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Abstract

Background: Pulmonary rehabilitation (PR) has demonstrated patients’ physiological and psychosocial
improvements, symptoms reduction and health-economic benefits whilst enhances the ability of the whole family
to adjust to illness. However, PR remains highly inaccessible due to lack of awareness of its benefits, poor referral
and availability mostly in hospitals. Novel models of PR delivery are needed to enhance its implementation while
maintaining cost-efficiency. We aim to implement an innovative community-based PR programme and assess its
cost-benefit.

Methods: A 12-week community-based PR will be implemented in primary healthcare centres where programmes
are not available. Healthcare professionals will be trained. 73 patients with CRD and their caregivers (dyads patient-
caregivers) will compose the experimental group. The control group will include dyads age- and disease-matched
willing to collaborate in data collection but not in PR. Patients/family-centred outcomes will be dyspnoea (modified
Medical Research Council Questionnaire), fatigue (Checklist of individual strength and Functional assessment of
chronic illness therapy – fatigue), cough and sputum (Leicester cough questionnaire and Cough and sputum
assessment questionnaire), impact of the disease (COPD Assessment Test), emotional state (The Hospital Anxiety
and Depression Scale), number of exacerbations, healthcare utilisation, health-related quality of life and family
adaptability/cohesion (Family Adaptation and Cohesion Scale). Other clinical outcomes will be peripheral (biceps
and quadriceps-hand held dynamometer, 1 or 10 repetition-maximum) and respiratory (maximal inspiratory and
expiratory pressures) muscle strength, muscle thickness and cross sectional area (biceps brachialis, rectus femoris
and diaphragm-ultrasound imaging), exercise capacity (six-minute walk test and one-minute sit to stand test),
balance (brief-balance evaluation systems test) and physical activity (accelerometer). Data will be collected at
baseline, at 12 weeks, at 3- and 6-months post-PR.
Changes in the outcome measures will be compared between groups, after multivariate adjustment for possible
confounders, and effect sizes will be calculated. A cost-benefit analysis will be conducted.

(Continued on next page)

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

* Correspondence: amarques@ua.pt
1Respiratory Research and Rehabilitation Laboratory (Lab3R), School of Health
Sciences (ESSUA), University of Aveiro, Agras do Crasto - Campus
Universitário de Santiago, Edifício 30, 3810-193 Aveiro, Portugal
2Institute of Biomedicine (iBiMED), University of Aveiro, Agras do Crasto -
Campus Universitário de Santiago, Edifício 30, 3810-193 Aveiro, Portugal
Full list of author information is available at the end of the article

Marques et al. BMC Public Health          (2019) 19:676 
https://doi.org/10.1186/s12889-019-7045-1

http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-019-7045-1&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:amarques@ua.pt


(Continued from previous page)

Discussion: This study will enhance patients access to PR, by training healthcare professionals in the local primary
healthcare centres to conduct such programmes and actively involving caregivers. The cost-benefit analysis of this
intervention will provide an evidence-based insight into the economic benefit of community-based PR in chronic
respiratory diseases.

Trial registration: The trial was registered in the ClinicalTrials.gov U.S. National Library of Medicine, on 10th
January, 2019 (registration number: NCT03799666).

Keywords: Exercise training, Education and psychosocial support, Chronic respiratory diseases, Primary healthcare,
Cost-benefit,

Background
Respiratory diseases represent five of the thirty most
common causes of death worldwide [1, 2] and account
for more than 10% of all disability-adjusted life-years [1].
It is known that these conditions impact on economic
and social systems [3] but most importantly, cause enor-
mous challenges for individuals and respective families.
These patients experience disabling symptoms (includ-
ing dyspnoea, fatigue, cough, sputum, anxiety and de-
pression), limitation in their activities of daily life and
social/family interactions, exercise intolerance, low phys-
ical activity levels and impairments in their quality of life
[4–19]. Caregivers provide invaluable support to these
patients, i.e., emotional/spiritual (e.g., someone to whom
they can talk to), physical/practical (e.g., dressing, mobil-
ity assistance, medication check, overnight vigilance)
and social and financial [20, 21]. Although they report
positive experiences, negative impacts and specific needs
directly related to their role have also been widely ac-
knowledged [20–25]. However, very little has been done
to support caregivers and there is lack of interventional
studies [20, 21]. Pulmonary rehabilitation (PR) has been
proposed as a possible response [21, 23, 26] since it
could actively involve the family system within care de-
livery [27].
PR is a comprehensive intervention, which includes

exercise training, education and behaviour change, to
improve patients’ physical and psychological wellbeing
and to promote their long-term adherence to health-
enhancing behaviours [28]. In patients with chronic re-
spiratory diseases (CRD) (chronic obstructive pulmonary
disease [COPD], interstitial lung disease, bronchiectasis,
cystic fibrosis, asthma, pulmonary hypertension, lung
cancer), PR has demonstrated physiological and psycho-
social improvements, symptoms reduction and health
economic benefits [10, 29–37]. It has also shown to en-
hance the ability of the whole family to cope and psy-
chosocially adjust to illness [27]. Given its benefits, PR
has been proposed to be part of the standard care of-
fered to patients with CRD [10, 28]. However, it con-
tinues to be highly inaccessible [10]. Patients lack
awareness of its benefits, there is poor referral from

healthcare professionals and programmes are mostly
hospital-based and directed at patients with COPD at
advanced stages [28, 38]. Therefore, it has been acknowl-
edged that several steps are needed to increase access to
PR, such as: i) enhancing accessibility of the existing
programmes; ii) increasing the number of programmes
especially in the community; iii) developing and validat-
ing novel models to deliver sustainable PR; iv) increasing
PR reimbursement and payer acceptance; v) exploring
its cost-benefit; vi) promoting maintenance of long-term
results and vii) identifying those who should be priori-
tised [28, 38]. This study will address some of these
steps. It is hypothesised that community-based PR, di-
rected to patients with several CRD, at all grades of the
disease, and involving different local stakeholders (i.e.,
healthcare professionals, patients, caregivers, decision-
makers and the local community) may turn PR more ac-
cessible, sustainable and cost-effective.

Methods
Aims
The main goal of this project is to implement an innova-
tive community-based PR programme and assess its
cost-benefit. The primary objectives are to:

1.1.Investigate the short- and medium-term effects of
community-based PR programmes, implemented
with minimal resources and with local healthcare
professionals, in patients and caregiver’s health-
related quality of life;

1.2.Investigate the cost-benefit of the community-based
PR programmes on acute exacerbations and health-
care utilisation, to determine whether the intrinsic
perceived social value of such programmes have
identifiable benefits and, consequently, measurable
economic value for society.

The following secondary objectives will be addressed:

2.1 To explore the short- and medium-term effects of
community-based PR programmes on patients and
caregivers’ symptoms, impact of the disease, family
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adaptability/cohesion, peripheral and respiratory
muscle strength, exercise capacity, balance and
physical activity.

2.2 To explore differences between patients and
caregivers’ who participate and those who did not
participate in community-based PR programmes in
relation to dyspnoea, fatigue, cough, impact of the
disease, emotional state, health-related quality of
life, number of exacerbations, healthcare utilization,
family adaptability/cohesion, peripheral and respira-
tory muscle strength and thickness, exercise cap-
acity, balance and physical activity.

