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ABSTRACT

Background. Stroke survivors’ self-ratings of functional abilities are often inconsistent with
ratings assigned by others (e.g. clinicians), a phenomenon referred to as ‘impaired self-
awareness’ (ISA). There is limited knowledge of the biopsychosocial contributors and conse-
quences of post-stroke ISA measured across the rehabilitation journey. This multi-site cohort
study explored biopsychosocial correlates of ISA during subacute rehabilitation (inpatient) and at
4 months post-discharge (community-dwelling). Methods. Forty-five subacute stroke survivors
participated (Age M (s.d.)=71.5 (15.6), 56% female), and 38 were successfully followed-up. Self-
assessments were compared to those of an independent rater (occupational therapist, close
other) to calculate ISA at both time points. Survivors and raters completed additional cognitive,
psychological and functional measures. Results. Multivariate regression (multiple outcomes)
identified associations between ISA during inpatient admission and poorer outcomes at
follow-up, including poorer functional cognition, participation restriction, caregiver burden,
and close other depression and anxiety. Regression models applied cross-sectionally, including
one intended for correlated predictors, indicated associations between ISA during inpatient
admission and younger age, male sex, poorer functional cognition, poorer rehabilitation engage-
ment and less frequent use of non-productive coping (adjusted R =0.60). ISA at community
follow-up was associated with poorer functional cognition and close other anxiety (adjusted
R?=0.66). Conclusions. Associations between ISA and poorer outcomes across the rehabilitation
journey highlight the clinical importance of ISA and the value of assessment and management
approaches that consider the potential influence of numerous biological and psychosocial factors
on ISA. Future studies should use larger sample sizes to confirm these results and determine the
causal mechanisms of these relationships.

Keywords: acquired brain injury, appraisal discrepancy, biopsychosocial, cognition, insight,

rehabilitation, self-awareness, stroke.

Introduction

Impaired self-awareness (ISA) arises when ‘a patient, affected by a brain dysfunction,
does not recognise the presence or appreciate the severity of deficits in sensory, percep-
tual, motor, affective or cognitive functioning’ (Orfei et al. 2007, pp. 3075-3076). This
condition often appears in the early stages of post-stroke recovery and affects one-third to
three-quarters of stroke survivors (Starkstein et al. 1992; Hartman-Maeir et al. 2003).
Assessment commonly involves comparing a survivor’s self-assessment with their treat-
ing clinician’s assessment, and any resulting discrepancies indicate ISA.

In stroke, studies have focussed on ISA for physical impairments (e.g. awareness of
hemiplegia) (Nurmi and Jehkonen 2014). Knowledge of ISA for functional abilities (e.g.
independent living tasks and the skills required to perform them) is limited, despite these
abilities being the focus of rehabilitation. Accordingly, this study sought to identify
factors associated with post-stroke ISA for functional abilities. Improved knowledge of
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associated factors may support clinicians in identifying
those at risk of post-stroke ISA and may also lead to
improved clinical management for those stroke survivors
evidencing ISA.

Research gaps also exist regarding the outcomes of ISA in
stroke survivors. Most research in stroke has focused on ISA
during inpatient admissions, perhaps because many cases
improve within 3-6 months (Hier et al. 1983; Vocat et al.
2010), but the absence of cohort studies means we know
little about the long-term outcomes of those who evidence
post-stroke ISA during their recovery (Jehkonen et al
2006). This knowledge is critical in determining the clinical
significance of post-stroke ISA and in selecting appropriate
community supports.

In this paper, the term ‘impaired self-awareness’ has been
used to align with existing nomenclature and refers to dis-
crepancies between stroke survivor self-assessment and the
assessment of a proxy rater (e.g. clinician or close other).
However, it is important to avoid conflating discrepancies
with the underreporting of impairments by the stroke survi-
vor. Discrepancies may arise from reporting errors on the
part of the proxy rater, the stroke survivor, or both.
Furthermore, in some instances it may be particularly diffi-
cult to determine whose assessment is most accurate, espe-
cially when evaluating higher-order functions such as
cognition, emotional functions and participatory abilities,
which tend to be more challenging to assess objectively and
to quantify deviations from premorbid functioning (Avlund
1997; Cameron et al. 2020). It is arguably more important to
focus on the extent of rating inconsistency between survi-
vors and clinicians/close others than to determine whose
assessment most closely approximates truth. Hence while
the term ‘impaired self-awareness’ is used in this research
paper, the methodological and interpretative framework
employed by the authors focusses on the extent of rating
consistency between parties in their assessments of stroke
survivor functioning.

Early explanatory frameworks of ISA were unidimensional
and had a strong focus on biomedical and neurocognitive
drivers (Weinstein and Kahn 1955; Crosson et al. 1989;
McGlynn and Schacter 1989; Heilman et al. 1998; Toglia
and Kirk 2000). Modern conceptual advances have, however,
shaped ISA as a multidimensional construct that is the prod-
uct of multiple contributing factors (Marcel et al. 2004; Orfei
et al. 2007; Orfei et al. 2009; Jenkinson et al. 2011). In
line with these advances, Clare, Ownsworth and Morris
applied the biopsychosocial model of health (Engel 1980)
to develop an explanatory framework of ISA (Clare 2004;
Ownsworth et al. 2006), proposing that ISA arises from the
combined influences of biological, psychological and socio-
environmental factors. These factors interact with each other
to influence presentations of ISA and hence it is useful to
examine these collectively. The biopsychosocial framework’s
flexibility and multidimensionality offers considerable expla-
natory power, demonstrating effectiveness in other

populations affected by ISA, such as dementia (Ownsworth
et al. 2006; Clare et al. 2012; Lacerda et al. 2020) and
traumatic brain injury (TBI) (Niemeier et al. 2014; Belchev
et al. 2017); however, there are limited similar applications
in stroke.

