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ABSTRACT

BACKGROUND: Balance impairment and increased fall risk have been demonstrated in individuals with chronic obstructive pulmonary disease
(COPD). However, studies investigating the effects of balance training especially when combined with pulmonary rehabilitation (PR) program
in home-based setting are scarce.

AIM: To examine whether adding balance training to home-based pulmonary rehabilitation improves balance, fall risk, and disease-related
symptoms in individuals with COPD.

DESIGN: Randomized, controlled, assessor-blinded trial with parallel two-group design.

SETTING: Home-based setting.

POPULATION: Forty-eight individuals diagnosed with COPD.

METHODS: Participants with COPD were randomly allocated to either a home-based PR or home-based balance training combined with PR
(PR-BT) group (24 per group). Both groups exercised three days per week for eight-week. Primary outcomes were fall risk index and functional
balance as measured by the Physiological Profile Assessment (PPA) and Timed Up and Go (TUG), respectively. Secondary outcomes were the
Activities-specific Balance Confidence (ABC), Modified Medical Research Council dyspnea (mMRC), Six-Minute Walk Test (6MWT), and
COPD assessment test (CAT). All outcome measures were assessed at baseline, post-intervention, and three-month follow-up.

RESULTS: All participants completed the trial, with no reported adverse events. At post-intervention, the PR-BT group demonstrated signifi-
cantly greater improvements in PPA fall risk score (PR-BT: 1.140.8, PR: 2.4+1.5), TUG (PR-BT: 10.7+1.3, PR: 14.4+4.4 s) and these improve-
ments remained at three-month follow-up (all P<0.01). The ABC, mMRC, and CAT scores were also significant better for the PR-BT than the
PR group both after intervention and at three-month follow-up (all P<0.05).

CONCLUSIONS: Eight-week home-based balance and PR program is effective in improving balance as well as dyspnea, and well-being in
individuals with COPD.

CLINICAL REHABILITATION IMPACT: Home-based balance and PR program is a promising approach for COPD rehabilitation especially
in patients who are at risk of falls.

(Cite this article as: Chuatrakoon B, Uthaikhup S, Ngai SP, Liwsrisakun C, Pothirat C, Sungkarat S. The effectiveness of home-based balance and
pulmonary rehabilitation program in individuals with chronic obstructive pulmonary disease: a randomized controlled trial. Eur J Phys Rehabil Med
2022;58:478-86. DOI: 10.23736/S1973-9087.22.07383-X)

KEY worps: Pulmonary disease, chronic obstructive; Postural balance; Rehabilitation.

hronic obstructive pulmonary disease (COPD) is a ratory dysfunctions, muscle dysfunction, decreased ex-
major public health problem and the fourth leading ercise capacity, impaired balance are well recognized in
cause of death worldwide.! It is characterized by persis- individuals with COPD.3>-¢ Recently, fall prevention has
tent respiratory symptoms and airflow limitation that are received a great deal of consideration due to the growing
progressive and not fully reversible.2 In addition to respi- evidence of balance impairment and increased fall rates in
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HOME-BASED BALANCE TRAINING WITH PR IN COPD

this population. Fall incidence is approximately four times
greater in COPD than healthy peers.” Approximately 30-
50% of individuals with COPD fall at least once during a
six-month period.® As falls often lead to reduced function-
al independence, increased morbidity and mortality,5.9 it is
imperative to determine effective fall prevention program
in COPD.

It is well established that exercise which includes a
balance component is an effective fall prevention strat-
egy.l0 Despite growing evidence of balance impairment
in individuals with COPD, few studies have examined
the effectiveness of balance training program in this
population.!!-17 Among existing studies, balance training
was often included as part of the pulmonary rehabilita-
tion (PR), implemented in center-based settings,!1-14. 16,17
and without follow-up period.!!-14. 17 Recent systematic
reviews concluded that PR with balance training has
beneficial effect on balance, however, more research
on fall risk and long-term intervention effects is still re-
quired.6 18

