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Background and Purpose

Falls are a significant public health concern for older adults; early identification of
people at high risk for falling facilitates the provision of rehabilitation treatment to
reduce future fall risk. The objective of this prospective cohort study was to examine
the predictive validity of the Berg Balance Scale (BBS) for 3 types of outcomes—any
fall (=1 fall), multiple falls (=2 falls), and injurious falls—by use of sensitivity,
specificity, receiver operating characteristic (ROC) curves, area under the curve, and
likelihood ratios.

Subjects and Methods

A sample of 210 community-dwelling older adults received a comprehensive geriatric
assessment at baseline, which included the BBS to measure balance. Data on pro-
spective falls were collected monthly for a year. The predictive validity of the BBS for
the identification of future fall risk was evaluated.

Results

The BBS had good discriminative ability to predict multiple falls when ROC analysis
was used. However, the use of the BBS as a dichotomous scale, with a threshold of
=45, was inadequate for the identification of the majority of people at risk for falling
in the future, with sensitivities of 25% and 45% for any fall and for multiple falls,
respectively. The use of likelihood ratios, maintaining the BBS as a multilevel scale,
demonstrated a gradient of risk across scores, with fall risk increasing as scores
decreased.

Discussion and Conclusion

The use of the BBS as a dichotomous scale to identify people at high risk for falling
should be discouraged because it fails to identify the majority of such people. The
predictive validity of this scale for multiple falls is superior to that for other types of
falls, and the use of likelihood ratios preserves the gradient of risk across the whole
range of scores.

SW Muir, BSc, BScPT, is a PhD can-
didate, Department of Epidemiol-
ogy and Biostatistics, Schulich
School of Medicine and Dentistry,
University of Western Ontario,
Kresge Building, London, Ontario,
Canada N6A 5C1. Address all
correspondence to Ms Muir at:
susan.muir@uwo.ca.

K Berg, PT, PhD, is Chair and As-
sociate Professor, Department of
Physical Therapy, University of To-
ronto, Toronto, Ontario, Canada.

B  Chesworth, BA, BScPT,
MCIScPT, PhD, is Assistant Profes-
sor, School of Physical Therapy,
Faculty of Health Sciences, Univer-
sity of Western Ontario.

M Speechley, PhD, is Associate
Professor, Department of Epide-
miology and Biostatistics, Schulich
School of Medicine and Dentistry,
University of Western Ontario.

[Muir SW, Berg K, Chesworth B,
Speechley M. Use of the Berg Bal-
ance Scale for predicting multiple
falls in community-dwelling el-
derly people: a prospective study.
Phys Ther. 2008;88:449-459.]

© 2008 American Physical Therapy
Association

¥202 Iudy 01 uo1senb Aq 91£Zv/2/6v1/v/88/e1o1e/Nd/Wwoo dno-olwepeoe)/:sdyy wouy papeojumod

Post a Rapid Response or
@ find The Bottom Line:

www.ptjournal.org

April 2008

Volume 88 Number 4 Physical Therapy B 449



Predicting Falls in Elderly People

he Berg Balance Scale (BBS)
I was developed as a clinical
measure of functional balance
specifically in older people. Sug-
gested applications were comparing
balance between groups of people,
describing balance in an individual,
monitoring status over time, and
evaluating treatment effectiveness.!
The psychometric properties of reli-
ability and validity for the scale have
been well demonstrated.!-3 Balance
is critical in the performance of nor-
mal physical activities, and balance
impairment is a key risk factor for
falls in older people. Although bal-
ance impairment is neither a neces-
sary nor a sufficient cause of falls and
therefore is not present in all people
who have fallen or who will fall, it
has been found to increase the risk
for falling, with a mean relative risk
of 2.9 across 11 studies.*>

It was a natural extension from the
epidemiologic studies that identified
an association between balance im-
pairment and falls to evaluate the ap-
plication of specific clinical mea-
sures of balance in the identification
of people at risk for falling. Falls in
older people are a significant public
health issue, for which the evidence
clearly suggests that risk can be re-
duced through the identification and
treatment of modifiable risk factors.¢
The key challenges in the preven-
tion of falls in older people include
successfully identifying people at
risk, understanding the influence
and interaction of risk factors, and
appropriately targeting meaningful
treatment to improve or maintain
functional autonomy and quality of
life. The identification of people at
risk facilitates the establishment of
both preventive and rehabilitative
therapies to ameliorate the adverse
consequences of functional decline.

