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ABSTRACT

Objectives Cognitive impairment poststroke is
progressive. We aimed to synthesise the existing
evidence evaluating risk factors and the effects of
treatments to prevent/improve cognitive function in
patients who had a stroke with cognitive impairment.
Design Umbrella review.

Data source Medline, PsycINFO, EMBASE, Cochrane
and PROSPERO were searched from inception until 11
June 2019.

Eligibility criteria Published systematic review

(SR) that incorporated randomised controlled trials

to investigate an intervention to improve poststroke
cognitive impairment, or SR of longitudinal observational
studies that evaluated the risk factors of this condition.
No restrictions were applied.

Data extraction and synthesis From each eligible
study, details were recorded by one reviewer in

a validated form. Grading of Recommendations,
Assessment, Development and Evaluations criteria were
used to assess our certainty level of each outcome, and
A Measurement Tool to Assess Systematic Reviews 2 to
assess quality.

Results Altogether, 3464 abstracts were retrieved, 135
full texts were evaluated and 22 SRs were included

in the final analysis. From four SRs of observational
studies, we found 19 significant associations with
postulated risk factors, and those which we determined
to be confident about were: atrial fibrillation (3 SRs,

25 original studies); relative risk 3.01 (1.96—4.61),

ORs 2.4 (1.7-3.5) and 2.0 (1.4-2.8), leukoaraiosis,
multiple and recurrent strokes, ORs 2.5 (1.9-3.4), 2.5
(1.9-3.1) and 2.3 (1.5-3.5), respectively. From 18 SRs
of interventional trials, we found that interventions
including physical activity or cognitive rehabilitation
were enhancing cognitive function, while the certainty
of the other interventions was rated low, due to limited
methodological quality.

Gonclusions This review represents common risk
factors related to poststroke cognitive impairment,

in particular atrial fibrillation, and points to different
interventions that warrant attention in the development
of treatment strategies. Physical activity and cognitive
rehabilitation interventions showed evidence of
enhancing cognitive function; however, we could not
recommend a change in practice yet, due to lack of
strong evidence.

PROSPERO registration number CRD42018096667.

.12 Abdel Douiri," Clare Flach,' Vibhore Prasad,’

Strengths and limitations of this study

» This study provides an overview on a broad topic by
using a systematic approach.

» The quality of the evidence was assessed at
different levels, including A Measurement Tool
to Assess Systematic Reviews and Grading of
Recommendations, Assessment, Development and
Evaluations criteria.

» This study included only systematic reviews of ran-
domised controlled trials to assess the effectiveness
of an intervention.

» Even though we used different levels of quality as-
sessments, conducting an umbrella review might
carry forward the methodological limitations of pre-
Vious reviews.

INTRODUCTION
Stroke is the second leading cause of death
afterischaemic heartdisease and amajor cause
of long-term disability worldwide.! Recovery
from stroke poses physical and psychological
challenges, with significant consequences for
patients and families, informal caregivers and
stroke services.” There is a growing literature
on the importance of poststroke cognitive
impairment as a determinant of return to
work for stroke survivors.” Cognitive impair-
ment after stroke affects over one-third of
patients, and may result in poor clinical
outcomes,” reduction in quality of life and
extended hospital stays.”®

A James Lind Alliance priority setting exer-
cise found that finding ways to prevent post-
stroke cognitive impairment was the number
one research priority for patients, carers and
clinicians.” Many systematic reviews (SR) have
been published investigating the effectiveness
of a single intervention,”” or evaluating risk
factors associated with cognitive decline.'’ !

To provide an overview of this field of
research as a whole and investigating our
research question ‘Can we prevent post-stroke
cognitive impairment?’, we aim to synthesise
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the results of these SRs using a method known as an
‘umbrella’ review, or SR of SRs .2 This method entails
systematically identifying all SRs pertinent to a research
field, and synthesising their results, taking into account an
assessment of quality and bias. Umbrella reviews can help
clinicians and policymakers gain a clear understanding of
a diverse field, are useful for patients seeking information
about available treatment choices and their effectiveness.
Rather than directly summarising these reviews, we aim
to appraise the quality of both the included reviews and
the studies included in those reviews, and present results
using the Grading of Recommendations, Assessment,
Development and Evaluations (GRADE) framework, to
provide information about how confident we are in our
findings.

