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Abstract

Objectives: The aim was to explore how the time to the first fall and 6-month fall incidence relates to rapidly and easily
collected data in persons with acute stroke.

Methods: Out of consecutively admitted patients with stroke at three stroke units, 284 with at least one follow-up were
included in this prospective cohort study. During 6 months following discharge, participants reported falls using a diary and
monthly phone calls. Data about participants’ characteristics, functions, and activities were collected during hospital stay and
analyzed in relation to time to first fall by Cox regression and fall incidence by negative binomial regression.

Results: Use of =9 medications, paresis in arms, paresis in legs (National Institutes of Health Stroke Scale), impaired
protective reactions in sitting (Postural Reactions Test), and limitations in self-care (Barthel Index) were decisive risk factors
for time to first fall. Limitations in mobility (Step Test, 30-s Chair Stand Test) were decisive risk factors for high fall incidence
(p < 0.0005).

Conclusion: Several easily collected participant characteristics, functions, and activities were identified as risk factors for
falls. The findings emphasize the width of assessments that can be used for the identification of individuals at risk for falls and
that the risk factors vary in different strata of the population. These results are important when developing multivariate risk
models. The risk factors differed in part when analyzing the time to the first fall and 6-month fall incidence.
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is a need to study a wide range of possible fall risk factors.
Such results are important both for individualized assessment
of fall risk in clinical practice and for the development of
multivariate risk models in different strata of the population.

Several studies have reported that the fall incidence after
stroke is the highest soon after discharge.">¢ Therefore, to
reduce the number and consequences of falls, it is important
to identify the persons at risk as early as possible.

Some previous studies have data collection within a few
up to 14 days after stroke onset and a prospective follow-up
of post-discharge falls ranging from 6 weeks to 10years.> 3
The methods for collecting falls differed, but most studies
used only one method, such as a questionnaire or an inter-
view. The statistical methods also differed between studies,
but logistic regression was the most common. None focused
solely on the assessments that are rapid and easy to use in
clinical practice. Also, none analyzed falls with negative
binomial regression (Nbreg), which has been recommended
by Robertson et al.'* Both Cox regression and Nbreg, the
statistical methods used in this study, are analyses that allow
for the fact that falls are frequent, recurrent events with a
non-normal distribution and adjust for the follow-up time of
individual participants. However, especially Nbreg is recom-
mended since it allows for analyzing number of fall incidents
in relation to time at risk.'* This means that also participants
not completing the entire follow-up period could be included
in the analysis on the same terms as those with complete
follow-up. Neither did any of the previous studies collect
data on falls by daily recording and monthly reporting as rec-
ommended for satisfactory external and internal validity."
The aim of this study was to explore how the time to the first
fall and 6-month fall incidence, relate to rapidly and easily
collected data in persons with acute stroke.

Methods

Data availability

Requests for access to data can be submitted to the corre-
sponding author.

Participants

Participants were consecutively enrolled in this prospective
cohort study between 25 January 2016 and 10 February
2017. Inclusion criteria were a diagnosis of stroke
(International Classification of Diseases codes 161, 163, or
164) and onset of symptoms within 2 weeks prior to testing;
being resident in the catchment area; and with placement at
the stroke unit of one of the three included hospitals: Ryhov
County Hospital, Jonkdping, University Hospital, Linkdping,
and Sunderby County Hospital, Luled, Sweden. Exclusion
criteria were risk of impaired health from being asked to par-
ticipate in the study or professional interpreter needed for
informed consent.

The study was approved by the Regional Ethical Review
Board in Linkoping (dnr: 2015/353-31 and dnr: 2018/199-
32), and conducted in accordance with the Declaration of
Helsinki. Written informed consent was obtained.

Data collection

Trained physiotherapists and occupational therapists work-
ing at the stroke units assessed the participants as soon as
possible within 14days from the stroke onset, allowing a
5-day period for test completion. A checklist (Supplementary
Material) was used, providing details of when, where, and
how data should be collected. The checklist was not vali-
dated, but established manuals and detailed protocols were
used for all assessments. Please see supplementary material
for an extended description of the assessments and cut-offs
used and the analyses performed. Data on stroke location and
type were collected using medical imaging, and when the
stroke was verified only by clinical signs this was noted.
Consciousness (first item of National Institutes of Health
Stroke Scale)'® was registered.

The data described below were collected to be analyzed
in relation to falls since they have been identified as poten-
tial fall risk factors in previous studies or in our clinical
experience.

