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Abstract
Introduction: Survivors of stroke are at risk of experiencing
subsequent major adverse cardiovascular events (MACE). We
aimed to determine the incidence of, and risk factors for, MACE
after first-ever ischemic stroke, by age group (18–64 years
vs. ≥65 years). Methods: Observational cohort study using
patient-level data from the Australian Stroke Clinical Registry
(2009–2013), linked with hospital administrative data. We in-
cluded adults with first-ever ischemic stroke who had no
previous acute cardiovascular admissions and followed these

patients for 2 years post-discharge, or until the first post-stroke
MACE event. A Fine-Gray sub-distribution hazard model, ac-
counting for the competing risk of non-cardiovascular death,
was used to determine factors for incident post-stroke MACE.
Results: Among 5,994 patients with a first-ever ischemic stroke
(median age 73 years, 45% female), 17% were admitted for
MACE within 2 years (129 events per 1,000 person-years). The
median time to first post-stroke MACE was 117 days (89 days if
aged <65 years vs. 126 days if aged ≥65 years; p = 0.025).
Among patients aged 18–64 years, receiving intravenous
thrombolysis (sub-distribution hazard ratio [SHR] 0.51 [95% CI,
0.28–0.92]) or being discharged to inpatient rehabilitation (SHR
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0.65 [95% CI, 0.46–0.92]) were associated with a reduced in-
cidence of post-stroke MACE. In those aged ≥65 years, being
unable to walk on admission (SHR 1.33 [95% CI 1.15–1.54]), and
history of smoking (SHR 1.40 [95% CI 1.14–1.71]) or atrial fi-
brillation (SHR 1.31 [95% CI 1.14–1.51]) were associated with an
increased incidence of post-stroke MACE. Acute management
in a large hospital (>300 beds) for the initial stroke event was
associated with reduced incidence of post-stroke MACE, irre-
spective of age group. Conclusions: MACE is common within
2 years of stroke, with most events occurring within the first
year. We have identified important factors to consider when
designing interventions to prevent MACE after stroke, partic-
ularly among those aged <65 years.

© 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Globally, stroke and cardiovascular events are leading
causes ofmortality andmorbidity [1]. Survivors of stroke are
at an increased risk of developing new-onset cardiovascular
events [2]. Many underlying risk factors and pathophysi-
ology are similar in ischemic heart disease and stroke, with
accumulating evidence of shared underlying inflammatory
mechanisms mediated by the brain-heart axis [3].

In an observational study of people aged ≥65 years in
Canada, incident ischemic stroke was associated with an
increased risk of first-ever major adverse cardiovascular
events (MACE) within 30 days [4]. However, it is unclear
whether this finding was similar in younger survivors of
stroke, in whom the incidence of stroke has steadily in-
creased over the past decade [5–7]. In Australia, approxi-
mately 1 in 4 strokes occur in adults aged <65 years [8]. The
increasing incidence of stroke in this age group may require
more targeted interventions to prevent MACE and enable
younger survivors of stroke to return to pre-stroke activities,
such as employment. Therefore, reliable information con-
cerning the incidence of MACE post-stroke is needed to
develop interventions to optimize prevention. We aimed to
determine the incidence of, and risk factors for, MACE after
first-ever ischemic stroke, by age group (18–64 years vs. ≥65
years).

Methods

Study Design and Datasets
An observational cohort study was conducted using person-

level linked data from the Australian Stroke Clinical Registry
(AuSCR), as part of the Stroke123 Project [9]. The AuSCR is a
collaborative national effort to prospectively monitor acute stroke

care and associated patient health outcomes [10]. All patients
admitted to participating AuSCR hospitals, between 2009 and
2013, with a clinical diagnosis of stroke or transient ischemic attack
(TIA) were included. Overall, 98% of these participants had their
data linked with state-wide hospital administrative datasets
(2004–2015) and the National Death Index [9]. The final dataset
included 15,482 patients from 39 hospitals across 4 Australian
states (Queensland, New South Wales, Victoria, and Western
Australia).

Participants
For the present study, we included patients aged ≥18 years,

admitted for an incident ischemic stroke (i.e., no prior stroke
documented in the AuSCR), discharged alive, with complete in-
formation on age and sex. To enable examination of incident post-
stroke MACE, patients with a prior MACE in the 5-year period
before their index stroke event were excluded.

Identification of Outcomes
The outcome was incident post-stroke MACE identified in

hospital administrative data in the 2-year period after first-ever
stroke. MACE consisted of either non-fatal acute coronary syn-
drome (acute myocardial infarction or unstable angina), newly
diagnosed heart failure, stroke, TIA, or cardiovascular death (codes
provided in online suppl. Methods; for all online suppl. material,
see https://doi.org/10.1159/000535872). A sensitivity analysis was
also undertaken to confirm whether similar factors were associated
with MACE in the first year post-stroke.