2.3 To explore associations between patients and
caregivers’ outcomes of dyspnoea, fatigue, cough,
impact of the disease, emotional state, number of
exacerbations, healthcare utilisation, family
adaptability/cohesion, peripheral and respiratory
muscle strength and thickness, exercise capacity,
balance and physical activity, pre-post community-
based PR programmes.

2.4 To investigate the short-term effects of community-
based PR programmes on patients’ peripheral
muscle (quadriceps and biceps) and diaphragm
thickness, cross sectional area, echointensity and
motion measured resorting to ultrasound imaging.

Study design, setting and recruitment
A real-world non-randomised controlled study con-
ducted in the community has been designed. Coordina-
tors of primary healthcare centres will be approached in
an arranged meeting to explain the study and those in-
terested to participate will be asked to identify the multi-
disciplinary team available in their primary healthcare
centre. Indication for the minimum staff required will be
provided, i.e., a physician, a physiotherapist and a nurse;
however, emphasis on the importance to include other
professionals (e.g., nutritionist, psychologist, social
worker), if available, will be given, following the inter-
national recommendations [28, 39, 40]. General practi-
tioners and/or pulmonologists will identify eligible stable
patients with a CRD (e.g., COPD, asthma, asthma-
COPD overlap, interstitial lung disease, etc.) and their
caregivers, and explain the study. Only patients and
caregivers with interest in participating will be contacted
by the researchers. A meeting will then be arranged to
provide written and oral information about the study
and collect the informed consent (Additional file 1). The
researchers also explained that all data would be kept in
databases password protected, using codes and their
names would never be disclosed, ensuring the confiden-
tiality and anonymity of all data. Two groups will be
composed, experimental (EG) and control (CG). The EG
will include patients and caregivers wanting to partici-
pate in a 12-week community-based PR programme and

the CG will include those age- and disease-matched will-
ing to collaborate in data collection but not in the PR
programme. Recruitment started in January 2019, with
final data collection expected to be completed in De-
cember 2019.

Patient and public involvement
Patients and public were not directly involved in the
study design or recruitment in this study however, au-
thors were informed about their needs, preferences and
expectations, as well as on the outcomes by recent pub-
lished papers of the research team, and took those into
consideration when designing the study [41, 42].

Eligibility criteria
Patients will be eligible if they are diagnosed with a CRD
[43, 44] and clinically stable in the previous month (i.e.,
no hospital admissions, exacerbations or changes in
medication for the cardiorespiratory system). Exclusion
criteria will be the presence of any clinical condition that
can preclude participants of being involved in the
community-based PR programme, such as, signs of cog-
nitive impairment (e.g. dementia) or presence of a sig-
nificant cardiovascular (e.g. symptomatic ischaemic
cardiac disease), neurological (e.g. neuromuscular dys-
trophy disease) or musculoskeletal disease (e.g. import-
ant kyphoscoliosis). Caregivers will be included if they
are: ≥18 years old and living with or providing physical/
supportive care to the patient, and excluded if they are
unable to cooperate.

Data collection
Sociodemographic (age, sex, educational level, marital
and working status), anthropometric (height and weight
to calculate the body mass index) and general clinical
data (long-term oxygen, non-invasive ventilation, med-
ical history, comorbidities to calculate the Charlson Co-
morbidity Index [45] and medication) will first be
collected with a structured questionnaire to characterise
the sample and will be followed by a lung function test
with spirometry [46].
The primary outcome measure will be health-related

quality of life, assessed with the St. George Respiratory
Questionnaire (SGRQ) [47] in patients and with the
World Health Organization Quality of Life Bref Ques-
tionnaire [48, 49] in caregivers. The number of acute ex-
acerbations, healthcare utilisation costs and collateral
costs (e.g. transport costs, work absence costs, sickness
benefits) will also be collected to conduct the cost-
benefit analysis [50].
In addition, the following secondary outcomes will be

assessed: symptoms of dyspnoea (modified Medical Re-
search Council Questionnaire [mMRC]) [51], fatigue
(Checklist of individual strength [CIS-20]) [52] and
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Functional assessment of chronic illness therapy – fa-
tigue [FACIT-F]) [53, 54], cough and sputum (Leicester
cough questionnaire [LCQ] [55] and Cough and sputum
assessment questionnaire [CASA-Q]) [56], impact of the
disease (COPD Assessment Test [CAT]) [57, 58], emo-
tional status (The Hospital Anxiety and Depression Scale
[HADS]) [59, 60], Family Adaptation and Cohesion
Scales [FACES-IV]) [61, 62], peripheral (biceps and
quadriceps with the hand held dynamometer, 1 [1-RM]
or 10 [10-RM] repetition-maximum) [63, 64] and in-
spiratory and expiratory muscle strength (respiratory
pressure meter) [65], exercise capacity (six-minute walk
test [6MWT] and one-minute sit to stand test [1-min
STS]) [66, 67], balance (brief-balance evaluation systems
test [Brief-BESTest]) [68] and physical activity (acceler-
ometer) [14]. Peripheral muscle (rectus femoris and bi-
ceps brachialli) and diaphragm thickness, cross sectional
area [69, 70] and echointensity [71], excursion and M-
Mode Index of Obstruction (MIO) [72–74], will be mea-
sured with ultrasound images – ImageJ and Matlab soft-
ware. Global rating of change scale [75] for fatigue,
cough, sputum, peripheral and respiratory muscle
strength and balance will also be collected.
Data will be collected from patients and caregivers

at baseline, at 12 weeks and at 3- and 6-months post-
PR. Ultrasound imaging will only be collected at base-
line and at 12 weeks in patients from the experimen-
tal group. Additional file 2 provides an overview of
enrolment, intervention and outcomes to be assessed
in each time point.

Intervention
A 12-week community-based PR programme will be im-
plemented in primary healthcare centre with minimal
resources (i.e., pulse oximeters, blood pressure monitors,
modified Borg scales, chairs, stairs, corridors, free
weights built with bottles with sand when others are not
available, elastic bands and cushions). Healthcare profes-
sionals from each primary healthcare centres will receive
two sessions of training, of three to 4 hours each, prior
to starting the programme. These sessions will focus on
how to assess patients’ comprehensively, main modules
to approach in the education and psychosocial compo-
nents and importance of involving a multidisciplinary
team. Physiotherapists will also revise principles of exer-
cise safety, prescription and patients’ monitoring. The
PR programme will then be implemented in collabor-
ation with members of the research team, who are highly
experienced professionals in running PR. When the pro-
grammes finish, local healthcare professionals will con-
tinue to implement programmes by themselves and the
research team will be available for assistance and clarifi-
cation of doubts by phone.

