyses
will be carried out using R 3.2.2 (R Foundation for
Statistical Computing, Vienna, Austria). P-values of less
than 0.05 are considered statistically significant.

Table 7 Progression model - intervention group COPD online rehabilitation (Chronological order)
Phase

Week number

Working volume in seconds

Rest volume in seconds

Number of sets for each exercise

Familiarization

1–2

20

40

4

Progression 1

3–6

30

30

4

Progression 2

7–10

40

20

4
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Table 8 Patients educations protocol – intervention group COPD online rehabilitation
Topic/themes

Communication/ learning form

Week

Duration

Number of sessions

Welcome and individual presentations

Information, dialogue

1

20 min

3

COPD and the treatment

Information, dialogue

2

20 min

3

Early signs of exacerbation and action plan

Information, dialogue, reflection

3

20 min

3

Medication and use of devices and inhalation technics
Use of nebulizer apparatus and oxygen apparatus.

Information, dialogue, reflection, practical exercises

4

20 min

3

Physical activity and exercise

Information, dialogue, reflection

5

20 min

3

Food, importance of food in COPD

Information, dialogue, reflection, practical exercises

6

20 min

3

Smoking, cessation, substitution

Information, dialogue, reflection

7

20 min

3

Anxiety management, relaxation

Information, dialogue, reflection

8

20 min

3

Repetition

9

20 min

3

Group needs

10

20 min

3

Health economic analysis

Costs related to the interventions are calculated based
on the expenses associated with exercise instruction and
support, the time spent by participants and relatives,
transportation costs and the participants’ use of health
care services. Cost-effectiveness (cost per qualityadjusted life year) is estimated from these cost calculations combined with changes in EQ-5D-5 L scores over
time during the observation period. Costs related to
COPD treatment and involved in the use of health care
services by patients and relatives are estimated from national administrative health registries.
The Health economic analysis will be published in a
separate publication and a potential business case conducted by an independent consultant company.

(6MWT and 30-s Sit-To-Stand test) from clinical
practice and evaluation.
Data management

All CRF’s and paper questionnaires will be checked for errors
and missing data before being entered in log-protected
spreadsheet database. All entered data will be doublechecked against the CRF, range checked and exported to
relevant statistical software (SPSS, R, GraphPad). The
principal investigator will have access to the full dataset, and
co-investigators and steering committee will have access as
needed for random auditing. All paper-based CRF’s and
questionnaire versions will be anonymized and locked in a
filing cabinet to ensure confidentiality. Data management
will comply with the rules of the Danish Data Protection
Agency.

Compliance

In addition to the intention-to-treat analysis, we will also
perform a per-protocol analysis. The participants in both
groups must have completed 70% per cent of the COPD
rehabilitation program to be included in the perprotocol analysis.
Data collection

Blinded assessors perform pre- post- and follow-up
tests and collect data in CRF’s at five locations
(Bispebjerg-, Hvidovre-, Gentofte-, Herlev- and
Frederikssund University Hospitals) to cover the
whole Capital Region. To the extent possible, the
same assessor tests a participant at all test times. For
practical reasons all locations have two to three assessors available. All assessors have completed a fourhour assessor course to ensure that they follow the
same testing protocol, and that test procedures and
recording of results are standardized. In addition, they
have observed at least four live tests before being
accredited to start as blinded assessors. All assessors
are familiar with the physical performance tests

Outcomes
Primary outcome measure

The 6-min walk test (6MWT) will be used to assess endurance and walking capacity. The 6MWT is widely
used for measurement of endurance walking capacity in
patients with COPD [4, 41]. The test is performed in accordance with standardized guidelines [41]: the walking
course is 20 m due to walking space shortage at some
locations and to ensure same standard walking length at
all five locations [42]. The patients will be instructed to
walk as far as possible in 6 min; receive recommended
standardized encouragement; two tests are performed to
eliminate a potential learning effect and the highest
value is recorded; a 30-min rest is mandatory between
the first and second 6MWT.
Secondary outcome measures