Patient Factors
Patient characteristics, clinical, and health system factors

were obtained from the AuSCR. Ability to walk on admission
for ischemic stroke was used as a proxy marker for stroke
severity [11]. Socio-economic position was determined using
the Index of Relative Socio-Economic Advantage and Disad-
vantage, based on residential postcodes recorded in the
AuSCR [12].

Clinical Processes of Care
Clinical factors obtained from the AuSCR included acute

processes of care and discharge destination (home, aged care,
rehabilitation, and other hospital setting). Patient comorbidities
were identified in hospital administrative data using diagnoses in
the 5-year period before, and including, the initial stroke event
[13]. The Charlson Comorbidity Index was derived to summarize
multimorbidity [14, 15].

Health System Factors
System factors (e.g., number of beds and location of hospitals)

were derived using de-identified hospital-level information pro-
vided by the AuSCR office.

Statistical Analyses
Patient, clinical, and system characteristics were compared

between registrants with and without post-stroke MACE using
χ2 tests (categorical variables) or Wilcoxon Rank-Sum tests
(non-parametric continuous variables) within each age group
(age <65 vs. ≥65 years). For the calculation of rates, follow-up
commenced from the date of hospital discharge and ended at
the first occurrence of the outcome (MACE) or a censoring
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event (non-cardiovascular death or end of follow-up at 2 years).
Rates of post-stroke MACE were expressed per 1,000 person-
years, with corresponding 95% confidence intervals (CIs).

The stcrprep package in Stata/SE 17.0 (StataCorp, TX, USA)
was used to estimate cumulative incidence functions for incident
post-stroke MACE, accounting for non-cardiovascular death as
the competing risk [16]. This package was also used to build
multivariable models of factors (patient, clinical, system) associ-
ated with post-stroke MACE, using the Fine-Gray method [17].
See online supplementary Methods for our variable selection
process. Estimates were reported using sub-distribution hazard
ratios (SHRs) with corresponding 95% CIs.

Results

Of the 15,482 AuSCR registrants in the Stroke123
dataset, 5,994 (Fig. 1) were eligible for inclusion (44.8%
female, median age of 73 years, 30.2% aged 18–64 years).
Characteristics of participants by age (<65 vs. ≥65 years)
are shown in Table 1.

Within 2 years following first-ever ischemic stroke, a
MACE occurred in 1,011 (17%) participants, representing

a rate of 129.3 events per 1,000 person-years. Most events
occurred during the first year of follow-up, with the
median time to first MACE being 117 days (interquartile
range 27–336 days). One in two events were a recurrent
stroke/TIA. In participants aged 18–64 years, the median
time to incident post-stroke MACE was 37 days sooner
compared with those aged ≥65 years (<65 years: 89 days
vs. ≥65 years: 126 days; p = 0.025). After accounting for
the competing risk of non-cardiovascular death, the
cumulative incidence of MACE was approximately 20%
within 2 years (online suppl. Fig. I).

In the first year post-stroke, incident MACE occurred at
a rate 182.3 per 1,000 person-years (95%CI, 168.6–197.3) in
those aged ≥65 years compared to 102.4 per 1,000 person-
years in those aged 18–64 years (95% CI, 87.7–119.5;
Table 2). This risk declined in the second year for both
groups but remained greater in survivors of ischemic stroke
aged ≥65 years (100.2 events per 1,000 person-years [95%
CI, 86.8–115.7]) than in those aged 18–64 years (43.1 events
per 1,000 person-years [95% CI, 31.9–58.4]). See online
supplementary Tables I, II for unadjusted factors associated
with post-stroke MACE.

Fig. 1. Flow diagram outlining participant
inclusion criteria.
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In the multivariable models, there were multiple fac-
tors associated with MACE post-stroke within 2 years
(Table 3). Based on the Charlson Comorbidity Index, the

risk of post-stroke MACE was greater in patients with a
high comorbidity burden than in those with no co-
morbidity burden. The magnitude of this effect was

Table 1. Cohort characteristics by age group

Overall
(N = 5,994),

Age <65 years
(N = 1,810),

Aged ≥65 years
(N = 4,184),

p value

n (%) n (%) n (%)

Female 2,683 (44.8) 626 (34.6) 2,057 (49.2) <0.001
Median age, years (IQR) 73.3 (62.5, 82.1) 55.9 (47.1, 61.2) 78.6 (72.2, 84.7) <0.001
Born in Australia 3,884 (64.8) 1,255 (69.3) 2,629 (62.8) <0.001
Socio-economic position*