Participant characteristics. Information on age, sex, body
mass index, length of education,'” general dizziness, dizzi-
ness when rising, depression during the previous year, previ-
ous stroke, joint problems, decreased sensibility in the hands
or feet, days from stroke onset to admission to the stroke
unit, length of stroke unit stay, discharged to home/else-
where, and living alone was collected from medical journals
and standardized patient interviews. Data on falls during the
previous year and during the stroke unit stay were collected
from the participant, family, or caregiver and complemented
by data on falls registered in the National Quality Registry
for Preventive Care. After collecting all data, the assessors
made a general judgment of the risk of falling within a week,
and within 6 months by answering the question “Do you
judge the risk of falling within a week/6 months to be high
or low for this person?” Data on medications at discharge
were collected from medical journals and registered by
the Anatomical Therapeutic Chemical Classification code.
Medications were analyzed as the use of antidepressants,
sedatives, antihypertensives, benzodiazepine-related drugs,
beta receptor blockers, narcotics, number of medications,
number of medications = 9,'® and number of medications = 5
with NOSBA, NO5CD, NO5CF or NO6A included."”

Functions. Several global and specific mental functions
(International Classification of Functioning, Disability, and
Health (ICF) code b110-b189) were assessed. Fear of fall-
ing, motor restlessness, sensory neglect, motor neglect, and
visual neglect (by Star Cancellation Test (SCT)**22) were
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assessed. The participants’ insights about their gait and visu-
ospatial abilities were assessed by asking them for a Self-
Reported Functional Ambulation Classification?® (S-FAC)
and if they believed they marked all stars in the SCT. Cogni-
tion was assessed using the Montreal Cognitive Assessment
(MoCA),'"?* both as a total score, all the separate MoCA
items by themselves, and in addition, the three visuospatial/
executive items together, the three attention tasks, and the
two language tasks. Impulse control?® and latency in answers
were also noted.

Touch function (ICF code b265) was assessed by touch-
ing the dorsal side of the hands/feet. Muscle power functions
(ICF code b730) were assessed by the fifth and sixth items in
the National Institutes of Health Stroke Scale, and handgrip
strength was measured by the Jamar dynamometer.?%?’
Movement functions (ICF code b750-b789) were assessed
by the protective reactions in sitting and standing according
to the Postural Reactions Test.?®

Activities. Self-care (ICF code d5) was assessed by items in
the Barthel Index?’ and analyzed both as a total score and all
items separately. Mobility (ICF code d4) was assessed by the
Barthel items transfers, mobility, and stairs, and 30-s Chair
Stand Test (CST),* Step Test (ST),>"3 ability to stand with
no support for 10s, FAC,* the Cone Evasion Walk Test,**
and Timed Up and Go (TUG).}*>3 In addition, TUG was
performed with the Alternating Trail Making, and the Serial
7s attention task from MoCA added. Walking aids and
wheelchair use were noted.

Follow-ups. The participants were given a fall diary for daily
reporting of the number of falls and were contacted by tele-
phone once a month for 6 months after discharge to report
falls as recommended.'® In cases where a monthly report was
missing despite several attempts, data about potential falls
were collected at next follow-up. Family or staff members
reported falls when the participant could not. Falls registered
in the National Quality Registry for Preventive Care were
added. A fall was defined as “an unexpected event in which
the participants come to rest on the ground, floor, or lower
level.”'S All falls were equally analyzed, regardless of under-
lying reasons, such as extrinsic and intrinsic factors, and if
the fall was judged to be a consequence of the stroke or not.

Statistical analysis

Statistical analyses were performed using the software IBM
SPSS Statistics for Windows (Version 26.0. Armonk, NY:
IBM Corp).

Cox proportional hazard regression was used for analyses
of relationships between the independent variables and num-
ber of days to the first fall incident, expressed as hazard ratio
(HR) in the models. Cox regression is based on time-to-event
data, where the event in this study is first fall incident within
the study period. The time variable in the models is

calculated as number of days to first fall incident or number
of days to the end of study period for “surviving” partici-
pants (right-censoring). For categorical independent varia-
bles, an HR of 2 indicates that the risk of falling is twice as
high in Category A compared to Category B over the entire
period of the study. For continuous independent variables, a
HR of 1.1 indicates that the risk of falling increases by a fac-
tor of 1.1 for every unit increase in the variable in question
over the entire period of the study.

