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IMPORTANCE Whether exercise reduces subsequent falls in high-risk older adults who have
already experienced a fall is unknown.

OBJECTIVE To assess the effect of a home-based exercise program as a fall prevention
strategy in older adults who were referred to a fall prevention clinic after an index fall.

DESIGN, SETTING, AND PARTICIPANTS A 12-month, single-blind, randomized clinical trial
conducted from April 22, 2009, to June 5, 2018, among adults aged at least 70 years who
had a fall within the past 12 months and were recruited from a fall prevention clinic.

INTERVENTIONS Participants were randomized to receive usual care plus a home-based
strength and balance retraining exercise program delivered by a physical therapist
(intervention group; n = 173) or usual care, consisting of fall prevention care provided by
a geriatrician (usual care group; n = 172). Both were provided for 12 months.

MAIN OUTCOMES AND MEASURES The primary outcome was self-reported number of falls
over 12 months. Adverse event data were collected in the exercise group only and consisted
of falls, injuries, or muscle soreness related to the exercise intervention.

RESULTS Among 345 randomized patients (mean age, 81.6 [SD, 6.1] years; 67% women), 296
(86%) completed the trial. During a mean follow-up of 338 (SD, 81) days, a total of 236 falls
occurred among 172 participants in the exercise group vs 366 falls among 172 participants in
the usual care group. Estimated incidence rates of falls per person-year were 1.4 (95% CI,
0.1-2.0) vs 2.1 (95% CI, 0.1-3.2), respectively. The absolute difference in fall incidence was 0.74
(95% CI, 0.04-1.78; P = .006) falls per person-year and the incident rate ratio was 0.64 (95%
CI, 0.46-0.90; P = .009). No adverse events related to the intervention were reported.

CONCLUSIONS AND RELEVANCE Among older adults receiving care at a fall prevention clinic
after a fall, a home-based strength and balance retraining exercise program significantly
reduced the rate of subsequent falls compared with usual care provided by a geriatrician.
These findings support the use of this home-based exercise program for secondary fall
prevention but require replication in other clinical settings.
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JAMA. 2019;321(21):2092-2100. doi:10.1001/jama.2019.5795
Corrected on July 9, 2019.

Visual Abstract

Editorial page 2080

Related articles pages 2129
and 2131

Supplemental content

CME Quiz at
jamanetwork.com/learning

Author Affiliations: Author
affiliations are listed at the end of this
article.

Corresponding Author: Teresa
Liu-Ambrose, PT, PhD, Department of
Physical Therapy, Faculty of Medicine,
University of British Columbia,
212-2177 Wesbrook Mall, Vancouver,
BC V6T 1Z3, Canada (teresa.ambrose
@ubc.ca).

Research

JAMA | Preliminary Communication

2092 (Reprinted) jama.com

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://clinicaltrials.gov/ct2/show/NCT01029171
https://clinicaltrials.gov/ct2/show/NCT00323596
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.5795&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.5795
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.5795&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.5795
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.6569&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.5795
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.1146&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.5795
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.4185&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.5795
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.5795&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.5795
https://jama.jamanetwork.com/learning/article-quiz/10.1001/jama.2019.5795/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.5795
mailto:teresa.ambrose@ubc.ca
mailto:teresa.ambrose@ubc.ca
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.5795


F alls in older adults are the third leading cause of chronic
disability. Strength and balance exercises can reduce
falls.1 A home-based strength and balance training pro-

gram reduced falls in community-dwelling people who were
at least 75 years old.2-4

The most effective method to prevent additional falls
among older people who have previously fallen is not estab-
lished. Three prior trials showed no effect of exercise on fall
prevention in older people with a history of falls, despite hav-
ing adequate statistical power.5-7 These trials informed the
2018 US Preventive Services Task Force determination that
exercise was associated with a “nonsignificant reduction in
falls.”8 Whether the Otago Exercise Program, which consists
of balance, strength, and walking exercises, reduces falling in
community-dwelling older adults who fell in the last year is
not established.