The 30-s sit-to-stand test (30s-STS) will be used as an indirect assessment of lower extremity muscle strength
[43, 44]. A standardized chair with a seat height of 45–
47 cm is used, and the patients will be asked to stand up
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fully and sit down as many times as possible in 30 s with
the arms across the chest. The numbers of full stands
will be recorded. The score zero will be recorded if a
patient is unable to rise from the chair without using the
arms. Two tests will be performed to eliminate a
potential learning effect, and the best result will be
recorded. A 30-min rest is mandatory between first and
second 30s-STS.
COPD Assessment Test (CAT) is a patient completed
8-item questionnaire that assesses the impact of COPD
on self-reported health status and symptoms [45]. Each
item scores from 0 to 5 points (0 indicating no impact
or symptoms, 5 worst possible impact or symptoms)
summing up to a total CAT score range of 0–40 points.
CAT is a validated tool with a Cronbach’s α of 0.88 and
found responsive to change in self-reported health status
and symptoms after pulmonary rehabilitation [45–47]. A
minimal clinical important difference (MCID) of 2–3
points is suggested [47, 48].
Clinical COPD Questionnaire (CCQ) measures selfreported quality of life [49]. CCQ consist of 10-itmes
with an overall score and 3-domain scores: Symptoms
(4-Items), Functional state (4-Items) and Mental state
(2-Items) [49]. Overall- and domain scores ranges from
0 to 6 (0 = no impairment). The CCQ is a validated tool
with a Cronbach’s α of 0.91 for the total score and 0.78,
0.89, 0.80 respectively for the symptoms, functional and
mental scores and has a interclass correlation coefficient
of 0.94 [49]. A MCID of 0.4 point is suggested [50, 51].
Hospital Anxiety and Depressions Scale (HADS) is a
14-item questionnaire that assesses anxiety and depression level in medically ill persons [52]. The scale offers
two sub scores HADS anxiety (HADS-A) and HADS depression (HADS-D), and consists of seven questions to
assess anxiety and seven questions to assess depression.
Each question scores from 0 to 3 (0 = no symptoms).
HADS is a validated tool with Cronbach’s α of 0.83
(HADS-A) and 0.82 (HADS-D) [52]. Scores of 0–7 from
each of the two subs scales are considered normal and
scores of 8–10 suggest a risk of anxiety and/or depression disorder. Scores of 11 and above suggest the probable presence of anxiety and/or depression disorder [52].
A MCID of 1.5 point in each scale is suggested based on
both anchor and distribution-based methods [53].
EuroQol 5-Dimension Questionnaire (EQ-5D), is generic self-reported global measure for health-related quality of life [54]. EQ-5D compromises a 5-dimension
(mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression) questionnaire and a 20 cm visual
analog scale (EQ-VAS) ranging from zero (worst imaginable health) to 100 (best imaginable health) [54]. A
MCID of 8-points in EQ-VAS is suggested in persons
with COPD, while no MCID is established in the
5-dimension questionnaire in persons with COPD [55].
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24-h physical activity is measured with an activePAL ™
triaxial accelerometer (PAL Technologies Ltd., Glascow,
UK). The patients will be asked to wear an activePAL™
on the thigh 24 h per day for 5 days prior to randomization;
5 days during the intervention period (after 5–7 weeks); 5
days after completion of intervention period; 5 days
3 months after intervention completion; and 5 days
12 months after completion of the intervention. The 24-h
physical activity level is an exploratory outcome in this
study. Due to limited staff resources and geographical
transportation issues activity level will only be measured in
the first 68 patients (approximately 50% of the population)
who live within a radius of 25 km from Bispebjerg University hospital. The activePAL™ accelerometer is attached on
the front of the thigh and measures time spent lying/sitting
(thigh in horizontal position), and time spent standing and
walking (thigh in a vertical position), the number of steps
taken, cadence, and the number of sit-to-stand and
stand-to-sit transitions. The activePAL™ is a valid and reliable measure of posture and transitions in mobility limited
older adults and adults with severe and very severe COPD
[56–58]. A MCID of 600–1100 steps per day is suggested
in persons with COPD, depending on which distribution based method you rely on [59]. However activePAL™ underestimates step rate at slow walking speeds
compared to observed step counts, while use of walking aid such as rollator and crutches do not differ
from observed step rate counts [58]. Walking speed
between 2.4–5.6 km/h is preferable to get valid data
on time spent walking [56, 60] and consequently
walking could potentially be categorized as standing
in those walking slower 2.4 km/h [56, 60]. For this
reason we will dichotomize data into time spent sedentary (lying/sitting) and upright (standing/walking).
Reliability calculations

