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Unravelling the complex interactions between
self-awareness, cognitive change, and mood at 6-months
post-stroke using the Y-shaped model
Miranda Wheeler a, Owen A. Williamsb, Louise Johnsa, Evangeline G. Chiu b,
Elitsa D. Slavkovab and Nele Demeyere b

aThe Oxford Institute of Clinical Psychology Training and Research, The Oxford Centre for
Psychological Health, University of Oxford, Oxford Health NHS Foundation Trust, Oxford, UK;
bDepartment of Experimental Psychology, University of Oxford, Oxford, UK

ABSTRACT
We investigated the relationships between cognitive
change following stroke, awareness of cognitive
impairments, and mood to further understanding of change
processes influencing psychological outcomes post-stroke in
line with the “Y-shaped” process model. Patients (n = 143;
Mage = 73 years, SD = 13.73; 74 males) were assessed at 3-
weeks (T1) and 6-months (T2) post-stroke and had
completed the Oxford Cognitive Screen (T1 and T2), the
Cognitive Failures Questionnaire (CFQ; T2), and the Hospital
Anxiety and Depression Scale (HADS; T2). An ANCOVA
controlling for disability relating to activities of daily living
(ADL) revealed that awareness of cognitive impairment was
significantly lower in participants with moderate-severe
cognitive impairment. Regression analysis indicated that
greater awareness of cognitive impairment and reduced
independence in ADL were associated with greater
emotional distress at T2. Cognitive improvement was
associated with lower emotional distressat T2. Contrary to
the awareness hypothesis, moderation analyses suggest that
this effect was largest for those most cognitively impaired at
T1. Findings emphasize the importance of monitoring stroke
patients’ capacity to be self-aware when assessing and
formulating long-term post-stroke distress and have potential
implications for improving long-term emotional status in
those most cognitively impaired post-stroke, e.g., through
psychoeducation, cognitive rehabilitation, and emotional
support.
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Introduction

Stroke is the fourth most common cause of death and the leading cause of
complex disability in the UK (Adamson et al., 2004; Office for National Statistics,
2018). Post-stroke depression and anxiety are common psychological conse-
quences of stroke, with prevalence estimated to be 15–40%, and 18–24% respect-
ively (Knapp et al., 2020; Mitchell et al., 2017; Wu et al., 2019). Long-term
emotional distress in stroke survivors has been shown to impact quality of life,
physical recovery, mortality, and cognitive impairment (Ayerbe et al., 2013; Cai
et al., 2019; Donnellan et al., 2010; Ezema et al., 2019; Kim et al., 2018; Williams
& Demeyere, 2021). The number of individuals living with the long-term physical
and psychological effects of stroke in the UK is predicted to increase by >60% by
2035, with the cost of social care for stroke survivors projected to increase by
250% in this period (King et al., 2020). Consequently, it is imperative to identify
patients at risk of adverse emotional and functional outcomes after stroke to opti-
mize support from services through early detection and treatment. In this, it is
necessary to develop our understanding of the psychological change processes
following stroke that may increase the risk of adverse outcomes in the stroke
population, as this could lead to tailored preventative interventions that target
such processes in these patients.

The “Y-shaped” process model (subsequently referred to as the Y-shaped
model; Gracey et al., 2009) indicates how biological, psychological, and social
factors can interact to determine outcomes following acquired brain injury
(ABI). The model suggests that following ABI, individuals undergo a process
of adaptation and reintegration into society, which initially involves them devel-
oping awareness, understanding, and adaptive resolution of social and psycho-
logical discrepancies in their sense of self. Gracey et al. (2009) set out three key
discrepancies that survivors may experience following ABI: social, interperso-
nal, and personal discrepancies. It is proposed that when a stroke survivor is
aware of such discrepancies, they may experience psychological threat regard-
ing feared and actual catastrophic meanings associated with their post-injury
situation. This may lead them to experience automatic emotional reactions
and to adopt safety-seeking behaviours to cope with such threats. The
model hypothesizes that safety-seeking behaviours can reduce threat-to-self
in the short term. However, over time this can prevent the individual from
resolving discrepancies, increasing their risk of experiencing poor long-term
mental health and psychosocial outcomes.

The Y-shaped model draws on evidence regarding an individual’s “aware-
ness” of changes to their sense of self post-injury. “Awareness” in the context
of disability is understood as one’s ability to recognize deficits, understand
the functional implications of these deficits, and set realistic goals accordingly
(Ownsworth et al., 2007). Awareness can relate to an individual’s insight into a
specific deficit in their sensory, motor, perceptual, behavioural, or cognitive
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functioning (Orfei et al., 2009). Awareness typically increases in the years fol-
lowing brain injury, with awareness of physical changes typically preceding
awareness of cognitive and behavioural changes (Hart et al., 2004, 2009). In
the literature, “awareness” in the context of brain injury is commonly opera-
tionalized as the difference between an individual’s subjective account of
their deficits and either an objective test of their deficits or a second rater
of that individual’s deficits (Boosman et al., 2014; Hoofien et al., 2004; Owns-
worth et al., 2007). However, there is currently no gold-standard measure of
awareness (Bogod et al., 2003; Geytenbeek et al., 2017).

