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Abstract

Background: Owing to the improvementin acute care, there
has been an increase in the number of people surviving
stroke and living with its impairments. Frailty is common in
people with stroke and has a significant impact on the prog-
nosis after stroke. To reduce frailty progression, potentially
modifiable factors should be identified. Increasing levels of
self-efficacy influence both behaviour and physical function-
ing, and therefore it could be a potential target to prevent
frailty. Methods: This is a prospective cohort study that in-
volved the secondary analysis of the RISE data to examine
the relationship between self-efficacy and frailty. The RISE
study is a longitudinal study that consists of 200 adults aged
18+ years after their first stroke event. Data were collected
from the respondents at 3 weeks, 6 months, 12 months, and
24 months after their discharge from the hospital. Frailty was
assessed using the multidimensional frailty index with scores
ranging from 0 to 1, and self-efficacy was assessed using the
SESx scale, which was dichotomized as low/moderate or
high. Frailty trajectories were examined using the repeated
linear model. The generalized estimating equation was used

to examine the relationship between self-efficacy and frailty
at baseline and in the future (6-24 months). The B coeffi-
cients were reported at 95% Cl before and after adjusting for
potential confounders (age, gender, stroke severity, educa-
tion, and social support). Results: A total of 200 responses
were analysed, and the mean age of the respondents was
67.78 £ 11.53. Females made up 64% of the sample, and the
mean frailty score at baseline was 0.17 = 0.09. After adjusting
for confounders, respondents with low self-efficacy had an
approximately 5% increase in their frailty scores at baseline
and in the 24-month follow-up period compared to those
with high self-efficacy. Conclusion: The result from this study
showed that self-efficacy was significantly associated with
frailty after stroke. Our findings suggest that self-efficacy
may play a role in frailty progression among stroke survivors.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

According to the global burden of disease report in
2016, stroke is one of the leading causes of mortality
worldwide with an estimated 5.5 million deaths and 116
million disability-adjusted life years [1]. Conversely, 50%
of stroke-related deaths have been linked to poor man-
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agement and thus potentially preventable [2]. Frailty is
common in people with stroke and has a significant im-
pact on the prognosis after stroke [3]. Almost 25% of the
people with stroke become frail [3], two times more than
healthy peers. Frailty is one of the long-term determi-
nants of survival after stroke, and it is associated with
cognitive deficit and decline in activities of daily living
(4].

Frailty is a clinical syndrome characterized by an in-
crease in the body’s susceptibility to stressors [5]. Cur-
rently, there is no universally agreed definition of frailty.
It has been demonstrated that the deficit accumulation
model, which incorporates all aspects of frailty such as
physical, affective, and cognitive, is an adequate represen-
tation of frailty [6-8]. Although there is no consensus on
the definition of frailty [9], frailty has been linked to an
increased number of mortalities among stroke patients
[10].

In geriatric research, it is objectified that frailty is dy-
namic and reversible [11-13]. Owing to the increased risk
of frailty among stroke patients, reversing frailty will be
potentially beneficial to a substantial part of this popula-
tion. This means thata proper stroke recovery plan should
include assessing and managing frailty among patients.
However, to proceed, there is a need to investigate the
prevalence of frailty in community-dwelling people with
stroke.

To effectively manage frailty among those living with
stroke, there is a need to also identify its modifiable risk
factors. Home-based intervention with both physical
function and behavioural components has shown to have
positive effects on reducing frailty [14]. In other popula-
tions and stroke populations, it has been found that in-
creasing the level of self-efficacy influences both health
behaviour and physical functioning and is linked to better
health outcomes [15-17]. Self-efficacy is successfully tar-
geted in interventions for people with stroke and linked
to decreased progression of cardiovascular diseases [18].
Recently, it was found that high levels of self-efficacy were
associated with lower odds of frailty in older adults with
chronic disease [19]. Therefore, self-efficacy could be an
important modifiable risk factor to prevent frailty among
people living with stroke.