This 12-month, single-blind, randomized clinical trial was
designed to assess whether a home-based exercise program
would prevent future falls in older men and women who sought
outpatient medical care after a prior fall.

Methods
Study Design and Setting
This study was a parallel-group, single-blind, randomized
clinical trial conducted in the Greater Vancouver area of
British Columbia, Canada. The study protocol has been
published9 and is available in Supplement 1. Ethical approval
was obtained from the University of British Columbia Clinical
Research Ethics Board and the Vancouver Coastal Health
Research Institute. All participants provided written
informed consent.

Recruitment
Participants were recruited from the Falls Prevention Clinic
(http://www.fallsclinic.ca), a university hospital clinic.
Recruitment and enrollment occurred over 8 years, from April
22, 2009, to May 12, 2017, because of limited funding and low
rates of referral to the clinic until 2011.

There were 2 trial registrations for this trial. The first was
created for a proof-of-concept study.10 On completion of that
study, the original registration was modified for the current
trial. The second trial registration was created when the
research team received advice to close the first trial registra-
tion, consistent with recommendations of 1 registration per
trial. The second registration occurred after 19 participants
were randomized.

Older adults who experienced a fall were referred to the
Falls Prevention Clinic by family physicians. Patients re-
ceived a fall risk assessment, a comprehensive medical assess-
ment, and treatment by a geriatrician. Care was based on
the American Geriatrics Society Fall Prevention Guidelines11

and is hereafter referred to as usual care. Care included
medication adjustment, lifestyle recommendations (eg, physi-
cal activity, smoking cessation, reducing alcohol intake), and
referral to other health care professionals (eg, occupational
therapy, ophthalmologists).12

Inclusion Criteria
Eligible participants were community-dwelling adults aged at
least 70 years receiving care at the Falls Prevention Clinic af-
ter a nonsyncopal fall in the previous 12 months. Additional
inclusion criteria were English speaking, high risk of future falls
(based on a Physiological Profile Assessment [Prince of Wales
Medical Research Institute, Sydney, Australia]13 score of at least
1.0 SD above age-normative value, a Timed Up and Go Test14

result >15 seconds, or history of ≥2 nonsyncopal falls in the pre-
vious 12 months), Mini-Mental State Examination score higher
than 24,15 and life expectancy greater than 12 months.

Exclusion Criteria
Exclusion criteria were neurodegenerative disease, demen-
tia, history of stroke or carotid sinus sensitivity (ie, syncopal
falls), and inability to walk 3 m.

Randomization and Blinding
To ensure concealment of the treatment allocation, random-
ization sequences were generated and held by a central inter-
net randomization service (https://www.randomize.net).
Permuted blocks of varying size (eg, 2, 4, 6) were used.
Participants were randomly assigned in a 1:1 ratio to receive
either the home-based Otago Exercise Program plus usual care
or usual care only. Randomization was stratified by sex because
fall rates differ between men and women.16 Randomization was
planned to be stratified by participants’ geriatrician. However,
this randomization protocol was not followed because 1
geriatrician (L.D.) cared for 70% of the study participants (the
remaining 30% were seen by 5 geriatricians).

Interventions
The Otago Exercise Program is an individualized home-
based balance and strength retraining program delivered by a
physical therapist.3 It includes 5 strengthening exercises: knee
extensor (4 levels of difficulty), knee flexor (4 levels), hip ab-
ductor (4 levels), ankle plantar flexors (2 levels), and ankle dor-
siflexors (2 levels). It also includes 11 balance retraining exer-
cises: knee bends (4 levels of difficulty), backward walking
(2 levels), walking and turning around (2 levels), sideways walk-
ing (2 levels), tandem stands (2 levels), tandem walking
(2 levels), 1-leg stand (3 levels), heel walking (2 levels), toe walk-
ing (2 levels), heel-toe walking backward (1 level), and sit to

Key Points
Question Does a home-based exercise program reduce falls
among community-dwelling older adults who present to a fall
prevention clinic after a fall?