Evidence suggests that awareness is not a unitary or “all or nothing” con-
struct and that the level and direction of self-awareness will depend on the
interaction of neurological, psychological, and socio-environmental factors
at any one time (Fleming & Ownsworth, 2006; Gracey et al., 2009; Ownsworth
et al., 2007). Literature exploring the epidemiology of awareness of cognitive
impairment indicates that under-reporting cognitive impairment following
stroke may be primarily due to organic changes in the brain, which inhibits
one’s ability to understand the extent of one’s cognitive impairment
(Boosman et al., 2014; Ownsworth et al., 2007). However, evidence suggests
that psychological defence mechanisms, such as denial, may also contribute
to the long-term under-reporting of stroke-related impairments in this popu-
lation (Ownsworth et al., 2002). In contrast, subjectively over-reporting the
extent of one’s cognitive impairment may be primarily due to psychological
mechanisms such as attentional bias, which may contribute to hyper-aware-
ness (Boosman et al., 2014; Ownsworth et al., 2007). Evidence suggests that
those who are hyper-aware of cognitive impairment are more likely to experi-
ence clinically significant psychological distress (Boosman et al., 2014; Carroll &
Coetzer, 2011; Geytenbeek et al., 2017; Morton & Barker, 2010; Ownsworth
et al., 2007). In line with this, literature indicates that subjective awareness
of cognitive impairment influences emotional wellbeing in individuals with
long-term disabilities, such as stroke, more than objective cognitive impair-
ment (OCI) alone (Mitrushina & Tomaszewski, 2020; Van Rijsbergen et al.,
2019). Evidence suggests that this relationship between emotional distress
and perceived cognitive impairment is likely to be bi-directional, in that
emotional distress can undermine cognitive abilities and maintain or exacer-
bate negative attentional bias to cognitive impairment (Chamelian & Feinstein,
2006; Wallace & Bogner, 2000).

Based on the Y-shaped model, we can hypothesize that the emotional
consequences of cognitive change in the first 6-months following stroke
may differ depending on the level of acute cognitive impairment. Specifically,
we expect that individuals with greater cognitive impairment present with
lower levels of awareness immediately post-stroke in line with previous litera-
ture (Boosman et al., 2014; Ownsworth et al., 2007). Following this reasoning,
we would then also expect that if these individual’s cognition improves, they
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may experience, and report higher levels of distress compared to those who
are not improving and to those whose cognition has remained relatively
intact. Specifically, they may gain access to the cognitive skills which
enable them to process their situation, potentially leading to greater self-dis-
crepancy. On the other hand, individuals with less acute cognitive impair-
ment and higher levels of initial distress may report lower levels of distress
following cognitive improvement, due to a perceived reduction in self-
discrepancy.

The present study thus set out to answer the following research questions:
Preliminary cross-sectional research questions and hypotheses:

1. What is the relationship between cognitive impairment and awareness of
cognitive impairment at 6-months post-stroke?

H1: There will be a significant difference in awareness of cognitive impair-
ment between the ’moderate-severe cognitive impairment’ and ’mild-no cogni-
tive impairment’ groups at 6-months post-stroke.

2. What is the relationship between awareness of cognitive impairment and
emotional distress at 6-months post-stroke?

H2: There will be a significant association between awareness of cognitive
impairment and emotional distress at 6-months post-stroke.

Primary longitudinal research question and hypothesis:

3. Does severity of acute post-stroke cognitive impairment moderate the
relationship between cognitive change and emotional distress in the first
6-months months following stroke?

H1: The effect of cognitive change between subacute and 6-months post-
stroke on mood at 6-months post-stroke will be moderated by subacute cogni-
tive impairment.

Findings may have important implications for psychological intervention. For
instance, through supporting resource-based decision-making with regards to
targeted cognitive behavioural interventions for stroke survivors at risk of
long-term adverse mood outcomes.

Materials and methods

Design and participants

The study used both a cross-sectional and longitudinal design. A secondary
data analysis was conducted on a subset of data originally collected from
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acute stroke units at the John Radcliffe Hospital between February 2015 and
February 2020 as part of two studies of the Oxford Cognitive Screen (OCS;
Demeyere et al., 2015), the OCS-Tablet and OCS-Recovery studies (NHS
Research Ethics Committee references: 14/LO/0648 and 18/SC/0550). Partici-
pants were included in those larger studies if they were adults recruited
within 3-weeks of confirmed ischemic or haemorrhagic stroke, able to give
informed consent, and able to concentrate for the duration of OCS adminis-
tration, as judged by the multidisciplinary team.

Participants were included in the current analysis if they had completed at
least 9 of out 12 subtests of the OCS within 3-weeks of confirmed ischemic or
haemorrhagic stroke (T1) and again approximately 6-months later (T2). Partici-
pants were required to have complete data for (i) the Cognitive Failures Question-
naire at T2 (CFQ; Broadbent et al., 1982), (ii) the Hospital Anxiety and Depression
scale at T2 (HADS; Snaith & Zigmond, 1986), (iii) demographic information includ-
ing age, sex, and years of education, (iv) the National Institutes of Health stroke
scale at admission (NIHSS; Lyden et al., 1994), (v) stroke hemisphere, (vi) the
Barthel Index at T2 (BI; Mahoney & Barthel, 1965). The T1 measures were adminis-
tered within the first few days and weeks following stroke whilst the participants
were still inpatients in hospital. At this acute time-point, to reduce burden on par-
ticipants, only a brief assessment was completed. Data for 253 participants with
complete CFQ, HADS, and Barthel Index scores were screened in line with the
remaining inclusion criteria. One-hundred and ten participants were excluded
during the screening process: 13 participants did not have complete follow-up
OCS scores, 2 participants completed less than 9 OCS subtests at T1, 2 partici-
pants completed less than 9 OCS subtests at T2, 1 participant did not have age
recorded, 48 participants did not have years of education recorded, 21 partici-
pants did not have stroke hemisphere recorded, and 23 participants did not
have NIHSS scores recorded. Consequently, 143 participants were included in
the current analysis (see Figure 1).

