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ABSTRACT

Purpose: 1) To compare the ability of functional mobility and balance assessments in discriminating fallers from non-fallers and recurrent fallers from

those with fewer or no falls. 2) To compare the discriminatory accuracy of cut-off scores specific to this study sample with that of cut-off scores proposed

in the literature for community-dwelling older adults. Methods: In a sample of 39 ambulatory older adults living independently in the community, fallers

were identified on the basis of number of falls in the past year. Seven functional tests of mobility and balance were used to identify fallers and recurrent

fallers on the basis of their fall history. Results: Discrimination of fallers from non-fallers was poor: Only a high-level balance assessment significantly

discriminated these groups (p ¼ 0.0498, area under the curve [AUC] ¼ 0.68). Four assessments significantly discriminated recurrent fallers from those

with fewer or no falls (ps ¼ 0.006–0.009), but their discriminatory powers were not significantly different from one another (AUCs ¼ 0.77–0.80,

p > 0.05). For two assessments, cutoff scores based on the study sample enhanced discriminatory accuracy relative to the literature-based cutoff scores.

Conclusions: To improve fall prediction for ambulatory community-dwelling older adults, future prospective studies should consider including high-level

mobility and balance assessments and targeting cutoff scores to the level of function of this relatively high-functioning population.
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RÉSUMÉ

Objet : Comparer la capacité qu’ont les évaluations de la mobilité fonctionnelle et de l’équilibre d’établir une distinction entre les personnes qui chutent

et les personnes qui ne chutent pas, et entre celles qui chutent fréquemment et celles qui chutent peu ou jamais; comparer la précision en matière de

distinction des points de coupure propres à l’échantillon de cette étude par rapport à ceux proposés dans la littérature concernant les personnes âgées qui

résident dans la collectivité. Méthodes : Dans un échantillon de 39 personnes âgées mobiles qui vivent en autonomie dans la collectivité, les personnes

qui chutent ont été déterminées selon le nombre de chutes faites au cours de l’année précédente. Sept tests fonctionnels concernant la mobilité et l’équi-

libre ont été utilisés pour déterminer les personnes qui chutent et les personnes qui chutent fréquemment selon leurs antécédents en matière de chutes.

Résultats : La distinction des personnes qui chutent des personnes qui ne chutent pas était faible: seule une évaluation avancée de l’équilibre a établi une

distinction importante entre ces groupes (p ¼ 0,0498, AUC ¼ 0,68). Quatre évaluations ont établi une distinction importante entre les personnes qui chu-

tent fréquemment par rapport à celles qui chutent peu souvent ou jamais (p ¼ 0,006 à 0,009), mais leurs puissances de distinction n’étaient pas assez

différentes les unes des autres (AUC ¼ 0,77 à 0.80, p > 0,05). Dans le cadre de deux évaluations, les points de coupure fondés sur l’échantillon de

l’étude ont amélioré la précision en matière de distinction des points de coupure établis selon la littérature. Conclusions : Pour améliorer la prédiction

des chutes chez les personnes âgées qui résident dans la collectivité, les prochaines études prospectives doivent prendre en considération l’inclusion

d’évaluations avancées de la mobilité et de l’équilibre et cibler les points de coupure au niveau de cette population hautement fonctionnelle.

Approximately one-third of community-dwelling older
adults (aged b65 years) fall at least once per year, and
half of this cohort experiences multiple falls.1–3 Func-

tional mobility and balance deficits are strongly asso-
ciated with a greater risk for falls,1,4 and performance-
based functional assessments are widely used in clinical
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practice to evaluate mobility and balance deficits and
predict fall risk in this population. Accurate assessment
of functional mobility and balance helps to identify
modifiable risk factors and ultimately guide targeted
interventions to reduce falling.3

Although a variety of functional assessments are rou-
tinely used to predict falls in older adults,5 less atten-
tion has been paid to fall prediction in relatively high-
functioning older adults who are ambulatory and living
independently in the community (ambulatory com-
munity-dwelling older adults, or ACDOA).2,6–9 Existing
reports on fall prediction among ACDOA have had con-
flicting results. For instance, one study reported that five
balance tests—the Berg Balance Scale (BBS), timed up-
and-go test (TUG), Dynamic Gait Index (DGI), Modified
Clinical Tests of Sensory Interaction for Balance, and
100% Limits of Stability Test—could not predict falls in
ACDOA, even when they were at risk for falls;6 however,
another study reported that a combination of multiple
clinical scales (balance self-report, one-leg stance, and
stability limits) predicted falls in ACDOA.8 Results are
difficult to compare across studies because the studies
included different and, in some instances, limited func-
tional assessments and involved predicting either fallers
or recurrent fallers. For an assessment to accurately pre-
dict fall risk, it must first be able to cross-sectionally
discriminate fallers from non-fallers. Therefore, our
approach was to compare the ability of a wide range of
functional tests to discriminate both fallers from non-
fallers and recurrent fallers (i.e., those with b2 falls)
from those with fewer or no falls in a sample of ACDOA.