The proportional hazard assumption of Cox regression
was tested with log-minus-log plots, entering each covari-
ate as a stratum in the models, and by analyzing time-
dependent covariates as a product of the time variable and
each covariate. The proportional hazard assumption was
assumed to be met if the curves in the log-minus-log plot
were considered parallel and the time-covariate interaction
had a p-value >0.05. The assumption was not met for 12
independent variables. For these variables, analyses with
0-3 months and 4—-6 months follow-up were performed and
the risk for falls was found to be different for these two
periods of time. The results for the 3-month follow-up anal-
yses are presented in the supplementary material.

Nbreg was used for the analyses of relationships
between the independent variables and fall incidence,
expressed as incidence rate ratio (IRR) in the models. Fall
incidence is calculated as number of fall incidents in rela-
tion to number of months in the study, expressed as falls
per person-month. Nbreg was performed as a custom
model with a negative binomial distribution and log link
function. A robust estimator was used, with the natural
logarithm of the number of months in the study as the off-
set variable. For categorical independent variables, an IRR
of 3 indicates that the fall incidence is three times higher
in Category A compared to Category B. For continuous
independent variables, an IRR of 0.9 indicates that the fall
incidence decreases by a factor of 0.9 for every unit
increase in the variable in question.

All categorical and continuous independent variables
used in the Cox regression models and Nbreg models are
described in the three sections: Participant characteristics,
Functions, and Activities.

In this explorative study, multivariable analyses were not
performed since our aim was to present generalizable results
of the fall risk connected to all single variables studied,
including all participants in analyses.

A pre-study sample size calculation was based on the
association between sex (men/women) and being a faller
(yes/no). The sample size was calculated as for being able to
detect a 10% difference in prevalence between two equally
sized categories, using an alpha level of 5% and a beta level
0f 20%. A study with a power of 80% requires a total sample
of 220 participants to test the association at 5% levels using
chi-square test. To adjust for the estimated proportion of
dropouts based on similar studies (up to 27%),%% 300 sub-
jects were finally included.
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478 persons met 193 persons were considered

the inclusion non participants:
criteria
178 persons were excluded for
the following reasons:
146 persons did not give
consent
+  for 31 persons, no
assessors were available
300 persons 1 person was asked to

were included participate after 14 days

15 persons did not participate
in any follow-ups

1 person was exluded since
the diagnosis was wrong

284 participants
1 month: 284
2 months: 275

Reasons for missing data:

3 months: 271 12 participants died

4 months: 263 —— 12 participants dropped out
5 months: 259 2 participants could not be
6 months: 258 reached

Figure |. Flowchart of the recruitment process.

The persons who were eligible for the study but did not
participate were compared with the participants using the
independent samples #-test (age and days since stroke onset)
and Pearson’s chi-square (sex). A p-value of less than 0.05
was considered significant.

Results

A total of 478 persons met the inclusion criteria, 178 of
whom were not included for reasons described in Figure 1.
Out of 300 persons consecutively enrolled in the study, 284
participated in at least the first follow-up and were included
in the final analyses (Figure 1). No significant differences
were found between the 284 participants and the 178 non-
participants with respect to age, sex, or time since stroke
onset. In mean, participants were included and assessed
5days from stroke onset, and due to dropouts, the follow-up
time was in mean 5.7 months. Numbers of participants at
each follow-up and reasons for missing data are shown in
Figure 1. Demographic characteristics of participants are
presented in Table 1.

During the 6 months of follow-up after discharge from the
stroke unit, the fallers experienced in median 1 (1-18) fall
(range) and 48 (0-178) days passed from discharge to the
first fall. Only 20 (7%) of the participants experienced more
than three falls. However, 118 (42%) participants fell, yield-
ing an incidence rate of 2.22 (95% CI 1.73-2.86) falls each
person-year.

The results are presented as risk factors and predictive
assessments for early falls (number of days to first fall ana-
lyzed with Cox regression) and multiple falls (fall incidence
analyzed with Nbreg). Variables with a p-value of <0.01, in
one or both analyses, are presented in Tables 2—4, and the
most decisive risk factors for falls with p<0.0005 are pre-
sented in the text below.

Please see supplementary material for the complete
results of all variables included in the study.

Participant characteristics

Use of =9 medications was a decisive risk factor for early
falls, and the assessors’ judgment of risk of falling within
6 months was particularly well suited for the identification of
individuals at high risk for multiple falls (Table 2).

Functions

Among the functions assessed in this study, the most decisive
risk factors for falls were seen among the neuromusculoskel-
etal and movement-related functions (b7). In Cox regression
paresis in the arms, paresis in the legs, and impaired protec-
tive reactions in sitting were decisive risk factors for early
falls (Table 3).

