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Rationale: Chronic obstructive pulmonary disease (COPD) is an increasingly prevalent lung
disease linked to dysfunctional balance and an increased risk of falls. The Balance
Evaluation Systems Test (BESTest) evaluates the six underlying subcomponents of func-
tional balance. The aim of this study was to determine the specific balance subcomponents
and cut-off scores that discriminate between fallers and non-fallers with COPD to guide fall
risk assessment and prevention.

Methods: A secondary analysis of cross-sectional data from two prior studies in COPD was
performed. Independent samples #-tests were used to explore the differences in the BESTest
sub-system scores between fallers and non-fallers. Receiver operating characteristic curves
were used to determine the optimal subcomponent cut-off scores that identified fallers, and
the area under the curve (AUC) was used to assess test accuracy.

Results: Data from 72 subjects with COPD (mean age, 70.3 £+ 7.4y; mean forced expiratory
volume in 1 second, 38.9 + 15.8% predicted) were analyzed. Two BESTest subcomponents,
stability limits/verticality (fallers: 75.4%, non-fallers: 83.8%; p=0.002) and postural responses
(fallers: 67.5%, non-fallers: 79.7%; p=0.008) distinguished between fallers and non-fallers.
Stability limits/verticality had an AUC of 0.70 and optimal cut-off score of 73.8% for identifying
fallers; postural responses had an AUC of 0.67 and optimal cut-off score of 69.4%.
Conclusion: The stability limits/verticality and postural responses subcomponents of the
BESTest distinguished between fallers and non-fallers with COPD. The stability limits/verti-
cality subcomponent can also be used to identify whether an individual with COPD is at risk of
falling using a cut-off score of 73.8%. These findings suggest that specific subcomponents of
balance could be targeted to optimize fall risk assessment and prevention in COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is an increasingly prevalent multi-system
disease'” stemming from chronic airflow limitation® affecting between 174.5 and
384 million individuals globally.3*5 Symptoms of COPD are predominantly presumed
to be respiratory-related such as dyspnea, coughing, sputum production, and wheezing;’
however, secondary symptoms also include poor lower extremity function, decreased
muscle strength, and balance impairments.®® Balance impairments are specifically
problematic as individuals with COPD are up to 55% more likely to suffer a fall compared
to their non-COPD counterparts.” Falls are one of the leading causes of accidental injury
death worldwide,'® and can lead to devastating consequences such as injuries, decreased
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functioning, loss of independence, reduced quality of life, and
an increased risk of morbidity and mortality.'""'> These risks
are especially relevant in people with COPD given they have
a high number of comorbidities, specifically osteoporosis,'*
which may lead to a greater risk of complications from a fall

Decreasing falls incidence in COPD can be accomplished
by conducting a balance assessment to evaluate whether indi-
viduals may be at risk for falling and providing balance-
specific exercises to those at risk.'* The Balance Evaluation
Systems Test (BESTest) is the most comprehensive balance
assessment tool available in any population and has strong
construct validity in COPD.*'>"'7 The BESTest is comprised
of six subcomponents to assess various areas of balance con-
sistent with the systems framework for postural control: 1)
biomechanical constraints, 2) stability limits/verticality, 3)
anticipatory postural adjustments, 4) postural responses, 5)
sensory orientation, and 6) stability in gait.'"® From these six
subcomponents, the underlying systems leading to balance
dysfunctions can be determined to guide fall prevention
treatment.'®

Although previous research has demonstrated that total
BESTest scores are able to differentiate between individuals
with COPD with and without a fall history,'® studies have not
yet examined which specific subcomponents of the BESTest
can best identify fallers. By identifying the balance subcom-
ponents associated with fall risk in COPD, fall risk assess-
ment and prevention strategies could be optimized to target
the specific balance systems linked to falls in this population.
The aim of this study was to determine which BESTest
subcomponent scores could discriminate between fallers
and non-fallers with COPD and to examine the accuracy
and optimal cut-off scores for identifying fallers.

Methods

This study was a secondary analysis of data from 72
subjects who participated in either a randomized con-
trolled trial (RCT) of balance training (n=35)*° or a cross-
sectional study on balance systems in COPD (n=37).°
Both studies were conducted at West Park Healthcare
Centre in Toronto, Canada, and inclusion/exclusion criteria
were similar; participants required a diagnosis of COPD,?’
and were excluded if they were unable to communicate or
had either neurological or musculoskeletal conditions that
limited mobility.>*° Additionally, participants in the RCT
needed to have self-reported balance problems or a fall in
the past five years,?’ and participants in the cross-sectional
study had to have a smoking history of at least ten pack

years.® The RCT had a total of 35 patients with 15 (42.9%)
having reported a fall in the past year, and the cross-
sectional study had a total of 37 patients with 19 (51.1%)
having reported a fall in the past year. Fallers were defined
as individuals with a history of at least one fall in the
previous 12 months, with a fall being defined as an occa-
sion where you find yourself unintentionally on a lower

level.?