The programme will be composed of pre/post PR
comprehensive assessment of patients and caregivers,
two weekly sessions of exercise training and one session
of education and psychosocial support every other week.
Caregivers of the EG will be invited to participate in
these sessions that will be delivered in group, but perso-
nalised to each patient/caregiver.
Each exercise session will last between 60 and 75 min

and will be delivered by an experienced physiotherapist
in accordance with the international guidelines [28], i.e.,
it will include warm up, aerobic, resistance and balance
training and a cool down period. Furthermore, inspira-
tory muscle training [65] will be provided if maximal in-
spiratory pressure is < 80 cmH2O [76]. Heart rate and
oxygen saturation (with a pulse oximeter) and perceived
dyspnoea and fatigue (with the modified Borg scale)
[77], will be monitored throughout the sessions. Inten-
sity of the aerobic and resistance training will be indi-
vidually prescribed using the 6MWT [66] and the 1-RM
or 10-RM methods [64] (considering the availability of
the local equipment), respectively. After a 5 min. Warm-
up period (range-of-motion, stretching, low-intensity
aerobic exercises and breathing techniques), aerobic
training will be conducted in corridors and stairs/steps
or in cycloergometers or treadmills if available in the fa-
cilities, for 20–30 min at 80% of the average speed
achieved during the 6-MWT, or 60 to 80% of their work
peak, or 60 to 80% of maximum heart rate [40, 78]. Re-
sistance training will consist of 8 exercises of the major
upper and lower limb muscle groups, at 60 to 70% of 1-
RM or tailored in accordance to the 10-RM, using free
weights and ankle weights for 20–25 min [79]. A balance
training component will follow for 10min with exercises
for the six subsystems of balance control [80] and then
the programme will finish with a 5 min. Cool down
period. During the PR programme, progression in the
training intensity will be tailored according to the per-
ceived dyspnoea and fatigue (4–6 in the modified Borg
scale). A detailed description of the exercise training
component can be found in Fig. 1.
Each education and psychosocial session will last ap-

proximately 90 min. Six sessions will be conducted by a
multidisciplinary team. Based on the literature and pre-
vious experience, it is anticipated that some themes will
need to be addressed [42, 81–84] however, the compo-
nent will be tailored to patients and caregivers’ needs. A
detailed description of these sessions can be found in
Fig. 2.
Patients will also receive recommendations for home

training to complete on the additional days: i) aerobic,
resistance and balance exercises and general health
counselling to perform ⩾30min of moderate physical ac-
tivity ⩾5 days per week [85]. A leaflet with some exercise
options and physical activity guidance will be provided
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Fig. 1 Community-based pulmonary rehabilitation – exercise training component. 6MWT – 6-min walk test; Wpeak - work peak; HRmax –
maximum heart rate; 1-RM – 1 repetition maximum; 10-RM – 10 repetition maximum; N/A – not applicable. Consent from participants was
obtained to publish the data

Fig. 2 Community-based pulmonary rehabilitation – education and psychosocial component
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(Fig. 3). Moreover, they will sign a physical activity con-
tract, which consists of encouraging self-efficacy and es-
tablishing individualised goal setting [86]. For this
purpose, the final goal of steps average count will be ne-
gotiated with the patients, accordingly to their baseline,
i.e., those with > 9000 steps/day - maintain or increase
steps/day; those with ≥6000 and < 9000 steps/day - reach
9000 steps/day and in those with < 6000 steps - increase
3000 steps/day by the end of the programme [87]. Fur-
thermore, the physiotherapist will provide weekly-
feedback to encourage patients to increase 562 steps
every week [88]. Participants will receive a pedometer
and a physical activity diary, to register their daily steps.
The CG will continue to receive the standard care

from the primary healthcare team.

Sample size
A sample size estimation with 80% power at 5% signifi-
cance was calculated to detect significant differences in
patients’ health-related quality of life assessed with the
SGRQ. The pre-post score achieved in the intervention
group of a PR in COPD integrating family-based educa-
tion and psychosocial support was used (Pre 37.9 ± 18.2
vs. Post 31.4 ± 18.7, p < 0.001) [27], resulting in a total
sample size of 73 participants. In PR programmes, drop-
out rates are approximately 20 to 40% [89, 90].

Therefore, 102 participants will be recruited. Sample size
calculation was performed using G*Power 3.1.3 (Univer-
sität Düsseldorf, Düsseldorf, Germany).

Data management and statistical analysis
All variables will be processed in IBM SPSS or MS Excel
software. Descriptive statistics, including frequencies,
means and standard deviations, medians and interquar-
tile ranges, will be used as appropriate. Short- and
medium-term effects of the community-based PR pro-
grammes will be verified using paired t-test or Wilcoxon
signed-rank tests, accordingly to data normality. Mean
scores of continuous variables will be compared between
patients and their caregivers using independent samples
t-test or Mann Whitney U test, depending on the vari-
able distribution. Pearson correlation coefficient [91]
and Bland and Altman plots [92] for continuous vari-
ables and Cohen’s k [93] for categorical variables, will be
applied to study the relationship and agreement between
patients and caregivers. Relationships between variables
will be explored with inferential, correlational and uni-
variate/multivariate analyses in SPSS. Differences be-
tween the EG and CG at different time points will be
assessed using a two-way ANOVA with repeated mea-
sures (continuous data), Kruskal-Wallis (ordinal data)
and Chi-square or Fisher exact probability tests (nominal

Fig. 3 Exercise options and physical activity recommendations for patients to perform at home
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data). If missing data is found during the study follow
up, the generalized estimating equation’ models will be
applied. This method is an extension of generalized lin-
ear models to longitudinal data which permits the inclu-
sion of time-dependent variables and the analysis of
incomplete data (without imputing missing data), com-
mon in longitudinal health studies [94]. A significance
level of 0.05 will be used.
Whenever possible, minimal clinically important dif-

ferences (MCID) will be established, following the
current recommendations to integrate both anchor-
based and distribution-based approaches [95, 96]. The
final MCID for each measure will be pooled using
MetaXL 5.3 (EpiGear International, Queensland,
Australia), with the input data being the MCID gener-
ated by each anchor- and distribution-based method
and, when appropriate, the respective confidence inter-
val. A quality effects model [97] will be used and
anchor-based methods will weigh more than distribution
methods (i.e., 2/3 against 1/3) [98].
A cost-benefit analysis will be conducted to determine

the economic value of the perceived social value of
community-based PR programmes. This analysis allows
for the aggregation of both health and non-health bene-
fits and costs of the PR programme and provides useful
and quantifiable information [99, 100], not only for pa-
tients and health care institutions, but also for decision
makers [101].
Focusing on the frequency and length of exacerba-

tions, healthcare utilisation costs and quality of life
gains, along with several indirect costs and benefits asso-
ciated with PR implementation, including productivity
loss of patients and caregivers who provide assistance,
working, transportation costs, administrative costs, op-
portunity costs, sickness benefits payed to the patient or
professional training and recruiting costs, three comple-
mentary data analysis will be held: cost:-effectiveness,
−utility and -benefit.
As recent studies on COPD have demonstrated, it is

suitable for cost-effectiveness analysis to rest on the ratio
incremental cost per exacerbation/healthcare utilisation
avoidance [102] aiming to compare relative costs and
outcomes of PR. Then, to assess the expected impact on
patients’ health-related quality of life, cost-utility analysis
computes the measures of quality adjusted life years
(QALY) [103] and healthy years equivalents (HYEs)
[104] and determines the incremental cost per QALY/
HYE gained. Finally, to account for the monetary trans-
lation of positive and negative effects of community-
based PR programmes, cost-benefit analysis will be per-
formed by determining the measures of net present
monetary benefit and economic internal rate of return
[105], along with a sensitivity analysis to control for the
uncertainty on the assessment of costs and benefits

associated to the community-based PR programmes
[106, 107].

