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Independence in basic activities of daily living (ADL) is an important outcome after stroke.
Identifying factors associated with independence can contribute to improve post-stroke
rehabilitation. Resilience, which is the ability of coping with a serious event, might be
such a factor. Still, the impact of resilience and its role in rehabilitation after stroke is
poorly investigated. Hence, the purpose of this study was to assess whether resilience
assessed early after stroke can be associated with independence in basic ADL 3 months
later. Hospitalized patients with a diagnosed acute stroke and a modified Rankin Scale
score <4 were included. Bivariate and multivariate linear regression were applied to
assess whether resilience as measured by the Brief Resilience Scale within the first 2
weeks after stroke was associated with basic ADL measured by Barthel Index at 3-month
follow-up. Age, sex, fatigue, stroke severity at admission and pre-stroke disability were
added as covariates. Sixty-four participants (35 (54.7%) male), aged 75.9 (SD 8.6) years
were included 4.3 (SD 2.8) days after stroke. There was no significant change in resilience
from baseline 3.1 (SD 0.3) to 3 months later 3.2 (SD 0.5). Resilience was not associated
with basic ADL in neither the bivariate (o = 2.01, 95% Cl —5.21, 9.23, p = 0.580) nor
in the multivariate regression models (b = 0.50, 95% Cl —4.87, 6.88, p = 0.853). Our
results showed that resilience remained stable during follow-up. Early measurement of
resilience was not associated with independence in basic activities of daily living 3 months
after stroke. These results, indicate that resilience is a personal trait not associated with
the outcome of physical adversity. However, future research should investigate whether
resilience is related to the outcomes of psychosocial adversity after a stroke.

Keywords: rehabilitation, recovery, resilience, activities of daily life (ADL), outcome after stroke, prospective
observational study, stroke

INTRODUCTION

Independence in basic activities of daily living (ADL) which is shown to be associated with
improved quality of life for the stroke survivors and reduced burden on the caregivers and the
health care system, is an important outcome after stroke (1, 2). Identifying robust and unbiased
factors associated with independence in basic ADL is, therefore, important in stroke rehabilitation.
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Independence in ADL involves a complex construct consisting
of physical, psychological and social factors. Coping skills, level
of active social participation and number of social ties may all
be important in dealing with the stroke and has been shown
to improve both well-being and functioning 3 months after
discharge (3, 4).

Resilience, which is a process of “bouncing back” or coping
with a serious event is defined as “an outcome of successful
adaptation to adversity, revealed by either sustainability,
recovery, or both” (5, 6). It involves adapting personal coping
strategies and the use of social network and has increasingly been
recognized as a protective factor for health (6). For instance,
resilience has shown to have a moderating and mediating role in
the associations between coping style and uncertainty in illness
(7), and to protect against unfavorable cardiometabolic outcomes
that are otherwise more likely in stroke patients (8). A higher level
of resilience has also been associated with better cardiovascular
outcomes (9). However, it is not clear whether resilience should
be considered as a personal trait or a learnt behavior (5).

The body of literature within this field, covering both human
and animal studies, has increased substantially over the past
decade giving a better understanding of the neurophysiological
and neuropsychological mechanisms of resilience (10). The
neurophysiological mechanisms involves the medial prefrontal
cortex, the hippocampus, and the ventral tegmental area (VTA),
all involved in coping with stress. A dysfunction in these areas
have been shown to affect resilience (10-12). Resilience also
includes a deeper understanding of the relationship between
intrapersonal, interpersonal and socio-ecological constructs has
therefore been highlighted as important to understanding and
fostering of resilience in stroke survivors (13).

Following a stroke, less adaptive psychological factors has
shown to be negatively associated with participation over time
(14), while resilience has shown to act as an independent
predictor of quality of life and physical independence (15-17).
Therefore, resilience has been highlighted as a factor to consider
in optimizing rehabilitation early after a stroke (7, 18-20). In
the study by Gyawali et al. (14), resilience was associated with
stroke outcomes in the chronic phase. However, the relationship
between resilience and associated variables is complex and, to
a large degree, unexplored (20, 21). Understanding the role
of resilience early after a stroke may therefore provide insight
into both short- and long-term recovery and in regaining
ADL function.

The aim of this study was therefore to assess whether resilience
assessed within the first 2 weeks after a stroke can be associated
with independence in basic ADL 3 months later.

We hypothesized that a higher score on the Brief Resilience
scale would be associated with independence in basic ADL 3
months after a stroke.

