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Abstract
Background: Chronic obstructive pulmonary disease (COPD) is a leading cause of morbidity and mortality worldwide. A
growing body of evidence shows that individuals with COPD have important deficits in balance control that may be associated
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with an increased risk of falls. Pulmonary rehabilitation (PR) is a key therapeutic intervention for individuals with COPD; however,
current international guidelines do not include balance training and fall prevention strategies.
Objective: The primary aim of this trial is to determine the effects of PR with balance training compared to PR with no balance
training on the 12-month rate of falls in individuals with COPD. Secondary aims are to determine the effects of the intervention
on balance, balance confidence, and functional lower body strength, and to estimate the cost-effectiveness of the program.
Methods: A total of 400 individuals from nine PR centers across Canada, Europe, and Australia will be recruited to participate
in a randomized controlled trial. Individuals with COPD who have a self-reported decline in balance, a fall in the last 2 years, or
recent near fall will be randomly assigned to an intervention or control group. The intervention group will undergo tailored balance
training in addition to PR and will receive a personalized home-based balance program. The control group will receive usual PR
and a home program that does not include balance training. All participants will receive monthly phone calls to provide support
and collect health care utilization and loss of productivity data. Both groups will receive home visits at 3, 6, and 9 months to
ensure proper technique and progression of home exercise programs. The primary outcome will be incidence of falls at 12-month
follow-up. Falls will be measured using a standardized definition and recorded using monthly self-report fall diary calendars.
Participants will be asked to record falls and time spent performing their home exercise program on the fall diary calendars.
Completed calendars will be returned to the research centers in prepaid envelopes each month. Secondary measures collected by
a blinded assessor at baseline (pre-PR), post-PR, and 12-month follow-up will include clinical measures of balance, balance
confidence, functional lower body strength, and health status. The cost-effectiveness of the intervention group compared with
the control group will be evaluated using the incremental cost per number of falls averted and the incremental cost per
quality-adjusted life years gained.
Results: Recruitment for the study began in January 2017 and is anticipated to be complete by December 2019. Results are
expected to be available in 2020.
Conclusions: Findings from this study will improve our understanding of the effectiveness and resource uses of tailored balance
training for reducing falls in individuals with COPD. If effective, the intervention represents an opportunity to inform international
guidelines and health policy for PR in individuals with COPD who are at risk of falling.
Trial Registration: ClinicalTrials.gov NCT02995681; https://clinicaltrials.gov/ct2/show/NCT02995681 (Archived by WebCite
at http://www.webcitation.org/6ukhxgAsg)
(JMIR Res Protoc 2017;6(11):e228) doi:10.2196/resprot.8178
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Introduction
Chronic obstructive pulmonary disease (COPD) is a major cause
of morbidity and mortality and is expected to be among the top
three causes of death in the world by the year 2020 [1]. As the
population ages, the prevalence of COPD is expected to increase,
which will impact health care resource utilization [1]. In 2010,
the Centers for Disease Control and Prevention reported the
medical costs attributable to having COPD were US $32.1
billion and by the year 2020, this is expected to increase to US
$49 billion [2].
Although treatment of COPD is often focused on respiratory
function, secondary impairments in skeletal muscle function,
mobility, and exercise capacity are well recognized [3-5]. There
is now strong evidence that individuals with COPD also have
important deficits in balance control and an increased risk of
falls [6-17], which has been linked to increased morbidity and
mortality in this population [18,19].
Balance impairment is widely recognized as one of the most
important modifiable risk factors for falls in older adults [20].
Numerous studies have documented impairments in clinical and
laboratory measures of balance in individuals with varying
COPD severity compared to controls [6,11,12,14-17,21,22].
Underlying mechanisms for reduced balance in COPD may
include decreased levels of physical activity [11,12], peripheral
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muscle weakness [11], altered trunk muscle mechanics [16],
hypoxemia [23], and somatosensory deficits [24]. Our work has
also shown that individuals with COPD have a unique profile
of balance impairment, with marked deficits in three specific
subsystems of balance: biomechanics (ie, strength, range of
motion, and posture), transitions (ie, change in body positions),
and gait (ie, stability while walking) [17].
There is growing recognition of an increased fall risk in people
with COPD [7-10]. In addition to impaired balance, other fall
risk factors in COPD include the use of multiple medications,
muscle weakness, cognitive impairment, and comorbidities such
as osteoarthritis and osteoporosis [7]. COPD was second only
to osteoarthritis in its association with the number of falls in a
large cohort study of elderly women [9] and was the only
chronic condition that predicted falls in a further cohort study
of 16,000 participants [8]. Patients with COPD have reported
a higher prevalence of falls (40%-55%) [10,11,15,17] than the
general elderly population and in two prospective studies [7,10],
the annual fall rate in COPD was up to five times higher than
expected based on age alone. Fall-related injuries as well as
associated hospitalizations are also common in people with
COPD [18,25]. In those with more severe disease and
depression, a history of falling is a strong predictor of mortality
[19]. These data emphasize the need for the development of fall
prevention strategies specific to individuals with COPD.
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Pulmonary rehabilitation (PR) is recommended as standard
management for COPD as there is strong evidence for its effect
on improving symptoms, exercise tolerance, and health-related
quality of life [26-29]. The program typically consists of
supervised exercise training, disease-specific education,
self-management, and psychosocial support. While exercise is
viewed as the cornerstone of PR, it is largely focused on aerobic
exercise to increase endurance and resistance training.
International guidelines for PR do not include balance training
nor fall prevention strategies and few programs include a balance
assessment [26-31]. We have shown that the exercise component
of conventional PR has only minimal effect on measures of
balance and fall risk [32]. Therefore, to reduce falls, exercise
that includes targeted balance training is needed [33]. We
recently undertook a pilot randomized controlled trial (RCT)
[34] to examine the effects of adding balance training alongside
PR, which specifically addressed the unique profile of balance
deficits we had identified in COPD [17]. We reported large and
clinically important improvements in balance performance
among those in the intervention group compared to controls
who completed typical PR [34]. We have also found such an
intervention to be easily implementable into clinical practice
[35]. This study builds on our existing experience to rigorously
test the effect of the intervention on balance and fall reduction
in individuals with COPD.
The objectives of this study are to (1) evaluate the long-term
effects of a tailored, balance exercise program on the 12-month
rate of falls in individuals with COPD who are enrolled in
outpatient PR compared to PR with balance exercise training;
(2) determine the effects of a tailored, balance exercise program
on the secondary outcomes, including measures of balance,
balance confidence, and functional lower body strength; and
(3) conduct an economic analysis to evaluate the
cost-effectiveness of the program compared to PR with no
balance training.