Findings In this randomized clinical trial that included 344 older
adults receiving geriatrician-led care at a fall prevention clinic,
a home-based strength and balance retraining exercise program
significantly reduced subsequent falls compared with usual care
only (1.4 vs 2.1 falls per person-year).

Meaning These findings support the use of this home-based
exercise program for secondary fall prevention but require
replication in other clinical settings.
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stand (4 levels). The physical therapy aim was to progress par-
ticipants to a greater level of difficulty over time.

A licensed physical therapist visited participants at home
and prescribed exercises from a manual. At the first visit, par-
ticipants received the intervention manual, including photo-
graphs and descriptions of each exercise and cuff weights for
strength training exercises. The physical therapist returned
biweekly for 3 additional visits to adjust the intervention.
Visits in the first 2 months took 1 hour. The physical thera-
pist’s fifth (final) visit occurred 6 months after baseline. Par-
ticipants were asked to perform exercises 3 times per week
and walk 30 minutes at least twice per week.

Participants were evaluated and treated by geriatricians at
baseline and 6 and 12 months after randomization. To ensure
geriatricians remained blinded, participants were reminded not
to disclose their group assignment during follow-up visits.

Measures
Outcomes were assessed by blinded assessors at baseline and
at 6- and 12-month follow-up. Exercise program adherence and
physical activity level (Physical Activity Scale for the Elderly;
score range, 0-793; higher scores indicate better performance)17

were assessed monthly by an unblinded research assistant.
The Functional Comorbidity Index18 measured the num-

ber of comorbid conditions (score range, 0-18; 0 indicates no

comorbid illness). The 15-item Geriatric Depression Scale19,20

assessed mood (range, 0-15; scores ≤5 indicate normal
mood). The Lawton and Brody21 Instrumental Activities of
Daily Living Scale assessed independent living skills (range,
0-8; higher scores indicate better skills). Global cognitive func-
tion was measured with the Mini-Mental State Examination
(range, 0-30; higher scores indicate better performance)15 and
the Montreal Cognitive Assessment22 (range, 0-30 points for
each measure; higher scores indicate better performance).
Mini-Mental State Examination scores of at least 24 and
Montreal Cognitive Assessment scores of at least 26 indicate
normal cognition.

Outcomes
The primary outcome was the number of self-reported falls
over 12 months (ie, rate of falls). Falls were documented by par-
ticipants on calendars that were returned monthly. Falls were
defined as “unintentionally coming to the ground or some
lower level and other than as a consequence of sustaining a vio-
lent blow, loss of consciousness, sudden onset of paralysis as
in stroke or an epileptic seizure.”23

An unblinded research assistant contacted participants if
they did not return their monthly calendar or if falls were re-
corded on their monthly calendar. For reported falls, an un-
blinded research assistant characterized the fall using a ques-
tionnaire. Falls were adjudicated against the study definition
by a blinded investigator (J.C.D.).

Secondary outcomes were changes in fall risk, general bal-
ance, and mobility. Fall risk, expressed as z score, was as-
sessed by the Physiological Profile Assessment13 (observed
score range, −2 to 4; 0 to 1 indicates mild risk, >1 to 2 indicates
moderate risk, >2 to 3 indicates high risk, and >3 indi-
cates marked risk). A minimum clinically important differ-
ence (MCID) for the Physiological Profile Assessment is
not established. Additional secondary measures were the
Short Physical Performance Battery24 (range, 0-12; higher
scores indicate better performance; MCID = 1.0; scores ≤9 pre-
dict subsequent disability)24 and the Timed Up and Go Test14

