
ORIGINAL ARTICLE

Clinical features of fallers among inpatient subacute stroke:
an observational cohort study

Giovanni Morone1 & Alex Martino Cinnera2 & Teresa Paolucci3 & Henson Dianne Reyes Beatriz4 & Stefano Paolucci1,2 &

Marco Iosa1

Received: 19 October 2019 /Accepted: 16 March 2020
# Fondazione Società Italiana di Neurologia 2020

Abstract
Background and purpose The aim of this study is to observe the differences between fallers, common fallers, and non-fallers in
stroke patients compared with the global ability in a rehabilitation setting.
Materials andmethods An observational and prospective study has been carried out. A total of 476 subacute stroke patients have
been observed. The main outcome measures were assessed using the Canadian Neurological Scale (CNS), Barthel Index (BI),
Functional Ambulatory Category (FAC), and TrunkControl Test (TCT) at admission to the rehabilitation unit and after 90 days of
the rehabilitation treatment (nearly 3 h for day for 5 days for week) at the discharge with intermediate evaluations after the first
and second months.
Results Out of 397 patients, 109 reported 1 or more falls (27.5%), of whom 67 fell 1 time (fallers) in the hospital (16.9%) and 42
fell 2 or more times (common fallers) (10.6%). For fallers, BI and FAC scores had a significant effect (p = 0.003 for both).
Common fallers had statistically significant differences in BI (p = 0.002), FAC (p = 0.012), and TCT scores (0.023) compared
with non-fallers.
Conclusions The severity of stroke may directly increase the risk of fall, and also indirectly, lengthening the hospitalization. Our
study seems to suggest that patients with BI scores of between 21 and 30 on admission are more prone to fall in the first period of
hospitalization, whereas in the second month, those with scores of between 11 and 20 on admission have a higher risk of falls. In
the third month, patients with BI scores below 10 on admission are more susceptible to falls.
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Introduction

Falls are the most adverse complication in patients who have
suffered a stroke event [1]. Stroke survivors develop various
impairments, such as cognitive and locomotor deficits, which
increase their likelihood of becoming repeat fallers than older

populations in general [2, 3]. Falls can have severe conse-
quences, physically and psychosocially. Up to 30% of falls
turn into injury, including head and soft tissue traumas and
hip fractures [4]. Thus, many studies have examined the risk
factors of falling in institutionalized post-stroke patients, to
develop preventive measures and treatments that reduce the
frequency of this adverse episode.

Decreases in balance and global functions are associated
with falls; 1 other finding has highlighted the relevance of
cognitive impairments, wherein a cutoff score of 24 on the
Mini-Mental State Examination (MMSE) is a predictor of
falling [5]. Moreover, urinary incontinence and impaired per-
formance on activities of daily life seemed to increase the
likelihood of falls [6]. Despite the various training regimens
for improving balance and walking performance and other
therapeutic options, the management of the risk of falls in
stroke has remained unknown, with no evidence of efficacy,
with the exception of the vitamin D assumption [3].
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The risk of falling in stroke patients is considerable during
hospitalization and rehabilitation [1, 7], ranging from 2.9 to 13
falls per 1000 bed-days [8]. Most falls occur in care settings in
the first month, and many patients experience 1 or more falls.
Fallers have common factors, such as reduced tone or paraly-
sis, poor cognitive outline; a prescription of 2 or more drugs,
especially antiepileptic drugs; and severe walking and balance
impairments [5, 9]. Other factors, such as communication and
visuospatial disorders, have also been reported [5, 9, 10].
Recent studies have focused on walking ability. Poor locomo-
tor performance is a risk factor, but a difference between short-
and long-term walking speed has been found to increase the
risk of falling, likely due to a discrepancy in sensory-motor
function between one’s previous and actual intention and ca-
pacity to move [11].

Despite these findings, the number of fallers has remained
constant, imposing a significant economic burden on the
health care system [7]. Thus, understanding why, when, and
how patients fall during inpatient rehabilitation might help to
prevent falls and their sequelae and identify patients who are
at high risk on discharge—in particular, common fallers [12,
13], who are more prone to severe injuries that are related to
falls [14].

Because falls and fall-related injuries have high morbidity
and mortality rates, we examined the differences between
fallers, common fallers, and non-fallers who have been affect-
ed by stroke and the relationship between fallers and common
fallers and global ability.

