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Abstract
Disability arising from post-stroke cognitive impairment is a likely contributor to the poor quality of life (QoL) stroke sur-
vivors and their carers frequently experience, but this has not been summarily quantified. A systematic literature review and 
meta-analysis was completed examining the association between general and domain-specific post-stroke cognitive function-
ing and adult stroke survivor QoL, caregiver QoL, and caregiver burden. Five databases were systematically searched, and 
eligibility for inclusion, data extraction, and study quality were evaluated by two reviewers using a standardised protocol. 
Effects sizes (r) were estimated using a random effects model. Thirty-eight studies were identified, generating a sample of 
7365 stroke survivors (median age 63.02 years, range 25–93) followed for 3 to 132 months post-stroke. Overall cognition 
(all domains combined) demonstrated a significant small to medium association with QoL, r = 0.23 (95% CI 0.18–0.28), 
p < 0.001. The cognitive domains of speed, attention, visuospatial, memory, and executive skills, but not language, also dem-
onstrated a significant relationship with QoL. Regarding caregiver outcomes, 15 studies were identified resulting in a sample 
of 2421 caregivers (median age 58.12 years, range 18–82) followed for 3 to 84 months post-stroke. Stroke survivor overall 
cognitive ability again demonstrated a significant small to medium association with caregiver outcomes (QoL and burden 
combined), r = 0.17 (95% CI 0.10–0.24), p < 0.001. In conclusion, lower post-stroke cognitive performance is associated 
with significant reductions in stroke survivor QoL and poorer caregiver outcomes. Cognitive assessment is recommended 
early to identify those at risk and implement timely interventions to support both stroke survivors and their caregivers.
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Introduction

Stroke is one of the leading causes worldwide of complex 
disability in adults (Adamson et al., 2004; Mendis, 2013; 
WHO, 2020), and stroke survivors frequently report lower 
quality of life (QoL) than age-matched controls (Aliyu et al., 

2018; Goh et al., 2019). The World Health Organization 
(WHO) defines QoL as “individuals’ perceptions of their 
position in life in the context of the culture and value sys-
tems in which they live and in relation to their goals, expec-
tations, standards and concerns”. (The WHOQOL Group, 
1998). While there is no singular agreed definition of QoL, 
the concept is generally taken to refer to the capabilities and 
satisfaction individuals experience within domains such as 
physical, mental, and social functioning (Coons et al., 2000) 
and measures of QoL often include aspects of both function-
ing and perceptions and feelings about one’s life (Golomb 
et al., 2001). Not surprisingly, stroke severity and extent of 
disability have been shown to influence QoL (Sturm et al., 
2004). Cognitive impairment is also increasingly recognised 
as a potential contributing factor to poor QoL (Barker-Collo 
et al., 2010a, b; Cumming et al., 2014; Verhoeven et al., 
2011a, 2011b).
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Cognitive impairment is a common consequence of 
stroke; two-thirds to three-quarters of stroke survivors expe-
rience cognitive difficulties depending on the timing and 
method of assessment (Jaillard et al., 2009; Jokinen et al., 
2015; Renjen et al., 2015) and many identify support for 
cognition as a long-term unmet need (Andrew et al., 2014). 
The presence of either generalised and/or domain-specific 
impairment is highly predictive of chronic activity limita-
tions and participation restrictions (Mole & Demeyere, 
2020; Stolwyk et al., 2021; Watson et al., 2020). Therefore, 
it stands to reason that greater cognitive impairment may 
contribute to poorer QoL. A systematic review and meta-
analysis by Watson et al. (2020) identified a significant 
relationship between several cognitive domains and QoL 
in individuals with acquired brain injuries. The review 
included domain-specific neuropsychological measures at 
variable stages of recovery. Studies using cognitive screen-
ing were not included, though these also may provide valu-
able information due to their widespread use. Moderator 
analysis to understand factors that may influence the asso-
ciation between stroke survivor cognition and outcome such 
as stroke survivor age and time post-stroke; quantifying the 
relationship between cognitive ability and QoL in a stroke 
survivor-only sample; and analysis using both screening and 
neuropsychological measures of cognition would be benefi-
cial. Although cognitive screening measures are not as sensi-
tive at detecting cognitive impairment as neuropsychological 
assessments (Jokinen et al., 2015), they are frequently used 
in research and clinical practice, and numerous international 
clinical guidelines for stroke care recommend that stroke 
survivors undergo cognitive screening followed by fur-
ther neuropsychological evaluation if indicated (Canadian 
Stroke Best Practices, 2019; Royal College of Physicians, 
2016; Stroke Foundation, 2021). Evaluation of screening 
measures can therefore be considered important for a more 
comprehensive synthesis of the research evidence, along-
side evaluation of specific cognitive domains, which may 
have greater predictive power regarding outcomes, or may 
affect outcomes differently (Middleton et al., 2014; Nys 
et al., 2005), thereby informing biopsychosocial formula-
tion. Another important factor to consider is the temporal 
relationship between cognition and outcome assessments. 
Concurrent assessment of stroke survivor cognition and 
outcome determines the association between the two vari-
ables at one point in time, while sequential assessment deter-
mines if cognitive performance earlier in stroke recovery is 
associated with outcome at a later time. Studies within this 
field vary with regards to concurrent versus sequential study 
designs, and delineating results between these approaches 
could help inform optimal timing of assessment.

Up to three-quarters of stroke survivors require assis-
tance with their activities of daily living and receive informal 
care from family or friends (Dewey et al., 2002). Informal 

caregivers maintain a pivotal role in supporting stroke survi-
vors in the community (Dewey et al., 2002; Di Carlo, 2009); 
however, this often comes at a cost (Rigby et al., 2009) referred 
to as caregiver burden (Montgomery et al., 1985). Caregiver 
burden effects 25–54% of carers (Rigby et al., 2009) and is 
associated with higher rates of anxiety and depression, poorer 
social and leisure time satisfaction, adverse effects on family 
relationships, increased mortality, and overall reduced qual-
ity of life (Anderson et al., 1995; Atteih et al., 2015; Haley 
et al., 2015; Parag et al., 2008; Schulz & Beach, 1999). Poorer 
cognitive functioning post-stroke may be associated with 
caregiver burden and QoL, but this association has limited 
empirical evaluation. A prior systematic literature review of 
caregiver burden following stroke included only five studies 
reporting stroke survivor cognition as a potential variable, and 
no clear association with caregiver burden emerged (Rigby 
et al., 2009). A more recent meta-analysis investigating vari-
ables that influence caregiver burden included only two studies 
that considered stroke survivor cognition as a variable (Zhu & 
Jiang, 2018), and again no conclusions could be drawn. This 
is potentially because the review focused on multiple predic-
tors of caregiver burden without a specific focus on cognitive 
impairment. Therefore, a thorough examination of predictors 
of post-stroke caregiver burden with a particular emphasis on 
stroke survivor cognition is overdue. Again, the inclusion of 
both general and domain-specific cognitive assessments was 
considered important for a comprehensive evaluation of the lit-
erature, to firstly comment if stroke survivor cognition impacts 
on caregiver burden and secondly, if possible, evaluate if spe-
cific cognitive domains are associated with caregiver burden 
in different ways.