While PR is proven to have clinically meaningful ben-
efits, the uptake and adherence of the program is low.!9
Transportation problem, travel distance, and time conflict
have been reported as major barriers to participation in cen-
ter-based rehabilitation.20 With this, home-based rehabili-
tation has been proposed as a viable alternative. A previous
systematic review has demonstrated that home-based PR
is feasible and effective for applying in COPD patients.2!
However, studies investigating the effects of home-based
balance training combined with PR program on balance
and risk of falls are scarce. Based on our knowledge, only
one single-group, non-randomized clinical trial of home-
based fall prevention exercise was conducted and found
that home-based balance exercise was feasible in promot-
ing long term adherence, improving balance and fall risk
in individuals with COPD.22 Randomized controlled trials
(RCTs) are needed to confirm previous findings. There-
fore, this study aimed to conduct a randomized controlled
trial to examine the effects of home-based balance train-
ing combined with PR program on balance, fall risk, level
of dyspnea, exercise capacity, and health-related Quality
of Life (QoL) after training and at three-month follow-up
period.

Materials and methods
Participants

Forty-eight COPD patients, aged >40 years, were re-
cruited from outpatient clinics in community hospitals,
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between January 2019 and April 2020. Inclusion criteria
included confirmed COPD diagnosis following standard
guidelines? 23 with a ratio of forced expiratory volume in
the first second (FEV,) and forced vital capacity (FVC)
with < lower limit of normal (LLN),24 >10 pack-year
smoking history, and impaired balance (Timed-Up and Go
[TUG]>11.2 seconds).25 Exclusion criteria were a history
of home mechanical ventilator use, exacerbation within
six months prior to recruitment, symptomatic cardiovascu-
lar diseases, neurological and musculoskeletal conditions
that preclude training.

The study protocol was approved by the Human Ethi-
cal Review Board of the primary investigator’s institution
(COA-AMSEC-61EX-036) and registered in Clinical-
Trial.gov (TCTR20190103003). All eligible participants
signed an informed consent form prior to enrollment in
the study.

Study design

This was a stratified, RCT with assessor-blinded design.
Participants were randomly allocated to either a home-
based balance training combined with PR (PR-BT) or
home-based PR (PR) group. Random sequence was gener-
ated by a computer generation with a 1:1 allocation ratio
using a block size of four, stratified by Six-Minute Walk
Distance (< or >350 m)2¢ and age (< or >70 years). The al-
location sequence was carried out by a person not involved
in the trial, and concealed in opaque, sealed envelopes.

Sample size calculation

The sample size calculation was based on our pilot study
in which TUG yielded an effect size of 0.38. With 80%
power and 5% type I error, a sample size of 40 was re-
quired to detect difference of TUG score between groups.
Considering a potential dropout rate of 20%, a total sample
size of 48 participants (24 per group) was enrolled into the
study.

Interventions
Home-based PR program

The home-based PR program consisted of breathing,
stretching, strengthening, endurance exercises, and
education (i.e. COPD symptoms, coping skills, self-
medication, and management of exacerbations).2?. 28
The program started with diaphragmatic breathing exer-
cise followed by stretching of eight muscle groups (i.e.
shoulder, elbow, hip flexors and extensors, ankle dorsi-
and plantar-flexors). Strengthening of upper- and lower-
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TABLE L.—Training progression for PR.

HOME-BASED BALANCE TRAINING WITH PR IN COPD

Exercises

Level 1

Level 2

Level 3

Breathing and Stretching exercise

(warm-up)

Strengthening exercise (6 muscle

groups, resistance by elastic band)

Endurance exercise (walking)

Stretching exercise (cool-down)

Self-management

10 reps/set, 2 sets/muscle group

Intensity; Borg Scale 3-4
Duration; 15-min (or as tolerated)

6 times/set, 5 sets/day (breathing exercise)
10 secs/time, 5 times/muscle group (8 muscle groups stretching exercise)

10 reps/set, 3 sets/muscle group

(adjusted resistance)

Intensity; Borg Scale 4-5
Duration; 20-min (or as tolerated)

12 reps/set, 3 sets/muscle group

(adjusted resistance)

Intensity; Borg Scale 5-6
Duration; 25-min (or as tolerated)

10 secs/time, 5 times/muscle group (8 muscle groups stretching exercise)

on the first visit

min: minute; reps: repetitions; secs: seconds.

TABLE Il.—Training progression for balance exercise.