MATERIALS AND METHODS
Study Design

This study had a prospective longitudinal cohort design, with
inclusion and baseline assessment within the first 2 weeks

after stroke onset and a follow-up assessment 3 months later
(£2 weeks).

Study Settings and Procedure

Participants were treated in an evidence-based comprehensive
stroke unit, with a special focus on independence in daily life after
a stroke (22). The stroke unit has a multidisciplinary approach
focusing on early mobilization, physiological homeostasis,
nutrition and fluid intake to provide best possible treatment (23,
24). While hospitalized, participants were screened for inclusion
into the study by an experienced physiotherapist. Recruitment
took place 3 days a week. Only patients available for inclusion
on one of these days were invited to participate.

All baseline assessments were performed during hospital
stay within 1 day from inclusion in the study. This included
the baseline assessments, the independent variable (the Brief
Resilience Scale), and all covariates included in the regression
analysis. Participants were invited back to the hospital for the
follow-up assessment at the outpatient clinic 3 months later. All
assessments were performed by the same physiotherapist at both
time points.

In line with the Norwegian guidelines for treatment and
rehabilitation after stroke (22), participants were discharged from
the stroke unit in accordance with their physical and cognitive
level for further follow-up in the primary health care system to
either a rehabilitation center, outpatient clinic or at home with or
without organized home-based treatment.

Study Sample

Patients admitted to the stroke unit at St Olavs Hospital,
Trondheim University Hospital in Norway were asked for their
participation. Patients with first-ever or recurrent acute ischemic
or hemorrhagic stroke were eligible for inclusion if the onset
of stroke was within 14 days post-stroke, and their modified
Rankin Scale (mRS) score (25) was 0-4 points. Aphasia or
language problems were accepted for inclusion as long as the
patients scored 4-6 points on the item “orientation” on the
Scandinavian Stroke Scale (SSS) (26), and they were capable
of providing informed consent. However, persons with a life
expectancy of <6 months, such as advanced and progressive
cancer and unstable heart conditions, or serious impairments
that could have significant impact on a functional outcome or
unstable medical condition after an acute stroke were excluded.

Baseline Assessments
At baseline, age and sex, days from stroke to inclusion and
the degree of disability prior to the stroke (measure by the
mRS) were scored. mRS is ranging from 0 (no symptoms)
to 5 (severe disability), while 6 denotes death. The scale has
shown strong validity and reliability (27). From the medical
records of the participants the type and location of stroke,
severity of the stroke measured by the SSS, and possible
reperfusion treatment were assessed. The SSS, ranging from 0
(worst) to 58 (best) has shown to be a valid measure of stroke
severity (28, 29).

The baseline assessments also included the degree of disability,
measured by the mRS and the Barthel Index (BI) and fatigue
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measured by the Fatigue Severity Scale (FSS-7). Fatigue is
reported to be up to three times higher three months after a
stroke than in the general population (30). FSS-7 has shown to
be reliable and valid in the Norwegian stroke population (31, 32).
Each item was scored on a 7-point Likert scale, with a total FSS
score ranging from 7 (best) to 49 (worst). The total score was
averaged to yield a score from 1.0 to 7.0. Higher scores indicate
higher fatigue levels. FSS-7 was completed by self-report.

Dependent Variable

The Barthel Index obtained at 3-month follow-up was added
as the dependent variable to assess independence in basic ADL,
ranging from 0 (worst) to 100 (best) (33). Barthel Index has
proven good reliability in the stroke population (34), however the
documented ceiling effect is a weakness (35).

Independent Variables

The Brief Resilience Scale (BRS) obtained at baseline
was used to measure the ability to cope with a serious
event. It consists of six items with five different response
categories, giving a total score ranging from 6-30. The
total score is further divided by the number of items
answered giving an average score of 1 (worst) to 5
(best). BRS has shown to be a reliable tool to assess an
individuals’ ability to recover from stressful circumstances
(36, 37). The BRS wused in its this project was the
original version in English. The BRS questionnaire was
completed in a collaboration between the participant and
the physiotherapist.

Covariates

Covariates included in the regression analysis were identified and
selected from previous literature. These were age, sex, fatigue
at baseline, degree of independence prior to stroke, and stroke
severity at admission (38-40).