Aim

Our aim was to perform a systematic literature and meta-
analysis to quantitatively evaluate the relationship between 
post-stroke cognitive ability and stroke survivor QoL, car-
egiver QoL, and caregiver burden. The review focused on 
both general cognitive screening and neuropsychological 
testing of specific cognitive domains (i.e., neglect, speed, 
attention, visuospatial skills, language, memory, and execu-
tive function). Relationships with stroke survivor QoL and 
caregiver outcomes (QoL and burden) were examined at 
least 3 months after stroke.

Method

Eligibility Criteria

Original research studies published in peer review jour-
nals quantitatively investigating the relationship between 
cognition, measured using standardised screening tools or 
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formal neuropsychological assessment tools, and measures 
of stroke survivor or caregiver QoL or caregiver burden 
were included. Caregiver anxiety, depression, or general 
wellbeing were not considered to be measures of car-
egiver QoL. Measures of QoL and caregiver burden were 
required to have been collected at least 3 months post-
stroke. Cognition was required to be measured at either 
the same time as QoL and caregiver burden (concurrent 
collection) or at a prior baseline assessment (sequential 
collection). Additional inclusion criteria were (i) adult 
participants (> 18  years old); (ii) diagnosis of stroke 
caused by either infarction or intracerebral or subarach-
noid haemorrhage; (iii) use of validated measures of cog-
nition, QoL, and caregiver burden; and (iv) published in 
English. Exclusion criteria were (i) cohorts with primary 
diagnoses other than stroke (including vascular dementia); 
(ii) mixed samples including participants with traumatic 
brain injury, transient ischaemic attack, or dementia, with 
no separate reporting of stroke-only data; (iii) case series 
or case studies; (iv) use of only self or informant-reported 
measures of cognition; and (v) review studies.

Information Sources

Ovid MEDLINE, Ovid PsycINFO, EBSCOhost CINAHL, 
Ovid Embase, and Elsevier Scopus were systematically 
searched with no restriction on the year of publication. 
Combinations of the following subject headings and key 
words were used across all databases: stroke, cerebrovascu-
lar, CVA, brain vascular, brain ischemia, ischemic, infarct, 
occlusion, thrombus, cerebellar, cerebral, intracranial, 
MCA, anterior circulation, basal ganglia, posterior circu-
lation, haemorrhage, subarachnoid haemorrhage, haema-
toma, bleed, post-stroke, cognition, neuropsychology, execu-
tive function, attention, concentration, memory, perceptual, 
awareness, insight, speed, learning, recall, self-monitoring, 
organisation, disorder, dysfunction, impairment, deficit, 
ability, difficulties, quality of life, activities of daily living, 
institutionalisation, mortality, caregivers, caregiver burden, 
function, activity, outcome, participation, independence, 
limitation, restriction, and dementia (please see Supple-
mentary materials for the full database search strategies). 
This resulted in a large volume of studies, and a separate 
systematic literature review and meta-analysis investigating 
the relationship between cognition and activity limitations 
and participation restrictions has been published elsewhere 
(Stolwyk et al., 2021). The following review focused on 
QoL and caregiver outcomes. The initial database search 
was conducted in March 2021 with an updated final search 
run on 29 May 2023. Reference lists from reviews and arti-
cles were also hand searched to identify other potentially 
relevant publications.

Study Selection and Data Extraction

The database search results were uploaded to the Covidence 
systematic review software (Veritas Health Innovation), and 
duplicates were removed using the automated function. The 
eligibility assessment was performed independently by two 
researchers (TM and one trained research assistant BW, 
OZ, RK, CA, or SA) using a standardised protocol. Two 
researchers independently screened each title and abstract to 
assess the suitability for inclusion based on a checklist devel-
oped from the inclusion and exclusion criteria. Disagree-
ments between reviewers were resolved by a third reviewer 
(RS). Publications considered eligible were independently 
reviewed in full text by two researchers (TM and either 
RS, JR, DW, DRH, BW, OZ). Disagreement was resolved 
by consensus, with a third author acting as arbitrator if an 
agreement could not be reached. For articles meeting the 
inclusion criteria, data on participants, study design, time 
since injury, cognition measures, outcome measures, and 
statistical analysis were extracted by TM, and the accuracy 
of the extraction and interpretation of effect directions was 
verified by DRH. In the updated 2023 search, the data were 
extracted by a research assistant (BW) and verified by TM. 
If the study had missing data, failed to report non-significant 
results, or the data were in a non-extractable format (e.g. 
regression weights), the corresponding author was con-
tacted for additional information and/or clarification. If no 
response was received after two contact attempts either (1) 
the available data were extracted for inclusion in the review 
and the risk of reporting bias was acknowledged in the 
assessment of study quality; or (2) the study was excluded 
from the review. If the reviewers suspected that multiple 
articles may have been published using the same cohort, 
the authors were emailed for clarification. If there was no 
response, it was assumed that the articles represented a dif-
ferent cohort if sample size, follow-up period, and descrip-
tive statistics differed.

Data Items

Independent Variable Measurement

Given the lack of international consensus regarding test 
classifications, a pragmatic approach was taken to cat-
egorise tests into cognitive domains for the purposes of 
analysis (see Table 1). This allocation was based on a com-
bination of information sources, primarily (i) test publisher 
technical manuals, (ii) key texts in the field of neuropsy-
chological assessment (e.g. Lezak, 2012), (iii) review 
articles, and (iv) categorisations used in previous similar 
reviews (Watson et al., 2020). In cases of inconsistency 
across these sources, the authors, all of whom are registered 
clinical neuropsychologists, made an executive decision 
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based on the overall weight of evidence. Some published 
studies presented study-defined cognitive domains based 
on an aggregate of multiple tests which were not consistent 

with the Table 1 classification and could not be separated 
based on the available data (e.g. Barker-Collo et al., 2010b, 
Chahal et al., 2011, Passier et al., 2012). In this instance the 

Table 1  Measures of cognition by cognitive domain

Attempts were made to allocate each test to the cognitive domain listed above. Some original study authors reported aggregate scores for a 
domain which were unable to be separated for the meta-analysis. The tests which were reported in multiple domains (due to the composite 
reporting) are highlighted using * in Tables 1 and 3

Domain Measures

Screening Mini Mental Status Examination (MMSE) (Folstein et al., 1975); Korean- MMSE (Kang et al., 1997); Cantonese MMSE 
(Chiu et al., 1994)

Montreal Cognitive Assessment (MoCA) (Nasreddine et al., 2005)
Cambridge Cognition Examination (CAMCOG) (Roth et al., 1986)
Telephone Interview for Cognitive Status (TICS) (Brandt et al., 1988)
Clock drawing
Community Screening Instrument for Dementia (CSI-D) (Hall et al., 2000)
Frontal Assessment Battery (FAB) (Dubois et al., 2000)

Neglect Behavioural Inattention Test (BIT)—Letter Cancellation (Wilson et al., 1987)
Visuospatial WAIS (Wechsler, 1955)

Block Design (BD)
Matrix Reasoning (MR)

Raven Colour Progressive Matrices (Raven & Raven, 2003)
Rey–Osterrieth Complex Figure copy (Osterrieth, 1944; Rey, 1941)
Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) visuospatial items (Randolph et al., 1998)
Judgement of Line Orientation (JLO) (Benton et al., 1994)
Benton Facial Recognition Test (Benton et al., 1994)
Motor Free Visual Perception Test (MFVPT) (Colarusso & Hammill, 1972)