Although the association between frailty and self-effi-
cacy was found in older adults with chronic disease, there
is a paucity of the literature on the relationship between
self-efficacy and frailty among community-dwelling peo-
ple with a first-ever stroke. Thus, there is a gap in the
knowledge of frailty prevalence and frailty trajectory
among community-dwelling individuals living with
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stroke. Understanding frailty progression among these
individuals will be crucial to managing frailty-related ad-
verse outcomes among community-dwelling individuals
[4]. In this study, we aimed to examine the frailty trajec-
tory among people with a first-ever stroke in the first two
years after discharge from facility-based care to the com-
munity and investigate the relationship between being
frail and self-efficacy.

Materials and Methods

This is a prospective cohort study that involves the secondary
data analysis of the RISE data (see study design).

Participants and Study Design

The RISE study is a longitudinal study of 200 individuals with
a first-ever stroke discharged from facility-based care to the home
setting. Participants were recruited from 4 stroke units in The
Netherlands and included between February 2012 and April 2017.
Patients were included in the RISE study when they had the first
clinical diagnosis of haemorrhagic or ischaemic stroke, were dis-
charged from inpatient care to the home and community setting,
were 218 years at the time of their stroke, and were independent
in activities of daily living before stroke (Barthel Index >18) [20].
After written, informed consent was obtained, the demographic,
stroke, and care characteristics were extracted from patients’ re-
cords. Participants were visited within 3 weeks, 6 months, 1 year,
and 2 years after returning home by trained researchers. Before the
participant was visited at home, a postal questionnaire was sent to
obtain psychological characteristics. Data on cognition, activities,
and participation outcomes were obtained, and participants re-
ceived an accelerometer during the visit to objectify movement
behaviour.

Measures

Outcome Variable

Frailty

Frailty was assessed in this study using the frailty index
(FI) [21]. The FI measures accumulated impairments or
deficits in the physical, cognitive, and psychosocial do-
mains of health. In this study, a total of 30 deficits from
the RISE data were included in the FI to ensure that the
outcome estimates are precise [22]. The FI is comparable
across studies, even when different numbers (>30 defi-
cits) or types of deficits are counted. Following previous
research [22], the deficits were assigned values between 0
and 1 to generate the frailty score. The frailty index score
was calculated by adding up each respondent’s total defi-
cits and dividing this by 30. The output score is expected
to range between 0.0 and 1.0, where a higher score indi-
cates greater frailty.
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Independent Variable

Self-Efficacy

The self-efficacy of participants in this study was as-
sessed using the Self-Efficacy for Ssymptom Management
Scale (SESx) [23]. The SESx is a 13-item scale developed
to measure perceived self-efficacy. The SESx items were
rated on a 10-point scale (1 = not at all confident to 10 =
confident) and summed to a total score of 13-130 (0-57
indicates low self-efficacy, 58-114 for moderate self-effi-
cacy, and 115-130 for high self-efficacy).

Covariates/Confounders

Stroke Severity

The severity of stroke symptoms was measured with
the National Institutes of Health Stroke Scale (range,
0-42). The NIHSS has a good predictive record for recov-
ery after stroke. A previous study has shown that a unit
increase in the NIHSS score predicted a poorer outcome
among stroke survivors. In this study, the NIHSS was in-
cluded in the analytical model as a discrete variable.

Social Support

Social support in the RISE study was determined using
the 12-scale social support list (SSL). There are 12 ques-
tions in the SSL divided into 3 subscales: social support in
problem situations, everyday support, and esteem sup-
port. Responses from participants were coded 1-4 (rarely
or never, occasionally, regularly, and very often, respec-
tively). The sum of individual scores to the 12 questions
for each participant was used to calculate the social sup-
port level. The social support scores ranged from 4 to 48,
and higher scores indicated better social support levels.
We included social support in our analysis as a discrete
variable.