Methods
Ethics
The protocol has received ethics approval from the Joint West
Park Healthcare Centre/Toronto Central Community Care
Access Centre/Toronto Grace Health Centre Research Ethics
Board (REB) (Canada); the University of Toronto REB
(Canada); the Nova Scotia Health Authority REB (Canada); the
University of Aveiro REB (Portugal); the University of British
Columbia/Providence Health Care REB (Canada); the National
Health Service REB (United Kingdom); the University of
Alberta REB (Canada); the Alfred Health REB (Australia); the
Royal Prince Alfred Hospital REB (Australia); and the Western
Health REB (Australia).
Adverse events will be collected after individuals have consented
and been enrolled in the study. Adverse events that meet the
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criteria for a serious adverse event (SAE) will be reported to
the local REB. An SAE is defined as any adverse event that
results in the following patient outcomes: death, life-threatening
condition, hospitalization (initial/ prolonged), disability/
permanent damage, intervention required to prevent permanent
impairment or damage, or any other medically important event
[36].
Formal amendments will be submitted to each REB in
consultation with local investigators should there be any
modifications to the protocol. Modifications to the protocol will
be final and agreed upon by all investigators before amendment
applications are submitted.

Trial Registration and Reporting
The trial is registered with ClinicalTrials.gov (NCT02995681)
and our protocol is reported according to the Standard Protocol
Items: Recommendation for Intervention Trials (SPIRIT)
checklist [37].

Study Design
We will conduct a multi-center RCT with allocation concealment
as well as blinding of the outcome assessors and data analysts
to group allocation. A participant flowchart is outlined in Figure
1.

Setting
Outpatient PR programs at nine sites across four
countries—Canada, United Kingdom, Portugal, and
Australia—are participating in the study. PR programs in
Canada, United Kingdom, and Australia are publicly funded
through government-run health plans. PR programs in Portugal
are only partially funded by the government.

Participants
Individuals will be considered eligible for the study if they meet
the following inclusion criteria: (1) have a diagnosis of COPD
based on the Global Initiative for Chronic Obstructive Lung
Disease (GOLD) criteria—postbronchodilator forced expiratory
volume in 1 second (FEV1)/forced vital capacity (FVC) ratio
<70% [38]; (2) have a self-reported decline in balance, a fall in
the last 2 years, or a recent near fall; and (3) are able to provide
written informed consent.
Individuals will be excluded if they meet the following exclusion
criteria: (1) are unable to communicate because of language
skills (eg, communication deficit; non-English speaking in
Canada, United Kingdom, or Australia; or non-Portuguese
speaking in Portugal); (2) are hearing or cognitively impaired
(eg, dementia or neurological condition); or (3) have evidence
of a neurological or musculoskeletal condition that severely
limits mobility and postural control (eg, cerebrovascular
accident, Parkinson’s disease, or lower limb amputee).
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Figure 1. Participant flow diagram. PR: pulmonary rehabilitation.

Recruitment
Individuals will be recruited upon enrolment in PR programs
at each participating site. Study information sheets were
developed specific to each site and translated as required. A
member of the research team not involved in the individual’s
clinical care will meet with potential participants to provide
information about the study. If the individual agrees to
participate, written informed consent will be obtained.
Recruitment will continue until the overall target population
size is reached for the study. Each clinical site involved in the
trial was selected based on investigator expertise and data on
previous experience with study recruitment rates.

Retention
Participants may withdraw from the study for any reason at any
time. Investigators may also withdraw participants from the
study if they demonstrate a sudden and severe deterioration in
balance (eg, due to dizziness from a medication change or a
http://www.researchprotocols.org/2017/11/e228/
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newly diagnosed medical condition) that would jeopardize their
safety during balance training.
Every effort will be made to perform study assessments on
individuals who withdraw from the study or who do not
sufficiently adhere to the usual care or intervention protocols.

Allocation
A computer-generated block randomization table will be created
by a member of the research team not involved in recruitment.
A randomization schedule will be provided for each site. After
an individual has been enrolled in the study and the baseline
assessment has been completed, the central research coordinator
will consecutively allocate participants using sealed opaque
envelopes and advise each site coordinator of group allocation.