Activities

Activities concerning self-care had a higher impact on the
risk for early falls than on high fall incidence. A low Barthel
total score, and dependency in the Barthel items grooming
and toilet, can be used for the identification of individuals at
high risk for early falls. Low numbers of repetitions in the
CST and low number of steps on the worst side in ST can be
used for the identification of individuals at high risk for
multiple falls (Table 4).

Discussion

This study is the first to analyze falls both by time to first fall
and fall incidence in relation to rapidly and easily collected
data on persons with acute stroke. Such results are useful for
advancing knowledge of clinical instruments and of how they
can be used to identify high fall risk individuals and areas for
prevention. Other valuable information obtained is that the
risk factors for falls differ in part when analyzing time to first
fall and 6-month fall incidence. The assessor’s judgment of
risk of falling within 6 months was particularly well suited for
the identification of individuals with a high risk for multiple
falls. This also emphasizes the value of comprehensive risk
analysis of a multifactorial phenomenon.

In this study, which included analyses of 95 factors, there
are risks of type-I errors because of multiple comparisons,
but there is no consensus in the use of statistical methods for
adjustment of p-values.’”*® According to the Bonferroni
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Table |. Demographic characteristics of participants.

Variables and participants (n) Categories n % M SD Min—-max
Age (years) (n=284) 74 I 36-95
Sex (n=284) Female 124 44
Male 160 56
BMI (n=269) 26 4 1641
Living alone permanently (n=284) Yes 107 38
No 177 62
Education > |2years (n=257) Yes 122 47
No 135 53
Previous stroke stated (n=284) Yes 71 25
No 213 75
Previous depression stated (n=284) Yes 85 30
No 199 70
Joint problems stated (n=284) Yes 112 39
No 172 6l
Decreased sensibility in hands or feet stated (n=283) Yes 131 46
No 152 54
General dizziness stated (n=272) Yes 88 32
No 184 68
Days from stroke onset to admission (n=284) | 2 0-12
Stroke localization (n=225)* Right hemisphere 15 51
Left hemisphere 87 39
Brainstem 12 5
Cerebellum 30 13
More than one location |5 7
Stroke type (n=225)" Ischemic stroke 196 87
Hemorrhagic stroke 41 18
Both types 12 5
Stroke unit stay (number of days) (n=284) Il 10 1-69
Falls during stroke unit stay (n=284) Yes 19 7
No 265 93
Falls during the previous year (n=283) Yes 142 50
No 141 49
Fear of falling stated (n=270) No 168 62
Minor 42 16
Moderate 34 13
Major 26 10
Reduced awareness (n=284) Yes 8 3
No 276 97
Walking aid, ambulates without aid, No aid 120 42
uses walking aid, or Walking aid 126 44
moves only with wheelchair (n=284) Wheelchair 38 13
Standing with no support (n=276) Yes 215 78
No 6l 22
Barthel total score categories (n=284) 95-100 125 44
25-90 13 40
0-20 46 16
Paresis in =one arm (n=275) Yes 77 28
No 198 72
Paresis in =one leg (n=272) Yes 84 31
No 188 69
TUG categories (s) (n=271) 0-13 95 35
14-60 93 34
Unable 83 31

(Continued)
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Table I. (Continued)

Variables and participants (n) Categories n % M SD Min—-max
MoCA total score (n=240) 20 7 0-31
Number of medications (n=278) 8 4 0-22
Antidepressants (n=278) Yes 55 20
No 223 80
Sedatives (n=278) Yes 18 7
No 260 93
Antihypertensives (n=278) Yes 247 89
No 31 I
Beta receptor blockers (n=278) Yes 151 54
No 127 46
Narcotics (n=278) Yes 16 6
No 262 94
Benzodiazepine-related drugs (n=278) Yes 14 5
No 264 95
Discharged to home (n=284) Yes 189 66
No 95 34

SD: standard deviation; antidepressants corresponding to the Anatomical Therapeutic Chemical Classification code NO6A; antihypertensives, C07, C08,
and CO09; Barthel, Barthel Index; benzodiazepine-related drugs, NO5CF; beta receptor blockers, C07; BMI: body mass index; narcotics, NO2A; SCT: Star
Cancellation Test; Sedatives, NO5SA (but not NO5SAN), NO5B, NO5BA, NO5CD, NO5C (but not NO5CF); TUG: Timed Up and Go; MoCA: the Montreal
Cognitive Assessment.

Since |5 persons had two, three, or four stroke locations, the sum of persons having cerebellar-, brainstem-, left-, and right-hemisphere stroke is not 225.
®Since 12 persons had both ischemic and hemorrhagic stroke, the sum of ischemic and hemorrhagic stroke is 12 persons more than 225.