Measures

Cognitive measurement
Objective cognitive impairment was measured using the OCS, a short cognitive
screen designed for use with stroke patients (Demeyere et al., 2015). Domain-
specific subtest scores relating to apraxia, unilateral neglect, memory, language,
executive function, and number abilities are generated. Impairments on the
OCS for each subtest are indicated by a score lower, or in some cases a score
higher, than the normative “cut-off” (5th or 95th centile respectively; see
https://www.ocs-test.org/ocs-background/how-to/ for a video demonstration
on how to score the OCS). It has good test-retest reliability, content validity,
specificity, and high sensitivity (Demeyere et al., 2015).
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Self-awareness measurement
Subjective cognitive impairment was assessed with the Cognitive Failures
Questionnaire (CFQ), a 25-item self-report questionnaire whereby subjects
rate the frequency of everyday cognitive errors on a 5-point Likert scale
ranging from 0 (never) to 4 (very often; Broadbent et al., 1982). The total
score is computed by summing all scores, with a maximum score of 100.
This measure is frequently used in stroke samples and has good psychometric
properties (Barker-Collo et al., 2010; Bridger et al., 2013; Westerberg et al.,
2007). This measure was not administered at T1 as participants were inpatients
in hospital, which may make it difficult for them to estimate the functional
impact of their cognition, as they would not have been able to experience
this in their usual environments.

Emotional distress measurement
Emotional distress was assessed with the HADS, a 14-item questionnaire examin-
ing symptoms of anxiety and depression on a 4-point scale, whereby higher
scores indicate greater symptomology (Snaith & Zigmond, 1986). Caseness is
defined by a score of >8 on both subscales (Bjelland et al., 2002). It has been
used with stroke survivors and reports good internal consistency (Cronbach α

= 0.8), with high specificity and sensitivity in this population (Aben et al., 2002).
Total HADS score was used as a measure of emotional distress in the main ana-
lyses. Given natural reactions to a significant life event and early post-stroke
emotionalism, a mood measure was not administered at T1 as it was felt that
this would not be indicative of clinically significant mood symptoms.

Figure 1. Participant inclusion and exclusion flowchart.
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Participant and stroke characteristic measurements
Participant age, sex, and years of education were recorded. The NIHSS, a proxy
measure of stroke severity (Lyden et al., 1994), and stroke hemisphere were
extracted from participant medical records. Participants also completed the
Barthel Index, a measure of disability relating to activities of daily living (ADL).
It has a maximum score of 20 and higher scores indicate greater ability to
carry out ADL’s independently (Mahoney & Barthel, 1965).

Procedure

Participants were initially assessed with the OCS during admission to an acute
stroke unit, up to 3 weeks after their stroke (T1, M = 3.5 days, SD = 2.93). A 6-
month follow-up assessment was planned (T2), although due to delays in con-
tacting and reaching participants following discharge, the actual time interval
differed across participants (5–9 months, M = 6.7 months, SD = 0.78). Question-
naires were administered at T2 in addition to the OCS. Stroke characteristic data
were extracted from medical records (NIHSS; hemisphere). Assessments took
place at the hospital (T1) and at the patient’s home (T2). Table 1 illustrates
which assessments were administered at each time-point.

Statistical analyses

Statistical analyses were conducted using the SPSS 27.0 statistical package.
Power analyses in GPower 3.1 determined the power for a sample size of 143
participants in each analysis (Faul et al., 2009). All hypotheses, methods and
the analysis plan were pre-registered on OSF prior to data analysis (https://
osf.io/87kjv).

Computing variables
Objective cognitive impairment. Raw scores on the OCS at T1 and T2 were used
to compute objective cognitive impairment severity scores at T1 and T2 respect-
ively. These scores were quantified by summing the number of subtests (n = 12)
on which a participant scored outside the norm-based cut-off values on the OCS

Table 1. Summary of assessments administered at T1 and T2.
Assessment T1 (M = 3.5 days, SD = 2.93) T2 (M = 6.7 months, SD = 0.78)

NIHSS* ✓
Stroke hemisphere* ✓
Demographic information ✓
CFQ ✓
Barthel Index ✓
HADS ✓
OCS ✓ ✓

Note: Demographics data include age, sex, and years of education; *Data was extracted from patient medical
records at T1. NIHSS: The National Institutes of Health stroke scale; OCS: Oxford Cognitive Screen; CFQ: The Cog-
nitive Failures Questionnaire; HADS: The Hospital Anxiety and Depression scale; BI: The Barthel Index.
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(range = 0–12; Demeyere et al., 2015), following the approach of others (e.g., Van
Rijsbergen et al., 2020). As a small number of subtests were missing for some par-
ticipants, the percentage of tests failed was calculated from the number of
attempted subtests at each time-point (range 0–12 subtests at T1 and 0–12 subt-
ests at T2). The percentage of tests “failed” comprised the objective cognitive
impairment severity scores (range 0–100%) at T1 and T2, whereby higher
scores indicate greater cognitive impairment (NSubtests Failed/(12–NMissing Subtests ).