Materials and methods

This observational and prospective study was conducted in the
neurological rehabilitation setting of Santa Lucia Foundation
Hospital. Patients who were admitted to the rehabilitation unit
for multidisciplinary intensive stroke rehabilitation were re-
cruited from January 2010 to December 2017. The inclusion
criteria were for subjects who had been affected by a first
stroke at age between 18 and 85 years and admitted for mul-
tidisciplinary and intensive rehabilitation. The exclusion
criteria were MMSE score < 21, sequelae of prior cerebrovas-
cular accidents, or other chronic disabling pathologies and
orthopedic injuries that could impair gait function. The proto-
col was approved by the local independent ethics committee,
and all participants provided written informed consent.
Patients who met the criteria were enrolled, after which they
signed informed consent forms and were observed during
their stay. Doctors and nurses had to report each fall to our
staff, which collected information about the falls (place, time,
circumstance, and consequences). Fall is an “event which re-
sults in a person coming to rest inadvertently on the ground or
other lower level and other than as a consequence of a violent
blow, loss of consciousness or sudden onset of paralysis” [15]

which may or may not result in physical injury [16]. The
patient or witnesses to the fall had to describe the episode of
falling and note the time, circumstances, and consequences.

Patients who were admitted to our intensive rehabilitation
unit received the rehabilitation treatment (nearly 3 h/day for
5 days/week). In particular, 2 daily physiotherapy sessions
lasting a total of 80 min were performed. Physiotherapy
consisted of exercises for the recovery of voluntary motor
and balance functions, including muscle stretching, active-
assisted mobilizations, progressive neuromuscular facilitation
training, balance exercises, and gait training. The data on the
patients that we collected included their demographics, the
characteristics of their cerebral lesions and consequent impair-
ments, and the length of hospitalization. The following scales
were used: Canadian Neurological Scale (CNS) to assess
global impairment, Barthel Index (BI) to measure global abil-
ity compared with activities of daily living (ADL), Functional
Ambulatory Category (FAC) to evaluate walking ability, and
Trunk Control Test (TCT) to measure trunk posture control.
The consequences of falls were also checked by a radiologists
using X-ray instruments to look for possible fractures. The
planned recoverywas about 90 days for all patients, prolonged
in case a worsening occurred during the hospitalization, such
as those caused by a fall or by severe deficits at admission. In
this scenario, the length of stay is intrinsically related to the
possibility of fall and is longer if a fall occurred, in turn in-
creasing the possibility of a second fall. For this study, sub-
jects that fell one time during the observation period were
considered “fallers,” subjects that fell more than one time
are “common fallers,” and in the end “non-fallers” were con-
sidered subjects who did not fall during the observation
period.

Statistical analysis

Data were compared between non-fallers and fallers (includ-
ing common fallers) and between non-fallers and common
fallers. Means and standard deviations were computed for
continuous measures (age and length of stay) and compared
by Student’s t test. Median and inter-quartile ranges (IQR)
were computed for ordinal measures (clinical scale scores)
and compared by Mann-Whitney U test. Percentages for bi-
nary variables (gender, type of stroke, side of stroke) were
computed and compared between groups by χ2 test.
Forward stepwise binary logistic regression was used to avoid
issues that were related to the multicollinearity of independent
variables. Beta, standard error (S.E.), odds ratio (exp(beta)),
95% confidence intervals (95% CI), and the percentage of
correct predictions of the regression model were computed.
Kaplan-Meier plots were constructed for fallers and common
fallers, subdividing subjects by BI score on admission into 6
groups, as in Paolucci et al. [17] (BI score range 0–10, 11–20,
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21–30, 31–40, 41–50, and > 50). Differences between groups
were analyzed by logrank test.