To progress this, variables of clinical significance can be
identified from research in other affected clinical popula-
tions (e.g. TBI) and tested in a biopsychosocial framework
with stroke survivors to identify those associated with post-
stroke ISA. Research examining ISA in dementia and TBI
populations is comparatively more advanced and has iden-
tified a number of factors associated with ISA, though there
is considerable inter-study variation in the direction and
strength of these associations and thus the findings cannot
be regarded as definitive. Nonetheless, research has identi-
fied associations between ISA and cognitive impairment
(Amanzio et al. 2013; Zimmermann et al. 2017), neuro-
anatomical lesion sites (Pia et al. 2004; Zamboni et al
2013; Terneusen et al. 2022), greater injury severity
(Sherer et al. 2005; Zimmermann et al. 2017), coping mech-
anisms (Tagai et al. 2020), personality traits such as neurot-
icism and hypersensitivity to deficits (Belchev et al. 2017;
Martyr et al. 2022), emotional distress (Martyr et al. 2022;
Wheeler et al. 2022), younger age (Sherer et al. 2003b;
Hertzog and Dunlosky 2011; Zimmermann et al. 2017)
increased caregiver burden (Kelleher et al. 2016), social
constructions of disability (Yeates et al. 2006), compromised
rehabilitation engagement (Fleming and Strong 1995), lim-
ited functional gains from treatment (Gialanella et al. 2005;
Ownsworth and Clare 2006; Smeets et al. 2017), and poorer
community reintegration (Jehkonen et al. 2001; Robertson
and Schmitter-Edgecombe 2015). Thus research conducted
in dementia and TBI populations has helpfully identified
factors that may be relevant when seeking to determine
factors that represent predictors and outcomes of ISA in
stroke survivors. To test their relevance in stroke, these
factors must be collectively examined in a stroke-only sam-
ple because stroke differs from dementia and TBI on vari-
ables that may influence associations, such as illness
trajectory, post-injury impairment profile and other clinical
and demographic characteristics (World Health Organization
2019). To our knowledge, there is no research in stroke-only
populations that collectively examines biopsychosocial fac-
tors associated with ISA for functional abilities.

Thus, there is the need for a cohort study that examines
biopsychosocial factors associated with post-stroke ISA over
the course of recovery to identify potential predictors and
outcomes of ISA. Our study therefore investigated associa-
tions between biopsychosocial variables and post-stroke ISA
at inpatient rehabilitation (‘inpatient’ stage) and again at
4 months post-discharge (‘community-dwelling’ stage) in a
representative stroke sample. Given the extensive number of
possible biopsychosocial variables, those with the most
empirical support were selected for inclusion in this study.
Despite some variables demonstrating more convincing
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associations with ISA in other populations, considerable
variation still exists between study findings and thus we
refrained from posing directional hypotheses, electing to
conduct an exploratory investigation instead. To maximise
the number of associations identified in the data, this study
examined concurrent associations (i.e. variables measured
at the same time point) and associations across time points.
This facilitated exploration of predictors and outcomes of
ISA. Specifically, the study examined the relationship
between ISA at inpatient admission and concurrently occur-
ring factors; between ISA at inpatient admission and factors
occurring at community follow-up; and between ISA at
community follow-up and concurrently occurring factors.

Materials and methods

Ethics approval for this multi-site prospective observational
cohort study was granted by the participating hospitals and
university (HREC Ref. 12380B). The study is reported
according to STROBE guidelines (Vandenbroucke et al
2007; von Elm et al. 2007).

Participants

Stroke survivors

Participants were consecutively recruited from two inpa-
tient stroke rehabilitation wards in Melbourne, Australia
between April 2013 and April 2014. Inclusion criteria
were diagnosis of recent stroke (confirmed by medical
team and imaging); minimum 18years old; and English
fluency. Survivors were excluded if they had comorbid neu-
rological pathology, severe cognitive or language impair-
ment preventing valid completion of assessment measures,
or a significant current psychiatric illness.

Close others

Stroke survivors nominated a family member or friend to
participate. Selection criteria were identical to the stroke
survivor group, except for stroke pathology.

Clinicians

Each stroke survivor’s occupational therapist partici-
pated. All had a Bachelor of Occupational Therapy and
were registered practitioners.

Measures

Post-stroke ISA

The Patient Competency Rating Scale (PCRS) (Prigatano
et al. 1986) is a measure of ISA developed for TBI and since
used satisfactorily in stroke (Fischer et al. 2004; Noé et al.
2005; Barskova and Wilz 2006; Smeets et al. 2012). The
PCRS enjoys widespread popularity, and in a comprehensive
review, the PCRS was one of only three ISA measures

deemed to have acceptable psychometric and conceptual
properties (Smeets et al. 2012). The measure produces a
discrepancy score of +120 and positive values indicate
patient ‘overestimation’ compared to the independent
rater. There are several different methods for calculating
PCRS discrepancy scores (Fleming et al. 1996). Consistent
with the study’s focus on the presence of discrepancies
rather than overall determinations of accuracy, we con-
verted the discrepancy scores on each item to absolute
values and summed for a total absolute discrepancy score.
Further details of the measure are provided in Table 1.

