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Background. Screening should have simple and easy-to-administer methods that
identify impairments associated with future fall risk, but there is a lack of literature
supporting validation for their use.

Objective. The aim of this study was to evaluate the independent contribution of
balance assessment on future fall risk, using 5 methods to quantify balance impair-
ment, for the outcomes “any fall” and “any injurious fall” in community-dwelling
older adults who are higher functioning.

Design. This was a prospective cohort study.

Methods. A sample of 210 community-dwelling older adults (70% male, 30%
female; mean age�79.9 years, SD�4.7) received a comprehensive geriatric assess-
ment at baseline, which included the Berg Balance Scale to measure balance. Infor-
mation on daily falls was collected for 12 months by each participant’s monthly
submission of a falls log calendar.

Results. Seventy-eight people (43%) fell, of whom 54 (30%) sustained an injurious
fall and 32 (18%) had recurrent falls (�2 falls). Different balance measurement
methods identified different numbers of people as impaired. Adjusted relative risk
(RR) estimates for an increased risk of any fall were 1.58 (95% confidence interval
[CI]�1.06, 2.35) for self-report of balance problems, 1.58 (95% CI�1.03, 2.41) for
one-leg stance, and 1.46 (95% CI�1.02, 2.09) for limits of stability. An adjusted RR
estimate for an increased risk of an injurious fall of 1.95 (95% CI�1.15, 3.31) was
found for self-report of balance problems.

Limitations. The study was a secondary analysis of data.

Conclusions. Not all methods of evaluating balance impairment are associated
with falls. The number of people identified as having balance impairment varies with
the measurement tool; therefore, the measurement tools are not interchangeable or
equivalent in defining an at-risk population. The thresholds established in this study
indicate individuals who should receive further comprehensive fall assessment and
treatment to prevent falls.
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Although impairment in bal-
ance is acknowledged as a ma-
jor predictor of falls, system-

atic reviews have been limited in
recommending specific clinical as-
sessment scales of balance.1–4 There
are many risk factor studies in which
the results from univariate analysis
have driven the regression modeling
procedures, but few prospective ep-
idemiologic studies have focused a
priori on balance impairment as the
exposure of interest. Additional lim-
itations in the literature evaluating
balance impairment as the exposure
of interest include the failure to take
account for multicollinearity among
covariates and the inclusion of mul-
tiple measures of balance in the same
regression model.5,6 Measures of bal-
ance may be highly related to other
variables such as lower-extremity
strength (force-generating capacity),
and a thorough evaluation of the in-
dependent contribution of balance
requires evaluating these other rela-
tionships to accurately determine
the true magnitude of effect.

Postural stability is a complex pro-
cess that involves the rapid, auto-
matic integration of information
from the vestibular, somatosensory,
visual, and musculoskeletal systems,
in the presence of cognition, which
includes attention and reaction
time.7,8 The measurement tools used
to evaluate balance in the clinical
setting are a means of quantifying
the working capacity of the sum
of the components that enable pos-
tural stability. The goal of screening
is to identify individuals who are
at an elevated risk for falling and
who should receive further assess-
ment. Screening should have simple
and easy-to-administer measurement
tools that identify impairments asso-
ciated with future fall risk.

We hypothesized that the clinical as-
sessment of balance can identify fu-
ture fall risk even after the adjust-
ment for other factors related to an

increased fall risk. Measurement
scales that involve a difficult balance
task (eg, using a reduced base of sup-
port and movement) should be the
most successful, as they reduce ceil-
ing effects. The primary objective of
the study was to evaluate the inde-
pendent contribution of the clinical
assessment of balance on future fall
risk, using 5 methods to quantify bal-
ance impairment, for the outcome of
“any fall” in community-dwelling
older adults who are higher function-
ing. A secondary objective was to
perform the same analysis for the
outcome of “any injurious fall.”

Method
Participants
This study was a secondary analysis
of data from phase II of the Project to
Prevent Falls in Veterans (PPFV). The
PPFV, funded jointly by Veterans Af-
fairs Canada and Health Canada, was
approved by the University of West-
ern Ontario Research Ethics Board
for Health Sciences Research Involv-
ing Human Subjects. The sampling
and data collection procedures for
phase I of the PPFV have been de-
scribed in detail elsewhere.9

Briefly, in phase I of the PPFV, a
questionnaire was mailed to 3 simple
random samples of addresses of
1,000 Canadian veterans of WWII
and the Korean War living in south-
west Ontario. Canadian veterans of
WWII and the Korean War, as deter-
mined by Veterans Affairs Canada,
and their caregivers who were living
independently in the community and
who were able to understand and
provide responses to the question-
naire were eligible.