Most disadvantaged 980 (16.3) 309 (17.1) 671 (16.0) 0.021
Second most disadvantaged 1,039 (17.3) 323 (17.8) 716 (17.1)
Third most disadvantaged 1,032 (17.2) 343 (19.0) 689 (16.5)
Fourth most disadvantaged 1,160 (19.4) 342 (18.9) 818 (19.6)
Least disadvantaged 1,783 (29.7) 493 (27.2) 1,290 (30.8)

Unable to walk on admission 3,112 (51.9) 786 (43.4) 2,326 (55.6) <0.001
Arrived by ambulance 3,481 (73.1) 923 (63.7) 2,558 (77.2) <0.001
Transferred from another hospital 775 (13.0) 363 (20.1) 412 (9.9) <0.001
Provided intravenous thrombolysis 711 (11.9) 199 (11.0) 512 (12.2) 0.17
Stroke unit care 5,141 (85.8) 1,551 (85.7) 3,590 (85.8) 0.91
Discharged with antihypertensive agents 4,146 (69.2) 1,064 (58.8) 3,082 (73.7) <0.001
Received a care plan at discharge if discharged

into the community
1,544 (49.7) 546 (50.4) 998 (49.4) 0.59

Comorbidities
Hypertension 4,080 (68.1) 946 (52.3) 3,134 (74.9) <0.001
Dyslipidemia 804 (13.4) 240 (13.3) 564 (13.5) 0.82
Atrial fibrillation 1,652 (27.6) 205 (11.3) 1,447 (34.6) <0.001
Diabetes mellitus 987 (16.5) 243 (13.4) 744 (17.8) <0.001
Angina 660 (11) 115 (6.4) 545 (13.0) <0.001
Smoking 1,342 (22.4) 745 (41.2) 597 (14.3) <0.001
Obesity 230 (3.8) 107 (5.9) 123 (2.9) <0.001
Carotid stenosis 336 (5.6) 85 (4.7) 251 (6.0) 0.044
Cancer 604 (10.1) 79 (4.4) 525 (12.5) <0.001
Renal disease 462 (7.7) 73 (4.0) 389 (9.3) <0.001
Chronic pulmonary disease 333 (5.6) 65 (3.6) 268 (6.4) <0.001
Infection 1,181 (19.7) 236 (13.0) 945 (22.6) <0.001
Charlson comorbidity index, median (IQR) 0 (0, 1) 0 (0, 1) 0 (0, 2) <0.001

None (0) 3,524 (58.8) 1,308 (72.3) 2,216 (53.0) <0.001
Low (1) 974 (16.2) 248 (13.7) 726 (17.4)
Medium (2) 673 (11.2) 114 (6.3) 559 (13.4)
High (3+) 823 (13.7) 140 (7.7) 683 (16.3)

Median length of stay (IQR), days 6 (3, 10) 5 (3, 9) 6 (3, 11) <0.001
Discharge destination

Home 2,808 (46.8) 1,075 (59.4) 1,733 (41.4) <0.001
Rehabilitation 2,055 (34.3) 497 (27.5) 1,558 (37.2)
Other 1,131 (18.9) 238 (13.1) 893 (21.3)

Hospital characteristics
Rural hospital 1,046 (17.5) 319 (17.6) 727 (17.4) 0.82
Teaching hospital 2,967 (49.5) 883 (48.8) 2,084 (49.8) 0.47
Large hospital (>300 beds) 4,892 (81.6) 1,495 (82.6) 3,397 (81.2) 0.20
High-volume hospital (350+ annual episodes) 2,536 (42.3) 717 (39.6) 1,819 (43.5) 0.005

IQR, interquartile range; LOS, length of stay. *Measured by Index of Relative Socio-Economic Advantage and Disadvantage.
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greater for patients aged 18–64 years (SHR 2.29 [95% CI,
1.56–3.38]) than those aged ≥65 years (SHR 1.48 [95%CI,
1.22–1.78]).

Among patients aged ≥65 years, the incidence of post-
stroke MACE was greater in those who experienced a
more severe stroke (SHR 1.33 [95% CI, 1.15–1.54]).
Having a history of atrial fibrillation (SHR 1.31 [95% CI,
1.14–1.51]) or smoking (SHR 1.40 [95% CI, 1.14–1.71])
was also associated with post-stroke MACE in those
aged ≥65 years. An association with age was also ob-
served, whereby each 1-year increase in age was associ-
ated with a 4% increased risk of MACE following is-
chemic stroke (p < 0.001).

