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RISK-TAKING BEHAVIOUR AND EXECUTIVE FUNCTIONS, A MAJOR COMPONENT
OF THE RISK OF FALL FACTORS AFTER RECENT STROKE
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Objective: This study investigated the weight of
different cognitive disorders on patient behaviour
influencing the risk of falls after recent stroke.
Design: Survey and retrospective monocentric
study.

Subjects/patients: 74 professionals/108 patients.
Methods: Survey of professionals to ask for their
thoughts concerning the weight of different
cognitive disorders on the risk of falls and a retro-
spective study of patients post-stroke to determine
whether these cognitive deficits could distinguish
fallers from non-fallers. Univariate and multivariate
logistic regression analyses were conducted.
Results: In part 1, major cognitive disorders
identified were anosognosia, confusion, inattention,
precipitation, and unilateral spatial neglect. In part
2, 25 patients (23%) were fallers. After adjustment
for length of rehabilitation stay and disease
severity, on multivariate analysis, the cognitive
disorders significantly associated with risk of falls
were anosognosia (odds ratio 16), precipitation
(13.3), inattention (8.3), and perseveration (4.9).
Unilateral spatial neglect was not independently
associated. Aphasia did not play a role.

Conclusion: Some cognitive disorders, easily iden-
tified before any neuropsychological assessment,
strongly modify patient behaviour in terms of risk
of falls. It is proposed that these disorders should
not be considered as an additional factor along with
physical and general factors but rather as a multip-
lying factor applied to the others.
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fter stroke, the frequency of falls is high. During
the first hospital stay, the number of reported fal-
lers in an acute stroke unit ranges from 8.5% (1) to 13%
(2) and in a rehabilitation centre from 16% (3), 21.8%
(4), and 36% (5) to 37% (6). During the 6 months after
stroke or discharge, the proportion ranges from 45% (7)

/LAY ABSTRACT )

After stroke, the frequency of falls is high. Being able
to anticipate the risk for an individual is a constant
challenge for rehabilitation teams because stimula-
tion of recovery needs to encourage patients to walk
despite balance disorders. The behaviour of patients is
one of the main risk factors for fall. The risk depends
on certain cognitive capacities, often underestima-
ted, which should be recognized as soon as possible,
before any neuropsychological assessment. This study
involved a survey of 74 professionals to identify the
main cognitive disorders perceived as responsible for
behaviour that might lead to a fall, then a retrospec-
tive study of 108 patients investigating whether they
could distinguish fallers from non-fallers. Anosogno-
sia, precipitation, inattention, and perseveration were
strongly associated with the risk of fall. These cogni-
tive disorders should not be considered as an additio-
nal factor along with physical and general factors but
rather as a multiplying factor applied to the others.

and 58% (8) to 73% (9) and during the first year after
stroke from 42.8% (10) and 55% (11) to 57.6% (12).

Being able to anticipate the risk of falls for an
individual is a constant challenge. Avoiding any risk
by forbidding walking alone is efficient, but the only
way to improve balance is by training balance during
physical therapy exercises and usual daily activi-
ties. Hence, in a physical medicine and rehabilitation
(PRM) department, the individual must be encouraged
to be active alone. This attitude is a risk-taking beha-
viour, involving the whole team. It supposes knowing
the individual’s risk of falling, which cannot be pre-
dicted by any test or score. The risk of falls should
be estimated on the basis of a network of arguments:
all the disorders of balance control including bias of
verticality, paralysis, or lack of sensory information
as well as general or contextual factors, including
cognitive disorders.

However, the impact of cognitive disorders on the
risk of falls is often not studied. Only 15 of the 27
studies of a recent review investigated this issue, with
11 reporting a relation (13). The results could have
depended on how the cognitive disorders were defined.
With general measures such as the Mini-Mental State
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Examination (MMSE) (8, 12, 14) or the Montreal
Cognitive Assessment (MOCA) (2), the role of cog-
nitive disorders is not observed or is underestimated
(1). Furthermore, cognitive disorders certainly do not
all have the same impact and should be disentangled.
Unilateral spatial neglect (USN) (4, 5, 7), cognitive re-
sources (10), and executive function disorders (15—-17)
have been found to be associated with risk of falls.
Tools to measure balance are not designed to predict
the risk of falls, and most do not include a cognitive
assessment (18-22). The dual-task paradigm has been
suggested to be associated with the Timed Up and Go
test (23, 24). The scores built with a fall-predictive
objective are multidimensional. To our knowledge, the
Stroke Assessment of Fall Risk (SAFR) is the only as-
sessment including a large section for cognition (3, 4).
The present study was conducted to help the whole
medical, nursing, and rehabilitation team decide on
the risk of free ambulation or not in a given patient
after stroke, as soon as possible, before any neuropsy-
chological assessment. We proposed to start from the
identified daily comportment of the patient rather than
a test or score. Among the main post-stroke cognitive
disorders, we investigated those associated with high
risk of falls because of increased risk-taking beha-
viour. This study had two parts: a survey of concerned
professionals to identify the main cognitive disorders
perceived as being risk-taking behaviour and a retro-
spective study investigating whether these cognitive
deficits could distinguish fallers from non-fallers in
patients during acute post-stroke rehabilitation.

