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1 | INTRODUCTION

Vascular disease is the second most common contributor to dementia®
and vascular processes are one of the earliest drivers of Alzheimer’s
disease (AD).2 Of note, a substantial proportion of dementia risk is
attributable to modifiable factors, many of which are cerebrovascu-
lar in nature.® Stroke remains a leading cause of vascular dementia®
and post-stroke cognitive impairment (PSCI) is common affecting up
to 70%-80% of survivors.” Within 1 year, ~8% of patients with mild
stroke develop post-stroke dementia (PSD), rising to 34% in those
with more severe events.® With over 94 million stroke survivors
worldwide,” there is a pressing need to identify reliable biomarkers
of post-stroke cognitive decline. Such biomarkers would enable early
risk stratification, support patient selection, and provide objective
endpoints for clinical trials targeting cognitive recovery, potentially
reducing trial duration, cost, and uncertainty. Identifying these markers
is therefore important both for understanding post-stroke pathol-
ogy and for guiding interventions to preserve cognition and prevent
cognitive decline.

Blood-based biomarkers (BBMs) have transformed dementia
research, particularly in AD, enabled by ultra-sensitive detection
technologies.? These biomarkers capture diverse neuropathological
processes, including neuroaxonal injury (neurofilament light [NfL]),?
astroglial activation (glial fibrillary acidic protein [GFAP]),’° and
AD-specific pathology including amyloid beta (AB40, AB42),1112
total-tau (t-tau),’® and phosphorylated tau (p-tau) species (p-tau181
and p-tau217).1415

These dementia-related BBMs have been studied extensively in
dementia cohorts but less frequently in cohorts with concomitant
cerebrovascular disease (CVD). Where examined, their performance

months after stroke

DISCUSSION: NfL and GFAP show the most consistent associations with post-stroke
cognition, particularly acutely. Evidence for amyloid and tau was inconsistent between

studies, and PIGF remains unexplored.

amyloid beta, blood-based biomarkers, cognitive impairment, glial fibrillary acidic protein, hem-
orrhagic stroke, ischemic stroke, neurofilament light chain, placental growth factor, stroke,
systematic review, tau protein

* Dementia-related blood biomarkers and post-stroke cognition were assessed
* The systematic review identified 18 studies

* Higher early blood neurofilament light (NfL) predicted poorer cognition within 1-6

» Evidence for blood amyloid beta and tau associations with cognition is inconsistent
* Blood glial fibrillary acidic protein (GFAP) shows potential as a biomarker of post-

stroke cognitive status

appears altered by vascular pathology. For instance, plasma GFAP
detects amyloid pathology in cognitively impaired individuals, but
its accuracy diminishes with increasing white matter hyperintensity
(WMH) burden.® Blood placental growth factor (PIGF), a marker of
endothelial dysfunction,!” distinguishes individuals with cerebrovas-
cular pathology burden (WMHs, microbleeds) from those without
cerebrovascular pathology burden in AD cohorts,'® and separates
vascular cognitive impairment from cognitively healthy individuals.?
In contrast, p-taul81, p-tau217, and the AB42/AB40 ratio appear
to remain robust in the presence of WMH burden, supporting
their utility for identifying AD-related pathology despite coexisting
CVD.1620 Furthermore, NfL may have the potential to stratify individ-
ual and combined AD and CVD pathological contributions to cognitive
impairment.2!

Although these markers have been characterized in dementia
and CVD populations, their performance in the biological context
of stroke remains poorly defined. Most existing stroke studies have
focused on non-cognitive outcomes: experimental animal models
have shown that stroke alters A8 production and Ag clearance,?223
whereas human studies have linked Ag levels to unfavourable post-
stroke neurological and functional outcomes, measured using the
National Institutes of Health Stroke Scale (NIHSS) and modified Rankin
Scale (mRS).2* Blood-based brain-derived tau (BD-tau), a marker of
neurodegeneration, has been associated with poorer global func-
tional outcome after stroke.?> Among these BBMs, NfL has been
most studied extensively after stroke. Serum NfL concentrations
peak between 7 days and 1 month post-stroke and are associated
with stroke severity, infarct volume, and poorer long-term functional
outcomes.26-39 Plasma GFAP concentrations typically peak within
hours following a stroke,3! demonstrate predictive utility for neu-
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TABLE 1 Inclusion and exclusions criteria for study screening.