(in seconds; lower scores indicate better performance;
MCID = 3.4 after surgery for lumbar degenerative disk disease25;
MCID = 0.8-1.4 for older adults with hip osteoarthritis26; scores
≥13.5 seconds indicate high fall risk).14

Executive functions and processing speed were mea-
sured with the Trail Making Tests Parts A and B (in seconds;
lower scores indicate better performance),15 verbal digit span
forward and backward test (range, 0-14 for each test; higher
scores indicate better performance),15 Stroop Color-Word Test
(in seconds; lower scores indicate better performance),15 and
Digit Symbol Substitution Test (range, 0-84; higher scores
indicate better performance).15 No MCID values have been
reported for these cognitive measures.

Fall-related fractures were recorded at the interview per-
formed after each fall.

Adverse Events
During each home visit, therapists recorded any falls or inju-
ries that occurred because of the intervention. Participants
receiving the intervention were asked during monthly

Figure 1. Participant Flow in a Trial of a Home-Based Exercise Program
vs Usual Care for Secondary Fall Prevention

1475 Patients assessed for eligibility

1130 Excluded
747 Did not meet inclusion

criteria
378 Declined to participate

5 Recruited but study
target reached prior
to enrollment

345 Randomized

173 Randomized to exercise program
172 Received exercise program

as randomized
1 Did not receive exercise

program (found to be
previously enrolled)

172 Included in primary analysis
1 Excluded (erroneous

randomization)

172 Included in secondary PPA,
TUG Test, and SPPB analyses

1 Excluded (erroneous
randomization)

26 Lost to follow-up

3 Died
1 Lost contact or moved

12 Illness
10 No longer interested

172 Randomized to usual care
172 Received usual care

as randomized

172 Included in primary analysis

172 Included in secondary PPA,
TUG Test, and SPPB analyses

22 Lost to follow-up

1 Died
2 Lost contact or moved

5 Illness
14 No longer interested

PPA indicates Physiological Profile Assessment; TUG, Timed Up and Go;
SPPB, Short Physical Performance Battery.
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telephone calls if they experienced falls, injuries, new muscle
soreness, or pain as a result of the intervention exercises. Par-
ticipants in the usual care group were not queried about
adverse events.

Statistical Analysis
The number of falls over 12 months was modeled using an over-
dispersed Poisson model (ie, a negative binomial regression
model).27 Assuming a mean fall rate in the usual care group of
1.0 per year, a mean follow-up of 0.9 years, and an overdisper-
sion parameter (φ) of 1.6, 163 participants per group were re-
quired for 80% power to detect a 35% relative reduction in fall
rate; ie, 1.0 vs 0.65 falls per year.28 The estimate of the overdis-
persion parameter (φ = 1.6) is derived from data from Shumway-
Cook et al.29 Mean length of follow-up was estimated from a pre-
vious proof-of-concept study.10 To accommodate a complete

loss to follow-up rate of 5% (ie, no fall diaries returned), a total
sample of 344 participants (ie, 172 per group) was required.

Adherence was assessed via monthly calendars. Adher-
ence to the balance and strength components of the exercise
program were measured separately from walking. Adherence
was calculated as (sessions completed/total sessions ex-
pected) × 100. Total sessions for balance and strength retrain-
ing were calculated as 3 sessions per week × 52 weeks. Total
sessions for walking were calculated as 2 sessions per week ×
52 weeks. For 13 participants who provided no data, adher-
ence of 0% was assumed.

Primary analyses were conducted using the R statistical
package, version 3.5.1 (http://www.r-project.org). All analyses
followed the intention-to-treat principle: all participants were
analyzed according to their randomized group assignment,
regardless of whether they discontinued the intervention.