METHODS

Survey of professionals

‘We used the Script Concordance Test, a tool validated more than
10 years ago, which aims to assess reasoning when interpreting
clinical data in a context of uncertainty (25). To identify the
main cognitive disorders perceived as being responsible for
risk-taking behaviour by the professionals involved in a PRM or
aneurological team, we surveyed physicians (PRM specialists,
geriatricians, neurologists), therapists (physical, occupational
and speech), and nurses by direct interview. The interview ques-
tionnaire proposed the following clinical case: “A 65-year-old
patient with hemiplegia who walks with a cane after a stroke”.
The main post-stroke cognitive disorders were pre-stated in a
list of 9 symptoms easily identified by non-neuropsychologist
professionals. Disorders were grouped according to their rela-
tion with gnosis (anosognosia and USN), language (motor and
sensitive aphasia), executive function (precipitation, inattention,
perseveration, apragmatism), and temporal orientation (confu-
sion). The respondent was then asked about the impact of each
symptom on the patient’s risk of falling on a 7-point Likert scale
(greatly reduced, reduced, slightly reduced, unchanged, slightly
increased, increased, greatly increased). A weighted score was
used for responses that increased the risk of falling (slightly
increased/increased/strongly increased) in order to assign a
relative weight to the responses. Each “slightly increased risk
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of falling” response was weighted by 0.3, “increased risk of
falling” response by 0.6, and “greatly increased risk of falling”
response by 0.9. Then, for the 74 participants, a total of 66.6
expressed the higher perceived risk of each symptom.

Retrospective study of patients

Participants. We retrospectively screened the files of all 120
patients who after a recent stroke were admitted to our PRM
department from 1 January 2019 and were discharged before 30
April 2020. The study database was obtained from the electronic
medical record (ORBIS Dedalus software, AGFA HealthCare,
Mortsel, Belgium) and the fall episodes record (OSIRIS applica-
tion, a system set up by our institution [AP-HP] for reporting and
tracing any adverse event, including falls) of screened patients.

Inclusion criteria were inpatient rehabilitation after a recent
stroke, whether the first or not, and acute care provided in a
stroke, neurosurgical, or general intensive care unit. All patients
had a balance disorder due to motor or sensory impairment,
defined at admission by the inability to walk alone. Exclusion
criteria were stroke in the context of another disease such as
meningitis, COVID-19, known dementia, Parkinsonism, or
other concomitant pathology that may affect balance.

Data acquisition

Recorded data describing the patients were age, sex, stroke
type (ischaemic/haemorrhagic), side and location of stroke,
mean length of stay in the stroke unit and in the first PRM
department, disease severity according to the initial National
Institutes of Health Stroke Scale (NIHSS) in the stroke unit and
the initial Functional Independence Measure (FIM) at admis-
sion in the PRM department, presence of anaesthesia or homo-
nymous hemianopsia (HH), and any psychotropic treatment.
Cognitive disorders scored as present or not were considered
when they were provided with rehabilitation on the basis of the
neuropsychologist’s or speech therapist’s report (anosognosia,
USN, motor and sensitive aphasia, precipitation, inattention,
perseveration, apragmatism, and confusion).

Falls were defined as an involuntary contact with the floor.
Although a retrospective study, a real quantification of all falls
occurring in the department was easy because each identified
fall is systematically recorded by the team in the specific register
of falls (OSIRIS). Hence the retrospective analysis is based on
a prospective record. Nevertheless the causes of falls could not
be analysed because they were not always recorded.

Ethical approval

This study was approved by the “Comité¢ d’Ethique de la Re-
cherche, CER”, Institutional Review Board — IRB 00006477 —
of HUPNVS, Université Paris Cité and AP-HP, 27 July 2023.

Statistical analysis

Statistical analysis, performed with R 4.2.3 (R Foundation for
Statistical Computing, Vienna, Austria), involved a retrospective
study of data for patients. Continuous data are presented as
mean (SD). Categorical data are presented as number (%). We
compared fallers and non-fallers using the relevant measured
data. Categorical variables were compared by y* and Fisher’s
exact tests. Continuous variables were compared by Wilcoxon
Mann—Whitney test. The threshold for statistical significance is
set at p<0.05. The effect size for each variable was calculated
by using the appropriate formula: Cliff’s Delta for continuous
variables and Cramer’s V for categorial variables (an effect size
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>(0.5 being regarded as strong). We used multivariate logistic
regression analysis to examine whether any of the significant
associations between cognitive disorders and falling had any
confounding factors. The latter associations were adjusted by
possible confounders that were also found to be significantly
associated with falls. The variables’ coefficients of the multiva-
riate logistic regression were also used to calculate the adjusted
odds ratios (ORs) and 95% confidence intervals (CIs) for the
associations between cognitive disorders and falls.