Patients hospitalized in large facilities (>300 beds)
for their initial presentation had a reduced incidence of
post-stroke MACE within 2 years in both age groups
(18–64 years: SHR 0.69 [95% CI, 0.49–0.96]; ≥65 years:
SHR 0.74 [95% CI, 0.62–0.87]). In those aged ≥65
years, being discharged to a destination other than
home or rehabilitation was associated with an in-
creased incidence of post-stroke MACE (SHR 1.69
[95% CI, 1.41–2.01]). Whereas, discharge to rehabil-
itation was associated with reduced post-stroke MACE
risk in those aged 18–64 years (SHR 0.65 [95% CI,
0.46–0.92]). This association was attenuated in the
cohort aged ≥65 years (SHR 0.93 [95% CI, 0.78–1.11];
Fig. 2). Interestingly, an association was observed
specifically in those aged <65 years, whereby provision
of intravenous thrombolysis was associated with a
reduced risk of post-stroke MACE (SHR 0.51 [95% CI,
0.28–0.92]). There were minimal changes to the
multivariable models predicting MACE when follow-
up was limited to the first year post-stroke (online
suppl. Table III).

Discussion

In this multicenter, multi-jurisdictional, hospital-
based registry study, we provide new evidence on the
risk of MACE within 2 years following first-ever ischemic
stroke. Of concern, 17% of patients experienced a MACE
within 2 years, reinforcing the importance of risk-
mitigating strategies in this high-risk population. We
further identified disparities in the pattern andmagnitude
of MACE post-stroke, related to specific patient, clinical,
and system-level factors. Increased understanding of
these factors is important for optimizing clinical man-
agement to reduce the overall burden of preventable
cardiovascular diseases.

Similar to an earlier study undertaken in Canada
among survivors of stroke aged >65 years, we found
increased age and comorbidity burden were associated
with increased incident MACE after ischemic stroke
[4]. Our study provides additional data to understand
this risk beyond 90 days post-stroke and presents novel
data for younger survivors of ischemic stroke (aged
18–64 years). This information is important to support
the implementation of risk-mitigation strategies in the
working-age population. We also identified unique
system factors which appeared to reduce the risk of
MACE, such as being treated in a large hospital for the
initial stroke presentation. This finding may have been
attributable to increased resources and specialized staff

Fig. 2. Effect of discharge destination on the cumulative hazard of
major adverse cardiovascular events after ischemic stroke by age
group. MACE indicates major adverse cardiovascular event.
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present at large hospitals to enable the provision of
more comprehensive services to support secondary
prevention.

Consistent with prior research [18], smoking was
associated with an increased risk of MACE within 2 years
post-stroke. However, this risk was only significant in

Table 2. Incidence rates of each individual component of the composite MACE outcome overall and by age group

Outcome Overall (N = 5,994) Aged <65 years (N = 1,810) Aged ≥65 years (N = 4,184)

events rate (95% CI)* events rate (95% CI)* events rate (95% CI)*

MACE
Within 12 months 782 157.1 (146.5–168.5) 161 102.4 (87.7–119.5) 621 182.3 (168.6–197.3)
Between 13 and 24 months 229 80.6 (70.8–91.8) 42 43.1 (31.9–58.4) 187 100.2 (86.8–115.7)

Acute coronary syndrome
Within 12 months 48 8.0 (6.1–10.7) 13 7.2 (4.2–12.4) 35 8.4 (6.0–11.7)
Between 13 and 24 months 26 4.4 (3.0–6.4) 7 3.9 (1.9–8.2) 19 4.6 (2.9–7.2)

Incident heart failure
Within 12 months 66 11.1 (8.7–14.1) 7 3.9 (1.8–8.1) 59 14.2 (11.0–18.3)
Between 13 and 24 months 42 7.1 (5.3–9.6) <5 2.2 (0.8–5.9) 38 9.3 (6.7–12.7)

Recurrent ischemic stroke or TIA
Within 12 months 383 66.9 (60.6–74.0) 123 71.9 (60.3–85.8) 260 64.8 (57.4–73.2)
Between 13 and 24 months 122 22.0 (18.4–26.3) 31 18.6 (13.1–26.4) 91 23.5 (19.1–28.8)

Mortality due to cardiovascular disease
Within 12 months 338 59.0 (53.0–65.6) 21 11.7 (7.6–17.9) 317 80.5 (72.1–89.9)
Between 13 and 24 months 118 21.0 (17.6–25.2) 6 3.4 (1.5–7.5) 112 29.3 (24.3–35.2)

CI, confidence interval; MACE, major adverse cardiovascular event; TIA, transient ischemic attack. *Crude rate, per 1,000 person-
years, of the first occurrence of the relevant MACE outcome.