Intra- and inter tester reliability will be calculated on
physical outcome measures (6MWT and 30s-STS) in
fifty consecutively recruited patients. The retest is
completed seven to 10 days after baseline assessment
and prior to intervention start. The reliability in the
patient reported questionnaires (CAT, CCQ, HADS,
EQ-5D) will be calculated in the same sample of fifty
patients.
The reliability for the physical outcome measures and
patient reported outcomes will be published in separate
articles.
Other variable and outcomes

Other variables and outcomes will be registered as
mandatory in the hospital registry system and used as
descriptive as well as explanatory variables for the primary and secondary outcomes (Table 1).
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Demographic, descriptive variables

Age, gender, height, weight, body mass index, marital status,
education, smoking status, years with COPD, Charlson morbidity index and lung medications are registered at baseline
assessment.
The lung spirometry is conducted at the respiratory
department of the referral hospital by a lung physician
or respiratory nurse before baseline and 12-month
follow-up assessments. All hospitals use clinically
approved spirometry equipment while manufacture
trademark varies between hospitals in the Capital Region
(Table 1).
Publication process

HH are obligated to ensure that the results of the study
are published in due time after completion of the study.
Changes to initial plan

In the initial registration of the study, we planned to do
the outcome measure pre-, post- and 3 month follow-up
on the performance- and self- reported outcome measures (Fig. 1 and Table 1), while 6-month, 12-month
follow-up should be based on register data defined as
number of hospital admission related to COPD, number
of hospitals admission days related to COPD, number of
outpatient visits related to COPD and mortality. After
reconsideration, the steering committee decided to
prepare an additional protocol and apply the ethical committee for permission to perform 12 months of follow up
on performance- and self- reported outcome measures.
All patients already included will be asked retrospectively
to enter and participate in a 12 month follow up test. Prospectively participation in the 12 months of follow up is
not mandatory to be included in the CORe trial. A new informed consent form is filled if the participant accepts
“extra” participation in the 12 months of follow up.
Adverse event reporting

Adverse events are recorded in the CRF. The protocol
distinguishes between adverse events that may be directly attributable to the study interventions and the
monitoring of adverse events not attributable to the
study. Serious adverse events are reported within 24 h to
the principal investigator. The steering committee consisting of a pulmonologist, respiratory nurse and clinical
physiotherapist surveys the study and evaluates serious
adverse events.

Discussion
To our knowledge there are currently no RCT studies
published comparing supervised outpatient COPD
rehabilitation in groups with supervised COPD telerehabilitation in groups [13–21]. McCarthy et al. 2015
confirmed that COPD rehabilitation indeed is beneficial
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in clinical trials [2]. However in the real world COPD rehabilitation, we know that compliance amongst the patients with COPD is low and potentially insufficient due
to frequent exacerbation, hospitalization, transportation
dependency, uniform offered outpatient COPD rehabilitation in hospitals, municipalities and other outpatient
settings. This study provides a detailed description of a
simple, fully supervised COPD Online rehabilitation program, which aims to provide high frequent attendance
with a minimal time consuming exercise and educational
approach. The choice of exercises, equipment, frequency
and duration was chosen in order to investigate whether
a few specific but simple exercises, can improve endurance, strength, physical activity, symptoms related to
COPD and HRQOL.
This approach was chosen to facilitate implementation
of a minimally equipped home based online supervised
COPD rehabilitation program, which might be more
feasible and thereby more efficient than conventional
COPD rehabilitation in patients with severe and very severe COPD. A problem in previous exercise studies is
the lack of standardization which makes reproducibility
difficult. The comprehensive standardization of exercise
and progression protocol in this trial facilitates the reproducibility of this trial.
The results from this study will most likely provide important knowledge regarding treatment of Patients with
COPD who are unable or non-compliant to conventional
offered COPD rehabilitation settings. The study will also
contribute to the existing knowledge regarding reasons for
accepting and declining participation in CCRe and CORe,
characteristics of completers and non-completers, and the
long term effects of the two rehabilitation approaches.
The CORe-Trial is designed from high quality criteria in a
non-pharmacological clinical trial, with a multicenter design which reduces risk of selection bias. Assessors and
biostatistician are blinded to intervention, which should
reduce detection and interpretation bias. The research
group will be blinded when interpreting data and writing
the conclusion.
Trajectory