METHODS

This SR was conducted in accordance with the recom-
mendations of the Cochrane Collaboration and the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines."” The study protocol
was prespecified and registered in advance of the litera-
ture search in the International Prospective Register of
Systematic Reviews (PROSPERO).

Search strategy and selection criteria
This umbrella review, which is a method used to collect SRs
and meta-analyses to answer a specific question,' ' was
conducted. We systematically searched Medline (Ovid),
PsycINFO (Ovid), EMBASE (Ovid), the Cochrane Library,
PROSPERO and Scopus from inception until 11 June
2019. Grey literature was also searched using the Open-
Grey website."” Search terms from a previous Cochrane
SR were adapted and used as the basis for our search
strategy.'® Study design search filters were taken from the
Scottish Intercollegiate Guidelines Network to identify
SRs. Specialist librarians were consulted regarding the
search terms before and after a pilot search stage. The
search terms for the three databases (Medline, PsycINFO,
EMBASE) are provided in online supplementary file 1.
One member of the research team (MO) performed
the initial search and removed titles and abstracts that
were clearly outside of the scope of the review. All the
remaining abstracts were screened by two independent
researchers; this screening was done by MO, and IJM
or AD. In case of disagreement, a third reviewer was
consulted (VP). Studies were included if they were: (1)
peer-reviewed SRs with or without meta-analysis that iden-
tified risk factors or interventions for poststroke cognitive
impairment; (2) included adult participants aged 18 years
and older, with a history of stroke based on the WHO defi-
nition'’ (patients with a history of traumatic brain injury,
transient ischaemic attack and other neurological deficits
were excluded); (3) considered randomised controlled
trials (RCTs) for testing the effectiveness of interventions,
and longitudinal studies with a minimum of 3 months of
follow-up to explore the association between risk factors

and cognitive decline. We included trials that compared a
treatment group that received one of the various types of
interventions (pharmacological or non-pharmacological)
to improve/prevent cognitive impairment after stroke,
and a control group that received either a different form
of or no intervention. Intervention after stroke was consid-
ered where cognition was either a primary or secondary
outcome. No restrictions to language were applied.

The definition of poststroke cognitive impairment
varies in the literature.'”® In this review we considered
generally the criteria reported by Gorelick et al.'® The
criteria include that vascular cognitive impairment (VCI)
incorporates a range of cognitive deficits, from relatively
mild cognitive impairment of vascular origin to vascular
dementia, the most severe form of VCI. VCl is a syndrome
affecting at least one cognitive domain with evidence of
clinical stroke. However, studies that were inconsistent
with the Gorelick criteria might be considered if the inclu-
sion criteria we described in the protocol will be fulfilled.

Furthermore, cognition typically includes various
domains such as attention, memory and executive func-
tioning."® However, some authors include problems with
visuospatial perception and apraxia as cognitive impair-
ments.”” Much research in the field separates these
latter pathology domains from cognitive impairment.
For this review, we follow specifically the definition of
The National Stroke Foundation of Australia’s Clinical
Guidelines for Stroke Rehabilitation and Recovery, which
specifies cognitive impairment to include the following
domains: attention, orientation, memory and executive
functions.”'

Outcomes

Our primary outcomes were change in cognitive func-
tion after delivering an intervention. Test of cognitive
function was not restricted to a specific tool. It could
include global cognitive function (eg, Mini-Mental
State Examination (MMSE)), individual tests (eg, Trail-
Making Test), neuropsychological test battery (a combi-
nation of individual cognitive tests) or specific domains
assessment of executive function, attention, memory or
perception. Second, we evaluated risk factors associated
with increasing or decreasing the risk of cognitive impair-
ment after stroke. Adverse effects for interventions were
reported as a secondary outcome.

Data extraction and synthesis
From each eligible study, the following details were
recorded by MO in a form that was validated and approved
by all the team members: first author, title, publication
year, last search year, participant characteristics, number,
setting, country, sex, description of intervention; type,
duration, frequency and time since stroke onset; study
design, inclusion/exclusion criteria, measurement tools,
primary outcomes, other outcomes, statistical tests,
adverse events and quality of the individual studies.