Balance exercise

Level

1

2

3

4

Narrow stance
Narrow stance on foam
Tandem stance
Tandem stance

on foam

One leg stance

Toe stand

Heel stand
Sit-to-stand

Narrow base walking
Narrow base walking

10 secs x 1 set, hands support
10 secs x 1 set, hands support
10 secs x 1 set, hands support
10 secs x 1 set, hands support

10 secs/side x 1 set, hands support

10 secs x 1 set, hands support
10 secs x 1 set, hands support
5 times x 1 set, hands support

5 steps x 1 round, hand support
5 steps x 1 round, hand support

10 secs x 2 sets, hands support
10 secs x 2 sets, hands support
10 secs x 2 sets, hands support
10 secs x 2 sets, hands support

10 secs/side x 2 sets, hands support

10 secs x 2 sets, hands support
10 secs x 2 sets, hands support
10 times x 1 set, hand support

5 steps x 2 rounds, hand support
5 steps x 2 rounds, hand support

10 secs x 2 sets, no support
10 secs x 2 sets, no support
10 secs x 2 sets, no support
10 secs x 2 sets, no support

10 secs/side x 2 sets, no support
10 secs x 2 sets, no support
10 secs x 2 sets, no support
10 times x 1 set, no support

5 steps x 1 round, no support
5 steps x 1 round, no support

30 secs x 2 sets, no support
30 secs x 2 sets, no support
30 secs x 2 sets, no support
30 secs x 2 sets, no support

30 secs/side x 1 set, no support
30 secs x 2 sets, no support
30 secs x 2 sets, no support
10 times x 2 sets, no support

5 steps x 2 rounds, no support

5 steps x 2 rounds, no support

backward

reps: repetitions; secs: seconds.

extremity muscles (i.e. biceps, triceps, pectoral, quadri-
ceps, hip abductors and gluteus muscles) was performed
by using resistance bands. The amount of resistance used
was based on participant’s ability to complete 10 repeti-
tions without compensatory movements. The strength-
ening exercise was progressed by increasing the num-
ber of sessions and repetitions. For endurance exercise,
participants were asked to walk on flat ground for 15
minutes or as they could tolerate. The training progres-
sion for each exercise component is described in Table
I. A self-management education session was provided on
the first visit. The PR took approximately 45 minutes per
session.

Home-based balance training combined with PR program

Participants in the PR-BT undertook balance exercises in
addition to the PR program. The balance training program
consisted of stance exercises with different bases of sup-
port and surfaces, walking and functional exercises which
were modified from a previous study.2® The training was
progressed by decreasing hand support and increasing
number of repetitions. The balance exercises with training
progression prescribed in this study are shown in Table II.
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The balance training program took approximately 20 min-
utes per session.

Both groups exercised three days a week for eight-
week. All participants were visited by a physical therapist
four times; at the beginning of the trial to prescribe and
set up exercises, and 2nd, 4thand 6th week to progress the
exercise programs. They also received an exercise poster,
logbook, and a weekly phone call to assist and facilitate
their exercises.

Baseline characteristics and outcome measures

Characteristics of the participants, spirometry, and all out-
come measures were assessed using standard, structured
protocols at baseline, post eight-week intervention, and
three-month follow-up by trained assessors blinded to
group assignment.

PRIMARY OUTCOME MEASURES

» The Physiological Profile Assessment (PPA) is a valid
and reliable test used to determine physiological impair-
ments contributing to falls.3 It consists of five sensorimo-
tor components (i.e., visual contrast sensitivity, proprio-
ception, quadriceps muscle strength, hand reaction time,
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and postural sway). The PPA composite score was calcu-
lated from the five subcomponents through the NeuRA
FallScreen® (https://fbirc.neura.edu.au/fallscreen). De-
tailed descriptions of the PPA administration have been
published.3? Low PPA composite scores indicate low risk
of falling.

» The TUG was used to assess functional balance. The
TUG demonstrates excellent reliability in older adults with
and without health conditions including COPD.3!-33 Time
taken to stand up from a standard chair, walk at a comfort-
able and safe pace for three meters, then turn and walk
back to the chair, and sit down was measured. Two trials
were performed and the best time was used for analysis.