Inclusion was initiated 18th of March 2016 and will continue until 31st of December 2017.
Abbreviations
30sec-STS: 30 seconds sit-to-stand test; 6MWD: Six minute walking distance;
6MWT: Six minute walking test; BMI: Body mass index; CAT: COPD
assessment test; CCQ: Clinical COPD questionnaire; CCRe: COPD conventional
rehabilitation; CI: Confidence interval; CONSORT: Consolidated standards of
reporting trials; COPD: Chronic obstructive pulmonary disease; CORe: COPD
online rehabilitation; CRF: Case report form; EQ-5D: EuroQol 5-dimension
questionnaire; FEV1: Forced expiratory volume at one second; HADS: Hospital
anxiety and depressions scale; HRQOl: Health-related quality of life;
MCID: Minimal clinical important difference; MIREDIF: Minimal clinically
relevant difference; MRC: Medical Research Council; PA: Physical activity;
RCT: Randomized controlled trial; SD: Standard deviation; SPIRIT: Standard

Hansen et al. BMC Pulmonary Medicine (2017) 17:140

protocol items recommendations for interventional trials; TIDieR: Template
for interventions description and replication
Acknowledgements
We thank the all the participating departments of respiratory medicine and
departments of physiotherapy and occupational therapy for their
involvement and making the necessary resources available and the
conduction of this multicenter RCT trial possible. The steering committee for
valuable discussions during protocol development and the Danish Lung
Foundation, Telemedical Center Regional Capital Copenhagen and
TrygFonden for their founding support.

Page 13 of 14

3.

4.

5.

6.
Funding
This research project received specific grants from the Danish Lung
Foundation (Charitable funding), Telemedical Center Regional Capital
Copenhagen (governmental funding), TrygFonden foundation (Charitable
funding). The Grants covers expenses conducting the trial, salary for project
employed, and University fee for the PhD education for Henrik Hansen.

7.

8.
Availability of data and materials
Not applicable.
Authors’ contributions
HH, TB, NB, NG and AF made substantial contributions in the conception
and design of the study. TK specifically contributed to the sections:
randomization, sample size, power calculation and statistical analysis. HH
drafted the manuscript. All authors read, revised and approved the final
manuscript.
Ethics approval and consent to participate
The trial protocol is approved by the Ethics Committee of the Capital Region
of Denmark (H-15019380) and written informed consent was obtained from
all patients. The Danish Data Protection Agency approved the research
database (j.nr.: 2012–58-0004) and the trial is registered at ClinicalTrials.gov
(NCT02667171). Registration data: January 28th 2016. The Ethics Committee
will be informed about important protocol modifications for approval and if
unexpected adverse events should occur as mandatory by law.
Consent for publication
Not applicable.

9.

10.

11.

12.

13.

14.

Competing interests
The authors declare that they have no competing interests.
15.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.
Author details
1
Research Unit for Chronic Diseases and Telemedicine, Bispebjerg and
Frederiksberg Hospital, University of Copenhagen, Bispebjerg Bakke 23, 2450
Copenhagen, NV, Denmark. 2Department of Physical & Occupational Therapy,
Bispebjerg and Frederiksberg Hospital, University of Copenhagen,
Copenhagen, Denmark. 3Institute for Clinical Medicine, University of
Copenhagen, Copenhagen, Denmark. 4Department of Respiratory Medicine,
Hvidovre University Hospital, Hvidovre, Denmark. 5Clinical Research Center,
Hvidovre University Hospital, Hvidovre, Denmark. 6Research Unit for Chronic
Diseases and Telemedicine, University Hospital Bispebjerg and Frederiksberg,
Bispebjerg Bakke 23, 2450 Copenhagen, NV, Denmark.

16.

17.

18.

19.

Received: 4 July 2017 Accepted: 10 November 2017
20.
References
1. Agusti A, Hurd S, Jones P, Fabbri LM, Martinez FVC et al. Global initiative for
chronic obstructive lung; 2017. http://goldcopd.org/gold-2017-globalstrategy-diagnosis-management-prevention-copd/. Accessed 12 Feb 2017.
2. McCarthy B, Casey D, Devane D, Murphy K, Murphy E, Lacasse Y. Pulmonary
rehabilitation for chronic obstructive pulmonary disease (Review). Cochrane
Libr 2015. 2015;(2) doi:10.1002/14651858.CD003793.pub3.

