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Abstract
Background and Purpose—Stroke survivors are at high risk for falling. Identifying physical,
clinical, and social factors that predispose stroke patients to falls may reduce further disability and
life-threatening complications, and improve overall quality of life.

Methods—We used 5 biennial waves (1998–2006) from the Health and Retirement Study to assess
risk factors associated with falling accidents and fall-related injuries among stroke survivors. We
abstracted demographic data, living status, self-evaluated general health, and comorbid conditions.
We analyzed the rate ratio (RR) of falling and the OR of injury within 2 follow-up years using a
multivariate random effects model.

Results—We identified 1174 stroke survivors (mean age±SD, 74.4±7.2 years; 53% female). The
2-year risks of falling, subsequent injury, and broken hip attributable to fall were 46%, 15%, and
2.1% among the subjects, respectively. Factors associated with an increased frequency of falling
were living with spouse as compared to living alone (RR, 1.4), poor general health (RR, 1.1), time
from first stroke (RR, 1.2), psychiatric problems (RR, 1.7), urinary incontinence (RR, 1.4), pain (RR,
1.4), motor impairment (RR, 1.2), and past frequency of ≥3 falls (RR, 1.3). Risk factors associated
with fall-related injury were female gender (OR, 1.5), poor general health (OR, 1.2), past injury from
fall (OR, 3.2), past frequency of ≥3 falls (OR, 3.1), psychiatric problems (OR, 1.4), urinary
incontinence (OR, 1.4), impaired hearing (OR, 1.6), pain (OR, 1.8), motor impairment (OR, 1.3),
and presence of multiple strokes (OR, 3.2).

Conclusions—This study demonstrates the high prevalence of falls and fall-related injuries in
stroke survivors, and identifies factors that increase the risk. Modifying these factors may prevent
falls, which could lead to improved quality of life and less caregiver burden and cost in this
population.
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Falls and fall-related injuries count among the most common complications after stroke, and
bear high morbidity and mortality rates.1 Stroke survivors, especially those with locomotor
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deficits, are at high risk for falls. The rate of falling among stroke survivors ranges from 25%
to 44%.2–4

Falls are a frequent problem in the elderly, resulting in reduced mobility and independence.5
Up to 90% of all geriatric injuries are caused by falls,6 augmenting health care economical
burden. Among the sequelae of falling, hip fracture is the most common; it leads to serious
disability and loss of overall health. The risk of hip fracture in stroke patients is 4-fold higher
compared to the general population.7 There are several retrospective or prospective studies
focusing on falls and their risk factors in subjects after a stroke.4,8–13 However, longitudinal
data derived from large cohorts are required to obtain population-based estimates of fall
frequency and to reliably identify risk factors for falls among stroke survivors. The aim of this
study was to identify such risk factors in a nationwide representative elderly population cohort
studied in the Health and Retirement Study (HRS).

Materials and Methods
We used the HRS database to identify risk factors associated with falling and subsequent
injuries among subjects with a history of stroke. The HRS is a national longitudinal study of
the economic, health, marital status, and family status of Americans who were age 50 years or
older and noninstitutionalized at the time of their first interview. The study is conducted every
2 years by the Institute for Social Research at the University of Michigan and the National
Institute on Aging. The data are collected using a mixed-mode design of telephone and face-
to-face interviews. Proxy interviews are obtained when study participants are unable to respond
for themselves. The full description of HRS study design including design history, sample size,
and response rates has been published by Heeringa and Connor.14 HRS uses a national area
probability sample of US households with supplemental over samples of Blacks, Hispanics,
and residents of the state of Florida. Based on the 1991 Current Population Survey, ≈19.2% of
US households were expected to be eligible for HRS. The survey response rate in HRS varies
between 70% and 81% across included cohorts and the retention rates ranged from 82% to
86% through the 2006 interview wave.14,15

