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Abstract

INTRODUCTION: The risk of dementia in patients with ischemic stroke and early car-

diovascular complications (i.e., stroke–heart syndrome [SHS]) remains underexplored.

METHODS: Patients with first-ever ischemic stroke in Hong Kong between 2005 and

2020 were included. Multivariable Fine–Gray competing risk analysis was performed

after 1:1 propensity score matching to evaluate the association between SHS and the

risk of dementia.

RESULTS: Of the 130,605 included patients with ischemic stroke, 12,696 (9.7%)

patients developed SHS. Patients with SHS had a 19% increased risk of dementia

compared to those without SHS at 1 year post-stroke, driven mainly by vascular
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dementia. This increased risk gradually declined and became non-significant after 3

years post-stroke.Appropriate antithrombotic therapyandcomorbidities optimization

were associated with a 32% reduced dementia risk in patients with SHS.

DISCUSSION: SHS is associated with an increased risk of incident dementia. Appro-

priate antithrombotic therapy and comorbidities optimization post-strokemay reduce

this heightened risk of cognitive impairment.

KEYWORDS

ABC pathway, cardiovascular complications, cognitive impairment, dementia, integrated care,
ischemic stroke, stroke, stroke–heart syndrome

Highlights

∙ Association between stroke–heart syndrome (SHS) and dementia was evaluated in

a population-based cohort.

∙ Development of SHS associated with a 19% increased 1 year risk of dementia.

∙ The increased risk of dementia gradually declined with each year of follow-up.

∙ Integrated post-stroke management may reduce this heightened risk of cognitive

impairment.

1 BACKGROUND

Despite improvements in overall stroke survival, medical compli-

cations after stroke remain a significant burden that complicates

neurological recovery and outcomes in patients with stroke.1 In

particular, post-stroke neurocardiogenic injury without the confound-

ing effect of pre-existing heart disease is under-recognized. To that

end, the term “stroke–heart syndrome” (SHS) was recently intro-

duced to provide a conceptual framework for stroke-induced car-

diovascular complications that arise within the first month after

stroke.2 SHS has a reported incidence of 10% to 20% among stroke

survivors,3,4 with those affected presenting with a broad range of

manifestations includingmyocardial injury, acute coronary syndromes,

left ventricular dysfunction, arrhythmias, and neurogenic sudden

death.5 Recent epidemiological studies have shown that patients

with SHS were associated with higher risks of recurrent strokes,

secondary cardiac events, and death,6,7 thus highlighting the need

for more intensive monitoring and intervention in this subset of

patients.

Apart from cardiovascular outcomes, post-stroke cognitive impair-

ment and dementia represent another major source of morbidity

and mortality after stroke. Stroke survivors are especially vulnerable

to cognitive impairment due to the neurovascular damage, cerebral

hypoperfusion, and inflammation that follow an ischemic event.8 Post-

stroke cognitive impairment significantly impairs patients’ indepen-

dence, quality of life, and long-term functional outcomes.9 A growing

body of evidence shows that both ischemic stroke (IS) and cardiovas-

cular events independently increase the risk of dementia.10,11 Despite

the established links among cardiovascular disease, stroke, anddemen-

tia, the cumulative effect of SHS—a syndrome encompassing stroke

and early cardiovascular complications—on dementia risk remains

underexplored, especially in Asian populations.

Using a population-based cohort in Hong Kong, our study aimed to

assess the risk of incident dementia in patients with first-ever IS who

developed SHS. Second, we also sought to evaluate the impact of post-

stroke holistic or integrated care management based on appropriate

antithrombotic therapyandcomorbidities optimization12,13 ondemen-

tia risk in this cohort, with the hope of informing future post-stroke

care strategies targeting both cardiovascular and neurocognitive

health.

2 METHODS

2.1 Data source

Data in this retrospective cohort study were retrieved from the Clini-

cal Data Analysis and Reporting System (CDARS), an electronic health

record database operated by theHongKongHospital Authority. As the

sole public health-care service provider in Hong Kong, CDARS is thus a

representative population-based database that routinely collects data

including demographics, diagnoses, procedures, laboratory results, and

drug prescriptions. All diagnoses in CDARS are coded by the Interna-

tional Classification of Diseases, Ninth Revision, Clinical Modification

(ICD-9-CM), which has previously been shown to have good coding

accuracy.14

This study was conducted in accordance with the Declaration

of Helsinki and the Strengthening the Reporting of Observational

Studies in Epidemiology (STROBE) statement. As patient data were

de-identified in CDARS, the need for individual consent was waived.
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RESEARCH INCONTEXT

1. Systematic review: The authors performed a literature

review on the association of stroke–heart syndrome

(SHS) and dementia using PubMed. Although previous

studies have suggested possible relationships among car-

diovascular diseases, stroke, and dementia, the cumu-

lative effect of SHS—a syndrome encompassing stroke

and early cardiovascular complications—ondementia risk

remains underexplored, especially in Asian populations.