SECONDARY OUTCOME MEASURES

» The Activities-specific Balance Confidence (ABC)
scale was used to determine the participant’s confidence
in performing daily activities without losing balance. The
confidence level is classified as low (scores <50%), medi-
um (scores 50-80%), and high (scores >80%).34 The ABC
scale demonstrates good internal consistency, validity, and
reliability.34

» The modified Medical Research Council dyspnea
scale (mMMRC) was used to identify disability level related
to dyspnea. It is a Five-Likert Scale (0-4), with high scales
indicate more breathlessness. The mMRC has good test-
retest reliability.35

* The Six-Minute Walk Test (6MWT) was used to eval-
uate exercise capacity.36 The 6MWT was conducted ac-
cording to the standard guidelines.3¢ Participants walked
with their own pace along a 30-meter corridor for six min-
utes twice, with 30-minute rest between each trial. The far-
thest distance of the two trials was used for analysis. The
6MWT has an excellent test-retest reliability.37

* The COPD assessment test-Thai version (CAT-TH),
a short, simple, valid and reliable self-administered ques-
tionnaire was used to determine health-related QoL.38
High CAT scores indicate low QoL.

Statistical analysis

Independent #-test and Chi-square test were performed
to compare demographic characteristics between the two
groups. A linear mixed model with Bonferroni post-hoc
adjustment was used to analyze the differences between
and within groups. Gender, %predicted FEV,, and base-
line data were entered as covariates for between-group
comparisons. A partial eta squared (n,?) was calculated to
determine effect size. An effect size of 0.01, 0.06 and 0.14
was regarded as small, medium, and large, respectively.3?
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The significance level was set at P<0.05. Data were ana-
lyzed using SPSS software (version 21.0, IBM Corpora-
tion, Chicago, IL, USA).

Results
Participant characteristics

Of 131 participants with COPD, 48 were eligible and ran-
domized either to the PR-BT or PR group (Figure 1). All
participants completed the training program with no re-
ported adverse events. The average exercise attendance
rate was 98.1% and 97.6% for the PR-BT and PR, respec-
tively. No differences in demographic characteristics be-
tween the two groups were observed at baseline, except
for gender (Table III). The PR-BT showed a trend to have
higher %predicted FEV, than the PR (P=0.06). Therefore,
gender and %predicted FEV, were entered as covariates in
between-group comparisons.

= Participant assessed for elibigility
g (N.=131)
)
s - No balance impariment
> (N.=55)
- Dementia (N.=14)
A - AECOPD (N.=9)
| Baseline assessment (N.=48) | - Severe musculoskeletal (N.=5)
5 Y
g | Randomization (N.=48) |
=}
=< Stratified by age and 6MWD
Y Y
The home-based balance The home-based PR group
training combined (N.=24)
with PR group (45 minutes/session,
= (N.=24) 3 session/week, 8 weeks)
= . .
= (65 minutes/session,
2 3 session/week, 8 weeks)
E
Drop out =0 Drop out = 0
Y Y
Post-intervention assessment Post-intervention assessment
(N.=24) (N.=24)
3-mo follow-up assessment 3-mo follow-up assessment
(N.=24) (N.=24)
Z ¥ ¥
<
Z Analyzed Analyzed
(N.=24) (N.=24)

Figure 1.—Consolidation of trial flow diagram.
AECOPD: acute exacerbation of chronic obstructive pulmonary disease;
N., number; mo: month.
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TABLE lIl.—Participants characteristics (N.=48)