RESULTS

Survey of professionals
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Table II. Stroke location for non-fallers and fallers
Non-fallers Fallers Total

Factor n=83 n=25 n=108
Ischaemic strokes
Basilar artery 14 0 14
Posterior cerebral artery 1 2 3
Anterior cerebral artery 3 0 3
MCA S 17 5 22
MCA P 13 6 19
MCAT 12 2 14
ACh A 2 0 2
Haemorrhagic strokes
Anterior 1 1 2
Superficial 10 4 14
Profound 8 5 13
Occipital 0 0 0
Brainstem 1 0 1
Cerebellum 1 0 1

All 74 contacted professionals responded: PRM specia-
lists (10), neurologists (10), geriatricians (10), speech
therapists (10), occupational therapists (12), physical
therapists (10), nurses and caregivers (12).

Major cognitive disorders identified as associated
with risk of falling were anosognosia (weighted sco-
re=57.6/66.6), confusion (weighted score=56.1), inat-
tention (weighted score=49.8), precipitation (weighted
score=49.5), and USN (weighted score=49.5), cont-
rary to perseveration (weighted score =24.9) sensitive
(weighted score=13.5), or motor aphasia (weighted
score=9.3), and apragmatism (weighted score=2.4).

There were few differences between professionals.
The only difference was for the opinion regarding sen-
sitive aphasia, which was considered to indicate risk of
fall for 11/12 of nurses vs 6/30 physicians. Because the
main topic of this study was not the detailed analysis
of professionals’ opinions, no analysis was conducted.

Retrospective study of patients

Characteristics of patients (Table 1): After excluding
post-stroke patients in the context of another disease (4
with SARS-CoV2, 4 other severe infectious diseases,

Table I. Characteristics of patients and stroke (n=108)

Age, mean (SD) 57.1(10.8)
Sex, male/female, n (%) 72/36 (66.6 ; 33.3)
PRM department stay, days, mean (SD) 65.6 (63.7)

Lesion side, right/left, n (%)
Stroke type, ischaemic/haemorrhagic, n (%)

51/57 (47.2 ; 52.8)
77/31 (71.3 ; 28.7)

NIHSS, mean (SD) (n=79) 9.55 (7.1)
FIM, mean (SD) (n=106) 79.8 (30.3)
Clinical characteristics, n (%)

Anaesthesia 54 (50)
Homonymous hemianopsia 24 (22.2)
Motor aphasia 34 (31.5)
Sensitive aphasia 14 (13)
Unilateral spatial neglect 32 (29.6)
Anosognosia 16 (14.8)
Inattention 54 (50)
Precipitation 23 (21.3)
Perseveration 42 (38.9)
Apragmatism 21 (19.4)
Confusion 7 (6.5)
Hypnotic treatment 2 (1.8)
Other psychotropic treatment 20 (18.5)

PRM physical and rehabilitation medicine; FIM: Functional Independence
Measure; NIHSS: National Institutes of Health Stroke Scale.

MCAS: superficial middle cerebral artery; MCA P: profound middle cerebral artery;
MCA T: total middle cerebral artery; AChA: anterior choroidal cerebral artery.

3 cardiac failure, 1 hypoglycaemia), we included re-
cords for 108 patients. In Table II stroke location may
be seen. In total, 25 patients (23%) were fallers, and
11 of these fell multiple times.

Characteristics of fallers and non-fallers

General characteristics.: Fallers and non-fallers did
not differ in age, sex, type, side or location of stroke,
or treatment (Table I1I).

Falling was significantly associated with severity
of stroke as measured by the FIM but not the NIHSS,
but these latter data were available for only the 79 pa-
tients with ischaemic stroke. Falling was significantly
associated with the presence of anaesthesia, HH, and
length of rehabilitation stay. Hypnotic or psychotropic

Table III. Characteristics of non-fallers and fallers

Factor Non-fallers  Fallers Effect size
Patients, n (%) 83 (76.8) 25 (23.1)

Age, mean (SD) 57.2(13.9) 56.8(12.5)

Sex, male/female, n 56/27 16/9

PRM department stay, days, mean 48.5 (43.2) 122.4 (85.6) -0.69
(SD)*

Lesion side, right/left, n 40/43 11/14

Stroke type, ischaemic/ 62/21 15/10
haemorrhagic, n

NIHSS, mean (SD) (n=79) 8.8 (6.9) 12.7 (7.3) -0.31
FIM, mean (SD) (n=106)* 88.4 (27.1) 52 (22.6) 0.66
Anaesthesia, n (%)* 35 (42.2) 19 (76) 0.27
Homonymous hemianopsia, n (%)* 13 (15.7) 11 (44) 0.27
Cognitive characteristics, n (%)

Motor aphasia 23 (27.7) 11 (44) 0.11
Sensitive aphasia 8 (9.6) 6 (24) 0.15
Unilateral spatial neglect* 17 (20.5) 15 (60) 0.35
Anosognosia* 3(3.6) 13 (52) 0.57
Inattention* 31 (37.3) 23 (92) 0.45
Precipitation* 7 (8.4) 16 (64) 0.57
Perseveration* 23 (27.7) 19 (76) 0.41
Apragmatism* 12 (14.5) 9 (36) 0.20
Confusion* 3(3.6) 4 (16) 0.19
Medical treatments, n (%)

Hypnotic treatment 1(1.2) 1(4)

Other psychotropic treatment 12 (14.5) 8 (32)