Using challenging functional assessments and apply-
ing cutoff scores targeted to the level of function of an
ACDOA may improve the discrimination of fallers from
non-fallers. Emerging evidence has suggested that dy-
namic, attention-demanding, and challenging tests are
needed to reveal mobility and balance deficits in higher
functioning older adults,6,10,11 which indicates that in-
cluding more challenging functional tests may increase
the likelihood of identifying fallers among ACDOA.
Some challenging assessments such as the Community
Balance and Mobility (CB&M) scale have recently been
validated in the population of ACDOA, but they have
not been compared with other functional assessments
in terms of their ability to discriminate fallers from non-
fallers.10 Furthermore, the cutoff scores of functional
tests that are used as thresholds to classify fall risk may
need to be targeted to the functional level of ACDOA
because inappropriate application of cutoff scores leads
to inaccurate discrimination of fallers from non-fallers.
For instance, Neuls et al.12 concluded that the routinely
used literature-based BBS cutoff score cannot predict
fall risk across all older adults and suggested that sample-
based cutoff scores be developed that are targeted to
older adults’ level of function. Therefore, investigating

the discriminatory ability of several functional assess-
ments and the accuracy with which these tests discrimi-
nate fallers and recurrent fallers from non-fallers could
be the first step in identifying tests to improve fall-risk
prediction targeted to ACDOA’s level of function.

Our study used data collected as part of another larger
study that included seven functional tests and a self-
report of fall history.10 The first purpose of our study
was to compare the ability of these functional mobility
and balance assessments to discriminate both fallers
from non-fallers and recurrent fallers (i.e., those with
b2 falls) from those with one or no falls. The second
purpose was to compute the discriminatory accuracy
(sensitivity and specificity) of functional tests using cut-
off scores specific to our study sample and compare it
with that of literature-based cutoff scores. We expected
the findings from this retrospective study to provide
important insights for designing efficient prospective
studies of fall-risk prediction for ACDOA.

METHODS
Our study involved secondary analysis of data collected

from a convenience sample of 40 volunteer participants
recruited during a 3-year study period.10 Our study in-
cluded 39 of the 40 volunteer participants from the
original cohort; fall data were unavailable for 1 partici-
pant. Participants were recruited by mailing out adver-
tisement flyers to residential, retirement, and indepen-
dent living facilities as well as by talking to a group of
older adults at the local wellness centre about the study’s
purpose and contacting them via word of mouth.

Participants

Participants were included if they were b65 years of
age, residing independently in the community, able to
walk independently without an assistive device, and
able to follow verbal requests for tasks (e.g., place a foot
on a 15 cm [6 in.] step in front of a chair). Potential par-
ticipants were excluded from the study if they scored less
than 23 on the Mini-Mental State Examination (a score
that suggests cognitive impairment),13 had neurologic and
orthopaedic impairments limiting balance and mobility,
or had cardiorespiratory symptoms or unstable cardio-
vascular disease. The study was approved by the Univer-
sity of North Florida institutional review board for the
protection of human subjects, and all participants pro-
vided informed consent.

Outcome measures

As in other retrospective reports in the literature, falls
were documented as the participant’s self-reported his-
tory of falls in the past year.14–17 Questions modified
from the falls questionnaire of the National Health Inter-
view Survey were used to document fall history. A fall
was defined as any event that led to an unplanned, un-
expected contact with a supporting surface such as the
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floor, the ground, a bed, or a chair;18 a faller was defined
as a person who had had at least one fall in the past year,
and a recurrent faller was defined as a person who had
had two or more falls in the past year.