Table 2. Participant characteristics in relation to the number of days to the first fall (Cox regression) and fall incidence (negative
binomial regression) in persons with acute stroke (only variables with p=<0.01 in one or both analyses).

Variables and M (SD) or Min—-max or  Risk of early falls Risk of multiple falls
participants (n) categories n (%) (Cox regression) (negative binomial regression)
HR (95% Cl) p-value IRR (95% ClI) p-value
Medications
No. of medications (n=278) 8 (4) 0-22 1.07 (1.03-1.12)  0.002 1.10 (1.02-1.19)  0.017
No. of medications =9 (yes/no) Yes 100 (36) 2.23 (1.55-3.21)  0.000 2.31 (1.40-3.81) 0.001
(n=278)
No. of medications =5 with NO5BA, Yes 63 (23) 1.75 (1.17-2.60)  0.006 1.95 (1.19-3.20)  0.008

NO5CD, NO5CF, or NO6A included
(yes/no) (n=278)

Antidepressants (yes/no) (n=278) Yes 55 (20) 2.02 (1.34-3.04)  0.001 2.17 (1.32-3.55)  0.002
Access to care

Stroke unit stay length (number of 2(1) 04 1.02 (1.00-1.03)  0.073 .41 (1.12-1.77)  0.004

days) (n=284)

Discharged to home (nol/yes) (n=284) No 95 (34) 2 2.15(1.31-3.54) 0.003
Falls

Falls during the previous year Yes 142 (50) 1.88 (1.30-2.73)  0.00I 2.37 (1.404.02)  0.001

(yes/no) (n=283)

Risk of falling within 6 months High 127 (45) 1.57 (1.09-2.25)  0.015 2.57 (1.56—4.24)  0.000

(high/low) (n=284)

SD: standard deviation; HR: hazard ratio; Cl: confidence interval; IRR: incidence rate ratio.
Stroke unit stay length (number of days), the number of days at the stroke unit was logarithmized using In since there was a positive skewness in the variable.
*Assumptions for Cox regression not met.

correction, variables with p < 0.0005 should be considered  correction increases the risk of type-II errors.’”-8 It is vital
significant in this study (p <0.05/95 variables). However,  to bear in mind that scientific conclusions should not be
strictly using the cut-off p<<0.0005 by the Bonferroni  based only on whether a p-value passes a specific threshold
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Table 3. Function factors in relation to number of days to the first fall (Cox regression) and fall incidence (negative binomial
regression) in persons with acute stroke (only variables with p<0.0l in one or both analyses).

Variables and M (SD) or Min—max or  Risk of early falls Risk of multiple falls
participants (n) categories n (%) (Cox regression) (negative binomial regression)
HR (95% ClI) p-value IRR (95% ClI) p-value
Mental functions (bl): specific mental functions (b140-b189)
Overestimation in S-FAC (yes/ Yes 80 (31) 2 1.98 (1.18-3.33) 0.010
no) (n=255)
Motor neglect (yes/no) (n=274)  Yes 26 (10) 2.01 (1.18-3.41) 0.010 0.93 (0.59-1.45)  0.741
SCT total score <50 (yes/no) Yes 68 (27) 1.79 (1.19-2.69) 0.005 1.56 (0.87-2.78) 0.135
(n=256)
MoCA cube (no score/score) No score 140 (56) 1.81 (1.20-2.72) 0.005 2.09 (1.14-3.82) 0.017
(n=251)
MoCA clock full score (nofyes) No 135 (54) 1.62 (1.09-2.42) 0.018 2.10 (1.28-3.42) 0.003
(n=250)
MoCA visuospatial/ executive 3~ No 185 (74) 1.72 (1.05-2.84) 0.032 2.44 (1.40-4.25) 0.002
tasks full score (no/yes) (n=249)
MoCA attention vigilance No score 63 (24) 1.84 (1.22-2.76) 0.003 1.40 (0.79-2.47)  0.250
(no score/score) (n=262)
MoCA attention 3 tasks score Score 04 101 (39) 1.52 (1.03-2.23) 0.033 2.02 (1.22-3.35)  0.007
(0-4/5-6) (n=258)
MoCA total score (n=240) 20 (7) 0-31 0.97 (0.95-1.00) 0.022 0.96 (0.93-0.99)  0.003
MoCA total score<21 (yes/no)  Yes 118 (49) 1.43 (0.95-2.14) 0.084 2.06 (1.24-3.42)  0.005
(n=240)
Neuromusculoskeletal and movement-related functions (b7): muscle functions (b730-b749)
Paresis in =one arm (yes/no) Yes 77 (28) 2.32 (1.60-3.37) 0.000 1.76 (1.11-2.78)  0.017
(n=275)
Paresis in =one leg (yes/no) Yes 84 (31) 2.24 (1.55-3.25) 0.000 201 (1.23-3.29)  0.005
(n=272)
Hand grip in the weakest hand 20 (14) 0-55 0.99 (0.97-1.00) 0.025 0.98 (0.97-1.00)  0.008
mean (kg) (n=267)
Neuromusculoskeletal and movement-related functions (b7): movement functions (b750-b789)
Protective reaction 2 147 (61) 0.000 0.083
sitting, worst side | 69 (29) 1.85 (1.18-2.92) 0.008 1.96 (1.04-3.69) 0.038
(score) (n=242) 0 26 (11) 3.59 (2.07-6.23) 0.000 1.72 (0.97-3.05) 0.06l
Protective reaction, Both sides 147 (61) 0.000 0.035
sitting, intact in both, One side 42 (17) 1.81 (1.06-3.09) 0.031 1.36 (0.74-2.52) 0.326
one, or no side (n=242) No side 53 (22) 2.63 (1.66-4.17) 0.000 2.32 (1.22-4.41) 0.011