In order to explore whether previously reported findings identifying a negative
association between severity of post-stroke cognitive impairment and awareness
of cognitive impairment apply to the present data, participants were grouped into
a “moderate-severe cognitive impairment” group (defined as those with a T2
objective cognitive impairment score ≥1 SD from the sample objective cognitive
impairment mean; cut-off≥ 39.73% subtests failed) and a “mild-no cognitive
impairment" group (defined as those with a T2 objective cognitive impairment
score <1 SD from the sample objective cognitive impairment mean).

Cognitive change. Existing studies report a range of criteria for indicating cogni-
tive change in stroke samples, thus there is no widely agreed “gold standard” for
calculating this (Brainin et al., 2015). Here, cognitive change was quantified as the
difference between the patient’s objective cognitive impairment scores over time
(objective cognitive impairmentT2–objective cognitive impairmentT1, range−100%
to 100% whereby positive scores indicate cognitive decline).

Awareness. Awareness scores were generated to represent participants’ aware-
ness of their cognitive impairment, following a similar procedure used by
Mitrushina and Tomaszewski (2020). First, psychometric Z-scores were computed
from objective cognitive impairment scores at T2. Secondly, psychometric subjec-
tive cognitive impairment Z-scores were computed for each participant using raw
total scores on the CFQ. Then, OCI Z-scores were subtracted from CFQ Z-scores
(ZCFQ–Zobjective cognitive impairment T2). Awareness scores were computed by trans-
forming the answer into a T-score. This created a distribution of awareness
scores centred around a mean of 50 (accurately reporting level of cognitive
impairment), with lower scores representing lower levels of awareness (under-
estimating cognitive impairment) and higher scores representing hyper-aware-
ness (over-estimating cognitive impairment). Measuring awareness of cognitive
impairment in this way provided a more objective proxy of awareness than com-
paring participant’s perceived awareness to the perceptions of a family member
or carer (Hoofien et al., 2004). Moreover, this measure perhaps reflects the
approach to assessing self-awareness of cognitive impairment in clinical prac-
tice, whereby patients are asked about changes in their functional abilities day-
to-day, as opposed to being directly asked about changes in specific, and likely
unfamiliar, cognitive domains. For example, a patient may not identify as
having “executive impairments” but may notice that they often “say
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something and realize afterwards that it might be taken as insulting” when
asked (CFQ, Q8; Broadbent et al., 1982).

Minimizing bias
To determine whether any selection bias occurred between participants who
were re-examined at follow-up and those who were not, and between those
who were excluded due to missing data and those who were not, a series of
binary logistic regression analyses were carried out whilst correcting for mul-
tiple comparisons using the Benjamini and Hochberg (1995) false discovery
rate method. Demographic variables, stroke characteristics, and objective cog-
nitive impairment at T1 were predictor variables (see Supplementary 1).

Main analyses
To identify possible covariates, a series of univariate correlations for continuous
predictors and t-tests/ANOVAs for categorical predictors were carried out to
explore the association between demographic/stroke characteristic variables
and the dependent variable (DV) in each analysis (see Supplementary 2).
These identified that Barthel Index was significantly associated with awareness
(rs(141) = .14, p = .090) and HADS (rs(141) =−.37, p < .001) so this was included as
a covariate in all main analyses.

Prior to the main analyses, data were examined to check whether necessary
statistical assumptions had been violated. With regards to analysis one, there
was an absence of extreme outliers, the dependent variable was normally dis-
tributed, and Levene’s test indicated that there was homogeneity of variance.
However, the assumption of homogeneity of regression slopes was not met,
as the covariate (BI) had a significantly different relationship with the "moder-
ate-severe cognitive impairment" group vs the "mild-no cognitive impairment"
group F(2, 140) = 40.27, p < .001 Therefore, a robust ANCOVA was carried out
(Mair & Wilcox, 2020). This produced the same findings as an ANCOVA, therefore
unadjusted (ANCOVA) data are reported.

Assumptions were explored for the regression models in analyses two and
three. Assumptions for the moderator analysis were examined by firstly centring
the means for the predictor and moderator variable and computing an inter-
action variable by multiplying scores of the centred variables ’cognitive change’
and ’objective cognitive impairment T1’. A forced-entry regression with the
centred predictor, centred moderator, the interaction variable, and BI as
predictors was carried out in order to inspect sources of bias in the model.
None of the regression models presented suggested high residual deviations
from normality, Cook’s distances >1, or Durbin-Watson statistics <1 or >3. The var-
iance of residuals in bothmodels was constant. Checks formulticollinearity of pre-
dictors found no problems, with VIF scores well below 10 and tolerance scores
>0.2.
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To investigate whether there was a difference in awareness between the “mod-
erate-severe cognitive impairment” group and the “mild-no cognitive impair-
ment" group, an ANCOVA was carried out whilst controlling for BI. To explore
the relationship between awareness and emotional distress, a hierarchical mul-
tiple linear regression analysis was performed with emotional distress as the
DV. BI was entered into the first step as a covariate (Model 1) and awareness
was entered into step two (Model 2). To investigate whether objective cognitive
impairment at T1 has a moderating effect on the relationship between cognitive
change and emotional distress, the PROCESS plug-in (Hayes, 2017) was used to
conduct a moderation analysis. Emotional distress was entered as the DV, cogni-
tive change was entered as the predictor, objective cognitive impairment at T1
was entered as the moderator, and awareness and BI were entered as covariates.

