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Summary
Background Stroke survivors frequently experience subsequent cognitive impairment or dementia. We aimed to
identify risk factors for post-stroke dementia (PSD) and cognitive impairment (PSCI) within 5 years after stroke.

Methods The DEMDAS (German Center for Neurological Diseases (DZNE) mechanisms of dementia after stroke)
study is a prospective cohort of stroke patients admitted to six German tertiary stroke centres between May 1, 2011
and January 31, 2019. Eligible dementia-free patients with ischaemic or haemorrhagic stroke underwent baseline
examinations and regular clinical, neuropsychological, and neuroimaging follow-ups over 5 years, with the last
follow-ups completed in January 2024. PSD was the primary outcome, determined by comprehensive cognitive
testing, patient and informant interviews, and review of medical records. The secondary outcomes were early-
onset PSD (3-6 months), delayed-onset PSD (>6 months), and PSCI. Associations between baseline risk factors
and PSD were assessed using Cox regression models adjusted for age, sex, education, and stroke severity.

Findings Of 736 patients (245 [33%] female, mean age 68-0 years [SD 11-2], median admission National Institutes of
Health Stroke Scale (NIHSS) 3 [IQR 1-5]), 557 (76%) were followed up until death or the end of the study, and 706
(96%) contributed to the PSD analysis. During a median of 5-0 years [IQR 3-3-5-1] of follow-up, 55 new dementia
cases were diagnosed (6-month incidence: 3-1% [1-8-4-5], 5-year incidence: 8-8% [6-5-11-1]), of which 21 (38%) were
classified as early-onset PSD. The 5-year risk of PSD was associated with older age (HR 1-13 [95% CI 1-08-1-18] per

*Corresponding author. Institute for Stroke and Dementia Research, University Hospital of Ludwig-Maximilians-University (LMU), Munich, 81377,
Germany.
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*The members of DEMDAS Investigators are listed in the Supplementary Materials section.
Translation: For the German translation of the abstract see Supplementary Materials section.
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year), higher stroke severity (1-08 [1-03-1-13] per point on NIHSS), lower educational attainment (1-16 [1-05-1-28]
per year), acute phase cognitive impairment (5-86 [2-21-15-58]), lower Barthel Index (1-10 [1-05-1-16] per 5 points
less), atrial fibrillation (1-91 [1-10-3-30]), metabolic syndrome (MetS, 2-05 [1-15-3-64]), particularly reduced high-
density lipoprotein cholesterol (HDL-C, 2-61 [1-50-4-52]) and pre-/diabetes mellitus (2-13 [1-13—4-00]), imaging
markers of small vessel disease, and stroke recurrence during follow-up (2-36 [1-16-4-83]). Patients who received
acute reperfusion treatment had a 65% lower risk of PSD than those who did not (0-35 [0-16-0-77]). While
factors related to the severity of the index stroke were more strongly associated with early-onset PSD, MetS
showed a stronger association with delayed-onset PSD. The association between MetS and PSD was independent
of stroke recurrence and consistent across age subgroups, with 5-year cumulative incidence ranging from 1-7%
(0-0-4-0) in patients <65 years without MetS to 24-5% (14-3-33-4) in patients >74 years with MetS.

Interpretation The risk of dementia after stroke is multifactorial, with differing risk profiles for early-onset and
delayed-onset PSD. Metabolic syndrome, including reduced HDL-C, emerged as a novel risk factor and potential
target for PSD prevention.

Funding German Center for Neurodegenerative Diseases (DZNE).

Copyright © 2025 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Introduction

Over the past three decades, global stroke mortality
rates have steadily declined,' shifting focus towards
long-term outcomes following stroke.”* Cognitive
impairment and dementia are among the most serious
consequences, affecting patients, their families, and
healthcare systems. Five to 40% of stroke survivors
develop post-stroke dementia (PSD) within the first
year, and 8-80% within 5 years, depending on risk
profiles.”> A better understanding of the factors that
predispose stroke patients to cognitive decline and de-
mentia is needed to identify high-risk individuals,
develop effective prevention and monitoring strategies,
and counsel patients and caregivers.

A large-scale population-based study has shown that
PSD incidence rates vary substantially with risk factors
such as age, stroke severity, prior stroke, or APOE-e4
genotype.*® Hospital-based prospective studies allow
recruitment of well-characterised patient subgroups,
deep risk factor profiling, detailed acute phase assess-
ment, identification of novel risk factors, and stand-
ardised follow-up with comprehensive cognitive
assessments. However, reliable results from studies
with long-term follow-up remain limited.*’

There is particular interest in risk factors that could
be modified and explored in clinical trials. Currently,
diabetes mellitus and atrial fibrillation are the most
established modifiable risk factors for PSD, although
their role in the development of cognitive impairment
remains insufficiently understood.*>”* Many patients
with diabetes also have a cluster of cardiometabolic risk
factors, known as metabolic syndrome (MetS).”'* MetS

is diagnosed when three out of five markers are present:
abdominal obesity, elevated triglycerides, reduced HDL-
C, hypertension, and hyperglycaemia.” MetS has been
associated with higher risks of cardiovascular disease'
and dementia in population-based studies,"* but its
role in PSD remains unexplored. With novel available
treatments against metabolic dysfunction, such as
obesity and diabetes, investigating how MetS compo-
nents affect PSD risk could inform new preventive
strategies for stroke survivors.

Dementia diagnosed between 3 and 6 months after
stroke, termed early-onset PSD, has been primarily
related to the severity of the vascular insult and reduced
reserve or resilience (including factors such as age,
cognitive reserve, atrophy, cerebral small vessel disease
(SVD) burden, or previous brain injuries).” However,
even in patients who do not develop dementia in the
first 6 months after stroke, a significant risk of delayed-
onset PSD persists.'* Few studies have explored risk
factors for delayed-onset PSD after excluding early-
onset cases.”'*'® These studies suggest delayed-onset
PSD is mainly associated with imaging markers of
SVD burden, while the role of stroke recurrence, other
vascular factors, and contributing pathologies remains
unclear.''® Patients at higher risk of delayed-onset PSD
could particularly benefit from targeted preventive in-
terventions,'* underscoring the importance of identi-
fying the modifiable risk factors for delayed-onset PSD.

Here, we report the main results of the prospective
hospital-based German Center for Neurological Dis-
eases (DZNE) mechanisms of dementia after stroke
(DEMDAS) study, which was designed to determine the
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Research in context

Evidence before this study

We updated our previous systematic review on risk factors
for post-stroke dementia (PSD) and cognitive impairment
(PSCI), which originally searched MEDLINE and the Cochrane
Library from database inception to Sept 15, 2023. The
updated search added Embase and extended coverage to Dec
10, 2024. Eligible English-language articles reported
associations between baseline risk factors and longitudinal
PSD or PSCI risk. Search terms included “prospective”,
“longitudinal”, “risk factors”, “stroke”, “dementia”, and
“cognitive impairment”. While few baseline risk factors have
been consistently identified in large, prospective cohort
studies, robust evidence existed for older age, greater stroke
severity, prior stroke, lower educational attainment, acute
phase cognitive impairment, APOE-g4 carrier status, lacunes,
and white matter hyperintensities. Diabetes mellitus and
atrial fibrillation were the most established vascular risk
factors, but evidence for other modifiable factors remained
inconclusive. The most robust evidence came from few
population-based studies, which provide results that are
more generalisable to the general stroke patient population.
In contrast, reports from hospital-based studies, which allow
for deeper phenotyping and identifying novel risk factors,
were limited in quality and follow-up length. PSD incidence
was highest early post-stroke, but data on risk factors for
delayed-onset PSD (>6 months) were particularly limited,
despite indications of differing mechanisms underlying early-
and delayed-onset PSD.