Intervention
Control: Usual Care
Participants randomized to the control group will receive usual
outpatient PR. The PR programs across the nine sites are given
JMIR Res Protoc 2017 | vol. 6 | iss. 11 | e228 | p.4
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two to three times per week for a total duration of 8-12 weeks
depending on the site. All PR programs are offered in
accordance with international guidelines [26-29,31] and consist
of all core components of rehabilitation including aerobic and
resistance exercise, self-management education, and
psychosocial support.
Upon discharge from outpatient PR, participants will receive
the usual individualized home-based exercise program which
will include walking and lower extremity resistance exercises
two to three times a week. To control for attention between the
two groups and maximize data collection, in addition to usual
care, participants will receive monthly phone calls from a
physiotherapist to provide support and problem solve any issues,
as well as home visits at 3, 6, and 9 months.

Intervention: Tailored Balance Training
Participants randomized to the intervention group will receive
a 30-minute balance training session twice per week in addition
to usual PR, and will be asked to complete a third session at
home each week, for a total of 90 minutes of balance training
per week. This is in keeping with best practice guidelines for
older adults and the design of our previous RCT in COPD
[32,35,39]. The balance exercises (see Multimedia Appendix
1) will be tailored to emphasize the areas found to be most
deficient in COPD [17]. Participants will receive balance
training in a separate location or at a separate time from the
control group. Sessions will be supervised by physiotherapists
using a circuit training approach. While participants may work
through stations in groups, each participant will receive
individualized exercise prescription based on their baseline
balance assessment, as well as recommendations for
individualized exercise progression. Our previous trial
demonstrated the feasibility of this approach [34]. Participants
will also receive an instruction booklet that outlines their
individual exercises for the once-weekly, home-based balance
training session during PR.
After completion of PR, participants will complete the
prescribed home-based balance training program three times
per week. The home-based program will follow for the duration
of the 12-month follow-up period.
Participants will receive monthly phone calls from their
physiotherapist to provide support and problem solve any issues,
as well as home visits at 3, 6, and 9 months to ensure proper
technique and progression at home.

Outcomes
Outcome measures will be collected by a blinded assessor at
baseline, at the end of PR, and at 12-month follow-up.

Primary Outcome
The primary outcome measure will be incidence of falls at
12-month follow-up. A fall will be defined as “an incident in
which the body unintentionally comes to rest on the ground or
other lower level which is not as a result of a violent blow, loss
of consciousness, sudden onset of paralysis as in a stroke or an
epileptic seizure” [40]. Based on published consensus [41], the
participants will be asked, “Have you had any fall including a
slip or trip in which you lost your balance and landed on the
http://www.researchprotocols.org/2017/11/e228/
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floor or ground or lower level?” Falls will be measured using
monthly fall diary calendars, which are the recommended
methodology for falls reporting in clinical trials [41]. All
participants will receive the fall diary calendars at the time of
the baseline assessment.
Participants will be asked to record falls and time spent
performing their home exercise program on the fall diary
calendars. They will also be asked to contact the research
assistant in the event of a fall or health-related event to ensure
all relevant information is included and to return completed
diaries in prepaid envelopes to the research center each month.
Participants who do not return the calendars or those with
unclear data will be telephoned to collect the information.

Secondary Outcomes
Clinical Measures of Balance
The Berg Balance Scale (BBS) [42] is one of the most widely
used and psychometrically robust clinical measures of balance
for older adults. It assesses 14 tasks such as transfers, reaching,
turning around, and single-legged stance. Evidence supports
the BBS’s construct validity and sensitivity to change following
PR in individuals with COPD [43]. Test-retest reliability and
predictive validity for fall risk have been demonstrated in
community-dwelling older adults [44]. The total score is out of
56 with higher scores indicating better balance. Among patients
with moderate to severe COPD undergoing PR, a change of 5-7
points is clinically important [45].
The Balance Evaluation Systems Test (BESTest) [46] is a
comprehensive 36-item balance evaluation tool that assesses
six subsystems of balance control: biomechanics, stability
limits/verticality, anticipatory postural adjustments for postural
transitions, reactive postural response strategies, weighting of
sensory information, and postural stability during gait. Evidence
supports the BESTest’s construct validity in COPD [43] and
sensitivity to change, as well as test-retest reliability and
concurrent validity in adults with and without balance disorders
[46]. Total scores range from 0% to 100% and a change of 13-17
points on the BESTest is clinically important in patients with
COPD [45].
Balance Confidence
The Activities-Specific Balance Confidence (ABC) scale [47]
requires patients to indicate their confidence in performing 16
activities without losing their balance or becoming unsteady.
The ABC scale has good test-retest reliability and predicts falls
in older adults residing in the community [41,44]. In patients
with COPD, the ABC scale has demonstrated construct validity
as well as criterion validity for falls [43]. Total scores range
from 0% to 100% with higher scores for better balance
confidence. A change of 19% reflects a clinically important
difference for this measure in COPD [45].
Functional Lower Body Strength
The 30-second repeated chair stand test [48] will be used as a
measure of functional lower body strength. The reliability and
validity of this measure has been established in people with
COPD and the measure is correlated to maximal voluntary force
from a seated leg press [49]. The repeated chair stand test is
JMIR Res Protoc 2017 | vol. 6 | iss. 11 | e228 | p.5
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sensitive to change after balance training in people with COPD
[34].
Descriptive Measures
Descriptive measures will include sociodemographic variables
(gender, age), anthropometry (height, weight, body mass index),
smoking history, oxygen use, rollator walker use, spirometry
measures (FEV1, FVC, FEV1/FVC ratio, FEV1% predicted,
FVC % predicted), a measure of exercise tolerance (6-minute
walk test [6MWT]) [50], comorbid conditions, and medication
use. We will also use the Baseline Dyspnea Index (BDI) [51]
and the Falls Risk for Older People-Community setting
(FROP-Com) [52] to further characterize the study sample. A
home exercise log will be used to describe participant
self-reported adherence to the intervention.
Health Status
Health status is an important patient-reported outcome that
describes health-related quality of life of patients. The European
Quality of Life 5-Dimension Questionnaire (EQ-5D-5L) will
be used to measure health status. It consists of five questions
covering dimensions of mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression with five response
options indicating no, mild, moderate, severe, and extreme
problems for each dimension [53]. The answers to the five
questions included in this instrument can be converted to health
utility which is an index score anchored at 0 (equivalent to dead)
and 1 (for full health), with negative scores for worse than dead.
The EQ-5D-5L-derived health utilities will be calculated using
the recently developed scoring algorithm for Canada [54] and
United Kingdom [55] and the interim algorithm for Australia
and Portugal [56]. The EQ-5D-5L will be administered at
baseline and at 6- and 12-month follow-up, and then used to
determine quality-adjusted life years (QALY) for each
respondent. For this study, the resulting adjustment is an
adjustment on quality of life as we do not anticipate any
differences in survival.

