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Purpose: Older adults with chronic obstructive pulmonary disease (COPD) have a high risk 
and rate of falls. Home-based fall prevention exercise programs reduce falls in older adults 
and may be an alternative approach for people with COPD without access to hospital-based 
rehabilitation. Therefore, we aimed to determine the feasibility of a home-based fall preven-
tion exercise program in older adults with COPD and to examine the effect of the program on 
fall-related outcomes at baseline, 3 and 6 months.
Patients and Methods: Adults ≥60 years with COPD at risk for falls participated in 
a single group study. The intervention was a 6-month home-based fall prevention program 
which included 40 minutes of independent exercise three times per week, four physiothera-
pist home visits, bimonthly phone calls, and an optional booster session post-exacerbation. 
An independent assessor collected outcome measures at home at baseline, 3- and 6-months. 
Primary feasibility criteria were recruitment and retention rates (≥70%) and exercise adher-
ence (≥60%). Functional outcomes included the Berg Balance Scale (BBS), the Balance 
Evaluation Systems Test (BESTest), the Activities-Specific Balance Confidence (ABC) scale, 
the repeated chair-stand test, self-reported function, and fall history.
Results: Thirty-six patients (female 63.8%, mean age 74.4 ± 6.1 years; mean FEV1 45.0 ± 
13.8% predicted) were enrolled. The recruitment rate was 46.8%, participant retention rate 
was 69.4%, and exercise adherence rate was 73.6%. Repeated measures ANOVA showed 
improvements at 3- and 6-months compared to baseline in the BBS (p=0.001) and the 
BESTest total scores and sub-scores (p=0.001).
Conclusion: The home-based fall prevention exercise program met one of the three pre- 
specified feasibility criteria (exercise adherence), and improved balance-related measures of 
fall risk in older adults with COPD. Our findings highlight important opportunities for 
refinement of the study design prior to undertaking a full-scale trial.
Keywords: COPD, balance training, exercise, falls prevention

Introduction
Chronic obstructive pulmonary disease (COPD) is a leading cause of disability and 
death worldwide.1 Impairments in muscle function, mobility, exercise capacity and 
more recently, balance,2,3 are well-recognized secondary effects of the disease. 
These impairments constitute fall risk factors4 and therefore likely contribute to 
the elevated fall risk in people with COPD.5–9 Participants with COPD are up to 
55% more likely to fall than their age-matched peers.6 The higher potential for 
injury from a fall, frequent disease exacerbations, and unique impairment profile, 
underscore the need to develop fall prevention approaches specifically in COPD.

We have previously shown that a 6-week hospital-based balance training pro-
gram provided alongside pulmonary rehabilitation improved measures of balance 
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and disability in patients with COPD over the short-term.10 

However, in order to impact on falls, exercises that target 
balance and functional strength need to be undertaken on 
a long-term basis.11 In addition, to be successful in COPD, 
barriers to program attendance and exercise adherence 
need to be addressed. Evidence supports home-based pro-
grams as one such strategy.12–15

The primary objective of this study was to determine 
the feasibility of home-based fall prevention exercise pro-
gram for older adults with COPD in terms of recruitment, 
retention and adherence. Secondary feasibility outcomes 
included falls, patient satisfaction and adverse events. All 
feasibility outcomes will be used to inform a future larger- 
scale trial. The secondary objective was to examine the 
effect of the program on fall-related outcomes including 
balance, functional strength and self-reported physical 
function. We hypothesized a priori that the home exercise 
intervention would be considered feasible if: 1) ≥70% of 
eligible participants could be recruited; 2) ≥70% of the 
sample completed all three study assessments; and 3) par-
ticipants completed a minimum of ≥60% of the prescribed 
exercise sessions. We also hypothesized the program 
would have clinically important effects on intermediate 
outcomes linked to falls (balance, strength, function).

Methods
Study Design
This was a single-group, non-randomized clinical trial (clin-
ical trials.gov NCT02695342). Eligible participants were 
enrolled in a 6-month home-based fall prevention exercise 
program. The home program was supervised by 
a physiotherapist and outcome measures were collected by 
an independent assessor at home at baseline, 3- and 6-months.

Patient Involvement
Participants with COPD were not involved in setting the 
research question, development of the study design or choice 
of outcome measures however they, along with clinicians 
working with patients with COPD, were consulted during 
the development of the home-based fall prevention exercise 
video. We intend to disseminate the main results to study 
participants and will seek patient involvement in refining the 
study design prior to a full-scale trial.