Added value of this study

In this 5-year multicentre prospective hospital-based cohort
of well-characterised patients with minor or major stroke, we
used a standardised methodology for baseline and follow-up

risk factors for PSD and identify possible new targets
for PSD prevention. We further sought to investigate
the different risk factors for early-onset and delayed-
onset PSD and to examine the prevalence and pre-
dictors of post-stroke cognitive impairment.

Methods

Study design

The DZNE Mechanisms of Dementia After Stroke
study (DEMDAS) is a prospective, multicentre,
hospital-based cohort study aimed at understanding the
determinants and mechanisms of dementia after
stroke. Initially launched as a pilot study at LMU
Munich, Germany (recruiting 136 participants between
May 2011 and November 2013), the study was expanded
to include an additional 600 patients across six tertiary
stroke centres in Munich, Berlin, Bonn, Géttingen, and
Magdeburg, Germany (Table S1). Participants were
recruited from January 2014 to January 2019 and
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examinations, allowing precise evaluation of cognitive
decline and dementia onset. Risk for PSD or PSCI varied
substantially across sociodemographic, clinical,
cardiometabolic, and neuroimaging factors. We identified a
previously unrecognised association between PSD and
metabolic syndrome, specifically its components diabetes
and reduced HDL-C, independent of stroke recurrence.
Patients who received acute reperfusion treatment had a
significantly lower risk of PSD. The PSD incidence rate was
4-2 times higher in the early phase (3-6 months, 5-86/100
person-years) compared to the later phase (>6 months, 1-39/
100 person-years). Early-onset PSD was predominantly linked
to factors related to the stroke itself and prior brain health,
while delayed-onset PSD was more strongly associated with
cardiometabolic risk and stroke recurrence.

Implications of all the available evidence

The risk of post-stroke dementia and cognitive impairment is
significantly influenced by factors related to poor pre-stroke
brain health, greater stroke severity, vascular and metabolic
risk, recurrent stroke, and cerebral small vessel disease. While
the risk of PSD is highest early after stroke, a substantial risk
persists over the long term. The importance of individual risk
factors varies for early-onset PSD and delayed-onset PSD.
Identifying these risk factors for PSD in the short- and long-
term is essential for predicting individual risk, providing
tailored counselling to patients and their families, and
guiding the selection of participants for clinical trials.
Cardiometabolic risk factors are associated with PSD
regardless of stroke recurrence. These findings underscore
the importance of focussing research efforts on modifiable
risk factors and of prioritising dementia as a key outcome in
clinical trials of secondary prevention in stroke patients.

followed up for 5 years after stroke. The study was
conducted in accordance with the Declaration of Hel-
sinki, and ethics approval was obtained at each
participating site prior to the start of the study (ethics
committee of the medical facultyy, LMU Munich
[035-11 and 201-13], ethics committee of the medical
faculty, Rhenish Friedrich-Wilhelms-University, Bonn
[116/13], ethics committee of the university medicine
Gottingen [21/1/12], ethics committee of the Technical
University Munich [93/14 S], ethics committee of the
Otto-Von-Guericke-University at the medical faculty
and the university hospital Magdeburg [66,13]; the site
at Charité university medicine Berlin participated in the
study with the ethics vote of the LMU Munich, ac-
cording to the Professional Code of Conduct of the
Berlin Medical Association of September 2009, Section
15 [2]). The DEMDAS study is registered at http://www.
clinicaltrials.gov (NCT01334749) and the detailed
methodologies have been previously described.*'**
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Participants

Participants aged 18 years or older were included if
hospitalised at any of the participating study centres for
an acute ischaemic or haemorrhagic stroke, defined as a
focal neurological deficit with symptom onset within
the last five days before admission combined with an
acute ischaemic infarct as documented by either a
diffusion-weighted imaging positive lesion on cranial
magnetic resonance imaging (MRI) or a new lesion on
a delayed computed tomography (CT) scan; or an
intracerebral haemorrhage as documented on CT or
MRI. Participants were required to have an available
informant. Exclusion criteria included pre-stroke de-
mentia or significant cognitive decline (Informant
Questionnaire on Cognitive Decline in the Elderly
[IQCODE] score >64),”' malignant disease with a life
expectancy <3 years, MRI contraindications, cerebral
venous thrombosis, traumatic haemorrhage, haemor-
rhage from vascular malformations, or isolated
meningeal or intraventricular haemorrhage. Partici-
pants and their informants were re-examined in person
at 6, 12, 36, and 60 months post-stroke by trained study
nurses and clinicians. Written informed consent was
obtained from all patients or their legal guardians
before study entry.

Procedures
At Dbaseline, participants underwent standardised eval-
uations by a study clinician and a study nurse shortly
after hospitalisation. These included interviews, clinical
and cognitive assessments, laboratory tests, and neu-
roimaging.**** The data collected covered sociodemo-
graphic information, medical and family history,
medication use, and physiological measurements (e.g.,
blood pressure, BMI). Sex was self-reported as male or
female. Genetic ancestry was analysed by comparing
participant genotype data against the 1000 Genomes
Project (1kG) Phase 3 reference panel (Supplementary
Methods). Acute-phase neurological, functional, and
cognitive status were assessed using clinical scales
(National Institutes of Health Stroke Scale [NIHSS],
modified Rankin Scale [mRS], Barthel Index, Delirium
Rating Scale) and cognitive screening tests (Mini-
Mental State Examination [MMSE], Montreal Cognitive
Assessment [MoCA]). Metabolic syndrome was defined
as the presence of three or more predefined criteria
(Supplementary Methods).” As part of the study proto-
col, cranial 3-T MRIs were conducted within 3-5 days
post-stroke in all patients whenever feasible, enabling
the assessment of multiple neuroimaging variables,
including brain volume, infarct volume, conventional
SVD markers (lacunes, white matter hyperintensities,
cerebral microbleeds, and perivascular spaces), and
mean skeletonised mean diffusivity (MSMD, details in
Supplementary Methods and as reported previously”).
To minimise attrition and bias related to dementia
outcome assessment, follow-up visits were conducted at

6,12, 36, and 60 months via in-person visits at the study
centres, home visits, or, if needed, telephone or mail.
Additional telephone interviews were performed at 3,
24, and 48 months. In-person follow-ups included
comprehensive cognitive and functional evaluations,
which are described in detail in the Supplementary
Methods.