Although the BBS was not advocated
by the original authors for use as a
dichotomous scale, the value of 45
has been quoted by other authors as

the recommended threshold val-
ue.”-# The use of the BBS score in a
dichotomous format as a predictive
tool for identifying people at an in-
creased risk for falling has produced
mixed results for community-
dwelling older people.?2-14 This het-
erogeneity reflects differences across
the samples in the prevalence of bal-
ance impairment and other risk fac-
tors for falls, frequencies of falls, and
outcome definitions for falls (single,
multiple, and injurious). Many inves-
tigators have used the retrospective
identification of people with a past
history of falls for validity studies;
few prospective studies have evalu-
ated predictive validity. It is impor-
tant in establishing the validity of
measurement scales to demonstrate
the success of the use of the scales in
multiple populations.

Because falls are multifactorial, the
goal of screening is to successfully
integrate information from the as-
sessment of several domains to cre-
ate an overall risk score. Given the
low sensitivity of functional assess-
ment scales for balance impairment
in retrospective study designs, a lack
of studies predicting the risk for
falling in community-dwelling older
people, inconsistent findings within
the literature regarding the best
score at which to dichotomize the
BBS, and the need to integrate the
BBS score with other information for
determining fall risk, further evalua-
tion of methods of applying the BBS
is warranted. The use of likelihood
ratios and prospective data for the
prediction of fall risk has not been
evaluated and would be a valuable
addition to clinical practice if found
relevant.

The purpose of this study was to
examine the predictive validity of
the BBS for 3 types of falls—any fall
(=1 fall), multiple falls (=2 falls),
and injurious falls—in community-
dwelling older people by use of con-
ventional data analysis techniques of

sensitivity, specificity, receiver oper-
ating characteristic (ROC) curves,
and area under the curve (AUC) and
by use of likelihood ratios.

Method

Study Design

The BBS was evaluated with data on
the occurrence of prospective falls
that were collected during a field
trial of prevention of falls, “The
Project to Prevent Falls in Veterans”
(PPFV). The PPFV was carried out at
the University of Western Ontario
and was funded jointly by Veterans
Affairs Canada and Health Canada.
The sampling and data collection
procedures for the initial phase of
the PPFV have been described in
more detail elsewhere.!>

The first phase of the PPFV was a
cross-sectional mailed survey of a
simple random sample generated by
Veterans Affairs Canada of World
War II and Korean War veterans re-
siding in 3 regions of southwestern
Ontario, Canada. Information was
obtained from veterans and their
caregivers who lived in the commu-
nity. Respondents to the question-
naire living in London, Ontario, and
the immediate surrounding region
(n=1,192) were eligible to partici-
pate in the second phase of the
PPFV, a prospective field interven-
tion trial of the modification of fall
risk factors.

In the risk factor modification trial,
eligible candidates were divided
into groups based on the number
of modifiable risk factors reported
on the mailed questionnaire. The
use of mailed questionnaires has
been demonstrated to be reliable
and valid in screening community-
dwelling older adults.'® The modi-
fiable risk factors enumerated on
the questionnaire were as follows:
greater than 4 prescription medica-
tions; lower-extremity muscle weak-
ness; and balance, foot, and vision
problems. The people who reported
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Predicting Falls in Elderly People

no modifiable risk factors on the
questionnaire formed the control
arm of the trial. Candidates who re-
ported 1 to 5 modifiable risk factors
were stratified into groups based
on the number of risk factors and
were then randomized to 1 of 2 treat-
ment groups within each stratum: a
regional geriatric care program or
community-based primary care. The
intervention, specific information on
the prevention of falls, was provided
to participants on the basis of the
risk factors identified from the ques-
tionnaire and a geriatric assessment.
The group randomized to the re-
gional geriatric care program and
the people who reported no risk fac-
tors received a one-time comprehen-
sive geriatric assessment performed
by a geriatrician using a preliminary
version of the interRAI CHA (Com-
munity Health Assessment).'7-18 A to-
tal of 339 people participated in the
second phase of the PPFV; 210 of
them, including participants in the
control and intervention arms, re-
ceived the comprehensive geriatric
assessment. All participants who re-
ceived the comprehensive geriatric
assessment formed the subgroup in-
cluded in the analysis in the present
study (Fig. 1).

Study Participants

Of the 210 people eligible for this
analysis (ie, received the compre-
hensive geriatric assessment), 187
(89%) had complete data at the
end of the 1-year follow-up period.
For these 187 people, the mean age
was  79.47  years (SD=5.83,
range=47-90), and 65% were men.
Participant characteristics are shown
in Table 1. There were few differ-
ences between people included in
the analysis (n=187) and those lost
to follow-up (n=23), with only “de-
creased physical activity in the last
3 days” (P=.02) was statistically sig-
nificant; BBS score (P>.05), history
of falls (P=.08), lower-extremity
weakness (P=.26), =4 prescription
medications (P=.12), vision prob-

lems (P=.18), use of mobility aids
(P=.19), cognitive impairment (P=
.42), fear of falling (P=.39), decline
in activities of daily living in the pre-
ceding 3 months (P=.33), and de-
pendence in activities of daily living
(P=.17) were not statistically sig-
nificant. Of the 187 people with
complete follow-up information, 80
(42.8%) sustained any fall, of whom 33
(17.6%) sustained multiple falls and 55
(29.4%) sustained at least 1 injurious
fall.