Follow-up analyses
Exploratory logistic regression follow-up analyses were conducted to ascertain
the effects of BI, awareness, and objective cognitive impairment at T2 on the
likelihood that participants would report clinically significant symptoms of
anxiety and depression. The logistic regression models were built systematically
to choose the most parsimonious models as the final ones. The final models
indicated that BI and awareness significantly contributed to the models, but
adding an interaction term had virtually no effect on the fit of the model, so
the final model did not include this. The models demonstrated that the assump-
tion of linearity of the logit was met, the Durbin-Watson statistic was close to
two, and there was an absence of multicollinearity.

Results

One-hundred and forty-three participantsmet criteria for inclusion. Descriptive stat-
istics for clinical and demographic variables for participants are shown in Table 2.
Binary logistic regression analyses indicated that completion of follow-up
(yes/no) and exclusion from the present study (yes/no) were not predicted by
demographic variables, stroke characteristics, or objective cognitive impairment
at T1 at p < .1 (see Supplementary 1). These results suggest that dropout and
outcome data are missing at random, resulting in a low risk of selective attrition.

Main analyses

1. What is the relationship between cognitive impairment at 6-months post
stroke and awareness of cognitive impairment at 6-months post stroke?
In this sample, 23 participants were considered to be in the “moderate-severe
cognitive impairment” group at T2 and 120 participants were considered to be
in the “mild-no cognitive impairment” group. The mean OCI T2 score for the
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“moderate-severe cognitive impairment” group was 54.02% (SD = 13.41) and
the mean OCI T2 score for the “mild-no cognitive impairment” group was
17.65% (SD = 8.17). A one-way ANCOVA was carried out to explore whether
there were any significant differences in awareness score between the “moder-
ate-severe cognitive impairment” group and the “mild-no cognitive impair-
ment" group at T2, whilst controlling for BI (see Table 3 for adjusted
descriptive statistics). The covariate BI was not significantly related to aware-
ness (F(1, 140) = 0.58, p = .449). There was a significant effect of severity of
objective cognitive impairment at T2 on awareness after controlling for the
effect of BI, (F(1, 140) = 104.81, p < .001, partial η2 = .43) suggesting that aware-
ness was significantly lower in the “moderate-severe cognitive impairment”
group (see Figure 2).

2. What is the relationship between awareness of cognitive impairment at
6-months post stroke and emotional distress at 6-months post stroke?
In the sample, 28% and 22% of participants met the clinical threshold for anxiety
and depression on the HADS respectively. A hierarchical multiple regression analy-
sis was carried out whereby potential predictors of HADS Total were entered in
blocks. BI was entered first as a covariate, then awareness was added in the
second block. The final model indicated that higher BI scores were associated
with lower emotional distress (b =−.63, CI [−.86, −.40], t =−5.33, p < .001),
and higher awareness scores were associated with greater emotional distress
(b = .18, CI [.11, .25], t = 5.03, p < .001), together explaining 25.2% variance in
the model (R2Adjusted= .252, F(2, 140) = 24.98, p < .001), with a large effect size
of f2 = .34.

Table 2. Clinical and demographic characteristics of included and excluded participants.

Variable

Included participants (N = 143) Excluded participants (N = 110)

M (SD) Mdn Range n (%) M (SD) Mdn Range n (%)

Age 73.33 (13.73) 75 18–93 143 (100) 73.35 (13.17) 75 31–95 109 (99)
Sex 143 (100) 110 (100)
Male 74 (52) 61 (55)
Female 69 (48) 49 (45)

Education (years) 12.45 (3.34) 11 6–23 143 (100) 12.58 (3.42) 11 9–27 53 (48)
Stroke hemisphere 143 (100) 73 (66)
Right 66 (46) 38 (35)
Left 64 (45) 31 (28)
Both 13 (9) 4 (3)

NIHSS total 7.70 (7.91) 5 0–42 143 (100) 5.71 (4.87) 5 0–17 31 (28)
BI total 16.42 (4.44) 18 1–20 143 (100) 16.71 (4.50) 19 3–20 90 (82)
HADS-A 5.49 (4.08) 5 0–19 143 (100) 5.58 (4.23) 5 0–20 101 (92)
HADS-D 4.77 (3.98) 4 0–19 143 (100) 5.28 (4.14) 5 0–19 101 (92)
HADS total 10.26 (7.18) 9 0–34 143 (100) 10.86 (7.61) 10 0–36 101 (92)
CFQ total 29.39 (17.56) 27 1–92 143 (100) 32.58 (18.88) 31 0–93 99 (90)
Objective cognitive
impairment (%) T1

29.75 (25.35) 20 0–92 143 (100) 31.46 (28.18) 25 0–100 110 (100)

Objective cognitive
impairment (%) T2

23.50 (16.23) 17 8–83 143 (100) 26.56 (17.52) 18 0–83 97 (88)