Economic Analysis
An economic analysis will be conducted alongside the trial
using the primary outcome (ie, number of falls) and health
utilities as effect measures. We will use methods consistent with
standard texts and guidelines for economic evaluation [57]. The
time horizon of the analysis will be the period of study follow-up
(ie, 12 months). Both societal and health care payers’
perspectives will be used for the analysis.
Health care resource utilization and loss of productivity related
to falls and COPD will be collected during monthly phone calls
to participants. During the monthly phone calls, the participants
will be asked if they have had any health care appointments (ie,
family doctor, walk-in/urgent care clinic, or specialist),
emergency room visits, or hospital stays related to having COPD
or a fall. If the participant responds “yes,” the physiotherapist
will then ask for details about which health care professionals
were seen; what tests, medications, or treatments were ordered;
and, if they were hospitalized, for how long.
The time it takes for therapists to administer the rehabilitation
exercises, monthly phone calls, and home visits in both
intervention and control groups will also be recorded. These
http://www.researchprotocols.org/2017/11/e228/
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resource utilizations will be converted to direct medical costs
using country-specific unit costs. Indirect costs may include the
productivity loss for patients, if still working, or family members
who provide care/assistance to the participating patient.

Data Collection
All subject data will be deidentified and coded with a unique
study identifier. Data collection forms and digital files will be
securely stored as per the REB protocols.
Each site will be responsible for entering deidentified participant
data into a digital database and securely sharing it with the lead
investigators and central data analyst for analysis. Only the lead
investigators and central data analyst will have access to the
final dataset.
A data monitoring committee will be set up to monitor the trial
for possible harmful effects. The committee will evaluate any
adverse events to recommend whether the study should continue,
be modified, or stopped due to safety concerns.

Data Analysis
The data analysts on the research team will be blinded to group
allocation. Descriptive summary statistics will be reported using
mean, median, and standard deviation for continuous measures,
and frequency and counts for categorical variables. For the
primary outcome, we will use random effect Poisson (Negative
Binomial) regression model to compare the number of falls at
12-month follow-up between intervention and control groups
adjusting for potential confounders, repeated measures, and
clustering of participants within centers. For secondary
outcomes, we will use random effect linear regression to
compare intervention and control groups adjusting for potential
confounders and clustering of the observations. For all measures,
we will perform intention-to-treat and per protocol analysis.
We will estimate the total cost for the intervention and control
groups and calculate the difference between the two groups.
Similarly, for the effect measures, we will calculate the
difference in the number of falls and in the QALY between
groups. The summary measure for the economic analysis will
be the incremental cost per number of falls averted
(cost-effectiveness analysis) and the incremental cost per QALY
gained (cost-utility analysis) for the intervention group compared
with the control. Given that this economic analysis will be using
data primarily from study participants, nonparametric bootstrap
will be used to calculate the 95% confidence interval around
the incremental ratios. The decision uncertainty will be presented
using cost-effectiveness acceptability curves that show the
probability of the intervention being cost-effective compared
with the control group at a wide range of willingness to pay for
a QALY [57].
No interim or subgroup analysis is planned. We will perform
both intention-to-treat and per protocol analyses.

Sample Size Calculation
First, we calculated the sample size for an individually
randomized two-arm study with 80% power and 5% type I error.
We estimated the rate of falls for the control group as 120 per
100-person years, consistent with prospective studies
JMIR Res Protoc 2017 | vol. 6 | iss. 11 | e228 | p.6
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documenting fall rates in similar populations of patients with
COPD in Canada and Australia [7,10]; the rate of falls in the
intervention group was estimated as 84 per 100-person years,
which corresponds to a 30% reduction in the rate of falls. A
30% reduction in fall rate is widely used as a clinically
significant threshold in fall prevention studies and is consistent
with meta-analyses demonstrating the effect of multi-component
exercise on fall rate. Based on this data, the estimated number
of participants in each arm with 1-year follow up is 124 patients.
However, our study is a multicenter study in which participants
are clustered within nine centers. Assuming a coefficient of
variation of size 0.10, we need, on average, 19 participants in
each arm per site, corresponding to a total of 171 participants
in each arm, to account for the clustering of the study [58].
Assuming a similar clustering effect for the secondary outcomes
with a sample size of 171 participants in each arm and nine
centers, our study has 80% power with 5% type I error to detect
differences of the following magnitudes (MCID: minimal
clinically important difference):
1.
2.
3.
4.

