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Abstract
Background and Purpose—Better understanding of fall risk post-stroke is required for
developing screening and prevention programs. This study characterizes falls in the Locomotor
Experience Applied Post Stroke (LEAPS) randomized clinical trial, describes the impact of two
walking recovery interventions on falls, and examines the value of clinical assessments for
predicting falls.
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Methods—Community-dwelling ambulatory stroke survivors enrolled in LEAPS were assessed
2-months post-stroke. Falls were monitored until 12-months post-stroke and participants were
characterized as multiple or injurious (M/I); single, non-injurious (S/NI); or non-fallers. Incidence
and time to M/I falls was compared across interventions [home exercise (HEP) and locomotor
training initiated 2-months (early-LTP) or 6-months (late-LTP) post-stroke]. Predictive value of 2-
month clinical assessments for falls outcome was assessed.

Results—Among the 408 participants, 36.0% were M/I, 21.6% S/NI, and 42.4% non-fallers.
Most falls occurred at home in the first three months after assessment. Falls incidence was highest
for those with severe walking impairment who received early-LTP.(p=0.025). Berg Balance Scale
(BBS) score ≤42/56 was the single best predictor of M/I falls.

Conclusions—As individuals with stroke improve walking capacity, risk for M/I falls remains
high. Individuals walking <0.4 m/s are at higher risk for M/I falls if they receive early-LTP
training. BBS, at 2-months post-stroke, is useful for informing falls risk but cannot account for the
multifactorial nature of the problem. Falls prevention in stroke will require multifactorial risk
assessment and management provided concomitantly with exercise interventions to improve
mobility.
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Introduction
Despite recent advances, stroke remains the most common disabling neurological condition
among American adults.1 Falls are a common complication after stroke.2, 3 Between 40 and
70 percent of individuals fall within 12 months post-stroke3, 4 and their hip fracture risk is
doubled.5 Individuals with stroke are more likely to become repeat fallers than the general
elderly population3 with incidence of multiple (>1) falls between 42 and 57 percent in the
first year.3, 6, 7 Recurrent fallers with stroke have greater deficits in mobility and ADL
function than single fallers.8 Although multiple fallers are not at higher risk for injury for
any given fall, cumulative injury risk increases with each fall.9 Falls prediction and
management for individuals post-stroke should thus focus on multiple falls.4, 7, 8

A primary goal of stroke rehabilitation is to improve individuals’ mobility in the presence of
motor, balance, and visual-spatial deficits. Yet, increasing mobility and physical activity
increases exposure to fall risks.3 A systematic review of exercise in older people suggests
that strength and balance exercises reduce falls, whereas walking training alone may
increase them.10 The authors speculate that this may be associated with either increased risk
during walking practice or that time spent walking reduces time available for balance
training. Few studies comparing interventions to improve walking recovery post-stroke have
reported falls.11-14

Most studies of falls in community-dwelling stroke survivors are relatively small and do not
consider the concurrent effects of physical therapy programs or increased mobility on falls
risk. In contrast, the Locomotor Experience Applied Post-stroke (LEAPS) phase 3 multisite
randomized clinical trial (RCT) that compared rehabilitation programs to promote walking
recovery after disabling stroke, provides a unique opportunity to prospectively characterize
and examine risk for falls in the context of two walking rehabilitation programs in a
relatively large cohort. The purposes of this study were to characterize the incidence and
consequences of falls among participants in the LEAPS RCT, examine the impact of two
interventions to improve walking recovery on falls, and assess the value of clinical
assessments at 2-months for predicting falls outcome at 12 months post-stroke.
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Methods
Participants

Four hundred eight individuals enrolled in the LEAPS multi-site RCT were included in this
study.15 Inclusion criteria included stroke in the last 45 days, residual paresis, ability to walk
10 feet with no more than 1-person assistance, ability to follow a 3-step command, and self-
selected walking speed less than 0.8 m/s.15, 16 Ethics review boards at all participating
centers approved the trial protocol and all participants provided written informed consent.