Discussion
This real-world study will focus on enhancing patients’
access to PR by implementing it within their community,
with the staff available in local primary healthcare cen-
tres and actively involving informal caregivers. It will
also compute a measure of cost-benefit of implementing
this intervention in the community. This information is
needed for advocating the wide dissemination of PR
across the world, actively involve and train caregivers
and more healthcare professionals in the disease man-
agement of patients with CRD.
This study differs from others, by implementing a fun-

damental intervention for all patients with CRD, at dif-
ferent development stage of their disease, within the
community, near their homes and where it is known that
this intervention is lacking [38]. Patients with chronic
respiratory conditions have been accessing to PR mainly
in hospitals where constrains regarding availability,
transportation, funding and referral exist [28, 38, 108].
Although community-based PR in patients with COPD
has been found to be effective for health-related quality
of life [35, 36] and exercise capacity [36], caution inter-
preting these results is needed as relatively few studies
exist and they were conducted in several settings (home,
primary healthcare centres, a mixture of more than one
setting) with disparities in the structure and components
of the intervention, hindering strong conclusions regard-
ing the effects of community-based PR. In other CRD,
comparisons across settings are not even possible due to
the lack of studies [29, 30, 33]. Recently, a community-
based PR programme conducted in a non-healthcare fa-
cility with patients with several CRD demonstrated posi-
tive effects on patients’ exercise capacity, health-related
quality of life, and a reduction in respiratory-related hos-
pital admissions in the 12 months following the
programme [108]. However, primary healthcare centres
are embedded within the community, have a multidis-
ciplinary team available and most patients and their fam-
ilies have their routine follow-ups in these facilities.
Therefore, these community healthcare infrastructures
might be ideal candidates to enhance patients’ access to
PR but, staff often lacks training and equipment is
scarce. This study proposes to deliver a highly structured
training to available primary healthcare staff where PR is
non-existent, supervise the staff during one programme
delivery, using minimal resources, and guide them on
the development or acquisition of equipment. This will
increase the PR response to patients with chronic re-
spiratory conditions but, will also raise awareness in
more healthcare professionals for this intervention. It is
also known that caregivers are the main providers of
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support to these patients [20, 21] and it has been demon-
strated that when they are integrated in PR programmes
the whole family benefits from it [27]. Therefore, this pro-
ject will be innovative by empowering healthcare profes-
sionals of health facilities where PR programmes are not
available, but also by actively involving caregivers in this
intervention which together is believed to improve dis-
semination and sustainability of PR in the community di-
rected to patients with several CRD.
In addition, positive effects are expected to arise from

the cost-benefit analysis. The need to increase awareness
and knowledge of PR among rulers and decision makers
has been widely identified, and an economic evaluation
might be able to provide “value-for money” information
and promote the dialogue among different stakeholders
and consequently wider dissemination of PR pro-
grammes [10, 38].
Moreover, the longitudinal design will facilitate ana-

lysis of changes over time in a comprehensive set of
measures enhancing our knowledge on patients’ evolu-
tion. This will also represent the ideal opportunity to ex-
plore a wide range of emergent ultrasound measures to
assess the short-term effects of PR on the structure and
motion of the diaphragm and peripheral muscles (biceps
and quadriceps). Ultrasonographic assessment of the
rectus femoris muscle (thickness and cross sectional
area) has been found to be correlated with muscle
strength [70], and some measures of diaphragmatic kin-
etics have been proposed as promising to study disease
progression (e.g., MIO) [73, 74] and prognosis of PR
outcomes (e.g. change in the diaphragmatic length of
zone of apposition at functional residual capacity
ΔLzapp%) [109]. Nevertheless, relatively little is yet
known about the potential of the ultrasonographic as-
sessment to assess the effects of PR on peripheral
muscle (rectus femoris, biceps brachialis) and diaphragm
thickness, cross sectional area [69, 70] and echointensity
[71], excursion and MIO [72–74].
It is important to acknowledge the limitations of this

study. Although it is intended to implement a real-world
study as inclusive as possible and, therefore patients with
distinct CRD will be eligible, this might poses challenges
during the recruitment and implementation phases. This
limitation will be minimised by clarifying and emphasis-
ing the inclusion criteria in the meetings with healthcare
teams when explaining the study. Additionally, an expe-
rienced member in implementing PR programmes will
be present in all sessions together with the staff of the
primary healthcare centre to help with the personalised
interventions. The inclusion of chronic respiratory pa-
tients may also underpower the study. To mitigate this
risk, power calculations were based only on patients
with COPD, since they are the most common population
referred to PR programmes. Nevertheless, it will be

possible to use data from this study to compute power
calculations for other studies.
Another anticipated limitation is the recruitment of

caregivers. Caregivers are rarely included in PR pro-
grammes therefore, they might not be aware of the pos-
sible response that PR can provide not only to patients
but for the whole family. The importance of their inclu-
sion will be discussed with patients and caregivers when
explaining the study. A written information sheet
highlighting the importance of their inclusion will be
provided to promote their inclusion.
Moreover, acknowledging the benefits that PR has for

patients with CRD, not offering PR to all eligible patients
will never be considered. Therefore, the CG will be com-
posed of only those patients who are willing to partici-
pate in data collection but do not want take part in the
PR programme. This might lead to difficulties in recruit-
ing for the CG. Nevertheless, with the permission of pa-
tients and caregivers, a telephone call will be made prior
to data collection to minimise dropouts.
A follow-up period of 6 months could be too short to

draw conclusions about the medium- or long-term
changes in patients’ health and non-health measures, ne-
cessary for cost-benefit analysis. However, limited fund-
ing is available for the study.
Finally, obtaining cooperation of patients during the

ultrasound measurements of the diaphragm might be
challenging as these patients often present significant
dyspnoea and fatigue levels, limiting their collaboration
in the requested breathing manoeuvres.
We expect that this study will enhance the patients’

access to PR and provide an evidence-based insight into
the economic benefit of community-based PR in chronic
respiratory diseases, through a cost-benefit analysis.

Additional files

Additional file 1: Participants’ informed consent. Free informed consent
given to patients prior to integrate the study. (ZIP 2147 kb)

Additional file 2: 3R protocol schedule of enrolment, interventions and
outcomes (adapted from original table1). A table with an overview of
enrolment, intervention and outcomes to be assessed in each time point
in the study. (DOCX 23 kb)

Abbreviations
10-RM: 10 repetition-maximum; 1-min STS: One-minute sit to stand test; 1-
RM: 1 repetition-maximum; 6MWT: Six-minute walk test; Brief-BESTest: Brief-
balance evaluation systems test; CASA-Q: Cough and sputum assessment
questionnaire; CAT: COPD Assessment Test; CG: Control group; CIS-
20: Checklist of individual strength; COPD: Chronic obstructive pulmonary
disease; CRD: Chronic respiratory diseases; EG: Experimental group; FACES-
IV: Family Adaptation and Cohesion Scales; FACIT-F: Functional assessment of
chronic illness therapy – fatigue; HADS: The Hospital Anxiety and Depression
Scale; HYES: Healthy years equivalents; LCQ: Leicester cough questionnaire;
MCID: Minimal clinically important differences; MIO: M-Mode Index of
Obstruction; mMRC: Modified Medical Research Council Questionnaire;
PR: Pulmonary rehabilitation; QALY: Quality adjusted life years; SGRQ: St.
George respiratory questionnaire

Marques et al. BMC Public Health          (2019) 19:676 Page 8 of 11

https://doi.org/10.1186/s12889-019-7045-1
https://doi.org/10.1186/s12889-019-7045-1


Acknowledgements
Not applicable.