2. Interpretation: Development of SHS associated with a

19% increased 1 year risk of incident dementia (espe-

cially vascular dementia), which showed a gradual reduc-

tion with each successive year of follow-up and became

non-significant after 3 years post-stroke. Appropriate

antithrombotic therapy and comorbidities optimization

post-stroke were associated with a reduced dementia

risk.

3. Future directions: Patients with SHSmay be at increased

risk of dementia in the early phase after a stroke. The

utility of standardizedpost-strokeprotocols, according to

the ABCstroke pathway, should be tested in future clinical

trials to guide best practices in patient management.

The study has been approved by the institutional review board of the

University of Hong Kong/ Hospital Authority Hong KongWest Cluster

(IRB Reference Number: UW24-187).

2.2 Study population

Patients aged≥18yearswith first-ever IS recorded inCDARSbetween

January 1, 2005 and May 31, 2020 were included. The index date was

defined as the date when a patient was diagnosed with IS for the first

time.

Based on the development of at least one new-onset cardiovas-

cular complication, which included heart failure (HF), ischemic heart

disease (IHD), atrial fibrillation/atrial flutter (AF/AFL), and ventricular

tachycardia/ventricular fibrillation (VT/VF) within 30 days from index

stroke, patients were categorized into two groups: patients with SHS

and patients without SHS (i.e., patients who experienced IS only). Car-

diovascular complications that occurred within 30 days of the index

stroke were considered part of the SHS, given the time-varying risk

of major adverse cardiovascular events after IS and the proposed cri-

teria adopted by existing literature.2,6,15 To allow the evaluation of

incident dementia as our study outcome, patients with pre-existing

Alzheimer’s disease (AD), vascular dementia, and unspecified demen-

tia prior to index stroke were excluded. To minimize the confounding

effect of heart diseases prior to index stroke and identify patients with

new-onset cardiovascular complications, patients with previous diag-

noses of HF, IHD, AF/AFL, VT/VF prior to index stroke, or those who

died in the first 30 days after index stroke were also excluded. The

flowchart of the study cohort is summarized in Figure S1 in supporting

information.

2.3 Baseline information

Medical records of each patient were traced back to 5 years prior to

the index date until the start of the follow-up date (i.e., index date +
30 days) for evaluating cohort characteristics. The following data were

collected: age, sex, smoking, alcohol use, comorbidities includinghyper-

tension (HTN), diabetes mellitus (DM), dyslipidemia, chronic kidney

disease (CKD), chronic liver disease (CLD), neoplasms, and medica-

tion prescriptions including angiotensin-converting enzyme inhibitor

(ACEi), angiotensin receptorblocker (ARB), beta-blocker, calciumchan-

nel blocker (CCB), diuretics, aspirin, P2Y12 inhibitor, warfarin, non-

vitamin K antagonist oral anticoagulants (NOAC), insulin, metformin,

and statin. Baseline medication use was defined by a filled prescrip-

tion for at least 30 consecutive days prior to the index date. Details of

ICD-9-CMcodes used for data collection are summarized in Table S1 in

supporting information.

2.4 Study outcomes

Patients were followed for up to 3 years. The primary outcome of this

study was the 1 year risk of a composite of AD, vascular dementia,

and unspecified dementia. The secondary outcomes were dementia-

related mortality and all-cause mortality. Details of ICD-9-CM codes

used to define study outcomes are summarized in Table S1.

2.5 Statistical analyses

Continuous variables were reported as mean ± standard deviation,

while categorical variables were reported as absolute numbers and

percentages. Differences in baseline characteristics between groups

were compared using the independent sample t test for continuous

variables and the chi-squared test for categorical variables.

Propensity score matching (PSM) at a 1:1 ratio with nearest neigh-

bor matching with a caliper width of 0.01 was used to balance the

covariates between patients with and without SHS. With reference

to the 2024 report of the Lancet Commission on dementia,16 the fol-

lowing variables were included in PSM: age, sex, smoking, alcohol use,

baseline comorbidities (HTN,DM,dyslipidemia,CKD,CLD, neoplasms),

and baseline medication use (ACEi, ARB, beta-blocker, CCB, diuretics,

antiplatelets, anticoagulants, antidiabetics, statin). Baseline character-

istics were considered well matched between the two groups if the

standardizedmean differences (SMD) were≤ 0.1.