Demographic, stroke, functional, psychological and

caregiver measures

Details of demographic, stroke, functional, psychological
and caregiver measures are summarised in Table 1. The
study used patient-reported measures to assess a number
of subjective constructs, including psychological distress,
quality of life and coping style. Self-report was deemed a
valid approach given its routine use in research examining
correlates of ISA (e.g. Orfei et al. 2007; Smeets et al. 2017;
Dromer et al. 2021; Martyr et al. 2022), and literature
supporting reliable self-report of these symptoms in persons
with mild to moderate cognitive impairment (Trigg et al
2007; Frank et al. 2011; Ismail et al. 2017).

Procedure

Inpatient

Stroke survivors were approached on the rehabilitation
ward. After providing informed consent, the stroke survivor
completed researcher-administered measures assessing ISA
(PCRS), mood, cognition, and coping style. Their occupational
therapist subsequently completed the PCRS and question-
naires assessing the survivor’s motor functioning, functional
cognition, and rehabilitation engagement. Parties were
blinded to each other’s responses to reduce potential bias.
During the inpatient stage, stroke survivors also nominated
a close other (most often a family member or friend) to
participate in the community stage of the study.

Community-dwelling

Approximately 4 months post-discharge, stroke survivors
again completed the PCRS and measures assessing quality of
life and emotional distress. Separately to the survivor and
with the aid of a research assistant, the close other provided
informed consent prior to completing the PCRS and assess-
ments of the survivor’s motor, cognitive, and participation
abilities. Close others also reported on their own emotional
distress and carer burden. The decision to have close others
(rather than clinicians) complete the ISA measure at com-
munity follow-up was informed by recognition that close
others would have the most frequent opportunities to
observe stroke survivor functioning in the community, and
also practical constraints (inpatient clinicians did not have
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Table 1. Description of assessment measures.
Construct Assessment tool Description and administration Scale
Impaired self- Patient Competency Rating Scale Stroke survivors rated their abilities on a broad 30 items
awareness (PCRS) (Prigatano et al. 1986) range of functions, including activities of daily * Response options: 1 (‘can’t do’) to 5

Stroke severity
Cognitive
impairment

Motor functioning

Functional
cognition

Participation
restriction

Rehabilitation

engagement

Depression

Anxiety

Coping style

Quality of life

Caregiver burden

The National Institutes of Health
Stroke Scale (NIHSS) (Brott
et al. 1989)

Montreal Cognitive Assessment
(MoCA) (Nasreddine et al. 2005)

Functional Independence Measure
(FIM) — motor subscale (Granger
et al. 1986)

Functional Independence Measure
(FIM) — cognition subscale (Granger
et al. 1986)

Mayo Portland Adaptability
Inventory-4 Participation Index
(MPAI-4-Pl) (Malec and Lezak 2003)

Hopkins Rehabilitation Engagement
Scale (HRES) (Kortte et al. 2007)

Hospital Anxiety and Depression
Scale (HADS) — depression subscale
(Zigmond and Snaith 1983)

Hospital Anxiety and Depression
Scale (HADS) — anxiety subscale
(Zigmond and Snaith 1983)

Coping Scale for Adults — Short
Form (CSA-SF) (Frydenberg and
Lewis 1996). Subscales used:

— non-productive coping

— dealing with the problem

Assessment of Quality of Life
(AQoL-4D) (Hawthorne and
Osborne 2005)

Zarit Burden Interview (ZBI) (Zarit
et al. 1980)

living (ADLs), applied cognitive skills, and
emotional and interpersonal skills.

Stroke survivors’ ratings were compared with an
independent rater (clinician or close other) who
used an equivalent form to rate the survivor on
the same items.

Discrepancy scores were calculated by
subtracting clinician/close other ratings from
survivor ratings on each item, converting to an
absolute value, and summing.

Medical staff rated the stroke survivor during
acute hospital admission. Ratings were transcribed
from the stroke survivor’s medical record.

Stroke survivors completed the cognitive
screening tool.

Clinicians and close others rated how much
assistance was required for the stroke survivor to
carry out basic ADLs such as self-care, toileting
and transfers.

Clinicians and close others rated how much
assistance was required by the stroke survivor to
carry out daily activities that draw upon social
cognition and communication skills.

Clinicians and close others estimated the degree
to which the stroke survivor was restricted from
fully participating in life activities such as
employment, financial management, and socialising.

Clinicians rated stroke survivor engagement in
rehabilitation.

Stroke survivors and close others self-reported
symptoms of depression. This measure has been
validated for use in both clinical and non-clinical
samples (Bjelland et al. 2002).

Stroke survivors and close others self-reported
symptoms of anxiety. This measure has been
validated for use in both clinical and non-clinical
samples (Bjelland et al. 2002).

Stroke survivors reported how often they used
each strategy to cope with overall concerns.

AQoL-4D is a multi-attribute utility health-related
quality of life instrument that calculates an
overall utility score. Stroke survivors reported on
four dimensions of life quality.

Close others responded to items assessing
aspects of carer burden.