Inclusion criteria

* Stroke populations (ischemic or hemorrhagic)

* Blood-derived biomarkers of NfL, GFAP, Ag, tau, and PIGF (whole
blood, plasma, and serum) measured after stroke

* Cognition assessed at >1 timepoint
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Exclusion criteria

* Animal or non-stroke studies (including TIAs)

* Incomplete texts, reviews, editorials, letters, perspectives, book
chapters, retracted studies, conference papers, and errata

* Non-English-language publications

Abbreviations: A3, amyloid beta; GFAP, glial fibrillary acidic protein; NfL, neurofilament light; PIGF, placental growth factor; TIA, transient ischemic attack.

rological impairment (NIHSS) and functional disability (mRS),32 and
differentiate hemorrhagic and ischemic sub-types.®® Emerging evi-
dence also implicates vascular-specific biomarkers such as PIGF in
predicting first-time cardiovascular events, including stroke,* and
in cognitive outcomes in small vessel disease (SVD) related vascular
dementia.®®

Despite these insights, few studies have investigated whether these
BBMs are associated with post-stroke cognitive trajectories rather
than neurological or functional outcomes alone. Ongoing longitudinal
studies aim to clarify their role in predicting cognitive change after
stroke.34-38 This systematic review synthesizes current evidence on
dementia-related BBMs and their relationship to post-stroke cognitive
outcomes, evaluating their potential for prognostic stratification and

mechanistic insight into cognitive trajectories.

2 | METHODS
2.1 | Search strategy

This systematic review followed the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) guidelines.3? A com-
prehensive search of MEDLINE, EMBASE, Web of Science, and Scopus
was performed on March 13, 2025. Non-English-language studies
were excluded. Search terminology encompassed stroke, cognitive
impairment (PSCI and vascular dementia), and BBMs of interest: NfL,
GFAP, tau (phosphorylated and total), A8 (40 and 42), and PIGF. To
ensure relevance to peripherally circulating biomarkers, sample types
(blood, serum, and plasma) were also included. Full search strate-
gies are provided in Supplementary Materials 1. ldentified studies
were imported into Covidence (https://www.covidence.org/), dupli-
cates were removed, and two reviewers (H.T.F.and M.B.) independently
screened all titles and abstracts against predefined eligibility criteria
(Table 1). Discrepancies were resolved by consensus. The PRISMA flow

diagram is shown in Figure 1.

2.2 | Data extraction

Three reviewers (HT.F, O.B., and M.B.) independently extracted data
using a predefined template (Supplementary Material 2). Extracted
variables included: (1) publication details, (2) study design and study

period, (3) biomarker-related data and analytical methods, (4) cogni-

tive outcomes and definitions of PSCI, (5) group-level covariates (age,

sample size, sex, and education), and (6) clinical or functional outcomes.

2.3 | Outcome measures

The primary outcome was post-stroke cognition, assessed using
global cognitive screening tools (e.g., Montreal Cognitive Assessment
[MoCA], Mini-Mental State Examination [MMSE], and the Telephone
Interview for Cognitive Status [TICS-40]), functional cognition (Cogni-
tive Functional Independence Measure [FIM] subscale), detailed neu-
ropsychological batteries, domain-specific cognitive tasks, or clinical
diagnoses of PSCI or dementia. For clarity, the term “cognition” is used
throughout this review to refer to global cognitive performance on the
MoCA, MMSE, or TICS-40, unless otherwise specified; where studies
examined domain-specific cognitive functions or functional cognition,
this is explicitly stated. Effect measures included correlation coeffi-
cients (Pearson’s r, Spearman’s rho), regression coefficients, and odds
ratios (ORs). No restrictions were applied to biomarker measurement
methods or timepoints post-stroke. For synthesis, timepoints were
pragmatically categorized as: acute (<1-month post-stroke), subacute
(1-6 months), and chronic (>6 months) adapted from the framework of

Bernhardt and colleagues.*?

2.4 | Risk of bias assessment

Risk of bias was assessed using a customized template based on
the Cochrane Risk of Bias in Non-Randomised Studies of Exposure
(ROBINS-E) tool.#! Domains evaluated included: (1) confounding fac-
tors, (2) participant inclusion criteria, (3) BBM measurement methodol-
ogy, (4) missing data, (5) measurement of the cognitive outcome, and (6)
selection of reported results. Overall study risk was determined by the
highest-risk domain.*! Assessments were performed independently by
three reviewers (HT.F, O.B., and M.B.), with disagreements resolved
through discussion. Risk of bias visualizations were produced using the

robvis tool.#2

2.5 | Data synthesis

Findings were synthesized narratively using a structured frame-

work for each biomarker. Group-level reporting was described,
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References removed (n = 404)
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Duplicates identified by Covidence (n = 363)

Records screened (title and abstract) (n = 1342) S Records excluded according to predefined
inclusion and exclusion criteria (Table 1) (n = 1284)

Studies excluded (n = 40)

Screening

\ 4

N iti t =6
Studies assessed for full text eligibility (n = 58) o cognitive outcomes (n = 6)
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Missing full text (n = 2)

No blood biomarker assessed (n = 4)
Non-stroke population (n = 27)

Non-English publication (n=1)

\4

Studies included in review (n = 18)

FIGURE 1 PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) chart illustrating the study selection process.
Note. The figure includes the total number of reports identified and the reasons for exclusion. (See Table 1 for inclusion and exclusion criteria.)