Berg Balance (SD=6.15, MCID=5) differences of 3.0 units
or larger.
BESTest (SD=13, MCID=13) differences of 6.4 units or
larger.
ABC (SD=23.2, MCID=19) differences of 11.5 units or
larger.
Chair stand (SD=4.8, MCID=3) differences of 2.4 units or
larger.

These values are close to half the standard deviation of the
outcome measures and are sufficient to detect clinically
important changes [45].
We anticipate a loss to follow-up of 15%-20% based on previous
trials in PR and have inflated our sample size to 400 participants
(200 in each arm) to account for this. Should a participant be
unable to attend an assessment session at a study center, we will
minimize loss to follow-up by offering to complete assessments
in the participants’ homes.

Beauchamp et al

Results
A Canadian Institutes of Health Research (CIHR) project grant
was received to fund the study. Recruitment began in January
2017 and is anticipated to be completed by December 2019.
Results are expected to be available in 2020.

Discussion
Principal Findings
The high incidence of falls and balance problems in people with
COPD underscores the need for evidence-based approaches to
fall prevention in this population. While studies have shown
that balance training alongside PR improves measures of balance
and mobility, the long-term impact on falls has not been
determined. This international multi-center trial will be the first
RCT of tailored balance training in people with COPD who are
enrolled in outpatient PR. It is also the first study of balance
training that includes an economic analysis to consider the
cost-effectiveness of the intervention.
If participation in tailored balance training does decrease falls
compared to usual PR, this approach will represent an innovative
and potentially cost-saving strategy to prevent falls and reduce
health care utilization in COPD. Our results will be relevant for
guiding clinical and policy-based decision-making, given the
high prevalence of COPD and potential for severe consequences
of falls in this population.

Conclusions
In conclusion, this study will provide evidence on the
effectiveness of tailored balance training for individuals with
COPD who have a history of falling or a self-reported decline
in balance skills. If effective, the results of this study could be
used to inform future international guidelines and health policy
for PR in this population.
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Multimedia Appendix 1
Balance training exercise flow sheet.
[PDF File (Adobe PDF File), 44KB - resprot_v6i11e228_app1.pdf ]

Multimedia Appendix 2
CIHR peer-review report.
[PDF File (Adobe PDF File), 553KB - resprot_v6i11e228_app2.pdf ]

References
1.

2.
3.

4.
5.
6.

7.

8.

9.

10.

11.

12.
13.

14.

15.
16.
17.
18.

Lopez AD, Shibuya K, Rao C, Mathers CD, Hansell AL, Held LS, et al. Chronic obstructive pulmonary disease: Current
burden and future projections. Eur Respir J 2006 Feb;27(2):397-412 [FREE Full text] [doi: 10.1183/09031936.06.00025805]
[Medline: 16452599]
Centers for Disease Control and Prevention. 2014 Jul 29. Increase expected in medical care costs for COPD URL: https:/
/www.cdc.gov/features/ds-copd-costs/ [accessed 2017-09-25] [WebCite Cache ID 6tkLqPHux]
[No authors listed]. Skeletal muscle dysfunction in chronic obstructive pulmonary disease. A statement of the American
Thoracic Society and European Respiratory Society. Am J Respir Crit Care Med 1999 Apr;159(4 Pt 2):S1-S40. [doi:
10.1164/ajrccm.159.supplement_1.99titlepage] [Medline: 10194189]