Note. See main body for definitions of variables; n = sample total.
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3. Does severity of acute post-stroke cognitive impairment moderate the
relationship between cognitive change and emotional distress in the months
following stroke?
The model indicates that cognitive change was a positive predictor of HADS,
whereby a reduction in impairment over time was associated with a lower
HADS score (b = .19, 95% CI [.09, .30], t = 3.57, p < .01), and this was moderated
by objective cognitive impairment at T1, suggesting that this effect was strongest
for those with greater cognitive impairment at T1 (b = .0020, 95% CI [.0002, .0038],
t = 2.21, p < .05). However, this interaction between acute severity and cognitive
change only explained 2.2% of variance in themodel (R2 Change = .022, F(1, 137) =
4.88, p< .05). Together, predictors explained 36.9% variance in the model
(R2Adjusted= .369, F(5, 137) = 17.57, p < .001; see Table 4), with a large effect
size of f 2 = .58.

Table 3. Unadjusted and covariate adjusted descriptive statistics for awareness.

Objective cognitive impairment group

BI
Awareness
(unadjusted)

Awareness
(adjusted)

N M SE M SE M SE

Mild-no impairment 120 16.78 0.38 54.17 1.01 54.23 1.02
Moderate-severe impairment 23 14.52 1.15 28.23 2.30 27.92 2.35

Figure 2. Scatterplot illustrating the relationship between awareness and OCI at T2.
Note: The vertical line through the x-axis denotes the cut-off OCI score (39.73) that defines the two groups,
whereby OCI scores≥ 39.73 indicates “moderate-severe cognitive impairment”.
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The Johnson–Neyman method (1936) was used to explore the direction-
ality of the moderation effect. Figure 3 shows how the relationship between
cognitive change and HADS changes at different values of objective cogni-
tive impairment at T1. This indicates that those with more severe cognitive
impairment at T1 may be more sensitive to the effects of cognitive change
on HADS.

Table 4. Hierarchical multiple regression analyses of objective cognitive impairment at T1 as a
moderator of the relationship between cognitive change and emotional distress (HADS total
score) controlling for the effect of BI and awareness.

b (CI) SE b β t p

Constant −0.49 (−7.27, 6.29) 3.43 −0.14 .886
Cognitive change 0.19 (0.09, 0.30) 0.05 0.59 3.57 .001
Objective cognitive impairment at T1 0.22 (−0.13, 0.31) 0.05 0.79 4.83 .000
interaction 0.0020 (0.0002, 0.004) 0.0009 0.21 2.21 .000
BI −0.42 (−0.35, −0.19) 0.12 −0.26 −3.64 .000
Awareness 0.37 (0.27, 0.47) 0.05 0.75 7.49 .000

Note: Adjusted R2 = .369; 95% confidence intervals reported in parentheses. Cognitive change and objective cog-
nitive impairment at T1 are centred variables. The interaction variable is defined as cognitive change × objec-
tive cognitive impairment at T1.

Figure 3. The conditional effect of cognitive change on HADS score as a function of objective
cognitive impairment score at T1.
Note: Conditional effect of cognitive change represents the gradient between cognitive change and HADS score
for a given OCI score at T1. Those with a higher OCI score at T1 are more sensitive to the effects of cognitive
change on HADS. Upper and lower 95% confidence intervals are indicated by the dashed lines.
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Exploratory analyses

Further exploratory analyses were conducted to examine whether BI, aware-
ness, and objective cognitive impairment at T2 were differentially related to
anxiety and depression symptomology. Two forced-entry logistic regression
analyses were performed with BI and awareness entered as predictors in the
first, and BI, awareness, and objective cognitive impairment at T2 entered as
predictors in the second. Objective cognitive impairment at T2 did not signifi-
cantly improve the anxiety model so was excluded.

Increasing awareness was associated with an increased likelihood of report-
ing clinically significant anxiety (b = .046, 95% CI [.012, .087], p < .01, OR = 1.05,
95% CI [1.01, 1.08]) and depression symptomology (b = .097, 95% CI [.054, .154],
p < .001, OR = 1.10, 95% CI [1.05, 1.20]). Higher BI scores were associated with a
reduction in the likelihood of clinically significant anxiety (b =−.147, 95% CI
[−.252, −.051], p < .01, OR = 0.863, 95% CI [0.79, 0.95]) and depression sympto-
mology (b =−.150, 95% CI [−.261, −.063], p < .01, OR = 0.861, 95% CI [0.78,
0.96]). Higher objective cognitive impairment T2 scores were associated with
an increase in the likelihood of clinically significant depression symptomology
(b = .07, 95% CI [.02, .12], p < .01, OR = 1.07, 95% CI [1.02, 1.12]).

The anxiety model explained 18% (Nagelkerke R2) of the variance in symp-
toms of anxiety. The model correctly classified 72.7% of cases, however, it was
more accurate at classifying cases not reporting clinically anxious symptoms
(93.2% correct) than cases reporting clinically anxious symptoms (20%). The
depression model explained 32% (Nagelkerke R2) of the variance in symptoms
of depression. The model correctly classified 83% of cases, however, it was
more accurate at classifying cases not reporting clinical symptoms of depression
(97.3% correct) than cases reporting clinical symptoms of depression (34%).