Speed Trail Making Test A (TMT A) (Reitan, 1955)
Stroop—dots (MacLeod, 1991)
Digit Symbol Coding (Coding) tasks

Attention RBANS attention subtests (Randolph et al., 1998)
Integrated Visual Auditory Continuous Performance Test (IVA-CPT) (Stanford & Turner, 2000) *
Paced Auditory Serial Addition Test (PASAT) (Gronwall, 1977)
WAIS (Wechsler, 1955)

Digit Span Forward (DSF)
Language Boston Naming Test (BNT) (Kaplan et al., 2001)

Token Test (De Renzi & Vignolo, 1962)
RBANS Language (Randolph et al., 1998)
Controlled Oral Word Association Test (COWAT)—Semantic (Benton et al., 1994; Lezak, 2012) *; Category fluency tests
Philadelphia Naming Test (PNT) (Roach et al., 1996)
Western Aphasia Battery (WAB)—Revised (Kertesz, 2006)
Boston Diagnostic Aphasia Examination (BDAE) (Goodglass et al., 2000)

Memory Rey Auditory Verbal Learning Test (RAVLT) (Lezak, 2012; Rey, 1964; Taylor, 1959)
Rey–Osterrieth Complex Figure (ROCF) (Osterrieth, 1944; Rey, 1941)
Seoul Verbal Learning Test (Baek et al., 2012; Kang & Na, 2004)
Word list learning test (Vilkki et al., 1998)
Wechsler Memory Scale (WMS) (Wechsler, 1945)—various versions
Visual Paired Associates (VPA)
Doors Test (Baddleley et al., 1994)
RBANS memory subtests (Randolph et al., 1998)
Rivermead Behavioural Memory Test (RBMT) (Wilson et al., 1985; Wilson et al., 1989)
Benton Visual Retention Test (Benton, 1945; Sivan, 1992)

Executive TMT B; TMT AB combined score (TMT AB) (Reitan, 1955)
Stroop (MacLeod, 1991) *all or colour words
Delis-Kaplan Executive Function System (DKEFS)—Cognitive Fluency (Delis et al., 2001)
COWAT—Phonemic Fluency (Benton et al., 1994; Lezak, 2012) *
Brixton Spatial Anticipation Test (Burgess & Shallice, 1997)
WAIS (Wechsler, 1955)

DSB*
Similarities (Si)
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data were included in the domain reported in the published 
study, with consensus from current study authors that this 
is the main domain represented by the aggregate score, 
and highlighted in Table 1 and 3 by an asterisk. The only 
exception was the aggregate factor named ‘non-linguistic 
cognition’ in Dvorak et al. (2021) which comprised of 
tests assessing multiple aspects of cognition which could 
not be classified into one domain and, therefore, was only 
included in the overall cognition analysis. When a study 
reported more than one measure within a cognitive domain 
(e.g. multiple measures of executive function), all results 
were combined by the meta-analysis software into a single 
measure of effect.

Outcome Measurement

Instruments were classified as QoL by author consensus 
(see Table 2) based on working definitions of the con-
struct (The WHOQOL Group, 1998), instrument and item 
descriptions, and cross-checking with previous reviews 
(Geyh et al., 2007; von Steinbuechel et al., 2005; Watson 
et al., 2020). Instruments assessing caregiver burden were 
identified by measure and item descriptions and cross-
checked in previous reviews (Rigby et al., 2009).

Quality Assessment

The methodological quality and risk of bias for each study 
were independently assessed by two authors (TM and either 
RS, JR, DW, or DRH) using a modified Quality in Prog-
nostic Studies (Hayden et al., 2006, 2014). The QUIPS is 
a validated assessment of the quality of prognostic studies 
which could be easily adapted and applied to fit the purpose 
of the current review to include both prognostic and non-
prognostic studies. The QUIPS rates methodological quality 
across six domains: (1) study population, (2) study attrition 
(completeness of data added for non-prognostic studies), (3) 
prognostic factor measurement (independent variable meas-
urement for non-prognostic studies), (4) outcome measure-
ment, (5) confounding measurement and account, and (6) 
analysis. Hayden et al. (2014) provide factors to consider 
for assessment of potential bias under each domain which 
are designed to be modified based on the research question 
This framework was used to develop a set of criteria for the 
present study (see Supplementary materials). Each criterion 
was rated on a 3-point scale from met, partly met, or not 
met/not enough evidence to determine if the criterion was 
met. Each study was rated as (i) low risk of bias if four to six 
domains were rated as ‘met’, one to two as ‘partly met’, and 
none were rated as ‘not met’; (ii) moderate risk of bias if at 

Table 2  Outcome measures

* Use of the HRQoLISP by Akpalu et al. (2018) as a measure of QoL inferred from description in the method section. Citation by authors is to a 
different instrument, the SIS-16. Authors unable to be contacted for clarification

Outcome Measure

Quality of Life Stroke Specific QoL (SSQoL) (Williams et al., 1999)
Chinese SSQoL—aneurysmal (Wong et al., 2013)
Short Form—36 (SF-36)/ RAND-36 (Ware & Sherbourne, 1992)
Short Form—12 (SF-12)(Ware et al., 1996; Ware et al., 2002)
Life Satisfaction Questionnaire (LiSAT-9 and LiSAT-11) (Fugl-Meyer et al., 1991, 2002)
Sickness Impact Profile (SIP) (Bergner et al., 1981)
Stroke Adapted SIP (SA-SIP) (van Straten et al., 1997)
Functional Limitations Profile (FLP) (Patrick, 2014)
Stroke Impact Scale (SIS) (Duncan et al., 1999)
SATIS—Stroke (Bouffioulx et al., 2008)
WHOQoL-BREF (The WHOQOL Group, 1998)
EuroQoL-5D (EQ-5D) + / − Visual Analogue Scale (VAS) (Devlin & Brooks, 2017; The EuroQoL Research Foundation, 

1987)
Nottingham Health Profile (NHP) (Hunt et al., 1985)
Health-Related Quality of Life in Stroke Patients (HRQoLISP) (Owolabi & Ogunniyi, 2009)*
Visual Analogue Scale (VAS) (Ahlsiö et al., 1984)
Stroke and Aphasia Quality of Life Scale (SAQOL-39 g) (Hilari et al., 2009)

Caregiver Burden Zarit Burden Interview (ZBI) (Bédard et al., 2001; Zarit et al., 1985)
Bakas Caregiving Outcomes Scale (BCOS) (Bakas & Champion, 1999; Bakas et al., 2006)
Caregiver Strain Index (CSI) (Robinson, 1983; Visser-Meily et al., 2004)
Sense of Competence Questionnaire (SCQ) (Reimer et al., 1998)
Caregiver Reaction Assessment (CRA): Negative caregiver experience subscale (Given et al., 1992; Visser-Meily et al., 

2004)
Perceived Burden of Caregivers of people with physical disabilities (Dumont et al., 1998)
Burden Scale for Family Caregivers (Graessel et al., 2014)
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least three domains were rated as ‘met’, two to three were 
rated as ‘partly met’, and a maximum of one rated as ‘not 
met’; and (iii) high risk of bias if four or more domains were 
‘partly met’ or two or more domains were ‘not met’.