with cross-sectional and longitudinal outcomes presented separately. 2.6 | Statistical analysis
Associations with cognition were summarized, covariate adjust-
ments noted where available, and null findings were explicitly Meta-analyses were conducted when >4 comparable studies were

reported. available for a given biomarker-cognition timepoint pairing (e.g.,
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acute biomarker measurement vs chronic cognitive outcome). Pair-
ings with <4 studies were synthesized qualitatively to avoid under-
powered analyses. When multiple effect measures were available for
the same biomarker-cognition phase pairing, the most appropriately
adjusted model was prioritized for reporting (accounting for rele-
vant covariates without over-adjustment). If no adjusted estimate
was reported, the corresponding unadjusted value was extracted.
Correlation coefficients were transformed to Fisher’s Z for running
the meta-analysis but are presented as raw coefficients in text and
figures. Analyses were conducted in R (v4.5.1) using the metafor
package, applying random-effects models (REMLs). Heterogeneity
was assessed using 72, 12 (with 95% confidence interval [Cl]), and
Cochran’s Q statistic. Given the limited number of studies, small-study
effects (funnel plots, Egger’s tests) were not assessed, as these are
underpowered with <10 studies.*® Statistical significance was set at
p<0.05.

3 | RESULTS

From 1746 records screened, 18 studies met inclusion criteria
(Figure 1). These comprised 14 cohort studies, 3 cross-sectional stud-
ies, and 1 randomized trial. Fourteen studies focused on ischemic
stroke, three included mixed stroke types, and one examined hem-
orrhagic stroke. Sample sizes ranged from 24 to 1694 (interquartile
range [IQR]: 67-245), with mean participant ages between 58.8 and
75.1 years. The exclusion criteria for many studies included individu-
als with pre-existing cognitive impairment, major neurodegenerative
or psychiatricdisease, large or strategically located infarcts, severe sys-
temic illness, or sensory or motor deficits precluding cognitive testing
(Supplementary Material 3). Baseline medical histories and vascular
co-morbidities were reported variably across included studies (Sup-
plementary Material 3). Furthermore, substantial heterogeneity was
observed in pre-analytical processing and biomarker sampling meth-
ods (Supplementary Materials 3 and 4) alongside cognitive outcome
measures that spanned brief global screening instruments to detailed
neuropsychological batteries (Table 2).

3.1 | NfL

NfL-cognition associations were examined in 11 studies; see Supple-

mentary Material 4 for cohort characteristics.*4-54

3.1.1 | Cross-sectional

Higher acute NfL concentrations were consistently associated with
poorer functional cognition at 7 days (rho = -0.84, p < 0.001)** and
11 days (rho = -0.39, p < 0.05),*> and cognition 20 days post-stroke
(OR =1.83,95% Cl: 1.55-2.20, adjusted for clinical covariates).*¢ Sub-

acute associations were modest, with increased NfL at 30-90 days

THE JOURNAL OF THE ALZHEIMER’'S ASSOCIATION

linked to worse functional cognition (rho = -0.53 to -0.63, p < 0.05)**
and global cognitive function, executive function, and processing speed
(8 = -0.15 to -0.24, p < 0.05),*” although only the latter remained
significant after adjustment for neuroimaging and clinical covariates
(B=-0.187, p < 0.05). Other studies reported no significant subacute
associations.*8 In one chronic-phase study, higher NfL modestly associ-
ated with poorer working memory, after adjustment for age and stroke
severity (rho=-0.21, p < 0.05; Srange —1.23 to —1.59, p < 0.05).4?

3.1.2 | Longitudinal

Five studies demonstrated that higher acute NfL concentrations pre-
dicted poorer subacute cognition.*#45°0-52 Higher acute NfL pre-
dicted poorer functional cognition at (1) 30 days (8 =-0.321, p < 0.001;
adjusted for baseline function [mRS], infarct, and SVD volumes),*> and
(2) 90 days (B = -0.002, p < 0.001; adjusted for age, mRS, and Fazekas
SVD score).** In the latter, the association was no longer significant
when GFAP concentrations were included as an additional covariate,
suggesting potential confounding or mediation by GFAP in the early
post-stroke phase.

Larger well-adjusted cohort studies confirmed the longitudinal pre-
dictive value of acute-phase NfL (OR = 1.04 per log10 unit increase
in NfL, all results p < 0.001; adjusted for age, gender, education

level, baseline stroke severity and imaging covariates),”%°>1

including
in haemorrhagic stroke (rho = -0.59, p < 0.001).>2 A random-effects
meta-analysis of four studies (n = 2020) demonstrated a moderate-
to-strong association between higher acute NfL and poorer subacute
cognition (Fisher Z = -0.518, SE = 0.085, p < 0.0001; 95% ClI:
—0.684 to —0.351) (Figure 2).#4°0-52 Sybstantial heterogeneity was
present (-2 = 0.018, 12 = 76.5%, Q(3) = 14.24, p = 0.0026), consistent
with between-study differences in participant characteristics, stroke
subtypes, and the timing of biomarker and cognitive assessments. Sub-
acute NfL levels also predicted chronic cognitive outcomes.*”->3 At
30 days, higher NfL was associated with poorer cognition at 1 year
(OR = 1.06-1.07, p < 0.001) and reduced cognitive improvement over
time (8 = -0.28 to -0.31, p < 0.001).53 Similarly, higher NfL levels at 90
days predicted worse global cognition at 5 years (8 = -0.30 to -0.34,
p < 0.002) and increased dementia risk (hazard ratio [HR] = 1.45-1.68,
all p < 0.05 for different adjusted models).*” Finally, NfL measured in
the chronic phase after stroke was not associated with letter-number
sequence performance over a 9-month follow-up period (OR = 1.47,
95% Cl:0.88-2.53,p =0.15).47