Authors’ contributions
AM conceived the idea and was responsible for obtaining the funding
together with CJ, AO, JC, CF, MR, HL, CPg, FM, AS, MS, PM, AA, SF, VM, PS.
She was also responsible for drafting the manuscript. DB is the consultant of
the project. She has been providing consultancy on the research project
since the idea has been conceived and has commented on the manuscript.
VM and PS are responsible for explaining the study as well as for recruiting
and including patients and caregivers. AM, CJ, AO, JC, CF, PR and CP
designed the data acquisition protocols and the pulmonary rehabilitation
programmes. PR, CP, AA, PM and SF performed preliminary measurements,
refined data acquisition protocols and are involved in data acquisition and
analysis. PR and CP have been responsible for implementing the pulmonary
rehabilitation programmes. CF, MR, HL, AS and VM have also contributed for
refining data acquisition protocols and are also engaged in the education
and psychosocial support sessions of the pulmonary rehabilitation
programmes. FM is responsible for the digital technology access and
dissemination of the study. CPg is responsible for the cost-benefit analysis.
All authors have reviewed the manuscript critically for important intellectual
content, provided feedback and approved the submitted manuscript.

Funding
This work, was funded by Fundo Europeu de Desenvolvimento Regional
(FEDER) - Comissão Diretiva do Programa Operacional Regional do Centro
and by Fundação para a Ciência e Tecnologia - FCT (SAICT-POL/23926/2016),
and partially funded by Programa Operacional Competitividade e
Internacionalização (COMPETE), through COMPETE 2020 (POCI-01-0145-
FEDER-016701 and POCI-01-0145-FEDER-007628) and FCT (UID/BIM/04501/
2013 and UID/BIM/04501/2019). CJ has a post-doctoral grant (SFRH/BPD/
115169/2016) funded by FCT, co-financed by the European Social Fund
(POCH) and Portuguese national funds from MCTES (Ministério da Ciência,
Tecnologia e Ensino Superior).
None of the funders were involved in the design of the study and will not
have any role during its execution, analyses, interpretation of data, or
decision to submit results in the future.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
This protocol was approved by the ethics committees of the Health Regional
Administrations of the North (No 37/2017) and Centre (No 73/2016) of
Portugal. Approval from the National Committee for Data Protection was
also obtained “n. ° 7295/2016”. Informed written consent will be obtained
from all participants. The written and oral information that will be given to
all participants, stresses that their participation is voluntary and that they
may withdraw at any time without having to give a reason.

Consent for publication
Consent from participants was obtained to publish the data as anonymous
data only.

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

Author details
1Respiratory Research and Rehabilitation Laboratory (Lab3R), School of Health
Sciences (ESSUA), University of Aveiro, Agras do Crasto - Campus
Universitário de Santiago, Edifício 30, 3810-193 Aveiro, Portugal. 2Institute of
Biomedicine (iBiMED), University of Aveiro, Agras do Crasto - Campus
Universitário de Santiago, Edifício 30, 3810-193 Aveiro, Portugal. 3CINTESIS –
Center for Health Technology and Services Research, Faculty of Medicine,
University of Porto, Porto, Portugal. 4School of Health Sciences (ESSLei),
Center for Innovative Care and Health Technology (ciTechCare), Polytechnic
Institute of Leiria, Leiria, Portugal. 5Research Centre on Didactics and
Technology in the Education of Trainers (CIDTFF), University of Aveiro,
Aveiro, Portugal. 6Higher Institute for Accountancy and Administration
(ISCA-UA), University of Aveiro, Aveiro, Portugal. 7ESTGA - Águeda School of
Technology and Management, Águeda, Portugal. 8Câmara Municipal de

Aveiro, Aveiro, Portugal. 9Câmara Municipal de Mira, Mira, Portugal. 10College
of Health Technology of Coimbra (ESTeSC), Polytechnic Institute of Coimbra,
Coimbra, Portugal. 11IEETA - Institute of Electronics and Informatics
Engineering of Aveiro, Aveiro, Portugal. 12Pulmonology Department, Hospital
Distrital da Figueira da Foz, Figueira da Foz, Portugal. 13Respiratory Medicine,
West Park Healthcare Centre, and University of Toronto, Toronto, Canada.
14School of Rehabilitation Sciences, Faculty of Health Sciences, McMaster
University, Hamilton, Canada. 15Pulmonology Department, Unidade Local de
Saúde de Matosinhos, Matosinhos, Portugal.

Received: 2 April 2019 Accepted: 24 May 2019

References
1. Forum of international respiratory societies. The global impact of respiratory

disease. Sheffield: European Respiratory Society; 2017. p. 1–34.
2. WHO. The top 10 causes of death. Geneva: World Health Organization;

2018. https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-
of-death.

3. ERS. The economic burden of lung disease in the European lung white
book. Sheffield: European Respiratory Society; 2013. p. 16–27.

4. Arikan H, Savci S, Calik-Kutukcu E, Vardar-Yagli N, Saglam M, Inal-Ince D,
et al. The relationship between cough-specific quality of life and abdominal
muscle endurance, fatigue, and depression in patients with COPD. Int J
Chron Obstruct Pulmon Dis. 2015;10:1829–35.

5. Dowman LM, McDonald CF, Hill CJ, Lee AL, Barker K, Boote C, et al. The
evidence of benefits of exercise training in interstitial lung disease: a
randomised controlled trial. Thorax. 2017;72(7):610–9.

6. Faisal A, Alghamdi BJ, Ciavaglia CE, Elbehairy AF, Webb KA, Ora J, et al.
Common mechanisms of dyspnea in chronic interstitial and obstructive
lung disorders. Am J Respir Crit Care Med. 2016;193(3):299–309.

7. Jones LW, Eves ND, Haykowsky M, Freedland SJ, Mackey JR. Exercise
intolerance in cancer and the role of exercise therapy to reverse
dysfunction. Lancet Oncol. 2009;10(6):598–605.

8. Marcellis RG, Lenssen AF, Kleynen S, De Vries J, Drent M. Exercise capacity,
muscle strength, and fatigue in sarcoidosis: a follow-up study. Lung. 2013;
191(3):247–56.

9. Pastre J, Prevotat A, Tardif C, Langlois C, Duhamel A, Wallaert B.
Determinants of exercise capacity in cystic fibrosis patients with mild-to-
moderate lung disease. BMC Pulm Med. 2014;14:74.