Clinical functional assessments of mobility and balance
included in the study were the TUG,19,20 BBS,21,22 DGI,23

Functional Reach Test (FRT),24 Short Physical Perfor-
mance Battery (SPPB),25,26 Activities-specific Balance
Confidence (ABC) scale,27,28 and CB&M scale29 (Table
A1 online). The first six assessments are currently used
with ACDOA, and the CB&M was recently validated with
ACDOA.10 All of these functional tests are performance
based, except for the ABC scale, which is a self-report
measure to assess balance efficacy.27 The ABC scale was
included in this study because measures of self-efficacy
have been shown to independently predict falls.30

Procedures

Assessments were conducted in a predetermined
order; those requiring walking were conducted before
the others to avoid fatigue-related bias in test per-
formance. Two to three rest periods of as long as 10
minutes were incorporated into the testing, and parti-
cipants were allowed more rest periods if needed. The
CB&M, DGI, and BBS testing sessions were videotaped;
the videotaped assessments were re-scored by the same
physical therapist approximately 3 weeks later to eval-
uate intrarater reliability. To evaluate the interrater relia-
bility of the CB&M, DGI, and BBS assessments, two
physical therapists (with 25 years’ and 5 years’ experi-
ence, respectively), blinded to each other’s scores, inde-
pendently scored the videotaped assessments. The SPPB
and TUG are timed assessments, and the ABC is a self-
report measure; therefore, these assessments were not
videotaped for the purpose of evaluating reliability.

Data analysis

We evaluated the intrarater and interrater reliability of
the CB&M, DGI, and BBS using ICC2,k and ICC3,k respec-
tively. Both intrarater reliability (ICC2,k ¼ 0.93–0.99; 95%
CI, 0.89–1.0) and interrater reliability (ICC2,k ¼ 0.88–0.98;
95% CI, 0.81–0.99) were high; therefore, we used the
original functional test scores for further data analyses.

Discriminating fallers from non-fallers

We used exploratory logistic regression models to in-
vestigate the likelihood of falls, using the functional tests
(CB&M, BBS, FRT, TUGT, DGI, SPPB, and ABC) as single
continuous predictors. Sex and age as covariates were
also fitted and evaluated in the exploratory models. We
created two sets of models. In the one-or-more-falls (b1F)
model, which discriminated fallers from non-fallers, the
dichotomous response was ‘‘any fall’’ or ‘‘no fall’’, in the
two-or-more-falls (b2F) model, which discriminated
recurrent fallers from those with less than two falls or
no falls, the dichotomous response was ‘‘b2 falls’’ or

‘‘<2 falls.’’ The area under the curve (AUC) of a receiver
operating characteristic (ROC) curve was computed to
assess the discriminatory power of the functional assess-
ments that were the significant predictors of the b1F
and b2F models. Hosmer and Lemeshow31 suggested
that 0.7 a AUC a 0.8 represents acceptable discrimina-
tory power (AUC ¼ 0.50 corresponds to random classifi-
cation).

Discriminatory accuracy indices of sample-based versus

literature-based cutoff scores

Literature-based cut-off scores are those established
in the literature for ACDOAs (see Table A1). Study-sample-
based cutoff scores are computed for our study sample
to optimize sensitivity and specificity. The optimal cutoff
score is the balance between sensitivity and specificity
and indicates the point on the ROC curve that comes
closest to the upper left-hand corner of the graph. We
used McNemar’s pairwise comparisons to compare
sensitivity and specificity between literature-based and
study-sample-based cutoff scores within individual as-
sessments and compared discriminatory accuracy across
assessments using the diagnostic odds ratio (DOR).32

DOR ¼ positive diagnostic likelihood ratio
negative diagnostic likelihood ratio

All statistical analyses were conducted using SAS ver-
sion 9.2 and JMP version 10 (SAS Institute, Cary, NC),
with significance set at a ¼ 0.05.

RESULTS
A convenience sample of 39 ACDOA (mean age 73.3

[SD 6.9] years; 13 men and 26 women) participated.
Table 1 presents the characteristics of the study sample.
As Table 2 shows, 61% of study participants (24/39) were
fallers, 35.9% (14/39) were recurrent fallers, and 38.5%
(15/39) had experienced no falls in the past year.