The primary outcome, post-stroke dementia (PSD),
was defined according to the DSM-5 criteria for major
neurocognitive disorder, encompassing all incident
dementia regardless of cause or time of onset, as
detailed in the Supplementary Methods. Cognitive
outcomes at each follow-up were evaluated by a com-
mittee of neurologists and memory clinic physicians
using a tiered protocol (Supplementary Methods). De-
mentia diagnosis dates were determined after reviewing
all medical records, cognitive and functional test re-
sults, and reports from patients and/or informants. The
secondary outcomes were early-onset PSD (diagnosed
3-6 months post-stroke), delayed-onset PSD (>6
months), and post-stroke cognitive impairment (PSCI).
The distinction between early- and delayed-onset PSD
was not part of the original study protocol,” but was
included following work published in 2016 by Mok and
colleagues.''>'* Most cognitive recovery occurs within
the first 6 months post-stroke, though improvement
can continue up to 12 months and beyond.”” The 6-
month cut-off reflects this clinically relevant early re-
covery window, but given the absence of a universally
accepted threshold, we conducted a sensitivity analysis
using a 12-month cut-off for early-onset PSD. PSCI was
defined as the combined endpoint of dementia and
mild cognitive impairment.”’

Statistical analysis

Baseline characteristics were compared between pa-
tients with and without PSD using two-tailed t-tests for
normally distributed continuous variables, Wilcoxon-
rank-sum tests for non-normally distributed contin-
uous variables, or y* tests for categorical variables. We
calculated the cumulative PSD incidence rates and 95%
CIs using a Kaplan—Meier estimator accounting for the
competing risk of death for the total sample and strat-
ified by risk factors. To improve interpretability, age,
education, and NIHSS score were categorised for these
analyses (Supplementary Methods), and cumulative
incidence rates were compared using Gray’s test. Pa-
tients were censored at the last follow-up examination
before they were lost to follow-up. The exact onset of
dementia symptoms between follow-up visits was often
unknown. Hence, we imputed onset dates using the
mean interval between visits and conducted a sensitivity
analysis with multiple imputation. We used standard
and competing-risk Cox regression models to calculate
cause-specific and subdistribution hazard ratios,
respectively, evaluating the relationships between
baseline factors and the 5-year risk of incident PSD.**
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Models were adjusted for age, sex, education, and
stroke severity,>* with death as the competing risk. The
proportional hazards assumption was tested using the
Grambsch and Therneau test.”” In case of violation
(p < 0-05), we employed flexible parametric survival
models with natural splines to model non-proportional
hazards and time-varying effects (Table S19).” For
analysing associations with the secondary outcomes
early-onset and delayed-onset PSD, we split follow-up
into an early (<6 months) and a later period
(>6 months; Supplementary Methods). Patients with
early-onset PSD were excluded from the analysis of
delayed-onset PSD. Population attributable fractions
(PAFs) for early- and delayed-onset PSD, along with

their Cls, were estimated using bootstrap resampling
(10,000 iterations, Supplementary Methods). Differ-
ences in PAFs between early- and delayed-onset PSD
were calculated for each bootstrap iteration with 95%
CIs derived from the 2-5th and 97-5th percentiles of the
bootstrap distribution of PAF differences. Predictors for
PSCI across the 5-year study period were assessed us-
ing generalised estimating equations (GEE) logistic
regression models. All PSCI models were adjusted for
age, sex, education, and stroke severity. We performed
subgroup analyses of the PSD analysis stratified by sex.
A priori and post-hoc power calculations are detailed in
the Supplementary Methods. Sensitivity analyses
included adjustments for acute stroke treatment, stroke

Participants included at baseline (n = 736)

Developed Dementia

e Death(n=15)

(n=21)

A

\ 4

e Losttofollow-up (n=66)

Participants at 6-month follow-up (n =638)
Missed follow-up (n=17)

Developed Dementia

e Death(n=6)

(n=11)

A 4

e Lostto follow-up (n=32)

Participants at 12-month follow-up (n = 585)
Missed follow-up (n = 32)

Developed Dementia

e Death(n=21)

A4

(n=10)

A 4

e Losttofollow-up (n=41)

Participants at 36-month follow-up (n =528)
Missed follow-up (n =27)

Developed Dementia

e Death (n=26%)

(n=13)

4

A4

e Losttofollow-up (n=40)

Participants at 60-month follow-up (n =494)

Fig. 1: Participant flow chart for the 5-year follow-up period. Follow-ups via telephone at 3, 24, and 48 months exist but are not shown

here. *Five deaths were recorded after participants were lost to follow-up.
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No PSD PSD p value
(n = 681) (n = 55)
Sociodemographic variables
Age (years) 67-3 £ 11-0 765+ 93 <0-0001
Age >74 years 223 (32:7%) 38 (69-1%) <0-0001
Female® 226 (33-2%) 19 (34-5%) 0-95
Male® 455 (66-8%) 36 (65:5%) 0-95
Education (years) 13 (12-16) 12 (11-13) 0-005
Education <12 years 262 (38:5%) 30 (54-5%) 0-03
Genetic ancestry” 1-00
European 552/554 (99-6%) 45/45 (100%)
Ad mixed American 1 (0-2%) 0 (0-0%)
East Asian 1 (0-2%) 0 (0-0%)
Clinical/cognitive acute phase deficits
Admission NIHSS score 2 (1-5) 4 (3-7) 0-001
Admission NIHSS >3 345 (50-7%) 42 (76-4%) 0-0004
Barthel index score 100 (85-100) 75 (55-90) <0-0001
Delirium rating scale score 0 (0-1) 0 (0-1) 0-15
Acute phase MoCA score 25 (23-28) 21 (19-24) <0-0001
Acute phase cognitive impairment* 338/660 (51-2%) 44149 (89-8%) <0-0001
Cardiovascular risk factors
Hypertension 523 (76-8%) 48 (87-3%) 0-10
Diabetes mellitus 129 (18-9%) 21 (38-2%) 0-001
Dyslipidaemia 204 (30-0%) 25 (45-5%) 0-03
Current smoking 165 (24-2%) 6 (10-9%) 0-04
Regular alcohol consumption 517 (72:7%) 40 (71-4%) 071
Atrial fibrillation 126 (18-5%) 22 (40-0%) 0-0002
Prior history of stroke 68 (10-0%) 11 (20-0%) 0-04
Ischaemic heart disease 69 (10-0%) 12 (21-8%) 0-01
BMI (kg/m’) 271243 264 £ 42 0-23
Systolic blood pressure (mmHg) 139 (129-150) 146 (130-152) 0-17
Diastolic blood pressure (mmHg) 80 (71-86) 79 (73-85) 0-55
HbAs (%) 57 (5-4-6-1) 5-8 (5:5-67) 0-03
LDL cholesterol (mg/dL) 127 (104-153) 113 (89-154) 0-13
HDL cholesterol (mg/dL) 48 (40-58) 43 (36-58) 0-03
Triglycerides (mg/dL) 121 (91-167) 108 (88-207) 0-95
Criteria for metabolic syndrome*
Abdominal obesity 363/641 (56-7%) 28/48 (58-:3%) 0-94
Elevated triglycerides 215/640 (33:6%) 18/52 (34-6%) 1.00
Reduced HDL cholesterol 204/658 (31-0%) 27/52 (51-9%) 0-003
Elevated blood pressure 603/680 (88:7%)  50/55 (90-9%) 0-78
Prediabetes/diabetes mellitus 347/643 (54-0%)  39/53 (73-6%) 0-009
Metabolic syndrome (>3 of the above 329 (48-2%) 36 (65-5%) 0-02
components present)
Index stroke classification
Ischaemic stroke 664 (97-5%) 51 (92-7%) 0-10
TOAST classification of acute ischaemic 0-03
stroke subtype
Large artery atherosclerosis 154 (22-6%) 12 (21-8%) -
Cardioembolism 144 (21-1%) 20 (36-4%) -
Small artery occlusion 84 (12:3%) 2 (3-6%) -
Other determined aetiology 28 (4+1%) 1 (1-8%) -
Undetermined aetiology 254 (37-3%) 16 (29-1%) -
Haemorrhagic stroke 17 (2:5%) 4 (7-3%) 0-10
Acute stroke treatment
Intravenous thrombolysis (IVT) 178 (26-1%) 10 (18-2%) 0-30
Endovascular thrombectomy (EVT) 71 (10-4%) 7 (14-6%) 0-80
Any reperfusion therapy 198 (29-1%) 11 (20-0%) 0-20