21.

Puhan M, Scharplatz M, Troosters T, Walters EH, Steurer J. Pulmonary
rehabilitation following exacerbations of chronic obstructive pulmonary
disease. Cochrane Database Syst Rev. 2016;(12). https://doi.org/10.1002/
14651858.CD005305.pub2.
Spruit MA, Singh SJ, Garvey C, et al. An official American thoracic society/
European respiratory society statement: Key concepts and advances in
pulmonary rehabilitation. Am J Respir Crit Care Med. 2013;188(8). doi:10.
1164/rccm.201309-1634ST.
Uk JB, Woodcock A, Knight A, et al. BTS Guideline on Pulmonary
Rehabilitation in Adults. An Int J Respir Med. 2013;68(2):ii1–31. doi:10.1136/
thoraxjnl-2013-203808.
National Board of Health. National Klinisk Retningslinje for Rehabilitering Af
Patienter Med KOL. Copenhagen; 2014. https://www.sst.dk/da/nyheder/
2014/~/media/C0B92E9C3BEA4B28A3294D70288EC535.ashx. Accessed 12
Feb 2017.
Paneroni M, Simonelli C, Vitacca M, Ambrosino N. Aerobic exercise training
in very severe chronic obstructive pulmonary disease. Am J Phys Med
Rehabil. 2017;0(0):1. doi:10.1097/PHM.0000000000000667.
Schepelern Johansen K, Skovbo P, Og R, Christiansen AH. Hvem Deltager
Og Hvem Deltager Ikke I Patient- Uddannelse Evaluering Af
Sygdomsspecifik Patient- Uddannelse I Region Hovedstaden; 2012. http://
www.kora.dk/media/1274/dsi-3614.pdf. Accessed 12 Feb 2017.
Keating A, Lee A, Holland AE. What prevents people with chronic
obstructive pulmonary disease from attending pulmonary rehabilitation? A
systematic review. Chron Respir Dis. 2011;8(2):89–99. doi:10.1177/
1479972310393756.
Fischer MJ, Scharloo M, Abbink JJ, et al. Drop-out and attendance in
pulmonary rehabilitation: the role of clinical and psychosocial variables.
Respir Med. 2009;103(10):1564–71. doi:10.1016/j.rmed.2008.11.020.
Bjoernshave B, Korsgaard J, Nielsen CV. Does pulmonary rehabilitation work
in clinical practice? A review on selection and dropout in randomized
controlled trials on pulmonary rehabilitation. Clin Epidemiol. 2010;2:73–83.
http://www.ncbi.nlm.nih.gov/pubmed/20865106. Accessed 12 Feb 2017
Bjoernshave B, Korsgaard J, Jensen C, Vinther NC. Participation in pulmonary
rehabilitation in routine clinical practice. Clin Respir J. 2011;5(4):235–44. doi:
10.1111/j.1752-699X.2011.00237.x.
Minet LR, Hansen LW, Pedersen CD, et al. Early telemedicine training and
counselling after hospitalization in patients with severe chronic obstructive
pulmonary disease: a feasibility study. BMC Med Inform Decis Mak. 2012;15
doi:10.1186/s12911-014-0124-4.
Holland AE, Hill CJ, Rochford P, Fiore J, Berlowitz DJ, Mcdonald CF. Q
Telerehabilitation for people with chronic obstructive pulmonary disease:
feasibility of a simple, real time model of supervised exercise training. J
Telemed Telecare. 2013;19:222–6. doi:10.1177/1357633X13487100.
Burkow TM, Vognild LK, Johnsen E, et al. Comprehensive pulmonary
rehabilitation in home-based online groups: a mixed method pilot study in
COPD. BMC Res Notes. 2015;8(8). doi:10.1186/s13104-015-1713-8.
Paneroni M, Colombo F, Papalia A, et al. Is Telerehabilitation a safe and
viable option for patients with COPD? A feasibility study. COPD. 2015;12(2):
217–25. doi:10.3109/15412555.2014.933794.
Zanaboni P, Lien LA, Hjalmarsen A, Wootton R. Long-term telerehabilitation
of COPD patients in their homes: interim results from a pilot study in
Northern Norway. J Telemed Telecare. 2013;19(7):425–9. doi:10.1177/
1357633X13506514.
Marquis N, Larivée P, Saey D, Dubois M-F, Tousignant M. In-home pulmonary
Telerehabilitation for patients with chronic obstructive pulmonary disease: a
pre-experimental study on effectiveness, satisfaction, and adherence. Telemed
J E Heal. 2015;21(11):870–9. doi:10.1089/tmj.2014.0198.
Tsai LLY, McNamara RJ, Moddel C, Alison JA, McKenzie DK, McKeough
ZJ. Home-based telerehabilitation via real-time videoconferencing
improves endurance exercise capacity in patients with COPD: the
randomized controlled TeleR study. Respirology. 2017;22(4):699–707. doi:
10.1111/resp.12966.
Chaplin E, Hewitt S, Apps L, et al. Interactive web-based pulmonary
rehabilitation programme: a randomised controlled feasibility trial. BMJ
Open. 2017;7(3):e013682. doi:10.1136/bmjopen-2016-013682.
Vasilopoulou M, Papaioannou AI, Kaltsakas G, et al. Home-based
maintenance tele- rehabilitation reduces the risk for acute exacerbations
of COPD, hospitalisations and emergency department visits. Eur Respir
J. 2017;49 http://erj.ersjournals.com/content/erj/49/5/1602129.full.pdf.
Accessed May 29, 2017