Effect Measures and Synthesis Methods

Data on the association (r) between cognition and QoL out-
comes in stroke survivors and caregiver QoL and burden 
were extracted in the available format (e.g. correlations and 
sample sizes, odds ratios, means, standard mean differences, 
and sample sizes, cohort 2 × 2 events) and entered into Com-
prehensive Meta-Analysis version 3 (Borenstein et al. 1994). 
A random effects mixed model was used to compute effect 
sizes with the magnitude of the correlation. A correlation as 
a measure of effect was chosen because the review explored 
a relationship between two continuous variables, and it was 
the most reported measure of effect in the studies meeting 
inclusion criteria. Effect sizes were categorised as follows:  
small > 0.10, medium > 0.30, and large > 0.50 (Cohen,  
1988). Effect sizes were assigned a positive value if superior 
cognition was associated with enhanced QoL or reduced car-
egiver burden. While the majority of studies measured cogni-
tion as a continuous variable, five studies classified cognition 
as intact/impaired using a cut score (Hotter et al., 2018; Kwa 
et al., 1996; Patel et al., 2007; Meyer et al. (2010); Scott et al., 
2008). Results from these studies were converted to correla-
tions for the purposes of the meta-analysis.

Heterogeneity across studies was reported using Q as a 
total variance statistic, I2 as a relative measure of the propor-
tion of variance (Higgins & Thompson, 2002), interpreted 
as low (25%), moderate (50%), or high (75%) (Higgins et al., 
2003), and  tau2 (τ2) as an absolute measure of the between-
study variance. The risk of publication bias was assessed 
using visual inspection of funnel plots and Egger’s regression 
test (one-tailed, alpha < 0.05 suggesting publication bias).

Following a main effects analysis investigating the rela-
tionship between overall cognition and stroke survivor QoL, 
subgroup analyses were completed separately for each cog-
nitive domain (visuospatial, speed, attention, language, 
memory, executive function, and cognitive screening). 
Measures of neglect and visuospatial skills were combined 
into visuospatial skills due to a small number of studies 
measuring neglect that met inclusion criteria. The majority 
of the studies investigating caregiver outcomes only used 
cognitive screening instruments, prohibiting subgroup analy-
sis of cognitive domains.

Moderator variables were identified a priori and included 
factors previously identified in the research literature as hav-
ing a potential impact on post-stroke cognitive outcomes. 
Moderator analysis of categorical variables was conducted 
using the Q-statistic (alpha = 0.05). Analyses included study 
quality (low vs moderate/high risk of bias) to explore if 

lower quality studies are resulting in an overestimation of the 
overall effect, and the time cognition was measured (concur-
rent versus sequential assessment). Concurrent assessment 
of stroke survivor cognition and outcome determines the 
association between the two variables at one point in time. 
Sequential assessment determines if cognitive performance 
earlier in stroke recovery is associated with outcome at a 
later time (i.e. can be used to predict outcome). Continuous 
moderator variables were examined using meta-regression 
and included the mean age of the stroke survivor (to com-
ment whether age influences the relationship between cogni-
tion and QoL) and mean time since injury (to comment if the 
relationship between cognition and outcome changes over 
time). For caregiver outcomes, the mean age of the caregiver 
was also evaluated as a potential moderator variable.

Reporting Bias and Certainty Assessment

The study methodology was registered with the International 
Prospective Register of Systematic Reviews (PROSPERO 
ID: CRD42018089092) in March 2018 to minimise the risk 
of the dissemination of research findings being influenced 
by the nature and direction of results. The Grading of Rec-
ommendations, Assessment, Development, and Evaluations 
(GRADE) framework (Atkins et al., 2004; Balshem et al., 
2011; Guyatt et al., 2008) was used to rate the confidence 
that the estimated effect between cognition, and stroke sur-
vivor QoL and caregiver outcomes (QoL and burden) is 
correct. All authors were involved in rating the quality and 
certainty across the 5 GRADE domains (risk of bias/study 
limitation, imprecision, inconsistency, indirectness, and pub-
lication bias), with final ratings labelled as very low, low, 
moderate, or high based on consensus.

Results

Study Selection

The selection process is depicted in Fig. 1 and resulted 
in 50 articles eligible for inclusion. Thirty-eight studies 
examined the relationship between cognition and QoL of 
stroke survivors (Table 3). Fifteen studies investigated the 
relationship between stroke survivor cognitive function-
ing and caregiver burden and/or caregiver QoL (Table 4). 
Three studies reported both stroke survivor and caregiver 
outcomes (Hotter et al., 2018; Khalid et al., 2016; Scott 
et al., 2008) and were included in both subgroup analy-
ses. Eleven of the 33 authors contacted provided sufficient 
additional data to include the study in the current review 
(identifiable by notation ‘AD’ in Table 3 and 4). The studies 
comprised prognostic or observational cohort designs, con-
ducted across 24 countries. The largest number of studies 
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originated in the Netherlands (N = 10) followed by the USA 
(N = 5) and Hong Kong (N = 4). An additional 28 studies 
almost met the inclusion criteria. These ‘near miss’ stud-
ies, the findings, and reasons for exclusion are presented in 
Supplementary Table 1.

Study Quality

Study quality was variable. Regarding stroke survivor QoL 
outcomes, 12 studies were rated as having an overall low 
risk of bias, 20 a moderate risk of bias, and six a high risk 
of bias (see Table 5). Regarding caregiver outcomes, seven 
studies were rated as low, five as moderate, and three as 
a high risk of bias (see Table 5). The most common risks 
were due to excessive study attrition/incompleteness of 
data, incomplete description of the study population, and 
lack of consideration of confounding variables. The less 
common risks of bias are related to inadequate measure-
ment of prognostic factors/independent variables (cogni-
tion) and outcomes. Lower ratings in these domains were 
usually associated with the use of cut-off scores for con-
tinuous variables.

Study Characteristics

The characteristics of the studies investigating the rela-
tionship between stroke survivor cognition and their QoL 
and caregiver outcomes (QoL and burden) are presented in 
Table 6.

Cognition and Quality of Life in Stroke Survivors

In the 38 studies, overall reduced cognitive functioning 
(all neuropsychological tests and screening measures com-
bined) had a significant small to medium association with 
diminished QoL, r = 0.23 (95% CI 0.18–0.28), p < 0.001 (see 
Fig. 2). Inspection of the funnel plot revealed significant 
asymmetry (Egger’s intercept = 2.81, p < 0.001, one-tailed). 
While there was a lack of small studies with negative find-
ings, there appeared to be even more random variation in 
the large studies. This heterogeneity was explored using 
meta-regression where the sample size was not a significant 
variable (β =  − 0.0001, SE = 0.0001, z =  − 1.66, p = 0.10). 
Heterogeneity was significant, I2 = 92%, Q (37) = 442.63, 
p < 0.001; τ2 = 0.02.