10. Rochester CL, Vogiatzis I, Holland AE, Lareau SC, Marciniuk DD, Puhan MA,
et al. An official American Thoracic Society/European Respiratory Society
policy statement: enhancing implementation, use, and delivery of
pulmonary rehabilitation. Am J Respir Crit Care Med. 2015;192(11):1373–86.

11. Spruit MA, Vercoulen JH, Sprangers MAG, Wouters EFM. Fatigue in COPD: an
important yet ignored symptom. Lancet Respir Med. 2017;5(7):542–4.

12. Troosters T, Langer D, Vrijsen B, Segers J, Wouters K, Janssens W, et al.
Skeletal muscle weakness, exercise tolerance and physical activity in adults
with cystic fibrosis. Eur Respir J. 2009;33(1):99–106.

13. Vogiatzis I, Zakynthinos S. Factors limiting exercise tolerance in chronic lung
diseases. Compr Physiol. 2012;2(3):1779–817.

14. Watz H, Pitta F, Rochester CL, Garcia-Aymerich J, ZuWallack R, Troosters T,
et al. An official European Respiratory Society statement on physical activity
in COPD. Eur Respir J. 2014;44(6):1521–37.

15. Haselkorn T, Chen H, Miller DP, Fish JE, Peters SP, Weiss ST, et al. Asthma
control and activity limitations: insights from the real-world evaluation of
asthma control and treatment (REACT) study. Ann Allergy Asthma Immunol.
2010;104(6):471–7.

16. Johnson JL, Campbell AC, Bowers M, Nichol AM. Understanding the social
consequences of chronic obstructive pulmonary disease: the effects of
stigma and gender. Proc Am Thorac Soc. 2007;4(8):680–2.

17. Nakken N, Janssen DJ, van den Bogaart EH, Vercoulen JH, Wouters EF, Spruit
MA. An observational, longitudinal study on the home environment of
people with chronic obstructive pulmonary disease: the research protocol
of the home sweet home study. BMJ Open. 2014;4(11):e006098.

18. Nici L, Donner C, Wouters E, Zuwallack R, Ambrosino N, Bourbeau J, et al.
American Thoracic Society/European Respiratory Society statement on
pulmonary rehabilitation. Am J Respir Crit Care Med. 2006;173(12):1390–413.

19. Swigris JJ, Stewart AL, Gould MK, Wilson SR. Patients’ perspectives on how
idiopathic pulmonary fibrosis affects the quality of their lives. Health Qual
Life Outcomes. 2005;3:61.

Marques et al. BMC Public Health          (2019) 19:676 Page 9 of 11

https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death


20. Cruz J, Marques A, Figueiredo D. Impacts of COPD on family carers and
supportive interventions: a narrative review. Health Soc Care Community.
2017;25(1):11–25.

21. Shah RJ, Collard HR, Morisset J. Burden, resilience and coping in caregivers
of patients with interstitial lung disease. Heart Lung. 2018;47(3):264–8.

22. Bragadottir GH, Halldorsdottir BS, Ingadottir TS, Jonsdottir H. Patients and
families realising their future with chronic obstructive pulmonary disease-a
qualitative study. J Clin Nurs. 2018;27(1–2):57–64.

23. Farquhar M. Assessing carer needs in chronic obstructive pulmonary
disease. Chronic Respir Dis. 2018;15(1):26–35.

24. Nakken N, Janssen DJ, van den Bogaart EH, Wouters EF, Franssen FM,
Vercoulen JH, et al. Informal caregivers of patients with COPD: home sweet
home? Eur Respir Rev. 2015;24(137):498–504.

25. Tan JY, Molassiotis A, Lloyd-Williams M, Yorke J. Burden, emotional distress
and quality of life among informal caregivers of lung cancer patients: an
exploratory study. Eur J Cancer Care. 2018;27(1):1-11.

26. Robinson K, Lucas E, van den Dolder P, Halcomb E. Living with chronic
obstructive pulmonary disease: the stories of frequent attenders to the
emergency department. J Clin Nurs. 2018;27(1–2):48–56.

27. Marques A, Jacome C, Cruz J, Gabriel R, Brooks D, Figueiredo D. Family-based
psychosocial support and education as part of pulmonary rehabilitation in
COPD: a randomized controlled trial. Chest. 2015;147(3):662–72.

28. Spruit MA, Singh SJ, Garvey C, ZuWallack R, Nici L, Rochester 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):e13–64.

29. Dowman L, Hill CJ, Holland AE. Pulmonary rehabilitation for interstitial lung
disease. Cochrane Database Syst Rev. 2014;10:Cd006322.

30. Gomes-Neto M, Silva CM, Ezequiel D, Conceicao CS, Saquetto M, Machado
AS. Impact of pulmonary rehabilitation on exercise tolerance and quality of
life in patients with idiopathic pulmonary fibrosis: a systematic review and
meta-analysis. J Cardiopulm Rehabil Prev. 2018;38(5):273–8.

31. Hoffman M, Chaves G, Ribeiro-Samora GA, Britto RR, Parreira VF. Effects of
pulmonary rehabilitation in lung transplant candidates: a systematic review.
BMJ Open. 2017;7(2):e013445.

32. Keusch S, Turk A, Saxer S, Ehlken N, Grunig E, Ulrich S, et al. Rehabilitation in
patients with pulmonary arterial hypertension. Swiss Med Wkly. 2017;147:w14462.

33. Lee AL, Hill CJ, McDonald CF, Holland AE. Pulmonary rehabilitation in
individuals with non-cystic fibrosis bronchiectasis: a systematic review. Arch
Phys Med Rehabil. 2017;98(4):774–82.e1.

34. Liu XL, Tan JY, Wang T, Zhang Q, Zhang M, Yao LQ, et al. Effectiveness of
home-based pulmonary rehabilitation for patients with chronic obstructive
pulmonary disease: a meta-analysis of randomized controlled trials. Rehabil
Nurs. 2014;39(1):36–59.

35. McCarthy B, Casey D, Devane D, Murphy K, Murphy E, Lacasse Y. Pulmonary
rehabilitation for chronic obstructive pulmonary disease. Cochrane Database
Syst Rev. 2015;2:Cd003793.

36. Neves LF, Reis MH, Goncalves TR. Home or community-based pulmonary
rehabilitation for individuals with chronic obstructive pulmonary disease: a
systematic review and meta-analysis. Cad Saude Publica. 2016;32(6):1-25.

37. Rivas-Perez H, Nana-Sinkam P. Integrating pulmonary rehabilitation into the
multidisciplinary management of lung cancer: a review. Respir Med. 2015;109(4):
437–42.

38. Vogiatzis I, Rochester CL, Spruit MA, Troosters T, Clini EM. Increasing
implementation and delivery of pulmonary rehabilitation: key messages
from the new ATS/ERS policy statement. Eur Respir J. 2016;47(5):1336–41.

39. ERS. Pulmonary rehabilitation in the in the European lung white book.
Sheffield: European Respiratory Society; 2013. p. 340–7.

40. Jenkins S, Hill K, Cecins NM. State of the art: how to set up a pulmonary
rehabilitation program. Respirology (Carlton, Vic). 2010;15(8):1157–73.