Assessments

The basic version of the CHA is a
subset of the Minimum Data Set for
Home Care, version 2.0.17-18 The re-
liability and validity of all items of
the Minimum Data Set for Home
Care in community settings have
been reported.'®2° The interRAI
CHA was conceived as a modular
assessment for relatively well people
living in the community. People
identified as having functional prob-
lems or mental health issues on the
basic assessment could receive fur-
ther evaluation through a specialized
subassessment, the functional mod-
ule or the mental health module, re-
spectively. In the present study, the
functional module and the mental
health module were not used; only
the basic version of the interRAI
CHA was used. An additional study-
specific supplement included a full
list of medications and the BBS. The
BBS consists of 14 tasks that are each
scored on a scale of O to 4, for a total
possible score of 50, indicating no
identified balance difficulties. The
scoring is graded such that a score of
0 is assigned if a person is unable to
perform a task and a score of 4 is
assigned when the task is performed
independently.

Prospective information on daily falls
was collected for a year by use of
monthly mailed “fall calendars.” Par-
ticipants were instructed to record
all falls and to mail in the calendars
at the end of each month. People

who indicated falling in a given
month were contacted by telephone
and interviewed to obtain detailed
information about the specifics of
the fall, including the location and
activity at the time of each fall,
whether they were injured, and
whether they consulted a physician
or went to a hospital because of the
fall. A fall was defined as coming to
rest unintentionally on the floor or
ground. An injurious fall was defined
as a fall resulting in an injury that
required a person to see a physician.
Informed consent was obtained from
all study participants. Data collection
for the baseline BBS was started in
May 2002, and collection of 1-year
follow-up information on prospec-
tive falls was completed in January
2004.

The present study was a secondary
analysis of data from the PPFV;
therefore, the post hoc sample size
calculation for the analysis of sen-
sitivity and specificity reflects the
precision available from the number
of fall events recorded over the
follow-up period, with the number
of people experiencing multiple falls
constituting the minimum sample
size available (n=33). Calculations
were based on an expected sensitiv-
ity and specificity of 0.85 for the BBS
according to the range of values
found in the literature.®-'2'4 On the
basis of the methods and sample size
tables of Flahault et al?' and an ex-
pected sensitivity and specificity of
0.85 in a population with a yearly
fall risk of 30%, a sample of 33 peo-
ple who sustained a fall during the
study period (“fallers”) and 67 peo-
ple who did not sustain a fall during
the study period (“nonfallers”) will
ensure that the lower limit of the
95% confidence interval will be
greater than 0.65 with a probability
of .95.2!
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Figure 1.

Flow diagram for the first and second phases of The Project to Prevent Falls in Veterans (PPFV) and the subsample from the second
phase that was included in the data analysis for the outcome any fall in the present study. BBS=Berg Balance Scale.
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Predicting Falls in Elderly People

Table 1.
Study Participant Characteristics by Baseline Berg Balance Scale (BBS) Score
(n=187)"
Variable Value for Participants With BBS Scores of:
=45 (n=34) >45 (n=153)
BBS score, X (SD) 34.8(10.8) 53.7 (2.8)
History of falling in the 17 (50) 30 (20)
preceding 90 d
Lower-extremity weakness 20 (59) 7 (5)
Prescription medications (=4) 25 (74) 111 (73)
Vision problems 7 (21) 13 (9)
Use of an assistive device 15 (44) 11.(7)
Unsteady gait 24 (71) 9 (6)
Cognitive impairment 5(015) 5(3)
Fear of falling 12 (35) 8(5)
Decline in ADL status over 2 (6) 0 (0)
preceding 3 mo
Physical activity in last 3 d 11 (32) 39 (26)
(<2 h in total)
Any dependence in ADL 13 (38) 503)

?Values are reported as number (percentage) unless otherwise indicated. Participant characteristics
were obtained from the interRAI basic assessment form and the study-specific supplement for
prescription medications and the BBS. More specifically, lower-extremity weakness was defined as the
inability to stand up from a chair without using the arms of the chair; vision problems were defined as
the inability to read fine print in adequate light with glasses if needed; an unsteady gait was assessed
with an observational analysis of gait quality; cognitive impairment was defined as anything less than
participants being able to make independent decisions that were consistent, reasonable, and safe in
organizing their day; fear of falling was indicated by a “yes” response when a participant was asked
whether he or she limited going outdoors because of a fear of falling; dependence in activities of daily
living (ADL) (mobility in bed, locomotion in home, dressing of the upper and lower body, eating,
toilet use, personal hygiene, and bathing) was defined as any state other than complete
independence. The number of prescription medications was obtained from a detailed inventory that
included dose and frequency of drug administration. All other information included in this table is
from the participants’ responses to questions. The hours of physical activity included tasks such as
walking, cleaning house, and exercising. A decline in ADL status was indicated by a participant feeling
more impaired in self-performance at the time of assessment than at 90 days previously.