For each SR of intervention, absolute effect sizes (mean
difference or standardised mean difference (SMD)
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between two groups) with 95% CIs were reported. For
studies evaluating risk factors, ORs or relative risks (RRs)
were extracted with 95% CIs to estimate association.
Between-study heterogeneity by I metric was extracted,
with values under 40% indicating that heterogeneity
may not be significant. However, higher levels indicate
likely heterogeneity, with levels above 50% representing
substantial heterogeneity.”

To ease interpretation of standardised results, we trans-
lated the effects of interventions into their equivalents in
percentages using the MMSE and the Montreal Cogni-
tive Assessment (MoCA) as a reference. The MMSE and
MoCA use a maximum score of 30.%

We also classified each outcome using criteria from
the GRADE framework to present the certainty of find-
ings, which is defined as a systematic approach to rating
the certainty of evidence in SRs and other syntheses of
evidence.”® GRADE was conducted on the basis of the
outcomes reported in a review article and carried out
by one reviewer (MO) and revised independently by
two reviewers (AD and IJM). GRADE has four levels of
evidence certainty: high, moderate, low and critically low.
Evidence from RCTs starts at high quality, while evidence
that includes observational data starts at low quality due
to residual confounding. The certainty in the evidence
is increased or decreased for several reasons (eg, impre-
cision, indirectness, inconsistency, risk of bias, large
magnitude of effect and all plausible confounders). High
certainty indicates that we have a strong confidence that
the true effect is similar to the estimated effect. Whereas
very low certainty indicates that the true effect is probably

markedly different from the estimated effect, moderate
and low certainty set in between these statements.

Quality assessment

We examined the general methodological quality of SRs
using A Measurement Tool to Assess Systematic Reviews
2,% which includes 16 reliable and valid items. Based on
the tool, the overall rating of the general methodolog-
ical quality would be reported as high, moderate, low
and critically low. Subsequently, we also considered the
quality assessment from the SRs regarding the quality of
the primary studies. The assessment was performed by
MO and checked independently by IJM or AD.

Patient and public involvement
No patients involved.

RESULTS

The initial search provided a total of 3464 relevant titles
and abstract, which was further refined to the retrieval
of 135 full-text articles. Of these, 22 SRs were eligible
for inclusion in the final synthesis. The study selection
process, including reasons for exclusion at the full-text
level, is summarised in a PRISMA study flow diagram
(figure 1). The characteristics of the included reviews are
presented in tables 1 and 2. All studies included 30715
participants who had a history of stroke, except one SR of
a physical activity including altogether 482 participants, of
which 87 had not had a stroke,26 for which the data were
not reported separately. This umbrella review included 18

Records identified through
database searching

Medline (n =1056)
EMBASE (n=2358)
PsycINFO (n=507)

Additional records identified
through other sources
OpenGrey (n =37)

PROSPERO (n=78)
Cochrane (n=57)

Search repeated (June 2019)
Medline (n =84)
EMBASE (n=141)
PsycINFO (n=50)

A

(n=3189)

Records after duplicates removed

v

Records screened
(n=3464)

Records excluded
(n=3329)

Full-text articles
assessed for eligibility
(n=135)

Full-text articles excluded, with reasons(n =113)

A

synthesis
(n=22)

Included [Identiﬁcation} [ Screening ] {Identiﬁcation ’

Studies included in data

Figure 1

Mixed/general population (n=29)
Different outcome/ intervention (n=33)
Not relevant/unspecified design (n=30)
Duplicate/updated publications (n=13)

Retracted Article (n=3)
Not found in full (n=5)

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart for study selection.
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Table 1 Participant characteristics in systematic reviews that evaluated risk factors
Publication Primary

First author Study design year studies n Age (years) Risk factors investigated
Kalantarian™ SR of longitudinal 2013 5* 1394 Mean: 71  Atrial fibrillation

observational studies
Kwok*! SR of longitudinal 2011 7* 2425  Mean: 68  Atrial fibrillation

observational studies
Tang"' SR of longitudinal 2018 14 11400 NA Increased age, female sex, left

observational studies lesion location and black ethnicity
Pendlebury* SR of longitudinal 2009 30 7511 NA Atrial fibrillation, female sex,

observational studies

white, low education, diabetes,
ischaemic heart disease, previous
TIA, hypertension, smoking,
moderate alcohol consumption,
haemorrhagic stroke, dysphagia,
left hemisphere lesion, brainstem,
lacunar, previous, recurrent, silent
and multiple stroke, hypoxic
ischaemic episode, incontinence,
acute confusion, early seizures,
abnormal electroencephalogram,
leukoaraiosis, atrophy and MTLA

*Subset.