Statistical Analysis

All data were analyzed using IBM SPSS Statistics version 25.
Unless otherwise stated, demographic data were reported as
mean values and standard deviation (SD) for all participants,
retrieved from the participants’ medical record. Residuals were
visually inspected for normal distribution by Q-Q plots with
both dependent and independent variables showing a normal
distribution. Homoscedasticity was controlled through a scatter
plot of the residuals. Paired sample t-tests were applied to study
changes in ADL and resilience from baseline to 3 months later.
Linear regression was used to analyze associations with Barthel
Index at 3 months as the dependent variable and resilience
at baseline as independent variables in both bivariate and
multivariate regression analysis. Age, sex, fatigue at baseline,
stroke severity at admission and the modified Rankin Scale
prior to inclusion were added as covariates. The covariates
were selected based on clinical judgement and the literature.
We checked for collinearity with VIF <10 and correlation
values below 0.9. Significance level was set at p < 0.05 for
all associations.

RESULTS

As displayed in Figurel, a total of 98 people accepting
participation were included, representing about 15% of those
admitted to the stroke unit during the recruitment period. Out
of these, 34 participants were lost to follow-up, mainly due to
missing data (n = 15) and participants who withdraw from the
study (n = 10).

There were no statistically significant differences in baseline
characteristics between those included in the analysis (n = 64)
and those being lost-to-follow up (n = 34).

Table 1 shows the baseline characteristics of the sixty-four
participants, 35 (54.7%) males, with a mean age of 75.9 (SD = 8.6)
years included in the analyses. Of these, 14 (21.9%) persons
underwent reperfusion treatment. Participants were hospitalized
for an average of 6.7 (SD = 3.4) days and included in the study
4.3 (SD = 2.8) days after onset of symptom. Mean score of the
Scandinavian Stroke Scale was 45.8 (SD = 8.6) at admission,
indicating mild-to-moderate strokes. Mean degree of disability at
baseline was 2.8 (SD = 0.9) points on the modified Rankin Scale.
Participants were discharged, in accordance with their physical
and cognitive level, to a rehabilitation center, n = 21 (32.8%),
an outpatient clinic, n = 13 (20.3%), or home-based treatment,
n = 30) (46.9%).

Mean Barthel Index score at baseline was 74.5 (SD = 12.9)
points for those discharged to inpatient rehabilitation,
93.9 (SD = 6.8) points for those discharged to outpatient
rehabilitation, and 88.3 (SD = 14.3) points for those discharged
to homebased rehabilitation, respectively.

People with stroke admitted to Trondheim

University Hospital (n=642)

Did not meet inclusion
criteria, refused to

> participate, or not
asked within inclusion
window (n=544)

v

Inclusion in study

(n=98)

Loss to follow-up (n=34):
- Withdrawn (n=10)

- Other diseases/admitted to

hospital at post test (n=8)

- Missing data (n=16)

\4

Inclusion in final analysis

(n=64)

FIGURE 1 | Flow chart of the participants.
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TABLE 1 | Baseline characteristics (0 = 64).

Range

Age (years), mean (SD) 75.98.7) 60-99
Days hospitalized, mean (SD) 6.7 (3.4) 2-16
Days from stroke to inclusion, mean (SD) 4.3(2.8) 1-12
Scandinavian Stroke Scale (0-58) at admission, mean (SD) 45.8 (8.6) 6-58
Barthel Index, mean (SD) 84.9 (14.6) 40-100
Male sex, n (%) 35 (64.7)
Reperfusion treatment, n (%) 14 (21.9)
Types of stroke, n (%)

Ischemic stroke 50 (78.1)

Hemorrhagic stroke 4 (6.3)

Unclassified stroke 10 (15.6)
Modified Rankin Scale (mRS) (0-6), mean (SD) 2.8 (0.9

mRS 0, n (%) 0(0.0)

mRS 1, n (%) 3(4.7)

mRS 2, n (%) 26 (40.6)

mRS 3, n (%) 17 (26.6)

mRS 4, n (%) 18 (28.1)
Side affected by the stroke, n (%)

Left 30 (46.9)

Right 24 (37.5)

Bilateral 4 (6.3)

Unclear 6 (9.3)
Discharge destination, n (%)

Rehabilitation center 21(32.8)

Outpatient clinic 13 (20.3)

Home-based treatment 30 (46.9)

mRS 0, no symptoms; mRS 1, no significant disability; mRS 2, slight disability; but needs
no assistance; mRS 3, moderate disability, require some help but walk without assistance;
mRS 4, moderately severe disability; unable to walk without assistance; mRS 5, severe
disability, requires constant nursing care; mRS 6, dead.