2-Month Assessment
Participants were assessed by trained, blinded assessors at 2-months post-stroke using
standardized protocols reported previously.16 From this assessment, we selected 41 variables
deemed potentially relevant to 12-month falls outcome, based on previous studies and
clinical judgment, to include in this analysis (full list available online).

Physical Therapy Interventions
At 2-months post-stroke, participants were randomly assigned to one of three treatment
groups: a specialized locomotor training program (LTP) that included stepping on a
treadmill with body weight support followed by walking practice overground delivered early
(early-LTP, 2-months post-stroke) or late (late-LTP, 6-months post-stroke) or a progressive
strength and balance exercise program provided by a physical therapist in the home (HEP)
initiated 2-months post-stroke.15, 16 Each intervention was provided for 30-36 sessions over
12-16 weeks by trained physical therapists.16 Participants were stratified by moderate (0.4-
<0.8 m/s) or severe (<0.4 m/s) walking speed impairment. The late-LTP group received only
usual care physical therapy based on current practice between 2 and 6 months post-stroke
and crossed over to LTP at 6-months.

Falls Assessment
Falls incidence was monitored between 2 and 12 months post-stroke. We used international
standards for defining and reporting falls17 including the following definition for a fall, “A
person has a fall if they end up on the ground or floor when they did not expect to. Most
often a fall starts while a person is on their feet, but a fall could also start from a chair or
bed. If a person ends up on the ground, either on their knees, their belly, their side, their
bottom, or their back, they have had a fall.” This explanation was provided to participants
and caregivers and printed on monthly calendars issued at randomization. Participants and/
or caregivers placed an “X” on the corresponding date if a fall occurred and mailed
calendars to their study site each month (even if no falls occurred). Study personnel
provided reminders as needed.

Participants were contacted by phone to follow-up on reported falls using a standard
questionnaire. Information collected for each fall included presence and nature of any injury,
location of the fall, and ability to get up independently after the fall. Three categories were
used to characterize falls outcome at 12-months post-stroke: multiple and/or injurious (M/I);
single fallers non-injurious (S/NI); and non-fallers. Injurious falls were those resulting in
serious injury: fracture, loss of consciousness, or hospital admission.

Statistical Analysis
Conventional statistics were conducted using SAS® 9.2. Chi-square tests and analysis of
variance were used to assess univariate associations between clinical assessments at 2-
months and fall category; alpha value was 0.05. Chi-square tests were used to examine
associations between intervention groups and faller categories. A log-rank test was used to
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compare the probability of M/I fall onset over time across intervention groups. The
Classification and Regression Tree method (CART® Salford-System, V6) was used to
establish a prediction model for 2-month clinical assessment variables and faller category at
12-months.18 Because we had three faller categories, the Twoing splitting rule was used for
CART analysis. This approach reduces bias towards the largest outcome strategy. Ten-fold
cross validation was used to reduce the complicity of the prediction model (pruning). This
procedure can prevent over-fitted prediction models, thereby preserving generalizability.18

Logistic regression was used to evaluate the potential confounding and modification effects
of treatment group assignment on the prediction model.

Results
Participants

Four hundred eight participants, 62.0±12.7 years old, were assessed at 63.8±8.5 days post-
stroke and monitored for falls incidence for 10.3±2.1 months. The average number of
monthly reports per participant was 9.6±2.4; there was no significant difference in reporting
across the three intervention groups (p=0.80). All participants had severe (<0.4 m/s, n=218,
53.4%) or moderate (0.4m/s≤ and <0.8 m/s, n=190, 46.6%) walking speed deficits and most
had moderate to moderately-severe disability (modified Rankin Scale19: 0-1, 0.5%; 2,
13.2%; 3, 42.2%; 4, 44.1%).

Incidence of falls
Among all participants, 147 (36.0%) were M/I, 88 (21.6%) S/NI, and 173 (42.4%) non-
fallers. The majority of all fallers (n=235) experienced multiple falls (n=147, 62.6%).
Twenty-four fallers (10.2%) experienced fall-related serious injury; 8 had one and 16 had >1
fall (p=0.43). For all falls (n=612), 55.4% occurred in the first three months monitored (3-5
months post-stroke), 86.8% occurred at home (indoors=70.8% [bathroom=10.0%,
bedroom=23.9%, other room=36.9%], outdoors=16.0%), and 13.1% in the community. Of
individuals who fell, 74% had at least one fall from which they could not get up
independently. Fall rate per person year was 1.76 overall, 1.33 for moderately impaired
walkers, and 2.13 for severely impaired walkers (p<0.001).