(IVT and/or EVT)

(Table 1 continues on next page)

recurrence, and acute phase cognitive impairment. p-
values of <0-05 were considered statistically significant
and we accounted for multiple comparisons using the
false discovery rate (FDR) method for p-values derived
from the main analyses. All statistical analyses were
conducted in RStudio (version 2023-06-1).

Role of the funding source

The funder of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

Of 736 stroke patients recruited (mean age 68-0 [SD
11-2], 245 [33-3%)] female), 706 (95-9%) underwent at
least one follow-up examination and were included in
the primary outcome analysis. A total of 557 (75-7%)
patients were followed until death or end of study. Pa-
tient flow is detailed in Fig. 1, and baseline character-
istics are presented in Table S1 (total sample) and in
Table S2 (by sex). Missing values for baseline variables
ranged from 0% (most clinical characteristics) to 19%
(APOE genotype; Table S1). The median admission
NIHSS score was 3 (IQR 1-5). 79 (10-7%) patients had
a history of prior stroke, and 363 (49-3%) met the
criteria for metabolic syndrome (MetS).

Patients were followed for a total of 2899 person-
years (median 5-0 [IQR 3-3-5-1]), during which 68
(9:2%) died and 179 (24-3%) were lost to follow-up.
Table S3 presents the number of patients who were
lost to follow-up or died, broken down by study centre
and follow-up period. Reasons for death or loss to
follow-up are detailed in Table S4. Retained participants
were younger, more educated, less dependent, had
lower rates of hypertension and atrial fibrillation, better
pre-stroke and acute phase cognitive performance,
higher HDL-C, lower SVD burden, and greater brain
volume than participants who died or were lost to
follow-up (Table S5). The in-person follow-up visits
occurred at median times of 6-2, 122, 36-3, and 60-5
months (Figure S1).

During follow-up, 55 participants developed incident
dementia (6-month incidence: 3-2% [1-8-4-5], 5-year
incidence: 8-8% [95% CI 6-5-11-1]; Figures S3 and
S4). Table 1 details baseline characteristics stratified
by patients who did and did not develop PSD. Twenty
patients with diagnosed dementia died before reaching
the 5-year follow-up. Fig. 2 presents the 5-year cumu-
lative incidence of PSD, stratified by key baseline cate-
gorical risk factors. PSD incidence was higher in the
oldest age tertile (>74 years; 19-5% [13-2-25-4]) than in
the middle (6673 years; 5-8% [2-5-9-0], p < 0-0001) and
lowest tertiles (<66 years; 3-7% [1-1-6-1], p < 0-0001);
among patients with admission NIHSS >3 compared
to those with NIHSS <3 (13-2% [9-3-16-9] vs 4-2%
[1.8-6-4], p = 0-0001); among patients with <12 years of
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educational attainment compared to those with more
than 12 years (13-2% [8-7-17-6] vs 6-1% [3-6-8.5],
p = 0-01); and among those with acute phase cognitive
impairment (MoCA < 26 or MMSE < 27) compared to
those without (14-1% [10-0-18-0] vs 1-7% [0-2-3.3],
p < 0-0001). There were no significant differences in the
unadjusted cumulative PSD incidence rates between
female and male participants (8-9% [4-8-12.7] vs 8-8%
[6:0-11-6], p = 0-99) and between those who did and did
not receive acute reperfusion therapy (6-2% [2-6-9-7] vs
10-0% [7-0-12-8], p = 0-15). When stratified by stroke
aetiology, patients with haemorrhagic stroke had the
highest PSD incidence (23-5% [0-04—41-4]), followed by
those with cardioembolic (14-9% [8-4-20-9)), large ar-
tery (8-7% [3-8-13-3]), undetermined (6-7% [3-4-10-0]),
other aetiology (3:7% [0-0-10-6]), and small vessel
stroke (3-3% [0-0-7-6], p = 0-006).

Among cardiovascular risk factors, PSD incidence
was higher in patients with atrial fibrillation than in
those without (19-4% [11-7-26-5] vs 6-4% [4-2-8-6],
p < 0-0001) and in patients with diabetes mellitus
(18-0% [10-5-25-0]) than in those with prediabetes
(9-3% [5-1-13-3], p = 0-02) and no diabetes (5-0%
[2:3-7-6], p < 0-0001). Also, patients with signs of small
vessel disease on MRI (SVD score > 1) had a higher
incidence of PSD than those without (12-:6% [8-9-16-2]
vs 3-5% [1:1-5-9], p = 0-0001).

Patients with MetS had a higher 5-year incidence of
PSD compared to those without MetS (12-7% [8-7-16-5]
vs 5:3% [2-8-7-7], p = 0-004; Fig. 3). This difference was
maintained when further stratifying by age tertiles, sex,
educational attainment, stroke severity, acute phase
cognitive impairment, and acute reperfusion treatment
(Fig. 4). Among the five MetS markers, the 5-year cu-
mulative PSD incidence was significantly higher in
patients with reduced HDL-C (15-0% [9-6-20-1] vs 6-0%
[3-6-8:3], p = 0-0008) and prediabetes or diabetes mel-
litus (12-4% [8-6-16-1] vs 4-9% [2-3-7-6], p = 0-002), but
did not differ significantly when stratifying by the
remaining three MetS components (Fig. 3).

In Cox regression models (Table 2), older age and
lower educational attainment were important socio-
demographic risk factors for PSD. Further, patients
with higher admission NIHSS scores, lower Barthel
Index scores, lower MoCA scores, or acute phase
cognitive impairment were at an increased PSD risk.
Major vascular and metabolic risk factors included
diabetes mellitus, atrial fibrillation, prior stroke, higher
triglycerides, and MetS (>3 components, per additional
component, reduced HDL-C, and prediabetes or dia-
betes mellitus). Acute reperfusion therapy was associ-
ated with a lower PSD risk. Significant neuroimaging
markers included lower normalised brain volume,
higher lacune and cerebral microbleed count, greater
normalised white matter hyperintensity volume, and
higher mean skeletonised mean diffusivity. PSD risk
was further related to APOE-e4 homozygosity and
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No PSD
(n = 681)

PSD p value
(n = 55)

(Continued from previous page)
Neuroimaging parameters
Normalised brain volume (%) 68-0 (64-6-71-8)
2248 (8520-11760)
0-15 (0-03-0-76)

Infarct volume (mm?)
Normalised stroke lesion volume (%)
Small vessel disease score