We used 5 biennial interview waves in HRS from 1998 (4th interview wave) to 2006 (8th

interview wave). From 1998 to 2004 (4th to 7th interview waves), we selected participants aged
65 years or older with a history of stroke. History of new and recurrent stroke was ascertained
with the following questions: “Has a doctor ever told you that you had a stroke” and “Since
previous wave, has a doctor told you that you had another stroke?” Subjects who were not
available or were institutionalized during the following survey-year were excluded from the
analysis. This resulted in a cohort size of 1117 subjects. We abstracted demographic data (age,
gender, and race), living arrangement, self-evaluated general health, self-reported medical
conditions diagnosed by a physician (diabetes mellitus, cancer, lung disease, psychiatric
problems, memory loss, neurological/sensory conditions), and other self-reported health
problems (urinary incontinence, motor impairment, impaired vision, impaired hearing, pain,
falling in the past 2 years, number of falls, injury attributable to a previous fall, and fractured
hip since the last interview). We also recorded the time interval from first stroke onset to the
time of interview and assessed whether the participant had multiple stroke events. In addition,
we abstracted mode of interview (face-to-face or telephone interview) and respondent (self or
proxy). Outcome variables (ie, frequency of fall and injury attributable to fall that required
medical attention) were abstracted from the 2000 to 2006 consecutive waves (5th to 8th

interview wave).

General health score ranged from 1 to 5, with 1 being excellent health and 5 being poor health.
Motor impairment was determined as reduced large muscle function, with a score ranging from
0 to 4 (0 being the highest mobility and 4 the least mobility). The subjects were scored as
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excellent, very good, good, fair, poor, or legally blind or deaf for hearing and vision
assessments. We classified a subject as having vision or hearing impairment if eye sight or
hearing was rated as “poor” or worse. Neurological comorbidity was recorded if subjects
reported multiple sclerosis, cerebral palsy, epilepsy, Parkinson disease, amyotrophic lateral
sclerosis, seizures, or neuropathy representing neurological conditions that increase the risk
for falling.16

Statistical Analysis
Baseline characteristics of the cohort are presented as percent and mean±SD for categorical
and continuous variables. We estimated the 2-year frequency of falling, incidence of fall-
related injury, and incidence of broken hip using a multivariate random effects model with a
Poisson distribution (for frequency) and binomial distribution (for incidence) to account for
repeated observations within subjects. To identify risk factors for frequency of falling and
incidence of fall-related injury, we estimated the rate ratio (RR) and OR, with their 95% CI of
individual risk factors after adjusting for baseline age, gender, and time from first stroke event.
We also utilized a model (full model) that included age, gender, time from first stroke event,
living arrangements, medical and health-related factors, and self-evaluated general health
factors. Only factors with P<0.2 after adjusting for baseline age, gender, and time duration
from the first stroke associated with at least one of the outcome variables were included in the
full model. The same multivariate random effects models were used for all the analyses. We
considered P<0.05 to be statistically significant.

Results
We identified 1174 subjects with a history of stroke who were interviewed in the HRS 2 to 5
times (2407 observations) between 1998 and 2004. The mean age±SD of the subjects was 74.4
±7.2 years; 53% were female, 81% were white, and 58% lived as a couple. The baseline
characteristics of the subjects are described in Table 1. The most common medical conditions
diagnosed by a physician were diabetes mellitus (28%) and psychiatric problems (20%). The
most common self-reported conditions were urinary incontinence (28%), pain (37%), and past
injuries attributable to fall (15%). Median large muscle function score, used as an assessment
of motor impairment, was 2 (range, 0–4). At the time of the last follow up, 8% of subjects had
>1 stroke.

The 2-year risks of falling, subsequent injury, and broken hip attributable to falls were 46%
(CI, 43%–48%), 15% (CI, 13%–16%), and 2.1% (CI, 1.6%–2.8%), respectively. The 2-year
average frequency of fall was 0.92 (CI, 0.84–0.99). The distribution of frequency of falls is
shown in the Figure.