To ensure unbiased estimation of the causal effect of SHS, we

adopted the “doubly robust estimation” approach by running multi-

variable outcome regression after PSM as an additional adjustment,
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using the same covariates used in PSM in the multivariable model.17

To account for competing risk, the multivariable Fine–Gray regression

model was selected to calculate the adjusted subdistribution hazard

ratio (aSHR) and the corresponding 95% confidence intervals (CIs) to

evaluate the risk of incident dementia and dementia-related mortality

in patients with and without SHS, with all-cause death defined as the

competing event. The multivariable Cox proportional hazards regres-

sionmodel was used to calculate the adjusted hazard ratios (aHRs) and

corresponding 95% CI for the risk of all-cause mortality. The associa-

tions between SHS and subtypes of dementia, including AD, vascular

dementia, and unspecified dementia, were further calculated sepa-

rately. The risk of incident dementia, dementia-related mortality, and

all-causemortality was also evaluated at 2- and 3-year follow-up.

Subgroup analyses were performed to evaluate the 1 year risk of

incidentdementia in relevant clinical subgroupsusing themultivariable

Fine–Gray model for sex, age, baseline HTN, baseline DM, and stroke

subtypes.

Two sensitivity analyses were conducted to ascertain the robust-

ness of our findings. First, we performed conventional Cox regression

analysis without considering all-cause death as a competing risk. Sec-

ond, we used the inverse probability of treatment weighting (IPTW)

to further adjust for confounders. All baseline covariates of each indi-

vidual were logistically regressed to calculate the propensity score of

developing SHS. IPTW creates a pseudo-population by assigning indi-

viduals with weights that correspond to the inverse of their propensity

scores, such that confounders are equally distributedbetweenpatients

with and without SHS.18 After applying IPTW, baseline characteristics

were considered well balanced between the two groups if the SMDs

were≤ 0.1.Multivariable Fine–Gray andCox regression analyseswere

subsequently conducted for the primary and secondary outcomes.

An exploratory analysis was performed to investigate the impact of

post-stroke management on the risk of incident dementia. In particu-

lar, physicians’ adherence to appropriate antithrombotic therapy (“A”

criterion) and comorbidities optimization (“C” criterion), as outlined in

the integrated ABCstroke pathway in the position paper of the Euro-

pean Society of Cardiology (ESC) Council on Stroke,13 were evaluated

at 30 days post-stroke in patients with and without SHS. With refer-

ence to the position paper, the definitions adopted in this study for the

“A” criterion and “C” criterion were as follows.

“A” criterion: For appropriate antithrombotic therapy, patients with

AF were adherent to the “A” criterion if they had been prescribed oral

anticoagulants either as warfarin or NOACs after stroke. For patients

without AF, they were adherent if appropriate antiplatelet therapy,

such as aspirin or a P2Y12 inhibitor, was prescribed.

“C” criterion: For comorbidities optimization, we considered the use

of a statin in all patients and management of HTN, IHD, and DM if

indicated. Optimal medical treatment for the listed comorbidities was

defined as follows: (1) forHTN, treatmentwithmonotherapy or combi-

nation therapy of ACEi/ARB, CCB, or diuretics; (2) for IHD, treatment

with ACEi/ARB and beta-blocker; (3) for DM, treatment with insulin

or metformin. Patients were considered adherent to the “C” crite-

rion when all comorbidities were properly treated, and a statin was

prescribed.

TABLE 1 Incidence of stroke–heart syndromewithin 30 days
post-stroke.

All population (n= 130,605)

Events (n) Proportion (%)

Composite of stroke–heart

syndrome

12,696 9.7

HF 1121 0.9

IHD 4077 3.1

AF/AFL 8746 6.7

VT/VF 73 0.1

Abbreviations: AF, atrial fibrillation; AFL, atrial flutter; HF, heart failure;

IHD, ischemic heart disease; VF, ventricular fibrillation; VT, ventricular

tachycardia.

Patients were categorized into four groups based on whether they

had SHS and whether post-stroke adherent care to the two crite-

ria above was prescribed. The same multivariable Fine–Gray model

used in the main analysis was applied to evaluate the 1 year risk

of incident dementia for each group, with SHS patients who did not

receive adherent care as the reference group. Cumulative incidence

curves for the 1 year risk of incident dementia between patients with

and without SHS, and among the four groups, were illustrated. All

statistical analyses were performed using R, version 4.3.1, The R Foun-

dation, 2023. A two-way P value < 0.05 was considered statistically

significant.