Participants from 2 regions in phase
I of the PPFV became eligible for
participation in phase II, a risk factor
modification trial. Participants from
phase I who consented to be re-
contacted and who self-reported at
least one modifiable risk factor for
falling were stratified into 5 groups

by the number of modifiable risk fac-
tors from the questionnaire (lower-
extremity weakness; 4 or more pre-
scription medications; and balance,
foot, and vision problems). Random-
ization was performed within each
stratum to 1 of 2 groups: the special-
ized geriatric services (SGS) group or
the family physician (FP) group. The
SGS group received a comprehen-
sive geriatric assessment performed
by a geriatrician or physical therapist
and was provided with individual
recommendations for fall risk factor
reduction. The intervention was the
assessment and did not involve the
provision of any follow-up treat-
ment. A letter summarizing the risk
factors identified on the mailed ques-
tionnaire was sent to the participants
in the FP group, and a similar letter
was sent to each participant’s family
physician. Any treatment was left at
the discretion of the family physi-
cian. People with no reported mod-
ifiable risk factors for falling on the
questionnaire formed an open arm in
the study. This group received the
same comprehensive geriatric assess-
ment as the SGS group and was given
educational materials on fall preven-
tion and healthy living.

There were no statistically or clini-
cally significant differences among
the study arms in the proportion fall-
ing, the number of falls, or the time
to first fall. Because there were no
detectable differences on any out-
come among the study groups, the
opportunity existed to use the data
collected to evaluate the association
between balance and fall risk.
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In phase II of the PPFV, 210 people
received the comprehensive geriat-
ric assessment. Four people who
were less than 60 years of age were
excluded from the analysis, ensuring
all people in the sample were older
than 60 years of age, and 2 people
had incomplete balance measure-
ment data. Twenty-two people did
not have complete follow-up infor-
mation on fall outcome data, leaving
a sample of 182 participants for anal-
ysis in this study. Reasons for missing
follow-up data were: no fall calen-
dars submitted (n�15), dropped out
because not interested in participat-
ing anymore (n�6), and deceased
(n�1).

Assessment
The baseline comprehensive fall as-
sessment utilized the basic version of
the interRAI Community Health As-
sessment (CHA), a subset of the Min-
imum Data Set for Home Care (MDS-
HC) version 2.0.10,11 Reliability and
validity of all items of the MDS-HC in
community settings have been re-
ported.12,13 A study supplement in-
cluded the Berg Balance Scale (BBS),
a valid and reliable scale for the as-
sessment of balance in older
adults.14–16 The BBS consists of 14
balance tasks scored on a scale of
0 to 4, where 0 indicates the inability
to perform a task and 4 indicates
that the task is performed indepen-
dently. The maximum possible score
of 56 indicates no identified balance
difficulties.

The individual items of the BBS rep-
resent assessment of different as-
pects of balance, including main-
taining a fixed position, dynamic
balance, and movement over a fixed
base. No single measurement tool
can evaluate all aspects of or mastery
of balance control, but it may be pos-
sible that a single tool can optimally
identify people at an elevated risk for
falling in a screening format. Individ-
ual items of the BBS, which have the
potential to be independent mea-

surement tools to predict falls in a
screening situation, and additional
measures of postural stability from
the mailed questionnaire and inter-
RAI assessment were available
within the data set for analysis. The
present analysis, with a priori spec-
ified associations for exposure and
confounding, evaluated whether
simple and easy methods of assessing
postural stability were indepen-
dently associated with the outcome
of any fall. The following clinical as-
sessment methods were used to eval-
uate balance.