Records identified from:
Databases (n = 16,781) - April 2018
Databases (n = 999) - April 2020
Databases (n = 611) - March 2021
Databases (n = 1532) - May 2023 

Records removed before screening:
Duplicate records removed by automation 
tool
Initial Search (n = 5,580) + 2020 Search (n = 
219) + 2021 Search (n = 135) + 2023 Search 
(n = 338)

Records screened
(n = 13, 651)

Records excluded
(n =12, 935)

Reports sought for retrieval
(n = 716)

Reports not retrieved
(n = 0)

Reports assessed for eligibility
(n = 716)

Reports excluded (n = 568):
Ineligible article type (e.g. abstract) (n =178)
Ineligible relationship investigated (n=73)
Ineligible or no measure of cognition (n=76)
Ineligible outcome (n =78)
Incorrect setting (n=68)
Duplicate (n= 19)
Patient population did not meet criteria (n=24)
Ineligible study design (n=30)
Unable contact authors for additional data (n 
= 22)

Outcomes excluded from this review (n = 113)
Activities of Daily Living/Participation (n=90)
Housing/Discharge Destination (n =11)
Return to work (n= 9)
Return to driving (n=3)

Records identified from:
Citation searching (n = 127)

Reports assessed for eligibility
(n = 127)

Reports excluded (n =112):
Ineligible or no measure of 
cognition (n=64)
Ineligible outcome (n=19)
Unable contact authors for 
additional data (n = 9)
Ineligible relationship
investigated (n=8)
Ineligible study design (n=7)
Patient population did not 
meet criteria (n=5)

Studies included in review
(n = 50)

Initial search (n=27), 2020 search (n=5) + 2021 search (n=2) + 2023 search (n = 1) +
Reference list search (n=15)

Identification of studies via databases and registers Identification of studies via other methods
noitacifitnedI

Sc
re

en
in

g
In

cl
ud

ed

Reports sought for retrieval
(n = 127)

Reports not retrieved
(n = 0)

Fig. 1  Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Flow  Diagram for Identifying Publications included in 
the Meta-Analytic Review
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Table 5  Risk of bias ratings 
(Modified QUIPS)

Author (year) Methodological quality by domain Overall risk of bias

1 2 3 4 5 6

Quality of life
 Adamit et al. (2015) Y P Y Y N Y Moderate
 Ahmed et al. (2020) Y N Y Y P Y Moderate
 Akpalu et al. (2018) Y P P P N P High
 Barker–Collo et al. 

(2010a)
Y N Y Y P Y Moderate

 Barker–Collo et al. 
(2010b)

Y P Y/P P Y N Moderate

 Boosman et al. (2011) P N Y Y P Y Moderate
 Bouffioulx et al. (2011) Y P Y Y Y Y Low
 Bugge et al. (2001) AD P Y Y Y Y Y Low
 Chahal et al. (2011) P P Y Y N Y Moderate
 Chang et al. (2016) P N Y P Y Y Moderate
 D’Anello et al. (2014) 

AD
P N Y Y N Y High

 Dvorak et al. (2021) P N P P P Y Moderate
 Goh et al. (2019) AD P P Y Y Y Y Low
 Hochstenbach et al. 

(2001)
Y P P Y Y P Moderate

 Hotter et al. (2018) P P P Y N Y Moderate
 Howitt et al. (2011) AD P Y/P Y Y N Y Moderate
 Jonkman et al. (1998) P P P Y P P High
 Khalid et al. (2016) AD Y P Y Y Y Y Low
 Kwa et al. (1996) P N P P Y Y Moderate
 Kwok et al. (2006) AD Y P Y Y Y Y Low
 Larson et al. (2003) Y/P N Y Y N Y High
 Lopez-Cancio et al. 

(2017)
P P Y Y N Y Moderate

 McDowd et al. (2003) Y P P Y N Y Moderate
 Meyer et al. (2010) Y P P Y Y Y Low
 Ones et al. (2005) P P Y Y N Y Moderate
 Park et al. (2013) P P Y Y P Y Moderate
 Passier et al. (2012) Y Y P Y Y Y Low
 Patel et al. (2007) P P P Y/P Y Y Moderate
 Rhode et al. (2019) Y P Y Y Y Y Low
 Safaz et al. (2016)_AD P P Y Y Y Y Low
 Scott et al. (2008) P/N P P Y N P High
 Sousa et al. (2020) Y P Y Y N Y Moderate
 Springer et al. (2009) Y P Y Y N Y Moderate
 Tang et al. (2013) Y/P P Y Y Y Y Low
 Verhoeven et al. (2011a) Y P Y Y Y Y Low
 Verhoeven et al. (2011b) Y P Y Y Y Y Low
 Vilkki et al. (2012) Y N Y P P Y Moderate
 Wong et al. (2013) P N Y Y N Y High

Caregiver outcomes
 Abzhandaze et al. 

(2017)
Y P Y Y Y Y Low

 Caro et al. (2017) P P Y Y P Y Moderate
 Chen et al. (2010) P P Y Y Y Y Low
 Choi-Kwon et al. (2005) Y P P Y Y Y Low
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The observed main effect was moderated by study quality, 
with studies rated as low risk of bias (N = 12) demonstrating 
larger effect sizes, r = 0.30 (95% CI 0.23–0.37), than studies 
rated as moderate/high risk of bias (N = 26), r = 0.19 (95% 
CI 0.14–0.24), p = 0.013. The mean age of the stroke sur-
vivor, mean time since injury, and timing of the cognitive 
assessment (i.e. concurrent versus sequential) were not sig-
nificant moderators (see Supplementary Tables 2 and 3). As 
noted within the methods section, the majority of included 
studies measured cognition as a continuous variable, with 
only five studies using cut points to infer impairment on 
some measures. Visual inspection of effect sizes statistics 
(Fig. 2) of these five studies did not reveal any discernible 
differences in the pattern of results compared to the rest of 
the included studies. This also applies to cognitive domain-
specific analyses (Fig. 3) and caregiver outcome analyses 
(Fig. 4) below.

The relationship between QoL and individual cognitive 
domains is depicted in Fig. 3. Two studies were unable to 
be included in the cognitive domain subgroup analysis: 
Scott et al. (2008) investigated global cognition (i.e. multi-
ple neuropsychological tests combined) and Jonkman et al. 
(1998) investigated a decrease in intellectual function (i.e. 
global cognition in comparison to premorbid estimates of 
cognitive functioning). All cognitive domains, except lan-
guage, demonstrated a small to medium significant relation-
ship with QoL outcomes for stroke survivors. Those with 
poorer speed, attention, visuospatial skills, memory, execu-
tive skills, and poorer performances on general cognitive 
screening exhibited lower QoL. Risk of bias (low versus 
moderate/high), timing of assessment (i.e. concurrent versus 

sequential), mean age, and mean time since injury did not 
significantly moderate the relationship between any cogni-
tive domains (i.e. speed, attention, visuospatial, language, 
memory, or executive function) and QoL in stroke survivors.

Stroke Survivor Cognitive Function  
and Caregiver Outcomes

Fifteen studies reported data on caregiver outcomes. Caro 
and colleagues (2017), Green and King (2010), and Visser-
Meily and colleagues (2005) investigated both caregiver 
burden and caregiver QoL. Therefore, data were available 
for ten studies investigating burden and eight investigating 
caregiver QoL. Given the small number of studies, caregiver 
outcomes (caregiver burden and caregiver QoL) were pri-
marily examined combined, before also examined separately. 
Cognition was primarily assessed using cognitive screen-
ing instruments (80.0%, 12/15 studies). Two studies also 
assessed language function (Hotter et al., 2018; Vincent 
et al., 2009), one visuospatial skill (Vincent et al., 2009), 
one executive skill (Wu et al., 2019), and one investigated 
global cognition based on neuropsychological assessment 
(Scott et al., 2008). In sum, there was insufficient power 
(Jackson & Turner, 2017) to complete separate cognitive 
domain subgroup analysis for caregiver outcomes.