Other Covariates

Educational level was asked using the Dutch classifica-
tion system and dichotomized into low (score 1-5, up to
completed secondary education) and high (score 6-7,
completed secondary professional education, university,
or higher). Age was included in the analysis as a continu-
ous variable, and sex was coded male or female.

Data Analysis

SPSS version 25.0 was used to analyse the data. The
data view was structured in the long format for the longi-
tudinal analysis of repeated data. Missing data identified
in the RISE dataset were imputed using the multiple im-
putations in SPSS. It is pertinent to ensure that bias that
could result from missing data is avoided. We conducted

Low Self-Efficacy Associated with Post-
Stroke Frailty

a missing value analysis and examined the pattern in the
missing cases. This is necessary as the imputations meth-
od is suggested to be dependent on the pattern of the
missing data [24]. For instance, the monotone method is
appropriate if the data were not missing at random. In our
imputation, the fully conditional specification method
(Markov Chain Monte Carlos) was utilized because our
data contained missing values at random. The imputation
of the data was done in 5 iterations to manage the outputs,
and the results of the pooled data are reported in this
study.

To determine the frailty trajectory among the partici-
pants, we compared the mean differences in the frailty
scores across four time points using the repeated general
linear model (GLM). The repeated contrast option was
used for the “within-subject” tests, and the Bonferroni
confidence interval adjustment was used to compare the
main effects in the GLM model. The frailty scores at the
4 time points were plotted on a box plot, and the frailty
index cutoff points of 0.2 and 0.3 were used to describe
the prevalence of prefrailty and frailty in the cohort fol-
lowing previous research [22].

We modelled the relationship between the indepen-
dent variables and frailty using the generalized linear
models and generalized estimating equation (GEE) for
the longitudinal analysis. The GEE is a variant of the gen-
eralized linear model that can be used for repeated data.
The generalized linear model does not require a normal-
ly distributed response variable to create a predictive
model [25]. This way, we were able to achieve parameter
estimates from the model without the normality assump-
tion. At first, we examined the cross-sectional relation-
ship between self-efficacy and frailty by including base-
line frailty as a continuous response variable. A future
frailty variable was developed to examine the relation-
ship between self-efficacy and the combined frailty out-
comes at 6 months, 1 year, and 2 years. The future frailty
variable was entered into the model in a continuous form
as well. In the adjusted GEE model, the covariates were
introduced into the model to examine for confounding
effects. Backward elimination was used to remove pre-
dictors with a p value above 10% as done in other studies
[26]. For the scale predictors, a 1-unit difference in the
predictor at baseline is associated with B units decreasing
or increasing future frailty scores. The B coefficient for
the categorical variables is interpreted as the combined
average frailty scores over time. The multivariate analysis
results are presented as B coefficient at 95% confidence
intervals.
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the RISE study.

Table 1. Baseline sample characteristics (n = 200)

Total, N (%)

Age, years (mean + SD) 67.78+11.53
Gender

Female 128 (64)

Male 72 (36)
Educational status

Low 140 (70)

High (post-secondary) 60 (30)
Self-efficacy

Low/moderate 170 (85)

High 30(15)
Baseline frailty score, mean + SD 0.17+0.09
Stroke severity (NIHSS), mean + SD 4.03+4.02
Social support, mean + SD 30.8+6

Results

A total of 200 responses were analysed in this study. The
characteristics of the respondents are presented in Table 1.
Of the 200 respondents, 64% were male and 36% were fe-
male. The overall mean age of respondents was 67.8 + 11.5.
The minimum frailty score at baseline was 0.03, and the
maximum was 0.48. The mean frailty score at baseline was
0.17 £ 0.09. A larger percentage (85%) of the respondents
had low/moderate self-efficacy, and the majority of the re-
spondents (70%) did not have post-secondary education.