Study Population
Participants were recruited from respiratory medicine 
clinics at West Park Healthcare Centre (Toronto) and the 

Firestone Institute for Respiratory Health (St. Joseph’s 
Healthcare Hamilton) between 04/2016 and 02/2019 and 
were considered eligible if they met the following criteria: 
age ≥ 60 years; a diagnosis of COPD;16 and a self-report 
of either 1) history of one or more falls in the 
previous year, 2) challenges with balance, or 3) worried 
about falling.17 Participants were excluded if they had 
completed a course of pulmonary rehabilitation (PR) in 
the previous 6 months or if they were on a wait list for 
admission to PR. Additional specific exclusion criteria 
included: residing outside of our pre-determined geogra-
phical catchment, inability to communicate due to lan-
guage skills, hearing or cognitive impairment; history of 
unstable cardiovascular disease and marked resting or 
exertional oxygen desaturation, both of which would 
limit safe, independent exercise; evidence of 
a musculoskeletal or neurological co-morbidity which 
severely limited their mobility and/or jeopardized safety.

Intervention
The content and delivery of the home-based fall- 
prevention exercise program was based on our work to 
date in COPD,10,18,19 best practice guidelines for fall pre-
vention in older adults20 and evidence from successful 
home exercise interventions in older adults.15,21 

Participants were instructed to perform 40 minutes of 
balance exercise at least three times per week for 6 
months.

A registered physiotherapist (PT) taught the balance 
exercises in four home visits over the first 6 weeks of 
the study. The teaching sessions included a home safety 
assessment as well as instruction, demonstration, assess-
ment of patient performance and prescription of appropri-
ate balance exercises using based on patient needs. 
Participants also received a portable DVD player with 
a DVD version of the balance exercises as this strategy 
has shown promising results for facilitating home exercise 
adherence14,21,22 and patients were also provided with the 
option of an online link to the video (https://www.youtube. 
com/watch?v=ShpqWhrfyBU&feature=emb_title). In gen-
eral, the types of exercises were tailored to address the 
underlying balance deficits that we previously observed in 
this population23 and individualized according to each 
participant’s ability. Specifically, the balance exercises 
emphasized functional lower extremity strength training 
(eg, sit to stand, step-ups, single-leg stance, seated hip 
abduction with an elastic band), gait training under chal-
lenging conditions (eg, heel and toe walking, backward 
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stepping and figure 8s exercise, exercises to challenge 
static balance control (eg, single-leg stance, narrow stance) 
and exercises to increase stability during changes in body 
positions (eg, sit to stand, stair taps). These are areas that 
we noted to be particularly deficient in patients with 
COPD in our previous work. The complete list of the 
exercises is available in Supplementary File 1.

The PT then placed bi-monthly telephone calls using 
scripted prompts (Supplementary File 1) to provide posi-
tive reinforcement and to assist patients with problem- 
solving any issues with the exercises or progression. In 
the event of a disease exacerbation, an additional booster 
session was offered to assist the participant in modifying 
and resuming the exercises.

Primary Feasibility Measures
1. Recruitment Data: (i) number of participants 

screened; (ii) proportion of participants ineligible 
and reasons; (iii) proportion of participants who 
declined to participate and reasons; (iv) number of 
participants enrolled. A recruitment rate of ≥70% of 
the eligible participant was considered feasible.

2. Retention Data: (i) proportion of participants with 
complete outcome assessments; (ii) number of with-
drawals and reasons; and (iii) exercise adherence to 
the thrice weekly exercises prescription. The latter 
was collected using an exercise diary postcard 
(Supplementary File 1) and from standardized 
phone call questions. A retention rate of ≥70% of 
the sample was considered feasible.

3. Adherence rate: an overall exercise adherence rate 
of ≥60% was considered feasible.24

Secondary Feasibility Measures
To further inform the future design of a full-scale study we 
also collected data related to: 1) number of falls per 
participant; 2) adherence to monthly fall calendar return 
(Supplementary File 1); 3) patient satisfaction with the 
content and delivery aspects of the intervention using 
a standardized self-report questionnaire; 4) a list of 
adverse effects encountered (eg, musculoskeletal injuries); 
and 5) the number of sessions required with the PT for 
program modifications after exacerbations.