Table 2 presents factors associated with increased frequency of falling after adjusting for age,
gender, living arrangement, poor general health, time from first stroke, psychiatric problems,
urinary incontinence, pain, motor impairment, and past frequency of falling. For living
arrangement, subjects living with household members were at higher risk than those living
alone (RR, 1.4; CI, 1.1–1.7). For past frequency of falling, having fallen 1 to 2 times increased
the likelihood of subsequent falls by 30%, and having fallen 3 or more times increased the
likelihood by 20%. When all the factors were combined in the same model (full model), we
found that age, living arrangement, time from first stroke, past injury attributable to fall,
psychiatric problems, urinary incontinence, pain, motor impairment, and past frequency of
falling remained associated with increased frequency of falling for the subsequent 2-year
period; direction of these associations remained similar to those observed for the age, gender,
and time of first stroke only in the adjusted models, although the strength of the association
was smaller in magnitude.
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Table 3 presents factors associated with fall-related injuries. After adjusting for age, gender,
and time from first stroke, fall-related injuries were associated with higher age, female gender,
poor general health, motor impairment, pain, injury after a previous fall, psychiatric problems,
urinary incontinence, impaired hearing, multiple strokes, and past frequency of falling. We did
not observe that memory problems, impaired vision, time since stroke, and living arrangements
were associated with fall-related injury risk. After including all the factors together, only
previous injury from a fall, pain, motor impairment, and past frequency of falling remained
associated with risk of injury. Direction of these associations was similar to those observed
from age, gender, and times from first stroke only in adjusted models, although the strength of
the association was reduced. Although living arrangements were not found to have a statically
significant association with risk of injury, the odds of having injury attributable to falling for
subjects who were living alone were higher when compared to those living with other
household members within the 2 models for fall-related injury. Other medical conditions not
associated with either outcome were neurological conditions other than stroke, diabetes
mellitus, cancer, and lung disease (data not shown).

Discussion
Risk of Falling

With a 2-year incidence of 46%, 15%, and 2.1% observed here in a longitudinal study of a
large nationwide cohort, falls, fall-related injuries, and hip fractures represent serious long-
term complications for stroke survivors. Nyberg and Gustafson2 reported 36% in-hospital fall
accidents among 135 patients who were admitted to rehabilitation wards after cerebrovascular
accidents. A prospective, population-based stroke incidence study conducted in Auckland,
New Zealand, reported 37% of 1104 interviewed subjects had at least 1 falling accident within
6 months after stroke.11 Fall-related injuries greatly increase inpatient hospitalization costs17

and cause disability. Thus, it is vital to identify stroke survivors at high risk.

Impaired motor or sensory function or balance deficits predict falls.9 Motor deficits are
common after stroke (50%–85% of stroke survivors18). Spasticity in paretic muscles can affect
balance,19 but also antispasticity medications that reduce axial muscle tone or affect vigilance
can increase fall risk.7,9,19,20 Our results support an association between motor impairment
and falls. Improving motor dysfunction through specific interventions may therefore reduce
risk of falling after stroke.

Depression has been linked to fall risk in previous studies, although the mechanisms of this
association are not fully understood. In the general geriatric population, depression is an
independent risk factor for falling, with an OR of 2.2.21 Affecting 30% to 50% of stroke
survivors,22 depression likely increases fall risk in this population. Our data support this
association. Reasons for this association may be fear of falling,23 self-underestimation of
abilities,24 or impaired cognition.11,12 The combination of gait, balance disturbance, and
cognitive impairment may exponentially increase fall risk,10,13 possibly reflecting higher
cognitive load if a subject walks with impairment. Dual-task gait training methods combining
motor and cognitive tasks may address this risk.25

In contrast to previous reports on stroke populations,26 visual impairment was not identified
as a predictor for falling. Coding in HRS was limited to ocular visual abnormalities, not
including visual–spatial deficits that have been associated with fall risk.3 Our study therefore
may have lacked sufficient power to identify an association of this disorder with falls and fall
injury.

In our data, the frequency of falling was higher among stroke survivors living with household
members as compared with those living alone. It is possible that falls were under-represented
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in stroke survivors living alone, related to reluctance to report falls or to anosognosia.24

However, it is also possible that lesser functional deficits and impairment in activities of daily
living, and hence less fall risk, is present among those who do not need a caregiver's assistance.