Variables (}I)\IR;];I) (N?:RZ 4) P value*
Age (years) 74.5+5.3 75.4+6.8 0.62
Gender (male, %) 20 (83) 12 (50) 0.01
BMI (kg/m?) 19.4+3.5 17.944.0 0.17
FEV, (L) 0.8+0.4 0.7+0.4 0.42
FVC (L) 1.6+0.6 1.3+0.6 0.16
FEV,/EVC (%) 51.4£10.9 55.1£9.8 0.22
Predicted FEV, (%) 62.9+17.4 53.3£17.7 0.06
Stage of airflow obstruction 2 (0.75) 2(1) 0.23
(Mdn, IQR)
GOLD stage I (%) 3(13) 3(13) -
GOLD stage II (%) 15 (62) 10 (42) -
GOLD stage III (%) 521 9(37) -
GOLD stage IV (%) 1(4) 2(8) -
mMRC dyspnea (Mdn, IQR) 2(2) 2(2) 0.56
Level 0 (N., %) 3(13) 4(17) -
Level 1 (N., %) 8(33) 3(13) -
Level 2 (N., %) 5(21) 8(33) -
Level 3 (N., %) 8(33) 937 -
Level 4 (N., %) 0(0) 0 (0) -
Current smoker (N., %) 13 (54.17) 13 (54.17) 1.00
Medication used (N., %) 24 (100.0) 24 (100.0) 0.9
1 type (N.) 11 13 -
2 types (N.) 6 6 -
3 types (N.) 6 4 -
>4 types (N.) 1 1 -
Co-morbidity (N., %) 13 (54) 11 (46) 0.9
1 disease (N.) 6 6 -
2 diseases (N.) 6 4 -
3 diseases (N.) 1 1 -

The data are expressed as meantstandard deviation, otherwise as indicated.
*Using Independent sample t-test, except for gender, current smoker, co-
morbidity and medication (using y2 Test) and mMRC dyspnea, and disease
severity (using Mann-Whitney U test).

BMI: Body Mass Index; GOLD: Global Initiative for Chronic Obstructive Lung
Disease; PR: pulmonary rehabilitation group; PR-BT: balance training combined
with PR group; IQR: interquartile range; kg: kilogram; m2: square meter; Mdn:
median; N.: number.

HOME-BASED BALANCE TRAINING WITH PR IN COPD

Primary outcomes: balance performance and fall risk

Descriptive data for primary outcomes from baseline to
post-intervention and follow-up period are summarized
Table IV and results of analysis of changes between- and
within-groups are presented in Table V. Figure 2 presents
the change scores from baseline for TUG and PPA after
eight-week intervention and three-month follow-up for the
two groups. The PR-BT had significantly greater improve-
ment in TUG and PPA scores than the PR at post-interven-
tion and three-month follow-up (TUG P<0.01, n,?>=0.16
and 0.20, respectively; PPA P<0.01, n,2=0.17 and 0.28, re-
spectively). Analyses of the PPA subcomponents revealed
that the PR-BT had significant lower sway path length and
reaction time than the PR.

Secondary outcomes: balance confidence, dyspnea, exer-
cise capacity, and health-related QoL

Descriptive data for secondary outcomes from baseline to
post-intervention and follow-up period are summarized
Table IV and results of analysis of changes between- and
within-groups are presented in Table V. The PR-BT had a
significantly better ABC, mMRC and CAT-TH scores than
the PR both after eight-week training and three-month
follow-up (all P<0.05). No difference in the 6MWD was
found between the two groups at any assessment time
points.

Discussion

This randomized controlled trial provides evidence that
home-based balance training combined with PR signifi-

TABLE IV.—Qutcome variables at baseline, postintervention, 3-month follow-up.

PR-BT (N.=24) PR (N.=24)
Outcome variables Baseline Postintervention f3—month Baseline Postintervention 3-month
ollow-up follow-up
Primary outcomes
TUG (s) 13.0+1.4 10.7+1.3 11.6+1.6 14.743.0 14.4+4.4 15.6+4.1
PPA composite scores (points) 1.8+1.2 1.1£0.8 1.1£1.0 2.6£1.2 2.4+1.5 2.8+1.2
- Visual contrast sensitivity (dB) 18.9+2.4 18.3+2.1 18.2+2.9 17.4+3.0 14.7+6.2 15.84£3.5
- Proprioception (deg) 2.5+1.1 1.9+1.0 1.3+0.6 2.0+0.9 2.0+1.2 2.2+1.0
- Quadriceps strength (kg) 20.2+6.0 21.8+7.1 24.1+£6.6 15.5+4.5 17.8+£7.2 16.946.8
- Reaction time (ms) 295.8452.7 283.9+43.9 280.3+41.9 392.5+£74.8 362.7+102.1 359.8+62.6
- Sway path length (mm) 197.4+114.8 121.4439.3 144.9+70.7 188.0+89.6 156.3£79.0 213.0+125.9
Secondary outcomes
ABC (%) 85.7+15.6 90.849.3 94.54+6.2 69.24+28.4 70.1+£24.7 69.1+£26.0
mMRC dyspnea (level) (Mdn, IQR) 2(2) 0(1) 1(1) 2(2) 1.5 (1.75) 2(2)
6MWD (m) 297.9+37.4 331.0+47.4 325.3+65.1 236.0+103.8 265.6 £93.0 239.4+107.3
CAT-TH (points) 15.6+7.7 9.245.4 10.8+5.6 16.5+6.0 17.5+£7.6 16.0+5.9