41. Souto-Miranda S, Marques A. Triangulated perspectives on outcomes of
pulmonary rehabilitation in patients with COPD: a qualitative study to
inform a core outcome set. Clin Rehabil. 2019;33(4):805-14.

42. Marques A, Gabriel R, Jacome C, Cruz J, Brooks D, Figueiredo D.
Development of a family-based pulmonary rehabilitation programme: an
exploratory study. Disabil Rehabil. 2015;37(15):1340–6.

43. GINA. Global Strategy for asthma management and prevention update
2018. Global initiative for asthma. 2018.

44. GOLD. Global Strategy for Diagnosis, Management, and prevention of
chronic obstructive pulmonary disease 2019 report, The Global Initiative for
Chronic Obstructive Lung Disease; 2019. p. 1–155.

45. Charlson M, Szatrowski TP, Peterson J, Gold J. Validation of a combined
comorbidity index. J Clin Epidemiol. 1994;47(11):1245–51.

46. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, et al.
Standardisation of spirometry. Eur Respir J. 2005;26(2):319–38.

47. Jones PW, Quirk FH, Baveystock CM. The St George’s respiratory
questionnaire. Respir Med. 1991;85(Suppl B):25–31 discussion 3-7.

48. group W. The World Health Organization quality of life assessment
(WHOQOL): development and general psychometric properties. Soc Sci Med
(1982). 1998;46(12):1569–85.

49. Vaz Serra A, Canavarro MC, Simões MR, Pereira M, Gameiro S, Quartilho MJ,
et al. Estudos psicométricos do instrumento de avaliação da qualidade de
vida da Organização Mundial de Saúde (WHOQOL-Bref) para Português de
Portugal. Psiquiatria Clínica. 2006;27(1):41–9.

50. Kumar S, Williams AC, Sandy JR. How do we evaluate the economics of
health care? Eur J Orthod. 2006;28(6):513–9.

51. Crisafulli E, Clini EM. Measures of dyspnea in pulmonary rehabilitation.
Multidiscip Respir Med. 2010;5(3):202–10.

52. Vercoulen JH, Swanink CM, Fennis JF, Galama JM, van der Meer JW,
Bleijenberg G. Dimensional assessment of chronic fatigue syndrome. J
Psychosom Res. 1994;38(5):383–92.

53. Antoniu SA, Ungureanu D. Measuring fatigue as a symptom in COPD: from
descriptors and questionnaires to the importance of the problem. Chron
Respir Dis. 2015;12(3):179–88.

54. Webster K, Cella D, Yost K. The functional assessment of chronic illness
therapy (FACIT) measurement system: properties, applications, and
interpretation. Health Qual Life Outcomes. 2003;1:79.

55. Birring SS, Prudon B, Carr AJ, Singh SJ, Morgan MD, Pavord ID.
Development of a symptom specific health status measure for patients
with chronic cough: Leicester cough questionnaire (LCQ). Thorax. 2003;
58(4):339–43.

56. Crawford B, Monz B, Hohlfeld J, Roche N, Rubin B, Magnussen H, et al.
Development and validation of a cough and sputum assessment
questionnaire. Respir Med. 2008;102(11):1545–55.

57. George F. Diagnóstico e Tratamento da Doença Pulmonar Obstrutiva
Crónica. Direção Geral da Saúde. 2013;028:1–15.

58. Jones PW, Harding G, Berry P, Wiklund I, Chen WH, Kline Leidy N.
Development and first validation of the COPD assessment test. Eur
Respir J. 2009;34(3):648–54.

59. Pais-Ribeiro J, Silva I, Ferreira T, Martins A, Meneses R, Baltar M. Validation
study of a Portuguese version of the hospital anxiety and depression scale.
Psychol Health Med. 2007;12(2):225–35 quiz 35-7.

60. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta
Psychiatr Scand. 1983;67(6):361–70.

61. Curral R, Dourado F, Roma Torres A, Barros H, Palha A, Almeida L. Coesão e
adaptabilidade familiares numa amostra portuguesa: estudo com o Faces III.
Psiquiatria Clínica. 1999;20(3):213–7.

62. Olson D. FACES IV and the Circumplex model: validation study. J Marital
Fam Ther. 2011;37(1):64–80.

63. Andrews AW, Thomas MW, Bohannon RW. Normative values for isometric
muscle force measurements obtained with hand-held dynamometers. Phys
Ther. 1996;76(3):248–59.

64. Garvey C, Bayles MP, Hamm LF, Hill K, Holland A, Limberg TM, et al.
Pulmonary rehabilitation exercise prescription in chronic obstructive
pulmonary disease: review of selected guidelines: an official statement from
the american association of cardiovascular and pulmonary rehabilitation. J
Cardiopulm Rehabil Prev. 2016;36(2):75–83.

65. Charususin N, Gosselink R, Decramer M, Demeyer H, McConnell A,
Saey D, et al. Randomised controlled trial of adjunctive inspiratory
muscle training for patients with COPD. Thorax. 2018;73(10):942–50.

66. Holland AE, Spruit MA, Troosters T, Puhan MA, Pepin V, Saey D, 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.

67. Vaidya T, Chambellan A, de Bisschop C. Sit-to-stand tests for COPD: a
literature review. Respir Med. 2017;128:70–7.

68. Padgett PK, Jacobs JV, Kasser SL. Is the BESTest at its best? A suggested
brief version based on interrater reliability, validity, internal consistency, and
theoretical construct. Phys Ther. 2012;92(9):1197–207.

69. Chan R, Newton M, Nosaka K. Measurement of biceps brachii muscle cross-
sectional area bu extended-field-of view ultrasound imaging techniques.
Kinesiologia Slovenica. 2012;18(2):36–44.

Marques et al. BMC Public Health          (2019) 19:676 Page 10 of 11



70. Seymour JM, Ward K, Sidhu PS, Puthucheary Z, Steier J, Jolley CJ, et al.
Ultrasound measurement of rectus femoris cross-sectional area and the
relationship with quadriceps strength in COPD. Thorax. 2009;64(5):418–23.

71. Ye X, Wang M, Xiao H. Echo intensity of the rectus femoris in stable COPD
patients. Int J Chron Obstruct Pulmon Dis. 2017;12:3007–15.

72. Smargiassi A, Inchingolo R, Soldati G, Copetti R, Marchetti G, Zanforlin A,
et al. The role of chest ultrasonography in the management of respiratory
diseases: document II. Multidiscip Respir Med. 2013;8(1):55.

73. Testa A, Soldati G, Giannuzzi R, Berardi S, Portale G, Gentiloni Silveri N.
Ultrasound M-mode assessment of diaphragmatic kinetics by anterior
transverse scanning in healthy subjects. Ultrasound Med Biol. 2011;37(1):44–52.

74. Zanforlin A, Smargiassi A, Inchingolo R, Valente S, Ramazzina E. Ultrasound
in obstructive lung diseases: the effect of airway obstruction on diaphragm
kinetics. A short pictorial essay. J Ultrasound. 2015;18(4):379–84.