MTLA, medial temporal lobe atrophy ; NA, not available ; SR, systematic review; TIA, transient ischaemic attack.

SRs of RCTs and four SRs of observational longitudinal
studies, to assess interventions and risk factors, respec-
tively. However, one review of physical activity interven-
tions>’ included mixed study designs, six RCTs and four
non-RCTs which were not reported separately.

Risk factors for poststroke cognitive impairment

Reviews of risk factors which included four SRs
(comprising 56 observational studies and 22730 partic-
ipants) addressing questions regarding risk factors for
poststroke cognitive impairment are shown in table 3.
Significant predictors for poststroke cognitive impairment
included vascular risk factors: atrial fibrillation (AF; 3 SRs,
25 primary studies and 7466 participants, RR 3.01 (1.96—
4.61), ORs 2.4 (1.7-3.5) and 2.0 (1.4-2.8)) and diabetes
(OR 1.4 (1.2-1.7)); demographic factors: female sex (OR
1.3 (1.1-1.6)), white ethnicity (OR 0.6 (0.4-0.8)) and
low education (OR 2.5 (1.8-3.4)); stroke-related factors:
haemorrhagic stroke (OR 1.4 (1.1-1.9)), dysphasia (OR
3.6 (2.1-6.1)), left hemispheric stroke (OR 1.4 (1.1-
1.7)), previous stroke (OR 1.9 (1.5-2.3)), multiple areas
of stroke (OR 2.5 (1.9-3.1)) and recurrent stroke (OR
2.3 (1.5-3.5)); stroke complication factors: hypoxic isch-
aemic episode (OR 2.4 (1.4-4.2)), urine incontinence
(OR 6.4 (4.5-9.2)), acute confusion (OR 2.8 (1.5-5.3)),
early seizures (OR 5.4 (2.4-12.1)) and abnormal electro-
encephalogram (OR 2.7 (1.4-4.9)); and three changes in
brain imaging: leukoaraiosis (OR 2.5 (1.9-3.4)), atrophy
(OR 2.6 (1.1-6.3)) and medial temporal lobe atrophy
(OR 2.7 (1.8-4.2)). We also observed that inadequate
adjustment for confounders across studies that investi-
gated risk factors was performed.

GRADE assessment was done to show our level of confi-
dence of each estimate. Although observational studies
in GRADE initially attract a ‘low’ certainty rating, in some
cases large effect sizes allowed an increase in certainty. A
substantial association was observed across four outcomes
as follows: AF, leukoaraiosis, recurrent and multiple areas
of strokes. Details of GRADE assessment of each outcome
are presented in table 3.

Interventions for poststroke cognitive impairment

Reviews of interventions that included 18 SRs (129 RCTs;
7985 participants) addressing questions around treat-
ments to improve cognition are shown in table 4. The
interventions which led to improved cognition function
(percentage improvement in cognitive scores) compared
with control included non-pharmacological: acupunc-
ture (10.4% (6.8-14)), transcranial magnetic stimulation
(13% (8-18)) and Chinese herbal medicine (9% (6-11));
pharmacological: antihypertensive drug withdrawal
(3% (1-5)) but associated with serious adverse effect (a
sudden rise in blood pressure), and three physical activi-
ties (1% (0.2-3), 2% (1-3) and 4% (3-5)). Interventions
that investigated dopamine agonists™ and visual mental
practice® had no available data and were excluded from
data synthesis.

Inconsistent results were observed across physical
activity interventions, which were the most common type
of intervention identified (5 SRs and 39 RCTs). Of these,
three recently published reviews (n=3),%*"* with bigger
sample size than the other non-significant studies, indi-
cated some benefits in cognitive function, although very
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Table 2 Participant characteristics in systematic reviews that investigated interventions