0 251/615 (40-8%)
1 179/615 (29-1%)
2 125/615 (20-3%)
3 48/615 (7-8%)
4 12/615 (1-9%)

Lacune count 0 (0-0)
7/618 (1-1%)

0-21 (0-07-0-50)

>3 lacunes

Normalised white matter

hyperintensity volume (%)
Cerebral microbleed count 0 (0-0)
1(1-2)

-0-19 (-0-78-0-51)

Perivascular space grade

Mean skeletonised mean

diffusivity (z-score)
Genetic risk factors

APOE genotype

0 &4 allele 431/551 (78-2%)
1 &4 allele 112/511 (20-3%)
2 ¢4 alleles 7/511 (1-3%)

Pre-stroke clinical/cognitive function
mRS before stroke
IQCODE score

0 (0-0)
48 (48-49)

63-6 (61-4-66-3)  <0-0001

2488 (600-14632)  0-68

0-17 (0-04-0-96) 0-63
0-001

8/51 (15-7%) -

22/51 (43-1%) -

11/51 (21-6%) -

6/51 (11-8%) -

4/51 (7-8%) -

0 (0-0) 0-01

5/53 (9-4%) 0-0001

0-43 (0-23-1-36)  <0-0001

0 (0-0) 0-10

2 (1-3) 0-004

0-86 (-0-01-1-97)  <0-0001
0-18

31/43 (72-1%) -

10/43 (23-3%) -

2/43 (4-6%) =

0 (0-0) 0-36

49 (48-51) 0-002

Data are n (%), median (IQR), mean (SD), or n/N (%). APOE = apolipoprotein E. BMI = body-mass index.
EVT = Endovascular thrombectomy. HbA,. = glycated haemoglobin. HDL = high-density lipoprotein. IQCODE =
Informant Questionnaire on Cognitive Decline in the Elderly. IVT = Intravenous thrombolysis. LDL = low-density
lipoprotein. MoCA = Montreal Cognitive Assessment. mRS = Modified Rankin Scale. NIHSS = National Institutes
of Health Stroke Scale. TOAST = Trial of Org 10172 in Acute Stroke Treatment. *Sex was self-reported as male or
female. PGenetic ancestry was analysed comparing participant genotype data against the 1000 Genomes
Project (1kG) Phase 3 reference panel (Supplementary Methods). “MoCA <26 or mini-mental state examination
<27 when MoCA was not available (n = 73). dDefined according to Alberti et al’

dementia.

Table 1: Baseline characteristics of stroke survivors who did and did not develop post-stroke

recurrent stroke during follow-up. Results for PSCI
aligned with those for PSD, with additional risk factors
including lower HDL-C, higher infarct volume, and
perivascular space grade (Table 2).

Of the 55 incident dementia cases, 34 (61-8%) were
classified as delayed-onset PSD. At baseline, patients
who developed delayed-onset PSD had significantly
higher MoCA scores compared to those with early-onset
PSD (Table S6). Associations of baseline risk factors
with early-onset and delayed-onset PSD are presented
in Table S7. Risk factors significantly associated with
early-onset PSD that did not reach statistical signifi-
cance for delayed-onset PSD included atrial fibrillation,
prior stroke, higher Delirium Rating Scale score, lower
brain volume, and higher infarct volume (Table S7).
Conversely, risk factors significantly associated with
delayed-onset PSD that did not reach statistical signif-
icance for early-onset PSD included lower educational
attainment, MetS, reduced HDL-C, higher triglyceride
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Fig. 2: Cumulative post-stroke dementia incidence stratified by different categorical baseline characteristics. Acute phase cognitive
impairment was defined as MoCA <26 or MMSE <27. Prediabetes was defined as HbA;. >5-7 and <6-5. Diabetes mellitus was defined as
HbA;. >6-5 or treatment with antidiabetic medication. Acute reperfusion therapy indicates intravenous thrombolysis and/or endovascular
thrombectomy. Error bars represent the 95% confidence interval for the Kaplan-Meier estimated cumulative incidence. Cumulative incidence
rates were compared using Grey's test. CE = cardioembolism. Haemorr. = haemorrhagic stroke. LAA = large artery atherosclerosis. NIHSS =
National Institutes of Health Stroke Scale. SVD = cerebral small vessel disease. SVO = small vessel occlusion. TOAST = Trial of Org 10172 in
Acute Stroke Treatment. Undet. = stroke of undetermined aetiology.

levels, acute reperfusion therapy, and greater WMH
volume (Table S7). Flexible parametric survival models
revealed time-varying relationships of Delirium Rating
scale score and MetS (Figure S7 and Table S19), in line
with the analyses stratifying by early and delayed onset.

Main contributors to early-onset PSD were age >74
years, acute phase cognitive impairment, admission
NIHSS >3, and atrial fibrillation, while the main con-
tributors to delayed-onset PSD were age >74 years,
acute phase cognitive impairment, MetS, and admis-
sion NIHSS >3 (Fig. 5). Bootstrapped ClIs were wide
but indicated a stronger contribution of MetS to
delayed-onset PSD compared to early-onset PSD.

Female participants were older, had fewer years of
education, less frequently had acute phase cognitive
impairment, and more frequently had abdominal obesity
and cardioembolic stroke (Table S2). Sex-stratified ana-
lyses of PSD risk (Table S8) revealed overall similar
trends but were likely underpowered, especially for
women. Among men, age >74 was associated with a 6-4-
fold increased risk of PSD, compared to a 3-fold increase
in women. Diabetes mellitus, prior ischaemic heart dis-
ease, admission NIHSS >3, and educational attainment
<12 years were strong predictors for PSD in men, but
not women, whereas atrial fibrillation and pre-stroke
IQCODE were strong predictors of PSD in women but
not in men.

During follow-up, 56 (7-6%) patients experienced at
least one recurrent stroke (Figure S5, Table S8); 10
(17-9%) developed dementia afterwards, while three
(5-4%) had developed dementia before recurrence.
Recurrent stroke before dementia diagnosis was asso-
ciated with higher 5-year and delayed-onset PSD risk
(HR 2-36 [1-16-4-83] and 3-94 [1-76-8-82], respectively;
Table S9). Sensitivity analyses confirmed overall
consistent associations between baseline variables and
PSD risk, even after adjusting for acute reperfusion
treatment, recurrent stroke, or acute phase cognitive
impairment (Tables S10-S15) and when using 12
months as the cut-off for early- vs delayed-onset PSD
(Table S16), as well as after multiple imputation for
dementia onset date (Table S17). After adjusting for
acute treatment, admission NIHSS emerged as a strong
predictor for both early- and delayed-onset PSD. The
associations of PSD with atrial fibrillation, prediabetes/
diabetes, and MetS were also strengthened, while the
associations with prior stroke and APOE-g4 homozy-
gosity were attenuated.