75. Kamper SJ, Maher CG, Mackay G. Global rating of change scales: a review of
strengths and weaknesses and considerations for design. J Man Manip Ther.
2009;17(3):163–70.

76. ATS/ERS. American Thoracic Society/European Respiratory Society statement
on respiratory muscle testing. Am J Respir Crit Care Med. 2002;166(4):518–624.

77. Borg GA. Psychophysical bases of perceived exertion. Med Sci Sports Exerc.
1982;14(5):377–81.

78. Hill K, Jenkins SC, Cecins N, Philippe DL, Hillman DR, Eastwood PR.
Estimating maximum work rate during incremental cycle ergometry testing
from six-minute walk distance in patients with chronic obstructive
pulmonary disease. Arch Phys Med Rehabil. 2008;89(9):1782–7.

79. ACSM. Guidelines for exercise testing and prescription. 10th ed.
Philadelphia: Lippincott Williams and Wilkins; 2017.

80. Beauchamp MK, Janaudis-Ferreira T, Parreira V, Romano JM, Woon L,
Goldstein RS, et al. A randomized controlled trial of balance training during
pulmonary rehabilitation for individuals with COPD. Chest. 2013;144(6):
1803–10.

81. (Lab3R) LdIeRR. Plataforma de Reabilitação Respiratória em Rede. 2018.
http://3rwebuapt/.

82. Holland AE, Watson A, Glaspole I. Comprehensive pulmonary rehabilitation
for interstitial lung disease: a consensus approach to identify core education
topics. Patient Educ Couns. 2019;102(6):1125–30.

83. Stoilkova A, Janssen DJ, Wouters EF. Educational programmes in COPD
management interventions: a systematic review. Respir Med. 2013;107(11):1637–50.

84. Roberts NJ, Kidd L, Kirkwood K, Cross J, Partridge MR. A systematic review of
the content and delivery of education in pulmonary rehabilitation
programmes. Respir Med. 2018;145:161–81.

85. WHO. Global Strategy on Diet, Physical Activity and Health World Health
Organization; 2019.

86. Cruz J, Brooks D, Marques A. Walk2Bactive: a randomised controlled trial of
a physical activity-focused behavioural intervention beyond pulmonary
rehabilitation in chronic obstructive pulmonary disease. Chron Respir Dis.
2016;13(1):57–66.

87. Mendoza L, Horta P, Espinoza J, Aguilera M, Balmaceda N, Castro A, et al.
Pedometers to enhance physical activity in COPD: a randomised controlled
trial. Eur Respir J. 2015;45(2):347–54.

88. Tudor-Locke C, Craig CL, Aoyagi Y, Bell RC, Croteau KA, De Bourdeaudhuij I,
et al. How many steps/day are enough? For older adults and special
populations. Int J Behav Nutr Phys Act. 2011;8(1):1.

89. Fischer MJ, Scharloo M, Abbink JJ, van ‘t Hul AJ, van Ranst D, Rudolphus A,
et al. Drop-out and attendance in pulmonary rehabilitation: the role of
clinical and psychosocial variables. Respir Med. 2009;103(10):1564–71.

90. Garrod R, Marshall J, Barley E, Jones PW. Predictors of success and failure in
pulmonary rehabilitation. Eur Respir J. 2006;27(4):788–94.

91. Mukaka MM. Statistics corner: a guide to appropriate use of correlation
coefficient in medical research. Malawi Med J. 2012;24(3):69–71.

92. Bland JM, Altman DG. Statistical methods for assessing agreement between
two methods of clinical measurement. Lancet (London, England). 1986;
1(8476):307–10.

93. Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics. 1977;33(1):159–74.

94. Ma Y, Mazumdar M, Memtsoudis SG. Beyond repeated-measures analysis of
variance: advanced statistical methods for the analysis of longitudinal data
in anesthesia research. Reg Anesth Pain Med. 2012;37(1):99–105.

95. Revicki D, Hays RD, Cella D, Sloan J. Recommended methods for
determining responsiveness and minimally important differences for
patient-reported outcomes. J Clin Epidemiol. 2008;61(2):102–9.

96. Angst F, Aeschlimann A, Angst J. The minimal clinically important difference
raised the significance of outcome effects above the statistical level, with
methodological implications for future studies. J Clin Epidemiol. 2017;82:
128–36.

97. Doi SA, Thalib L. A quality-effects model for meta-analysis. Epidemiol
(Cambridge, Mass). 2008;19(1):94–100.

98. Alma H, de Jong C, Tsiligianni I, Sanderman R, Kocks J, van der Molen T.
Clinically relevant differences in COPD health status: systematic review and
triangulation. Eur Respir J. 2018;52(3):1-38.

99. Culyer AJ, Chalkidou K. Economic evaluation for health investments En
route to universal health coverage: cost-benefit analysis or cost-
effectiveness analysis? Value Health. 2019;22(1):99–103.

100. Russell LB, Sinha A. Strengthening cost-effectiveness analysis for public
health policy. Am J Prev Med. 2016;50(5 Suppl 1):S6–s12.

101. Gravelle H, Brouwer W, Niessen L, Postma M, Rutten F. Discounting in
economic evaluations: stepping forward towards optimal decision rules.
Health Econ. 2007;16(3):307–17.

102. Zwerink M, Effing T, Kerstjens HA, van der Valk P, Brusse-Keizer M, Zielhuis G,
et al. Cost-effectiveness of a community-based exercise Programme in
COPD self-management. Copd. 2016;13(2):214–23.

103. Muennig P, Bounthavong M. Cost-effectiveness analysis in health: a practical
approach. 3rd ed. San Francisco: Jossey-Bass; 2016.

104. Towers I, Spencer A, Brazier J. Healthy year equivalents versus quality-
adjusted life years: the debate continues. Expert Rev Pharmacoecon
Outcomes Res. 2005;5(3):245–54.

105. McIntosh E, Clarke P, Frew E, Jordan L. Applied methods of cost-benefit
analysis in health care. Oxford: Oxford University Press; 2010.

106. De Gruyter E, Ford G, Stavreski B. Economic and social impact of increasing
uptake of cardiac rehabilitation services--a cost benefit analysis. Heart Lung
Circ. 2016;25(2):175–83.

107. Huter K, Kocot E, Kissimova-Skarbek K, Dubas-Jakobczyk K, Rothgang H.
Economic evaluation of health promotion for older people-methodological
problems and challenges. BMC Health Serv Res. 2016;16(Suppl 5):328.

108. Cecins N, Landers H, Jenkins S. Community-based pulmonary rehabilitation
in a non-healthcare facility is feasible and effective. Chron Respir Dis. 2017;
14(1):3–10.

109. Crimi C, Heffler E, Augelletti T, Campisi R, Noto A, Vancheri C, et al. Utility of
ultrasound assessment of diaphragmatic function before and after
pulmonary rehabilitation in COPD patients. Int J Chron Obstruct Pulmon
Dis. 2018;13:3131–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Marques et al. BMC Public Health          (2019) 19:676 Page 11 of 11


	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Background
	Methods
	Aims
	Study design, setting and recruitment
	Patient and public involvement
	Eligibility criteria
	Data collection
	Intervention
	Sample size
	Data management and statistical analysis

	Discussion
	Additional files
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