Publication Primary
First author Study design year studies n Age (years) Intervention investigated
Liu®® SR/MARCTs 2014 21 1421 Range: 18-80 Acupuncture
Aminov® SR RCTs 2018 4 97 Mean: 62 Virtual reality
Braun?® SR RCTs 2013 3 115 Mean: 70.7 Mental practice
Hoffmann'® SR RCTs 2011 1 33 Mean: 72 Occupational therapy
Rogers®’ SR RCTs 2018 22 1098 Mean: 62 Coghnitive remediation;
rehabilitation for multiple
domains
Tian®’ SR/MARCTs 2011 7 281 Range: 37-43  Transcranial magnetic
stimulation
das Nair® SR RCTs 2016 13* 514 Range: 31-68 Memory training in memory
rehabilitation
Loetscher® SR/MARCTs 2013 6 223 Mean: 65 Cognitive rehabilitation for
attention deficits
Hackett®* SR RCTs 2010 1* 29 Range: 57.8-  Antidepressant agents
73
Jongstra®® SR RCTs 2016 1* 1784 Mean: 73 Antihypertension withdrawal
Mead*® SR RCTs 2012 7 425 Range: 55-77 Selective serotonin reuptake
years inhibitor
Yang* SR RCTs 2015 1* 62 Range: 58-80 Chinese herbal medicine—
mailuoning
Sami?®® SR RCTs 2015 2+ 94 RCT 1: mean  Dopamine agonists
64t
RCT 2: range
24-80%
Oberlin®® SR/MARCTs 2017 14 736 Mean: 62.5 Aerobic exercise and
stretching
Pang® SR RCTs 2013 1* 38 NA Aerobic exercise and
stretching
Hayes®® SR RCTs 2016 3 159 Mean: 62 Cardiovascular
Cumming?® SR/MARCTs 2012 12 482 Range: 41-79  Active sessions
Zheng?’ SR RCTs/CTs 2016 10§ 394 Range: 45-77  Aerobic exercise
*Subset.

tDelbari et al.%
tGorgoraptis et al.®
§Six RCTs/four CTs.

CT, controlled trial; ; MA, meta-analysis; NA, not available; RCT, randomised controlled trial; SR, systematic review.

small (percentage improvement in cognitive scores: 1%
(0.2-3), 2% (1-3) and 4% (3-5)).

Cognitive rehabilitation interventions were the second
most common type of intervention identified (3 SRs and
41 RCTs). Of these, only one recently published SR (22
RCTs; 1098 participants) investigated the effect of cogni-
tive rehabilitation on multiple cognitive domains,” which
showed a small positive effect on cognitive function after
stroke (SMD=0.48 (0.35—-0.60)); whereas the other two
were focusing on only one cognitive domain: attention™
and memory,” respectively (table 4).

Using the GRADE criteria, we judged the certainty
of the supporting evidence of treatments as moderate
(n=2),%* low (n=6)%*% and very low (n=8). 162627 3740

Methodological limitations were common across studies
that reduce our certainty level for each intervention; for
example, loss of follow—up,33 performance bias,9 1626273740
failure in randomisation®” *' and missing data.”*"*’ Details
on limitations for each outcome, size of effect, heteroge-
neity, time of follow-up, time and tool of cognitive assess-

ment are presented in table 4.

Secondary outcomes
Only few adverse effects were observed with interven-
tional studies as follows: higher blood pressure in the

. . 3 . . 9
intervention group,”’ confusion and tiredness,” falls

. . 35 . 39
during sessions™ and recurrent stroke in few cases.
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n (primary
studies) Type

of primary Absolute effect
Risk factor studies OR (95% ClI) 12 (%)

Demographic ~ Female sex* 5707 (24) @O0 Low 1.3(1.1t01.6)*
L (+2)

White*? 1245 (3) ®dO0O Low 0.6 (0.4 to 0.8)*
L (+2)

Low education*? 2787 (11) OO Low 25(1.8t03.4)*
L (+2)