Maltais F, LeBlanc P, Jobin J, Casaburi R. Peripheral muscle dysfunction in chronic obstructive pulmonary disease. Clin
Chest Med 2000 Dec;21(4):665-677. [Medline: 11194778]
Menard-Rothe K, Sobush DC, Bousamra M, Haasler GB, Lipchik RJ. Self-selected walking velocity for functional ambulation
in patients with end-stage emphysema. J Cardiopulm Rehabil 1997;17(2):85-91. [Medline: 9101385]
Beauchamp MK, Brooks D, Goldstein RS. Deficits in postural control in individuals with COPD - Emerging evidence for
an important secondary impairment. Multidiscip Respir Med 2010 Dec 20;5(6):417-421 [FREE Full text] [doi:
10.1186/2049-6958-5-6-417] [Medline: 22958342]
Roig M, Eng JJ, MacIntyre DL, Road JD, FitzGerald JM, Burns J, et al. Falls in people with chronic obstructive pulmonary
disease: An observational cohort study. Respir Med 2011 Mar;105(3):461-469 [FREE Full text] [doi:
10.1016/j.rmed.2010.08.015] [Medline: 20869227]
Sibley KM, Voth J, Munce SE, Straus SE, Jaglal SB. Chronic disease and falls in community-dwelling Canadians over 65
years old: A population-based study exploring associations with number and pattern of chronic conditions. BMC Geriatr
2014 Feb 14;14:22 [FREE Full text] [doi: 10.1186/1471-2318-14-22] [Medline: 24529293]
Lawlor DA, Patel R, Ebrahim S. Association between falls in elderly women and chronic diseases and drug use: Cross
sectional study. BMJ 2003 Sep 27;327(7417):712-717 [FREE Full text] [doi: 10.1136/bmj.327.7417.712] [Medline:
14512478]
Oliveira CC, Lee AL, McGinley J, Thompson M, Irving LB, Anderson GP, et al. Falls by individuals with chronic obstructive
pulmonary disease: A preliminary 12-month prospective cohort study. Respirology 2015 Oct;20(7):1096-1101. [doi:
10.1111/resp.12600] [Medline: 26206432]
Beauchamp MK, Hill K, Goldstein RS, Janaudis-Ferreira T, Brooks D. Impairments in balance discriminate fallers from
non-fallers in COPD. Respir Med 2009 Dec;103(12):1885-1891 [FREE Full text] [doi: 10.1016/j.rmed.2009.06.008]
[Medline: 19592229]
Butcher SJ, Meshke JM, Sheppard MS. Reductions in functional balance, coordination, and mobility measures among
patients with stable chronic obstructive pulmonary disease. J Cardiopulm Rehabil 2004;24(4):274-280. [Medline: 15286536]
Chang AT, Seale H, Walsh J, Brauer SG. Static balance is affected following an exercise task in chronic obstructive
pulmonary disease. J Cardiopulm Rehabil Prev 2008;28(2):142-145. [doi: 10.1097/01.HCR.0000314209.17300.cc] [Medline:
18360191]
Eisner MD, Blanc PD, Yelin EH, Sidney S, Katz PP, Ackerson L, et al. COPD as a systemic disease: Impact on physical
functional limitations. Am J Med 2008 Sep;121(9):789-796 [FREE Full text] [doi: 10.1016/j.amjmed.2008.04.030] [Medline:
18724969]
Roig M, Eng J, Macintyre DL, Road J, Reid W. Postural control is impaired in people with COPD: An observational study.
Physiother Can 2011;63(4):423-431 [FREE Full text] [doi: 10.3138/ptc.2010-32] [Medline: 22942519]
Smith MD, Chang AT, Seale HE, Walsh JR, Hodges PW. Balance is impaired in people with chronic obstructive pulmonary
disease. Gait Posture 2010 Apr;31(4):456-460. [doi: 10.1016/j.gaitpost.2010.01.022] [Medline: 20206529]
Beauchamp MK, Sibley KM, Lakhani B, Romano J, Mathur S, Goldstein RS, et al. Impairments in systems underlying
control of balance in COPD. Chest 2012 Jun;141(6):1496-1503. [doi: 10.1378/chest.11-1708] [Medline: 22116798]
Jørgensen TSH, Hansen AH, Sahlberg M, Gislason GH, Torp-Pedersen C, Andersson C, et al. Nationwide time trends and
risk factors for in-hospital falls-related major injuries. Int J Clin Pract 2015 Jun;69(6):703-709. [doi: 10.1111/ijcp.12624]
[Medline: 25707918]