SD: standard deviation; HR: hazard ratio; Cl: confidence interval; IRR: incidence rate ratio; MoCA: the Montreal Cognitive Assessment; S-FAC:
Self-Reported Functional Ambulation Classification; SCT: Star Cancellation Test.

2Assumptions for Cox regression not met.

or not, and that the p-value does not measure the size of the
effect or clinical importance.* Also, comparisons of HR/
IRR and 95% CI between the different variables are not
possible since both continuous and categorical variables
were used, and the risk values are affected by the level of
measurement and number of categories. In this article, vari-
ables with p-values <0.0005 are presented as decisive risk
factors, and in Tables 2—4, we present all variables with
p=<0.01. We suggest that those are probably also factors
possibly contributing to the risk of falls, and some of the
factors only presented in the supplementary material. Also,
the two analyses, Cox regression and Nbreg, complement
each other and similar trends in both analyses strengthen the

results. The two different methods provide an opportunity to
study differences in fall risk factors of early or multiple
falls. For example, dependence in self-care activities, pare-
sis in the arms, and impaired protective reactions in sitting
were decisive risk factors for falls when analyzed with Cox
regression, indicating that assessments of arm function and
activities performed at a physically less demanding level are
particularly suitable for the identification of individuals at
risk for early falls. In the Nbreg analyses, mobility activities
assessed by tests that require performance on a physically
more demanding level, such as CST and ST, were decisive
risk factors for high fall incidence and might be more suit-
able for the prediction of multiple falls over time.
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Table 4. Activity factors in relation to the number of days to the first fall (Cox regression) and fall incidence (negative binomial
regression) in persons with acute stroke (only variables with p=<0.0l in one or both analyses).

Variables and participants (n) M (SD) or Min—-max or

categories n (%)

Risk of early falls
(Cox regression)

Risk of multiple falls
(negative binomial regression)

HR (95% ClI) p-value IRR (95% ClI) p-value

Self-care (d5): washing oneself (d510), caring for body parts (d520), dressing (d540), and toileting (d530)