Overall diminished cognitive functioning (all neuropsycho-
logical tests and screening measures combined) had a signifi-
cant small to medium association with poorer overall caregiver 
outcome (caregiver burden and QoL combined), r = 0.17 (95% 
CI 0.10–0.24), p < 0.001 (see Fig. 4). Inspection of funnel plots 
revealed reasonable symmetry (Egger’s intercept =  − 0.25, 

Table 5  (continued) Author (year) Methodological quality by domain Overall risk of bias

1 2 3 4 5 6

 Green & King (2010) 
AD

P N Y Y N P High

 Hotter et al. (2018) P/N P P N N Y High
 Hung et al. (2012) Y Y P P Y Y Low
 Khalid et al. (2016) AD P P Y Y N Y Moderate
 Kruithof et al. (2012) Y N P Y P Y Moderate
 Kruithof et al. (2016) Y Y Y Y Y Y Low
 Persson et al. (2015) Y P Y Y Y Y Low
 Scott et al. (2008) P/N P/N P Y N P High
 Vincent et al. (2009) Y P Y Y Y P/N Moderate
 Visser–Meily et al. 

(2005)
Y Y P Y Y Y Low

 Wu et al. (2019) P N Y Y Y Y Moderate

Study quality domain 1, study population; 2, study attrition or completeness of data for non-prognostic 
studies; 3, prognostic factor measurement or independent variable measurement for non-prognostic studies 
(i.e. cognition); 4, outcome measurement; 5, confounding measurement; 6, analysis
Y criterion met, P criterion partly met, N criterion not met/not enough evidence to determine if criterion 
was met
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p = 0.42, one-tailed). Heterogeneity was significant, I2 = 64%, 
Q (14) = 38.62, p < 0.001; τ2 = 0.01. The effect was moderated 
by study quality, with studies rated as low risk of bias (N = 8) 
reporting higher effect sizes, r = 0.22 (95% CI 0.15–0.30) than 
those rated as moderate/high risk of bias (N = 7), r = 0.07 (95% 
CI =  − 0.05–0.19), p = 0.038. The time point that cognition 
was assessed (concurrent vs sequential), mean stroke survivor 
age, mean caregiver age, or mean time since injury were not 
significant moderators (see Supplementary Tables 2 and 3). 
Finally, effect sizes were similar when caregiver outcomes (i.e. 
caregiver burden and caregiver QoL) were analysed separately. 
Poorer cognitive functioning demonstrated a small to medium 
significant association with higher caregiver burden, r = 0.17 
(95% CI 0.06–0.29), p < 0.001 and lower caregiver QoL, 
r = 0.14 (95% CI 0.06–0.21), p < 0.001.

Reporting Bias and Certainty Assessment

The GRADE framework was used to rate the confidence 
in the observed effects between cognition and stroke sur-
vivor QoL and caregiver outcomes. As this systematic 
review included observational studies, the starting level 
of confidence was rated as low. No points were deducted 
for imprecision, indirectness, or publication bias, or risk 
of bias. As noted above, moderator analyses revealed that 
high-quality studies demonstrate a larger effect than low-
quality studies. However, there was significant hetero-
geneity which reduced our confidence based on incon-
sistency. Overall, the confidence in the overall effect 
between cognition and stroke survivor QoL and caregiver 
outcomes was rated as Low.

Table 6  Study characteristics

Cognitive Assessment—Global: test batteries with no individual cognitive domains reported
* Age range reported within individual studies

Stroke survivor QoL studies Caregiver outcome studies

N % Median IQR Range N % Median IQR Range

Number of studies 38 15
Sample size 7365 102 54–177 27–2271 2421 147 60–187 30–573
Stroke survivor age (years) 63.02 57–69 25–93* 64.05 60–69 26–83*
Stroke survivor gender (%male) 57 49–64 17–72 64.6 55–68 42–100
Caregiver age (years) 58.12 54–62 18–82*
Caregiver gender (male) 33 21–38 0–49
Caregiver relationship
 Spouse/any/not reported 6/6/3

Time since injury at follow-up (months) 12 6–36 3–132 12.5 6–41 3–84
Stroke type
 Ischemic and haemorrhagic 16 42.1 8 53.3
 Ischemic 9 23.7 6 40.0
 Haemorrhagic 7 18.4 1 6.7
 Not reported 6 15.8

Cognitive assessment
 Screening 22 57.9 11 73.3
 Neuropsychological 10 26.3 2 13.3
 Both 4 10.5 1 6.7
 Global 2 5.3 1 6.7

Timing of assessment
 Concurrent 28 73.7 11 73.3
  Assessed (months) 12 6–36 3–63 28 12–41 6–84
 Sequential 10 26.3 4 26.7
  Cognition assessed (days) 72 29–135 18–365 34 8–58 5–60
  Outcome assessed (months) 12 6–42 6–132 9 4–12 3–12

Caregiver outcomes
  Burden 6 40.0
  QoL 5 33.3
  QoL and burden 4 26.7
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Discussion

This systematic literature review and meta-analysis investi-
gated the association between adult stroke survivor cogni-
tive functioning and stroke survivor QoL, caregiver QoL and 
caregiver burden at least 3 months post-stroke. The review 
identified 50 studies, spanning the last two decades and 24 
countries worldwide. Thirty-eight of the studies reported on 
the association between cognition and stroke survivor QoL, 
and 15 reported on the association between cognition and 
caregiver outcomes. Reduced post-stroke cognition was sig-
nificantly associated with poorer QoL of stroke survivors and 
their informal carers and higher caregiver burden, regardless 
of the mean age of the stroke survivor or caregiver, mean time 
since injury, or the timing of the cognitive assessments.

There was a small to medium but significant associa-
tion (r = 0.23) between stroke survivor cognition and QoL. 

Consistent with previous reviews (Watson et al., 2020), indi-
viduals with reduced cognitive performance reported lower 
QoL. That finding has now been replicated utilising a larger 
number of studies specifically focusing on the stroke popula-
tion in later stages of recovery (> 3 months) and including 
both screening and neuropsychological measures of cogni-
tion. The finding that cognition is associated with QoL is 
consistent with observations in other populations including 
individuals diagnosed with various neurological conditions 
(Gorgoraptis et al., 2019; Lawson et al., 2014; Mitchell 
et al., 2010) and older adults (Borowiak & Kostka, 2004; 
Pan et al., 2015).

Subgroup analysis of multiple cognitive domains found that 
speed, attention, visuospatial, memory, and executive skills 
were all important in determining QoL in stroke survivors. 
Stroke survivors with reduced performance in these domains 
reported a lower QoL. No significant association was observed 