Data Analysis

Statistical analyses were performed
with SAS, version 8.2.* The numbers
of fallers and nonfallers indicated by
the “fall calendar” data for prospec-
tive falls were obtained at each BBS
score (possible scores of between 0
and 56) for each of the 3 fall out-
comes: any fall, multiple falls, and
injurious falls. Sensitivities and spec-
ificities were calculated from the
numbers at each BBS score and plot-
ted as an ROC curve for each of the
3 fall outcomes. The AUC was ob-
tained as the “c statistic” from sepa-
rate univariate logistic regression

*SAS Institute Inc, PO Box 8000, Cary, NC
27511.

analyses of each binary fall outcome
regressed on the BBS score as a con-
tinuous value. Sensitivities and spec-
ificities were reported in the present
study for the dichotomized BBS for
each fall outcome category with 2
cutoff values: =45, as recommended
in previous articles, and the optimal
score, the BBS score that was closest
to the upper left-hand corner of the
graph, determined from the ROC
curve.

For likelihood ratios, raw BBS scores
were aggregated into 5 levels each 5
points wide, with scores of less than
40 being placed into one category
because of small cell sizes. The for-

mation of the quintiles was chosen
to reflect potential clinical utility
and the format used by Riddle and
Stratford.?? The percentage of fallers
in each quintile was calculated as
the number of fallers in a quintile
divided by the total number of
subjects in the quintile to quantify
the risk gradient across the quin-
tiles for each fall outcome. The pos-
itive likelihood ratio [sensitivity/(1—
specificity)] and the 95% confidence
interval were calculated for each
quintile of the scale for the 3 fall
outcomes. The first set of likelihood
ratios was calculated for the out-
come any fall to compare fallers with
nonfallers. The second set of likeli-
hood ratios was calculated for the
outcome multiple falls to compare
people who sustained =2 falls with
a combined group of nonfallers and
people who sustained single falls.
The third set of likelihood ratios was
calculated for the outcome injurious
falls to compare people who sus-
tained at least 1 injurious fall with a
combined group of nonfallers and
fallers who did not sustain any in-
jury. A likelihood ratio of 1.0 indi-
cates no additional risk prediction
from the use of a test and is equiva-
lent to a test in which sensitivity and
specificity are both equal to 50%.

Results

Dichotomizing the BBS at a score of
45 resulted in groups with different
1-year probabilities for falling, in the
expected direction: 58% of people
(20/34) with BBS scores at or below
45 fell, and 39% of people (60/153)
with scores above 45 fell. As deter-
mined from ROC analysis, the opti-
mal single cutoff value for any fall
was 54 (AUC=0.59), that for multi-
ple falls was 53 (AUC=0.68), and
that for injurious falls was 54 (AUC=
0.60) (Fig. 2). Sensitivity and speci-
ficity values for fall outcomes at both
the cutoff value of =45 and the op-
timal value obtained from the ROC
curve are shown in Table 2. People
in all 3 fall outcome groups had BBS
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Receiver operating characteristic (ROC) curves and area under the curve (AUC) for the outcomes any fall (all fallers compared with
nonfallers, AUC=0.59), multiple falls (people with =2 falls compared with nonfallers and people with single falls, AUC=0.68), and
injurious falls (people sustaining fall-related injuries compared with nonfallers and fallers without injuries, AUC=0.60) (n=187).

Table 2.

Sensitivity and Specificity Values for Fall Outcomes at the Cutoff Value of 45 and the Optimal Cutoff Value Determined From the
Receiver Operating Characteristic Curve (n=187)

Outcome (No. of Cutoff Value (No. of No. of Participants Who | Sensitivity Specificity
Participants) Participants Below Fell and Were Identified | (95% Confidence (95% Confidence
Threshold) as at Increased Risk for Interval) Interval)
Falling
Any fall (80) =45 (57) 20 0.25 (0.16-0.36) 0.87 (0.79-0.92)
=54 (122) 49 0.61 (0.50-0.72) 0.53 (0.43-0.63)
Multiple falls (33) =45 (57) 14 0.42 (0.26-0.61) 0.87 (0.79-0.92)
=53 (110) 22 0.69 (0.50-0.83) 0.57 (0.47-0.66)
Injurious falls (55) =45 (57) 16 0.29 (0.18-0.43) 0.86 (0.79-0.92)
=54 (122) 30 0.62 (0.48-0.74) 0.51 (0.42-0.60)
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Predicting Falls in Elderly People

Table 3.