3 RESULTS

3.1 Study cohort

Overall, we included 130,605 patients (mean age 70.3 ± 13.3 years,

55.3% male) with first-ever IS in this analysis (Figure S1). A total of

12,696 (9.7%) patients developed SHS within 30 days after stroke. Of

these, 1121 (0.9%) developed HF, 4077 (3.1%) developed IHD, 8746

(6.7%) developed AF/AFL, and 73 (0.1%) developed VT/VF (Table 1).

Prior to PSM, patients with SHS were older, more likely to be female,

and less likely to be smokers or drinkers. In addition, patients with SHS

weremore likely to have amedical history ofHTN,DM, andCKD,while

less likely to have dyslipidemia or cancers than patients without SHS.

Baselinemedication usagewas also higher in patientswith SHS. A sum-

mary of the baseline characteristics is shown in Table 2. After 1:1 PSM,

12,624 patients were matched in each group, and all baseline covari-

ates were well balanced between the two groups with SMDs of ≤ 0.1

(Table S2 in supporting information).

3.2 Outcomes and survival analysis

As shown in Table 3, a total of 778 (3.1%) patients developed inci-

dent dementia at 1 year after stroke. Of these, 418 new cases of

dementia (3.3%) were recorded among patients with SHS compared
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TABLE 2 Baseline characteristics of patients with andwithout SHS before PSM.

All patients

(n= 130,605)

Without SHS

(n= 117,909)

With SHS

(n= 12,696) p value
SMDbefore

PSM

SMDafter

PSM

Age (years) 70.3± 13.3 69.7± 13.4 75.78± 11.3 <0.001 0.490 0.021

Male 72,181 (55.3) 65,685 (55.7) 6496 (51.2) <0.001 0.091 0.006

Smoking 7844 (6.0) 7184 (6.1) 660 (5.2) <0.001 0.039 0.005

Alcohol use 4408 (3.4) 4037 (3.4) 371 (2.9) 0.003 0.029 0.001

Baseline comorbidities

Hypertension 61,882 (47.4) 55,060 (46.7) 6822 (53.7) <0.001 0.141 0.010

Diabetes mellitus 31,134 (23.8) 27,824 (23.6) 3310 (26.1) <0.001 0.057 0.008

Dyslipidemia 38,198 (29.2) 34,630 (29.4) 3568 (28.1) 0.003 0.028 0.001

Chronic kidney disease 3027 (2.3) 2625 (2.2) 402 (3.2) <0.001 0.058 0.001

Chronic liver disease 3019 (2.3) 2696 (2.3) 323 (2.5) 0.071 0.017 0.018

Neoplasms 9329 (7.1) 8544 (7.2) 785 (6.2) <0.001 0.042 0.009

Baselinemedication use

ACEi 21,309 (16.3) 18,410 (15.6) 2899 (22.8) <0.001 0.184 0.011

ARB 5358 (4.1) 4630 (3.9) 728 (5.7) <0.001 0.084 0.008

Beta-blocker 26,702 (20.4) 22,021 (18.7) 4681 (36.9) <0.001 0.415 0.002

CCB 43,199 (33.1) 38,105 (32.3) 5094 (40.1) <0.001 0.163 0.008

Diuretics 10,793 (8.3) 9109 (7.7) 1684 (13.3) <0.001 0.181 0.006

Aspirin 23,905 (18.3) 19,568 (16.6) 4337 (34.2) <0.001 0.412 0.002

P2Y12 inhibitor 1199 (0.9) 991 (0.8) 208 (1.6) <0.001 0.072 0.009

Warfarin 1062 (0.8) 659 (0.6) 403 (3.2) <0.001 0.194 0.016

NOAC 237 (0.2) 125 (0.1) 112 (0.9) <0.001 0.111 0.028

Insulin 4150 (3.2) 3721 (3.2) 429 (3.4) 0.182 0.013 0.011

Metformin 19,263 (14.7) 17,342 (14.7) 1921 (15.1) 0.206 0.012 0.002

Statin 24,425 (18.7) 21,112 (17.9) 3313 (26.1) <0.001 0.199 0.006

Note: Values are shown asmean± standard deviation or n (%).
Abbreviations: ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; NOAC, non-vitamin K

antagonist oral anticoagulants; PSM, propensity scorematching; SHS, stroke–heart syndrome; SMD, standardizedmean difference.

to 360 cases (2.9%) among patients without SHS. In addition, the

number of deaths recorded at 1 year follow-up was 1742 (13.8%)

in the SHS group and 1327 (10.5%) in the group without SHS. For

dementia-related mortality, 71 (0.6%) cases were reported in the SHS

group, while 49 (0.4%) cases were reported in the group without

SHS.