Fig. 2  Cognition and Stroke 
Survivor QoL
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between language and QoL. This was surprising as the increas-
ing severity of aphasia is negatively correlated with QoL (Hilari 
et al., 2012). However, in the current review, measures of lan-
guage were comprised of basic expressive and receptive func-
tion assessments (e.g. Boston Naming Test, Token Test, and 
language index from the RBANS) which may not capture prag-
matic communication difficulties. One finding suggests that 
language production, rather than comprehension, may have a 
stronger association with stroke survivor QoL (Dvorak et al., 
2021). Furthermore, from a methodological perspective, indi-
viduals with greater communication impairments are frequently 
excluded from studies due to difficulties participating in cogni-
tive testing, completing patient-reported outcome measures, or 

engaging in informed consent procedures (Brady et al., 2013). 
It is indeed important to consider the validity of comprehen-
sive neuropsychological assessment, particularly in people 
with severe language comprehension impairment (Crivelli 
et al., 2023). To wit, of the eight studies included in this review 
that assessed language function, five reported procedures for 
managing individuals with aphasia which included omitting 
verbal assessments or excluding this population altogether. 
Aphasia post-stroke is common (16–30% at follow up; Flowers 
et al. (2016)) and stroke survivors with aphasia often experi-
ence other cognitive difficulties (Fonseca et al., 2019). Future 
research should aim to accommodate individuals with aphasia 
to provide a more representative sample of stroke survivors.
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Fig. 3  The Relationship between Cognitive Domains and Stroke Survivor QoL
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Cognitive screening measures also demonstrated a sig-
nificant association with QoL. Cognitive screening tools 
are widely used in many clinical and research settings, as 
they are quick to administer, feasible to embed in clinical 
practice and research protocols, and are generally effective 
in detecting global post-stroke cognitive difficulties. The 
observed association emphasises the importance of advocat-
ing for cognitive screening as part of routine care to iden-
tify reduced post-stroke cognitive functioning and those at 
risk of poor outcomes. Nevertheless, we also recommend 
further comprehensive neuropsychological assessment of 
stroke survivors who present with low cognitive perfor-
mance on screening instruments or those with subjective 
(van Rijsbergen et al., 2014) or informant-reported cognitive 
complaints. This is because many cognitive screening tools 
have the potential to under- or over-estimate cognition for 
those with low or high premorbid cognitive function; fail 
to assess low prevalence stroke-related cognitive impair-
ments (e.g. prosopagnosia); and many are unable to provide 
a profile of intact and impaired cognitive domains (i.e. pro-
duce just one global score/cut-point; Jokinen et al., 2015; 
Stolwyk et al., 2014). Comprehensive neuropsychological 
assessments address many of these aforementioned limita-
tions by producing a detailed cognitive profile of cognitive 
strengths and weaknesses that can be interpreted not only 
in relation to age-related peers but also compared to a per-
son’s estimated premorbid cognitive function. This provides 
a more informative characterisation of how a recent stroke 
may have impacted a person’s specific cognitive functions, 
which can, in turn, be used as part of a broader biopsycho-
logical formulation to address diagnostic considerations 
and inform ongoing management and further rehabilita-
tion. There are many evidence-based neuropsychological 

rehabilitation interventions available (Rogers et al., 2018) 
representing an opportunity to improve patient outcomes. 
Selecting the best intervention, however, would rely on a 
thorough understanding of the stroke survivor’s cognitive 
strengths and weaknesses.

Regarding caregiver outcomes, meta-analysis revealed a 
small to medium association between stroke survivor cog-
nitive functioning and caregiver outcomes (r = 0.17). Car-
egivers reported lower QoL and higher caregiver burden 
when providing support to stroke survivors with reduced 
cognitive ability. In the current review, we identified 15 
studies that met inclusion criteria; 10 reported caregiver 
burden and eight caregiver QoL data, providing a synthesis 
of evidence from a larger number of studies than previ-
ous reviews (Rigby et al., 2009; Zhu & Jiang, 2018). The 
majority of studies investigating caregiver outcomes (80%) 
utilised cognitive screening instruments to measure stroke 
survivor cognition, as opposed to comprehensive neuropsy-
chological evaluation, and so cognitive subdomain analysis 
was not possible.

This review provides evidence that the cognition of stroke 
survivors can impact caregiver outcomes. Further research 
is required to explore this association in more detail using 
comprehensive neuropsychological assessment to allow for 
domain-specific analysis which was not possible based on 
currently available studies. It is possible that some cognitive 
domains may be more predictive of caregiver outcomes than 
others due to unique challenges experienced in managing 
and supporting the stroke survivor. It could be hypothesised, 
for example, that cognitive functions which particularly 
impact personality and behaviour (e.g. executive functions 
and social cognition) may be particularly difficult for car-
egivers to manage.

Fig. 4  Cognition and Caregiver 
Outcomes
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In clinical practice, caregivers often receive informa-
tion and support on managing the physical aspects of stroke 
recovery, particularly early post-stroke when the focus is on 
leaving the hospital. However, in an interview-based study, 
caregivers identified managing cognitive, emotional, and 
behaviour changes as one of the primary problems in the 
first-month post-stroke and reported that they were initially 
unaware or underestimated how cognitive difficulties would 
impact on safety (e.g. falls; Grant et al., 2004). The current 
review demonstrates that poorer cognitive functioning post-
stroke negatively impacts the caregiver experience, further 
highlighting the importance of providing caregivers with 
early education, training, and ongoing access to services to 
help manage cognitive changes post-stroke.

The current meta-analysis found that study quality moder-
ated the relationship between stroke-survivor cognition, and 
both stroke-survivor QoL and caregiver outcomes (QoL and 
burden). Low risk of bias studies demonstrated larger effect 
sizes than those rated as moderate to high risk of bias; sug-
gesting that with methodologically rigorous study designs, 
the relationships are more likely to be demonstrated. As 
lower-quality studies outnumbered higher-quality studies, 
the current reported association may underestimate the 
true overall effect. The strength of the relationship between 
stroke survivor cognitive ability and either stroke survivor 
QoL or caregiver outcomes was not significantly moderated 
by mean stroke survivor age, mean caregiver age, mean time 
point that cognition was assessed (concurrent vs sequen-
tial), or mean time since injury. This indicates that cognition 
is an important variable to consider across age groups of 
stroke survivors and caregivers and across stages of stroke 
recovery. It is important to note; however, that we examined 
these factors as means within each study, and it was not 
possible to conduct an individual patient data meta-analysis 
of trajectories of functioning, which may have influenced 
study findings (see Lo et al., 2022). Overall, these findings 
highlight the importance of providing ongoing short-term 
and long-term support to stroke survivors with cognitive 
difficulties and their informal caregivers to optimise their 
QoL and mitigate caregiver burden.

Limitations

Several limitations in the current review are acknowledged. 
Firstly, the initial aim of this review was to investigate the rela-
tionship between cognition and multiple outcomes including 
quality of life, ADL, participation, institutionalisation, mortal-
ity, caregiver burden, and dementia diagnosis. An initial search 
in March 2021 resulted in a large volume of publications and a 
lengthy synthesis process that was found to be beyond the scope 
of a single review and the focus was subsequently narrowed. 
Therefore, database searches of desired outcomes were repeated 

at later dates to capture any advancement in the field, ADL 
and participation outcomes were published elsewhere (Stolwyk 
et al., 2021), and QoL and caregiver burden were presented. 
The final search for the current review was completed in May 
2023. The authors acknowledge that additional work may have 
become available subsequently and recommend an ongoing 
review of literature to update the knowledge base.

Second, while the review identified associations between 
post-stroke cognition and QoL and caregiver outcomes, 
these associations do not infer causation. Based on current 
evidence, we cannot conclude with high certainty that cog-
nition directly impacts these outcomes, as opposed to shar-
ing variance with other variables that may be more directly 
influencing QoL and burden. For example, there is high-
comorbidity between stroke-related cognitive and physical 
impairments. While some studies in this review reported a 
unique association between cognition and QoL using regres-
sion modelling, other studies using simple correlations were 
not able to control for potential shared variance with other 
factors. Future studies using regression-based approaches 
and including potential confounds such as overall stroke 
severity and physical impairment are recommended. Studies 
investigating if ameliorating cognitive difficulties results in 
improved QoL and caregiver outcomes may also further shed 
light on this relationship. Further, given the observational 
nature of study designs; the quality of the studies available 
(32% and 53% rated as low risk of bias for stroke survivor 
and caregiver outcomes, respectively), and unexplained vari-
ability in findings across studies, the confidence in the effect 
identified in this study is limited. This is reflected in the 
GRADE ratings (low), and therefore, the recommendations 
and conclusions are provided with this in mind.