Written informed consent was provided by all
participants in both studies, study approval was obtained
by the Bridgepoint/West Park research ethics board (No.
10-001; 137011-WP),6’20 and was conducted in accor-
dance with the Declaration of Helsinki.

Participants in both studies were assessed at baseline
using the BESTest.®*° The BESTest is a comprehensive
balance assessment tool developed in 2009 to screen for
balance impairments in six different postural control
systems.'® There are 36 tasks to complete in the BESTest
that are divided into the following subcomponents; 5 in
biomechanical constraints, 7 in stability limits/verticality,
6 in anticipatory postural adjustments, 6 in postural
responses, 5 in sensory orientation, and 7 in stability in
gait."® Each subcomponent of the BESTest assesses differ-
ent systems of balance, which can be found in Table 1.

Individuals are scored in each task by an assessor using
a 4-point Likert scale with 0 being “worst performance”
and 3 being “best performance”. Scores are calculated per
system as well as for the total test, and can then be

converted into percentages where the higher the score,

Table | BESTest Subcomponent Descriptions

Subcomponent Assessment Focus

Biomechanical Constraints affecting standing balance

constraints

Stability limits/ Distance the body can move from its base of

verticality support before losing balance, and vertical

posture

Anticipatory Actively moving the body’s center of mass in

adjustments/transitions | anticipation of body position transitions

Postural responses In-place and compensatory stepping
corrections in response to external

perturbations

Sensory orientation Body sway when performing stances with
altered visual or surface somatosensory

information

Stability in gait Evaluation of balance while walking
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the better the balance.'® The BESTest has strong inter-rater
reliability and validity in individuals with COPD."

Analyses
Statistical analyses were conducted using IBM SPSS
Statistics version 25 (IBM Corp, Armonk, New York).
Descriptive statistics were conducted in the form of means
and standard deviations (SD) to summarize the sample.
Variables that were explored included: age, body mass
index (BMI), 6-minute walk distance, forced expiratory
volume in one second (FEV,), forced vital capacity (FVC),
FEV/FVC ratio, males and females, Medical Research
Council (MRC) dyspnea, and supplemental oxygen usage.

Two-tailed independent samples #-tests were used to exam-
ine whether the BESTest and its different subcomponents were
able to discriminate between fallers and non-fallers with
COPD. An o value of <0.0085 was considered significant
based on a Sidak correction to prevent Type I Error for exam-
ining differences in the six subcomponents.”> All BESTest
scores and sub-scores were based on percentages out of 100.
Effect sizes were calculated to understand the magnitude of
differences between fallers and non-fallers based on the fol-
lowing equation: Cohen’s d = (M, - M;)/ SDPO(,]Ed.24

To identify the optimal cut-off score for identifying
fallers for each of the BESTest subcomponent scores,
receiver operating characteristic (ROC) curves were used.
The datapoint closest to the left-hand corner of the curve
was chosen as the cut-off that optimized both sensitivity
and specificity. Based on convention, an acceptable area
under the curve (AUC) was deemed as 0.7 or greater.25

Results

Subject characteristics are provided in Table 2. A total of 34
(47%) participants were categorized as fallers and 38 (53%)
as non-fallers. Participants were 70.3 years of age on aver-
age (SD=7.4) and had moderate to very severe COPD diag-
noses (GOLD stages 2—4)° with a mean FEV % predicted of

Table 2 Characteristics for Fallers (n=34) and Non-Fallers
(n=38)

Variables Fallers Non-Fallers Combined
(n=34) (n=38) (n=72)
Age, y 71 £80 70 £ 6.0 70£7.0
BMI, kg/m? 26558 269 + 8.0 267 7.0
6MWD, m 288.1 = I11.1 | 3182 +98.1 304.3 £ 104.5
FEV,, L 09 +03 09 +04 09 +03
FEV|, % predicted | 39.5 £ 14.5 383+ 173 389+ 158
FVC, L 25+06 24 +07 24+ 06
FEV,/FVC, % 425+ 135 42.1 £ 159 423 + 14.6
Men, No. (%) 16 (47) 15 (39) 31 (43)
MRC dyspnea 36+ 1.2 33+ 1.0 35+ 1.1
On oxygen, No. | 8 (24) 18 (47) 26 (36)
(%)

Note: Data are presented as mean * SD.

Abbreviations: BMI, body mass index; 6MWD, 6-minute walk distance; FEV|,
forced expiratory volume in |-second; FVC, forced vital capacity; MRC, Medical
Research Council.