(‘can do with ease’)

Range: 0 to 120" (discrepancy score)
Larger values indicate greater levels
of impaired self-awareness

1 items
Range: 0 to 42
Higher scores indicate greater severity

30 items
Range: 0 to 30 (s 25 suggests a
degree of cognitive impairment)

13 items

Range: 13 to 91

Higher scores indicate greater
independence in functioning

5 items

Range: 5 to 35

Higher scores indicate greater
independence in functioning

8 items

Range: 0 to 32

Higher scores indicate greater
participation restriction

5 items

Range: 5 to 30

Higher scores indicate better
engagement

7 items

Range: 0 to 21

Higher scores indicate greater
emotional distress

7 items

Range: 0 to 21

Higher scores indicate greater
emotional distress

7 items (per subscale)
Range: 21 to 105 (per subscale)
Higher scores indicate greater use

12 items

Range: 1.00 (full health); 0.00 (death-
equivalent health states); -0.04
(health states worse than death)

22 items
Range: 0 to 88
Higher scores indicate larger burden

AAbsolute values used, see Measures section for details.
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Fig. 1. Participant flow (see Table 1 for description of measures).

continued contact with the stroke survivor). Fig. 1 provides
an overview of assessments administered at each time point.

Data analysis

Although no formal power analysis was undertaken, a target
sample size of 50 was selected for this study as it was

deemed achievable given the stroke population in the
study sites and the time and resource constraints of the
study (Lakens 2022). We calculated estimates of effect size
(eta-squared and adjusted R?) and present 95% confidence
intervals.

To investigate relationships between concurrent vari-
ables and ISA at inpatient and community-dwelling stages,
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we firstly used simple linear regression to examine the
relationship between each individual predictor and the out-
come variable (PCRS discrepancy). Subsequently, all predic-
tors were entered simultaneously into multiple linear
regression to examine how the variables performed together
(Austin and Steyerberg 2015). Variance inflation factors
(VIF) ranged from 1.35 to 5.54, suggesting mild to moderate
levels of multicollinearity (Vittinghoff et al. 2005; Hair et al.
2010). This raised potential concerns about the multiple
linear model’s capacity to identify associations and thus
cautioned against relying solely on these results.

In addition to traditional multiple linear regression, we
therefore used a contemporary variable selection method,
known as LASSO regression (Least Absolute Shrinkage and
Selection Operator), to identify the independent variables
most strongly associated with ISA. Importantly, LASSO is
less affected by multicollinearity than conventional multiple
linear regression (Tibshirani 1996; Harrell 2015). Although
guidelines such as 20 observations plus five observations per
independent or predictor variable have long been proposed
(Khamis and Kepler 2010), a recent simulation study (Austin
and Steyerberg 2015) suggested that a ratio of at least two
observations per variable be employed. LASSO is more flex-
ible than multiple linear regression in regard to minimum
sample sizes, with the limitation being that the number of
independent variables is less than or equal to the number of
observations in the data set (Kirpich et al. 2018), making it
uniquely suited to the present analysis, keeping in mind the
sample size. Finally, LASSO down-weights less important
variables and gradually shrinks their coefficients towards
zero, and so is less affected by overfitting and multicolli-
nearity than earlier approaches such as stepwise regression
in identifying useful predictors from the available set.

Coefficients that remained in the LASSO model were
descriptively compared to coefficients in the multiple linear
regression model, and predictors whose coefficients were of
similar size and direction were regarded as having explana-
tory importance. LASSO attempts to maximise the overall fit
of the model and does not readily incorporate P values or
95% confidence intervals of the individual predictors
(Harrell 2015). LASSO was performed using the GLMSEL-
ECT procedure in SAS 9.4 (SAS Institute Incorporated, Cary,
North Carolina, 2014) and reported as per Cnossen et al.
(2017). Final models were selected using the Schwarz or
Bayesian Information Criterion (BIC) (Schwarz 1978;
Harrell 2015), a measure of model performance weighed
against model complexity/number of variables, taking num-
ber of observations into account. All other analyses were
conducted using IBM SPSS 25 (IBM Corporation, New
York, 2017).

While the above-mentioned analyses sought to identify
variables that were associated with ISA as an outcome and
at a single time point, a separate set of analyses focussed on
identifying associations between variables measured at com-
munity follow-up and ISA detected during inpatient

admission. To this end, a multivariate (multiple outcomes)
regression (Dattalo 2013) examined the effect of ISA at
inpatient admission on multiple community-dwelling out-
come variables, controlling for the potential confounders of
age, sex and stroke severity. Partial eta squared values
provided a measure of variance explained (Dattalo 2013;
Harrell 2015).

Results

Participants

Fig. 1 illustrates participant flow through the study. Stroke
survivor characteristics are summarised in Table 2.

Inpatient

Eighty-three stroke survivors were approached. Fifty met
eligibility and consent requirements to participate, and 45 of
these had complete data. Of the 50 stroke survivors who
participated in the inpatient component of the research and
the 33 who were approached but declined or were
ineligible, there were no statistically significant differences
in age (t (81) = —1.18, P = 0.24), sex (X* (1) = 0.173,
P = 0.68), stroke mechanism (X? (2) = 1.14, P = 0.57) or
affected hemisphere (X2 (2) = 0.129, P = 0.94). The sample
was broadly representative of the stroke population on key
demographic variables including age (M (s.d.) 71.49
(15.60)) and sex (53% female) (Australian Institute of
Health and Welfare 2018).