At 1 year follow-up, multivariable Fine–Gray analysis revealed that

development of SHS was associated with a 19% increased risk for inci-

dent dementia (aSHR: 1.19; 95% CI: 1.03–1.37), as illustrated in the

cumulative incidence curve in Figure 1. Among the various subtypes

of dementia, development of SHS was associated with a significantly

higher risk for vascular dementia (aSHR: 1.30; 95% CI: 1.10–1.53)

but was non-significant for AD (aSHR: 0.77; 95% CI: 0.51–1.14) and

unspecified dementia (aSHR: 1.11; 95% CI: 0.74–1.68; Table 4). Com-

pared to patients without SHS, patients with SHS were also associated

with a higher risk of dementia-related mortality (aSHR: 1.53; 95%

CI: 1.06–2.20) and all-cause mortality (aHR: 1.39; 95% CI: 1.30–

1.50) at 1 year post-stroke (Table 3, Figures S2 and S3 in supporting

information).

At 2 year follow-up, patients with SHS continued to have sig-

nificantly higher risks of dementia (aSHR: 1.16; 95% CI: 1.03–1.31)

compared to those without SHS (Table 3). The risk of incident demen-

tia showed a decreasing trend as the follow-up period extended,

to which the association became non-significant at 3-year follow-up

(aSHR: 1.10; 95% CI: 0.98–1.22). The risk of dementia-related mortal-

ity and all-cause mortality were consistently elevated at 2- and 3-year

follow-up (Table 3).

3.3 Subgroup analysis

The results of subgroup analyses are illustrated in Figure 2. Patients

with SHS were associated with a higher 1 year risk of incident demen-

tia, except for the subgroups of male, age≥ 75, and those with baseline

HTN or DM, where this association was not observed. No statistically

significant risk was found in the two separate stroke subtypes. No sig-

nificant interactions across the subgroups were evident (P interaction

all≥ 0.05).
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TABLE 3 Fine–Gray and Cox regression analyses for the risk of incident dementia, dementia-relatedmortality, and all-causemortality in
patients with andwithout SHS at 1, 2, and 3 years of follow-up after PSM.

Event number

(%)

Unadjusted HR/SHR

(95%CI) p value
Adjusted HR/SHR

(95%CI) p value

1 year follow-up

Incident dementia*

Without SHS 360 (2.9) Ref. Ref.

With SHS 418 (3.3) 1.16 (1.01–1.34) 0.034 1.19 (1.03–1.37) 0.016

Dementia-relatedmortality*

Without SHS 49 (0.4) Ref. Ref.

With SHS 71 (0.6) 1.45 (1.01–2.09) 0.045 1.53 (1.06–2.20) 0.022

All-causemortality

Without SHS 1327 (10.5) Ref. Ref.

With SHS 1742 (13.8) 1.34 (1.25–1.44) <0.001 1.39 (1.30–1.50) <0.001

2 year follow-up

Incident dementia*

Without SHS 516 (4.1) Ref. Ref.

With SHS 585 (4.6) 1.14 (1.01–1.28) 0.032 1.16 (1.03–1.31) 0.015

Dementia-relatedmortality*

Without SHS 122 (1.0) Ref. Ref.

With SHS 158 (1.3) 1.30 (1.02–1.64) 0.031 1.35 (1.07–1.72) 0.012

All-causemortality

Without SHS 2153 (17.1) Ref. Ref.

With SHS 2737 (21.7) 1.31 (1.24–1.39) <0.001 1.37 (1.29–1.45) <0.001

3 year follow-up

Incident dementia*

Without SHS 655 (5.2) Ref. Ref.

With SHS 702 (5.6) 1.08 (0.97–1.20) 0.180 1.10 (0.98–1.22) 0.096

Dementia-relatedmortality*

Without SHS 200 (1.6) Ref. Ref.

With SHS 265 (2.1) 1.33 (1.11–1.60) 0.002 1.37 (1.14–1.65) 0.001

All-causemortality

Without SHS 2865 (22.7) Ref. Ref.

With SHS 3589 (28.4) 1.30 (1.24–1.37) <0.001 1.37 (1.30–1.44) <0.001

Abbreviations: CI, confidence interval; HR, hazard ratio; PSM, propensity scorematching; SHS, stroke–heart syndrome; SHR, subdistribution hazard ratio.

* = Fine–Graymodel was used to adjust for competing risk, with death being the competing event.

3.4 Sensitivity analysis

We performed conventional Cox regression analyses for the primary

and secondary outcomeswithout adjusting for competing risk. In keep-

ing with the main analysis, patients with SHS were associated with a

higher 1 year risk of incident dementia (aHR: 1.23; 95% CI: 1.07–1.41)

compared topatientswithout SHS (Table S3 in supporting information).