The mean degree of independence in basic ADL improved
significantly (p < 0.001) from 84.9 (SD = 14.6) points on
the Barthel Index during hospitalization to 95.0 (SD = 9.0) 3
months after the stroke. There was no significant change in
overall resilience from baseline to 3 months later (mean = 3.1
(SD = 0.3) versus mean = 3.2 (SD = 0.5) points). This was
also the trend for each of the items in the BRS with only minor
changes from baseline to follow-up, despite item 1 (I tend to
bunch back quickly after hard times) which increased from 3.81
(SD =0.97) at baseline to 4.13 (SD = 0.32) at 3-month follow-up.
The mean scores for each item and the overall score at baseline
and follow-up are displayed in Figure 2.

Figure 3 shows the association between resilience at baseline
and independence in basic ADL, as measured by Barthel Index
at 3 months later. The plots reveal a ceiling effect of the Barthel
Index, with the majority of the participants scoring higher than
90 points.

Table 2 shows the results from the regression analysis.
Resilience measured at baseline did not show a statically
significant association with independence in basic ADL after 3
months in neither the bivariate (b = 2.01, 95% CI —5.21, 9.23,

p = 0.580) nor in the multivariate analysis (b = 0.50, 95%
CI —4.87, 6.88, p = 0.853), with an adjusted R? of 0.461. Age
and mRS score prior to the stroke were the covariates with the
strongest association with Barthel Index 3 months after stroke.

DISCUSSION

In contrast to our hypothesis, the results from this study
showed that resilience score obtained within 2 weeks after
stroke was not associated with independence in basic ADL 3
months later.

Generally, resilience could be described as a good outcome
despite adversity and risk (41). Our results showed no significant
association between resilience at baseline and good outcome in
basic ADL 3 months later. This result could indicate that the
impact of resilience might not apply to physical adversity, like
basic ADL, but is related to psychosocial adversity as shown by
several other researchers (6, 14, 18).

Another possible explanation for the lack of association could
be the study sample with a relatively high Barthel Index score
at 3-month follow-up. The scatter plot in Figure 3, is also
confirming a ceiling effect and a low spread of the Barthel
Index score in relation to resilience. Furthermore, the baseline
characteristics showing mild-to-moderate stroke severity at
inclusion suggest a relatively well-functioning selected group. It
is, therefore, possible that including a more heterogenous sample
with more severely affected stroke survivors also would have
given a different result.

The significant improvement in Barthel Index from baseline
to 3-month follow-up is in line with previous research showing
that the first 3 months after a stroke is when spontaneous and
behavioral recovery is at its highest (42, 43). In contrast, the
Brief Resilience Scale showed no change during this period,
supporting the assumption that resilience is a personal trait (44),
which might be independent of the recovery process. The mean
resilience score of 3.1 (SD 0.3) at baseline is indicating an average
neutral response to the statements in BRS in this population. It
would have been interesting to know their resilience score prior
to the stroke. However, as indicated by Figure 2 the scores were
close to 4 points for the positively worded items (item 1, 3, and
5) and below three points for the negatively worded items (item
2, 4, and 6), which may indicate that the participants were not
able to fully understand the wording and scoring of all items. The
Brief Resilience Scale does not have a specified change in score
that would be clinically meaningful but has previously shown an
excellent construct validity and an excellent internal consistency
with alphas >0.70 and <0.95 (37). Even though the BRS has been
validated in several populations with chronic diseases (36, 37)
our study indicates that it needs to be validated also in the
stroke population.

Methodological Considerations

This is the first study to assess the association between resilience
in the early phase and basic ADL 3 months later in a stroke
population. Assessing resilience within 2 weeks after a stroke
is assumed to give highly valid response to the ability to
bounce back from a serious event, which should be considered
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FIGURE 3 | Associations between resilience scored during hospitalization and independence in basic ADL 3 months post-stroke.

a major strength of this study. Another strength was that
all included participants underwent treatment in an evidence-
based stroke unit with a focus on early rehabilitation to regain
independence in basic ADL. The multidisciplinary approach with
focus on physiological homeostasis, nutrition, and fluid intake
and also on early mobilization and goal achievement (23, 24),

might have facilitated positive coping strategies in a stressful
situation (45).