One-leg stance with eyes open.
Each participant was asked to stand
on his or her preferred leg. The abil-
ity to assume the position indepen-
dently and maintain it for longer than
10 seconds was recorded. The need
for assistance to assume the starting
position or inability to maintain the
position for 10 seconds was consid-
ered impaired ability. The validity
and reliability of this test have been
established.17–22

Tandem stance with eyes open.
The heel of one foot was placed
in front of and touching the toes
of the other foot. The ability to inde-
pendently assume this position and
maintain it for 30 seconds was re-
corded. The need of assistance to
assume the starting position or
inability to remain in balance for
30 seconds was considered impaired
ability. The validity and reliability of
this test have been established.18,22–25

Observational gait assessment.
The participant was asked by the as-
sessor to ambulate at a comfortable
speed, and the presence of any of
the following features during an
observational gait assessment was
used to denote an unsteady or im-
paired gait: steppage; leg-length dis-
crepancy; waddling, antalgic, ataxic,
spastic, or frontal-lobe gait; or vestib-
ular or parkinsonian movements.

Limits of stability in standing.
The participant was asked to lift an
arm to 90 degrees with fingers
stretched out in front and then, with-
out changing foot position, reach as
far forward as possible. The maxi-
mum distance, measured as the dis-
tance forward that the finger
reached while the individual was in
the most forward lean position,
was recorded. A distance of less
than 25.4 cm (10 in) was denoted
as impairment. The validity and
reliability of this test have been
established.22,24,26 –29

Self-report of balance impair-
ment. On a self-administered ques-
tionnaire, the following question
was asked, “Sometimes people get
dizzy or light-headed, and lose their
balance. Other people report a loss
of balance in their legs. Do you ever
feel that you are losing your balance,
other than when you feel dizzy or
light-headed? By that, we mean do
you feel the problem is in your legs
rather than your head?”30 A “yes” re-
sponse to this question denoted
impairment.

A new variable was created as the
summed number of balance tests
with impairment from the individual
tests of one-leg stance, tandem
stance, limits of stability, and un-
steady gait. Each test represents an
evaluation of a different aspect and
challenge to postural stability; the as-
sociation of the composite may be
superior to each test alone.

Data Collection
Prospective information on daily falls
was collected for 12 months by each
participant’s monthly submission of
a falls log calendar. A fall was de-
fined as the person coming to rest
unintentionally on the floor or
ground. An injurious fall was de-
fined as a fall resulting in an injury
that required the person to see a phy-
sician. Participants who indicated
falling in the previous month were
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interviewed by telephone to obtain
detailed information about the spe-
cifics of the fall. Data collection for
the baseline comprehensive geriatric
assessment was started in May 2002,
and collection of 1-year follow-up in-
formation on prospective falls was
completed in January 2004.

Data Analysis
Descriptive statistics for study par-
ticipant characteristics using data
from the questionnaire and compre-
hensive geriatric assessment, includ-
ing demographics and measures of
functional ability, were calculated.

First, a univariate analysis between
each measure of balance and the de-
pendent variable (any fall, treated as
a dichotomous variable) was per-
formed to generate unadjusted rela-
tive risk (RR) estimates and 95% con-
fidence intervals (CIs). Adjustment
for confounding, based on clinical
significance and previously identi-
fied fall risk factors, was accom-
plished by controlling for age (�80
years), sex, number of prescription
medications (�4), history of falls in
the previous 12 months, and the
treatment group in the PPFV. Analy-
sis of multicollinearity among the in-
dependent variables was performed
using the phi coefficient (�) to test
for correlation among categorical
variables. For pairs of variables that
were highly correlated (��.30),31

only one variable was entered into
the modeling procedure, and then
the effect of placing correlated vari-
ables in the same model was evalu-
ated. The same analyses were re-
peated for the outcome of any
injurious fall, also treated as a dichot-
omous (yes/no) variable.

The presence of multiplicative effect
measure modification was evaluated
for each model, prior to the calcula-
tion of adjusted effect measure esti-
mates, using logistic regression. Re-
gression diagnostics were performed
on the full adjusted analyses using

the Hosmer-Lemeshow test for good-
ness of fit. As falls were a common
outcome, the adjusted odds ratios
will overestimate the RR; thus, a
modified Poisson regression model
was applied to the final logistic mod-
els to directly obtain adjusted rela-
tive risk values.32

The presence of biologic interaction,
as described by Rothman and Green-
land,33 among balance exposure,
history of falls, and number of pre-
scription medications and their asso-
ciation with the outcomes of any fall
and any injurious fall was evaluated.
The calculation of the biologic inter-
action necessitated the creation of a
composite variable with 4 levels for
balance exposure/history of falls and
balance exposure/number of pre-
scription medications: (ab, unex-
posed to both factors; Ab, exposed
to non–balance factor only; aB, ex-
posed to balance factor only; and AB,
exposed to both non–balance factor
and balance factor).34 The RR was
calculated for each category using a
modified Poisson regression adjust-
ing for age, sex, and treatment group
in the PPFV. A biologic interaction
effect was defined as the departure
from additivity of the absolute ef-
fects, and the excess RR caused by
the interaction (RERI) of the 2
terms was calculated using the
equation notation from Hosmer
and Lemeshow34:

�1� RERI �

RR (AB) � RR (Ab) � RR(aB) � 1

An RERI of zero means no interac-
tion, but an RERI of 0.5 would indi-
cate that, because of interaction
between the 2 variables, the RR is
0.5 greater than expected, based on
the addition of the 2 risks.34 The
percentage of falls among those par-
ticipants with both exposures that
was attributable to the interaction
(AP(AB)%) was calculated as follows34:

�2� AP(AB)% �

(RERI/RR(AB)) � 100%

All analyses were performed using
SAS, version 8.2.*

Results
Baseline characteristics of the sam-
ple are presented in Table 1. In the
complete sample, the average age
was 79.9 years (SD�4.7) and 127
participants (70%) were male. Over
the 1-year follow-up, 78 people
(43%) fell, of whom 54 (30%) sus-
tained an injurious fall and 32 (18%)
had recurrent falls (�2 falls).

Different balance measurement tools
identified different numbers of peo-
ple as impaired (Tab. 2). The assess-
ment of both one-leg stance and
tandem stance, which produce the
narrowest base of support, identified
the largest number of participants as
having deficits (63% and 43%, re-
spectively). The distribution of defi-
cits per score level of the sum of
balance impairments variables were:
(1) 85% had impairment in one-leg
stance; (2) 88% had impairment in
one-leg stance and tandem stance;
and (3) 64% had combined im-
pairment in one-leg stance, tandem
stance, and limits of stability, and
another 28% had combined impair-
ment in one-leg stance, tandem
stance, and unsteady gait. Fallers had
a higher prevalence of all measured
impairments compared with nonfall-
ers. A trend of decreasing total BBS
score was demonstrated, with an in-
crease in number of impaired test
results.

In unadjusted analyses, each method
of assessing balance demonstrated
that impairment was associated with
an increased risk for any fall, with
only tandem stance not statistically
significant. Multiple measures of pos-
tural stability were not included in

* SAS Institute Inc, PO Box 8000, Cary, NC
27513.
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the same regression model due to
the variables being highly correlated.
The adjusted RR estimates demon-
strated a statistically significant asso-
ciation with increased risk for any
fall for self-report of balance prob-
lems (RR�1.58; 95% CI�1.06, 2.35),
one-leg stance (RR�1.58; 95%
CI�1.03, 2.41), and limits of stability
(RR�1.46; 95% CI�1.02, 2.09)
(Tab. 3). For the outcome of any
injurious fall, although all RR esti-
mates were associated with an in-
creased risk, only the RR estimate
for self-report of balance problems
(RR�1.95; 95% CI�1.15, 3.31) was
statistically significant. The number
of tests positive for an impairment
(one-leg stance, tandem stance, lim-
its of stability, and unsteady gait)
demonstrated a statistically signifi-
cant association per unit increase in
the score (from 0 to 4) for both out-
comes, such that for each test with

impairment, the risk for any fall and
for any injurious fall increased by
20% and 23%, respectively.

The presence of multiplicative effect
measure modification was evaluated,
and the estimated effect of interac-
tion was not statistically significant
for either outcome of any fall or any
injurious fall. The presence of biolog-
ical interaction, or additive interac-
tion, was evaluated between the bal-
ance exposures that were significant
in adjusted analyses and the risk fac-
tors of history of falling in the previ-
ous 12 months and the number of
prescription medications (�4). Due
to the interaction, the RR was
greater than expected, based on the
addition of the 2 factors alone for the
outcome of any fall: self-report of
balance problems and history of falls,
self-report of balance problems and
number of prescription medications,

one-leg stance and number of pre-
scription medications, and limits of
stability and number of prescription
medications (Tab. 4). For the out-
come of any injurious fall, the RR
was greater than expected for the
2-factor combinations of self-report
of balance problems and history of
falls and self-report of balance prob-
lems and number of prescription
medications.