Two-Year Frailty Trajectory among the RISE Cohorts

The visualization of the frailty progression from baseline
to 2-year follow-up can be seen in Figure 1. Please note that
the red line and the blue line in Figure 1 indicate the prefrail
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Table 2. Mean differences for the frailty scores of the study sample
(T1-T4)

T1 frailty  T2frailty T3frailty T4 frailty
Mean scores 0.174 0.14 0.142 0.155
T1 —-0.034* —0.032* -0.019*
T2 0.002 0.016*
T3 0.013*

* p value <0.05.

cutoff (0.2) and frail cutoff (0.3), respectively. The box plot
highlights the average transition of respondents on the frail-
ty scale from baseline to 2 years after hospital discharge. The
plot shows that the median frailty score initially reduced for
the first 6 months after discharge to the home/community
setting but continued to increase up to 2 years. The plot also
shows that the prevalence of prefrailty and frailty increased
considerably in the cohort 12 months after discharge from
the hospital to the home setting.

The mean frailty scores from baseline to 2 years are
presented in Table 2. The GLM result showed a signifi-
cant difference in the future frailty mean scores compared
to the baseline at p < 0.01. There were significant changes
in the mean frailty scores between discharge and 6 months
and between 1 year and 2 years.

The Relationship between Self-Efficacy and Frailty

Baseline Frailty

The result of the multivariate analyses using the gen-
eralized linear model is presented in Table 3. Self-efficacy

Aminu/Wondergem/Van Zaalen/Pisters



Table 3. Multivariate analyses using the generalized estimating equation to examine the association between self-efficacy and frailty

Baseline frailty ~ Baseline frailty pvalue  Future frailty Future frailty p

(unadjusted) (adjusted) (unadjusted) (adjusted) value
Self-efficacy (low) 0.06 (0.04-0.08) 0.05 (0.02-0.08) <0.01 0.04 (0.02-0.06) 0.04 (0.02-0.06) <0.01
Education (below secondary) 0.025 (0.01-0.05) 0.051 0.02 (—0.001 to 0.04) 0.09
Age 0.001 (0-0.002) <0.05 0.002 (0.001-0.002) <0.01
Stroke severity (NIHSS) 0.005 (0.002-0.008) <0.01 0.005 (0.002-0.008) <0.01
Gender? (female) 0.03 (0.01-0.05) <0.05 - -

Reference group: high self-efficacy, secondary education or above, and male gender. Social support is not included in Table 3 because
it was not contributory to the GEE model. 2 Gender and social support were excluded from the models for future frailty because they had

p value >0.1.

significantly predicted frailty at baseline before and after
adjusting for the confounders (p < 0.05). Individuals with
low/moderate self-efficacy had higher frailty scores com-
pared to individuals with high self-efficacy. The baseline
frailty increased by 5% among individuals with low self-
efficacy at baseline.

Future Frailty

The result of the GEE analysis is also included in Ta-
ble 3. Self-efficacy remained a significant predictor of fu-
ture frailty scores of the respondents before and after ad-
justing for the confounders (p < 0.05). The future frailty
increased by 4% among individuals with low self-efficacy
at baseline.

Discussion

Frailty has become a global health concern because of
its potentially huge impact on healthcare resources and
due to the evidence-practice gap that may exist in the
management of frail individuals [6, 27, 28]. Aside from
the multidimensional frailty index utilized in this study,
the other well-cited definition of frailty is the phenotype
model that focuses mainly on physical frailty. The differ-
ences and implications of both definitions of frailty have
been discussed in previous studies, including the different
cutoff points used in the frailty index [9, 29, 30]. Although
the multidimensional frailty index tends to produce a
higher frailty prevalence compared to the phenotype
model, the multidimensional frailty index is better at pre-
dicting adverse health outcomes especially among indi-
viduals living with chronic conditions [31].

The findings showed that the mean frailty index score
for the respondents was 0.17, and it is consistent with the

Low Self-Efficacy Associated with Post-
Stroke Frailty

findings from previous research that analysed the SHARE
data to examine frailty prevalence among 11 European
countries [32]. The frailty trajectory among the respon-
dents in the present study typifies the pattern of stroke
recovery and demonstrates the “golden period” in stroke
management [33]. The golden period is the time where
the highest impact of rehabilitation on the functional re-
covery of stroke patients is recorded and usually in the
first 3-6 months after stroke [33]. This may explain the
reason for the significant drop in the frailty scores of the
respondents in this study in the first 6 months after their
stroke event.