Barthel bathing, independent No 125 (44) 2 2.39 (1.46-3.92)  0.001
(nolyes) (n=284)
Barthel grooming, independent No 63 (22) 2.12 (1.43-3.14)  0.000 1.98 (1.20-3.28)  0.008
(nolyes) (n=284)
Barthel dressing Independent 159 (56) 0.003 0.069
(n=284) Needs help 53 (19) 1.30 (0.79-2.12)  0.298 1.72 (0.86-3.46)  0.129
Dependent 72 (25) 2.03 (1.35-3.06)  0.001 1.85 (1.07-3.19)  0.027
Barthel bowels Continent 210 (74) 0.003 0.493
(n=284) Accidents 23 (8) 2.01 (1.13-3.55)  0.017 1.30 (0.71-2.37)  0.399
Incontinent 51 (18) 1.92 (1.23-2.98)  0.004 1.39 (0.75-2.58)  0.299
Barthel bladder Continent 172 (61) 0.003 0.103
(n=284) Accidents 49 (17) 1.99 (1.27-3.14)  0.003 1.94 (1.05-3.56)  0.033
Incontinent 63 (22) 1.74 (1.12-2.69)  0.014 1.33 (0.73-2.42)  0.354
Barthel toilet use Independent 169 (60) 0.000 0.145
(n=284) Some help 52 (18) 1.15(0.69-1.92)  0.603 1.10 (0.59-2.07)  0.758
Dependent 63 (22) 2.31 (1.54-3.48)  0.000 1.69 (0.98-2.94)  0.061
Barthel total score (n=284) 70 (35) 0-100 0.96 (0.93-0.98)  0.000 0.95 (0.92-0.99)  0.004
Barthel total score 95-100 125 (44) 0.009 0.025
categories (n=284) 25-90 113 (40) 1.53 (1.02-2.30)  0.040 2.02 (1.14-3.58) 0.017
0-20 46 (16) 2.13(1.29-3.52)  0.003 2.27 (1.13-454)  0.021
Mobility (d4): changing and maintaining body position (d410—d429)
Barthel transfers Independent 165 (58) 0.001 0.041
(n=284) Minor help 44 (16) 0.92 (0.52-1.65)  0.790 1.43 (0.63-3.24)  0.397
Major help 51 (18) 2.23 (1.45-3.45)  0.000 2.28 (1.30-4.00)  0.004
Unable 24 (9) 1.82 (0.98-3.38)  0.060 1.59 (0.73-3.47)  0.242
CST (number of stands) (n=257) 7 (6) 0-28 2 0.93 (0.89-0.96)  0.000
ST, worst side (number of steps) 6 (6) 0-24 2 0.92 (0.88-0.96)  0.000
(n=259)
Standing with no support No 61 (22) 1.85 (1.23-2.77)  0.003 1.72 (1.02-2.92)  0.043
(nolyes) (n=276)
Mobility (d4): walking and moving (d450-d469)
Barthel mobility Independent 151 (53) 0.002 0.017
(n=284) Walks with help 46 (16) 1.06 (0.62-1.83)  0.830 1.52 (0.71-3.25)  0.280
Wheelchair 16 (6) 0.72 (0.26-1.98)  0.521 0.63 (0.24-1.70)  0.365
Immobile 71 (25) 2.10 (1.40-3.14)  0.000 2.08 (1.19-3.61) 0.010
Barthel stairs Independent 134 (47) 0.027 0.010
(n=284) Needs help 54 (19) 1.05 (0.63-1.76)  0.853 1.49 (0.79-2.83) 0.219
Unable 96 (34) 1.68 (1.13-2.50)  0.011 2.36 (1.35—4.12)  0.003
Walking aid, ambulates No aid 120 (42) 0.040 0.003
without aid, uses walking Walking aid 126 (44) 1.65 (1.11-2.46)  0.013 2.25(1.28-3.97)  0.005
aid or moves only with Wheelchair 38 (13) 1.55(0.87-2.77)  0.137 1.03 (0.54-1.97)  0.931
wheelchair (n=284)
FAC categories 5-6 161 (57) 0.007 0.032
(n=284) 4 30 (1) .61 (0.89-2.88) 0.113 2.25(1.034.92) 0.041
1-3 93 (33) 1.83 (1.24-2.70)  0.002 1.93 (1.12-3.31) 0.018
TUG time (s) (n=188) 19 (14) 7-60 1.02 (1.01-1.04)  0.002 1.04 (1.01-1.06)  0.002
TUG categories (s) 0-13 95 (35) 0.007 0.085
(n=271) 14-60 93 (34) 1.71 (1.07-2.75)  0.025 1.97 (0.95-4.06)  0.067
Unable 83 (31) 2.12 (1.32-3.41)  0.002 2.11 (1.07-4.13)  0.031

SD: standard deviation; HR: hazard ratio; Cl: confidence interval; IRR: incidence rate ratio; CST meaning 30-s Chair Stand Test; FAC: functional
ambulation classification; ST: step test; TUG: timed up and go.
2Assumptions for Cox regression not met.
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The finding that a low Barthel total score assessed in the
acute phase of stroke can be used for the identification of
individuals at high risk for post-discharge falls is in accord-
ance with previous findings.” Noteworthy is that the most
disabled individuals according to the variables Barthel trans-
fer and walking aid were not the ones presenting the highest
fall risk, which was also consistent with a previous study
about impairments in acute stroke.'' However, this empha-
sizes the need of considering U-shaped relations between
abilities and risks.