Third, a wide range of tests was used to assess cognition 
with no clear consensus within the literature on which test 
should be used to assess a particular cognitive domain. This 
is likely due to the multifaceted nature of several cognitive 
domains and the fact that most neuropsychological tests in 
fact measure multiple cognitive processes. For example, 
executive functions refer to a set of processes required for 
complex and goal-directed behaviour, including planning, 
set-shifting, problem-solving, reasoning, and inhibitory con-
trol (Diamond, 2013). There is significant overlap with other 
cognitive domains such as attention and a range of measures 
are generally required to be administered to capture this con-
stellation of skills. The authors took a pragmatic approach 
to test categorisation as described in the Method section, 
and it is recognised that there will be some differences of 
opinion on decisions made. It is also recognised that the 
tests targeting some domains (e.g. visuospatial) are hetero-
geneous and in fact measure a range of more discrete skills, 
including neglect, object recognition and visual abstract rea-
soning. Even tests considered ‘purer’ measures of specific 
cognitive domains tend to differ in terms of the motor and 
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sensory skills required to complete them. Further delineation 
of these cognitive constructs in future research is warranted 
in addition to selecting the most ‘process pure’ tasks where 
possible and acknowledging the inherent multifaceted nature 
of our cognitive measures (Kessels, 2019). Further, some 
authors grouped the same measures under different cognitive 
domains, reporting only aggregate scores of multiple tests 
which could not be separated (as denoted by the asterisk in 
Table 1) or used test batteries. For example, phonemic verbal 
fluency was grouped with assessments of language by some 
authors and executive skills by others. If the data for each 
test could not be separated, the current review identified the 
domain most closely represented based on classification by 
the published study and agreement by the research team; 
this method may result in a less delineation of cognitive 
domains. A lack of consensus on cognitive test selection 
and interpretation likely accounts for some of the variability 
observed across studies (Stolwyk et al., 2021). To increase 
the interpretability and generalisability of findings, the crea-
tion and use of consensus-based assessments and cognitive 
domain classifications are recommended. In addition, the 
current review did not include studies utilising measures of 
social cognition, meta-cognitive skills, or ecologically-based 
measures of cognition to be able to comment on their impact 
on stroke survivor or caregiver outcomes (i.e. QoL, burden). 
It is possible that ecologically-based measures may be more 
predictive of outcomes and inform targeted interventions 
(Hogan et al., 2023). Social cognition may also be impor-
tant in predicting quality of life due to its known impact 
on emotion processing, social perception, and interpersonal 
relationships (Adams et al., 2019). It is recommended that 
future studies consider the inclusion of these tests, in addi-
tional to traditional neuropsychological measures, to provide 
a more comprehensive understanding of the support required 
for stroke survivors and their carers.

Similarly, studies utilised a wide range of QoL measures 
which vary widely in the domains encompassed by each 
instrument (e.g. physical function, role activities, psycho-
logical well-being, social functioning, cognitive functioning, 
and health perceptions). The lack of consensus and stand-
ardisation in this field has been identified and critiqued pre-
viously (Geyh et al., 2007; Salter et al., 2008) and the differ-
ences amongst the QoL measures also likely contributed to 
some of the variability across studies. The WHO definition 
of QoL as the individuals’ perceptions of their position in 
life within their context, goals, and expectations should be 
in the forefront when selecting QoL instruments to measure 
outcomes, to avoid merely assessing the presence of impair-
ments (mobility, ADL), symptoms or participation restric-
tions, but the individual’s satisfaction and perception of their 
life in relation to their physical, occupational, psychological, 
and social functioning. With regards to our specific research 
question, only some studies used a QoL measure containing 

cognition-related items (e.g. SSQoL, WHOQoL-BREF), 
with many other measures limited to physical and/or men-
tal-health items (e.g. EuroQoL, SF-36). This may have led 
to some underestimation of the association between cogni-
tion and QoL in our analyses. To optimise methodologi-
cal rigour, future studies in this field should consider QoL 
measures that include cognition-related items. There was 
relatively more consistency in the caregiver burden instru-
ments. Similar to the work within the traumatic brain injury 
literature (Honan et al., 2019), guidelines and recommenda-
tions for test selection and outcome measurement would be 
beneficial in the stroke population to improve synthesis of 
evidence and provide stronger and more meaningful clinical 
and research recommendations.

Finally, our review identified that, overwhelmingly, cogni-
tive screening instruments are used in the literature to measure 
cognitive functioning. Almost 60% of studies investigating 
stroke survivor QoL outcomes relied on cognitive screening 
instruments, and an even larger proportion relied on cognitive 
screening (80%) when investigating caregiver outcomes. In 
the context of screening instruments not being as sensitive 
as a comprehensive neuropsychological assessment to detect 
impairment and providing a broad overview of cognition with 
no specific areas for intervention, the clinical recommenda-
tions that can be made based on cognitive screening results 
are limited. Nonetheless, post-stroke cognition is an impor-
tant variable to consider when identifying the risk of poor 
outcomes, and interventions and supports are required for 
the stroke survivor and their informal caregivers. We suggest 
that neuropsychological rehabilitation interventions should be 
person-centred and embedded in the everyday experience of 
the individual, targeting life roles that have the most impact 
on QoL and incorporating caregiver support and training as a 
core part of the intervention.

Conclusion

Predictors of outcome following stroke have historically relied 
upon physical measurements of stroke severity. The current 
review provides Level 1 evidence (OCEBM) that post-stroke 
cognition is not only associated with stroke survivor QoL but 
also the outcomes of their informal caregivers. Increased clini-
cian awareness of the importance of cognition in determining 
outcomes is needed, along with embedding early and ongoing 
cognitive assessment of all stroke survivors within services 
to inform the provision of support, monitoring, and interven-
tions aimed at stroke survivors and their caregivers. While the 
current review provides evidence that cognition is associated 
with stroke survivor QoL and caregiver outcomes (QoL and 
burden), the efficacy of neuropsychological rehabilitation 
in improving QoL outcomes and reducing caregiver burden 
requires further research.
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Other information

Registration and Protocol

The current systematic literature review and meta-analysis 
was conducted and reported in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement (Page et al., 2021). Proto-
col details for the review were registered with the online 
International Prospective Register of Systematic Reviews 
(PROSPERO ID: CRD42018089092) and can be accessed 
from: https:// www. crd. york. ac. uk/ prosp ero/ displ ay_ record. 
php? ID= CRD42 01808 9092.

The original protocol database search included multiple 
outcomes which resulted in a large volume of studies deemed 
beyond the scope of a single review. Therefore, the relation-
ship between cognition and ADL and participation outcomes 
was published elsewhere (Stolwyk et al., 2021), and this 
review focuses on QOL and caregiver outcomes. Outcomes 
that were excluded are outlined in Fig. 1. Given the large 
volume of studies, the search was updated on 29th May 2023.
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