*Significant at p<0.05.
PRM: physical and rehabilitation medicine; NIHSS: National Institutes of Health
Stroke Scale; FIM: Functional Independence Measure.
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treatments were not associated with falling, but these
data were not reliable because the exact treatment at the
time of the fall could not be certified. On multivariate
analysis, only FIM and length of stay were indepen-
dently associated with the odds of falling.
Cognitive disorders: On univariate analysis, all cog-
nitive disorders except motor or sensitive aphasia
were significantly associated with the occurrence of
falls, with a strong effect size for anosognosia and
precipitation (Table IIT). After adjustment for length of
rehabilitation stay, on multivariate analysis (Table IV),
the odds of falling were associated with anosognosia,
precipitation, inattention, perseveration, and USN.
After adjustment also for FIM, anaesthesia, and ho-
monymous hemianopsia, the odds of falling remained
associated with anosognosia (OR 16), precipitation
(OR 13.3), inattention OR (8.3), and perseveration
(OR 4.9), but not USN.

The whole regression model is provided in Ap-
pendix S1.
Multi-fallers versus once fallers: Among fallers,
except for length of rehabilitation stay (149.8 [SD
70.78] vs 100.8 [SD 92.36] days), multi-fallers differed
from once-fallers only in more frequent precipitation
(»=0.033). However, given the number of fallers (25),
and thus the small sub-group of multi-fallers, the re-
sults of such an analysis could be questioned.

DISCUSSION

This study focused on risk-taking behaviour as a major
risk factor in falling after a recent stroke. The objective
was to help neurological and PRM teams identify the
role of the patient’s behaviour when a decision is taken
concerning free ambulation or not. Cognitive functions
were studied here as the main abilities allowing the
danger, the risk of falling, in a given situation to be
evaluated. We studied the possible relation between
falls and certain clinical symptoms, easily identified
by professionals taking care of patients, before any
complete neuropsychological assessment. According
to the opinion of neurological and PRM teams, major
cognitive disorders identified as associated with risk of

Table IV. Association between cognitive disorders and falls

Cognitive disorders Adjusted OR (CI) p-value*
Anosognosia 16 (2.4, 106.7) 0.004
Precipitation 13.3 (3.1, 56.2) 0.0004
Inattention 8.3 (1.6, 43.0) 0.01
Perseveration 4.9 (1.4, 18.0) 0.01
Unilateral spatial neglect - 0.08
Confusion - 0.49
Apragmatism - 0.48

*After adjustment for physical and rehabilitation medicine department stay,
Functional Independence Measure, homonymous hemianopsia and anaesthesia.
—: no adjusted odds ratio (OR) calculated because of a non-significant result.
Bold p-values indicate significant at p<0.05.
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falling were anosognosia, confusion, inattention, pre-
cipitation, and USN. The professionals exhibited few
differences among themselves, and a large consensus
was evidenced. The retrospective study of patients
revealed gnosis and executive disorders, specifically
anosognosia and precipitation, but not USN, as inde-
pendently associated with risk of falls after adjustment
for length of rehabilitation stay and disease severity.
Language disorders were confirmed to have no influ-
ence. Negative results regarding confusion should not
be considered because the definition of this symptom
is too vague to be reliable in such a study.

The key message of our study is that among post-
stroke patients at risk of falling because of physical and
balance deficiencies, the real risk of falls during their
first hospital stay depends on their ability to identify
the risks and adjust their comportment. In our depart-
ment, as soon as patients are admitted, the medical,
nursing, and rehabilitation team now assess their risk
of falls according to patients’ physical abilities and
their behaviour with the cognitive symptoms identified
as indicating risk of fall. Patients are then allowed or
not to walk alone, under human supervision, or with
physical human help. This decision is checked at least
weekly.

These results are congruent with the literature. Some
cognitive disorders have been found to be associated
with risk of falls but with contradictory results depen-
ding on how they were defined. Global assessment with
tools such as the MMSE (8, 12, 14) or MOCA (2) may
fail to find any relation of cognitive disorders with falls,
as has been emphasized in healthy older adults (26).
When cognitive disorders are disentangled, the specific
role of some disorders seems clearer. Language disor-
ders, even with impairment of understanding, were not
associated with risk of falls (6, 8). USN, recognized
as associated with poor balance (27), is also usually
considered a risk factor in falls (4, 5, 7), but in the
present study it was not an independent factor. The role
of attentional and cognitive resources has been shown
(12), as has the role of executive functions, with some
test scores such as the treadmill test (15, 16), the Stroop
test (15), or the specific “solving problem” item of the
FIM (17). Such a role of executive functions but not
other cognitive disorders has also been found in healthy
older people for level of mobility (28) and risk of falls
(26, 29). In older people with chronic cerebrovascular
disease, poor balance has been found to be associated
with executive disorders (30, 31) and the degree of
physical activity (32), but falls were not monitored.
Hence, impulsivity, problem solving, and attention may
have a specific impact on balance and risk of falls and
should be separated from other cognitive disorders.