Positive Likelihood Ratios Across 5 Intervals of Berg Balance Scale (BBS) Scores for the Outcome Any Fall (n=187)¢
BBS Scores (No. of Fallers (n=80) Nonfallers (n=107) Positive Likelihood
Participants) Ratio (95%

No. Proportion No. Proportion Confidence Interval)
<40 (19) 12 12/80=0.15 7 7/107=0.07 2.29 (0.95-5.56)
40-44 (13) 7 7/80=0.09 6 6/107=0.06 1.56 (0.55-4.47)
45-49 (18) 9 9/80=0.11 9 9/107=0.08 1.34 (0.56-3.22)
50-54 (49) 21 21/80=0.26 28 28/107=0.26 1.003 (0.62-1.63)
=55 (88) 31 31/80=0.39 57 57/107=0.53 0.73 (0.52-1.01)

? “Fallers” were people who sustained a fall over the study period, and “nonfallers” were people who did not fall over the study period.

scores ranging from 30 to 56, as did
those who did not fall. In this sample
of community-dwelling older adults,
the cutoff value of 45 recommended
from previous studies produced sen-
sitivities of 25% to 42% and specific-
ities of 86% to 87% for the 3 fall
outcomes. The high cutoff values re-
quired to optimize sensitivity in each
fall outcome category indicate that
balance impairment alone does not
define increased fall risk and that
falls are frequent among people with
scores above 45.

Dividing BBS scores into quintiles
and using this multilevel scale pro-
duced the positive likelihood ratios
for each fall outcome; the results are
shown in Tables 3, 4, and 5. Across
the quintiles for the outcome any fall
(Tab. 3), the risk for falling increased
as the quintile score decreased: fall
risk started at 35% (31/88) for BBS
scores of =55 and increased for each

consecutively lower band at 43%
(21/49), 50% (9/18), 53% (7/13), and
63% (12/19) for BBS scores of <40.
These data corresponded to likeli-
hood ratio estimates demonstrating
an increased risk for falling from
baseline risk with BBS scores of 45 to
49 (likelihood ratio=1.34) and in-
creasing progressively as the scores
decreased.

For the outcome multiple falls (Tab.
4), the risk for falling also demon-
strated an increasing gradient from
the highest score to the lowest
score: fall risk was 10% (9/88) for
BBS scores of =55 and increased suc-
cessively for each lower band at 16%
(8/49), 11% (2/18), 31% (4/13), and
54% (10/19) for BBS scores of <40.
The transition point for increased
risk according to likelihood ratios
started at BBS scores of 40 to 44
(likelihood ratio=2.07), and there
was a marked increase for scores of

less than 40 (likelihood ratio=5.19).
The outcome injurious falls dem-
onstrated a gradient of increasing
risk from the highest score to the
lowest score (Tab. 5): fall risk started
at 24% (21/88) for BBS scores of =55
and increased successively for each
lower band at 24% (12/49), 39%
(4/13), and 58% (11/19) for BBS
scores of <40. The likelihood ratios
started to increase at BBS scores of
45 to 49 (likelihood ratio=1.53) and
continued to increase as BBS scores
decreased. A clear gradient of in-
creasing risk with decreasing BBS
score was demonstrated for each fall
outcome, although the confidence
intervals included 1.0 for all levels
except scores of less than 40 for
multiple falls and injurious falls,
which were both statistically signifi-
cant. The likelihood ratios for multi-
ple falls at BBS scores of less than 40
produced a moderate shift from the
baseline probability of falling, indi-

Table 4.

Positive Likelihood Ratios Across 5 Intervals of Berg Balance Scale (BBS) Scores for the Outcome Multiple Falls (n=187)

BBS Scores (No. of Fallers (n=33) Nonfallers and Single Fallers (n=154) Positive Likelihood
Participants) Ratio (95%

No. Proportion No. Proportion Confidence Interval)
<40 (19) 10 10/33=0.30 9 9/154=0.06 5.19(2.29-11.75)
40-44 (13) 4 4/33=0.12 9 9/154=0.06 2.07 (0.68-6.33)
45-49 (18) 2 2/33=0.06 16 16/154=0.10 0.58 (0.14-2.42)
50-54 (49) 8 8/33=0.24 41 41/154=0.27 0.91 (0.47-1.76)
=55 (88) 9 9/33=0.27 79 79/154=0.51 0.53 (0.30-0.95)

@ “Fallers” were people who sustained a fall over the study period, “nonfallers” were people who did not fall over the study period, and “single fallers” were

people who sustained single falls.
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Table 5.