As mentioned earlier, this study made use of absolute
scores, consistent with a conceptual focus on the presence
of discrepancies, rather than a focus on the direction of the
discrepancy or seeking to determine the ‘accuracy’ of each
individual’s rating. It should be noted, however, that there
were relatively few instances of stroke survivors underesti-
mating their abilities relative to the clinician or close other
(i.e. a negative PCRS score). Fig. 2 depicts the distribution of
PCRS discrepancy scores for each survivor-clinician dyad.
The figure illustrates the extent to which each survivor has
overestimated and underestimated their functional abilities
relative to the clinician’s assessment. It can be seen that in
only two cases, the number of underestimations exceed
overestimations and thus most individuals overestimated
their functional abilities relative to clinicians.

Community-dwelling

In total, 38 stroke survivors and their close other pro-
vided usable data for the community-dwelling assessment
and participated on average 124.7 (s.d. 34.3) days
after inpatient assessment (range 82-246). There were no
statistically significant differences in age (¢t (43) = —1.916,
P =0.06), sex (X2 (1) = 1.091, P = 0.30), stroke mecha-
nism (X2 (1) = 0.451, P = 0.50), stroke severity (t (43) =
1.525, P = 0.14), stroke hemisphere (X*> (1) = 0.176,
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Table 2. Clinical and demographic characteristics of included stroke survivors and close others.

Inpatient phase (n =45) Community-dwelling phase (n=38)
Mean s.d. Range Frequency Percentage Mean s.d. Range Frequency Percentage

Age (years) 715 15.6 33 to0 92 - - 69.6 15.9 33 to 91 - -
Sex Male - - - 21 47 - - - 18 47

Female - - - 24 53 - - - 20 53
Education (years) 1.2 22 7 to 18 - - 1.6 2.0 8 to 18 - -
Days post stroke 557 334 12 to 154 - - 189.8 45.2 125 to 333 - -
NIHSS 77 5.2 1to 21 - - 8.2 54 1to 21 - -
Stroke mechanism Ischaemic - - - 27 60 - - - 21 55

Haemorrhagic - - - 18 40 - - - 17 45
Lesion hemisphere Left - - - 16 36 - - - 15 39

Right = = = 29 64 = = = 23 61
Previous strokes Yes - - - il 24 - - - 9 24

No - - - 34 76 - - - 29 76
Discharge destination Home - - - 34 76 - - - 32 84

Care facility - - - n 24 - - - 6 16
FIM — motor 64.0 19.7 13 to 89 - - 757 16.1 19 to 91 - -
FIM — cognition 283 5.6 9 to 35 - - 31.0 45 17 to 35 - -
PCRS total discrepancy 35.2 17.2 4 to 80 - - 15.2 15.5 0 to 66 - -
MoCA 213 5.5 7 to 30 - - - - - - -
HRES 231 51 13 to 30 - - - - - - -
HADS — depression (survivor) 42 3.6 0to15 - - 4.8 45 0to19 - -
HADS — anxiety (survivor) 49 3.9 0 to 20 - - 3.6 3.0 0to 10 - -
CSA-SF — dealing with the problem 55.5 153 24 to 87 - - - - - - -
CSA-SF — non-productive coping 44.7 135 21 to 90 - - - - - - -
MPAI-4-PI - - - - - 13.9 79 1to 28 - -
AQol-4D - - - - - 0.48 0.29 -0.02 - -

to 1.00

HADS — depression (close other) - - - - - 25 31 0 to 10 - -
HADS - anxiety (close other) - - - - - 4.6 3.5 0tol5 - -
ZBI - - - - - 19.2 17.0 0 to 53 - -
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P = 0.67), discharge destination (X (1) = 1.522, P = 0.22),
or inpatient ISA score (t (43)=1.382, P =0.17)
between the 38 stroke survivors who participated in the
community follow-up component, and the seven who
did not.

Mean discrepancy scores on the ISA measure at commu-
nity follow-up (M (s.d.) 15.2 (15.5)) were smaller than those
measured during inpatient admission (M (s.d.) 35.2 (17.2)),
suggesting that ISA was less pronounced at community
follow-up. Similar to the trend observed during inpatient
admission, the majority of participants overestimated their
functioning relative to the other rater - in this instance, the
nominated close other. In total, six participants were more
likely to underestimate, than overestimate, their functional
abilities compared to their nominated close other. Fig. 3

Fig. 2. Distribution of PCRS discrepancy
scores at inpatient admission.

Fig. 3. Distribution of PCRS discrepancy
scores at community follow-up.

depicts the distribution of PCRS discrepancy scores for
each survivor-close other dyad.

Outcomes

Table 2 provides descriptive data for the measured variables
at both time points.