http://www.researchprotocols.org/2017/11/e228/

XSL• FO
RenderX

JMIR Res Protoc 2017 | vol. 6 | iss. 11 | e228 | p.8
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
19.

20.
21.

22.

23.
24.
25.

26.

27.

28.

29.

30.
31.
32.

33.

34.

35.

36.
37.
38.

Yohannes AM, Raue PJ, Kanellopoulos D, McGovern A, Sirey JA, Kiosses DN, et al. Predictors of all-cause mortality in
patients with severe COPD and major depression admitted to a rehabilitation hospital. Chest 2016;149:467-473. [doi:
10.1378/chest.15-0529] [Medline: 26111347]
Ganz DA, Bao Y, Shekelle PG, Rubenstein LZ. Will my patient fall? JAMA 2007 Jan 03;297(1):77-86. [doi:
10.1001/jama.297.1.77] [Medline: 17200478]
Janssens L, Brumagne S, McConnell AK, Claeys K, Pijnenburg M, Goossens N, et al. Impaired postural control reduces
sit-to-stand-to-sit performance in individuals with chronic obstructive pulmonary disease. PLoS One 2014;9(2):e88247.
[doi: 10.1371/journal.pone.0088247] [Medline: 24533072]
Janssens L, Brumagne S, McConnell AK, Claeys K, Pijnenburg M, Burtin C, et al. Proprioceptive changes impair balance
control in individuals with chronic obstructive pulmonary disease. PLoS One 2013;8(3):e57949. [doi:
10.1371/journal.pone.0057949] [Medline: 23469255]
Grant I, Heaton RK, McSweeny AJ, Adams KM, Timms RM. Neuropsychologic findings in hypoxemic chronic obstructive
pulmonary disease. Arch Intern Med 1982 Aug;142(8):1470-1476. [Medline: 7103628]
Roig M, Eng JJ, Road JD, Reid WD. Falls in patients with chronic obstructive pulmonary disease: A call for further research.
Respir Med 2009 Sep;103(9):1257-1269 [FREE Full text] [doi: 10.1016/j.rmed.2009.03.022] [Medline: 19419852]
Lee YJ, Boyd AD, Li JJ, Gardeux V, Kenost C, Saner D, et al. COPD hospitalization risk increased with distinct patterns
of multiple systems comorbidities unveiled by network modeling. AMIA Annu Symp Proc 2014;2014:855-864 [FREE Full
text] [Medline: 25954392]
Spruit MA, Singh SJ, Garvey C, ZuWallack R, Nici L, Rochester C, ATS/ERS Task Force on Pulmonary Rehabilitation.
An official American Thoracic Society/European Respiratory Society statement: Key concepts and advances in pulmonary
rehabilitation. Am J Respir Crit Care Med 2013 Oct 15;188(8):e13-e64. [doi: 10.1164/rccm.201309-1634ST] [Medline:
24127811]
Rochester C, Vogiatzis I, Holland A, Lareau S, Marciniuk D, Puhan M, ATS/ERS Task Force on Policy in Pulmonary
Rehabilitation. 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 Dec 01;192(11):1373-1386.
[doi: 10.1164/rccm.201510-1966ST] [Medline: 26623686]
Bolton CE, Bevan-Smith EF, Blakey JD, Crowe P, Elkin SL, Garrod R, British Thoracic Society Pulmonary Rehabilitation
Guideline Development Group, British Thoracic Society Standards of Care Committee. British Thoracic Society guideline
on pulmonary rehabilitation in adults. Thorax 2013 Sep;68 Suppl 2:ii1-ii30. [doi: 10.1136/thoraxjnl-2013-203808] [Medline:
23880483]
Abramson M, Crockett AJ, Dabscheck E, Frith PA, George J, Glasgow N, et al. The COPD-X Plan: Australian and New
Zealand Guidelines for the Management of Chronic Obstructive Pulmonary Disease 2015. Milton, Australia: Lung Foundation
Australia and the Thoracic Society of Australia and New Zealand; 2015 Jun 01. URL: https://www.thoracic.org.au/
journal-publishing/command/download_file/id/15/filename/COPDX-V2-42_final_270815.pdf [accessed 2017-11-12]
[WebCite Cache ID 6uvEofIyH]
Brooks D, Sottana R, Bell B, Hanna M, Laframboise L, Selvanayagarajah S, et al. Characterization of pulmonary rehabilitation
programs in Canada in 2005. Can Respir J 2007 Mar;14(2):87-92 [FREE Full text] [Medline: 17372635]
Pulmonary Rehabilitation Tool Kit, Lung Foundation Australia. Importance of exercise URL: http://pulmonaryrehab.com.au/
importance-of-exercise/ [accessed 2017-03-29] [WebCite Cache ID 6pKeS4UYI]
Beauchamp MK, O'Hoski S, Goldstein RS, Brooks D. Effect of pulmonary rehabilitation on balance in persons with chronic
obstructive pulmonary disease. Arch Phys Med Rehabil 2010 Sep;91(9):1460-1465. [doi: 10.1016/j.apmr.2010.06.021]
[Medline: 20801268]
Kenney RA, Rubenstein LZ, Tinetti ME, Brewer K, Cameron KA, Capezuti EA, et al. Summary of the Updated American
Geriatrics Society/British Geriatrics Society clinical practice guideline for prevention of falls in older persons. J Am Geriatr
Soc 2011 Jan;59(1):148-157. [doi: 10.1111/j.1532-5415.2010.03234.x] [Medline: 21226685]
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 Dec;144(6):1803-1810. [doi:
10.1378/chest.13-1093] [Medline: 23975185]
Harrison SL, Beauchamp MK, Sibley K, Araujo T, Romano J, Goldstein RS, et al. Minimizing the evidence-practice gap
- A prospective cohort study incorporating balance training into pulmonary rehabilitation for individuals with chronic
obstructive pulmonary disease. BMC Pulm Med 2015 Jul 23;15:73 [FREE Full text] [doi: 10.1186/s12890-015-0067-2]
[Medline: 26202647]
US Food and Drug Administration. 2016. What is a serious adverse event? URL: https://www.fda.gov/safety/medwatch/
howtoreport/ucm053087.htm [accessed 2017-09-26] [WebCite Cache ID 6tlczKkQw]
Chan AW, Tetzlaff JM, Gøtzsche PC, Altman DG, Mann H, Berlin JA, et al. SPIRIT 2013 explanation and elaboration:
Guidance for protocols of clinical trials. BMJ 2013 Jan 08;346:e7586 [FREE Full text] [Medline: 23303884]
Global Strategy for the Diagnosis, Management and Prevention of Chronic Obstructive Pulmonary Disease 2017 Report.:
Global Initiative for Chronic Obstructive Lung Disease; 2017. URL: http://goldcopd.org/download/326/ [accessed 2017-11-12]
[WebCite Cache ID 6uvFpBife]

http://www.researchprotocols.org/2017/11/e228/

XSL• FO
RenderX

Beauchamp et al

JMIR Res Protoc 2017 | vol. 6 | iss. 11 | e228 | p.9
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
39.

40.
41.

42.
43.

44.
45.
46.
47.
48.
49.

50.

51.
52.

53.

54.

55.

56.

57.
58.