We further adopted the Fine–Gray analysis for the clinical outcomes

with IPTW as an alternative method of matching. After matching with

IPTW, baseline characteristics were well balanced between the group

with SHS and the group without (Table S4 in supporting information).

Consistent with the main analysis, multivariable analyses after IPTW

showed that patients with SHS had a higher risk of incident demen-

tia (aSHR: 1.17; 95% CI: 1.05–1.32) at 1 year post-stroke compared to

patients with IS alone (Table S5 in supporting information).

3.5 Impact of post-stroke management

At 30 days post-stroke, adherent care according to both appropriate

antithrombotic therapy (“A” criterion) and comorbidities optimization

(“C” criterion) was achieved in 3407 (27.0%) patients with SHS and

5902 (46.8%)patientswithout SHS in thePSMcohort (Table5). The low

percentage of adherent care in patients with SHSwasmainly driven by
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TSANG ET AL. 7 of 12

F IGURE 1 Cumulative incidence curves showing the 1 year risk of incident dementia in patients with andwithout SHS. SHS, stroke–heart
syndrome.

TABLE 4 Fine–Gray analysis for the risk of incident dementia and its subtypes in patients with andwithout SHS at 1 year of follow-up after
PSM.

Event number

(%)

Unadjusted SHR

(95%CI) p value
Adjusted SHR

(95%CI) p value

All types of dementia

Without SHS 360 (2.9) Ref. Ref.

With SHS 418 (3.3) 1.16 (1.01–1.34) 0.034 1.19 (1.03–1.37) 0.016

Alzheimer’s disease

Without SHS 57 (0.5) Ref. Ref.

With SHS 43 (0.3) 0.75 (0.51–1.12) 0.160 0.77 (0.51–1.14) 0.190

Vascular dementia

Without SHS 259 (2.1) Ref. Ref.

With SHS 329 (2.6) 1.27 (1.08–1.50) 0.004 1.30 (1.10-1.53) 0.002

Unspecified dementia

Without SHS 44 (0.3) Ref. Ref.

With SHS 46 (0.4) 1.05 (0.69–1.58) 0.830 1.11 (0.74–1.68) 0.620

Abbreviations: CI, confidence interval; PSM, propensity scorematching; SHR, subdistribution hazard ratio; SHS, stroke–heart syndrome.

the lowprescription rate of oral anticoagulants (48.9%) in patientswith

new-onset AF and anti-ischemic agents (30.8%) in patients with new-

onset IHD (Table S6 in supporting information). As for patients without

SHS, the low prescription rate of statin post-stroke (61.4%) accounted

for the suboptimal percentageof adherent care in this groupofpatients

(Table S6). Compared to SHS patients without adherent care, patients

with SHSwho received adherent care were associated with 32% lower

1 year risk of incident dementia (aSHR: 0.68; 95%CI: 0.53–0.89), which

was lower than patients without SHS who did not receive adherent

care (aSHR: 0.85, 95% CI: 0.72–1.01), and was comparable to patients

without SHS who received adherent care (aSHR: 0.68, 95% CI: 0.56–

0.84; Table 5). The cumulative incidence curves for these four groups

of patients are illustrated in Figure 3.

4 DISCUSSION

In this population-based, propensity score-matched, retrospective

cohort study of 130,605 patients with first-ever IS, our main find-

ings are as follows: (1) 9.7% of the cohort developed new-onset

cardiovascular complications within 30 days post-stroke (i.e., SHS);

(2) development of SHS associated with a 19% increased 1 year
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8 of 12 TSANG ET AL.

F IGURE 2 Subgroup analysis for the impact of SHS on the risk of incident dementia at 1 year of follow-up after PSM. CI, confidence interval;
PSM, propensity scorematching; SHS, stroke–heart syndrome; SHR, subdistribution hazard ratio.

TABLE 5 Effect of appropriate antithrombotic therapy and comorbidities optimization at 30 days post-stroke on the risk of incident dementia
at 1 year follow-up after PSM.

Criteria of care

A C A+C

Patients with SHSwithout adherent care

N (%) 4990 (39.5) 7435 (58.9) 9217 (73.0)

Adjusted SHR (95%CI) Ref. Ref. Ref.