Table 3.Multivariable backward stepwise competing risk regression of factors associated with the incidence of MACE up to 2 years
after stroke by age group

Working age (<65 years),
N = 1,810

Non-working age (≥65 years),
N = 4,184

SHR (95% CI) p value SHR (95% CI) p value

Age, per 1-year increase 0.99 (0.98–1.01) 0.28 1.04 (1.03–1.05) <0.001
Female 0.82 (0.60–1.11) 0.19 1.12 (0.97–1.29) 0.12
Severe stroke (unable to walk on admission) 1.33 (0.99–1.79) 0.06 1.33 (1.15–1.54) <0.001
Provided intravenous thrombolysis 0.51 (0.28–0.92) 0.026 – –
Smoking – – 1.40 (1.14–1.71) 0.001
Atrial fibrillation – – 1.31 (1.14–1.51) <0.001
Charlson comorbidity index

None (0) Ref Ref
Low (1) 1.42 (0.97–2.07) 0.07 1.19 (0.98–1.45) 0.08
Medium (2) 0.53 (0.23–1.22) 0.14 1.41 (1.15–1.73) 0.001
High (3+) 2.29 (1.56–3.38) <0.001 1.48 (1.22–1.78) <0.001

Large hospital (>300 beds) 0.69 (0.49–0.96) 0.029 0.74 (0.62–0.87) <0.001
Discharge destination

Home Ref Ref
Rehab 0.65 (0.46–0.92) 0.015 0.93 (0.78–1.11) 0.42
Other 0.77 (0.51–1.18) 0.23 1.69 (1.41–2.01) <0.001

CI, confidence interval; SHR, sub-distribution hazard ratio. Dashes (−) used to denote non-significant factors (i.e., p > 0.05), which
were omitted from the final model.
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people aged ≥65 years. Potentially, older patients had a
greater duration of cumulative damage caused by tobacco
which elevated the risk of MACE [19]. It is also important
to acknowledge that the prevalence of smoking was
significantly lower in people aged 18–64 years (14% vs.
41%; p < 0.001), which may have reduced the statistical
power to detect a difference in this age group. The greater
rate of MACE observed for survivors of ischemic stroke
aged ≥65 years (vs. 18–64 years) might also be explained
by their increased comorbidity burden, decreased access
to post-stroke rehabilitation, and greater stroke severity.
Although the risk of incident post-stroke MACE was
lower in those aged 18–64 years (vs. ≥65 years), MACE
tended to occur earlier post-stroke. This finding might
reflect gaps in post-stroke care for younger survivors of
stroke, for example, gaps in commencement of stroke
secondary prevention medications [20].

People aged <65 years who were discharged to in-
patient rehabilitation after first-ever stroke had a reduced
2-year risk of incident MACE. This finding is likely
explained by the additional time these patients spent in a
healthcare setting, which likely provided additional op-
portunities for risk factor assessment and optimization of
secondary prevention [21]. In the USA, implementation
of a modified cardiac rehabilitation for stroke led to
improved overall function, improved cardiovascular
performance, and decreased all-cause mortality [22].
There is strong international evidence that rehabilitation
after stroke is cost-effective, improves long-term recov-
ery, and maximizes health outcomes [23]. Despite this
evidence, fewer than half of all Australians access this
service post-stroke [24], which often relates to limited
availability of publicly funded beds in rehabilitation
hospitals, especially in rural and remote regions [25]. It
might be beneficial to increase the availability of stroke
rehabilitation services in Australia, especially for people
of working age who appear to benefit most in terms of
MACE prevention.

Other types of post-discharge support programs to
improve secondary prevention knowledge and behaviors
may also be effective for managing cardiovascular risk
after stroke. In the USA, the STROKE-CARD trial was
shown to significantly reduce cardiovascular risk fol-
lowing stroke [21]. This program involved systematic
screening for post-stroke complications, managing
warning signs of imminent cardiovascular events, and
providing education to enhance patient-empowerment
and knowledge of cardiovascular risk. Other eHealth-
enabled trials to improve the delivery of goal-orientated
information after stroke may also be effective for reducing
cardiovascular events. The ongoing ReCAPS trial [26],

involving the delivery of personalized messages for
12 weeks post-stroke, may also help to improve attain-
ment of secondary prevention goals and reduce cardio-
vascular readmissions.

A strength of this study was the inclusion of a large,
comprehensive cohort of patients with stroke from a
national registry with linked hospital administrative data
from 4 Australian jurisdictions. This enabled analysis of
important comorbidities from presentations in the 5-year
period preceding the stroke event. However, comorbid-
ities may have been missed if they were inadequately
coded or not documented in the medical record. Another
strength of the study was the use of registry data to
examine a wider range of acute care factors than what is
routinely collected in hospital administrative data.