Functional Outcomes
● Falls: Fall history was measured at baseline and then 

prospectively using the monthly fall calendar return. 
The fall calendar postcards asked participants to 

indicate if they had a fall including a slip or trip in 
which they lost their balance and landed on the floor 
or ground or a lower level?25,26

● Balance: The 14-item Berg Balance Scale (BBS) was 
used as a measure of dynamic balance and the 36- 
item Balance Evaluation Systems Test (BESTest) as 
a comprehensive measure of six balance control sys-
tems. Both tests evaluate performance of discrete 
physical tasks (eg, standing on one leg) based on 
specific time and performance criteria. Predictive 
validity for falls has been shown for the BBS in 
older adults27 and for the BESTest in neurologic 
populations,28 and there is strong evidence to support 
the construct validity, reliability and responsiveness 
of both balance scales in various older adult popula-
tions including COPD.27,29–31 Among those with 
COPD, a change of 5–7 points on the BBS and 13 
points on the BESTest is clinically important.32

● Fear of falling: The Activities-Specific Balance 
Confidence (ABC) scale requires patients to rate 
their confidence in maintaining their balance without 
becoming unsteady or falling during 16 progressively 
difficult activities such as standing on a chair and 
walking on an icy sidewalk.33 Total scores range 
from 0 to 100% with higher scores indicating greater 
confidence in remaining stable The ABC scale has 
good reliability and predicts falls in older adults 
residing in the community.27,33 In patients with 
COPD, the ABC scale has demonstrated construct 
validity as well as criterion validity for falls.29,34 

A change of 19 points is considered clinically impor-
tant in COPD.32

● Functional Strength: The repeated chair-stand test 
(number of sit-to-stands in 30 seconds) was used as 
a functional measure of lower body strength. The 
reliability and validity of this measure as 
a surrogate for strength has been demonstrated in 
older adults with COPD.35 A 3 repetition change is 
considered important.10

● Self-reported function: The physical function (PF-10) 
scale of the Medical Outcomes Study 36-Item Short- 
Form Health Survey was used to measure perceived 
limitations in overall physical functioning. Responses 
from each of the 10 items are scored on a 3-point 
Likert scale; scores range from 0 to 100 with higher 
scores indicating better function. The PF-10 has been 
widely used with good construct validity and sensi-
tivity to change.36 A change of 10 points is clinically 
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important in patients with COPD.37 Spirometry mea-
sures were conducted in line with the American 
Thoracic Society (ATS)/European Respiratory 
Society (ERS) criteria.38

Descriptive Measures
Measurements of height, weight, age, smoking history, 
medication use, number of co-morbidities, use of oxygen 
and/or a gait aid, pulmonary function and exercise capa-
city (6-minute walk distance:39 distance in meters that an 
individual is able to walk over a total of six minutes) were 
collected from the medical record and participant 
interview.

A global rating of change scale which asked partici-
pants to rate the amount of change they experienced in 
their balance was used upon completion of the interven-
tion. The participant’s perceived change in balance was 
rated on a five-point Likert scale (much better, a little 
better, no change, a little worse, or much worse).

Statistical Analysis
Clinical and demographic information were described 
using measures of central tendency and dispersion. One- 
way repeated measures ANOVA were conducted to deter-
mine the effect of the home program on the participants’ 
performance on the BESTest, BBS, ABC scale, repeated 
chair stand and self-reported function (PF-10 of the SF-36) 
measures at baseline compared to their performance at 3 
and 6 months. Mauchly’s test of sphericity indicated that 
the assumption of sphericity had been violated for the 
BESTest total score and subscale reactive. In those cases, 
the Greenhouse-Geisser correction was applied. In the case 
of a significant ANOVA, post hoc multiple comparisons 
with Bonferroni adjustment were conducted to determine 
the locus of the difference. Statistical analyses were per-
formed using SPSS v. 26.0 and the statistical significance 
level was at α = 0.05.

A convenience sample of 36 subjects was recruited. 
This sample size was deemed sufficient to yield 80% 
power (alpha=0.05) to detect clinically important differ-
ences on the intermediate balance and functional measures 
pre- and post-intervention (20 required for the BBS and 
BESTest; 25–30 for the ABC, chair-stand and PF-10)31 

while accounting for a 15–20% drop-out rate based on our 
trial experience.10 The sample size was−determined using 
GPower software.