The data are expressed as mean+standard deviation, otherwise as indicated.

dB: decibel; deg: degree; IQR: interquartile range; kg: kilogram; Mdn: median; mm: millimeter; ms: millisecond; PR-BT: balance training combined with PR group;

PR: pulmonary rehabilitation group; s: second.
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TABLE V.—Means (standard errors) for changes within-group and adjusted means (95% confidence intervals) for differences in changes

between-groups for all outcome variables.

Changes within groups* Changes between groups* Effect
Outcome variables Time frame PR-BT P . Slf:? |
(Npqy Pvalue PRON=24) Difference P value (pgz)la
Primary outcomes
TUG (s) Baseline- postintervention -2.3(0.6)  0.002 -0.3(0.6) 1.00 -2.8 (-4.8 t0 -0.8) 0.01 0.16
Baseline-3-month follow-up -1.4(0.6)  0.06 1.0(0.6) 0.23 -2.8 (4.6t0-1.1) 0.002  0.20
Postintervention-3-month follow-up 0.9 (0.4) 0.09 1.2(04) 0.03 - - -
PPA composite scores  Baseline- postintervention -0.7(0.3) 0.0l -0.2(0.3) 1.00 -1.1 (-1.8 to -0.4) 0.01 0.17

(points) Baseline-3-month follow-up -0.7 (0.3)  0.07 0.2(0.3) 1.00 -1.4 (2.0 t0 -0.7) <0.001 0.28
Postintervention-3-month follow-up 0(0.3) 1.00 0.4(0.3) 094 - - -

- Visual contrast Baseline- postintervention -0.6 (0.8) 0.88 -2.7(0.8) 0.88 2.1(-0.6t0 4.7) 0.12 0.05

sensitivity (dB) Baseline-3-month follow-up -0.7(0.5) 048 -1.6(0.5) 048 0.6 (-0.8 to 2.1) 0.38 0.02
Postintervention-3-month follow-up  -0.1 (0.8) 1.00 1.1(0.8) 0.46 - - -

- Proprioception (deg) Baseline- postintervention -0.6 (0.3) 0.11 0.0 (0.3) 1.00 -0.3 (-1.0t0 0.4) 0.35 0.02
Baseline-3-month follow-up -1.2(0.2) <0.001 0.2(0.2) 1.00 -1.0 (-1.5 t0 -0.5) <0.001 0.25
Post-intervention-3-month follow-up  -0.6 (0.3)  0.20 2.2 (0.3) 1.00 - - -

- Quadriceps strength Baseline- postintervention 1.7 (1.1) 1.00 2.3(1.1) 0.04 -1.1(-4.4t02.3) 0.53 0.01

(kg) Baseline-3-month follow-up 4.0(1.2) 0.03 1.4(1.2) 039 3.0 (-0.5t0 6.5) 0.09 0.06
Postintervention-3-month follow-up 2.3(1.0) 0.07 -0.9(1.0) 1.00 - - -

- Reaction time (ms)  Baseline- postintervention -11.9(19.2) 0.69 -29.8(19.2) 1.00 -68.3(-127.1t0-9.5) 0.02 0.11
Baseline-3-month follow-up -15.6 (16.7) 0.54 -32.7(16.7) 0.46 -80.8 (-119.4to-42.2) <0.001 0.29
Postintervention-3-month follow-up  -3.6 (16.6) 1.00 -2.9(16.6) 1.00 - - -

- Sway path length Baseline- postintervention -76.1(20.8) 0.001 -31.7(20.8) 0.83 -38.7(-77.1t0-0.2) 0.04 0.09