Functional assessments that discriminate fallers (K1F) from

non-fallers and recurrent fallers (K2F) from those with fewer

or no falls

The CB&M scale discriminated participants in the b1F
model, but the variance explained was low (p ¼ 0.049,
Model R2 ¼ 8%; see Table 3 and Figure 1). Four assess-
ments discriminated participants in the b2F model:
CB&M (p ¼ 0.009), ABC (p ¼ 0.004), DGI (p ¼ 0.006),
and BBS (p ¼ 0.009), explaining low to moderate variance
(Model R2 ¼ 18%–22%), as shown in Table 3. Exploratory
models with combinations of significant predictors and
with gender and age as covariates were also tested, but
none were significant. The Hosmer–Lemeshow goodness-
of-fit test indicated that the logistic model was appropriate
(w2 ¼ 1.86, p ¼ 0.967).

The discriminatory power of the CB&M scale was low
for the b1F model (AUC ¼ 0.68; 95% CI, 0.4978–0.8688;
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see Figure A1 online). The discriminatory powers of
the significant assessments (CB&M, ABC, DGI, and BBS)
were greater (AUCs ¼ 0.77–0.80) in the b2F model than
in the b1F model, but the AUC indices were not statisti-
cally different from one another for the four significant
predictors of the b2F model (Figure A2 online).

Sensitivity, specificity, and diagnostic odds ratios of cutoff

scores for the significant assessments of the K1 F and

K2 F models

Using study-sample-based cutoff scores improved
sensitivity and DORs for all assessments (except the
CB&M for the b2F model) relative to the literature-based
cutoff scores, but the effect on specificity was not uni-
form (see Table 4 and Figure 2). The sample-based cutoff

of a59 for the CB&M had significantly (p ¼ 0.045) higher
sensitivity than the literature-based cutoff score of a45
for the b1F model; similarly, the sample-based cutoff of
a87 for the ABC had significantly (p ¼ 0.025) higher sen-
sitivity than the literature-based cutoff of a67 (see Table
4 and Figure 2). An exception was the literature-based
cutoff of a45 for the CB&M, which had significantly
(p ¼ 0.045) higher sensitivity than the sample-based cut-
off of a39 for the b2F model. No other pairwise com-
parisons for sensitivity and specificity were significantly
different from each other (see Table 4). The study-
sample-based cutoff score of a87 for the ABC had the
highest DOR at 26.89, followed by the CB&M cutoff score
of a45, with a DOR of 19.50 for the b2F model (see
Table 4).

Table 1 Characteristics of the Study Sample

Characteristic
Sample
(n ¼ 39)

Non-fallers
(n ¼ 15)

Fallers
(b1 falls; n ¼ 24)

Recurrent fallers
(b2 falls; n ¼ 14)

No.

Sex
Male 13 5 8 4
Female 26 10 16 10

Residence
Residential 26
Retirement community 3
Independent living facility 10

Comorbidities*
Joint replacements 6
Vertebral impingement 1
Arthritis 2
Low BMD 1
Disc removal 3
Neck and back surgery 1
Diabetes 4
Tumour/cancer survivor 4
Vertigo 2
COPD, bronchitis 1
Emphysema 2
Controlled high BP 9
Pacemaker 1
Claudication 1
One eye blindness 1
Hypothyroid 1

Mean (SD)

Age, y 73.3 (6.9) 73.2 (7.1) 73.3 (6.9) 71.6 (7.3)
CB&M, /96 47.5 (18.6) 55.6 (20.0) 43.1 (16.5) 36.1 (12.7)
ABC, /100% 87.76 (12.09) 90.9 (10.2) 85.3 (12.9) 79.0 (13.3)
DGI, /24 19.78 (3.49) 20.8 (3.3) 19.2 (3.4) 17.6 (3.4)
BBS, /56 53.13 (2.53) 54.1 (2.2) 52.4 (2.5) 51.5 (2.6)
SPPB, /12 10.46 (1.62) 10.9 (1.62) 10.1 (1.5) 9.7 (1.6)
TUGT, s 10.36 (2.18) 9.6 (2.1) 10.7 (2.1) 10.9 (2.3)
FRT, in. 11.0 (2.15) 11.1 (2.8) 11.0 (1.5) 11.05 (1.7)

*Some participants had more than one comorbidity.