Beyond its prognostic value, NfL measured within 24 h of admission
may also moderate treatment response; Li and colleagues®* found that
early antihypertensive therapy initiated in the acute phase reduced
PSCI risk at 3-month follow-up in patients with low baseline NfL
(OR=0.50,95% Cl:0.31-0.81) but increased it in those with high base-
line NfL (OR = 1.93, 95% ClI: 1.16-3.20), with a significant interaction
between NfL level and treatment (p < 0.001). However, as this clini-
cal trial enrolled a younger-than-typical stroke population, this finding

requires replication in prospective studies before clinical translation.
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Study Correlation [95% CI]
Ferrari et al. (2023) -0.56 [-0.75, -0.28]
Jiang et al. (2022) —a— -0.32 [-0.43, -0.21]
Wang et al. (2021b) i -0.52 [-0.56, -0.49]
Zheng et al. (2023) -0.59 [-0.80, -0.26]
Random-Effects Model e ——-— -0.48 [-0.59, -0.34]
Heterogeneity: 12 = 0.018, |12 = 76.5%,
Q(3) = 14.2, p = 0.0026

-0.83 -0.76 -0.66

T T 1
-0.54 -0.38 -0.2
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FIGURE 2 Random-effects meta-analysis of the association between acute blood neurofilament light (NfL) (<1-month post-stroke) and

subacute cognitive outcomes (1-6 months post-stroke).

3.2 | Amyloid

Eight studies examined amyloid species in relation to cognition, provid-
ing both cross-sectional and longitudinal analyses; see Supplementary

Material 4 for cohort characteristics.46>>-61

3.2.1 | Cross-sectional

In the acute phase, higher AB1-40 concentrations were associated
with worse cognition (r = -0.874, p < 0.01, unadjusted)®> and higher
AB1-42 was associated with increased odds of cognitive impairment
(OR = 1.009, 95% Cl: 1.00-1.018, p = 0.045; unadjusted).”® Findings
were more heterogeneous in the subacute phase. Higher A1-40 was
associated with better cognitive performance (r = 0.38-0.44, p < 0.05),
whereas higher AB1-42/40 ratio was associated with poorer cogni-
tion (r = —0.32 to —0.44, p < 0.05); associations with AB1-42 alone
were non-significant. These patterns persisted after adjustment for
age and education.?” However, larger studies did not replicate these
findings (OR = 0.88-1.04, all p's > 0.25).4858 |n the chronic phase, a
single paper reported no association with AB1-40 levels and cognition
(r=0.07-0.17, p > 0.25) but found that higher A31-42 was associated
with poorer cognition (r = -0.44 to -0.46, p < 0.01).5?

3.2.2 | Longitudinal

Across three studies examining longitudinal associations between
plasma amyloid and cognition, the evidence was mixed.”¢¢%61 Two
studies found no evidence that acute amyloid concentrations or ratios
were associated with cognition at subacute or chronic follow-up
(p > 0.1).°860 |n contrast, a larger cohort study by Mao and colleagues
(2020), which assessed AB1-42 concentrations only, reported that

higher acute AB1-42 was associated with better cognition (rho =0.348,
p < 0.05) and a lower risk of cognitive impairment at 1 year (relative
risk =0.282,95% Cl: 0.258-0.833, p < 0.05; adjusted for demographic,
vascular, and clinical variables).® Finally, higher subacute AB1-42 was
associated with improved cognition at 1 year (OR = 0.63, p < 0.05;
adjusted for baseline cognitive scores), whereas the AB1-42/40 ratio
showed a similar but weaker, borderline association (OR = 0.87, 95%
Cl:0.76-1.00,p = 0.055).58

3.3 | Tau

Five studies assessed plasma tau (t-tau and phosphorylated) concen-
trations using cross-sectional and longitudinal designs; see Supplemen-
tary Material 4 for cohort characteristics.487-60

Cross-sectionally, higher subacute plasma t-tau showed weak-to-
moderate associations with poorer cognition (r = —0.27 to —0.46,
p < 0.05; adjusted for age, education, and depression).>” Other suba-
cute and chronic cross-sectional studies reported no significant associ-
ations between t-tau and cognition (p > 0.05).°8.5? Longitudinally, acute
t-tau concentrations did not predict cognitive outcomes at subacute or
chronic follow-up.>8¢° However, one study reported that higher sub-
acute tau concentrations were associated with a lower risk of PSCI
at 1 year (OR = 0.85, 95% Cl: 0.73-0.99; adjusted for education), a
finding that contrasts with the cross-sectional associations and should
therefore be interpreted cautiously.>®