Previous falls were a prominent risk factor for falling, consistent with several other datasets
on stroke populations.11 Other risk factors, not evaluated here because data were unavailable,
are sedative, hypnotic,12 and antidepressant medications. Selective serotonin reuptake
inhibitors are associated with increased fall risk,26,27 although this may merely reflect the
association between falls and depression. Comorbidities such as epileptic seizures, urinary
infection, and heart disease are reported to increase the risk of falling.10,12,13,22,26 Specifically
treating these conditions may reduce fall risk.26–28

Risk of Fall-Related Injuries
The current dataset suggests several risk factors associated with fall-related injuries. Several
studies have shown that after stroke, the risk for experiencing a hip fracture is 4-fold increased,
especially in patients with hemiplegia.29 Most fractures are caused by falls onto the paretic
side. Patients with hemiparesis not only have a higher risk of falling toward the paresis side
but also show higher degrees of osteoporosis on the same side.30 In the first year after stroke,
the paretic femoral neck loses up to 14% of bone mass.31 The intact leg is also affected, likely
attributable to immobility and reduced weight-bearing.32 Vitamin D deficiency attributable to
reduced exposure to sunlight may contribute further.33 Preventive therapies such as
bisphonates and vitamins or mechanical hip protectors are important preventive measures.30

Our data suggest a 50% to 80% higher risk of fall-related injuries in woman, whereas fall risk
itself was not affected by gender. The disproportionate increase in risk of injury attributable
to fall among women may be related to higher prevalence of osteoporosis in women after
menopause compared with men.34

Based on a large, representative cohort that was prospectively studied over several years, this
study emphasizes the importance of falls as one of the most frequent complications in chronic
stroke survivors. The frequency of this complication mandates fall prevention in every neuro-
rehabilitative program. Based on the diversity of risk factors identified here and elsewhere, an
optimal therapeutic strategy may require a multimodal, individually adjusted protocol.

We have found that some predictors were significantly associated for only 1 of the outcome
variables; furthermore, some of the variables were either significantly associated for the age,
gender, and time from first stroke adjusted models or the full models. The discordance between
results for outcome variables can be explain by the small number of injury events as compared
to the frequency of falls (lower statistical power for injury), and the larger measurement error
in frequency of falling as compared to injury (bias toward the null for frequency of falling).
Differences between the conservative adjusted models and the full model can be either
attributable to underadjustment or overadjustment. We present both approaches for a more
complete appraisal of the associations. One factor that might be worth mentioning is “past
injury” attributable to fall. This factor is not associated with frequency of 2-year risk of falling
in the conservative adjusted model (RR, 0.97; CI, 0.86–1.1; P=0.60), but it is in the full model
(RR, 0.82; 95 CI, 0.73–0.92; P=0.0018). This situation may be explained by the high
association with other factors such as past frequency of falling. In addition, this variable is
strongly associated with 2-year risk of fall-related injury.
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Study Limitations on Self-Reported Data
Our cohort included only noninstitutionalized individuals and may therefore have
underestimated fall risk by exclusion of subjects with severe disabilities living in
institutionalized care who might be at higher risk for falls.

Self-reports and proxy reports generally bear the risks of recall bias and may lack precision or
under-report disability.35 In a national prospective (British Regional Heart Study) published
by Walker et al,36 the investigators discovered that patients over-recall (25%) and under-recall
(11%) doctor-diagnosed stroke events. Interestingly, the general practice record also showed
an under-report of 23% and over-report of 5% for strokes.

Boele van Hensbroek et al37 validated a triage instrument identifying risk factors for recurrent
falls in elderly patients. The instrument measures frequency of falls in the past 12 month. They
found good construct validity between risk factors and frequency of falls. Kanten et al38

examined the concordance of various fall-reporting methods among residents of nursing
homes; they found that self-report frequency of falling overestimates the frequency of falling
obtained from chart review. Chen et al39 studied the validity of self-reported bone fractures
among postmenopausal women. The self-reported fractures were adjudicated by reviewing the
medical record for the subjects participated in the study. The investigators observed a higher
confirmation rates among self-reports as compared to proxy reports. Factors such as fraction
site, age, and number of falls in the past year were significantly related to the validity of fracture
reports. Further research is needed to ascertain the validity of self-report frequency of falling
and injury in elderly population.