The efficiency of rehabilitative intervention was computed
as the difference in BI scores between dismissal and admis-
sion, divided by the length of stay in days. The effectiveness
of rehabilitation was calculated as the proportion of potential
improvement that was achieved during rehabilitation, per the
formula [18]:

ðdischarge score� initial scoreÞ
maximal score� initial scoreð Þ � 100

The estimated BI score at the moment of the fall was defined
as the sum of the BI score on admission and the product of the
efficacy and the day on which the fall occurred. Because effi-
cacy depended on the BI score at admission, a model was
computed for non-faller data to estimate the quadratic relation-
ship between efficacy and BI score on admission. The model
for non-faller was computed as follows: the frequencies of
fallers and common fallers with regard to estimated BI score
were calculated as the number of fallers divided by the entire
number of subjects, using the estimated BI score at the mo-
ment of the fall for fallers and the BI score on admission for
non-fallers. Correlations were computed among variables in
terms of Spearman coefficient (R) or partial correlation
corrected for length of hospitalization.

Results

Data on 476 patients were collected during the observa-
tion period. We eliminated 18 patients from the analyses
due to incomplete data, 14 patients due to re-admittance
to the hospital after dismissal, and 47 patients due to
transfer to another hospital or an emergency hospital for
complications that were not linked to a fall. As a conse-
quence, the sample ultimately comprised 397 patients,
109 of whom reported 1 or more falls (27.5%). In detail,
67 patients fell 1 time at the hospital (16.9%), and 42 fell
2 or more times (10.6%); the latter subjects were classi-
fied as common fallers.
Falls were more frequent in the first and second weeks of

hospitalization (please see Fig. 2) and were more frequent in
the late morning hours from 10 am to 2 pm. Falls occurred
more frequently in the bedroom and in the bathroom. Three
patients reported a fracture as a consequence of their fall.
Table 1 shows the demographic and clinical characteris-

tics of the entire sample, divided into non-fallers, fallers,
and common fallers. In general, fallers and non-fallers had
similar clinical scale scores on admission, with the excep-
tion of FAC scores. Several parameters differed signifi-
cantly between common fallers and no fallers, including
TCT, FAC, and BI scores. Not significant but clear

characteristics from non-fallers to fallers, up to common
fallers, were observed for CNS score, presence of unilat-
eral neglect, and male gender.
Correlation analysis revealed that the number of falls was

significantly correlated with clinical scores assessed at admis-
sion of FAC (R = − 0.154, p = 0.002) and then BI (R = −
0.142, p = 0.005) and TCT (R = − 0.127, p = 0.012), and also
with the length of stay (R = 0.110, p = 0.028). If corrected for
length of stay, the number of falls remained correlated only
with age (R = 0.262, p = 0.006). However, this finding could
mainly be due to the stronger correlation found between
length of hospitalization and clinical scale scores at admission:
BI (R = − 0.607, p < 0.001), CNS (R = − 0.600, p < 0.001),
FAC (R = − 0.557, p < 0.001), TCT (R = − 0.554, p < 0.001),
unilateral spatial neglect (R = 0.217, p < 0.001), and partially
with age (R = 0.108, p = 0.032).
When these factors were dichotomized (for clinical

scores using their medians), there was a significant effect
of FAC in identifying potential fallers and of BI score in
identifying common fallers by binary logistic regression
(Table 2). For fallers, in the first step of the analysis, BI
and FAC scores had a significant effect (p = 0.003 for
both), whereas the presence of unilateral neglect (p =
0.069) and TCT score (p = 0.065) approached the thresh-
old for significance. Because the p values were the same
in the first step between BI and FAC scores, a similar
goodness of fit for the model was obtained using FAC
score instead of BI score (p = 0.003, with 71.8% of the
explained variance). For common fallers, BI score (p =
0.002), FAC score (p = 0.012), and TCT score (0.023)
were significant in the first step, whereas in the second
step, of the variables that remained out of the model for
common fallers, only gender had a p value (0.079) that
was close to the threshold for significance. Notably, BI
score was better in identifying common fallers than
fallers, based on the odds ratio (exp(beta) = 2.829 vs.
1.944) and explained variance (87.3% vs. 71.8%).
No significant differences were detected dividing subjects by

BI score at admission in terms of number of falls (p = 0.155
and p = 0.433 for fallers and common fallers, respectively, by
Logrank test), possibly due to the change in the most likely
fallers over time. For example, in the first month of hospital-
ization, the most likely common fallers were patients with BI
scores at admission of 21–30, followed sequentially by those
with scores of 11–20 and 0–10. The progressive increase in
Barthel Index has been quantified by the efficacy, which did
not differ significantly between fallers and non-fallers but was
higher in the latter, for which the mean efficacy was 0.42 ±
0.38 BI points per day.
A significant quadratic relationship between BI on admis-

sion and efficacy was observed (R2 = 0.189, p < 0.001). The
equation to determine BI score on day (N) (i.e., N = 1 at ad-
mission) was:
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BI Nð Þ ¼ BI 1ð Þ þ −0:0002� BI 1ð Þ2 þ 0:0215� BI 1ð Þ þ 0:1778
� �

� N

Based on this model, we estimated the BI score for fallers and
common fallers at the moment of the fall. Figure 1 shows the
frequencies of fallers and common fallers in the entire sample
with regard to the estimated BI score at the moment of the fall.
Scores between 11 and 20 were the most dangerous for fallers,
vs. between 21 and 30 for common fallers. Finally, Fig. 2 shows
the weekly distribution of the first fall in falling patients.

Discussion

The data showed that the 27.5% of inpatients for a stroke
fall at least one time, during hospitalization. In general,
except for the FAC score, there are no substantial differ-
ences between non-fallers and fallers (considering also the
subjects who fall only once). Differently, the analysis be-
tween common faller and non-faller patients showed sig-
nificant differences in trunk control, gait, and ability in
ADL scores. Consistent with our results, Blennerhassett
et al. reported that low clinical scale scores are related

to a significant risk of falls. In particular, they identified
a cutoff score on the 6-min walking test (< 250 m) that
accurately classified the history of falls in 70 to 78% of
participants [19]. Prevention of falls in the hospital setting
is a key issue in patient safety and public health.
Unfortunately, there is little evidence on the factors that
contribute to inpatient falls or the effectiveness of hospital
fall prevention programs [20]. For common fallers, the
Kaplan-Meier trend estimated BI scores at the moment
of the fall between 21 and 30 on admission were more
prone to the risk of falls in the first period of hospitaliza-
tion, compared with the second month, in which patients
with BI scores between 11 and 20 on admission had a
greater risk of falls, which have probably achieved a
range between 21 and 30. In the third period, patients
with BI scores below 10 were more prone to falls, most
of whom likely had scores of between 21 and 30 at the
moment of the fall. Common fallers are more prone to
serious injuries, requiring the identification of subjects
who are at risk and the implementation of strategies to
reduce falls [11, 21]. In this respect, these results can be
useful, specifically the BI range at admission for stroke
patients, to predict falls during recovery and from the

Table 2 Results of binary logistic regression analysis for BI score

Group β SE p Exp(β)OR CI 95% Explained
variance (%)

Fallers 0.665 0.226 0.003 1.944 1.294 3.025 71.8

Common fallers 1.040 0.344 0.003 2.829 1.441 5.551 87.3

BI, Barthel Index; β, beta coefficients; SE, standard error; Exp(β)OR, odds rations of exponential distribution; CI, confidence interval

Table 1 Demographic and clinical characteristics of the entire sample and divided between non-fallers, fallers and common fallers

Total sample
(n = 397)

Non-fallers (F0)
(n = 285)

Fallers
(F1)
(n = 109)

Common
fallers
(F1+) (n = 42)