Also, we did not observe any relation between the
side of the lesion and the occurrence of falls. Many

J Rehabil Med 56, 2024


https://doi.org/10.2340/jrm.v56.40153
https://doi.org/10.2340/jrm.v56.40153
http://www.medicaljournals.se/jrm

JRM

JRM

JRM

A.P. Yelnik et al. "Risk-taking behaviour and falls after stroke”

studies reported poorer balance after right vs left
hemispheric stroke, but those interested in the real
occurrence of falls did not find such a difference (6, 8,
10, 12). This finding points to the need to distinguish
balance, usually studied in a static position or during
a limited task, and the real occurrence of falls in daily
life. Among a specific population of people with right
hemispheric lesions, falls have been related to impaired
judgement and lack of insight into their problem, and
the usefulness of a measure of behavioural impulsivity
has been emphasized (33). In our population, all fallers
had a hemispheric stroke, which also highlights the
crucial role of cognitive disorders.

The period of observation after stroke probably plays
an important role. Most of the studies that failed to
observe any relation between USN (8, 9, 14) or execu-
tive disorders (8,12) and falling reported populations
at 6 or 12 months after stroke. This situation could
explain why, in this phase, the relative risk of falls
due to cognitive impairment seemed to be lower in a
recent review (1.75) than that for impaired mobility
(4.36) (34). The same kind of relative risk has been
observed at the initial stage, with an OR of 4.6 for
“impaired postural control while walking” and only
1.43 for “impaired cognition” but only assessed by
the MOCA (1). As previously stated, the danger period
for falls is the subacute stage, during the rehabilitation
process, when recovery is not optimal but the solicita-
tion of balance is high, as observed in our study and
previously reported (17).

Limitations

Despite the retrospective design of the study, it may
have real value because of the prospective recording
of all falls occurring in our department and the syste-
matic neuropsychological examination of all patients.
However, our study has some limitations because
of its design. The first is that this is a single-centre
study. The definition of the cognitive disorders could
be questioned because they were not defined by any
unique specific test but by the global conclusion of the
neuropsychological examination and were considered
relevant when the patient was provided with a specific
rehabilitation programme. Then, because the cognitive
disorders were defined by clinical symptoms easily
identifiable by each member of the team, these data
were easily collected. Another limitation is the measure
of stroke severity. The initial NIHSS score was availa-
ble for all ischaemic strokes, systematically collected
in the stroke units, but was not available for haemorr-
hagic strokes treated in a neurosurgical or sometimes
non-neurosurgical intensive care unit. The deficiencies
and their consequences were assessed in the few days
after PRM admission. All patients had balance disor-
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der defined by the inability to walk alone. However,
the measurement of motor deficiencies, which was
not standardized, could not be assessed with a unique
score. Anaesthesia, including hypoesthesia, was always
mentioned as present or absent for the lower limb
at least. Homonymous hemianopsia was defined as
present or absent on the basis of clinical examination
at the bedside. The evaluation of vertical perception
would have been interesting, but for technical reasons
it had not been evaluated for about half of the patients.
Functional consequences of the deficiencies are usually
assessed in the first days post-admission with the FIM,
which was available in almost all files. By measuring
the consequences of deficiencies, FIM gives a good
insight into the severity of the deficiencies. The initial
NIHSS and FIM showed the relative severity of the
stroke, but in this population, without severe cases such
as locked-in-syndrome, all patients at entry are expec-
ted to walk at least with help (with a human, orthosis,
or device). The influence of hypnotic or psychotropic
treatment could not be studied because we could not
ensure the chronological concordance of the treatment
and the falls. Length of rehabilitation stay could have
influenced the frequency of falls because the longer
the stay, the greater the risk, and also because patients
with longer stay are usually those with more severe
deficiencies, thus increasing the risk. Multivariate ana-
lysis showed the independence of the main cognitive
disorders from length of stay.

The tools usually considered to predict the risk of
falls have limitations. First, a distinction should be
made between tools for balance and tools for risk of
falls. The first tools are not designed to predict a risk
of falls, and because most do not include cognitive
assessment (18—-22), they should not be used for this
objective. Second, most of the tools developed to
evaluate the risk of falls after stroke, or generally in
older people, do not take into account the cognitive
disorders influencing behaviour. Interesting cognitive
items are still present in some multidimensional sco-
res. The item “agitation” accounts for 1 in 5 points in
the STRATIFY score (35), the item “mental status,
overestimates/forgets limitations” accounts for 12%
of the total Morse instrument (36), the item “altered
awareness of immediate physical environment/im-
pulsive/lack of understanding of one’s physical and
cognitive limitation” accounts for 17% of the Johns
Hopkins Hospital fall risk assessment tool (37) and the
item “confusion/disorientation/impulsivity” accounts
for 25% of the Hendrich II fall risk model (38). The
relative interest of these scores for inpatient assess-
ment is often questioned (39, 40). For stroke patients,
Nyberg proposed a score with 11 items: one is devoted
to visual neglect, representing 9% of the total (5). The
best tool to our knowledge is the SAFR, specifically
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developed for inpatients in rehabilitation. It consists of
4 of 7 items for cognition (impulsivity, hemineglect,
problem solving, and memory) accounting for 57% of
the total (3). However, we consider that the cognitive
disorders influencing behaviour are underestimated
in these scores.