Given the observational study design and the use of
retrospectively linked administrative data, there were
important factors (e.g., medication use) omitted in our
predictive models. We inferred stroke severity from a
patient’s inability to walk on admission (a validated proxy
measure [11]), but acknowledge this measure may be
influenced by pre-existing conditions and pre-stroke
functional status. Consequently, we cannot discount
the possibility of unmeasured confounding. Recent
changes in clinical guidelines in Australia, including the
availability of mechanical thrombectomy and tele-
rehabilitation, may also limit the generalizability of our
findings. We must also acknowledge that participation of
hospitals in the AuSCR is voluntary and covered ≈40% of
public hospitals during the study period [27]. Conse-
quently, our sample may under-represent episodes from
smaller or regional hospitals. Notwithstanding these
potential limitations, our results are novel since this is the
first time reliable data on the risk of MACE after incident
stroke have been described in Australia, including among
working-age adults in whom the risk of stroke is
increasing.

Conclusion

In summary, we provide evidence on the risk of MACE
after stroke, and describe patient, system, and clinical risk
factors associated with these serious events. Increased
availability and usage of rehabilitation units for survivors
of stroke, particularly those of working age, may represent
an important opportunity to reduce the burden of MACE
after stroke. Hence, our results open the possibility for
further understanding of risk factors to guide compre-
hensive secondary prevention and continuity of care over
the life course following ischemic stroke.

140 Neuroepidemiology 2024;58:134–142
DOI: 10.1159/000535872

Dharan et al.

D
ow

nloaded from
 http://karger.com

/ned/article-pdf/58/2/134/4188030/000535872.pdf by Australian C
atholic U

niversity Library user on 16 January 2025

https://doi.org/10.1159/000535872


Acknowledgments

We thank the Stroke123 investigators (online suppl. Appendix
I) andmembers of the Australian Stroke Clinical Registry (AuSCR)
Consortium (online suppl. Appendix II), including the AuSCR
Steering Committee, staff from the Florey Institute of Neurosci-
ence and Mental Health who manage the AuSCR, hospital cli-
nicians, and patients who contribute their data to the AuSCR. We
acknowledge the Departments of Health in New South Wales
(NSW), Queensland (QLD), Victoria (VIC), and Western Aus-
tralia (WA) who undertook the data linkage for this project. We
also acknowledge the data custodians for the provision of inpatient
hospital data (NSW, QLD, VIC, WA), emergency department data
(NSW, QLD, VIC, WA), and death registration data (Australian
Institute of Health and Welfare).

Statement of Ethics

Hospitals participating in the registry are required to obtain
site-specific ethics approval before commencing data collection.
Patients are included in the registry based on an opt-out model of
consent, whereby they are notified of their automatic inclusion and
provided with the necessary information should they wish not to
participate. Specific approvals for the Stroke123 project were re-
ceived from data custodians, the Monash University Human
Research Ethics Committee (CF13/1303–2013000641), and ethics
committees in New South Wales, Western Australia, and
Queensland.

Conflict of Interest Statement

D.A.C. is the current data custodian for the Australian Stroke
Clinical Registry (AuSCR). D.A.C., M.F.K., and R.G. are members
of the AuSCR Steering or Management Committees. N.E.A. is a
member of the AuSCR Research Task Group. N.E.A. and M.F.K.
are members of the Research Advisory Committee of the Stroke
Foundation. D.A.C. reports receiving educational grants from
Amgen Australia, Boehringer Ingelheim, Medtronic, and Bristol
Myers Squibb outside the submitted work. M.F.K. reports re-

ceiving educational grants from Amgen Australia and GSK outside
the submitted work. L.L.D. reports receiving an educational grant
from GSK outside of the submitted work. All other authors report
no conflicts.

Funding Sources

The Stroke123 data linkage project was funded by a grant
from the National Health and Medical Research Council
(NHMRC) Partnership Grant Scheme (#1034415), with part-
nership funding from Monash University, Queensland Health,
and the Stroke Foundation (Australia). The AuSCR, during the
period of data used in this research, received funding from the
Florey Institute of Neuroscience and Mental Health, the Stroke
Foundation (Australia), consumer and industry donations. The
following authors acknowledge research fellowship support
from the NHMRC: D.A.C. (1154273), A.G.T. (1042600). The
following authors acknowledge research fellowship support
from the National Heart Foundation: M.F.K. (105737), L.N.
(105038).

Author Contributions

A.S.D., L.L.D., M.T.O., L.K., and M.F.K. conceptualized the
study. L.L.D. undertook the data analysis. A.S.D. prepared the first
draft of the manuscript. N.E.A., J.K., D.A.C., and M.F.K. were
responsible for data acquisition. L.N. provided input into the data
analysis. All authors reviewed and edited the manuscript for
scientific content and approved the final version.