However, one systematic assessment of the reliability of self-reporting in the elderly population
showed substantial to moderate agreement with medical records depending on the item
reported, eg, 98% for the incidence of stroke and 91% for fracture.40 Moreover, in a recent
published article by Glymour et al,15 the reliability of self-reported strokes events was studied
in HRS. The authors concluded a nonsystematic misreporting of stroke incidence in HRS,
making it a valuable dataset for stroke surveillance.

In the HRS, motor dysfunction is heterogeneously reported. Although several self-reported
motor test batteries were included to cover motor function, HRS interviewers did not ask about
easier tasks if the subject was able to perform more challenging ones.41 We used the large
muscle function scores to assess motor impairment because it was available for all subjects
included here and therefore minimized the measurement error. Validity of HRS physical
functioning measures is discussed in detail by Fonda and Herzog.41 Information about stroke
subtypes and severity, medications with side effects on gait and balance, neurological
examinations, and neuroimaging studies was not available, limiting the number of fall-related
hypotheses that could be explored here. Future prospective data collections are necessary to
address these shortcomings.

Conclusion
Any fall, fall-related injury, or the fear thereof may adversely affect quality of life for the stroke
survivor and increase caregiver burden and cost.42 The patient at risk for falling is likely to
walk less and be less mobile, which accelerates osteoporosis, thereby further increasing risk
of fall-related injuries. Immobility also leads to deconditioning, which potentiates
cardiovascular and cerebrovascular risk factors (obesity, diabetes, metabolic syndrome),
leading to further increased risk of cerebrovascular events and impairment in a dangerous
vicious cycle.43 It is important to break this cycle by modification of risk factors, development
of specific training and management protocols,43 and informing patients and caregivers about
frequency and morbidity associated with falls after stroke.
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Figure.
Distribution of the number of falls in a 2-year period among stroke survivors interviewed in
HRS.
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Table 1
Characteristics of Stroke Survivors Interviewed in the HRS

Demographics N (%)

Age, yr

 65–69 367 31%

 70–74 270 23%

 75–79 243 21%

 80–84 173 15%

 85+ 121 10%

Gender

 Male 550 47%

 Female 624 53%

Race

 White 956 81%

 Black 191 16%

 Other 27 2%

Living arrangements

 Live with couple 679 58%

 Live with other 187 16%

 Live alone 308 26%

General health (self-evaluated)

 Excellent 30 3%

 Very good 142 12%

 Good 311 26%

 Fair 386 33%

 Poor 305 26%

Comorbid conditions

 Parkinson disease, multiple sclerosis, amyotrophic lateral sclerosis, epilepsy, etc 13 1%

 Diabetes mellitus 334 28%

 Cancer 180 15%

 Lung disease 176 15%

 Psychiatric problem 238 20%

 Memory problem 83 7%

 Urinary incontinence 326 28%

 Impaired vision 160 14%

 Impaired hearing 133 11%

 Pain 434 37%

 Past injury due to fall 175 15%

 Multiple episodes of stroke 90 8%

Time from first stroke, yr

 0–2 428 36%

 2–4 327 28%

 4–6 189 16%
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Demographics N (%)

 6–8 172 15%

 8–10 58 5%

Survey procedures

 Phone interview 758 64%

 Proxy respondent 179 15%
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Table 2
RR Associated With Frequency of 2-Year Risk of Falling for Stroke Survivors Interviewed
in HRS

Risk Factor
Age, Gender, and Time From First Stroke Adjusted RR

(95% CI), P Full Model RR (95% CI), P

Age per 5-year increase 1.0 (0.98–1.1), 0.15 1.1 (1.0–1.2), 0.01

Female 1.1 (0.93–1.3), 0.27 1.1 (0.90–1.3), 0.46

Race

 White Reference, P=0.30 Reference, P=0.48

 Black 0.84 (0.66–1.1) 0.88 (0.70–1.1)

 Other 0.83 (0.47–1.5) 0.87 (0.51–1.5)

Living arrangements

 Live with others Reference, P=0.001 Reference, P=0.002

 Live with spouse 1.2 (0.98–1.5) 1.2 (1.0–1.5)

 Live alone 0.87 (0.7–1.1) 0.91 (0.75–1.1)

Comorbid conditions*

 General health score per unit increase (1–5) 1.1 (1.0–1.2), 0.001 1.0 (0.97–1.1), 0.42