Table 1. Sample Characteristics by Treatment Group

Characteristics
Exercise Group
(n = 172)

Usual Care Group
(n = 172)

Age, mean (SD), y 81.2 (6.1) 81.9 (6.0)

Sex, No. (%)

Male 62 (36) 53 (31)

Female 110 (64) 119 (69)

Height, mean (SD), cm 162.3 (10.8) 162.2 (9.5)

Weight, mean (SD), kg 72.1 (17.9) 71.4 (15.0)

Education, No. (%)

Less than grade 9 7 (4) 2 (1)

Grade 9-13 without certificate or diploma 14 (8) 20 (12)

High school certificate or diploma 28 (16) 32 (19)

Some university without certificate 16 (9) 14 (8)

Trades or professional certificate/diploma 27 (16) 21 (12)

University certificate/diploma 9 (5) 9 (5)

University degree 71 (41) 74 (43)

Living status, No. (%)

Assisted living 16 (9) 11 (6)

Home alone 68 (40) 81 (47)

Home with others 88 (51) 80 (47)

Falls in 12 mo prior to study, No. (%)

1 43 (25) 60 (35)

2 56 (33) 39 (23)

3 30 (17) 24 (14)

≥4 43 (25) 49 (28)

Mean (SD) No. of falls 2.8 (2.3) 3.0 (4.3)

Injurious falls in 12 mo prior to study, No. (%)a

None 51 (30) 47 (27)

Soft tissue injury 90 (52) 93 (54)

Fracture 31 (18) 32 (19)

Use of walker, brace, or cane, No. (%) 46 (27) 37 (22)

Geriatric Depression Scale score, mean (SD)b 2.8 (2.4) 3.0 (2.6)

Body mass index, mean (SD)c 26.9 (5.4) 27.1 (4.9)

Functional Comorbidity Index, mean (SD)d 4.1 (2.2) 4.0 (2.0)

Instrumental Activities of Daily Living score, mean (SD)e 7.2 (1.2) 7.4 (1.1)

Gait speed, mean (SD), m/s 0.9 (0.2) 0.8 (0.2)

Mini-Mental State Examination score, mean (SD)f 27.7 (1.7) 27.9 (1.6)

Montreal Cognitive Assessment score, mean (SD)g 22.9 (3.4) 23.4 (3.3)

a One per participant, whereby if
more than 1 injurious fall was
reported, the worst injurious fall
outcome was counted.

b Geriatric Depression Scale scores
range from 0 (best) to 15 (worst);
scores of 0 to 5 indicate
no depression.

c Calculated as weight in kilograms
divided by height in meters
squared.

d The Functional Comorbidity Index
ranges from 0 (best; no comorbid
illness) to 18 (worst; highest number
of comorbid illnesses). Higher
scores are associated with lower
physical function.

e Lawton Instrumental Activities of
Daily Living scores range from 0
(worst; dependent) to 8 (best;
independent). A score of 7 indicates
a person who is largely independent
but cannot manage finances or
perform housekeeping tasks.

f Mini-Mental State Examination
scores range from 0 (worst) to 30
(best); scores of 24 to 30 are
considered unimpaired.

g Montreal Cognitive Assessment
scores range from 0 (worst) to 30
(best); scores of 26 to 30 are
considered unimpaired.
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The primary analysis evaluated between-group differ-
ences in the number of falls over 12 months using a negative
binomial regression model, an extension to the Poisson model
that accommodates overdispersion.30 Treatment group and sex
(the stratification factor) were included as covariates. Robust
heteroskedasticity-consistent standard errors were calcu-
lated using the R “sandwich” package (version 2.5). Incident
rate ratios (IRRs) and 95% confidence intervals were calcu-
lated by exponentiating the coefficients estimated in the model.
Statistical significance was defined as a 2-sided P < .05. Esti-
mated incidence rates in each group and absolute differences
in rates were estimated using bootstrapped G computation
(5000 resamples with replacement).31