Two studies examined p-taul81, yielding inconsistent and poten-
tially counter-intuitive findings.*8¢° Huang and colleagues (2022)
reported that higher acute p-tau181 was associated with a reduced
risk of PSCl subacutely (OR =0.62, 95% Cl: 0.40-0.94) and chronically
(OR=0.69, 95% Cl: 0.47-0.99).60 Conversely, Sanchez and colleagues
(2024) reported a borderline association between higher log10p-

tau181 and poorer cognition that did not reach statistical significance
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(B=-0.32, p = 0.062).“8 Several differences may underlie these con-
flicting results. Notably, the Huang cohort was approximately a decade
younger than that of Sanchez et al. (2024),® potentially reducing
the prevalence of underlying Alzheimer’s-type pathology. In addition,
p-tau181 was quantified using different assay platforms (Immunomag-
netic Reduction [IMR] vs Single Molecular Array [SIMOAJ), and cog-
nitive outcomes were assessed using a screening instrument (MoCA)
rather than a comprehensive neuropsychological battery, which may
have limited sensitivity to post-stroke cognitive impairment. Although
Huang et al. adjusted for several vascular and clinical covariates, key
imaging markers such as infarct volume were not included. Taken
together, differences in population characteristics, biomarker mea-
surement, and cognitive assessment, combined with small sample
sizes, limit confidence in the direction and interpretability of p-tau181

associations with post-stroke cognition.

34 | GFAP

Only two studies investigated associations between GFAP concen-
trations and cognition (see Supplementary Material 4 for cohort
characteristics).*44® Both studies reported cross-sectional asso-
ciations in the subacute phase; higher GFAP was associated with
poorer functional cognition and worse attention, working memory,
and executive function (rho = -0.63, p < 0.001); (B = —0.42 to —0.45,
p < 0.05; adjusted for age, sex, education, and apolipoprotein E [APOE]
€4 status).*»*8 Ferrari and colleagues (2023) additionally observed
strong negative correlations between acute-phase GFAP concentra-
tions and functional cognition (rho = -0.77, p < 0.0001). Of note, this
study examined baseline GFAP concentrations in relation to subse-
quent cognitive outcomes, with higher GFAP associated with poorer
subacute functional cognitive outcomes (rho = -0.73 and -0.64;
both p < 0.01) and predicted worse cognition at 90 days (3 = -0.009,
p < 0.05; adjusted for age, stroke severity, and SVD burden). However,
this association was no longer significant after additional adjustment
for NfL, suggesting that GFAP-related effects may overlap with, or be
mediated by, neuroaxonal injury.**

3.5 | Risk of bias assessment

Eight of 18 studies were judged to be at high overall risk of bias,
most frequently due to concerns in participant selection and selective
reporting of results (Figure 3). Within each bias domain, between 0-3
studies were judged to have high risk of bias; the domain most often
rated as high risk was participant selection (three studies). The justifi-
cation for the full domain-level assessments for each study is available
in Supplementary Materials 5.

4 | DISCUSSION

This systematic review synthesised evidence on dementia-related
BBMs (NfL, GFAP, A3 and tau species, and PIGF) in relation to post-

stroke cognitive outcomes. Eighteen studies met inclusion criteria,
most focusing on NfL (n = 11), followed by amyloid- and tau-related
biomarkers and GFAP. Across studies, NfL and GFAP showed the most
consistent associations with PSCI, whereas evidence for amyloid- and
tau-related biomarkers was more heterogeneous between studies and
suggested weaker and less reliable predictive utility. Although PIGF has
been linked to cognitive outcomes in cerebral SVD cohorts,'? no eli-
gible studies examined PIGF in clinical stroke populations within the
review window. Notably, few studies were judged to have a low risk of
bias across all domains, highlighting the need for more rigorous study
designs, better-controlled cohorts, and standardized biomarker and
cognitive assessment protocols.

NfL is an established marker of neuroaxonal injury and is con-
sistently linked to vascular neuroimaging abnormalities, functional
outcomes after stroke, and neurodegenerative disease including
AD.?26-28 The meta-analysis revealed that acute-phase NfL concentra-
tions had the strongest associations with later cognitive performance,
particularly during the subacute period (1-6 months). When mea-
sured acutely (<1 month), NfL concentrations primarily reflect the
extent of initial neuroaxonal injury from the index stroke, before
inflammatory, neuroplastic, and recovery-related processes introduce
additional sources of variance. Acute stroke produces axonal dam-
age, and early NfL concentrations likely reflect the scale of this injury,
including tissue lost through secondary degeneration such as Wallerian
degeneration, which may contribute to the characteristic post-stroke
NfL peak observed at ~1-3 months.2%:30

During the subacute phase, cognitive performance most directly
reflects this initial injury burden, before longer-term factors such
as neural plasticity, recovery trajectories, small vessel disease, and
ongoing neurodegeneration increasingly shape cognitive outcomes.
Although NfL concentrations continue to rise toward their biological
peak during this period, cognitive performance often improves as com-
pensatory mechanisms begin to offset the effects of the initial insult.
As these processes diverge over time, associations between NfL and
cognition are expected to attenuate. Overall, these findings suggest
that NfL is most informative when measured acutely after stroke as a
marker of initial neuroaxonal injury burden, rather than as a standalone
indicator of longer-term cognitive recovery.