Continued
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Table 3 Continued

n (primary
studies) Type
of primary Absolute effect
Risk factor studies GRADE OR (95% CI) 12 (%)
Stroke Hypoxic ischaemic 169 (2) ®d OO Low 2.4 (1.4t0 4.2)" 0
complications  episode*? L (+2) Due to publication bias and
magnitude of effect
Incontinence* 2291 (7) ®dO0 Low 6.4 (4.5 t0 9.2)* 52
L (+2) Due to inconsistency and
magnitude of effect
Acute confusion*? 339 (2) OO Low 2.8 (1.5t0 5.3)* 0
L (+2) Due to publication bias and
magnitude of effect
Early seizures*? 169 (1) ®0O0 Low 5.4 (2.4 to 12.1) NA
L (+2) Due to publication bias and
magnitude of effect
Abnormal EEG* 180 (1) ®dO0 Low 2.7 (1.4 to 4.9) NA
L (+2) Due to publication bias and
magnitude of effect
Brain imaging  Leukoaraiosis*? 1300 (7) DD Moderate 2.5 (1.9 to 3.4)* 37
L (+2) Due to magnitude of effect
Atrophy*? 998 (5) ®OOOVery low 2.6 (1.1t0 6.3)* 80
L (+2) Due to inconsistency
MTLA* 481 (2) @000 Low 2.7 (1.8t0 4.2)* 0
L (+2) Due to publication bias and

magnitude of effect

Our certainty level of each outcome is presented using GRADE.?*
*Statistically significant.

TRelative risk.

FSubset.

EEG, electroencephalogram; GRADE, Grading of Recommendations, Assessment, Development and Evaluations; L, longitudinal
observational study; MTLA, medial temporal lobe atrophy; NA, not available; TIA, transient ischaemic attack.

Quality assessment

The quality assessment of the included SRs (n=22)
revealed 8 to be of high quality,® *' 2 3% 36 3840 19
of moderate quality,® 10 102027293033 35 3574142 | ¢ 1
quality®® and 1 of critically low quality.'" We observed
issues concerning investigating reporting bias, stating
prior protocol, justification of excluded studies and
reporting the sources of funding across many studies
included. We also accounted for primary study quality
reported in the SRs, which showed a moderate quality
on average across primary studies. However, one SR
included high-quality studies,® moderate to low quality
was observed in nine,” ' %0375 % ywhile low quality in
two.**” Information on quality assessment for each SR
included in the current study is presented in online
supplementary file 2.

DISCUSSION

Poststroke cognitive impairment has gained increased
attention recently due to its high prevalence and implica-
tion on health. A James Lind Alliance priority setting exer-
cise found that investigating ways to prevent poststroke

cognitive impairment was the number one research
priority for patients, carers and clinicians.” There is a
growing literature on the importance of poststroke cogni-
tive impairment as a determinant of return to work for
stroke survivors.® In this umbrella review, we sought to
understand the current state of the research into the risks
for and treatment of cognitive impairment after stroke,
and provide insights for healthcare workers, policymakers
and researchers to help them gain a clear understanding
of the existing options to prevent, preserve or improve
cognitive decline. We judged strong evidence of associa-
tions with four risk factors and determinants, including:
AF,w 4142 leukoaraiosis, multiple areas of stroke and recur-
rent strokes.*” This study also points to interventions that
might warrant attention in the development of preven-
tion/treatment strategies. Overall, physical activity® *" *
and cognitive rehabilitation interventions® hold promise,
which showed evidence of improving cognition perfor-
mance after stroke. We also highlighted the key problems
of previous reviews which in this topic are numerous,
including methodological limitations, performance bias,
barriers and biologically implausible interventions.
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Outcome characteristics and quality Anticipated absolute effect

n (primary
studies) Cognitive
Type of assessment Cognition
primary MD (95% CI)/ instrument (max improvement
Intervention study GRADE assessment time score) in percentage [*/follow-up time

Pharmacological  Antihypertension 1784 (1)§ @OOO Very low 1(0.35 to 1.65)* MMSE (30) 3% (1-5) I’>=NA/16 weeks
medication RCT (+4) Due to limitations At 90 days
withdrawal for 7 in quality,
days®® indirectness and
imprecision
Selective 425 ()t @000 Very low 0.32 (-0.23 to NA 1?=86%/NA
serotonin RCT (+4) Due to limitations 0.86)9
reuptake in quality, End of intervention
inhibitor®® inconsistency
and imprecision
Antidepressant &0 Low -0.30 (-3.27 to MMSE (30) -1% (-10t0 9) ’=NA/6 weeks
agents® Due to 2.67)
indirectness and  End of intervention
imprecision