Characteristics of fallers
Table 1 is an abbreviated summary of the associations between clinical presentation at 2-
months and faller category at 12-months post-stroke (full table online). Multiple or injurious
fallers were older than S/NI fallers and non-fallers (p=0.02); S/NI and M/I fallers had worse
upper (p=0.02) and lower (p=0.05) extremity motor control (Fugl-Meyer Upper and Lower
Extremity Motor Scores20, respectively) compared to non-fallers; and the M/I faller group
had the lowest comfortable and fast walking speeds, 6-minute walk distance, and BBS score,
the greatest use of assistive devices, and the lowest balance confidence (p<0.01). The Stroke
Impact Scale Participation subscale score was lowest (worst function) among S/NI and M/I
fallers (p=0.01). Similarly, M/I fallers had the highest overall disability (lowest modified
Rankin Scale scores), followed by S/NI fallers and non-fallers (p<0.01).

Impact of RCT Physical Therapy Interventions
There was no difference across intervention groups (HEP, early-LTP and late-LTP) in
overall fall incidence between 2 and 12 months post-stroke. However, significantly more
individuals who received early-LTP experienced M/I falls than individuals who received
late-LTP or HEP (p=0.047, Figure 1a). The difference in M/I falls across intervention
groups is attributable to those with severe walking impairment (<0.4 m/s) in the early-LTP
group (Figure 1b). Figure 2 provides log rank test results and Kaplan-Meier estimates for
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probability of not having M/I falls from randomization to 12-months post-stroke by
intervention group and initial walking speed impairment.

A secondary analysis at 6-months post-stroke demonstrated that early-LTP and HEP groups’
M/I falls rates were 25.2% and 22.2% respectively compared to 14.0% for the late-LTP
group which had received only usual care (p=0.05). However, as reported in a previous
analysis15, at 6-months, the late-LTP group was also less mobile (SIS mobility: early-LTP
=15.3±21.4, HEP= 14.9±20.0, late-LTP=7.0±15.7) and took almost half as many steps in
comparison with early-LTP and HEP (Steps per day: early-LTP=1017, HEP=1357, late-LTP
=566).

Predicting Faller Category
Analysis using the CART method revealed that a BBS score ≤42 at 2-months post-stroke
was the single best predictor of M/I falls (Figure 3). Sensitivity and specificity were 73%
and 53%, respectively, for the LEAPS cohort, and 78% and 39% with cross validation.
Adding variables to the model enhanced prediction accuracy within the LEAPS cohort but
had poor generalizability with cross-validation. The association between BBS and fall
category was neither confounded nor modified by intervention group assignment.

Discussion
Incidence and Consequences of Falls

The LEAPS study provided a valuable opportunity to evaluate falls in a cohort of
individuals receiving interventions to improve walking. The successful prospective capture
of falls in this study reveals that even for individuals who are improving mobility, balance,
and walking post-stroke15, incidence of falls is high. Well over half of participants fell
between 2 and 12 months post-stroke. This high rate of falls is consistent with previous
reports.4, 6, 7, 21, 22 Our data also support previous findings that individuals are most likely to
fall at home8, 23, 24, and that a large number experience falls from which they are unable to
get up independently.4, 23

Impact of RCT Physical Therapy Interventions
The LEAPS RCT assessed the impact of two physical therapy interventions on walking
speed. Both LTP and HEP interventions were associated with clinically relevant
improvements in walking speed, endurance, functional status, and quality of life in the
severity groups categorized with either moderate or severe walking speed impairment.15

Between 2 and 6-months post-stroke, both groups receiving early intervention had a higher
fall rate than individuals in the late-LTP group (which had received only usual care at 6
months)—this despite the fact that the early groups had experienced almost twice the
improvement in walking and mobility as the late-LTP group.15The process of gaining
mobility post-stroke appears to be associated with higher risk for falls. Between 2 and 12-
months post-stroke, individuals with severe walking speed impairment in the early-LTP
group experienced a significantly higher incidence of M/I falls than those in the HEP group.
We are uncertain about the causes of this difference. For those with severe walking speed
impairment, locomotor training may have resulted in over-confidence in walking ability and/
or perhaps HEP resulted in improved strength or balance.