Data Availability Statement

Due to ethical and legal restrictions, linked administrative data
from this study cannot be shared. However, certain aggregated
data outputs and coding that support the findings of this study are
available from the corresponding authors on reasonable request,
following approval from the relevant data custodians.

References

1 Roth GA, Mensah GA, Johnson CO, Addo-
lorato G, Ammirati E, Baddour LM, et al.
Global burden of cardiovascular diseases and
risk factors, 1990-2019 update from the GBD
2019 study. J Am Coll Cardiol. 2020;76(25):
2982–3021.

2 Buckley BJR, Harrison SL, Hill A, Underhill
P, Lane DA, Lip GYH. Stroke-heart syn-
drome: incidence and clinical outcomes of
cardiac complications following stroke.
Stroke. 2022;53(5):1759–63.

3 Sposato LA, Hilz MJ, Aspberg S, Murthy
SB, Bahit MC, Hsieh CY, et al. Post-stroke
cardiovascular complications and neuro-
genic cardiac injury: JACC state-of-the-art

review. J Am Coll Cardiol. 2020;76(23):
2768–85.

4 Sposato LA, Lam M, Allen B, Shariff SZ,
Saposnik G; PARADISE Study Group. First-
ever ischemic stroke and incident major
adverse cardiovascular events in 93,627 older
women and men. Stroke. 2020;51(2):387–94.

5 Medin J, Nordlund A, Ekberg K; Swedish
Hospital Discharge Register. Increasing
stroke incidence in Sweden between 1989 and
2000 among persons aged 30 to 65 years:
evidence from the Swedish Hospital Dis-
charge Register. Stroke. 2004;35(5):1047–51.

6 Krishnamurthi RV, Moran AE, Feigin VL,
Barker-Collo S, Norrving B, Mensah GA,

et al. Stroke prevalence, mortality and
disability-adjusted life years in adults aged
20-64 Years in 1990-2013: data from the
global burden of disease 2013 study. Neu-
roepidemiology. 2015;45(3):190–202.

7 Ekker MS, Verhoeven JI, Vaartjes I, van
Nieuwenhuizen KM, Klijn CJM, de Leeuw
FE. Stroke incidence in young adults ac-
cording to age, subtype, sex, and time trends.
Neurology. 2019;92(21):e2444–54.

8 Lannin NA, Anderson CS, Kim J, Kilkenny
M, Bernhardt J, Levi C, et al. Treatment and
outcomes of working aged adults with stroke:
results from a national prospective registry.
Neuroepidemiology. 2017;49(3–4):113–20.

Major Adverse Cardiovascular Events after
Stroke

Neuroepidemiology 2024;58:134–142
DOI: 10.1159/000535872

141

D
ow

nloaded from
 http://karger.com

/ned/article-pdf/58/2/134/4188030/000535872.pdf by Australian C
atholic U

niversity Library user on 16 January 2025

https://doi.org/10.1016/j.jacc.2020.11.010
https://doi.org/10.1161/STROKEAHA.121.037316
https://doi.org/10.1016/j.jacc.2020.10.009
https://doi.org/10.1161/STROKEAHA.119.028066
https://doi.org/10.1161/01.STR.0000125866.78674.96
https://doi.org/10.1159/000441098
https://doi.org/10.1159/000441098
https://doi.org/10.1212/WNL.0000000000007533
https://doi.org/10.1159/000484141
https://doi.org/10.1159/000535872


9 Kilkenny MF, Kim J, Andrew NE, Sundar-
arajan V, Thrift AG, Katzenellenbogen JM,
et al. Maximising data value and avoiding
data waste: a validation study in stroke re-
search. Med J Aust. 2019;210(1):27–31.

10 Cadilhac DA, Lannin NA, Anderson CS, Levi
CR, Faux S, Price C, et al. Protocol and pilot data
for establishing the Australian stroke clinical
registry. Int J Stroke. 2010;5(3):217–26.

11 Counsell C, Dennis M, McDowall M, Warlow
C. Predicting outcome after acute and subacute
stroke: development and validation of new
prognostic models. Stroke. 2002;33(4):1041–7.

12 Platt AB, Localio AR, Brensinger CM, Cruess
DG, Christie JD, Gross R, et al. Can we
predict daily adherence to warfarin? Results
from the international normalized ratio ad-
herence and genetics (IN-RANGE) study.
Chest. 2010;137(4):883–9.

13 Preen DB, Holman CD, Spilsbury K, Sem-
mens JB, Brameld KJ. Length of comorbidity
lookback period affected regression model
performance of administrative health data.
J Clin Epidemiol. 2006;59(9):940–6.