A sensitivity analysis to evaluate the
robustness of the measures of asso-
ciation using the best- and worst-case
scenarios was performed by assum-
ing that all individuals with missing
fall outcome data either had or did
not have the outcome of falling. The
magnitude of association in the ad-
justed analyses did not change by
greater than 10%, except for un-
steady gait, which changed by 13%
assuming all participants with miss-

Table 1.
Baseline Characteristics Presented for the Whole Sample (n�182) and Then Stratified by Fall Status at the End of the Study

Variable
Whole Sample

(n�182)

Fall Status at End of Study

Fallers
(n�78)

Nonfallers
(n�104)

Age (y), X (SD) 79.9 (4.7) 81.0 (3.8) 79.0 (5.1)

Sex (male) 127 (70%) 60 (77%) 67 (64%)

History of falling in the previous 3 mo 46 (25%) 31 (40%) 15 (14%)

Clinical assessmenta

Berg Balance Scale score, X (SD) 50.7 (7.7) 48.9 (9.1) 52 (6.1)

Lower-extremity weakness 25 (14%) 18 (23%) 7 (7%)

No. of prescription medications (�4) 133 (73%) 64 (82%) 69 (66%)

Vision impairment 18 (10%) 8 (10%) 10 (10%)

Use of mobility device (cane or walker) 23 (13%) 12 (15%) 11 (11%)

Unsteady gait 31 (17%) 18 (23%) 13 (13%)

Cognitive impairment 9 (5%) 5 (6%) 4 (4%)

Fear of falling 18 (10%) 11 (14%) 7 (7%)

Decrease in basic activities of daily living in previous 3 mo 2 (1%) 2 (3%) 0 (0%)

Any dependence in basic activities of daily living 11 (14%) 7 (9%) 4 (4%)

a Data on participant characteristics were obtained from a comprehensive geriatric assessment using the interRAI Community Health Assessment basic
version, a study-specific supplement for prescription medications, and the Berg Balance Scale. Lower-extremity weakness was defined as the inability to stand
up from a chair without using the arms of the chair. Vision impairment was defined as the inability to read fine detail in adequate light, with glasses if
needed, or the presence of eye pathology (eg, cataracts, glaucoma, macular degeneration, diabetic retinopathy). Use of mobility device was defined as use of
any aid for primary mode of locomotion; 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 defined as the person reported limiting going outdoors due to fear of falling. Dependence in basic activities of daily living was defined as anything less
than fully independent in the activities of bed mobility, locomotion at home, dressing of upper body, dressing of lower body, personal hygiene, eating,
bathing, and toilet use.
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ing data did not fall. The measures
that were statistically significant in
the final adjusted analyses remained
statistically significant in the sce-
nario that people with missing fall
outcome data did not fall for both fall
outcomes.

Discussion
The clinical assessment of balance is
used as a means for measuring the
integrity of the postural stability sys-
tem, which involves the integration
of information from somatosensory,
musculoskeletal, visual, and vestibu-

lar systems and cognition. This study
demonstrated the clinical assess-
ment of balance impairment using
simple and easy-to-administer mea-
sures encompassing self-report of
balance problems, one-leg stance,
and limits of stability, which were

Table 2.
Frequency of Impairment in Balance by Clinical Measurement Scale Assessed at Baseline of the Study for the Complete Sample
and Stratified by Fall Status at the End of the Study, and Mean Total Berg Balance Scale Scores for People Identified as Impaired
and Nonimpaired in Each Category

Balance Measure

Mean Total Berg
Balance Scale

Scores,
Impaired (SD)/

Nonimpaired (SD)

No. of Participants With Impairment
Absolute Risk for
Any Fall Among
Those Identified

With Impairment
on the Test

Fall Status at End of Study

Complete
Sample
(n�182)

Fallers
(n�78)

Nonfallers
(n�104)

Self-report of balance problemsa 45.2 (8.1)/53.2 (4.2) 53 (30%) 30 (30%) 23 (23%) 57%