Continued
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Table 4 Continued

Outcome characteristics and quality

Anticipated absolute effect

n (primary
studies) Cognitive
Type of assessment Cognition
primary MD (95% Cl)/ instrument (max improvement
Intervention study GRADE assessment time score) in percentage 1?/follow-up time
Physical activity ~ Active sessions®® 482 (12) ®OOO Very low 0.2 (0.04 to 0.36)*t MMSE (30) 1% (0.2-3) [’=0%/1-12 months
RCT (+4) Due to limitations End of intervention FIM
in quality, (varied) SIS
indirectness and
imprecision
Aerobics and 736 (14) ®DDOModerate 0.3 (0.14 to 0.47)* MMSE (30) 2% (1-3) [’=15.3%/NA
stretching® RCT (+4) Due to Immediately after  MoCA (30)
imprecision and  intervention ACE-R
study limitations
Aerobics?’ 394 (10)f &OOO Very low 1.30 (0.93 to 1.67)* MoCA (30) 4% (3-5) P=NA
RCT (+4) Due to limitations -0.25 (-1.3 to 0.3) MMSE (30) 0.8% (-4to 1) [P=NA
in quality, 0.79 (0.08 to 1.50)* P300 wave (20) 4% (0.4-7) 1’=0%
inconsistency 5.14 (1.16 to 9.12)* ACE-R (100) 5% (1-9) [P=NA/NA
and imprecision  Varied time of
assessment
Mixed activity®® 159 (2)§** @O0 Low -0.08 (-0.47 to FIM cognition (35)  -0.2% (-1 [°=18%/4-6 months
RCT (+4) Due to limitations 0.31) to 1)
in quality and End of intervention
imprecision
Aerobics and 38 (1)§ ®dOO Low -0.83 (-2.5 to MMSE (30) -3% (-8t03) I°’=NA/8 weeks
stretching® RCT (+4) Due to limitations 0.87) FIM total
in quality and 0.20 (-0.44 to
imprecision 0.84)9

End of intervention

Our certainty level of each outcome is presented using GRADE.?*
*Statistically significant.

TShort-term cognition (4 weeks).

fLong-term cognition (8 weeks).

§Subset.

fIStandardised mean difference.

**One RCT excluded due to no follow-up data.

ACE-R, Addenbrooke's Cognitive Examination-Revised; FIM, functional independence measure; GRADE, Grading of Recommendations, Assessment,
Development and Evaluations; MD, mean difference; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; NA, not available; NCSE, The
Neurobehavioral Cognitive Status Examination; RBMT, Rivermead Behavioural Memory Test; RCT, randomised controlled trial; SIS, six-item screener.;

This study confirms that in three SRs,' *' ** including

25 primary studies and 7466 participants, AF was strongly
associated with increased risk of poststroke cognitive
impairment, with estimates of the OR between 2.0 and
3.0. Such a large increase in cognitive impairment among
stroke survivors with AF provides an additional motiva-
tion for prompt identification and treatment with anti-
coagulation. These findings might inform the current
controversy surrounding surveillance and screening for
AF.* Also, our findings may inform prescribing practices.
Data from clinical practice observed that suboptimal oral
anticoagulant is used in patients with AF, especially with
high stroke risks.** The current data from this umbrella
review may tip the balance further in favour of choosing
anticoagulation even where there are relative contraindi-
cations such as risk of falls.

Other strongly associated risk factors we identified
were related directly to stroke aetiology, including
leukoaraiosis in brain imaging, multiple and recurrent
strokes.”” Future research could determine whether
more intensive screening and monitoring (to diag-
nose and support dementia earlier), or more intensive

control of cardiovascular risk factors in this group might
have benefit. Secondary preventive therapies, which
are prescribed among a high-risk population to prevent
cardiovascular events, might have an additional impact
on cognitive function outcomes after stroke. An observa-
tional longitudinal study conducted by Douiri et al” inves-
tigated the association between secondary preventive
treatments and long-term cognition function outcomes
after stroke (n=4413). The authors observed that appro-
priate pharmacological control of vascular risk factors
after stroke has an impact on stroke recurrence preven-
tion and long-term cognitive function outcomes.
Perhaps surprisingly, we found only low-quality and
inconsistent evidence that cardiovascular risk factors were
associated with poststroke cognitive impairment, leading
to a ‘low-certainty” GRADE rating. The main issues were
related to non-significant estimates and methodological
limitations. However, stroke survivors with diabetes, but
not hypertension, were at higher risk of cognitive impair-
ment at OR 1.4 (1.2-1.7).* We still lack good quality
longitudinal studies with adjustment for confounders,
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such as stroke severity, baseline treatment and other post-
stroke disabilities.