Discussion

This study not only provides estimates of the associa-
tion between reported risk factors and 5-year PSD risk,
but also highlights a previously unrecognised
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Fig. 3: Cumulative incidence curves for post-stroke dementia stratified by the presence of metabolic syndrome (top left panel) and
individual metabolic syndrome components (top middle to bottom right panel). Metabolic Syndrome was defined as the presence of
three or more of the five criteria (Supplementary Methods).” BP = Blood pressure. HDL-C = high-density lipoprotein cholesterol.
MetS = Metabolic Syndrome. NIHSS = National Institutes of Health Stroke Scale. TG = Triglycerides.

association with metabolic syndrome (MetS), particu-
larly its components reduced HDL-C and pre-/diabetes.
MetS was a risk factor for delayed-onset PSD (>6
months), but not for early-onset PSD (<6 months).
Conversely, early-onset PSD was more strongly associ-
ated with older age, factors related to the stroke and its
severity, and atrial fibrillation than delayed-onset PSD.
Collectively, our findings highlight the multifactorial
nature of PSD risk and emphasise time-dependent
differences in the importance of individual risk factors.

We identified a set of binary risk factors, each of
which was strongly associated with an increased PSD
risk (HRs >2): age >74 years, admission NIHSS >3,
acute phase cognitive impairment, diabetes mellitus,
MetS, reduced HDL-C, presence of >3 lacunes, and
stroke recurrence. Additionally, acute stroke treatment
was associated with a 65% lower risk of PSD. These
findings could inform both the development of pre-
diction tools for long-term PSD risk and the selection of
patients for PSD prevention trials. Overall, our results
emphasise poor prior brain health, greater stroke
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severity, cardiometabolic risk factors, recurrent stroke,
and SVD as the key contributors to PSD risk, which is
largely consistent with previous findings.”*” Modifiable
risk factors are particularly relevant for designing sec-
ondary prevention trials and were therefore a focus in
our analysis.

Baseline MetS was associated with a twofold in-
crease in the risk of 5-year PSD and a 3-5-fold increase
in the risk of delayed-onset PSD. This effect was inde-
pendent of stroke recurrence and consistent across
subgroups of age, with 5-year cumulative incidence
rates ranging from 1.7% in younger patients
(<65 years) without MetS to 24-5% in older patients
(=74 years) with MetS. Reduced HDL-C and diabetes
mellitus were the two most important individual MetS
components contributing to this association. However,
we also found a 30% increase in PSD risk with each
additional MetS component, suggesting a potential
dose-dependent relationship that extends beyond the
effects of these two factors. To the best of our knowl-
edge, the relationship between MetS and dementia has
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not been studied in the post-stroke setting, although
MetS has been recognised as a potentially modifiable
risk factor for all-cause dementia,'""*** vascular de-
mentia,”” and Alzheimer’s disease.””® The prevalence
of MetS in our cohort (49-3%) was about twice as high
as that in the European general population,” but com-
parable to other stroke cohorts of similar age.**
Diabetes mellitus is an established modifiable risk
factor for PSD,*>71#1>1715 that contributes primarily by
exacerbating vascular complications.® Although it re-
mains uncertain whether diabetes management re-
duces dementia risk, a recent study that combined RCT
data and Danish nationwide registry data suggested a
beneficial effect of glucagon-like peptide-1 (GLP-1) on
dementia risk in patients with type 2 diabetes.? This
approach should also be investigated in stroke patients
with diabetes. Considering recent findings,” it is
further worth exploring whether GLP-1 or dual GIP/
GLP-1 receptor agonists could prevent dementia in
stroke patients with prediabetes and obesity by pre-
venting the progression to diabetes. Given the high
prevalence of MetS in our and other stroke cohorts,
such therapeutic strategies could hold potential for PSD
prevention, particularly if future studies confirm the

role of cardiometabolic risk factors in long-term
cognitive decline.

We found that the relationships between car-
diometabolic risk factors and PSD remained robust
with minimal changes in effect sizes after adjusting for
recurrent stroke. While most secondary prevention tri-
als use stroke recurrence as the single neurological
endpoint,” our findings suggest that the relationship
between PSD and modifiable factors like diabetes
mellitus and MetS is largely independent of stroke
recurrence. This highlights the importance of including
dementia as a primary outcome in secondary preven-
tion trials for stroke patients.