Positive Likelihood Ratios Across 5 Intervals of Berg Balance Scale (BBS) Scores for the Outcome Injurious Falls (n=87)¢
BBS Scores (No. of Fallers Sustaining Injuries (n=55) Nonfallers and Fallers Not Sustaining Positive Likelihood
Participants) Injuries (n=132) Ratio (95%

. . Confidence Interval)
No. Proportion No. Proportion

<40 (19) 11 11/55=0.2 8 8/132=0.06 3.3 (1.40-7.76)
40-44 (13) 4 4/55=0.07 9 9/132=0.07 1.07 (0.34-3.32)
45-49 (18) 7 7/55=0.13 11 11/132=0.08 1.53 (0.63-3.73)
50-54 (49) 12 12/55=0.22 37 37/132=0.28 0.78 (0.44-1.38)
=55 (88) 21 21/55=0.38 67 67/132=0.51 0.75 (0.52-1.1)

@ “Fallers” were people who sustained a fall over the study period, and “nonfallers” were people who did not fall over the study period.

cating a value that may be clinically
useful in predicting risk.??> The gradi-
ent of likelihood ratios for injurious
falls was not continuous across the
BBS scores and was nearly equal to
the baseline for BBS scores of 40 to
44. This result may have been attrib-
utable to the small number of fallers
in that band of scores resulting in an
unstable estimate.

Discussion

When conventional statistical tech-
niques of sensitivity and specificity
were used to evaluate the perfor-
mance of the BBS in predicting falls,
the previously recommended cutoff
value of 45 was inadequate for iden-
tifying the majority of future fallers
in this community sample. Dichoto-
mizing the score did produce 2
groups with different risks of falling,
but many falls occurred in the low-
risk group. The ROC curve results
demonstrated that to optimize sensi-
tivity, higher cutoff scores would be
needed to predict each outcome.
The use of these higher cutoff scores
would change the operational defini-
tion of balance impairment, so that
some people defined as having bal-
ance impairment would actually
have an independent and functional
range of balance abilities. Even with
the higher cutoff scores, the sensitiv-
ities would be suboptimal for a clin-
ical setting. For example, the higher
cutoff score for the outcome any fall
only provided a sensitivity of 61%.

Rather than revising the operational
definition of balance impairment to
make it better fit the outcome, it
makes more sense to emphasize that
falls in older people are multifacto-
rial, so that any dichotomous view of
balance impairment alone does not
explain or adequately quantify all
future risk. When the BBS was used
as a multilevel tool, rather than a
dichotomous tool, however, likeli-
hood ratios demonstrated a clear
gradient of risk for each fall out-
come. The best discriminative ability
was found for multiple falls, for
which the likelihood ratios indi-
cated that risk increased below a
score of 45, with a significant in-
crease below 40. Likelihood ratios
have 3 important properties that
overcome the limitations of other
measures of diagnostic test accuracy,
such as sensitivity and specificity,
for evaluating screening or diagnos-
tic tests: (1) they do not change
with the pretest probability of dis-
ease, (2) they can be calculated for
multiple levels of test results and
preserve useful information that is
lost when a multiple-level test is di-
chotomized, and (3) they allow for
the assessment of the impact of a test
result on the odds that a person
will have a particular outcome.?%2>
Information from prospective epi-
demiological studies has demon-
strated that the risk for falling in-
creases as the number of risk factors
increases.!2%27 Balance is but one

domain that is evaluated in screen-
ing for falls; therefore, the next step
in gaining an understanding of fall
risk is the integration of information
from each of the individual compo-
nents of a fall assessment to obtain
an overall risk. The use of likelihood
ratios facilitates this integration of in-
formation by allowing for the modi-
fication of pretest probability upon
testing of balance.

Methodological limitations have af-
fected previous studies assessing the
predictive validity of the BBS.2-11.12,14
In the original study by Berg et al,?
the value of 45 was used to allow
the calculation of relative risk esti-
mates as a demonstration of predictive
validity, but it was not recommended
that the scale be dichotomized at this
value for use. This aspect of the origi-
nal validation study has been misun-
derstood and has affected studies that
have used this value for research pur-
poses. Additionally, the majority of va-
lidity studies have used a case-control
design to evaluate whether the cutoff
value of 45 can distinguish people
with a past history of falls from those
without such a history.>111214 The
most significant limitation of this de-
sign is that the assessment of balance
at unspecified and variable times after
the outcome of falling does not allow
establishment of the temporal order of
balance impairment and falling. Bal-
ance impairment may be the result of
fall-related injuries or subsequent self-
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imposed limitations in activity rather
than having preceded falling. Also,
case-control studies cannot be used to
estimate probabilities, which are re-
quired to evaluate predictive validity.
In the present study, we used data
from a cohort with fall information
collected prospectively over a 1-year
time frame and avoided the limitations
associated with case-control studies.