38.9% (SD=15.8). Participants had an average 6-minute
walk test distance of 304.3m (SD=104.5), and 26 (36%)
were supplemental oxygen users.

Results comparing the BESTest sub-scores in fallers versus
non-fallers are provided in Table 3. Total BESTest scores were
significantly different between fallers and non-fallers with
a mean difference of 7.9%; p=0.005. Non-fallers had higher
(better) BESTest scores within each subcomponent compared
to fallers; however, this difference reached statistical signifi-
cance (p=0.0085) only for stability limits/verticality and pos-
tural Within the stability limits/verticality
subcomponent of the BESTest, fallers significantly differed

responses.

from non-fallers by a mean difference of 8.5%; p=0.002.
Within the postural responses subcomponent, fallers signifi-
cantly differed from non-fallers by a mean difference of
12.2%; p=0.008.

Results of the ROC curve analysis for each of the
BESTest subcomponent scores are provided in Table 4,
and the ROC curves are shown in Figure 1. The only

Table 3 BESTest Scores in Fallers (n=34) Compared to Non-Fallers (n=38)

Variable Fallers (n=34) | Non-Fallers (n=38) | Mean Difference | Effect Size | 95% CI p-value
BESTest total® 65.5 + 12.7 7339 + 104 79 0.68 25t 133 0.005
Biomechanical constraints 586 + 17.7 63.16 = 17.2 4.5 0.26 —3.7to 12.8 | 0.276
Stability limits/verticality® 754 + 133 83.83 £ 83 85 0.77 33t 136 0.002
Anticipatory postural adjustments | 63.7 + 15.5 7193 = 13.6 82 0.56 14 to 15.0 0.019
Postural responses® 67.5 +229 79.68 = 14.7 12.2 0.48 32to0 212 0.008
Sensory orientation 73.7 £ 16.0 8193 £ 11.9 82 0.58 1.6 to 14.8 0.015
Stability in gait 545+ 179 60.03 £ 19.5 5.5 0.30 -33to 144 | 0214

Notes: Data are presented as mean  SD. *Statistically significant at 0.05 level. ®Statistically significant at 0.0085 level.
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Table 4 BESTest Total and Subcomponent AUCs and Cut-off Scores

Variable AUC (95% CI) Cut-off Point Sensitivity Specificity
BESTest total 0.69 (0.57-0.81) 70.8 0.66 0.65
Biomechanical constraints 0.57 (0.44-0.70) 56.7 0.66 041
Stability limits/verticality 0.70 (0.58-0.83) 73.8 0.87 0.47
Anticipatory postural adjustments 0.67 (0.55-0.80) 69.4 0.63 0.71
Postural responses 0.67 (0.54-0.80) 69.4 0.79 0.50
Sensory orientation 0.67 (0.54-0.79) 83.3 0.53 0.77
Stability in gait 0.56 (0.43-0.70) 64.3 0.45 0.71

subcomponent score with an acceptable AUC (=0.7) for
identifying fallers was stability limits/verticality with an
AUC of 0.70 (Figure 2). The optimal cut-off for identify-
ing fallers was 73.8% with a sensitivity and specificity of
0.87 and 0.47, respectively. The remaining subcomponent
scores did not achieve an AUC of 0.7.

Discussion
Individuals with COPD have known balance dysfunctions
and an increased fall risk. To our knowledge, this is the
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first study to examine the specific subcomponents of the
BESTest that discriminate between fallers and non-fallers
with COPD. The findings of this study indicate that stabi-
lity limits/verticality and postural responses were the two
subcomponents that best characterized fallers with COPD.
Additionally, a cut-off score of 73.8% was found to have
acceptable accuracy for identifying fallers within the sta-
bility limits/verticality subcomponent. These findings have
relevant implications for optimizing fall risk assessment

and prevention in COPD.

——BESTest Total

——Biomechanical Constraints
—— Anticipatory Postural Adjustments
——Sensory Orientation
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Figure | ROC curve for BESTest total and subcomponent scores for identifying fallers with COPD.
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Figure 2 ROC curve for stability subcomponent score for identifying fallers with COPD.

Consistent with previous work, our study found that the
total BESTest score discriminated between fallers and non-
fallers with COPD."? The mean difference between fallers and
non-fallers’ total score was 7.9% in the current study with an
effect size of 0.68, compared to 10.1% in Jacome (2016) with
an effect size of 0.87." Additionally, we showed that the
stability limits/verticality and postural responses subcompo-
nents of the BESTest were the only subcomponents that dif-
ferentiate between fallers and non-fallers. Although the other
subcomponents were not significantly different between fall-
ers and non-fallers, it is important to note that the magnitude of
the difference (8.2%) in anticipatory postural adjustments and
sensory orientation subcomponents approached the previously
reported clinically important difference on the full BESTest in
COPD.® Taken together, this information may have relevance
for informing fall prevention strategies in COPD by allowing
therapists to target these specific underlying subsystems within
fall prevention exercise programs (eg, functional reaching,
perturbation training, body position changes and altering sen-
sory stimuli).