Characteristics of Fallers and Predicting Faller Category
Our results corroborate others’ findings that fall risk post-stroke is associated with a wide
range of characteristics including older age, greater disability, more prevalent use of an
assistive device, and reduced balance, motor function, and walking speed.4, 6, 8, 21-25 Unlike
some reports24, 26, we did not find an association between falls and cognition or depression.
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This was probably attributable to the relatively high cognitive function (mean Mini Mental
State Exam Score = 26.1±3.5 ) and low incidence of depression (16.4% with PHQ-9 scores
>9) in the cohort.15

The BBS emerged as the most robust predictor of M/I falls. Persson and colleagues22

identified the same BBS cutoff score for predicting fallers versus non-fallers in the first year
post-stroke. This convergence of findings suggests that the cutoff score of 42 may be a
useful tool for identification of both single and M/I falls risk. Post-test probability for M/I
falls was 25% for BBS >42 and 42% for BBS ≤42 . The low sensitivity and specificity for
predicting M/I falls reflect the multi-factorial causes of falls and suggest that a measure of
balance, while useful, cannot independently account for fall risk.3 Additionally, there may
be items in the BBS that fail to distinguish between faller groups and detract from its
predictive value. Identifying item subsets that are more robust for falls prediction may be
useful.

The clinician and patients with stroke face a conundrum: walking may increase risk for M/I
falls while not walking will lead to a known plethora of deficits associated with inactivity
including recurrent stroke.25 Clearly, there is a need for efficacious interventions that
provide concomitant mobility training and fall prevention. For example, multi-risk factor
falls prevention programs should include Center for Disease Control recommended home
patient and caregiver education, progressive exercise program, medication review and
management, vision exam and improvement, and home safety assessment and
modification.27 Attention to patient-specific deficits identified by the BBS may also be
beneficial.

A strength of this study is that it was prospective and longitudinal with excellent falls
capture rate in a well-defined cohort. The methods follow international standards for fall
injury prevention trials.17 Additionally, we were able to capture fall rates in association with
interventions designed to improve mobility. The primary limitation of this study is the
selective nature of the population. The population in this study was highly screened and
living in the community; hence, results are not generalizable to a larger stroke population.
For example, our cohort did not include non-ambulatory individuals nor individuals walking
at speeds associated with community mobility (>0.8 m/s). Likewise, participants had no
previous history of stroke or significant cardiac or neurologic co-morbidities and had
relatively high cognitive function. Our analysis of risk factors was also limited to those
collected for the RCT. Some risk factors (e.g. history of falls and urinary incontinence)
identified by others were not collected.

Conclusion
In a highly screened and selective population, individuals with stroke may improve walking
and mobility but they remain at high risk for falls. Among those with severe impairment,
participation in early-LTP appeared to increase M/I falls risk. The BBS is useful for
informing fall risk but has limitations related to the multifactorial nature of the problem. Fall
prevention should focus on risk at home in the early months post-stroke and should include
multifactorial risk assessment and management concomitant with exercise interventions to
improve walking and mobility.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Distribution of participants’ fall outcome category at 12-months post-stroke by RCT
intervention arm. Panel A: All participants; Panel B: Participants with severe walking speed
impairment at baseline (<0.4 m/s).
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Figure 2.
Kaplan-Meier Curves for probability of not having a second or injurious fall between 2-12
months post-stroke by intervention group and initial walking speed impairment.
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Figure 3.
Illustration of the Classification and Regression Tree result. The top box shows distribution
of the population by fall outcome category. The bottom boxes show distribution by fall
outcome when participants are split by Berg Balance Scale score of 42/56.
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