Across the included studies, associations between amyloid and
tau species and post-stroke cognition were highly heterogeneous,
with effect sizes and directions varying across cross-sectional and
longitudinal designs. This heterogeneity contrasts with non-stroke
dementia cohorts, where associations between these biomarkers
and cognitive decline are more consistent.}#62-4 |n this review,
it remains unclear whether amyloid and tau reflect parallel AD-
related pathological processes associated with post-stroke cognitive
outcomes or simply act as bystanders in post-stroke trajectories. Inter-
pretation was hampered by methodological limitations, particularly
the inadequate adjustment for well-established post-stroke cognitive
predictors such as stroke volume, lesion characteristics, and topol-
ogy. Most participants were 60-70 years of age, an age range at
which significant Alzheimer’s-related cognitive sequelae may not yet

have emerged, perhaps reducing statistical power to detect associ-
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FIGURE 3 Risk of bias assessment was conducted using an adaptation of the Risk of Bias in Non-Randomised Studies of Exposure (ROBINS-E)
tool*L. The overall risk of bias was based on the highest risk domain #*. Visualization of the risk of bias assessments were performed with the

Risk-of-bias VISualisation (robvis) tool 42.

ations. The following sections consider amyloid and tau separately,
discussing potential reasons underlying these biomarker-specific
patterns.

Traditionally, lower AB42 levels in non-stroke dementia cohorts
are associated with worse cognitive trajectories, reflecting sequestra-
tion into plaques in AD.626365 |n this review, associations between
AB and post-stroke cognition differed from those typically observed
in non-stroke dementia cohorts. Specifically, for AB42, some studies
reported that higher AB42 was associated with worse cognition across
all timepoints cross-sectionally. Worse outcomes following increased
AB42 concentrations have also been reported across stroke studies
examining other outcomes. For example, in spontaneous hemorrhage,

higher admission AB42 predicted worse 3-month functional outcomes

(MRS >2) despite no association with age or stroke severity.?* Two
mechanisms may explain these divergent patterns observed in stroke
settings: (1) acute vascular injury may perturb pre-existing amyloid
plaques, transiently elevating circulating AB42, as observed in amyloid
precursor protein/presenilin 1 (APP/PS1) mouse work investigating
microvascular occlusion,®® and (2) cognition in the acute period may
be driven by stroke-related factors, leaving little variance for AB42 to
explain cognitive performance. This aligns with evidence that elevated
ApB42 relates more strongly to cognition before incident stroke.®” Of
interest, some longitudinal studies from this review aligned with tradi-
tional amyloid biology, with higher AB42 and AB42/40 ratios predicting
better long-term outcomes.”®%1 Taken together, AB42 may be more

informative as a predictor of longer-term recovery than as an index
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of acute cognitive status or injury burden, although evidence remains
sparse and hypotheses require validation in larger clinical cohorts.

Evidence for an association between t-tau and post-stroke cogni-
tion was inconsistent, with weak cross-sectional associations observed
in the subacute phase but no reliable longitudinal predictive signal.
Findings for p-tau181 were similarly inconsistent, with higher concen-
trations associated with both reduced risk of PSCl and poorer cognitive
performance across studies, although these effects differed in statis-
tical strength and methodological adjustment.*3¢% One explanation
for this heterogeneity is that only 20% of circulating tau originates
from the central nervous system (CNS),®8 limiting the specificity of tau
as a marker for stroke-related neuroaxonal injury. Brain-derived tau
(or BD-tau) may overcome this limitation, as it exhibits greater CNS
correlations compared to the non-brain-derived counterparts,®? and
has demonstrated prognostic relevance in vascular injury; BD-tau was
associated with poorer 90-day functional outcomes (mRS >3),2° corre-
lated with cortical stroke diameter, and differentiates acute ischemic
stroke from mimic presentations.”? However, whether tau changes
contribute to post-stroke cognitive outcomes remains unclear, and
exploration of AD-related phosphoforms (p-tau181, p-tau217), and
their emerging brain-derived counterparts, remain underexplored in
stroke populations.