This secondary analysis also determined that the stabi-
lity limits/verticality subcomponent may be used to iden-
tify whether an individual with COPD is at risk of falling
using a cut-off score of 73.8% within that subcomponent
to identify fallers. The AUC for stability limits/verticality
(0.70) was greater than the entire BESTest as well as all
other subcomponents; and it was the only subcomponent
to attain acceptable accuracy for screening. This suggests
it may be possible to administer the stability limits/verti-
cality tasks independent of the other subcomponents;
instead of 36 tasks, only 7 tasks would need to be admi-
nistered to gain similar information on fall risk. However,
it is worth noting that the stability limits/verticality sub-
component had relatively low specificity (0.47) for identi-
fying fallers. To our knowledge, this is the first study
utilizing ROC curves to explore BESTest subcomponents
to determine fall risk in individuals with COPD and thus
we are unable to compare our findings to other literature.
However, previous work in stroke patients has shown that
four BESTest subcomponents (biomechanical constraints,
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anticipatory postural adjustments, sensory orientation, and
stability in gait) had acceptable accuracy in identifying
fallers.”” Although these findings need to be validated
prospectively, our results suggest that within this COPD
cohort, stability limits/verticality sub-scores may have an
important role both when trying to identify fall status and
implement effective balance interventions. It is worth not-
ing that the full BESTest and three other subcomponents
(anticipatory postural adjustments, postural responses, and
sensory orientation) demonstrated borderline acceptable
accuracy with AUCs of 0.67 to 0.69.

It is interesting to note that the stability in gait sub-
component, which includes the Timed Up and Go Test
(TUG), showed poor sensitivity (0.45) for identifying fall-
ers. Although many studies have reported on use of the
TUG in patients with COPD, there is very little evidence
related to fall risk within this population. To our knowl-
edge, only one prior study with a relatively small sample
size has looked at the predictive validity of the TUG for
falls in individuals with COPD. In this study (n=50), time
to complete the TUG predicted fall recurrence with
a sensitivity exceeding 0.90.%° In contrast, a systematic
review examining the TUG’s ability to predict fall risk in
community-dwelling older adults found limited predictive
ability for the TUG with a pooled sensitivity of only
0.31.* The mixed evidence across populations demon-
strates the need for more research exploring the best tests
for fall risk prediction in people with COPD.

One interesting finding of this study was supplemental
oxygen usage in fallers vs non-fallers; 47% of non-fallers
were on supplemental oxygen compared to only 24% of
fallers. This finding is similar to a previous prospective
cohort study where individuals with COPD who used
supplemental oxygen were less likely to fall compared to
those who were not supplemental oxygen users.>’
However, this is contrary to past cross-sectional and obser-
vational studies.”* While examining the link between sup-
plemental oxygen usage and falls was not the primary aim
of the current study, the conflicting findings highlight the
need for further studies to elucidate risk factors for falls in
this population.

Several limitations need to be taken into account
when interpreting our results. The data were cross-
sectional; thus, we are unable to determine whether
balance impairments preceded or succeeded fall events.
Participants reported falls in the past 12 months retro-
spectively, potentially leading to recall bias and under-
estimation of the number of fall events. Additionally, due

to being a secondary analysis of two prior studies, the
inclusion criteria varied slightly and there were different
assessors evaluating BESTest performances, possibly
leading to measurement error. This work was retrospec-
tive and therefore hypothesis generating; as such, future
work would benefit from a prospective study to confirm
which BESTest subcomponents accurately identify future
fallers. Finally, it is possible there was insufficient power
to detect differences in other subcomponents. Based on
the data collected, a sample size upwards of 300 would
have been needed to detect smaller differences in some
subcomponents (eg, stability in gait and biomechanical
constraints). However, given the smaller effect sizes
noted for these subcomponents, these differences are
unlikely to be clinically important.

Conclusion

In summary, the stability limits/verticality and postural
responses subcomponents of the BESTest were able to
differentiate between fallers and non-fallers with COPD.
Additionally, stability limits/verticality may be used to
identify whether an individual with COPD is at risk of
falling using a cut-off score of 73.8%. However, the spe-
cificity of stability limits/verticality was low and prospec-
tive studies are needed to draw conclusions on its validity
for fall risk assessment. If confirmed prospectively, these
findings suggest that the stability limits/verticality and
postural responses subcomponents may play a vital role
in optimizing fall risk assessment and prevention in indi-
viduals with COPD.
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