Beauchamp et al

Sherrington C, Tiedemann A, Fairhall N, Close JCT, Lord SR. Exercise to prevent falls in older adults: An updated
meta-analysis and best practice recommendations. N S W Public Health Bull 2011 Jun;22(3-4):78-83 [FREE Full text]
[doi: 10.1071/NB10056] [Medline: 21632004]
[No authors listed]. The prevention of falls in later life. A report of the Kellogg International Work Group on the Prevention
of Falls by the Elderly. Dan Med Bull 1987 Apr;34 Suppl 4:1-24. [Medline: 3595217]
Lamb SE, Jørstad-Stein EC, Hauer K, Becker C. Development of a common outcome data set for fall injury prevention
trials: The Prevention of Falls Network Europe consensus. J Am Geriatr Soc 2005 Sep;53(9):1618-1622. [doi:
10.1111/j.1532-5415.2005.53455.x] [Medline: 16137297]
Berg K, Wood-Dauphine S, Williams JI, Gayton D. Measuring balance in the elderly: Preliminary development of an
instrument. Physiother Can 1989 Nov;41(6):304-311. [doi: 10.3138/ptc.41.6.304]
Oliveira CC, Lee A, Granger CL, Miller KJ, Irving LB, Denehy L. Postural control and fear of falling assessment in people
with chronic obstructive pulmonary disease: A systematic review of instruments, international classification of functioning,
disability and health linkage, and measurement properties. Arch Phys Med Rehabil 2013 Sep;94(9):1784-1799.e7. [doi:
10.1016/j.apmr.2013.04.012] [Medline: 23632285]
Finch E, Brooks D, Stratford PW, Mayo NE. Physical Rehabilitation Outcome Measures: A Guide to Enhanced
Clinical-Decision-Making. 2nd edition. Philadelphia, PA: Lippincott Williams & Wilkins; 2002.
Beauchamp MK, Harrison SL, Goldstein RS, Brooks D. Interpretability of change scores in measures of balance in people
with COPD. Chest 2016 Mar;149(3):696-703. [doi: 10.1378/chest.15-0717] [Medline: 26203790]
Horak FB, Wrisley DM, Frank J. The Balance Evaluation Systems Test (BESTest) to differentiate balance deficits. Phys
Ther 2009 Apr;89(5):484-498 [FREE Full text] [doi: 10.2522/ptj.20080071] [Medline: 19329772]
Powell LE, Myers AM. The Activities-specific Balance Confidence (ABC) Scale. J Gerontol A Biol Sci Med Sci 1995
Jan;50A(1):M28-M34. [Medline: 7814786]
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 Jun;70(2):113-119. [doi: 10.1080/02701367.1999.10608028] [Medline: 10380242]
Benton MJ, Alexander JL. Validation of functional fitness tests as surrogates for strength measurement in frail, older adults
with chronic obstructive pulmonary disease. Am J Phys Med Rehabil 2009 Jul;88(7):579-583; quiz 584-586, 590. [doi:
10.1097/PHM.0b013e3181aa2ff8] [Medline: 19542782]
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 Oct
30;44(6):1428-1446. [doi: 10.1183/09031936.00150314] [Medline: 25359355]
Mahler DA, Weinberg DH, Wells CK, Feinstein AR. The measurement of dyspnea. Contents, interobserver agreement,
and physiologic correlates of two new clinical indexes. Chest 1984 Jun;85(6):751-758. [Medline: 6723384]
Russell MA, Hill KD, Day LM, Blackberry I, Gurrin LC, Dharmage SC. Development of the Falls Risk for Older People
in the Community (FROP-Com) screening tool. Age Ageing 2009 Jan;38(1):40-46. [doi: 10.1093/ageing/afn196] [Medline:
19141507]
Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, et al. Development and preliminary testing of the new
five-level version of EQ-5D (EQ-5D-5L). Qual Life Res 2011 Dec;20(10):1727-1736 [FREE Full text] [doi:
10.1007/s11136-011-9903-x] [Medline: 21479777]
Xie F, Pullenayegum E, Gaebel K, Bansback N, Bryan S, Ohinmaa A, Canadian EQ-5D-5L Valuation Study Group. A
time trade-off-derived value set of the EQ-5D-5L for Canada. Med Care 2016 Jan;54(1):98-105 [FREE Full text] [doi:
10.1097/MLR.0000000000000447] [Medline: 26492214]
Devlin N, Shah K, Feng Y, Mulhern B, van Hout B. Office of Health Economics. 2016 Jan. Valuing health-related quality
of life: An EQ-5D-5L value set for England URL: https://www.ohe.org/publications/
valuing-health-related-quality-life-eq-5d-5l-value-set-england [accessed 2017-04-27] [WebCite Cache ID 6q2YAfwTb]
van Hout B, Janssen MF, Feng YS, Kohlmann T, Busschbach J, Golicki D, et al. Interim scoring for the EQ-5D-5L: Mapping
the EQ-5D-5L to EQ-5D-3L value sets. Value Health 2012;15(5):708-715 [FREE Full text] [doi: 10.1016/j.jval.2012.02.008]
[Medline: 22867780]
Drummond MF, Sculpher MJ, Torrance GW, O'Brien BJ, Stoddart GL. Methods for the Economic Evaluation of Health
Care Programmes. 3rd edition. Oxford, UK: Oxford University Press; 2005.
Hayes RJ, Bennett S. Simple sample size calculation for cluster-randomized trials. Int J Epidemiol 1999 Apr;28(2):319-326
[FREE Full text] [Medline: 10342698]

Abbreviations
6MWT: 6-minute walk test
ABC: Activities-Specific Balance Confidence
BBS: Berg Balance Scale
BDI: Baseline Dyspnea Index
BESTest: Balance Evaluation Systems Test
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CIHR: Canadian Institutes of Health Research
COPD: chronic obstructive pulmonary disease
EQ-5D-5L: European Quality of Life 5-Dimension Questionnaire
FEV1: forced expiratory volume in 1 second
FROP-Com: Falls Risk for Older People-Community setting
FVC: forced vital capacity
GOLD: Global Initiative for Chronic Obstructive Lung Disease
MCID: minimal clinically important difference
PR: pulmonary rehabilitation
QALY: quality-adjusted life years
RCT: randomized controlled trial
REB: Research Ethics Board
SAE: serious adverse event
SPIRIT: Standard Protocol Items: Recommendation for Intervention Trials
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