No previous study of prospective
falls calculated the ROC curve in or-
der to determine the AUC in evalu-
ating the predictive validity of the
BBS.%-1° The AUC evaluates the diag-
nostic accuracy of the test because
the area is equal to the probability of
accurately discriminating between a
randomly chosen person with the
outcome and a randomly chosen per-
son without the outcome.?® An un-
informative test will have an AUC of
0.5, in which case determining a cut-
off value that maximizes sensitivity
and specificity is moot. Three case-
control studies®!1.14 evaluated the
optimal value for dichotomizing the
BBS, and although there was variabil-
ity in the values (=45 for any fall,
=49 and =38 for multiple falls, and
=47 for single falls), the limitations
of the case-control study design
greatly affected the utility of this in-
formation. In one of these studies,!!
the ROC curve and the AUC were
calculated, but the value of the infor-
mation was limited by the retrospec-
tive nature of distinguishing fallers
from nonfallers. In their original val-
idation study, Berg et al> demon-
strated, through multiple logistic re-
gression, that the BBS score as a
continuous value, a history of falls in
the preceding 3 months, and visual
problems predicted future falls.

The only prospective study'® evalu-
ating the BBS as a dichotomous scale
did not evaluate an optimal thresh-
old; instead, the threshold was set at
=45 and demonstrated a sensitivity
of 53%. The results of the present
study are consistent with those of

Bogle Thorbahn and Newton!® in
that the magnitude of the sensitivity
indicated that the use of the BBS as
a dichotomous scale and its use
alone do not predict future fall risk
well. The present study is the first to
use data on prospective falls col-
lected over a 1-year period to evalu-
ate the predictive validity of the
BBS and to use a comprehensive
methodological analysis of sensitiv-
ity, specificity, ROC curves, AUC,
and likelihood ratios. Our study re-
sults reaffirm the finding of the orig-
inal validation study of the BBS by
Berg et al? that falls are multifacto-
rial. Additionally, the BBS in the orig-
inal validation study was used to
evaluate people for multiple falls,
and in the present study, we found
that the power of the measurement
scale was better for evaluating mul-
tiple falls than for evaluating any falls
or injurious falls.

The ROC curves demonstrated that
the AUCs for the outcomes any fall
and injurious falls were close to the
uninformative test value of 0.50, at
0.59 and 0.60, respectively. An AUC
of 0.8 has been stated to represent a
reasonably powerful model.?4 The
AUC for the outcome multiple falls
was 0.68; this value indicated that
the test provides moderate discrimi-
native value for this outcome and
that this outcome should be the out-
come of interest when the BBS is
used to evaluate future risk in sam-
ples that are similar to ours.

Riddle and Stratford?2 calculated like-
lihood ratios for a multilevel BBS us-
ing previously published data and
were able to demonstrate a gradient
of risk. Unfortunately, these values
will be influenced by the limitations
of the study methodologies used to
derive the data on falls in case-
control studies and the use of study
designs with different outcomes, a
past history of falls and future falls.??
A gradient of scores on the BBS was
previously reported for the catego-

ries visual impairment and ambula-
tory ability, with the BBS score de-
creasing as impairment increased.?2°
Shumway-Cook et al'# found that a
1-point change in the BBS score led
to different probabilities of falling, a
finding that emphasizes the pres-
ence of a gradient of risk across the
scale. The present research findings
further support the gradient of in-
formation across the range of scores
that can be lost when the BBS is
used as a dichotomous scale. Addi-
tionally, the findings demonstrate
that the type of fall outcome has an
influence on the transition point in
the range of scores indicating an in-
creased fall risk above the baseline
level of risk.

The present study has several limita-
tions. One is that the data on pro-
spective falls were derived from one
arm of an intervention study in
which the BBS formed part of the
baseline risk factor assessment. Be-
cause the participants were exposed
to information on the prevention of
falls, they may have received recom-
mendations related to an identified
balance impairment. If these rec-
ommendations were followed and
were successful in improving bal-
ance, then the results presented here
may underestimate the predictive va-
lidity of falls in community-dwelling
older people. We believe that this
probability is unlikely because there
was no difference in fall risk be-
tween the 2 study arms (Speechley
and colleagues, unpublished data).
The self-report of injurious falls was
not validated with medical records
or documentation of a clinic visit for
medical attention; therefore, there
may have been a risk of underreport-
ing of this fall outcome, resulting in
the findings being conservative and
underestimating the risk of sustain-
ing injurious falls.