Factors associated with ISA during inpatient

admission

All simple, multiple linear and LASSO results are pre-
sented in Table 3. Simple linear regressions (each predictor
entered singly, into a separate regression) showed greater
ISA (i.e. larger PCRS scores) was significantly associated
with increased time since stroke and with lower scores on
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Table 3. Variables associated with impaired self-awareness in inpatient stroke survivors (n = 45).
Simple linear regression Multiple linear regression LASSO
Variable Regression P 95% CI* Regression P 95% CI* Shrunken
coefficient coefficient coefficient
Age -0.13 0.458 -0.46 to 0.21 -0.38 0.057 -0.76 to 0.01 -0.33
Sex — female -4.13 0.428 -14.55 to 6.29 -6.06 0.213 -15.81 to 3.68 -6.24
Sex — male Ref
Education -0.27 0.827 -2.70 to 2.17 0.15 0.878 -1.82 to 2.12 -
Days post stroke 0.16 0.038* 0.10 to 0.31 -0.04 0.676 -0.22 to 0.14 -
Stroke mechanism — haemorrhagic 0.63 0.906 -10.05 to T.31 2.56 0.538 -5.85 to 10.97 -
Stroke mechanism — ischaemic Ref
Lesion hemisphere — right -2.54 0.641 -13.44 to 8.37 -0.54 0.909 -10.11 to 9.02 -
Lesion hemisphere — left Ref
NIHSS 0.26 0.616 -0.77 to 1.28 -0.18 0.766 -141 to 1.05 -
Previous strokes — no -5.42 0.370 -17.49 to 6.65 -9.02 0.109 -20.19 to 2.15 -
Previous strokes — yes Ref
FIM — motor -0.12 0.350 -0.39 to 0.14 0.13 0.534 -0.29 to 0.55 =
FIM — cognition -2.17 <0.001* -2.85 to -149 =272 <0.001* -3.75 to -1.69 -2.19
MoCA -1.08 0.020* -1.98 to -0.17 0.18 0.737 -0.88 to 1.23 =
HRES -1.52 0.002* -2.44 to -0.60 -0.07 0.887 -112 to 0.97 -0.17
HADS — depression 0.13 0.859 -1.36 to 1.62 0.45 0.570 -116 to 2.07 =
HADS — anxiety -0.62 0.362 -197 to 0.74 -0.20 0.760 -1.51 to 1.12 -
CSA-SF dealing with the problem -0.42 0.413 -145 to 0.61 -0.16 0.772 -1.25 to 0.94 -
CSA-SF non-productive coping -1.14 0.048* -2.26 to -0.01 -0.57 0.252 -1.56 to 0.53 -0.93
R?/Adjusted R? 0.71/0.54 0.65/0.60

*P < 0.05.
A95% confidence interval.

measures of functional cognition, cognitive impairment, reha-
bilitation engagement, and non-productive coping style. For
example, each increase of one unit in FIM cognition score was
associated with a decrease of 2.17 in mean PCRS score,
regression coefficient = —2.17, 95% CI = —2.85 to —1.49,
P < 0.001. Multiple linear regression modelling with all pre-
dictors entered simultaneously (F(16,28) = 4.27, P < 0.001,
R? = 0.71, adjusted R? = 0.54) showed only functional cog-
nition had a statistically significant association with ISA
(regression coefficient = —2.72, 95% CI= —3.75 to
—1.69, P < 0.001). Age narrowly failed to reach statistical
significance (P = 0.057).

LASSO shrinkage was then applied to the 16 predictors to
obtain the final set of independent predictors and their
shrunken regression coefficients. The LASSO procedure
selected 5 of the original 16 predictors. The LASSO coeffi-
cients of these predictors were of the same direction and of
similar size to the corresponding multiple linear regression
coefficients, and hence were regarded as having explanatory
importance. Specifically, greater ISA was associated with

younger age, male sex, and lower scores on measures
of functional cognition, rehabilitation engagement, and
non-productive coping. LASSO analyses indicated that
the five predictors together accounted for 65% (R? = 0.65)
of the possible variation in ISA (adjusted R? = 0.60)
(Table 3).

Community-dwelling factors associated with ISA detected
during inpatient admission. The multivariate regression
model, representing the association between a single predic-
tor (ISA at inpatient stage) and 10 community-dwelling
outcome variables simultaneously, while controlling for
age, sex, and stroke severity, was statistically significant (F
(10,24) = 3.78, P = 0.004). Greater levels of ISA during
inpatient admission were associated with lower scores on
measures of functional cognition and participation restric-
tion, and with higher scores on measures of caregiver bur-
den, close other depression and close other anxiety
(Table 4). Functional cognition explained the most variance
(7,> = 0.33).
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Table 4. Associations between impaired self-awareness during inpatient stay and community-dwelling outcomes, controlling for age, sex, and

stroke severity (n =38).

Variable B P 95% CI* Partial eta-square
Discharge destination — care facility 0.00 0.512 -0.01 to 0.01 0.01
Discharge destination — home Ref

FIM — motor -0.16 0.312 -0.49 to 0.16 0.03
FIM — cognition -0.16 <0.001* -0.24 to -0.08 0.33
MPAI-4—PI 0.21 0.009* 0.06 to 0.37 0.19
HADS — depression (stroke survivor) 0.04 0.436 -0.06 to 0.14 0.02
HADS - anxiety (stroke survivor) -0.01 0.747 -0.08 to 0.06 0.00
AQolL-4D -0.00 0.202 -0.01 to 0.00 0.05
HADS — depression (close other) 0.08 0.028* 0.01 to 0.15 0.14
HADS - anxiety (close other) 0.09 0.021* 0.02 to 0.16 0.15
7Bl 0.38 0.007* 0.1 to 0.65 0.20

*P < 0.05.

A95% confidence interval.