 Time from first stroke, per 2-year interval 1.2 (1.1–1.2), <0.0001 1.1 (1.1–1.2), <0.0001

 Past injury from fall 0.97 (0.86–1.1), 0.60 0.82 (0.73–0.92), 0.002

 Psychiatric problems 1.7 (1.5–2.0), <0.0001 1.6 (1.4–1.8), <0.0001

 Memory problems 1.2 (0.96–1.4), 0.13 1.1 (0.93–1.4), 0.22

 Urinary incontinence 1.4 (1.2–1.5), <0.0001 1.3 (1.1–1.4), <0.0001

 Impaired vision 0.97 (0.84–1.1), 0.71 0.97 (0.84–1.1), 0.73

 Impaired hearing 1.1 (0.9–1.2), 0.50 0.93 (0.81–1.1), 0.34

 Pain 1.4 (1.3–1.6), <0.0001 1.2 (1.1–1.4), 0.0003

 Motor impairment per unit increase (0–4) 1.2 (1.1–1.2), <0.0001 1.1 (1.1–1.2), <0.0001

 Multiple strokes 1.0 (0.82–1.2), 0.99 0.91 (0.75–1.1), 0.34

Past frequency of falling

 0 Reference, P<0.0001 Reference, P<0.0001

 1–2 1.3 (1.2–1.5) 1.3 (1.2–1.5)

 ≥3 1.2 (1.1–1.3) 1.1 (0.98–1.3)

*
Comorbid conditions are assessed for the past 2 years for each interview wave.
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Table 3
OR for 2-Year Risk of Fall-Related Injury for Stroke Survivors Interviewed in HRS

Risk Factor
Age, Gender, and Time From First Stroke Adjusted OR

(95% CI), P Full Model OR (95% CI), P

Age per 5-year increase 1.1 (1.1–1.3), 0.004 1.1 (0.99 –1.1), 0.07

Female 1.8 (1.4–2.3), <0.0001 1.5 (1.2–2.0), 0.003

Race

 White Reference, P=0.058 Reference, P=0.09

 Black 0.63 (0.43–0.92) 0.67 (0.46–0.98)

 Other 0.96 (0.42–2.2) 0.99 (0.44–2.2)

Living arrangements

 Live with others Reference, P=0.22 Reference, P=0.10

 Live with spouse 1.2 (0.85–1.8) 1.2 (0.85–1.8)

 Live alone 1.4 (0.96–2.0) 1.5 (1.0–2.2)

Comorbid conditions*

 General health score per unit increase (1–5) 1.2 (1.0–1.3), 0.02 0.95 (0.83–1.1), 0.60

 Time from first stroke per 2-year interval 1.1 (0.99–1.2), 0.07 1.1 (0.96–1.2), 0.15

 Past injury from fall 3.2 (2.4–4.2), <0.0001 2.2 (1.6–2.8), <0.0001

 Psychiatric problems 1.4 (1.1–1.9), 0.02 0.95 (0.70–1.3), 0.91

 Memory problems 1.4 (0.87–2.3), 0.16 1.2 (0.75–2.0), 0.31

 Urinary incontinence 1.4 (1.1–1.8), 0.02 1.0 (0.77–1.3), 0.62

 Impaired vision 1.0 (0.72–1.4), 0.92 0.88 (0.62–1.2), 0.47

 Impaired hearing 1.6 (1.1–2.3), 0.01 1.3 (0.92–1.9), 0.10

 Pain 1.8 (1.4–2.3), <0.0001 1.4 (1.0–1.8), 0.02

 Motor impairment per unit increase (0–4) 1.3 (1.2–1.4), <0.0001 1.2 (1.0–1.3), 0.002

 Multiple strokes 3.2 (2.4–4.2), <0.0001 1.4 (0.89–2.1), 0.15

Past frequency of falling

 0 Reference, P<0.0001 Reference, P=0.0004

 1–2 1.9 (1.4–2.5) 1.3 (0.95–1.8)

 3+ 3.1 (2.3–4.2) 2.0 (1.4–2.8)

*
Co-morbid conditions are assessed for the past two years for each interview-wave.
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