Results
Of the 265 participants screened for this study, 188 did not 
meet inclusion criteria, with the most common reason 
being that they lived too far from our geographic boundary 
(n=60) for home visits (Figure 1). Of the eligible patients, 
a total of 36 older adults with COPD consented to be 
enrolled in the study; 23 (63.8%) females, mean age 74.4 
± 6.1 years, and FEV1% predicted of 45.0% (13.8%). On 
average, the participants were 10.8 ± 7.7 years from diag-
nosis of COPD with a smoking history of 45.7 ± 13.4 pack 
years. Fourteen participants (38.9%) used supplemental 
oxygen and 14 used a gait aid. A fall history in the 
previous year was reported by 13 participants (36.1%), 
21 (58.3%) self-reported balance problems and 18 
(55.3%) were worried about falling (Table 1).

Primary Feasibility Findings
Of the 77 participants who were eligible to participate in 
the study, 36 (46.8%) consented to participate. Twenty-five 
enrolled participants (69.4%) completed the three study 
assessments and exercise adherence rates were 83.4% at 
3-months and 73.6% at 6-months.

Secondary Feasibility Findings
Eleven participants (30.6%) suffered a total of 12 falls 
during the study period. Among 3-month completers and 
full program completers, the average monthly falls and 
exercise postcard return rate was 99% and 93% respec-
tively. The average satisfaction rating was 4.6 (0.46) on 
a 5-point Likert scale among program completers. 
Additionally, eight participants (32%) perceived their bal-
ance as “much better”, 13 (52%) as “a little better” and 
four (11.1%) as “unchanged”. One serious adverse event 
related to study participation was reported; the participant 
tripped on the exercise stepper while performing the bal-
ance exercises and suffered an injurious fall (rib fracture, 
soft tissue injury to one shoulder). Thirteen participants 
reported a total of 22 acute exacerbations during the study 
period for an average of 0.61 acute exacerbations/partici-
pant; 5 participants required a fifth booster visit with 
a study PT to resume the home exercise program after an 
exacerbation.

Effect of Home-Based Fall Prevention 
Exercise Training
Data from 25 participants were compared between periods. 
Results of the one-way repeated measures ANOVA 
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showed that there was a significant main effect of the 
home balance exercise program on the BBS score (p = 
0.001). Adjusted Bonferroni post hoc tests showed that 
participant’s performance on the BBS improved signifi-
cantly from 49.3 (5.9) at baseline to 51.5 (4.7) at 3 months, 
and 51.8 (5.0) at 6 months. BESTest total score also 
improved significantly (p = 0.001) by an average of 7.7 
at 3 months (65.5 vs 73.2) compared to baseline, and by 
10.5 (65.5 vs 76.0) at 6 months compared to baseline. 
Similar results were found for the subsystems biomecha-
nical constrains (p = 0.001), stability limits (p = 0.001), 
transitions (p = 0.001) and reactive (p = 0.004) with 
significant improvement at 3- and 6-months compared to 
baseline (Table 2). For the subsystem sensory orientation, 
significant differences were observed between measure-
ments taken at baseline and at 6 months (74.4 vs 85.6), 
and at 3 and 6 months (77.6 vs 85.6). Figure 2 shows the 

comparison of the balance tests between time points. No 
differences between periods were observed for the subsys-
tem of gait stability within the BESTest, the ABC scale, 
repeated chair stand, or PF-10 of the SF-36.

Discussion
To our knowledge this is the first study to examine 
a home-based fall prevention intervention for older adults 
with COPD. Our findings show that the home-based exer-
cise program was feasible in terms of promoting long-term 
exercise adherence and was also associated with improve-
ments in measures of balance related to fall risk over 6 
months. We observed stagnation in most of the balance 
scores between 3 and 6 months. It is possible that clini-
cally important improvements were already achieved or 
that further support would be needed by the physiothera-
pists in progressing the exercises further beyond 3 months. 