Compared to previous studies, the incidence and
prevalence of PSD in our cohort were substantially
lower.>** For example, the 1-year cumulative incidence
was approximately 5% in our study versus 17% in
OxVasc.’ Several differences in study design and
sample characteristics likely explain this discrepancy.
First, OxVasc included all acute vascular events in
Oxfordshire, capturing patients with severe strokes
who may not have reached tertiary care or were
managed in community settings. By contrast, DEM-
DAS enrolled only patients referred to tertiary stroke
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Risk factors Post-stroke dementia Post-stroke cognitive impairment
Cases/N Adjusted hazard p value FDR-p Adjusted odds p value FDR-p
ratio (95% Cl) ratio (95% Cl)
Sociodemographic factors
Age (per year) 55/706 1-13 (1-08-1-18) <0-0001 <0-0001 1-03 (1-02-1-04) <0-0001 <0-0001
Age > 74 55/706 4-76 (2-65-8-55) <0-0001 <0-0001 2-08 (1-69-2-60) <0-0001 <0-0001
Female sex 55/706 0-47 (0-24-0-91) 0-02 0-05 0-99 (0-79-1-23) 0-91 0-91
Education (per year) 55/706 0-86 (0-78-0-95) 0-003 0-009 0-92 (0-89-0-96) <0-0001  <0-0001
Education < 12 55/706 1-89 (1-05-3-40) 0-03 0-06 1-83 (1-48-2-26) <0-0001 <0-0001
Clinical/cognitive acute phase deficits
Stroke severity (per point on admission NIHSS) 55/706 1-08 (1-03-1-13) 0-002 0-008 1-04 (1-02-1-06) 0-0008 0-002
Admission NIHSS > 3 55/706 2-68 (1-44-4-97) 0-002 0-007 1-40 (1-14-1-71) 0-001 0-003
Barthel index (per 5 points) 55/704 0-90 (0-85-0-95) <0-0001 0-0005 0-98 (0-97-0-98) <0-0001 <0-0001
Delirious symptoms (per point on DRS) 55/706 1-17 (1-02-1-34) 0-03 0-05 1-06 (0-99-1-14) 0-09 0-12
Acute phase cognitive function (per point on MoCA) 41/625 0-83 (0-76-0-90) <0-0001 0-0001 0-80 (0-77-0-83) <0-0001 <0-0001
Acute phase cognitive impairment® 49/683 5-86 (2:21-15-58) 0-0004 0-002 3-17 (2:73-3-67) <0-0001 <0-0001
Vascular risk factors
Hypertension 55/706 1-05 (0-45-2-44) 0-92 0-95 0-92 (0-71-1-18) 0-49 0-52
Diabetes mellitus 55/706 2:28 (1:33-3-91) 0-003 0-009 1-62 (1-28-2-06) <0-0001 0-0002
Dyslipidaemia 55/706 1-35 (0-77-2-34) 0-29 0-38 1-09 (0-88-1-34) 0-43 0-47
Current smoking 55/706 0-85 (0-36-1-97) 0-70 0-80 1-12 (0-87-1-44) 0-39 0-44
Regular alcohol consumption 55/706 0-73 (0-40-1-33) 0-30 0-38 0-89 (0-70-1-13) 0-33 0-38
Atrial fibrillation 55/706 1-91 (1-10-3-30) 0-02 0-04 1-60 (1-24-2-08) 0-0004 0-0009
Prior history of stroke 55/706 2-05 (1-08-3-88) 0-03 0-05 1-46 (1-08-1-97) 0-01 0-03
Ischaemic heart disease 55/706 1-98 (1-04-3-76) 0-04 0-06 1-81 (1-34-2-43) <0-0001 0-0003
BMI (per 5 units [kg/m?]) 55/706 0-98 (0-63-1-52) 0-93 0-95 1-01 (0-99-1-04) 0-31 0-36
Systolic blood pressure (per 10 mmHg) 55/701 1-01 (0-88-1-17) 0-84 0-94 0-92 (0-88-0-97) 0-003 0-005
Diastolic blood pressure (per 10 mmHg) 55/701 1-05 (0-86-1-28) 0-63 0-74 0-89 (0-85-0-94) <0-0001 <0-0001
HbA;. (per %) 52/658 1-06 (0-99-1-14) 0-09 0-15 1-04 (1-00-1-10) 0-08 0-11
LDL cholesterol (per 10 mg/dL) 53/684  1-01 (0-93-1-08) 0-88 0-94 1-00 (1-00-1-00) 0-11 0-15
HDL cholesterol (per 10 mg/dL) 52/679 0-81 (0-62-1-05) 011 0-17 0-89 (0-84-0-95) 0-01 0-03
Triglycerides (per 10 mg/dL) 52/663 1-03 (1-01-1-06) 0-02 0-04 101 (1-00-1-02) 0-07 0-11
Metabolic syndrome components”
Abdominal obesity 48/666 0-99 (0-51-1-89) 0-97 0-97 1-17 (0-94-1-46) 0-15 0-20
Elevated triglycerides 52/663 1-55 (0-88-2-75) 0-13 0-19 1-22 (0-97-1-53) 0-09 0-12
Reduced HDL cholesterol 52/679 2-61 (1-50-4-52) 0-0006 0-003 1-25 (1-00-1-55) 0-05 0-08
Elevated blood pressure 55/705 0-46 (0-17-1-23) 0-12 0-18 0-67 (0-49-0-92) 0-01 0-03
Prediabetes or diabetes mellitus 53/666 2-13 (1-13-4-00) 0-02 0-04 1-27 (1-02-1-57) 0-03 0-05
Metabolic syndrome (>3 of the above components present) 55/706 2-05 (1-15-3-64) 0-01 0-04 1-13 (0-92-1-38) 0-25 0-30
Per count of components increase 55/706 1-30 (1-04-1-63) 0-02 0-04 1-05 (0-97-1-14) 0-23 0-29
Index stroke classification
Ischaemic stroke 55/706 1 0-06 0-09 0-72 074
Haemorrhagic stroke 55/706 2:69 (0-97-7-43) = = 1-11 (0-63-1-94) = -
Acute stroke treatment
Any reperfusion therapy (IVT and/or EVT) 55/706 0-35 (0-16-0-77) 0-009 0-03 0-50 (0-37-0-67) <0-0001 <0-0001
Neuroimaging parameters
Normalised brain volume (per SD) 50/634 0-60 (0-41-0-89) 0-01 0-03 0-65 (0-56-0-75) <0-0001 <0-0001
Normalised infarct volume (per SD) 50/634 1-19 (0-93-1-51) 0-16 0-22 1-12 (1-02-1-23) 0-02 0-04
Total small vessel disease score (per SD) 51/642 1-25 (0-90-1-73) 0-18 0-24 1-27 (1-13-1-42) <0-0001 0-0002
Lacune count (per SD) 53/647 1-36 (1-26-1-47) <0-0001  <0-0001  1-38 (1-20-1-60) <0-0001  <0-0001
Presence of >3 lacunes 53/647 11-00 (4-92-24-60) <0-0001 <0-0001 8-20 (3:36-20-01) <0-0001 <0-0001
Normalised WMH volume (per SD) 48/633 1-42 (1-19-1-68) <0-0001 0-0005  1-50 (1-32-1-70) <0-0001 <0-0001
Cerebral microbleed count (per SD) 51/642 1-17 (1-07-1-27) 0-0008 0-004 1-03 (0-95-1-13) 0-44 0-47
Perivascular space grade (per SD) 53/646 1-23 (0-93-163) 0-14 0-20 1-15 (1-02-1-28) 0-02 0-03
Mean skeletonised mean diffusivity (per SD) 45/606 1-94 (1-39-2-70) <0-0001 0-0006 1-76 (1-55-2-00) <0-0001 <0-0001
APOE genotype
0 €4 alleles 43/563 1 1 - -
1 ¢4 allele 43/576 1-11 (0-52-2-36) 078 0-87 0-90 (0-76-1-06) 0-21 0-26
2 ¢4 alleles 43/576 4-94 (1-36-11-79) 0-01 0-04 2-81 (1-74-4-54) <0-0001 <0-0001

(Table 2 continues on next page)
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Risk factors Post-stroke dementia Post-stroke cognitive impairment
Cases/N Adjusted hazard p value FDR-p Adjusted odds p value FDR-p
ratio (95% Cl) ratio (95% Cl)
(Continued from previous page)

Pre-stroke clinical/cognitive function
Modified Rankin Scale score before stroke 55/706 1-10 (0-75-1-62) 0-62 0-74 1-15 (0-98-1-36) 0-09 0-12
IQCODE score 49/655 1-07 (0-88-1-31) 0-48 0-58 1-07 (1-00-1-14) 0-04 0-06

Recurrent events
Stroke recurrence 55/757 2-36 (1-16-4-83) 0-02 0-04 - - -

Associations with PSD were calculated using cox proportional hazards models with death as a competing risk. Associations with PSCI across the 6-, 12-, 36-, and 60-month follow-ups were calculated
with logistic regression models using generalised estimating equations (GEE). Hazard ratios and odds ratios were adjusted for age, sex, education, and admission NIHSS score. At the 6-, 12-, 36-, and 60-
month follow-ups, 180 (24-4%), 132 (17-9%), 102 (13-9%), and 112 (15-2%) participants had PSCI, respectively. The analysis for stroke recurrence could only be performed for the PSD endpoint and
included only cases that were dementia-free at the time of the recurrent stroke. APOE = apolipoprotein E. BMI = body-mass index. DRS = Delirium Rating Scale. EVT = Endovascular thrombectomy.
HbA, = glycated haemoglobin. HDL = high-density lipoprotein. IQCODE = Informant Questionnaire on Cognitive Decline in the Elderly. IVT = Intravenous thrombolysis. LDL = low-density lipoprotein.
MoCA = Montreal Cognitive Assessment. NIHSS = National Institutes of Health Stroke Scale. "MoCA <26 or mini-mental state examination <27 when MoCA was not available (n = 73). bDefined

according to Alberti et al.’

Table 2: Baseline factors associated with 5-year risk of incident post-stroke dementia (PSD) and post-stroke cognitive impairment (PSCI).
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centres, likely underrepresenting such cases. Second,
nearly 30% of our participants received acute reper-
fusion therapy, including thrombolysis and throm-
bectomy, which became standard practice in the early
to mid-2000s and after 2015, respectively, and were
infrequently used in earlier cohorts. In our study, pa-
tients who received reperfusion therapy had a 65%
lower risk of PSD than those who did not. Although
observational, this finding suggests that timely treat-
ment may lower long-term dementia risk. Third, our
cohort also had a younger median age (68 vs 73 years
in the general European stroke population®®) and lower
NIHSS scores at admission, both known predictors of
PSD, which may further explain the lower observed
incidence and reflect selection effects inherent to our
study population.

