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Methods
Study design

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-ε4 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

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.
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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

(n = 681)

PSD

(n = 55)

p value

Sociodemographic variables

Age (years) 67⋅3 ± 11⋅0 76⋅5 ± 9⋅3 <0⋅0001

Age ≥74 years 223 (32⋅7%) 38 (69⋅1%) <0⋅0001

Femalea 226 (33⋅2%) 19 (34⋅5%) 0⋅95

Malea 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 ancestryb 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 impairmentc 338/660 (51⋅2%) 44/49 (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%) 0⋅71

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/m2) 27⋅1 ± 4⋅3 26⋅4 ± 4⋅2 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

HbA1c (%) 5⋅7 (5⋅4–6⋅1) 5⋅8 (5⋅5–6⋅7) 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 syndromed

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

components present)

329 (48⋅2%) 36 (65⋅5%) 0⋅02

Index stroke classification

Ischaemic stroke 664 (97⋅5%) 51 (92⋅7%) 0⋅10

TOAST classification of acute ischaemic

stroke subtype

0⋅03

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

(IVT and/or EVT)

198 (29⋅1%) 11 (20⋅0%) 0⋅20

(Table 1 continues on next page)
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No PSD

(n = 681)

PSD

(n = 55)

p value

(Continued from previous page)

Neuroimaging parameters

Normalised brain volume (%) 68⋅0 (64⋅6–71⋅8) 63⋅6 (61⋅4–66⋅3) <0⋅0001

Infarct volume (mm3) 2248 (8520–11760) 2488 (600–14632) 0⋅68

Normalised stroke lesion volume (%) 0⋅15 (0⋅03–0⋅76) 0⋅17 (0⋅04–0⋅96) 0⋅63

Small vessel disease score 0⋅001

0 251/615 (40⋅8%) 8/51 (15⋅7%) –

1 179/615 (29⋅1%) 22/51 (43⋅1%) –

2 125/615 (20⋅3%) 11/51 (21⋅6%) –

3 48/615 (7⋅8%) 6/51 (11⋅8%) –

4 12/615 (1⋅9%) 4/51 (7⋅8%) –

Lacune count 0 (0–0) 0 (0–0) 0⋅01

≥3 lacunes 7/618 (1⋅1%) 5/53 (9⋅4%) 0⋅0001

Normalised white matter

hyperintensity volume (%)

0⋅21 (0⋅07–0⋅50) 0⋅43 (0⋅23–1⋅36) <0⋅0001

Cerebral microbleed count 0 (0–0) 0 (0–0) 0⋅10

Perivascular space grade 1 (1–2) 2 (1–3) 0⋅004

Mean skeletonised mean

diffusivity (z-score)

−0⋅19 (−0⋅78–0⋅51) 0⋅86 (−0⋅01-1⋅97) <0⋅0001

Genetic risk factors

APOE genotype 0⋅18

0 ε4 allele 431/551 (78⋅2%) 31/43 (72⋅1%) –

1 ε4 allele 112/511 (20⋅3%) 10/43 (23⋅3%) –

2 ε4 alleles 7/511 (1⋅3%) 2/43 (4⋅6%) –

Pre-stroke clinical/cognitive function

mRS before stroke 0 (0–0) 0 (0–0) 0⋅36

IQCODE score 48 (48–49) 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. HbA1c = 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. aSex was self-reported as male or

female. bGenetic ancestry was analysed comparing participant genotype data against the 1000 Genomes

Project (1kG) Phase 3 reference panel (Supplementary Methods). cMoCA <26 or mini-mental state examination

<27 when MoCA was not available (n = 73). dDefined according to Alberti et al.2

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

dementia.
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Discussion

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 HbA1c ≥5⋅7 and <6⋅5. Diabetes mellitus was defined as

HbA1c ≥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.
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⋅

Cumulative incidence rates for post-stroke dementia stratified by metabolic syndrome and other relevant baseline factors.

Error bars represent the 95% confidence interval for the Kaplan–Meier estimated cumulative incidence. Formal interaction tests showed no

significant interactions (all p > 0⋅05). NIHSS = National Institutes of Health Stroke Scale.
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Risk factors Post-stroke dementia Post-stroke cognitive impairment

Cases/N Adjusted hazard

ratio (95% CI)

p value FDR-p Adjusted odds

ratio (95% CI)

p value FDR-p

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 impairmenta 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/m2]) 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

HbA1c (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) 0⋅11 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 1⋅01 (1⋅00–1⋅02) 0⋅07 0⋅11

Metabolic syndrome componentsb

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 0⋅74

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 ε4 alleles 43/563 1 – – 1 – –

1 ε4 allele 43/576 1⋅11 (0⋅52–2⋅36) 0⋅78 0⋅87 0⋅90 (0⋅76–1⋅06) 0⋅21 0⋅26

2 ε4 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

ratio (95% CI)

p value FDR-p Adjusted odds

ratio (95% CI)

p value FDR-p

(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.

HbA1c = 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. aMoCA <26 or mini-mental state examination <27 when MoCA was not available (n = 73). bDefined

according to Alberti et al.9

Baseline factors associated with 5-year risk of incident post-stroke dementia (PSD) and post-stroke cognitive impairment (PSCI).
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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.9). 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.
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