From the limited number of studies included in this review (n = 2),
findings suggest a negative association between GFAP and post-stroke
cognition. Emerging work (published after the search date) supports
this pattern; elevated GFAP measured <7 days of the ictus predicted
PSCI at 3 months independent of age and sex (OR = 3.91, 95% Cl:
2.24-6.82; MMSE <27).”1 GFAP, expressed almost exclusively in astro-
cytes, rises rapidly after stroke and has been linked to stroke severity
and poorer outcomes.3132 This review provides preliminary support
for an association between GFAP and cognitive trajectories follow-
ing stroke. However, whether GFAP adds predictive value beyond
other biomarkers or imaging remains unclear. Notably, no studies mea-
sured GFAP longitudinally across multiple post-stroke timepoints in
relation to cognition, thereby limiting conclusions about how its tem-
poral trajectory relates to cognitive outcomes. Moreover, neither study
within this review included hemorrhagic populations. Therefore, the
potential role of GFAP as a cognitive BBM in haemorrhagic stroke is
unexplored.

No studies in this review assessed PIGF in relation to PSCI, likely
because it has only recently emerged as a potential BBM for vascu-
lar contributions to cognitive impairment in the U.S.-based MarkV-
CID study.1?72 Notably, a study published beyond the search period
reported higher PIGF levels to be associated with poorer cognition
after acute lacunar or minor cortical stroke, after adjustment for key
demographic variables and baseline SVD burden.”? PIGF, part of the
vascular endothelial growth factor family, promotes arteriogenesis
and angiogenesis.”*~7¢ Circulating PIGF rises during ischemia and may
reflect vascular stress and risk factor burden.3* However, findings from
other studies that investigate non-cognitive post-stroke outcomes
remain inconsistent, some studies reporting no association,”” and oth-
ers linked higher PIGF to increased risk of cardiovascular events.3*

PIGF may therefore act as both a marker of systemic vascular stress

and a mediator of repair, but its relevance to post-stroke cognitive
outcomes requires further evaluation.

4.1 | Limitations of the evidence included in the
review

A key limitation of this review is the small number of eligible studies
and, more specifically, the limited and uneven evidence base for each
biomarker at the time of the literature search. This was particularly
evident in the absence of studies examining other phosphorylated tau
phosphoforms, including p-tau217 and p-tau231, as well as PIGF. With
so few data points, heterogeneity in study design, cohort characteris-
tics, and analytical approaches exert a disproportionate influence on
overall conclusions.

Substantial variability in blood sampling windows after stroke fur-
ther prevented pooling of findings in a formal meta-analysis, limiting
the precision and robustness of synthesised estimates. Moreover, 8 of
the 18 included studies were judged to be at high risk of bias, most
often due to insufficient participant selection reporting, which may
have influenced their reported outcomes.

Sample sizes were relatively small in many studies. Although some
smaller cohorts reported comparatively large associations, findings
from larger, better-controlled studies suggested more moderate but
likely more reliable effect sizes, particularly for NfL. Moreover, only
four studies included patients with hemorrhagic stroke, making it diffi-
cult to draw the same conclusions to non-ischemic populations. Studies
specifically examining biomarker trajectories and cognitive outcomes
in hemorrhagic stroke populations are therefore required.

Another major limitation was inconsistent and often incomplete
adjustment for key covariates when modeling cognitive outcomes after
stroke. Imaging metrics such as stroke volumes or lesion locations,
prior stroke history, important co-morbidities such as renal impair-
ment, and functional outcomes such as the mRS and NIHSS were often
not adjusted for despite evidence supporting their associations with
PSC1.678-80 Moreover, even when clinical and imaging markers of CVD
were available, they were not consistently incorporated into statistical
models, reflecting absent or heterogeneous data collection and report-
ing. In studies presenting both adjusted and unadjusted estimates,
associations commonly attenuated or lost their statistical significance
once adjustments were applied (e.g., Egle and colleagues),*’” suggest-
ing that many of the reported findings may lack clinical validity due to
unaccounted confounders.

Methodological heterogeneity extended beyond covariate adjust-
ment to include substantial variability in pre-analytical and analytical
procedures. Pre-analytical factors such as centrifugation protocols,
processing time, and storage conditions differed widely across stud-
ies and were reported inconsistently. These have been reported to
impact biomarker concentration measurements.®! Furthermore, the
use of different assay platforms, particularly for AB quantification,
introduces more variability, as assay performance depends on antibody
epitope specificity, which may differentially capture monomeric versus

oligomeric species.82
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Finally, cognitive assessments imposed further constraints on inter-
pretability. Most relied on brief global screening tools such as the
MoCA or MMSE. Although widely used, these tools were developed
for dementia screening rather than post-stroke populations®384 and
do not capture domain-specific deficits frequently observed after focal
vascular injury, such as aphasia, neglect, apraxia, dyslexia, executive
dysfunction, or visuospatial impairment.>858¢ Notably, PSCI was vari-
ably defined when using these tools (Table 2). Moreover, many of the
included studies were conducted in East Asian populations, where
these instruments were not originally normed. Although some stud-
ies used culturally adapted versions or adjusted for education, this
was inconsistent across studies, potentially affecting cutoff validity and
cross-study comparability. Only a minority of studies employed com-
prehensive neuropsychological batteries, limiting characterisation of
subtle or heterogeneous PSCI profiles. Reliance on coarse measures
raises the risk of misclassification or underestimation and reduces
comparability between studies due to ceiling effects and variable

sensitivity.