Missing fall data were handled in 2 ways. First, only ob-
served data were used, with differential exposure accounted
for by using exposure time (calculated in days) as an offset in
the negative binomial regression analysis. For 11 participants
without any fall data after randomization because of drop-
out, it was assumed that 0 falls occurred during their expo-
sure periods. Second, missing fall data were imputed with mul-
tiple imputation, using chained equations with the R “MICE”
package (version 3.3.0).32 Estimates were pooled across 40 im-
puted data sets (see eAppendix in Supplement 2).33

Secondary and other analyses did not adjust for mul-
tiple outcomes34 and therefore should be considered explor-
atory. Point and 95% confidence interval estimates for the
effect of the intervention (as determined by the group × time
effect) on each secondary outcome were determined sepa-
rately using linear mixed models.35 Missing data were
handled via restricted maximum likelihood estimation,
which is fully efficient if the missing data are missing at

random.36 Secondarily, the linear mixed model was run using
data from multiple imputation analyses. Each linear mixed
model contained fixed effects of time, group, sex, group ×
time, and sex × time and random intercept and time effects.
The time variable used for fixed and random effects was
coded as 0 (baseline), 0.5 (6 months), and 1 (12 months). Pro-
file likelihood-based 95% confidence intervals around the
fixed effects were estimated.

Post hoc analyses were conducted to determine the num-
ber of falls per person-year, the number of persons with 1 or
more falls, and the number of fall-related fractures per person-
year. The number of falls per person-year was calculated as the
sum of all falls divided by the cumulative exposure time
(in years) across participants. The number of persons with
1 or more falls was summed. The number of fall-related
fractures per person-year was calculated as the sum of all fall-
related fractures across participants divided by the cumula-
tive exposure time (in years) across participants. Between-
group differences in rate of fracture were modeled using
negative binomial regression.

Post hoc analyses of time to first and second falls were
conducted using Cox proportional hazards models with
robust standard errors and included treatment group and sex
as covariates using the R “survival” package (version 2.43-3).
Kaplan-Meier plots of survival probability (ie, not experienc-
ing a fall) over time are presented. The proportional hazards
assumption was tested. Results showed χ2

1 = 1.11 and P = .29
for time to first fall and χ2

1 = 0.35 and P = .55 for time to sec-
ond fall; therefore, it was concluded that this assumption
was met.

Results
Figure 1 presents participant recruitment, participation, and
retention. Participants were a mean age of 81.6 (SD, 6.1) years
and 67% were women (Table 1). Mean follow-up time was 334
(SD, 86) days for the exercise group and 343 (SD, 75) days for
usual care (see Table 2). Physical Activity Scale for the Elderly
scores did not significantly differ between groups through-
out the trial (P = .37).

Mean adherence to the balance and strength retraining
component was 63%. Mean adherence to the walking compo-
nent was 127% (due to exceeding the twice-weekly thresh-
old). No adherence data were obtained from 13 participants who
dropped out within 2 months after randomization.

Primary Outcome
During a mean follow-up of 338 (SD, 81) days, 236 falls oc-
curred among 172 participants in the exercise group vs 366 falls
among 172 participants in usual care (Figure 2A). Fall rates were
lower in the exercise group compared with usual care (IRR,
0.64; 95% CI, 0.46-0.90; P = .009). The estimated fall rate in-
cidence was 1.4 (95% CI, 0.1-2.0) per person-year in the exer-
cise group and 2.1 (95% CI, 0.1-3.2) per person-year in the usual
care group (absolute incidence rate difference between groups
of 0.74 [95% CI, 0.04-1.78; P = .006] falls per person-year).
Analysis of multiply imputed data sets indicated a similar

Table 2. Primary and Post Hoc Outcomes by Treatment Group

Outcomes
Exercise Group
(n = 172)

Usual Care Group
(n = 172)

Primary Outcomea

Total exposure, d

Mean (SD) 334 (86) 343 (75)

Median (interquartile range) 365 (365-365) 365 (365-365)

No. of falls observed 236 366

Post Hoc Outcomes

Falls per person-year,
mean (SD)

1.4 (1.9) 2.1 (3.8)

No. of falls, No. (%)
of participants

0 67 (39) 68 (40)

1 45 (26) 37 (22)

2 35 (20) 28 (16)

3 11 (6) 14 (8)

≥4 14 (8) 25 (15)

No. (%) of participants
with ≥1 fall

105 (61) 104 (60)

No. of fall-related fractures
observed, No.