Conclusion

Cognitive disorders do not all have the same impact on
the risk of falls in patients after stroke. We confirmed
the weight of disorders affecting behaviour previously
described by some authors: gnosis, attention, and ex-
ecutive disorders. Assigning a level for the influence of
cognitive disorders among a multi-dimensional score
is challenging. In our opinion, the usual predictive
tools largely underestimate risk-taking behaviour. We
propose that the risk-taking behaviour of a patient,
in the acute and sub-acute post-stroke phase, should
not be considered as an additional risk factor for falls
along with physical and general factors but rather as
a multiplying factor applied to the others.

ACKNOWLEDGEMENTS

Funding/ financial support: Assistance Publique — Hopitaux de
Paris and Université Paris Cité.

Ethical clearance: This study was approved by the “Comité
d’Ethique de la Recherche, CER”, Institutional Review Board
-IRB 00006477- of HUPNVS, Université Paris Cité and APHP,
27 July 2023.

The authors have no conflicts of interest to declare.

REFERENCES

1. Persson CU, Hansson PO. Determinants of falls after stroke
based on data on 5065 patients from the Swedish Vast-
stroke and Riksstroke Registers. Sci Rep 2021; 11: 24035.
https://doi.org/10.1038/s41598-021-03375-9

2. Persson CU, Kjellberg S, Lernfelt B, Westerlind E,
Cruce M, Hansson PO. Risk of falling in a stroke unit
after acute stroke: the Fall Study of Gothenburg (Falls-
GOT). Clin Rehabil 2018; 32: 398-409. https://doi.
org/10.1177/0269215517728325

3. Breisinger TP, Skidmore ER, Niyonkuru C, Terhorst
L, Campbell GB. The Stroke Assessment of Fall Risk
(SAFR): predictive validity in inpatient stroke rehabilita-
tion. Clin Rehabil 2014; 2812: 1218-1224. https://doi.
org/10.1177/0269215514534276

4. Yang C, Ghaedi B, Campbell TM, Rutkowski N, Finestone H. Pre-
dicting falls using the Stroke Assessment of Fall Risk tool. PM
R 2021; 13: 274-281. https://doi.org/10.1002/pmrj.12434

5. Nyberg L, Gustafson Y. Fall prediction index for patients in
stroke rehabilitation. Stroke 1997; 28: 716-721. https://
doi.org/10.1161/01.STR.28.4.716

6. Teasell R, McRae M, Foley N, Bhardwaj A. The incidence and
consequences of falls in stroke patients during inpatient
rehabilitation: factors associated with high risk. Arch Phys
Med Rehabil 2002; 83: 329-333. https://doi.org/10.1053/
apmr.2002.29623

7. Mackintosh SF, Hill KD, Dodd KJ, Goldie PA, Culham EG.
Balance score and a history of falls in hospital predict re-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

p. 6 of 7

current falls in the 6 months following stroke rehabilitation.
Arch Phys Med Rehabil 2006; 87: 1583-1589. https://doi.
org/10.1016/j.apmr.2006.09.004

. Baetens T, De Kegel A, Calders P, Vanderstraeten G,

Cambier D. Prediction of falling among stroke patients in
rehabilitation. J Rehabil Med 2011; 43: 876-883. https://
doi.org/10.2340/16501977-0873

. Forster A, Young J. Incidence and consequences of falls due

to stroke: a systematic inquiry. BMJ 1995; 3119: 83-86.
https://doi.org/10.1136/bmj.311.6997.83

Andersson AG, Kamwendo K, Seiger A, Appelros P. How to
identify potential fallers in a stroke unit: validity indexes
of 4 test methods. J Rehabil Med 2006; 38: 186-191.
https://doi.org/10.1080/16501970500478023

Ashburn A, Hyndman D, Pickering R, Yardley L, Harris S.
Predicting people with stroke at risk of falls. Age Ageing
2008; 37: 270-276. https://doi.org/10.1093/ageing/afn066
Tilson JK, Wu SS, Cen SY, Feng Q, Rose DR, Behrman AL,
et al. Characterizing and identifying risk for falls in the
LEAPS study: a randomized clinical trial of interventions to
improve walking poststroke. Stroke 2012; 43: 446-452.
https://doi.org/10.1161/STROKEAHA.111.636258
Abdollahi M, Whitton N, Zand R, Dombovy M, Parnianpour
M, Khalaf K, et al. A systematic review of fall risk factors in
stroke survivors: towards improved assessment platforms
and protocols. Front Bioeng Biotechnol 2022; 10: 910698.
https://doi.org/10.3389/fbioe.2022.910698
Alemdaroglu E, Ucan H, Topcuoglu AM, Sivas F. In-hospital
predictors of falls in community-dwelling individuals after
stroke in the first 6 months after a baseline evaluation: a
prospective cohort study. Arch Phys Med Rehabil 2012; 93:
2244-2250. https://doi.org/10.1016/j.apmr.2012.06.014
Saverino A, Waller D, Rantell K, Parry R, Moriarty A, Play-
ford ED. The role of cognitive factors in predicting balance
and fall risk in a neuro-rehabilitation setting. PLoS One
2016; 11: e0153469. https://doi.org/10.1371/journal.
pone.0153469