Discussion

To the authors’ knowledge, this is the first study to test aspects of the Y-
shaped model in the early months after a stroke. This study primarily
aimed to test the hypothesis that the relationship between cognitive
change and mood outcomes in the months following stroke would be mod-
erated by the severity of acute post-stroke cognitive impairment, to further
understanding of change processes influencing psychological outcomes
post-stroke in line with the Y-shaped model. Preliminary research questions
aimed to establish whether previously well-documented relationships
between the severity of cognitive impairment and awareness of cognitive
impairment, and between awareness of cognitive impairment and emotional
distress, were also present in this sample.

Results of this study of stroke participants with well characterized cognitive
impairment suggest a strong relationship between awareness of cognitive
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deficits and cognitive functioning, with participants reporting accurate aware-
ness when only mildly cognitively impaired and participants with more severe
or global cognitive impairment under-estimating their cognitive deficits. This
supports evidence that poor awareness of cognitive deficits is associated with
organic changes sustained by brain injury through stroke (Boosman et al.,
2014; Ownsworth et al., 2007). In line with the Y-shaped model, those with
more severe or global cognitive impairment may consequently lack the capacity
to process, retain, understand, or accept the cognitive consequences of their
stroke (Gracey et al., 2009). Moreover, findings suggest that this strong relation-
ship between cognitive impairment and awareness exists several months after
the stroke itself. This indicates that this awareness deficit may persist despite
possible exposure to interpersonal feedback from others and personally experi-
encing the impact of cognitive impairments on functional tasks, although this
should be explored in future studies. This finding suggests that stroke patients
with more severe or global cognitive impairment may benefit from tailored psy-
choeducation and targeted feedback interventions provided over time, which
both explain and normalize changes to cognition in a context of a safe thera-
peutic relationship, whilst also giving space to reflect on changes noticed and
the meaning of these changes to the patient.

With regards to the second hypothesis, findings suggest that greater aware-
ness of cognitive impairment is strongly associated with increased distress, in
line with previous work in various ABI samples (Boosman et al., 2014; Geyten-
beek et al., 2017; Mitrushina & Tomaszewski, 2020; Morton & Barker, 2010).
Moreover, findings suggest that BI is a negative predictor of emotional distress
in accordance with previous research, indicating that the more independent an
individual is with their activities of daily living, the less likely they are to report
clinically significant symptoms of anxiety or low mood (Huang et al., 2014; Park
et al., 2012). These findings may be explained by the relationship between
“threat-to-self”, “self-discrepancy”, and emotional distress prescribed by the Y-
shaped model. Specifically, it is possible that an individual with greater aware-
ness of their cognitive deficits and higher levels of disability in carrying out ADLs
following stroke may experience a threatened pre-injury identity, accompanied
by an increase in emotional distress (Gracey et al., 2009) although pre-injury
identity was not specifically measured in this study. Alternatively, it is possible
that increased emotional distress heightens one’s attentional bias towards “cog-
nitive failures” following stroke, thus increasing awareness of one’s experience
of self-discrepancy. This should be investigated in a future longitudinal study
which measures the dynamic influence of variables at both 3-week and 6-
month time-points.

The final analysis explored the effect of cognitive change on emotional dis-
tress, and whether this was moderated by the severity of objective cognitive
impairment at T1. Our findings suggest that cognitive improvement in the
months following stroke is significantly associated with lower reported
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emotional distress across all levels of acute objective cognitive impairment. It is
possible that participants may report low levels of anxiety and depression symp-
tomology as they are experiencing fewer cognitive difficulties. When considering
the mechanisms underlying this finding through the lens of the Y-shaped model,
one could hypothesize that improvement in cognitive performance may reduce
the discrepancy between pre- and post-injury cognitive ability enabling the indi-
vidual to progress through a process of post-stroke adjustment, associated with
decreased distress (Gracey et al., 2009).

The moderation model indicated that the effect of cognitive change was mod-
erated by acute cognitive impairment (see Figure 3). To the best of the authors’
knowledge, this is the first observation that emotional outcomes in the months
following stroke depend, partially, on the interaction between cognitive
change and the severity of acute post-stroke cognitive impairment. Notably,
the direction of the moderating effect of acute cognitive impairment on the
relationship between cognitive improvement and emotional distress is opposite
to the one we expected. Specifically, those with more severe acute cognitive
impairments reported lower emotional distress as a function of cognitive
improvement. This finding appears incongruent with the awareness hypothesis
(Boosman et al., 2014; Ownsworth et al., 2007). One may expect that an individual
with a greater acute cognitive impairment would have lower levels of awareness,
and thus low emotional distress. If an under-aware individual’s cognitive function
were subsequently to improve, one may expect that they may gain the capacity
to become aware of any discrepancy in their pre- and post-stroke self, which may
then lead to increased emotional distress. This incongruence would suggest that
awareness of cognitive impairment is not the dominant factor in determining the
relationship between acute cognition and anxiety and depression symptomatol-
ogy in this particular stroke sample at 6-months, which is supported by the R2

= .39 of the model. The sample in this study primarily comprised participants
with mild stroke. Mild stroke has been associated with better long-term functional
outcomes and it is possible that those experiencing fewer or more focal deficits
may have greater success with identifying and implementing cognitive and
behavioural compensatory strategies, which may have a notable impact on
their everyday functioning and mood (Kwakkel & Kollen, 2013). This raises the
question of whether the results of this study would follow the expected direction
in a sample comprising moderate-severe strokes, whereby participants may be
more likely to experience more limited cognitive and functional recovery as
their awareness improves and this should be investigated in future research.
Moreover, as the mechanism and direction of the association between change
in cognition and mood cannot be established in this study, due to the absence
of a measure of threat-to-self and adjustment, this should also form the basis
for future research.