Factors associated with ISA during community-

dwelling stage

Simple linear regressions indicated larger ISA in the
community setting was significantly associated with lower
scores on measures of motor functioning, functional cogni-
tion, and quality of life; and with higher scores on measures
of participation restriction, survivor depression, survivor
anxiety, close other anxiety, and caregiver burden. In a
multiple linear regression model with all 10 predictors
entered simultaneously, functional cognition, survivor anxi-
ety, and close other anxiety were statistically significant.
LASSO shrinkage was then applied and selected 2 of the
10 predictors — functional cognition and close other anxiety.
The two LASSO coefficients were of the same direction and
of similar size to the corresponding multiple linear coeffi-
cients, and hence were considered as having explanatory
importance. Specifically, higher levels of ISA in the commu-
nity setting were associated with lower levels of functional
cognition, and higher levels of close other anxiety. The two
predictors together accounted for 68% (R? = 0.68) of the
possible variation in ISA (adjusted R? = 0.66) (Table 5).

Discussion

This study sought to identify biopsychosocial factors associ-
ated with post-stroke ISA across the recovery period. In an
important finding, greater levels of ISA during inpatient
rehabilitation were associated with poorer community-
dwelling outcomes for both stroke survivors and their
close others. Further, in multiple linear regression analyses,
ISA was associated with a number of biological and psycho-
social variables, with functional cognition demonstrating a
particularly robust association.

Associations between ISA during inpatient
admission and community-dwelling outcomes

Greater levels of ISA during inpatient stay were associated
with more participation restriction and poorer functional
cognition at community follow-up. The study design pre-
cludes causal inferences; however, ISA may be a risk factor
for poor community-dwelling outcomes. In a separate find-
ing (discussed under ‘biopsychosocial factors’), greater ISA
during inpatient admission was associated with poorer inpa-
tient rehabilitation engagement. We purport that rehabilita-
tion engagement may mediate the relationship between ISA
during inpatient admission and community-dwelling out-
comes. Specifically, poor rehabilitation engagement may
inhibit the development of skills that facilitate indepen-
dence and participation in the community. Future mediation
analysis is recommended to explore these relationships
further.

Greater ISA during inpatient admission was also associ-
ated with close other psychological distress and carer bur-
den in the community. This aligns with recent research
demonstrating a positive association between stroke survi-
vor ISA and carer strain and depression in the first six
months post stroke (Stein and Reynolds 2020), and with
research showing similar relationships for dementia and
TBI populations (Seltzer et al. 1997; Ergh et al. 2002;
Moretti et al. 2006; Vogel et al. 2010). Cognitive and beha-
vioural dysfunction are known contributors to carer burden
(Greenwood et al. 2008; Byun and Evans 2015), and we
suggest that discrepancies between stroke survivors and
their carers regarding the presence of these difficulties likely
exacerbates this distress. This finding emphasises the impor-
tance of providing appropriate education and support to
carers to manage these challenges.
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Table 5. Variables associated with impaired self-awareness in community-dwelling stroke survivors (n =38).
Simple linear regression Multiple linear regression LASSO
Predictors Regression P 95% CI* Regression P 95% CI* Shrunken
coefficient coefficient coefficient

Discharge destination — care facility 12.81 0.062 -0.66 to 26.28 -0.38 0.947 -11.84 to 11.09 -
Discharge destination — home Ref
FIM — motor -0.51 <0.001* -0.78 to -0.23 -0.27 0.166 -0.65 to 0.12 =
FIM — cognition =275 <0.001* -3.46 to -2.04 -3.55 <0.001* -4.59 to -2.51 -2.45
MPAI-4-PI 1.06 <0.001* 0.50 to 1.61 -0.59 0.160 -143 to 0.25 -
HADS — depression (survivor) 1.50 0.007* 0.44 to 2.56 -1.02 0.107 -2.28 to 0.24 -
HADS — anxiety (survivor) 1.97 0.017* 0.38 to 3.57 129 0.043* 0.05 to 2.53 -
AQolL-4D -25.44 0.003* -4140 to -9.48 136 0.891 -18.70 to 2141 -
HADS — depression (close other) 149 0.069 -0.12 to 3.10 0.03 0.965 -115 to 120 -
HADS — anxiety (close other) 223 0.001* 0.92 to 3.54 1.67 0.015* 0.35 to 3.00 1.06
7Bl 0.47 0.001* 0.20 to 0.73 -0.27 0.061 -0.56 to 0.01 =
R%*/Adjusted R? 0.79/0.7 0.68/0.66

*P <0.05.
A95% confidence interval.

Associations between ISA and functional
cognition

Functional cognition describes the collection of cognitive
skills necessary to perform complex activities of daily
living (Wesson et al. 2017). It includes aspects of meta-
cognition, executive functioning, other cognitive functions
(e.g. memory, visuospatial), performance skills (e.g. motor
skills) and performance patterns (e.g. routines) (Donovan
et al. 2007; Wolf et al. 2019; Giles et al. 2017, 2020). The
association between greater ISA and poorer functional
cognition was statistically significant and evident across
all three investigative aims. There are multiple ways to
interpret this association. Firstly, ISA may compromise
functional cognition by limiting an individual’s capacity
to benefit from rehabilitation, e.g. learning and integrating
compensation techniques. Secondly, it is possible that
there are similar underlying factors contributing to both
functional cognition and ISA. Appraising one’s abilities
plausibly requires many of the same cognitive skills
involved in functional cognition, and hence deficiencies
in these cognitive skills may contribute to ISA. Executive
functioning, though only one component of functional
cognition, may be particularly influential in light of
research in other ABI populations, suggesting an associa-
tion (Lezak 1993; Ownsworth and Fleming 2005;
Zimmermann et al. 2017). Contributions from other cogni-
tive components of functional cognition should not be
discounted, however, and further research is necessary to
better understand the association between ISA and func-
tional cognition, including any unique contributions.