Mateen BA, Bussas M, Doogan C, Waller D, Saverino A,
Kiraly FJ, et al. The Trail Making test: a study of its ability
to predict falls in the acute neurological in-patient po-
pulation. Clin Rehabil 2018; 32: 1396-1405 https://doi.
org/10.1177/0269215518771127

Garcia-Rudolph A, Garcia-Molina A, Opisso E, Tormos JM,
Bernabeu M. Cognition assessments to predict inpatient
falls in a subacute stroke rehabilitation setting. Top Stroke
Rehabil 2021; 28: 52-60. https://doi.org/10.1080/1074
9357.2020.1765660

Fugl-Meyer AR. The post-stroke hemiplegic patient.
Scand J Rehab Med 1975; 7: 13-31. https://doi.
org/10.2340/1650197771331

Berg K, Wood-Dauphinee S, Williams JI. The Balance
Scale: reliability assessment with elderly residents and
patients with an acute stroke. Scand J Rehabil Med 1995;
27: 27-36. https://doi.org/10.2340/1650197719952736
Benaim C, Pérennou DA, Villy ], Rousseaux M, Pelissier
JY. Validation of a standardized assessment of postural
control in stroke patients: the Postural Assessment Scale
for Stroke Patients (PASS). Stroke 1999; 30: 1862-1868.
https://doi.org/10.1161/01.STR.30.9.1862

Podsiadlo D, Richardson S. The timed “Up & Go”: a test
of basic functional mobility for frail elderly persons.
J Am Geriatr Soc 1991; 39: 142-148. https://doi.
org/10.1111/j.1532-5415.1991.tb01616.x

Tinetti ME. Performance assessment of mobility problems
in elderly patients. J Am Geriatr Soc 1986; 34: 119-126.
https://doi.org/10.1111/j.1532-5415.1986.tb05480.x
Horak FB, Wrisley DM, Frank J. The Balance Evaluation
Systems Test (BESTest) to differentiate balance deficits.
Phys Ther 2009; 89: 484-498. https://doi.org/10.2522/
ptj.20080071

Franchignoni F, Horak F, Godi M, Nardone A, Giordano A.
Using psychometric techniques to improve the Balance Eva-
luation Systems Test: the mini-BESTest. J Rehabil Med 2010;

J Rehabil Med 56, 2024


https://doi.org/10.1038/s41598-021-03375-9
https://doi.org/10.1177/0269215517728325
https://doi.org/10.1177/0269215517728325
https://doi.org/10.1177/0269215514534276
https://doi.org/10.1177/0269215514534276
https://doi.org/10.1002/pmrj.12434
https://doi.org/10.1161/01.STR.28.4.716
https://doi.org/10.1161/01.STR.28.4.716
https://doi.org/10.1053/apmr.2002.29623
https://doi.org/10.1053/apmr.2002.29623
https://doi.org/10.1016/j.apmr.2006.09.004
https://doi.org/10.1016/j.apmr.2006.09.004
https://doi.org/10.2340/16501977-0873
https://doi.org/10.2340/16501977-0873
https://doi.org/10.1136/bmj.311.6997.83
https://doi.org/10.1080/16501970500478023
https://doi.org/10.1093/ageing/afn066
https://doi.org/10.1161/STROKEAHA.111.636258
https://doi.org/10.3389/fbioe.2022.910698
https://doi.org/10.1016/j.apmr.2012.06.014
https://doi.org/10.1371/journal.pone.0153469
https://doi.org/10.1371/journal.pone.0153469
https://doi.org/10.1177/0269215518771127
https://doi.org/10.1177/0269215518771127
https://doi.org/10.1080/10749357.2020.1765660
https://doi.org/10.1080/10749357.2020.1765660
https://doi.org/10.2340/1650197771331
https://doi.org/10.2340/1650197771331
https://doi.org/10.2340/1650197719952736
https://doi.org/10.1161/01.STR.30.9.1862
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
https://doi.org/10.1111/j.1532-5415.1986.tb05480.x
https://doi.org/10.2522/ptj.20080071
https://doi.org/10.2522/ptj.20080071
http://www.medicaljournals.se/jrm

JRM

JRM

JRM

25.

26.

27.

28.

29.

30.

31.

32.

A.P. Yelnik et al. “"Risk-taking behaviour and falls after stroke”

42: 323-331. https://doi.org/10.2340/16501977-0537
Lubarsky S, Charlin B, Cook DA, Chalk C, van der Vleuten
CP. Script concordance testing: a review of published
validity evidence. Med Educ 2011; 45: 329-338. https://
doi.org/10.1111/j.1365-2923.2010.03863.x

Herman T, Mirelman A, Giladi N, Schweiger A, Hausdorff
JM. Executive control deficits as a prodrome to falls in
healthy older adults: a prospective study linking thinking,
walking, and falling. J Gerontol A Biol Sci Med Sci 2010;
65: 1086-1092. https://doi.org/10.1093/gerona/glq077
van Nes 1J, van der Linden S, Hendricks HT, van Kuijk AA,
Rulkens M, Verhagen WI, et al. Is visuospatial hemineglect
really a determinant of postural control following stroke? An
acute-phase study. Neurorehabil Neural Repair 2009; 23:
609-614. https://doi.org/10.1177/1545968308328731
Gothe NP, Fanning J, Awick E, Chung D, Wéjcicki TR, Olson
EA, et al. Executive function processes predict mobility
outcomes in older adults. J Am Geriatr Soc 2014; 62:
285-290. https://doi.org/10.1111/jgs.12654