One-leg stance 47.9 (8.3)/55.3 (2.9) 114 (63%) 58 (74%) 56 (54%) 51%

Tandem stance 45.6 (8.8)/54.6 (3.1) 79 (43%) 39 (50%) 40 (39%) 49%

Limits of stability 42.0 (9.8)/53.4 (4.2) 43 (24%) 24 (31%) 19 (18%) 56%

Unsteady gait 38.6 (9.3)/53.2 (4.2) 31 (17%) 18 (23%) 13 (13%) 58%

Sum of balance impairmentsb

0 55.7 (1.3) 63 (35%) 20 (26%) 43 (41%) 32%

1 53.8 (3.7) 34 (19%) 15 (19%) 19 (18%) 44%

2 50.7 (3.2) 41 (23%) 18 (23%) 23 (22%) 44%

3 45.8 (6.6) 25 (14%) 12 (15%) 13 (13%) 48%

4 34.8 (8.7) 19 (10%) 13 (17%) 6 (6%) 68%

a Sample size n�177 due to 5 participants who did not complete this information on a mailed questionnaire from phase I of the Project to Prevent Falls in
Veterans study; Berg Balance Scale is a functional measure of balance status with a maximum score of 56, indicating no impairment.
b The number of clinical tests showing impairment on one-leg stance, tandem stance, limits of stability, and unsteady gait.

Table 3.
Unadjusted and Adjusted Relative Risk Estimates (With 95% Confidence Intervals) for Balance Impairment as Measured by 5
Different Methods on the Outcomes of “Any Fall” and “Any Injurious Fall” Calculated From a Modified Poisson Regression

Balance Measurement

Any Fall Any Injurious Fall

Unadjusted
Analysis

Fully Adjusted
Analysisa

P Value for
Fully Adjusted

Model
Unadjusted

Analysis
Fully Adjusted

Analysisa

P Value for
Fully Adjusted

Model

Self-report of balance problems 1.58 (1.14, 2.19) 1.58 (1.06, 2.35) .024b 1.76 (1.14, 2.73) 1.95 (1.15, 3.31) .013b

One-leg stance 1.73 (1.15, 2.61) 1.58 (1.03, 2.41) .035b 1.55 (0.93, 2.59) 1.35 (0.79, 2.31) .27

Tandem stance 1.30 (0.93, 1.82) 1.26 (0.76, 1.90) .18 1.40 (0.90, 2.19) 1.46 (0.85, 2.49) .17

Limits of stability 1.44 (1.02, 2.01) 1.46 (1.02, 2.09) .039b 1.49 (0.94, 2.36) 1.54 (0.94, 2.51) .084

Unsteady gait 1.46 (1.02, 2.09) 1.24 (0.86, 1.80) .25 1.71 (1.07, 2.73) 1.51 (0.90, 2.54) .12

Sum of balance impairmentsc

(per unit increase in score)
1.18 (1.05, 1.32) 1.20 (1.04, 1.39) .013b 1.20 (1.02, 1.40) 1.23 (1.01, 1.49) .035b

a Adjusted for age (�80 years), sex, number of prescription medications (�4), history of falls in the previous 12 months, and treatment group.
b Statistically significant at P�.05.
c The number of clinical tests showing impairment on one-leg stance, tandem stance, limits of stability, and unsteady gait, for a possible score of 0 to 4.
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shown to be independent predictors
of any fall over the subsequent year.
None of the clinical assessment
scales alone was associated with an
injurious fall, although the self-report
of balance problems was associated
with an increased risk. When multi-
ple clinical assessment scales were
considered together, the risk for any
fall or any injurious fall increased as
the number of tests indicating im-
pairment increased.

As systematic reviews have been lim-
ited in their ability to recommend
specific measurement tools, this
study presents important informa-
tion that can be transferred directly
to clinical practice to facilitate
the identification of community-
dwelling older adults at an elevated
risk for falling. As this population of
older adults was high functioning
with very few functional limitations,
the test maneuvers that identified fu-
ture fall risk were challenging tasks
that would decrease a ceiling effect
to facilitate exposing deficits. Addi-
tionally, the time requirement to ad-
minister the complete BBS may not
be possible for a screening situation,
but the identified task items could be
performed in this situation. Adminis-

tering multiple clinical assessment
scales also may be seen as a limita-
tion for implementation in a screen-
ing situation, but it does provide a
more comprehensive evaluation of
different aspects of postural stability,
and the number of tests with impair-
ment is associated with both fall
outcomes.

Importantly, not all of the methods
of evaluating balance impairment are
independently associated with fu-
ture falls. The use of an observational
gait assessment and tandem stance
were not statistically associated with
an increased risk for any fall and
should be discouraged from use in a
screening situation to identify indi-
viduals who are at risk for falls. If the
intention of assessment was to iden-
tify risk for an injurious fall, none
of the clinical tests was statistically
significantly associated with this out-
come. This study also demonstrated
that the number of people identified
as having balance impairment varied
with the measurement tool used
to clinically assess balance. The mea-
surement tools, therefore, are not
interchangeable or equivalent in de-
fining an at-risk population. This
information has implications for clin-

ical practice, as well as for the com-
parison of results across studies.