Biopsychosocial factors associated with ISA

ISA was associated with a number of biological and psycho-
social variables, supporting the validity of a biopsychosocial
framework of appraisal discrepancy. Specifically, greater lev-
els of ISA during inpatient admission were associated with
younger age, male sex, poorer rehabilitation engagement, and
less frequent use of non-productive coping strategies.

Associations with age and sex align with previous health
behaviour research, specifically research that suggests age
mediates individuals’ responses to chronic illness (Pound
et al. 1998) and research indicating that gender-role expec-
tations may influence disclosure of personal problems/weak-
nesses and subsequent help-seeking (Wood et al. 1997; Addis
and Mahalik 2003; Mackenzie et al. 2006; Alston et al. 2012;
Thompson et al. 2016). The association between greater
levels of ISA during inpatient admission and poorer rehabili-
tation engagement is clinically intuitive and supports previ-
ous findings in ABI populations (Lam et al. 1988; Malec et al.
1991). Notwithstanding, it remains an important distinct
finding. As discussed earlier, we suggest rehabilitation
engagement may mediate some of the other relationships
observed, although further research is required.

An association between greater levels of ISA during
admission and less frequent use of non-productive coping
strategies was an unexpected finding. ‘Non-productive cop-
ing’ describes unhelpful and avoidant behaviours suggestive
of poor adjustment, including wishful thinking and ignoring
problems (Frydenberg and Lewis 1996); hence our finding is
somewhat counterintuitive (Gracey et al. 2009). Studies in
other ABI populations have reported positive associations
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between ISA and characteristics of non-productive coping
(Finset and Andersson 2000; Krpan et al. 2007). It is unclear
why our findings contradict previous research in similar
populations. We suggest future research should use a
mixed-methods design to further examine the relationship
between coping style and post-stroke ISA.

Clinical and research implications

We have identified subacute clinical markers that may rep-
resent risk factors for post-stroke ISA, including younger
age, male sex, and poor functional cognition. Assuming
further independent confirmation of findings, these markers
could be included in screening protocols to identify patients
requiring comprehensive assessment. The association
between greater levels of ISA during inpatient admission
and poorer community-dwelling outcomes for stroke survi-
vors and their close others is especially significant and,
to our knowledge, this is the first cohort study to have
demonstrated this. This finding emphasises the clinical sig-
nificance of post-stroke ISA well beyond the period of inpa-
tient care and perhaps even beyond the point of detectable
symptoms of ISA. These findings advocate for the routine
assessment of post-stroke ISA and for effective interventions
and appropriate support for affected stroke survivors and
their families.

Study limitations and future directions

The sample size is modest, therefore results and their gen-
eralisability should be interpreted with caution. The use of
variable selection models (e.g. LASSO) is ideally suited to
larger sample sizes; however, it was reassuring that multiple
linear regression and LASSO analyses returned similar
results, providing a degree of confidence in the results
obtained. Given the modest sample size, a power calculation
would have improved the study’s rigour. Furthermore, the
study design precluded causal inferences, thus a longitudi-
nal study employing a larger sample size is required to
confirm findings and enable the use of more informative
analyses such as time-lagged regression modelling.

We elected to have clinicians perform the inpatient
ratings, and close others perform the community-dwelling
ratings. This design ensured raters were the individuals with
the most exposure to the stroke survivor’s functioning but
meant raters were not consistent across time points. This
represents a potential confound and prevented the applica-
tion of a longitudinal study design. Notably though, findings
on a number of key variables were similar across time
points, consistent with research indicating that PCRS ratings
by clinicians and close others are comparable in ABI popu-
lations (Sherer et al. 2003a). Furthermore, key variables
were identified through two types of regression modelling:
simultaneous multiple linear regression including all inde-
pendent variables and LASSO.

The study’s modest sample size necessitated the selection
of a limited number of biopsychosocial variables from the
plethora that exist in the literature. The variables chosen
were those that had demonstrated the most convincing
associations in other ISA-affected populations; however,
this meant a number of potentially promising variables
were not included such as personality traits, gender, and a
range of socioenvironmental variables (e.g. socio-cultural
attitudes to disability, employment status). It is suggested
that future studies explore potential relationships between
ISA and these variables.

Conclusion

Using a representative sample of stroke survivors, we have
identified a number of biopsychosocial factors associated
with post-stroke ISA, and these may represent contributory
factors and outcomes. Functional cognition was a particu-
larly significant variable and presents an intriguing direc-
tion for further research. Results support biopsychosocial
frameworks of ISA and emphasise the clinical significance
of ISA. Findings from this study generate interesting hypoth-
eses that future studies can address using larger sample
sizes. It is clear that understanding how stroke survivors
view their post-stroke functioning is of paramount impor-
tance to achieving optimal patient outcomes during inpati-
ent care and beyond.
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