Kearney FC, Harwood RH, Gladman JRF, Lincoln N, Masud
T. The relationship between executive function and falls
and gait abnormalities in older adults: a systematic review.
Dement Geriatr Cogn Disord 2013; 36: 20-35. https://
doi.org/10.1159/000350031

Tuena C, Mancuso V, Benzi IMA, Cipresso P, Chirico A, Goule-
ne KM, et al. Executive functions are associated with fall risk
but not balance in chronic cerebrovascular disease. J Clin
Med 2020; 9: 3405. https://doi.org/10.3390/jcm9113405
Liu-Ambrose T, Pang MY, Eng 1J. Executive function is
independently associated with performances of balance
and mobility in community-dwelling older adults after mild
stroke: implications for falls prevention. Cerebrovasc Dis
2007; 23: 203-210. https://doi.org/10.1159/000097642
Pahiman U, Savborg M, Tarkowski E. Cognitive dysfunction
and physical activity after stroke: the Gothenburg cognitive
stroke study in the elderly. J Stroke Cerebrovasc Dis 2012;

33.

34.

35.

36.

37.

38.

39.

40.

p. 7 of 7

21: 652-658. https://doi.org/10.1016/j.jstrokecerebro-
vasdis.2011.02.012

Rapport L], Webster ]S, Flemming KL, Lindberg JW, God-
lewski MC, Brees JE, et al. Predictors of falls among right-
hemisphere stroke patients in the rehabilitation setting.
Arch Phys Med Rehabil 1993; 74: 621-626. https://doi.
0org/10.1016/0003-9993(93)90160-C

Xu T, Clemson L, O’Loughlin K, Lannin NA, Dean C, Koh
G. Risk factors for falls in community stroke survivors:
a systematic review and meta-analysis. Arch Phys Med
Rehabil 2018; 99: 563-573.e5. https://doi.org/10.1016/j.
apmr.2017.06.032

Oliver D, Britton M, Seed P, Martin FC, Hopper AH. Deve-
lopment and evaluation of evidence-based risk assessment
tool (STRATIFY) to predict which elderly inpatients will
fall: case-control and cohort studies. BMJ 1997; 315:
1049-1053. https://doi.org/10.1136/bmj.315.7115.1049
Morse JM, Morse RM, Tylko SJ. Development of a scale to
identify the fall-prone patient. Canadian J Aging 1989; 8:
366-377. https://doi.org/10.1017/S0714980800008576
Poe SS, Dawson PB, Cvach M, Burnett M, Kumble S, Lewis
M, et al. The Johns Hopkins Fall Risk Assessment Tool: a
study of reliability and validity. J Nurs Care Qual 2018; 33:
10-19. https://doi.org/10.1097/NCQ.0000000000000301
Hendrich AL, Bender PS, Nyhuis A. Validation of the Hen-
drich II Fall Risk Model: a large concurrent case/control
study of hospitalized patients. Appl Nurs Res 2003; 16:
9-21. https://doi.org/10.1053/apnr.2003.016009
O’Connell B, Myers H. The sensitivity and specificity of
the Morse Fall Scale in an acute care setting. J Clin Nurs
2002; 11: 134-136. https://doi.org/10.1046/j.1365-
2702.2002.00578.x

Park SH. Tools for assessing fall risk in the elderly: a
systematic review and meta-analysis. Aging Clin Exp
Res 2018; 30: 1-16. https://doi.org/10.1007/s40520-
017-0749-0

J Rehabil Med 56, 2024


https://doi.org/10.2340/16501977-0537
https://doi.org/10.1111/j.1365-2923.2010.03863.x
https://doi.org/10.1111/j.1365-2923.2010.03863.x
https://doi.org/10.1093/gerona/glq077
https://doi.org/10.1177/1545968308328731
https://doi.org/10.1111/jgs.12654
https://doi.org/10.1159/000350031
https://doi.org/10.1159/000350031
https://doi.org/10.3390/jcm9113405
https://doi.org/10.1159/000097642
https://doi.org/10.1016/j.jstrokecerebrovasdis.2011.02.012
https://doi.org/10.1016/j.jstrokecerebrovasdis.2011.02.012
https://doi.org/10.1016/0003-9993(93)90160-C
https://doi.org/10.1016/0003-9993(93)90160-C
https://doi.org/10.1016/j.apmr.2017.06.032
https://doi.org/10.1016/j.apmr.2017.06.032
https://doi.org/10.1136/bmj.315.7115.1049
https://doi.org/10.1017/S0714980800008576
https://doi.org/10.1097/NCQ.0000000000000301
https://doi.org/10.1053/apnr.2003.016009
https://doi.org/10.1046/j.1365-2702.2002.00578.x
https://doi.org/10.1046/j.1365-2702.2002.00578.x
https://doi.org/10.1007/s40520-017-0749-0
https://doi.org/10.1007/s40520-017-0749-0
http://www.medicaljournals.se/jrm