(mm) Baseline-3-month follow-up -52.5(20.7) 0.04 25.1(20.7) 0.63 -69.3(-127.8t0-12.9) 0.02 0.13
Postintervention-3-month follow-up ~ 23.5(22.7) 0.65 56.7(22.7) 0.08 - - -
Secondary outcomes
ABC (%) Baseline- postintervention 51(3.8) 0.26 1.0(3.8) 1.00 11.2 (1.8 t0 20.6) 0.02 0.12
Baseline-3-month follow-up 8.8(4.1) 0.04 -0.1(4.1) 1.00 17.4 (7.0 to 27.8) 0.002 0.21
Postintervention-3-month follow-up 3.7(3.7) 095 -1.03.7) 1.00 - - -
mMRC dyspnea (level) Baseline- Postintervention -1.0(0.2) <0.001 -0.3(0.2) 0.02 -1.1 (-1.5 to0 -0.6) <0.001 0.32
Baseline-3-month follow-up -0.7(0.2)  0.01 -0.04(0.2) 0.80 -0.9 (-1.5 t0 -0.4) 0.001 0.21
Postintervention-3-month follow-up 0.3 (0.2) 0.14  -0.4(0.2) 1.00 - - -
6MWD (m) Baseline- Postintervention 33.1(10.4) 0.01 29.6(10.4) 0.04 17.2 (-14.0 to 48.5) 0.27 0.02
Baseline-3-month follow-up 274 (144) 035 34(144) 1.00 32.0(-12.8t0 76.9) 0.16  0.05
Postintervention-3-month follow-up ~ -5.7 (12.0) 1.00 -26.2(12.0) 0.20 - - -
CAT-TH (points) Baseline- Postintervention -6.4(1.3) <0.001 1.0(1.3) 1.00 -7.0 (-10.4t0 -3.6)  <0.001 0.29
Baseline-3-month follow-up -4.8 (1.1) <0.001 -0.5(1.1) 1.00 -4.3 (-7.1to -1.5) 0.004 0.18
Postintervention-3-month follow-up 1.6 (1.0) 0.30 -1.5(1.0) 0.33 - - -

#Adjusted for baseline values, gender, and %predictedFEV,.

#For differences between-groups, negative values in TUG, PPA composite scores, proprioception, reaction time, sway path length, mMRC dyspnea, and CAT-TH

favor the PR-BT group in the pairwise comparison.

*For changes within-groups, negative values denote improvement, except for visual contrast sensitivity, quadriceps strength, ABC and 6 MWD where positive values

denote improvement.

dB: decibel; deg: degree; kg: kilogram; mm: millimeter; ms: millisecond; PR-BT: balance training combined with PR group; PR: pulmonary rehabilitation group; s:

second; n2: eta squared.

cantly improved balance and reduced fall risk compared
to the home-based PR alone, and such improvement main-
tained for at least three-month after the intervention cessa-
tion. The effect size estimates indicate that adding balance
training to home-based PR had large effect on balance and
fall risk improvement, suggesting practical meaningful-
ness. Greater improvement was also evident for dyspnea
symptom and quality of life. The training adherence was
high with no adverse events. Thus, the present study dem-
onstrates that the balance training combined with PR is
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effective for individuals with COPD to practice at home.
The findings that home-based balance training com-
bined with PR improved balance and reduced fall risk
while align with results from previous studies that were
conducted in center-based settings,!!-14. 16, 17 it further
suggests the potential for implementing the intervention
in home-based setting which could enhance adherence.
Training adherence has been recognized as a significant
factor contributing to sustainable rehabilitation.4%. 4 Con-
sistent with previous findings,!2 !4 this study demonstrated
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that adding balance training to the PR program resulted in
significant improvement in TUG performance. The change
of TUG score in the present study is clinically meaningful
as it exceeds the minimal clinically important difference
identified in individuals with COPD.25

The significant decrease in PPA score indicates a greater
fall risk reduction in the PR-BT compared to the PR. To our
knowledge, no study has investigated the effect of home-
based balance training combined with PR on physiological
fall risk. The PPA evaluates key sensorimotor parameters
critical for falls,30 thus it is useful in guiding the exercise
prescription and monitoring the effects of the intervention
on specific impairments.42 In this study, the PPA was used
to further elucidate the underlying mediators by which
the balance training program decreases fall risk. Results
of subcomponent analyses suggest that decreased postural
sway and reaction time may potentially contribute to fall
risk reduction in the PR-BT.