BMD ¼ bone mineral density; COPD ¼ chronic obstructive pulmonary disease; BP ¼ blood pressure; CB&M ¼ Community Balance and Mobility Scale;

ABC ¼ Activities-Specific Balance Confidence; DGI ¼ Dynamic Gait Index; BBS ¼ Berg Balance Scale; SPPB ¼ Short Physical Performance Battery; TUGT ¼ timed

up-and-go test; FRT ¼ Functional Reach Test.
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DISCUSSION
Our study has three main findings. First, the CB&M

scale discriminated fallers (b1F) from non-fallers. Sec-
ond, four functional assessments—the CB&M, ABC,
DGI, and BBS—discriminated recurrent fallers (b2F)
from those with fewer or no falls. Third, cutoff scores
computed for the study sample improved discriminatory
accuracy relative to literature-based cutoff scores for two
assessments. These findings should be considered pre-
liminary in the area of fall-risk prediction until prospec-
tive studies can further validate our results.

The proportion of falls in our study sample was higher
than some reports in the literature: 61% of participants
in our study reported at least one fall in the past year;
30% of community-dwelling older adults in the literature
experienced one or more falls in a year.1–3 Moreover,
25% of participants in our study sample fell once, and
35% fell on two or more occasions, whereas other retro-
spective studies have reported 19% experiencing one fall
and 14% experiencing two or more falls.33

There may be several reasons for the high proportion

of falls in our sample. First, we recruited ACDOA who
volunteered to participate in the study, as opposed to
using a random sample. Second, risk for any fall may
have been higher for this group because individuals
were participating at their usual level of functioning,
which exposed them to more situations that could result
in a fall.8 Third, our small sample size may have skewed
the percentages, overestimating the proportion of fallers.
It is interesting that our reported fall rates are similar to
those of some other studies in the literature, such as that
of Sai and colleagues,34 who reported the incidence of
falls in their community-dwelling sample to be around
62.5%. As suggested earlier,8 comparison with other
studies on fall rates may be difficult because of the vari-
ability in methods of reporting fall events (self-report vs.
identified by a professional), study designs used for data
collection (retrospective vs. prospective), and participants’
level of function.

Our study included assessment of both fallers and
recurrent fallers. This is important, because even a single
fall (injurious or non-injurious) may lead to fear of fall-
ing, resulting in a decrease in physical activity.30 More-
over, a history of even a single fall increases a person’s
risk of admission to a long-term facility threefold com-
pared with that of someone with no history of falling.35

Therefore, early identification of those at risk of falling
may be helpful in initiating fall-prevention efforts sooner.
A relatively high-functioning population such as the
ACDOA in our sample may require more challenging
assessments to reveal subtle balance deficits.6,11 The
CB&M scale was recently validated for ACDOA as a chal-
lenging assessment because it did not show a ceiling in
detection of balance and mobility deficits, unlike other
functional assessments.10 The CB&M scale includes a
range of challenging assessment items, including more
difficult and complex activities that may create cognitive–
motor interference (e.g., sequencing movement com-
ponents and multi-tasking).

Although the CB&M scale was the only assessment
that discriminated fallers from non-fallers in our study,
as a predictor of the b1F model it was only marginally
significant, and it demonstrated low discriminatory power
(AUC ¼ 0.68) and a low DOR in the b2F model. Together,
these findings suggest that in our study sample, even the
most challenging assessment did not accurately dis-
criminate fallers from non-fallers. Therefore, we suggest
creating a battery of assessment items using some activ-
ities from the CB&M scale (especially those that create
cognitive–motor interference) and developing other chal-
lenging activities (such as negotiating obstacles under
secondary cognitive demands) to improve early fall pre-
diction in ACDOA. Emerging evidence has suggested that
the interplay between motor and cognitive systems to
maintain postural support and balance is affected in

Table 2 Fall Characteristics of the Study Sample (n ¼ 39)

Characteristic No. (%) of participants

History of falls per participant
0 15 (38.46)
1 10 (25.64)
2 7 (17.95)
3 4 (10.26)
4 1 (2.56)
6 2 (5.13)

History of falls
0 15 (38.46)
b1 24 (61.54)

History of recurrent falls
a1 25 (64.10)
b2 14 (35.90)

Reported activity/circumstance during fall
Walking
backwards 1
fast 3
missed a step 1
caught foot 1
outdoors 3
when dark 1
tripped 3

Stepped over an object
barrier 1
irrigation system 1
newspaper 1
Surface
uneven terrain 2
change in surface 1
Getting out of bed or chair 3
Not paying attention 2
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older adults.36 Therefore, assessing functional performance
of challenging and complex activities that create cognitive–
motor interference may be key to unmasking balance
deficits in ACDOA, whose motor and cognitive perfor-
mance may appear unremarkable in isolation. Further-
more, the literature linking reactive balance control

(e.g., reactive and compensatory stepping) to falls re-
mains unexploited in clinical assessment tools.37 We
suggest that challenging activities that target reactive
balance control may improve fall-risk assessment in
ACDOA.