Some prospective studies have
shown the assessment of one-leg
stance not to be an independent pre-
dictor of future falls.35–40 There are
some methodological issues with the
regression modeling procedures that
may have affected the findings. The
lack of an a priori objective to eval-
uate one-leg stance, a variation in the
threshold used to denote impair-
ment, and lack of evaluation of mul-
ticollinearity among covariates may
have influenced this measurement
tool being found not significant in
adjusted analyses. Conversely, Vellas
et al21 did find the assessment of
one-leg stance time to be an indepen-
dent predictor of injurious falls. The
present study adds further informa-
tion to support the assessment of
one-leg stance time as independently
associated with falls in a sample of
individuals who are high function-
ing. Bergland et al40 found one-leg
stance was not associated with in-
jurious falls in a sample of older
women.

The self-report of balance problems
is on par with clinical measures of
balance as a predictor of future fall
risk. The self-report of balance prob-
lems was statistically significantly as-
sociated with history of falls, both
for any fall and for any recurrent
falls, and may not add additional in-
formation than that obtained from a
report of a fall history. That said, the
self-report of balance problems ap-
pears to be an important piece of
information that should be sought
during a self-report history for its as-
sociation with any fall and any inju-
rious fall. A positive report of prob-
lems should be enough to warrant
further comprehensive evaluation
and may be such an important factor,
as it encompasses problems experi-
enced over a prolonged period of
time and in many situations that can-
not be captured in a single test.41

Table 4.
Values of Excess Relative Risk and Percentage of Falls Among Study Participants With
Both Exposures That Was Attributable to Their Interaction

Risk Factors

Excess
Relative

Riska

Percentage of Falls
Attributable to
the Interaction

Outcome: any fall

Self-report of balance problems � history of falls 0.06 2

Self-report of balance problems � no. of prescription
medications (�4)

0.47 20

One-leg stance � no. of medications (�4) 0.19 7

Limits of stability � no. of prescription medications (�4) 0.50 19

Outcome: any injurious fall

Self-report of balance problems � history of falls 0.22 5

Self-report of balance problems � no. of prescription
medications (�4)

0.95 25

a Relative risk estimate adjusted for age (�80 years), sex, and treatment group in the Project to
Prevent Falls in Veterans.
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Covinsky et al42 also found that the
self-report of either dizziness or bal-
ance problems was associated with
increased fall risk. They found an
odds ratio of 1.83, which may over-
estimate the RR, and the inclusion of
symptoms of dizziness does not sep-
arate problems of balance from po-
tential cardiac-mediated symptoms.
The findings from our study rein-
force the importance, both for its
inclusion and its diagnostic weight,
of the self-report of balance prob-
lems in screening community-
dwelling older adults.

Testing the limits of stability in this
study was equivalent to the Func-
tional Reach Test (FRT). The present
findings are consistent with previous
work that showed the FRT is associ-
ated with future fall risk.27 The FRT,
evaluated as a continuous variable of
the maximum reaching distance (in
centimeters), has not been found to
be associated with falls in adjusted
analyses.37,40,43 Duncan et al27 found
a distance of less than 25.4 cm as the
critical threshold that denotes the
onset of compromised ability, a find-
ing corroborated in the present
study.

The regression modeling maintained
power to find an association, but po-
tential reasons for the lack of an as-
sociation include: validity of the mea-
surement tool; the threshold value;
chance; balance impairment being
on the causal pathway for falls, with
a resultant attenuation of associa-
tion; and the inability of the measure-
ment tool to detect a response to a
challenge of the postural control sys-
tems. The analyses in this study used
an a priori causal model where bal-
ance was treated as the sum result of
multiple systems; control over con-
founders deliberately did not include
variables such as vision impairment
or lower-extremity muscle weak-
ness, as their effects are subsumed
within the measure of balance.
Power was acceptable for the out-

come of any injurious fall, but sensi-
tivity analyses did not change the
magnitude and statistical signifi-
cance of the findings. We have con-
fidence in the results found for this
outcome.