It was expected that balance exercises in this study
which comprised of sit to stand, one leg stand, stand with
narrow base of support, stand on foam surface, functional
strengthening, and walking should have promoted balance,
lower extremity muscle strength, and proprioception. Nev-
ertheless, the PPA subcomponents analyses revealed no
significant improvement in quadriceps strength and knee
proprioception after training. We postulated that the in-
tensity of lower limb strength and proprioceptive training
might have been sub-optimal as the balance training in this
study was focused mainly on changing and reducing base
of support. Known risk factors for falls include not only
balance impairment but also lower limb muscle weakness,
impaired proprioception, gait deficits;3%. 43 and these im-
pairments manifest in individuals with COPD.44 Lower
limb muscle dysfunction, both at structural and functional
levels are common in individuals with COPD due to multi-
ple COPD-related factors including hypoxia, hypercapnia,
systemic inflammation, and physical inactivity.3: 45 A pre-
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vious study has suggested that training aimed to improve
muscle strength should be prescribed to this population.!!
Therefore, future study should consider adding lower
limb strengthening exercises in the program and examine
whether and to what extent such training program further
reduce the risk of falling in individuals with COPD.

Analyses of the secondary outcomes (i.e., balance con-
fidence, dyspnea symptom, exercise capacity, and quality
of life) revealed that all outcomes except for exercise ca-
pacity were significantly better for the PR-BT than the PR
at the end of the eight-week intervention and three-month
follow-up. There were no significant differences in 6G MWD
between the two groups which is consistent with findings of
a previous study.!3 As improvement in health-related QoL
is an important goal in COPD management, determining
the impact of the intervention on health-related QoL would
provide valuable clinical implications. In this study, CAT,
a short, validated, COPD specific health-related QoL ques-
tionnaire was used and its finding indicated the superior
effect of the balance training combined with PR, which is
in accordance with findings of a previous study using the
36-Item Short-Form Health Survey.!! Improvement in bal-
ance, dyspnea symptoms, and exercise capacity is likely
to contribute to improved health-related QoL. Specifically,
such improvements might allow individuals with COPD
to engage more in functional daily activities which in turn
improve their quality of life. Several studies have reported
the link between dyspnea symptoms, exercise capacity and
quality of life of patients with COPD.38. 46

Limitations of the study

This study is one of the few that has investigated the ef-
fects of home-based balance and PR program on fall risk
in individuals with COPD. While findings provide prom-
ising evidence for 1) using home-based approach to over-
come the low adherence of the traditional center-based

June 2022



This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one copy of this Article. It is not permitted to make additional copies (either sporadically

or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access

to the Article. The use of all or any part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not permitted. It is not permitted to remove,

cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher.

COPYRIGHT© 2022 EDIZIONI MINERVA MEDICA

HOME-BASED BALANCE TRAINING WITH PR IN COPD

exercise, and 2) adding balance training to PR program
to reduce fall risk, certain limitations in this study should
be noted. First, only participants with stable COPD and
without co-morbid conditions that affect training were in-
cluded in the study. Thus, results on the adherence rate and
effect of the intervention might be overestimated for typi-
cal individuals with COPD who often present with mul-
tiple co-morbidities. Second, although participants were
asked to fill in the logbook immediately after their exercise
sessions, some may have backfilled their logbooks which
could result in recall issues. Finally, the sample size was
not determined for PPA and its subcomponents, therefore
the study may not have sufficient power to detect effects of
the intervention program on PPA subcomponents.

Conclusions

The 8-week home-based balance and PR program is effec-
tive in improving balance performance, reducing risk of
falls, and improving health-related quality of life of indi-
viduals with COPD. Given immense evidence of balance
impairment and falls, this study highlights the value of ad-
ditional balance training to the PR program in home-based
setting. Further research is needed to determine the opti-
mal intervention to maximize the benefits of the interven-
tion program for individuals with COPD.
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