Patients with SHSwith adherent care

N (%) 7634 (60.5) 5189 (41.1) 3407 (27.0)

Adjusted SHR (95%CI) 0.73 (0.60–0.89) 0.87 (0.71–1.07) 0.68 (0.53–0.89)

Patients without SHSwithout adherent care

N (%) 2233 (17.7) 6043 (47.9) 6722 (53.2)

Adjusted SHR (95%CI) 0.78 (0.59–1.03) 0.85 (0.71–1.02) 0.85 (0.72–1.01)

Patients without SHSwith adherent care

N (%) 10,391 (82.3) 6581 (52.1) 5902 (46.8)

Adjusted SHR (95%CI) 0.71 (0.59–0.84) 0.74 (0.61–0.91) 0.68 (0.56–0.84)

Abbreviations: A, appropriate antithrombotic therapy; C, comorbidities optimization; CI, confidence interval; PSM, propensity score matching; SHS, stroke–

heart syndrome; SHR, subdistribution hazard ratio.

risk for incident dementia (especially vascular dementia) and a 39%

increased risk for all-cause mortality; (3) the increased risk of demen-

tia showed a gradual reduction with each successive year of follow-up

and became non-significant after 3 years post-stroke; (4) optimal

post-strokemanagementwith appropriate antithrombotic therapy and

comorbidities optimization associated with a lower risk of incident

dementia.

The individual contributions of IS and cardiovascular events to

dementia risk are well documented.11,19 In the population-based

OxfordVascular Study, the prevalenceof dementia in 1 year stroke sur-

vivors was brought forward by approximately 25 years in those who

had severe strokes compared to age- and sex-matched controls.10 This

heightened risk of dementia has been similarly reported in patients

with AF,20 HF,21 and myocardial infarction survivors.22 In this con-

temporary cohort of patients with first-ever IS, we found that stroke

survivorswithearly cardiovascular complicationswereassociatedwith

a significantly higher 1 year risk of incident dementia. Our findings

emphasize the possible bidirectional relationship of the brain–heart

axis and highlight the cumulative impact of these conditions. While

the exact cascade of events of this brain–heart axis has yet to be elu-

cidated, we postulate that the increased risk of dementia associated

with SHS may follow the “two-hit hypothesis.” After IS, microinfarc-

tion, excitotoxicity, oxidative stress, blood–brain barrier dysfunction,

and focal neuronal atrophy may represent the “first hit” that leaves

the brain in a vulnerable state.8,23 In patients with SHS, autonomic

dysregulation, coupled with systemic release of catecholamines and

inflammatory cytokines, may then mount the “second hit” that impairs

cerebral perfusion, hence leading to more extensive tissue damage
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TSANG ET AL. 9 of 12

F IGURE 3 Cumulative incidence curves showing the impact of adherent care with appropriate antithrombotic therapy and comorbidities
optimization on the 1 year risk of incident dementia in patients with andwithout SHS. SHS, stroke–heart syndrome.

and accelerated cognitive decline.5 This may explain the higher risk

of dementia, particularly vascular dementia, that was observed in the

first year post-stroke. Indeed, we found that the association between

SHS and dementia gradually declined and became non-significant at 3

years post-stroke, consistent with previous studies.10,24,25 This appar-

ent temporal reduction in the effect of SHS may be attributable to

the stabilization of the acute vascular insult and the resolution of

inflammation. Thedevelopment andprogressionof otherdementia risk

factors, especially in this older age group, may also account for the

reduced difference between the two groups over time. However, this

hypothesis has yet to be proven.26

Post-stroke cardiovascular complications are not uncommon. Con-

sistent with prior findings that reported SHS incidence of 10% to

20%,3,4 we found that 9.7% of patients with first-ever IS in this cohort

developed SHS. In fact, complementary to previous studies, we showed

that patients with SHS in this cohort were older, more likely to be

female, and with more cardiac comorbidities.27–29 As illustrated in

the subgroup analysis, females also seem to be at a higher risk of

SHS-associated dementia than males, likely attributable to known sex

differences in post-stroke stress response, autonomic function, and

inflammatory response.30 In addition, our subgroupanalysis found that

those aged < 75 and those without baseline HTN or DM might be

more susceptible to SHS-associated dementia. Therefore, while these

patient subgroups might be less likely to have SHS, they could be at a

higher risk of SHS-associated dementia if they ever do develop SHS.

One potential explanation is that old age, hypertension, and diabetes

mellitus are all well-established risk factors of dementia.16 Hence,

patients with these comorbidities at baseline are already at elevated

risk of dementia; thus, the cumulative effect of SHSmay be less promi-

nent. Overall, the association of SHS with increased risk of incident

dementiawasnotmodifiedby sex, age, baselineHTNorDM, and stroke

subtypes (P interaction all ≥ 0.05). Nevertheless, several prespeci-

fied subgroups were underpowered, so the results of the subgroup

analysis should be interpreted with caution. Future prospective stud-

ies exploring the impact of patient covariates and stroke etiology on

SHS-associated dementia are warranted.