Our findings suggest sex-specific differences in the
risk profile for PSD. Although women in our sample
were older and had lower educational attainment, they
had a lower overall risk of PSD compared to men. This
may reflect weaker associations of age, education, stroke
severity, and vascular risk factors, particularly diabetes
and ischaemic heart disease, with PSD in women.
Conversely, atrial fibrillation was more strongly associ-
ated with PSD in women, possibly due to their higher
rate of cardioembolic stroke, which has been reported
previously.” A similar sex difference was found in a
study from the U.S. National Alzheimer’s Coordinating
Center (NACC) cohort.*® These results underscore the
importance of considering sex differences for individual
risk prediction and clinical trial design.

In our study, dementia incidence was higher in the
early compared to the late phase post-stroke, but more
than 60% of PSD cases manifested with a delayed
onset. The low prevalence of severe strokes in our
sample likely contributed to the smaller proportion of
early-onset PSD.*" Importantly, PSD risk remained
elevated beyond the early phase after stroke, across all

stroke severity levels, as was also apparent in 5-year data
from the OxVasc study.’ Overall, these findings
emphasise a persistent PSD risk beyond the acute
phase, underscoring the need to understand long-term
cognitive trajectories.

Our results imply a difference in the importance of
baseline risk factors for early- compared to delayed-
onset PSD. In keeping with previous findings,**”'*"
we found early-onset PSD to show stronger associa-
tions with acute stroke-related deficits and parameters
related to prior reserve or resilience. In contrast,
delayed-onset PSD was more strongly associated with
MetS, reduced HDL-C, diabetes mellitus, acute phase
cognitive impairment, and lower educational attain-
ment. Results from our PAF analyses indicated that
MetS contributed to 53% of delayed-onset PSD cases,
exceeding the PAF for age >74 years. Whether post-
stroke interventions targeting MetS or its components
reduces long-term PSD remains unknown, but identi-
fying high-risk patients opens opportunities for tar-
geted interventions. Recurrent stroke was associated
with delayed-onset, but not with early-onset PSD, which
aligns with some, but not all, previous studies.'*'*!*
Discrepancies may be partly explained by a slightly
higher incidence of recurrent stroke in our cohort than
in others.'*'

Atrial fibrillation was associated only with early-
onset PSD in our study, with a stronger overall associ-
ation observed in women, consistent with recent
findings from the NACC.*® While previous reports on
the association between atrial fibrillation and PSD have
been inconsistent,” our results suggest that its role may
be more pronounced early after stroke and potentially
modulated by sex-specific factors. Hypertension, a risk
factor for recurrent stroke,' was not associated with a
higher PSD risk in our cohort, consistent with previous
meta-analyses.”” This may reflect good baseline blood
pressure control among the participants.
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Fig. 5: Population attributable fractions (PAF) for different risk factors for early- and delayed-onset post-stroke dementia, defined as
dementia that occurred between 3 and 6 or after 6 months, respectively. Acute phase cognitive impairment was defined as MoCA <26 or
MMSE <27, and metabolic syndrome as presence of three or more commonly used criteria (Supplementary Methods and Alberti et al.%). Error
bars represent 95% confidence intervals, derived from 10,000 bootstrap iterations. HDL-C = high-density lipoprotein cholesterol. NIHSS =

National Institutes of Health Stroke Scale.

The association between lower HDL-C and PSD
became apparent only when using sex-specific cut-offs
for HDL-C (<40 mg/dL for males, <50 mg/dL for fe-
males) related to MetS. Low HDL-C has been identified
as a risk factor for Alzheimer’s Disease in Mendelian
randomisation meta-analyses and the Framingham
Heart Study.”* Possible mechanisms linking HDL-C
to dementia include its vascular-protective, anti-in-
flammatory, and cholesterol efflux-enhancing proper-
ties,**! which could support post-stroke recovery and
mitigate chronic vascular injury, such as SVD.* Future
studies should investigate whether the relationship be-
tween low HDL-C and PSD is mediated by progressive
SVD burden.

Our results emphasise the importance of SVD as a
predictor of both early- and delayed-onset PSD."154
The relationship was evident for both conventional
SVD markers (lacune count, WMH volume, and CMB
count) and MSMD, a marker sensitive to early micro-
vascular injury. Of twelve patients who presented with
>3 lacunes on baseline MRI, five developed PSD, cor-
responding to an 11-3 times higher PSD risk compared
to patients with 0-2 lacunes. Clinical trials are needed
to assess if targeting SVD progression improves post-
stroke cognitive outcomes.” Our findings further sug-
gest that even mild delirium symptoms are associated
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with PSCI and early-onset PSD, reinforcing the role of
acute phase impairments in early-onset PSD."* The
weaker overall association may be due to the mild
symptom burden in our cohort and the limited number
of patients meeting criteria (DRS > 10, n = 4) for a
clinical diagnosis of delirium, which has previously
been linked to cognitive decline.”

Strengths of this study include its prospective,
multicentre design with regular follow-ups across five
years, the large sample size, standardised clinical and
imaging protocols, central monitoring, and rigorous
procedures maintained for baseline, follow-up, and
end-point assessments. This study also has limitations.
First, due to the demanding study protocol, which
included serial MRI scanning, detailed cognitive
testing, and the requirement of an informant, patients
with milder strokes were overrepresented. However,
this also reflects a population that is most likely to
benefit from interventions targeting long-term out-
comes. Our findings are limited to a highly selected
hospital-based study cohort and require replication in
larger, more inclusive, population-based, and ethnically
more diverse cohorts to achieve generalisability. Sec-
ond, the attrition rate was comparably high, which may
have introduced bias. At baseline, patients lost to
follow-up had poorer brain health, greater acute phase
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impairment, and more cardiovascular comorbidity,
potentially limiting the generalisability of our findings
to healthier stroke survivors. Third, as cognitive, health,
and mortality data could not be obtained for many pa-
tients who revoked consent, PSD incidence, PSCI
prevalence, and mortality may have been under-
estimated. Fourth, we were unable to perform sub-
group analyses by dementia subtype. Although initially
planned, difficulties in obtaining definitive diagnoses
for dementia subtypes and the limited statistical power
due to the low number of dementia cases led us to
exclude these analyses. Additionally, we chose to dis-
continue amyloid-p positron emission tomography
(PET) imaging after an interim analysis on 56 pa-
tients.* Fifth, female participants were underrepre-
sented, which mirrors a broader issue in stroke
studies.” This imbalance may have been influenced by
factors such as greater disability and lower likelihood of
having an informant among women, which could limit
generalisability of the findings across sexes. Lastly, PAF
estimates should be interpreted cautiously due to the
observational nature of the study and uncertain
causality.

Altogether, our findings suggest that while acute
stroke care is critical for mitigating early-onset de-
mentia risk, sustained efforts to monitor and manage
cardiometabolic risk factors are needed to lower PSD
risk in the long run. Cardiometabolic risk factors may
contribute to delayed-onset PSD through mechanisms
beyond recurrent vascular events, highlighting the
importance of including PSD as a key outcome for
clinical post-stroke trials. Further studies should
explore whether targeting metabolic dysfunction re-
duces long-term PSD risk.
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