As an alternative to time-consuming tests, often assessing
more than one function or activity, our study shows that even
short and specific tests, such as paresis in the arms and legs
from the National Institutes of Health Stroke Scale, protec-
tive reactions from the Postural Reactions Test, and the items
Barthel grooming, Barthel toilet, CST, and ST can also be
used for the identification of persons at high risk for falls.
The CST and ST showed similar predictive abilities, and
impaired protective reactions while sitting was a determinant
risk factor for early falls, whereas impairments in protective
reactions in standing were not. This is clinically relevant
information since patients and caregivers might be more
comfortable pushing the patient to trigger a reaction by sit-
ting than in standing.

No mental functions were seen among the risk factors for
falls with p-values <0.0005, but S-FAC, SCT, MoCA total
score, and MoCA items of attention and visuospatial/execu-
tive functions seem to capture components that possibly con-
tribute to the multifactorial risk for falls (Table 3). MoCA
has previously been shown to have predictive abilities for
falls in univariable, but not in multivariable analyses of falls
in persons assessed in the acute phase of stroke,* which is
in line with the findings of this study.

Intake of a high number of medications was also a risk
factor for falls in this study and is most likely a variable
reflecting both general health and adverse effects of medica-
tions. The only group of medications that turned out as a
possible risk factor for falls was antidepressant drugs, in line
with a previous meta-analysis which identified both depres-
sion and psychotropic medication as risk factors for falls.?

The data collection gives an extensive and detailed
description of the characteristics, and the functional and
activity levels of persons with acute stroke, and a presenta-
tion of their strengths as risk factors for falls. One limitation
is the presence of confounding between the variables since
factors, such as age, sex, previous strokes, or other diseases,
were not controlled for. However, even if confounding is
possible, it is valuable to know the predictive abilities for
falls of commonly used assessments and to have a wide
range of rapidly and easily collected assessments to choose
among when assessing the individual patient in the heteroge-
neous acute stroke population. We aim to further analyze
these data to identify risk patterns in subgroups of the acute
stroke population to find predictive models.

Other possible limitations are that fatigue and natural
recovery in persons with acute stroke may have influenced

the results, and that the assessments were performed at dif-
ferent days after stroke onset. However, controlling for the
number of days from stroke onset until assessment did not
significantly change the results.

We designed the study to be as representative of the acute
stroke population as possible and the wide inclusion criteria
capture the heterogeneity in the population and contribute to
high external validity. Another possible limitation is that
medical imaging was not an inclusion criterion for this
study. However, computed tomography does not always
identify the infarction if carried out within the first hours
from the onset of stroke,*' and since the diagnosis of
ischemic stroke can be made accurately on the basis of the
clinical presentation without a new computed tomography
or magnetic resonance imaging in many patients,*> neuro-
radiological verification was not required for inclusion.
Moreover, since the medical diagnosis is sometimes
delayed, the inclusion criteria were a diagnosis of stroke and
onset of symptoms within 2 weeks prior to testing, which
also can be seen as a limitation considering that acute stroke
generally is defined as the first 7 days from stroke onset.*
Another limitation is that the checklist used for the data col-
lection had not been pilot-tested or validated.

In a previous study of persons above 60years of age,
13%—-32% did not recall a confirmed fall during the previous
3, 6, or 12months.* The studious collection of falls in this
study aimed to decrease the problem with recall bias. Falls
were reported in 42% of the participants during the first
6 months after discharge in this study, which is higher com-
pared to 26%—35% in three previous studies of persons with
acute stroke with self-reports followed up at longer inter-
vals.>”® The findings in this study might indicate that a larger
proportion of fall incidents are collected by fall diaries and
monthly follow-ups since the three other studies™”*® collected
data at sparser intervals.

Other strengths are the large sample size, the prospective
design, the use of both Cox regression and Nbreg, including
the time aspects in the outcome variables, the consecutive
inclusion of participants, and that the participants were given
spoken and written information about the fall definition
used. The collection of falls within 6 months from discharge,
not from stroke onset as in previous studies,>”%* is also a
strength since different living environments might influence
the results.

At first, analyses were performed with a 12-month follow-
up period, but the risk for falls changed significantly over
time in several variables and thus the proportional hazard
assumptions were violated. In the presented 6-month follow-
up, only 12 variables violated the assumptions. Future studies
are needed investigating for how long assessments performed
in the acute stage are valid risk factors for falls.

Conclusion

Several easily collected participant characteristics, func-
tions, and activities were identified as risk factors for falls.
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The findings emphasize the width of assessments that can be
used for the identification of individuals at risk for falls and
that the risk factors vary in different strata of the population.
These results will be important when developing multivari-
ate risk models. The risk factors differed in part when ana-
lyzing the time to the first fall and 6-month fall incidence.
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