Figure 1 Consort flow diagram of the study.
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However, our retention rate was borderline acceptable 
(69.4%), and our recruitment rate was lower than expected 
(47%), though we did meet our required sample size. We 
also did not observe improvements in our secondary mea-
sures of functional strength and disability, and there was 
one adverse event related to the intervention. These find-
ings highlight opportunities for refinement of the study 
design prior to undertaking a randomized controlled trial 
of home-based fall prevention in this population. We 
would recommend additional home visits by the PT to 
help maintain motivation and adherence in the latter half 
of the program; the addition of more exercises focused on 
total body functional strength; encouraging participants to 
have a family member or caregiver with them when exer-
cising to limit the possibility of an adverse event such as 
a fall; and virtual sessions for those participants excluded 
due to geographic reasons. We also suggest strengthening 
screening for study inclusion, ie, for cognition and frailty, 
as both conditions could impact safe and effective partici-
pation in an independent program. Finally, we recommend 
the establishment of a patient stakeholder advisory group 
to partner with the research team to assist with refining 
recruitment and retention strategies, and to provide input 
on study design for a full-scale trial.

Our pre-specified feasibility outcomes for the trial were 
recruitment and retention rates of at least 70%, and an exer-
cise adherence rate of at least 60%. Participants reported 
acceptable adherence to the prescribed three weekly 40- 
minute exercise sessions at both 3- and 6-months (83 and 
74% respectively), however only 25 out of the 36 (69%) 
enrolled participants completed all three assessment sessions, 
falling just short of our pre-specified retention goal of 70%. 
Although most participants dropped out of the study due to 
reasons unrelated to the intervention (3 deaths, 1 palliation, 
and 4 as a result of personal or family health issues), one 

Table 1 Demographics and Clinical Characteristics of Enrolled 
Participants (N=36)

Variables N=36 
Mean ± SD

Age (years) 74.4 ± 6.1

Sex, Feminine, N (%) 23 (63.8%)

BMI (Kg/m2) 26.2 ± 9.9

Years since diagnosis 10.8 ± 7.7

Smoking history, packs (years) 45.7 ± 13.4

Number of Comorbidities 4.6 ± 2.3

Most common comorbidities, N (%)

Hypertension 21 (58.3)

Osteoarthritis 18 (50.0)

Cardiovascular disease 17 (47.2)

Depression 13 (36.1)

Osteoporosis 11 (30.6)

Diabetes 9 (25.0)

Number of Medications 9.7 ± 4.9

Most common treated conditions and medications 

used, N (%)

Bronchospasm (bronchodilator) 28 (77.8)

Hypertension (beta-blocker) 16 (44.4)

Airway inflammation (corticosteroid) 8 (22.2)

Diabetes (biguanide) 7 (19.4)

Depression (serotonin-norepinephrine reuptake 

inhibitor)

4 (11.1)

Anxiety (benzodiazepine) 4 (11.1)

Pain (opioid) 3 (8.3)

Number of exacerbations, N 22

Number of patients hospitalized, N 5

Falls history, N (%)

No 23 (63.8)

Yes 13 (36.2)

Number of falls in the past 6 months, N 16

Number of falls in the past 12 months, N 28

Worry about falling, N (%)

No 5 (13.9)

Yes 21 (58.3)

Self-reported balance problems, N (%)

No 8 (22.2)

Yes 18 (55.6)

Gait aids, N (%)

Yes 24 (68.6)

No 11 (31.4)

Supplemental Oxygen, N (%)

Yes 14 (38.9)

No 22 (61.1)

(Continued)

Table 1 (Continued). 

Variables N=36 
Mean ± SD

Lung Function

FEV1 (L) 1.03 ± 0.39

FEV1 (% pred) 45.03 ± 13.80

FVC (L) 2.17 ± 0.59

FVC (% pred) 78.11 ± 22.63

FEV1/FVC (%) actual 47.32 ± 14.21

6MWD (m) 319 ± 109.2

Abbreviations: BMI, body mass index; FVC, forced vital capacity; FEV1, forced 
expiratory volume in 1 second; 6MWD, six-minutes walk distance, m, meters.
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participant was lost to follow-up and another indicated they 
were no longer motivated to continue. It is possible that an 
additional visit by the treating physiotherapist may be neces-
sary following the first 3 months of the program to help 
support patients in continuing the program over the longer- 
term. Of note, even though we had set an a priori recruitment 
rate of 70% as one of our feasibility criteria, we stopped 
recruitment once our target sample size was met, resulting in 
a rate of 47%. Nonetheless, given that only 47% of eligible 
patients agreed to enroll in the program over 30 months, this 
suggests that multiple additional sites may be needed to meet 
sample size requirements for a larger trial. Our observed 
recruitment rate is also not surprising given that uptake for 
pulmonary rehabilitation is often low among people with 
COPD40 and that we targeted patients who were not enrolled 
or on a waitlist for rehabilitation. In our study, the primary 
reason participants offered for declining was related to either 
the time commitment or not feeling well enough to exercise; 
further exploration of the reasons why participants declined 
to participate would be helpful for informing future research. 
Many participants (n=60) were also excluded given they 
resided outside of our pre-defined geographic catchment. 
Consideration of alternate delivery modes (eg, virtual) for 
the home-based exercise program may be worth considering 
in future studies.