Analysis,
F0 vs. F1

Analysis,
F0 vs. F+

Age (years) 68.2 ± 13.5 67.6 ± 14.3 69.8 ± 10.9 69.8 ± 9.8 0.144 0.344

Sex [M vs. F] 54% vs. 46% 52% vs. 48% 59% vs. 41% 62% vs. 38% 0.262 0.250

Type [I vs. H] 82% vs. 18% 82% vs. 18% 82% vs. 18% 79% vs. 21% 0.946 0.599

Side [L vs. R] 57% vs. 43% 57% vs. 43% 56% vs. 44% 60% vs. 40% 0.860 0.752

Neglect 17% 15% 22% 24% 0.092 0.143

Length of stay 97 ± 41 95 ± 43 103 ± 38 112 ± 49 0.084 0.017

CNS 6 (4–8) 6 (4–9) 6 (4–8) 6 (4–8) 0.613 0.084

TCT 36 (12–48) 36 (12–61) 24 (12–48) 24 (0–48) 0.240 0.010

FAC 0 (0–1) 0 (0–1) 0 (0–0) 0 (0–0) 0.039 0.008

BI admission 15 (5–40) 20 (5–45) 10 (5–30) 10 (5–20) 0.179 0.004

BI dismissal 55 (35–85) 60 (35–90) 50 (35–70) 50 (30–65) 0.594 0.050

Efficacy BI 0.42 ± 0.38 0.44 ± 0.42 0.38 ± 0.25 0.35 ± 0.22 0.208 0.197

EFC BI 49.2 ± 32.4% 50.5 ± 34.2% 45.9 ± 26.8% 42.6 ± 24.9% 0.210 0.152

Type I, ischemic stroke; Type H, hemorrhagic stroke; CNS, Canadian Neurological Scale; TCT, Trunk Control Test; FAC, Functional Ambulation
Categories; BI, Barthel Index; EFC, effectiveness
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perspective of the clinician they can lead to a differenti-
ated rehabilitative proposal with targeted interventions to
reduce falls as self-management principles and peer-edu-
cators, and exercises with more elements for balance con-
trol. It is notable that the predicted month of the fall being
a relatively unimportant variable, and on the other hand,
our patients’ repetitive falls were associated with an in-
crease in the length of recovery, consistent with Wong and
colleagues [22]. Notably, physical therapy after a stroke
seems to highly contribute to improved functional inde-
pendence of activities in daily living for BI and increased
self-confidence and cognitive function [23]. Moreover,
the professionals should never lower the focus on the
prevention of falls even in the phase of better patient
autonomy and try to work above all on re-learning strat-
egies to move safely and independently.

Conclusion

Common fallers have significantly different levels of trunk
competencies (TCT), global activity on admission (BI), and
ambulation (FAC), whereas fallers differ from non-fallers only
in ambulation, as measured by FAC. Standard BI is an appro-
priate outcome measure for stroke [24] and also seems a good
instrument to predict indicatively the risk of falling in stroke

patients from the admission to rehabilitation center. Our study
seems to show that subjects with BI scores of between 21 and
30 on admission are more likely to suffer from falls in the first
period of hospitalization, whereas in the second month, those
with scores of between 11 and 20 on admission have a higher
risk of falls. In the third period, patients with BI scores below
10 on admission are more susceptible to falls.

Study limitation

A limitation of this study is related to the use of the estimated
BI score. Due to the difficulties in measuring the actual BI
score before a fall, given the unpredictability of this event, and
in recording BI scores daily, we used a model to estimate BI
scores. This model was based on the efficacies of parameters
that quantify the daily linear increase in BI scores during re-
habilitation. Although efficacy is a commonly used parameter,
it is conceivable that a bi-exponential trend exists according to
motor (re-)learning. Consequently, the relationship between
BI score on admission and efficacy was hypothesized to be
quadratic. Although this quadratic relationship was statistical-
ly significant, it was not possible to exclude more complex
relationships between parameters. Thus, the assumptions with
regard to the estimation of BI scores might have generated a
bias in the data analysis, but the estimated BI scores helped to
interpret the results of the Kaplan-Meier plots. However, we
found that the side of stroke, in terms of left vs. right hemi-
sphere, did not significantly influence the risk of fall. A limit
of our study is the lack of a more specific classification of
stroke in terms of its location (such as anterior, posterior, or
lacunar circulation infarct) that further studies could take into
account. Another potential bias of our study is the unclear
relationship among dependent, independent, and control var-
iables. A longer length of hospitalization could be caused by a
fall, or increase the possibility of a fall. Furthermore, the se-
verity of stroke (assessed by clinical scales) may directly in-
crease the risk of fall, and also indirectly, lengthening the
hospitalization. Because the planned hospitalization in our
hospital is equal for all the patients (increased only in case
of clinical complications), and given the strengths of tested
correlations, a longer length of stay seemed to be more prob-
ably caused by a fall, than an indirect cause of it. In the present
study, only patients’ slight mild cognitive impairment (MMSE
> 21) has been selected, since cognitive deficit predictors of
the falls would be useful in future studies to analyze their
correlation. Further studies conducted in hospitals with differ-
ent lengths of hospitalization may adopt different mathemati-
cal models to clarify the complex relationship between risk of
fall and length of stay.
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Fig. 1 Percentage of fallers (1 fall) and common fallers (2 or more falls)
by estimated Barthel Index scores

Fig. 2 Weekly distribution of the first fall
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