Ninety-eight subjects accepting participation represented
about 15% of patients admitted to the stroke unit during the
recruitment period. The low recruitment rate was caused by
patients not meeting our inclusion criteria, failing to be screened
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TABLE 2 | Bivariate and multivariate linear regression analyses for association between resilience and independence in basic ADL after stroke (n = 64).

Independence in basic ADL measured by Barthel Index 3 months after stroke

Bivariate analyses

Multivariate analyses

b 95% CI P b 95% CI p

Resilience 2.01 -5.21109.23 0.580 0.50 —4.87 t0 6.88 0.853
Covariates

FSS-7 at baseline 0.01 —-0.19t0 0.19 0.986 0.10 —0.06 t0 0.26 0.219

Age —0.68 —0.88to —0.48 <0.001 —0.50 —0.73t0 —0.28 <0.001

Female sex —4.41 —8.80 to —0.02 0.049 —2.27 —6.2210 0.97 0.149

mRS prior to stroke —7.00 —9.20to —4.08 <0.001 —4.09 —7.231t0 —0.95 0.012

SSS at admission 0.13 —0.1410 0.39 0.346 —0.02 —0.22100.18 0.835

ADL, Activities of Daily Living; FSS-7, Fatigue Severity Scale 7-item; mRS, Modified Rankin Scale; SSS, Scandinavian Stroke Scale.

inside the inclusion window, or refused participation. Another
important reason for the low inclusion rate was because the
physiotherapist responsible for inclusion was working part-
time, which might have increased the risk of failing to include
patients with a short hospital stay. Unfortunately, we do not
have a detailed screening log reporting the specific reason for
being excluded from the study. The low recruitment rate might
represent a selection bias. However, comparison with data from
the Norwegian stroke registry suggests that our participants were
comparable to most stroke survivors in Norway regarding stroke
severity and degree of disability (46). Of the 98 participants
first included in the study, 34 (34%) were lost to follow-up.
However, secondary analysis of baseline characteristics of age,
sex, modified Rankin Scale prior to the stroke, stroke severity,
functional impairment, and independence in basic ADL did not
show any clinical or statistical difference between those included
and excluded from the study. Therefore, we would argue that the
participants included in the final analysis were representative of
those originally included in the study.

We applied rather broad inclusion criteria to ensure inclusion
of a population representing the heterogeneity of stroke
survivors. However, in line with several other stroke studies (47,
48) the baseline characteristics (Table 1) suggest that participants
had only mild-to-moderate disability after stroke, and with
the ceiling effect of the Barthel Index after 3 months further
underlines this (Figure 3). The ceiling effect is likely to influence
on our results with a low variance making associations less
likely. This should be considered when interpreting our results.
Including stroke survivors with more severe strokes and without
the ability to move independently could have given different
results. Even though, the Barthel Index has been widely used as
an assessment tool for ADL function for stroke survivors, adding
a more extensive and responsive measure like the Functional
Independent Measure (49) or the Stroke Impact Scale (50) would
be more appropriate to applied in a future study.

The inclusion criteria allowed both first time- and recurrent
strokes to be included in the study. Participants with a recurrent
stroke may have suffered from impairments such as movement
disorders or fatigue prior to testing, which could influence on
the results. This variation has been accounted for by adjusting for
pre-stroke function as measured by the modified Rankin Scale in

the multivariate regression analysis. However, in future studies
with a larger sample size, a sub-group analysis differentiating
between first ever and recurrent strokes could add additional
information about sub-groups of stroke patients.

The relatively wide inclusion window ranging from 1 to
12 days after stroke onset may influence on the results, as
spontaneous recovery is at its highest the first days and weeks
after a stroke. This inclusion window was chosen to recruit as
many participants as possible. However, the average day from
stroke onset to inclusion was 4.3 (SD 2.8) days, indicating
that most participants were included within the first week after
the stroke.

The linear regression was chosen instead of dichotomizing
Barthel Index in order to maintain statistical power given
the relatively small sample size. We chose to add 5 different
covariates to the analysis. These were chosen based on the
literature and clinical judgment. Sex has previously been
questioned as a predictor of ADL outcome after a stroke (51).
However, the bivariate analysis showed a borderline significance
level (p = 0.049), which was an argument to include sex as a
covariate in the multivariate analysis.

In conclusion, our results showed that early measurement
of resilience was not associated with independence in basic
activities of daily living 3 months after stroke, indicating
that resilience is a personal trait which do not have an
impact on the outcome of physical adversity. However,
future research should investigate whether resilience
is related to the outcomes of psychosocial adversity
after stroke.
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