Recurrent fallers were identified by four significant
predictors (CB&M, ABC, DGI, and BBS), supporting
earlier findings that recurrent fallers are more easily
identified than fallers.3,34 Two of these assessments
(ABC, DGI) have been shown to have minimal ceiling
effects (a10%).10 In contrast, the three functional assess-
ments (TUG, FRT, and SPPB) that could not discriminate
even recurrent fallers from those with fewer or no falls
may have been too easy for this relatively high-function-
ing population; future prospective fall-prediction studies
should be cautious when including functional assess-
ments that are not targeted to the level of function of
ACDOA. Nonetheless, because our study used a retro-
spective design, our results are only the first step in
supporting the use of challenging assessments for fall
prediction in ACDOA.

Although our study found four functional assessments
that discriminated recurrent fallers from those with fewer
or no falls, investigation of their sensitivity and specificity
showed that discriminatory cutoff scores targeted to
ACDOA enhanced sensitivity in some clinical assess-
ments relative to direct application of literature-based
cutoff scores. Whereas the sample-based cutoff score of
a59 for the CB&M enhanced sensitivity in identifying

Table 3 Results of Multivariate Logistic Regression on Functional Mobility and Balance Outcomes Discriminating Fallers (One or More Falls) and
Recurrent Fallers (Two or More Falls)

Parameter b w2 Model R 2 p-value OR*

One or more falls (b1F model) – Faller
CB&M 0.0380 3.85 0.085 0.049† 1.038
ABC 0.0430 1.86 0.041 0.172 1.0448
DGI 0.1480 1.95 0.041 0.162 1.1601
BBS 0.3120 3.65 0.082 0.065 1.3669
SPPB 0.3410 1.98 0.044 0.158 1.4069
TUG �0.2570 2.33 0.049 0.127 0.7727
FRT 0.0260 0.03 0.000 0.861 1.0271

Two or more falls (b2F) – Recurrent faller
CB&M �0.075 6.66 0.206 0.009‡ 0.927
ABC �0.109 7.99 0.226 0.004‡ 0.896
DGI �0.327 7.56 0.187 0.006‡ 0.720
BBS �0.455 6.77 0.181 0.009‡ 0.634
SPPB �0.418 3.51 0.075 0.060 0.658
TUG 0.192 1.45 0.029 0.229 1.212
FRT �.0306 0.04 0.000 0.843 0.969

*Unadjusted for age and sex.

†p < 0.05.

‡p < 0.01.

CB&M ¼ Community Balance and Mobility Scale; ABC ¼ Activities-Specific Balance Confidence; DGI ¼ Dynamic Gait Index; BBS ¼ Berg Balance Scale;

SPPB ¼ Short Physical Performance Battery; TUGT ¼ timed up-and-go test; FRT ¼ Functional Reach Test.

Figure 1 Logistic predictions of the faller (b1 falls) and recurrent faller
(b2 falls) models in the past year, using the CB&M scale as the predictor
assessment. In both models, the probability of falling decreases as CB&M
scale scores increase; the slope of the prediction is better for the recurrent
fallers.
CB&M ¼ Community Balance and Mobility Scale.

Balasubramanian et al. How Well Do Functional Assessments of Mobility and Balance Discriminate Fallers in the Community 189



fallers, the literature-based cutoff score of a4510 was
more accurate in identifying recurrent fallers. Further-
more, the sample-based cutoff score of a87% for the
ABC accurately identified recurrent fallers in our sample,
and this cutoff score significantly increased sensitivity
and DOR relative to the literature-based cutoff score
without much loss in specificity.

Although none of the other functional assessments
achieved statistical significance, the cutoff scores on the
BBS and DGI assessment may need to be re-examined to
better suit ACDOA. For instance, all participants in our
study scored above the suggested cutoff of <45 for the
BBS,15 demonstrating the BBS’s reduced discriminatory
ability in this population. Similarly, the sample-based
cutoff score of a20 for the DGI increased sensitivity
(although not to the threshold of statistical significance)
and DOR, which suggests a modest improvement in dis-
criminatory accuracy. It is important to note that the
suggested cutoff scores shown to improve sensitivity in
our study sample are not representative of all ACDOA
and need to be further validated using larger prospective
samples. Nonetheless, our method of re-examining cut-
off scores to improve sensitivity of functional assess-
ments to identify fallers is promising and highlights
the need for prospective studies to establish multiple
thresholds based on level of function.