15 12

Fractures per person-year,
mean (SD)

0.09 (0.32) 0.08 (0.32)

a The absolute difference in fall incidence was 0.74 (95% CI, 0.04-1.78; P=.006)
falls per person-year and the incident rate ratio was 0.64 (95% CI, 0.46-0.90;
P=.009).
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magnitude of reduction in falls rate for participants random-
ized to exercise (IRR, 0.66; 95% CI, 0.48-0.91; P = .01).

Overall, 10.5% of fall calendars (471/4472) were not re-
turned. Eleven participants (3% of total randomized sample;

Figure 2. Accumulation of Falls and Cumulative Hazards of First and Second Falls by Treatment Group
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participants who provided fall data.
Overall, 10.5% of fall calendars
(471/4472) were not returned. A total
of 11 participants (3% of total
randomized sample; 7 randomized to
exercise and 4 randomized to usual
care) did not provide any data related
to falls after randomization.
These participants dropped out
within the first 2 months of the study.
The estimated incidence rate of falls
per person-year was 1.4 (95% CI,
0.1-2.0) in the exercise group and 2.1
(95% CI, 0.1-3.2) in the usual care
group. The median total exposure
was 365 (interquartile range [IQR],
365-365) days for both exercise and
usual care. B, The median
observation period from baseline to
first fall was 173.5 (IQR, 58-365) days
for the exercise group and 180.5
(IQR, 47.75-365) days for the usual
care group. C, The median
observation period after the first fall
was 188 (IQR, 67-365) days for the
exercise group and 161.5
(IQR, 52.5-365) days for the usual
care group. In panels B and C,
vertical lines on the curves indicate
censored events.
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7 randomized to exercise and 4 randomized to usual care) did
not provide any data related to falls after randomization
(Figure 2A).

Secondary Outcomes
There were no statistically significant differences in second-
ary outcomes between the 2 groups (Table 3 and eTable 1 in
Supplement 2).

Post Hoc Analyses
Two hundred nine participants fell at least once (105 in the ex-
ercise group and 104 in the usual care group). Fifteen fall-
related fractures occurred in the exercise group vs 12 in the
usual care group (IRR, 1.93; 95% CI, 0.76-4.97; P = .17) (Table 2).

Digit Symbol Substitution Test scores increased in the
exercise group by a mean of 1.1 points (95% CI, 0.02-2.1
points; P = .047) relative to the usual care group in nonim-
puted data analyses (eTable 2 in Supplement 2). Analysis of
multiply imputed data showed no effect of the intervention
on the Digit Symbol Substitution Test (P = .34) (eTable 2). The
exercise intervention had no effect on the 3 other measures
of executive function.

There was no significant difference between the groups in
time to first fall (hazard ratio, 0.95; 95% CI, 0.72-1.25; P = .72)
(Figure 2B) or time to second fall (hazard ratio, 0.82; 95% CI,
0.58-1.17; P = .27) (Figure 2C).

Adverse Events
No adverse events related to the intervention were reported.
During a home visit, a participant required assistance to get
up after bending down but did not have a fall.

Discussion
A home-based exercise program reduced subsequent falls in
community-dwelling older adults who sought medical atten-

tion after a fall. The rate of reduction was similar to results of
a meta-analysis of 4 randomized trials of these home-based
exercises in community-dwelling older adults selected on age
alone (ie, primary fall prevention).28 This trial provides new
evidence by demonstrating benefits of a home-based exer-
cise program in secondary fall prevention.