Another limitation is the potential
lack of generalizability of the results
to the general population of older
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adults. Our sample participants may
not be representative of the general
population of older adults because
they were volunteers for a study on
the preventions of falls. Our sam-
ple had more men than most other
studies of older adults, and the men
were military veterans. As such,
they may have been different from
their contemporaries who were not
veterans as a result of their military
experience. Finally, the overall risk
for falling in our sample was 42.8%,
a value that was higher than the
values of 29% to 35% typically cited
for community-dwelling older peo-
ple.26:3931 This increased risk could
be partially explained by the loss of
follow-up information on healthier
people. As determined by a sensitiv-
ity analysis assuming that the losses
to follow-up remained in the study
under the conditions “all did not
have the outcome” and “all did have
the outcome,” the overall risk for fall-
ing would range from 38% to 55%
and still would represent a higher-
risk group.

A second set of sensitivity analyses
was performed to evaluate the im-
pact of the composition of the com-
parison group on the calculation of
the likelihood ratios for the out-
comes multiple falls and injurious
falls. Likelihood ratios were recal-
culated with only nonfallers as the
comparison group. The new calcu-
lations, not presented here, pro-
duced likelihood ratios of the same
magnitude, and the trend of increas-
ing risk with decreasing score was
consistent with the original calcu-
lations presented in Tables 3, 4,
and 5.

The sample size available for data
analysis was based on a study that
was not designed specifically to an-
swer our research question. The
sample was large enough to find
statistically significant differences
with the BBS used as a dichotomous
scale. The sample size had limita-

tions with the BBS applied as a mul-
tilevel scale, as demonstrated by
the wider confidence intervals and
small cell sizes in some bands. The
numbers of multiple falls and injuri-
ous falls were small, and this factor
may have affected the stability of
the measures calculated. Larger stud-
ies with more events are required
for a full evaluation of the predictive
ability of the BBS across its full scale
range. A total of 23 subjects with
incomplete follow-up data were ex-
cluded from the analysis. As dis-
cussed in the “Method” section, the
subjects with missing data were not
statistically different from those
with complete follow-up information,
except for “decreased physical activity
in the last 3 days.” Excluding the sub-
jects with incomplete follow-up data
could have led to an increased ob-
served association between the BBS
scores and the fall outcomes. Although
they represented 11% of the original
sample, their effect on the association
was probably minimal because no as-
sociation was found when dichoto-
mized BBS scores were used and the
ranges of scores were the same for
fallers and nonfallers.

The strengths of the present study
are the prospective design and the
method used to ascertain the fall
outcomes in a large sample of
community-dwelling older adults. A
comprehensive statistical methodol-
ogy was used to evaluate the pre-
dictive validity of the BBS, exam-
ining the measurement tool as both
a dichotomous scale and a continu-
ous scale. The present study repre-
sents the most comprehensive use
of statistical analysis techniques
(sensitivity, specificity, ROC curves,
AUC, and likelihood ratios) to evalu-
ate the predictive validity of the BBS
with the ideal format of data on
the occurrence of prospective falls
that were collected over a 1l-year
follow-up period. Likelihood ratios
are another method of describing
the performance of a diagnostic test

and one that is more common in
the medical literature than the
physical therapy literature; there-
fore, this research also demonstrates
the utility of the use of likelihood
ratios in physical therapy research
and practice. Because falls have
consistently been found to be mul-
tifactorial, future research should
now be directed at prospective
methods for evaluating risk with
multiple domains. Although deriva-
tions of multifactor predictive scales
have been published in the litera-
ture, there is a dearth of research
establishing the predictive validity of
these scales.%32-37

Conclusion

The goal of screening is to identify
people at risk for falling in the immi-
nent future for further in-depth evalu-
ation. Conventional data analysis tech-
niques with ROC curves indicate that
the BBS has better discriminatory abil-
ity for identifying people sustaining re-
current or multiple falls than for iden-
tifying those who fall once or sustain
an injury among community-dwelling
older people. The effectiveness of the
BBS as a dichotomous scale in identi-
fying people at risk for falling is lower
than that of a multilevel form of the
scale with likelihood ratios. This new
information, derived from a prospec-
tive study, and the fact that the BBS
was not originally recommended as a
dichotomous scale justify the recom-
mendation that the use of a cutoff
value of 45 should cease. We evalu-
ated a method for integrating balance
assessment through the BBS with
other fall risk information into a pre-
diction of future fall risk. Likelihood
ratios preserve the risk gradient that is
present over the whole scale, over-
come the problem that fall risk is sub-
stantial above a cutoff value of 45, and
permit calculation of the probability of
falling for a given individual.
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