Among the various manifestations of SHS, AF/AFL is the most com-

mon cardiac complication that was reported in 6.7% of post-stroke

patients in this cohort. Although the impact of systematic AF screening

is not firmly established yet, the incidence of post-stroke AF does vary

significantly depending on themethod and duration of monitoring.31 A

meta-analysis showed that the overall AF detection yield after sequen-

tial cardiac monitoring up to the second ambulatory period was up to

24% compared to 5% with just in-patient cardiac telemetry and in-

hospital Holter monitoring.32 Hence, looking harder and longer with

more sophisticated methods, as advocated by the European Heart

Rhythm Association (EHRA), would likely increase post-stroke AF

detection in the context of SHS.33

Despite recent advances in the understanding of the brain–heart

axis, no specific treatment exists for preventing post-stroke cardiovas-

cular complications. Targeting inflammation through the inhibition of

interleukin-1 and sympathetic overactivation by blocking β-adrenergic
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10 of 12 TSANG ET AL.

receptors has been proposed,5 but more robust evidence is war-

ranted to support their recommendation for clinical use. Similarly,

there are currently no well-established pharmacological interven-

tions for vascular dementia. Given the shared risk factors between

IS, SHS, and dementia, optimizing these comorbidities would be fun-

damental in mitigating the consequences of deleterious brain–heart

interactions.

In this context, this may be addressed through the ABCstroke path-

way, an integrated care approach to optimize the management of

stroke and associated heart disease, outlined in the position paper

of the ESC Council on Stroke.13 The ABCstroke pathway is based on

three pillars of management: (A) appropriate antithrombotic therapy;

(B) better functional and psychological status; (C) cardiovascular risk

factors and comorbidity optimization (including lifestyle changes). The

effect of the ABCstroke pathway had been validated in two IS cohorts

in which optimal management according to the ABCstroke pathwaywas

associated with lower risks of stroke recurrence, major cardiovascu-

lar events, and mortality.34,35 In this study, an exploratory analysis

was done to evaluate the impact of appropriate antithrombotic ther-

apy (“A” criterion) and comorbidities optimization (“C” criterion) on

the risk of incident dementia. Compared to SHS patients without

adherent care, patients with SHS who received adherent care were

associated with a significantly lower risk of incident dementia, compa-

rable even to patients who did not develop SHS and received adherent

care. This demonstrates the potential benefits of the ABCstroke path-

way, beyond lowering mortality and adverse cardiovascular outcomes,

in reducing the risk of cognitive impairment. However, the propor-

tions of patients meeting both criteria in this cohort were suboptimal,

and these real-world data reveal important treatment gaps that war-

rant physicians’ attention to optimize patient outcomes. It should be

noted that the impact of functional and psychological status (“B” crite-

rion) was not assessed in this study, as these data were available only

in a small subset of patients. However, post-stroke depression,16,36

physical inactivity,37,38 and social isolation39,40 are common in stroke

survivors, and have been shown to be associatedwith the development

of dementia.16 Therefore, it canbe inferred that targeted interventions

for the “B” criterion, including physical rehabilitation41 and interven-

tions for post-stroke depression,42 may also be beneficial in reducing

the riskof cognitive impairment. Theutility of standardizedpost-stroke

protocols, according to the ABCstroke pathway, should be tested in clin-

ical trials to guide best practices in patient management and enhance

recovery outcomes.

Weacknowledge somepotential limitationsof ourdata and its inter-

pretation. First, due to the retrospective and observational nature of

this study, causality cannot be established, and there may be residual

confounding despite our use of PSM and IPTW to balance the clin-

ically relevant variables between the two groups. For instance, data

on proxies of cognitive and brain reserve, such as educational level,

lifestyle factors, and premorbid cognitive function, were not available

in CDARS, which may have led to bias in the results. Second, diag-

noses rely on the accuracy of recording of ICD codes and may be

subject to misclassification. Third, only a small proportion of patients

had neuroimaging and cardiac investigations data on stroke severity,

lesion characteristics, and etiology of IS, which limited our ability to

explore the effect of these factors on the risk of dementia. Fourth, find-

ings from this study are mostly restricted to Asian patients and thus

future studies conducted in other ethnic groups are warranted. Fifth,

treatment may have fallen short of full adherence to the ABCstroke

pathway in patients who were thought to have a poor prognosis, or

with severe neurological deficits and disabilities after stroke, which

may have resulted in a degree of selection bias. Last, the exploratory

analysis onpost-strokemanagementwas assessedwithin30days post-

stroke; thus, changes in treatment that might have happened during

follow-upwould not be captured.

In conclusion, the development of SHS was associated with

increased 1 year risk of dementia, dementia-related mortality, and all-

cause mortality. Optimal post-stroke management with appropriate

antithrombotic therapy and comorbidities optimization may reduce

this heightened risk of cognitive impairment.
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