Our secondary feasibility measures supported that the 
utilization of monthly postcards to collect exercise and 

falls data was effective. In addition, participants were 
highly satisfied with the program and 84% of program 
completers perceived some improvement in their balance. 
While monthly falls and exercise postcard return rates 
were high among 3-month (99%) and program completers 
(93%), there was some evidence of compliance fatigue in 
the 4- to 6-month period with the postcard return rate 
dropping to 86%. Nonetheless, phone call follow-up for 
collecting the missing data was effective to gather the falls 
information in the event of missing postcards. A total of 11 
participants (30.6%) suffered a fall during the 6-month 
study period. It is difficult to interpret this finding without 
a control group, however the data may be useful for 
informing future sample size calculations. Five partici-
pants (14%) required a booster visit to resume balance 
training after an acute exacerbation while eight partici-
pants (22%) were able to resume the program without an 
additional visit from the PT. The relatively low percentage 
of participants requiring a booster visit supports the feasi-
bility of this approach for selected patients who may 
require additional support.

Notably, one participant suffered a serious adverse 
event related to study participation resulting in an injur-
ious fall. There are risks inherent in any exercise inter-
vention involving vulnerable populations however 
balance training likely offers an additional safety chal-
lenge. To impact balance and fall risk, exercises must 

Table 2 Comparisons of the Performance of the Participants on the Balance and Mobility Tests at Baseline, and at 3 and 6 Months 
(n=25)

Variables Baseline 3-Month 6-Month Baseline vs 
3-Month

Baseline vs 
6-Month

3-Month vs 
6-Month

Mean (SD) P-value 95% CI of the Difference

BBS 49.3 (5.9) 51.5 (4.7) 51.8 (5.0) 0.008* −3.9 – −0.5 0.021* −4.6 – −0.3 0.999 −1.7–1.2

ABC 65.6 (24.1) 70.1 (18.4) 72.6 (16.0) 0.455 −12.3–3.3 0.144 −15.7–1.7 0.999 −9.3–4.2

Repeated Chair Stand 7.9 (3.2) 9.1 (3.2) 8.4 (4.2) 0.063 −2.5–0.1 0.999 −2.1–1.1 0.700 −0.8–2.3
SF-36 (PF-10) 30.6 (19.5) 36.4 (16.8) 32.0 (18.8) 0.184 −13.4–1.8 0.999 −12.3–9.5 0.721 −5.0–13.8

BESTest
Biomechanical Constraints 55.7 (19.4) 64.7 (22.7) 66.7 (20.8) 0.003* −14.7 – −3.3 0.001* −16.1 – −5.8 0.510 −8.0 – −4.0

Stability Limits/Verticality 69.3 (10.3) 77.5 (9.9) 80.6 (9.4) 0.001–12.2 – −4.2 0.001 −16.5 – −6.0 0.378 −8.0–1.9

Transitions/Anticipatory 67.1 (16.9) 75.1 (16.6) 76.2 (22.3) 0.001* −13.1 – −3.0 0.002* −13.9 – −3.0 0.999 −4.2–3.3
Reactive 62.2 (24.5) 73.5 (20.9) 85.6 (14.4) 0.012* −20.5 – −2.1 0.023* −26.4 – −1.6 0.999 −10.6–5.3

Sensory Orientation 74.4 (21.0) 77.6 (17.1) 85.6 (14.4) 0.847 −10.7–4.3 0.010* −20.0 – −2.4 0.012* −14.5 – −1.5

Stability in Gait 64.0 (18.9) 68.8 (17.0) 71.6 (19.8) 0.077 −9.9 – −0.4 0.062 −15.5–0.3 0.716 −8.9–3.2
Total Score 65.5 (12.6) 73.2 (11.9) 76.0 (12.3) 0.001* −10.9 – −4.5 0.001* −15.7 – −5.3 0.094 −6.0–0.3