Hansen et al. BMC Pulmonary Medicine (2017) 17:140

22. Zanaboni P, Dinesen B, Hjalmarsen A, et al. Long-term integrated
telerehabilitation of COPD Patients : a multicentre randomised controlled
trial ( iTrain ). BMC Pulm Med. 2016;16(1):126. doi:10.1186/s12890-016-0288-z.
23. Hoffmann TC, Glasziou PP, Boutron I, et al. Better reporting of interventions:
template for intervention description and replication (TIDieR) checklist and
guide. BMJ. 2014;348:g1687. doi:10.1136/bmj.g1687.
24. Chan A-W, Tetzlaff JM, Altman DG, et al. SPIRIT 2013 statement: defining
standard protocol items for clinical trials. Ann Intern Med. 2013;158(3):200.
doi:10.7326/0003-4819-158-3-201302050-00583.
25. Boutron I, Moher D, Altman DG, Schulz KF, Ravaud P, CONSORT Group. Methods
and processes of the CONSORT group: example of an extension for trials
assessing nonpharmacologic treatments. Ann Intern Med. 2008;148(4):W60–6.
http://www.ncbi.nlm.nih.gov/pubmed/18283201. Accessed 12 Feb 2017
26. Holland AE, Hill CJ, Rasekaba T, Lee A, Naughton MT, McDonald CF.
Updating the minimal important difference for six-minute walk distance in
patients with chronic obstructive pulmonary disease. Arch Phys Med
Rehabil. 2010;91(2):221–5. doi:10.1016/j.apmr.2009.10.017.
27. Puhan MA, Chandra D, Mosenifar Z, et al. The minimal important
difference of exercise tests in severe COPD. Eur Respir J. 2011;37(4):784–
90. doi:10.1183/09031936.00063810.
28. Pescatello LS, Arena R, Riebe D, Thompson PD, American College of Sports
Medicine. ACSM’s Guidelines for Exercise Testing and Prescription. 9th ed.
(Lippincott Williams & Wilkins.;, ed.). Lippincott Williams & Wilkins.; 2014.
https://shop.lww.com/search?facetValueFilter=tenant~isprimary:true&query=
American+College+of+Sports+Medicine.+ACSM%E2%80%99s+Guidelines
+for+Exercise+Testing+and+Prescription.+&categoryId=69.
29. Mølsted S, Dall CH, Hansen H, Beyer N. Anbefalinger Til Superviseret Fysisk
Traening Af Mennesker Med Type 2-Diabetes, KOL Og Hjerte-Kar-Sygdom.;
2012. https://www.regionh.dk/til-fagfolk/Sundhed/Tvaersektorieltsamarbejde/kronisk-sygdom/PublishingImages/Sider/Rehabilitering/
2206717238_RapportRHLauraJenniferMunkø_low.pdf. Accessed 12 Feb 2017.
30. Capital Region D. Forløbsprogram for KOL Hospitaler, Almen Praksis Og
Kommunerne I Region Hovedstaden.; 2015. https://www.regionh.dk/
Sundhedsaftale/bilag-og-download/Documents/RH_Program_KOL_rev_