In this study, we examined the relationship between
self-efficacy and frailty after stroke. Self-efficacy has been
shown to positively influence the recovery and manage-
ment of stroke patients [34]. Results from a previous sys-
tematic review of 22 studies showed that self-efficacy in-
terventions in stroke management have been linked to
positive health outcomes such as quality of life, perceived
health status, and physical functioning among stroke sur-
vivors [17]. Although there are limited data on the use of
self-efficacy intervention to address frailty, our findings
suggest that individuals who score low on self-efficacy af-
ter stroke may benefit from such interventions. The re-
sults of the GEE analysis in this study showed that there
was approximately 5% increase in the risk of frailty among
individuals with low/moderate self-efficacy compared to
those with high self-efficacy. Thus, self-efficacy interven-
tions specifically targeted at frailty management may im-
prove the overall health outcomes among stroke surviv-
als.

Although the present study has shown that high self-
efficacy is an important factor that can influence or poten-
tially prevent poor frailty outcomes among post-stroke
patients, the mechanism underlying our findings may not
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be entirely linear. A possible explanation of the effect of
self-efficacy on frailty is through the change in movement
behaviour. In the RISE study, individuals with low self-
efficacy were found to be less active/sedentary [35]. Previ-
ous longitudinal research examined the relationship be-
tween frailty and sedentary behaviour in the Toledo Study
for Healthy Aging in Spain [36]. The authors indicated
that individuals with poor movement behaviour were
more likely to have higher frailty scores [36]. It is thus pos-
sible that low self-efficacy will influence movement behav-
iour, which then could affect frailty outcomes. Another
potential hypothesis to explain the link between self-effi-
cacy and frailty is the activities of daily living (ADL). ADL
has been identified as one of the correlates of frailty in
previous studies [37, 38]. Findings from previous studies
have shown that high self-efficacy improve functioning in
daily activities [39, 40]. However, it could be not be deter-
mined in the present study if low self-efficacy will reduce
ADL functioning. Future studies can investigate if these
hypotheses will hold for the relationship between self-ef-
ficacy and frailty progression among stroke survivors.
The strength of this study is that it provides evidence
to potentially manage the health and wellbeing of stroke
survivors. This is because clinical frailty has been suggest-
ed to increase the risk of early mortality among post-
stroke patients [41]. It is thus expected that the knowledge
of the predictors of frailty progression among stroke sur-
vivors will be vital to foster better post-stroke manage-
ment strategies. However, the application of the findings
from this study should be taken with caution, and the lim-
itations must be acknowledged. One of the limitations of
this study is the possible selection bias in the recruitment
of the participants. A previous study has indicated that
major selection bias occurs in the recruitment of stroke
patients into research due to lower mortality among the
enrolled participants compared to those not recruited
[42]. We have acknowledged that the participants in this
study are those with minor strokes. Notwithstanding, the
findings highlight the importance of assessing and man-
aging frailty among people living with stroke. The rela-
tively small sample size could also potentially limit the ef-
fect sizes and statistical power, which can affect the gener-
alizability of the study findings. We thus recommend that
a future study including a larger sample size should delib-
erately collect more anthropometric data and other frail-
ty-related measurements to assess frailty among people
living with stroke. Overall, we believe that the findings
from this study added to the knowledge of the modifiable
risk factors of frailty and could suggest future interven-
tions for frailty management among stroke survivors.
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Conclusion

In this study, we have examined the frailty trajectory
among post-stroke patients and analysed the relationship
between frailty and self-efficacy. Our findings showed
that low self-efficacy could potentially increase the risk of
frailty among stroke survivors. We thus recommend that
future studies should explore the use of self-efficacy inter-
ventions on frailty management among post-stroke pa-
tients.
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