4.2 | Limitations of the review process

To facilitate synthesis and reporting, outcomes were grouped into
acute (<1-month post-stroke), subacute (1-6 months), and chronic
(>6 months) timepoints. These categories differ slightly from the con-
sensus framework of Bernhardt and colleagues (acute = 0-7 days;
subacute = 7 days to 6 months; chronic = >6 months)*° but were prag-
matically selected to accommodate heterogeneous sampling schedules
and enable pooling for potential meta-analysis. Nevertheless, blood
protein concentrations may fluctuate markedly within these broad
intervals. For example, the hyper-acute phase (<24 hours) is charac-
terized by variations in NfL and GFAP levels.2?31 By grouping studies
into wider bands, associations specific to this early window may have
been obscured. However, the limited number of studies prevented finer
stratification. Pooled estimates and heterogeneity measures should
therefore be interpreted with caution.

Another limitation relates to the scope of BBMs included. This
review deliberately focused on dementia-related BBMs, meaning other
biological pathways relevant to post-stroke recovery were not exam-
ined. Consequently, associations involving inflammatory markers (e.g.,
C-reactive protein [CRP], interleukin 6 [IL-6], tumor necrosis factor
a [TNFa]) or metabolic and vascular indicators (e.g., homocysteine,
cholesterol, low-density lipoprotein [LDL], uric acid) were not inves-
tigated. These pathways have been explored in previous reviews,3”:68
and the intention was not to replicate this work but to address a spe-
cific evidence gap concerning emerging dementia-related BBMs and
post-stroke cognition.

Finally, risk of bias assessments are inherently subjective. Although
the rationale for each judgement is outlined in Supplementary Materi-
als 5, alternative interpretations are possible. Conducting assessments
independently by three reviewers before consensus discussions helped

enhance rigour and reliability.

THE JOURNAL OF THE ALZHEIMER'S ASSOCIATION

4.3 | Implications for future research

There remains an unmet need for vascular-specific BBMs that can
reliably predict vascular cognitive impairment.* Well-controlled stud-
ies are required to clarify the added value of dementia-related BBMs
for longitudinal forecasting of post-stroke cognitive outcomes. Scal-
ing these investigations will likely require broader adoption of digital
cognitive assessments, which enable high-frequency, low-burden, and
large-cohort data collection.38:8¢

As highlighted throughout this review, many studies inadequately
accounted for stroke-specific factors that strongly influence BBM-
cognition relationships. Future research should incorporate detailed
neuroimaging-derived measures of vascular injury such as lesion vol-
ume and topology, global SVD burden (WMHs and microbleeds),??
and markers of pre-existing atrophy, all established predictors of
PSCI.7879 Advanced magnetic resonance imaging (MRI) measurements
of diffusion, perfusion, and blood-brain barrier (BBB) breakdown
may further refine mechanistic interpretations of biomarker-cognition
associations.”®?! Beyond dementia-related BBMs, a broader range of
molecular mechanisms may contribute to vascular cognitive impair-
ment and PSCI. Hosoki and colleagues outlined six such pathways: (1)
endothelial dysfunction, (2) blood-brain barrier BBB breakdown, (3)
oxidative stress, (4) inflammation, (5) clotting pathway dysfunction,
and (6) neuronal and glial degeneration.'” Although BBMs exist for
each domain, their relevance to post-stroke cognition remains under-
explored. Future studies may benefit from examining composite or
multimodal panels that capture signals from multiple interconnected
pathways (e.g., PIGF for endothelial dysfunction, metalloproteinases
for BBB disruption, and IL-6 for inflammation).

Finally, interpretation of BBM concentrations must consider physi-
ological factors influencing protein expression and clearance, including
renal function,”? hepatic function,”® and fasting status.”* Although
these factors cannot always be fully controlled, future research should
document and adjust for them wherever possible to improve accuracy
and interpretability of biomarker-cognition relationships.

5 | CONCLUSION

This systematic review identified NfL and GFAP as two of the most
consistently associated dementia-related BBMs with post-stroke cog-
nitive outcomes, particularly when measured in the acute phase. In
contrast, evidence for amyloid- and tau-related proteins was incon-
sistent or contradictory, suggesting limited prognostic value in the
currently available study designs. No eligible studies examined PIGF in
relation to post-stroke cognitive outcomes within the review period,
representing an important gap for future research. Interpretation of
these findings is constrained by heterogeneity in study design, small
sample sizes, and variable risk of bias. Large, well-controlled longitu-
dinal studies with standardized biomarker protocols, comprehensive
cognitive assessments, and detailed neuroimaging data are needed

to clarify the mechanistic and predictive relevance of these BBMs.
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Examining these biomarkers alongside other process-specific BBMs
for endothelial dysfunction, inflammation, and BBB disruption through
multimodal biomarker panels, may further elucidate the biology of
PSCI and the vascular contributions to dementia.
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