The results from the RCTs of interventions were all
rated as being of low certainty. Nonetheless, physical
activity®® #7 ** and cognitive rehabilitation” *' ** interven-
tions were the most commonly tested interventions. From
our GRADE assessment we believe the presented esti-
mates were close to the actual effect.”” > Key limitations
we observed across studies we included were including
patients who had a stroke and patients without a stroke,
small effect size,” *” **! and including non-randomised
trials.”” Physical activity interventions hold promise as
providing an accessible and low-cost treatment that may
preserve or restore poststroke cognitive function, which
can be easily implemented in stroke services. However,
there are barriers which should be highlighted to inform
future researches. Many stroke survivors suffer from
severe physical disability which may limit survivors’ ability
to participate in or derive benefit from physical activity
rehabilitation programmes.*® *” The literature shows low
participation rates in physical rehabilitation early after
stroke. Factors associated with low attendance were older
age, cardiac diseases, arthritis and cognitive impairment
severity.48

Our findings suggested that cognitive rehabilitation
interventions” > ** seem to be effective to improve cogni-
tive function after stroke. The most recently published SR
observed medium effect of cognitive function improve-
ment in a small magnitude (g=0.48) beyond that expe-
rienced with natural recovery,” while previous reviews
failed to capture such effect.”* This is might be explained
by methods used for cognitive assessment, both studies
focused on a single cognitive domain. This finding is
important for stroke survivors, who have pressing reha-
bilitation needs, but often exhibit reduced physical and
mental stamina.*” Our findings support conclusion from
previous longitudinal study that suggested cognitive
rehabilitation might help to increase chance to return to
work.”” However, further study is required.

We, additionally, could not be certain of the interven-
tions that did not show positive effects, such as occupa-
tional therapy.'® These interventions are commonly used
among cognitively impaired stroke survivors in stroke
services. We therefore might need further good quality
RCTs to observe the actual possible effects on poststroke
cognitive function.

Strength and limitation

This umbrella review study provides insights for health-
care workers, policymakers and researchers to help
them gain a clear understanding of the existing options
to prevent, preserve or improve cognitive decline.”
To the best of our knowledge, this is the first umbrella
review that synthesised the available options to prevent
or improve this condition. The strength of this study is
that it provides an overview on a broad topic by using a
systematic approach to show what has been achieved and
to suggest plans to understand what we need in future

studies. Furthermore, as it included only SRs of RCTs to
assess the effectiveness of an intervention, and longitu-
dinal observational studies to evaluate the association
of risk factors, it may provide reliable and valid results.
In addition, the quality of the evidence was assessed at
different levels, including GRADE criteria, which lends
it more credibility. Although we rely on studies being
included in primary SRs (any studies not in reviews would
not have been captured), use of the umbrella method-
ology allows the research to be analysed on a much wider
area than would be feasible with SRs of the primary
research.

One of the limitations of our umbrella review is that
we rely on the data extracted and bias assessments done
by different reviewers and instruments. Additionally, this
review did not account for non-longitudinal studies to
evaluate risk factors and non-RCTs to understand inter-
ventions. Another, even though we used different level of
quality assessments, conducting umbrella review might
carry forward the methodological limitations of previous
reviews. Next, although we tried to screen, identify and
include all the studies that investigated poststroke cogni-
tive impairment by using wide and validated search terms
and different search methods, some relevant research
could have been missed.

Future study direction

We observed poor methodological quality across the RCTs
within this review, and therefore, we urgently need high-
quality research in this area. Key issues included poor
methodological quality, imprecise estimates of treatment
effects and risk of performance bias. Likewise, many of
the studies of risk factors were limited by being retrospec-
tive and with inadequate adjustment for confounders.

CONGCLUSION

Across awide range of risk factors identified, this umbrella
review confirms that AF, leukoaraiosis, and recurrent and
multiple strokes are associated with increased risk of
poststroke cognitive impairment. These could provide a
promising basis for future research into more intensive
prevention, monitoring, risk factor treatment and other
intervention in these groups. Furthermore, interventions
thatincluded physical activity and cognitive rehabilitation
seem to enhance poststroke cognitive function. However,
the low quality of the current trial evidence precludes any
recommendations for changes in practice.
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