2015.pdf. Accessed February 12, 2017.
31. McFarland C, Willson D, Sloan J, Coultas D. A randomized trial comparing 2 types
of in-home rehabilitation for chronic obstructive pulmonary disease: a pilot study.
J Geriatr Phys Ther. 2012;35(3):132–9. doi:10.1519/JPT.0b013e31824145f5.
32. Nyberg A, Lindström B, Wadell K. Assessing the effect of high-repetitive
single limb exercises (HRSLE) on exercise capacity and quality of life in
patients with chronic obstructive pulmonary disease (COPD): study
protocol for randomized controlled trial. Trials. 2012;13(1):114.
doi:10.1186/1745-6215-13-114.
33. Janaudis-Ferreira T, Hill K, Goldstein RS, et al. Resistance arm training in
patients with COPD: a randomized controlled trial. Chest. 2011;139(1):151–8.
doi:10.1378/chest.10-1292.
34. Costi S, Crisafulli E, Degli Antoni F, Beneventi C, Fabbri LM, Clini EM.
Effects of unsupported upper extremity exercise training in patients
with COPD: a randomized clinical trial. Chest. 2009;136(2):387–95.
doi:10.1378/chest.09-0165.
35. Gosker HR, Lencer NHMK, Franssen FME, van der Vusse GJ, Wouters EFM,
Schols AMWJ. Striking similarities in systemic factors contributing to
decreased exercise capacity in patients with severe chronic heart failure or
COPD. Chest. 2003;123(5):1416–24. http://www.ncbi.nlm.nih.gov/pubmed/
12740256. Accessed 12 Feb 2017.
36. WDC M, MGG S, Gearing J, et al. Symptoms and quadriceps fatigability after
walking and cycling in chronic obstructive pulmonary disease. Am J Respir
Crit Care Med. 2003;168(5):562–7. doi:10.1164/rccm.200302-162OC.
37. Pedersen BK, Saltin B. Exercise as medicine - evidence for prescribing
exercise as therapy in 26 different chronic diseases. Scand J Med Sci Sports.
2015;25(Suppl 3):1–72. doi:10.1111/sms.12581.
38. Troosters T, Casaburi R, Gosselink R, Decramer M. Pulmonary rehabilitation
in chronic obstructive pulmonary disease. Am J Respir Crit Care Med. 2005;
172(1):19–38. doi:10.1164/rccm.200408-1109SO.
39. Campos GER, Luecke TJ, Wendeln HK, et al. Muscular adaptations in
response to three different resistance-training regimens: specificity of
repetition maximum training zones. Eur J Appl Physiol. 2002;88(1–2):50–60.
doi:10.1007/s00421-002-0681-6.
40. Rice KL, Dewan N, Bloomfield HE, et al. Disease management program for
chronic obstructive pulmonary disease a randomized controlled trial. Am J
Respir Crit Care Med. 2010;182(7):890–6. doi:10.1164/rccm.200910-1579OC.