Note: *Significant difference at p < 0.05. 
Abbreviations: BBS, Berg Balance Scale; BESTest, Balance Evaluation Systems Test; ABC, activities-specific balance confidence; PF-10, physical function (PF-10) scale of the 
Medical Outcomes Study; SF-36, 36-item short form health survey.
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Figure 2 Repeated measures ANOVA determined that the balance tests differed significantly between time points. Post hoc tests using Bonferroni correction revealed that 
home balance exercise program improved the BBS score, the BESTest total score and the scores of the subcomponent’s biomechanical constraints, stability, transitions, and 
reactive between baseline and 3 months and baseline and 6 months; and between baseline and 6 months, and 3 months and 6 months of exercise for the sensory 
subcomponent. (* = p < 0.05).
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take participants to the limit of their balance control 
thereby increasing the risk of falling during training by 
its very nature. Several steps were taken to mitigate this 
inherent risk. First, balance assessment results were used 
to tailor the home balance exercise program to each 
participant’s abilities. This was essential in ensuring 
that participants were not under or over challenged. 
Second, a registered PT provided four 1:1 home-based 
training session during the first six weeks of the program. 
This allowed the PT to evaluate the participant’s home 
environment for safety hazards, as well as ensure the 
participant was able to perform the exercises safely 
using items in the home such as a counter or table to 
offer standby support as needed. An additional strategy 
for future trials could be to encourage participants to 
have another family member nearby for safety if 
possible.

The home-based fall prevention exercise program was 
associated with statistically significant improvements in 
our primary balance measures- the BBS and BESTest. 
However, for the BBS, the improvement was below the 
MCID (5 points) for this measure established in our pre-
vious work.32 One reason for smaller improvement on the 
BBS may be the known ceiling effect for this measure- in 
fact, the baseline score on the BBS was 49.1 out of a total 
possible score of 56. In contrast, scores on the more 
challenging BESTest improved by an average of 7.7 points 
at 3 months (65.5 vs 73.2) compared to baseline, and by 
10.5 points (65.5 vs 76.0) at 6 months compared to base-
line. The improvement at 6-months compared to baseline 
meets the MCID for this assessment tool32 and suggests 
that the BESTest or one of its abbreviated versions would 
be optimal balance measure for future interventions. It is 
also encouraging to note the improvements in the six 
BESTest sub-scores. The non-significant improvements in 
our measure of fear of falling, functional strength and self- 
reported physical function are perhaps not surprising given 
that the exercise program was primarily designed to 
improve balance, and that small improvements in these 
measures could not have been detected with our sample 
size.

Limitations
This was a small-scale single-group, non-randomized clin-
ical trial using a sample of convenience recruited from 
respirology clinics across two sites. As a result, the gen-
eralizability of our results to the broader COPD population 
is limited. The primary objective of this study, however, 

was to determine the feasibility of a home-based fall pre-
vention exercise intervention as a novel way to address fall 
prevention in patients with COPD not enrolled in pulmon-
ary rehabilitation.

Participant cognition and frailty were not formally 
assessed however they may play an important role in the 
safe and effective performance of the home-based fall 
prevention exercise program as well as have an impact 
on long-term adherence to the program. Results from this 
study will serve to inform a larger-scale study which can 
address some of the limitations noted here.

Conclusion
In summary, our study provides preliminary evidence to 
support the feasibility of a home-based fall prevention 
exercise program for older adults with COPD over 6 
months. Additional strategies to improve the exercise pro-
gram (eg, encouraging caregiver presence for safety), as 
well as to enhance recruitment and retention, are needed in 
advance of a larger trial. Data from the 3- and 6-month 
follow-up assessments show an encouraging improvement 
in balance-related measures of fall risk.

Abbreviations
COPD, chronic obstructive pulmonary disease; BBS, Berg 
Balance Scale; BESTest, Balance Evaluation Systems 
Test; PT, physiotherapist; PR, pulmonary rehabilitation, 
ABC, activities-specific balance confidence; PF-10, physi-
cal function (PF-10) scale of the Medical Outcomes Study; 
SF-36, 36-item short form health survey; MCID, minimal 
clinically important difference, FVC, forced vital capacity; 
FEV1, forced expiratory volume in 1 second, 6MWD, six- 
minute walk distance.
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