Findings from the exploratory analyses suggest that subjective awareness of
cognitive impairment and disability affecting ADL are significant predictors of
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clinically significant anxiety and depression symptomology. These findings differ
from those of Geytenbeek et al. (2017), who reported that depression was not
associated with awareness in a TBI sample. This may be a consequence of meth-
odological differences including sample characteristics, or different measures
used. Current findings also suggest that cognitive impairment is a significant pre-
dictor of depression symptomology. This is in line with previous research, which
suggests that deficits in attention, memory, processing speed, and executive
functioning, are commonly experienced by stroke survivors and are also associ-
ated with symptoms of depression (Broomfield et al., 2011; Nakling et al., 2017;
Nys et al., 2006). This finding may thus reflect stroke-induced damage to the
frontal subcortical circuits, which are responsible for both executive skills and
emotional regulation (Alexopoulos et al., 1997; Flaster et al., 2013). Moreover,
changes to executive skills may also interact with psychological mechanisms to
further maintain low mood, for example, through exacerbating difficulties with
flexible thinking and problem solving (Broomfield et al., 2011). However, due to
the exploratory nature of these findings, future studies should use a hypoth-
esis-driven approach to explore these further.

Clinical implications

Findings emphasize the importance of adopting a biopsychosocial approach to
neurorehabilitation by monitoring stroke patients’ cognitive deficits and their
capacity to be self-aware when assessing and formulating long-term post-
stroke distress and adjustment (Mitrushina & Tomaszewski, 2020; Van Rijsbergen
et al., 2019). Findings suggest that patients with more severe or global cognitive
impairment 6-months post-stroke are less likely to understand, retain, or accept
post-stroke cognitive change. Although low awareness appears to be protective
against emotional distress at 6-months, whether that be due to a low level of self-
discrepancy, the absence of negative attentional bias, or denial, present findings
suggest that cognitive improvement over the first 6-months post-stroke is associ-
ated with lower reported emotional distress. Moreover, this effect is largest for
those most cognitively impaired in the days following stroke. This has possible
implications for the provision of psychological intervention in this sub-group.
Namely, targeting this sub-group of patients with psychoeducation and feedback
regarding cognitive change and cognitive rehabilitation interventions, alongside
emotional support in the early stages post-stroke may have a positive impact on
their long-term emotional adjustment. This approach would support these
patients to attend to evidence of changes to their cognition, appraise these in
a way that is less threatening to their sense of self, and learn compensatory strat-
egies that enable them to engage in meaningful activities and adjust to post-
stroke changes. In contrast, cognitive improvement over the first 6-months
appears to have a much smaller impact on the emotional wellbeing of those
with less cognitive impairment in the weeks following stroke. Psychological
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interventions such as cognitive behavioural therapy may be better suited to this
group, to support them with the process of personal reconciliation.

Strengths and limitations

A methodological advantage of this study is that participants’ self-evaluations of
their cognitive abilities were compared to their neuropsychological perform-
ance, as opposed to scores based on evaluations provided by family members
or clinicians, thus yielding a more objective measure of awareness (Hoofien
et al., 2004). A further strength of this study is the large sample size and inclusion
of participants with communication difficulties, which makes findings more gen-
eralizable to clinical populations.

Some limitations of this study should be noted. Firstly, themeasure of awareness
used in this study perhaps reflects intellectual awareness, in that participants were
asked to rate the implications of cognitive changes post-injury. However, “online
awareness”, defined as the ability to self-monitor andmodify behaviour during per-
formance, was notmeasured (Toglia & Kirk, 2000). Additional research is required to
determine a gold-standardmeasure for detectingmultiple aspects of impaired self-
awareness, according to normalized cut-off scores. Secondly, emotional distress
was considered as an outcome in this study, however, it could also be a potential
risk factor for awareness and cognitive impairment, and future studies should
measure these variables at multiple time-points over the course of 1-year post-
stroke to establish the mechanism and order of change over time. Thirdly, the
study sample consisted of primarily participants with a mild stroke (median
NIHSS score 5), good cognitive functioning (120 participants were in the “mild-
no cognitive impairment” group), and high levels of functional independence in
personal care and mobility (median BI score at 6-months was 18/20), which
limits the generalizability of the findings to the entire stroke population. Fourthly,
data was not collected regarding premorbid psychological history, despite evi-
dence that this variable is associated with self-awareness, post-stroke depression,
and psychosocial stroke outcomes (Hurst et al., 2020; Taylor-Rowan et al., 2019).

Conclusion

This study suggests that emotional outcomes in the months following stroke
depend partially on the interaction between cognitive change and the severity
of stroke-induced cognitive impairment. Specifically, cognitive improvement
over time was associated with lower HADS scores at 6-months post-stroke
and this effect was largest for those most cognitively impaired in the days fol-
lowing stroke. These results have potential implications for improving long-
term emotional adjustment in this sub-group of patients through psychoeduca-
tion and cognitive rehabilitation interventions, alongside emotional support.
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