There were no significant differences between the 2 study
groups in time to first fall, time to second fall, or number of
participants who fell 1 or more times. The home-based exer-
cise program may have been effective because it reduced the
number of falls among individuals who fell repeatedly. In ad-
dition, the difference in fall rates between the 2 groups in-
creased over time (Figure 2A).

There were no significant differences in secondary out-
comes, consistent with a previous proof-of-concept random-
ized trial in the same high-risk population.10 The aforemen-
tioned meta-analysis of 4 trials reported no significant group
differences in balance or lower extremity strength.28 A random-
ized clinical trial of tai chi that reduced falls among older adults
also found no group differences in balance or gait speed.37 Thus,
it is possible to observe a significant reduction in falls without
significant improvements in physical performance.

Limitations
This study has several limitations. First, results of this study
may not be generalizable to those who did not meet eligibil-
ity criteria. Second, this was a single-center study and may not
represent other nonurban centers. Third, a single geriatrician
provided care for 70% of the patients and may not be repre-
sentative of all geriatricians. Fourth, specialized fall preven-
tion clinics are not common in most communities. Fifth, while
fall adjudication was completed by a blinded investigator,
monthly collection of fall data was done by an unblinded re-
search assistant. Sixth, recording of adverse events was lim-
ited to falls, muscle soreness, and injuries in the intervention
group. Seventh, there were multiple secondary outcome mea-
sures, and no adjustment for multiple comparisons was made.9

Table 3. Within- and Between-Group Differences in Secondary Outcomes From Baseline to 12 Months

Outcomes

Exercise Group Usual Care Group Exercise Minus Usual Care

Baseline 12 mo
Estimated Difference
(95% CI)a Baseline 12 mo

Estimated Difference
(95% CI)a

Estimated Difference
(95% CI)a P Value

Physiological Profile Assessment
z score, mean (SD)b

1.92 (1.06) 2.03 (1.05) 0.14
(−0.05 to 0.32)

1.93 (1.12) 1.93 (1.13) 0.07
(−0.20 to 0.29)

0.07
(−0.19 to 0.33)

.59

No. of participants 172 129 172 133

Timed Up and Go Test score,
mean (SD), sc

16.3 (7.0) 16.1 (6.0) 0.2
(−1.1 to 1.4)

16.9 (6.4) 16.6 (8.5) 0.03
(−1.3 to 1.3)

0.1
(−1.6 to 1.9)

.89

No. of participants 172 127 171 131

Short Physical Performance
Battery score, mean (SD)d

7.9 (2.2) 7.9 (2.2) −0.2
(−0.5 to 0.2)

7.8 (2.3) 7.8 (2.4) −0.2
(−0.5 to 0.1)

0.05 (−0.4 to 0.5) .84

No. of participants 172 128 172 132
a Estimated differences were calculated using linear mixed models, which

provide estimates for missing data.
b Physiological Profile Assessment z scores of 0 to 1 indicate mild risk, 1 to 2

indicate moderate risk, 2 to 3 indicate high risk, and 3 or above indicate
marked risk. A negative difference in scores between the 2 groups indicates
that improvements were greater in the exercise group.

c The Timed Up and Go Test is measured in seconds; longer completion times
are associated with impaired mobility and fall risk; completion times of

13.5 seconds or longer indicate high fall risk. A negative difference in scores
between the 2 groups indicates that improvements were greater in the
exercise group.

d Short Physical Performance Battery scores range from 0 (worst) to 12 (best);
scores of 9 or lower predict subsequent disability. A positive difference in
scores between the 2 groups indicates that improvements were greater in the
exercise group.
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Conclusions

Among older adults receiving care at a fall prevention clinic
after a fall, a home-based strength and balance retraining ex-

ercise program significantly reduced the rate of subsequent falls
compared with usual care provided by a geriatrician. These
findings support the use of this home-based exercise pro-
gram for secondary fall prevention but require replication in
other clinical settings.
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