The evaluation of biologic interac-
tion was a novel contribution to the
falls literature, establishing that the
joint effects of some variables ex-
ceed that expected from the sum of
the individual components. Informa-
tion on biologic interaction has im-
portant implications for the preven-
tion and treatment of falls. If the joint
additive effect of 2 factors is in ex-
cess of the sum of the individual ef-
fects, then reduction in either factor
would reduce the risk of the other
factor producing falls. The strength
of the interaction was not consistent
across the measures of balance im-
pairment. The self-report of balance
problems and the limits of stability
when each measure was combined
with the measure of polypharmacy
produced the strongest evidence of
effect measure modification. This
finding suggests that a review of
medications should be a standard
procedure to limit fall risk, particu-
larly in people with identified bal-
ance impairments.

The present study’s participants
represented a relatively high-
functioning group of older adults
with few functional limitations, al-
though fall events were still a com-
mon occurrence over the follow-up
period. Risk for any fall in this sam-
ple (43%) was higher than the pop-
ulation average of 30% to 35%. Risk
for any fall may have been higher in
this group of older adults because
they participated at their usual level
of functioning, not curtailed or mod-
ified activity, which may have ex-
posed them to more situations that
could result in a fall. In our study, we
used a general definition of an inju-
rious fall, including potentially minor
and major injuries, which resulted in

a fall risk of 30%. Comparison with
other studies on fall injuries is diffi-
cult due to the many ways that inju-
ries are reported in the literature.
Bergland and Wyller,40 however,
found that 24% of falls resulted in an
injury, which is comparable to val-
ues obtained in our study, but is sur-
prising as their sample comprised
only older women.

A potential limitation of the present
study is that prospective falls data
were derived from an intervention
study. The participants’ exposure to
falls prevention information may
have produced a decrease in the
number of falls, attenuating the asso-
ciation between balance impair-
ments and new falls and producing
conservative estimates. The use of
data from 2 arms of an intervention
study is not a design flaw, as there
was no detected treatment effect
from the intervention, which pro-
vides reasonable grounds to com-
bine data for prognostic research.42

The treatment group in the PPFV
was included as a covariate in the
adjusted analyses to fully account for
any differences that the intervention
group may have introduced. Sensitiv-
ity analysis including and excluding
the PPFV treatment group variable
did not change the statistical signifi-
cance of associations or the magni-
tude of association in any important
way.

Another potential limitation is the
lack of generalizability of the results
to the target population of all older
adults at risk for falling. First,
the sample may not be representa-
tive of the general population of
community-dwelling older adults be-
cause they were volunteers. The
men were from a representative sam-
ple of male veterans, but they may
have been different from their con-
temporaries who were not veterans
due to possible unique health conse-
quences from active military service.
This study used the gold standard for
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collecting fall occurrence informa-
tion, but there is still a possibility of
underreporting of fall events, in par-
ticular injurious falls. The self-report
of injurious falls was not validated
with medical records or documenta-
tion of a clinic visit for medical at-
tention, and thus the RR estimates
may be conservative. As all individu-
als volunteered to participate in the
study, we felt there would not be a
reporting bias by sex, and we are
unaware of any research that would
suggest male veterans would be dif-
ferentially inclined to underreport or
overreport falls compared with the
average male older adult. Partici-
pants were aware the study was sup-
ported by Veterans Affairs Canada,
and this partnership may have fur-
ther ensured accurate reporting of
events.

The strengths of the study include
the prospective design and the use
of a reliable method to collect falls
data in a large sample of community-
dwelling older adults.44 The contact
with study participants when falls
were identified on calendars en-
hanced information collection, and
the contact with participants who
did not submit calendars aided in
maximizing follow-up of study par-
ticipants. Finally, all participants re-
ceived the same standardized, com-
prehensive geriatric assessment at
baseline.

Conclusions
The self-report of balance problems,
the one-leg stance test, and the limits
of stability test are associated with
increased risk for any fall in
community-dwelling older adults
who are high functioning. The self-
report of balance problems also is
strongly associated with an individ-
ual sustaining an injurious fall. Bal-
ance impairment in the presence of
polypharmacy increases fall risk be-
yond simple addition of the individ-
ual risks producing biologic interac-
tion. A finding of impairment using

the thresholds established in this
study for these simple and easy-to-
administer screening measures indi-
cates an individual who should be
referred for further comprehensive
fall risk assessment and interventions
to prevent falls.
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