Page 14 of 14

41. Holland AE, Spruit MA, Troosters T, et al. An official European respiratory
society/American thoracic society technical standard: field walking tests in
chronic respiratory disease. Eur Respir J. 2014;44(6):1428–46. doi:10.1183/
09031936.00150314.
42. Sciurba F, Criner GJ, Lee SM, et al. Six-minute walk distance in chronic
obstructive pulmonary disease. Am J Respir Crit Care Med. 2003;167(11):
1522–7. doi:10.1164/rccm.200203-166OC.
43. Jones CJ, Rikli RE, Beam WC. A 30-s chair-stand test as a measure of lower
body strength in community-residing older adults. Res Q Exerc Sport. 1999;
70(2):113–9. doi:10.1080/02701367.1999.10608028.
44. Zanini A, Aiello M, Cherubino F, et al. The one repetition maximum test and
the sit-to-stand test in the assessment of a specific pulmonary rehabilitation
program on peripheral muscle strength in COPD patients. Int J Chron
Obstruct Pulmon Dis. 2015;10:2423–30. doi:10.2147/COPD.S91176.
45. Jones PW, Harding G, Berry P, Wiklund I, Chen WH, Kline LN. Development
and first validation of the COPD assessment test. Eur Respir J. 2009;34(3):
648–54. doi:10.1183/09031936.00102509.
46. Jones PW, Harding G, Wiklund I, et al. Tests of the responsiveness of the
COPD assessment test following acute exacerbation and pulmonary
rehabilitation. Chest. 2012;142(1):134–40. doi:10.1378/chest.11-0309.
47. Smid DE, Franssen FME, Houben-Wilke S, et al. Responsiveness and MCID
estimates for CAT, CCQ, and HADS in patients with COPD undergoing
pulmonary rehabilitation: a prospective analysis. J Am Med Dir Assoc. 2017;
18(1):53–8. doi:10.1016/j.jamda.2016.08.002.
48. Kon SSC, Canavan JL, Jones SE, et al. Minimum clinically important
difference for the COPD assessment test: a prospective analysis. Lancet
Respir Med. 2014;2(3):195–203. doi:10.1016/S2213-2600(14)70001-3.
49. van der Molen T, Willemse BWM, Schokker S, ten Hacken NHT, Postma DS,
Juniper EF. Development, validity and responsiveness of the clinical COPD
questionnaire. Health Qual Life Outcomes. 2003;1:13. doi:10.1186/1477-7525-1-13.
50. Kon SSC, Dilaver D, Mittal M, et al. The clinical COPD questionnaire:
response to pulmonary rehabilitation and minimal clinically important
difference. Thorax. 2014;69(9):793–8. doi:10.1136/thoraxjnl-2013-204119.
51. Kocks J, Tuinenga M, Uil S, van den Berg J, Ståhl E, van der Molen T.
Health status measurement in COPD: the minimal clinically important
difference of the clinical COPD questionnaire. Respir Res. 2006;7(1):62.
doi:10.1186/1465-9921-7-62.
52. Bjelland I, Dahl AA, Haug TT, Neckelmann D. The validity of the hospital
anxiety and depression scale. J Psychosom Res. 2002;52:69–77. doi:10.1016/
S0022-3999(01)00296-3.
53. Puhan MA, Frey M, Büchi S, Schünemann HJ. The minimal important
difference of the hospital anxiety and depression scale in patients with
chronic obstructive pulmonary disease. Health Qual Life Outcomes. 2008;6:
46. doi:10.1186/1477-7525-6-46.
54. Brooks R, Rabin R, Charro F. The measurement and valuation of health
status using EQ-5D: a European Perspective : evidence from the EuroQol
BIOMED research Programme. Springer Netherlands; 2003.
55. Zanini A, Aiello M, Adamo D, et al. Estimation of minimal clinically
important difference in EQ-5D visual analog scale score after pulmonary
rehabilitation in subjects with COPD. Respir Care. 2015;60(1):88–95. doi:10.
4187/respcare.03272.
56. Grant PM, Ryan CG, Tigbe WW, Granat MH. The validation of a novel activity
monitor in the measurement of posture and motion during everyday
activities. Br J Sports Med. 2006;40(12):992–7. doi:10.1136/bjsm.2006.030262.
57. Taraldsen K, Askim T, Sletvold O, et al. Evaluation of a body-worn sensor
system to measure physical activity in older people with impaired function.
Phys Ther. 2011;91(2):277–85. doi:10.2522/ptj.20100159.
58. Cindy Ng LW, Jenkins S, Hill K. Accuracy and responsiveness of the
stepwatch activity monitor and ActivPAL in patients with COPD when
walking with and without a rollator. Disabil Rehabil. 2012;34(15):1317–22.
doi:10.3109/09638288.2011.641666.
59. Demeyer H, Burtin C, Hornikx M, et al. The minimal important difference in
physical activity in patients with COPD. PLoS One. 2016;11(4):1–11. doi:10.
1371/journal.pone.0154587.
60. Ryan CG, Grant PM, Tigbe WW, Granat MH, Ryan CG. The validity and
reliability of a novel activity monitor as a measure of walking. Br J Sport
Med. 2006;40(table 1):779–84. doi:10.1136/bjsm.2006.027276.