LIMITATIONS
Our study has several limitations. First, fall risk was

identified retrospectively. In a retrospective study design,

evaluation of exposure (mobility and balance deficits)
takes place after the outcome (falls) has occurred; there-
fore, it is not possible to establish a temporal link between
falling and test scores, and it is difficult to determine
whether the poor function caused the fall or whether
the fall resulted in the poor mobility and balance func-
tion. Prospective observation of falls as the diagnostic
gold standard is essential to validate our findings.

Second, our study used a small convenience sample
whose characteristics may not be generalizable to the
large population of ACDOA; a larger random sample is
needed to further validate the results. Third, our method
of evaluating discriminatory accuracy has some limita-
tions. Some literature-based cutoff scores were derived
from prospective studies; using prospective cutoff scores
to determine the accuracy of retrospective fall events
may limit the conclusions derived from our observed
results. Last, falls are multi-factorial, and a thorough
assessment of fall risk should include evaluation of other
relevant factors such as vision, medications, cognitive
impairment, sensation, and concomitant medical prob-
lems. Therefore, future models for predicting fall risk
should reflect the multi-factorial nature of falls.

KEY MESSAGES

What is already known on this topic

Functional assessments of mobility and balance have
been used to predict fall risk and identify modifiable
targets for interventions to reduce falling in older adults.

Table 4 Accuracy Indices of Literature-Based and Sample-Based Cutoff Scores of the Significant Discriminators of the Faller (One or More Falls) and
Recurrent Faller (Two or More Falls) Model

Measure and cutoff score type Cutoff score (a) Sensitivity (TPR) Specificity (TNR) DOR PR

One or more falls (K1F)
CB&M

Lit. 45 0.71 0.60 3.64 0.62
Sample 59 0.88* 0.53 8.00 0.62

Two or more falls (K2F)
CB&M

Lit. 45 0.93* 0.60 19.50 0.36
Sample 39 0.79 0.76 11.61 0.36

ABC
Lit. 67 0.21 0.96 6.55 0.36
Sample 87 0.79* 0.88 26.89 0.36

DGI
Lit. 19 0.64 0.72 4.63 0.36
Sample 20 0.79 0.72 9.43 0.36

BBS
Lit. 45 N/A† N/A† N/A† N/A†
Sample 53 0.79 0.68 7.79 0.36

*Statistically significant difference in sensitivity and specificity between literature-based and sample-based cut-off scores within an assessment.

†No participants below the literature-based cut-off score (BBS < 45).

TPR ¼ true positive ratio; TNR ¼ true negative ratio; DOR ¼ diagnostic odds ratio; PR ¼ prevalence; Lit. ¼ literature-based cut-off score; sample ¼ sample-based

cut-off score; CB&M ¼ Community Balance and Mobility Scale; ABC ¼ Activities-Specific Balance Confidence; DGI ¼ Dynamic Gait Index; BBS ¼ Berg Balance

Scale; N/A ¼ not applicable.
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Although several functional tests are used to predict fall
risk in older adults, more research is needed on predict-
ing the fall risk of ambulatory older adults living inde-
pendently in the community. Results from some existing

studies have suggested that current functional assess-
ments do not accurately predict fall risk in this relatively
high-functioning older adult population.

Figure 2 Sensitivity and specificity of the literature-based and sample-based cutoff scores for the outcomes that significantly discriminated fallers and
recurrent fallers.
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What this study adds

The Community Balance and Mobility (CB&M) scale
identified both fallers and recurrent fallers on the basis of
their fall history in a sample of ambulatory community-
dwelling older adults, providing preliminary support for
the inclusion of a challenging assessment such as the
CB&M for fall risk prediction in an ambulatory cohort.
Of the seven assessments included in the study, four
(CB&M, ABC, DGI, and BBS) discriminated recurrent
fallers from those with fewer or no falls. Study-sample-
based cutoff scores enhanced sensitivity of discrimina-
tion relative to literature-based cutoff scores for two
clinical assessments, which suggests that prospective study
designs should evaluate cutoff scores targeted to the
level of ambulatory older adults to improve sensitivity of
functional assessments.
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