14 CharlsonME, Pompei P, Ales KL, MacKenzie
CR. A new method of classifying prognostic
comorbidity in longitudinal studies: devel-
opment and validation. J Chronic Dis. 1987;
40(5):373–83.

15 Schmidt M, Jacobsen JB, Johnsen SP, Bøtker
HE, Sørensen HT. Eighteen-year trends in
stroke mortality and the prognostic influence

of comorbidity. Neurology. 2014;82(4):
340–50.

16 Lambert PC. The estimation and modeling of
cause-specific cumulative incidence functions
using time-dependent weights. Stata J. 2017;
17(1):181–207.

17 Fine JP, Gray RJ. A proportional hazards
model for the subdistribution of a competing
risk. J Am Stat Assoc. 1999;94(446):496–509.

18 Levine DA, Walter JM, Karve SJ, Skolarus LE,
Levine SR, Mulhorn KA. Smoking and
mortality in stroke survivors: can we elimi-
nate the paradox? J Stroke Cerebrovasc Dis.
2014;23(6):1282–90.

19 Burns DM. Cigarette smoking among the
elderly: disease consequences and the benefits
of cessation. Am J Health Promot. 2000 Jul-
Aug;14(6):357–61.

20 Dalli LL, Kim J, Thrift AG, Andrew NE,
Lannin NA, Anderson CS, et al. Disparities in
antihypertensive prescribing after stroke:
linked data from the Australian stroke clinical
registry. Stroke. 2019;50(12):3592–9.

21 Willeit P, Toell T, Boehme C, Krebs S, Mayer
L, Lang C, et al. STROKE-CARD care to
prevent cardiovascular events and improve
quality of life after acute ischaemic stroke or
TIA: a randomised clinical trial. EClini-
calMedicine. 2020;25:100476.

22 Cuccurullo SJ, Fleming TK, Zinonos S,
Cosgrove NM, Cabrera J, Kostis JB, et al.
Stroke recovery program with modified

cardiac rehabilitation improves mortality,
functional and cardiovascular performance.
J Stroke Cerebrovasc Dis. 2022;31(5):106322.

23 Tan E, Gao L, Collier JM, Ellery F, Dewey
HM, Bernhardt J, et al. The economic and
health burden of stroke among younger
adults in Australia from a societal perspec-
tive. BMC Public Health. 2022;22(1):218.

24 Lynch EA, Labberton AS, Kim J, Kilkenny
MF, Andrew NE, Lannin NA, et al. Out of
sight, out of mind: long-term outcomes for
people discharged home, to inpatient re-
habilitation and to residential aged care
after stroke. Disabil Rehabil. 2022;44(12):
2608–14.

25 Vratsistas-Curto A, Shiner CT, Klein L, Faux
SG. Cross-sectional survey of rehabilitation
service availability for stroke and hip fracture
in Australian public hospitals. Aust J Rural
Health. 2021;29(6):958–71.

26 Cadilhac DA, Cameron J, Kilkenny MF,
Andrew NE, Harris D, Ellery F, et al. Protocol
of a randomized controlled trial investigating
the effectiveness of Recovery-focused Com-
munity support to Avoid readmissions and
improve Participation after Stroke (ReCAPS).
Int J Stroke. 2022;17(2):236–41.

27 Stroke Foundation. National stroke audit:
organisational survey 2015; 2015. Available
from: https://strokefoundation.org.au/media/
euhjekwg/nsf1221_audit_final.pdf [Accessed
10 Oct 2015].

142 Neuroepidemiology 2024;58:134–142
DOI: 10.1159/000535872

Dharan et al.

D
ow

nloaded from
 http://karger.com

/ned/article-pdf/58/2/134/4188030/000535872.pdf by Australian C
atholic U

niversity Library user on 16 January 2025

https://doi.org/10.5694/mja2.12029
https://doi.org/10.1111/j.1747-4949.2010.00430.x
https://doi.org/10.1161/hs0402.105909
https://doi.org/10.1378/chest.09-0039
https://doi.org/10.1016/j.jclinepi.2005.12.013
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1212/WNL.0000000000000062
https://doi.org/10.1177/1536867x1701700110
https://doi.org/10.1080/01621459.1999.10474144
https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.10.026
https://doi.org/10.4278/0890-1171-14.6.357
https://doi.org/10.1161/STROKEAHA.119.026823
https://doi.org/10.1016/j.eclinm.2020.100476
https://doi.org/10.1016/j.eclinm.2020.100476
https://doi.org/10.1016/j.jstrokecerebrovasdis.2022.106322
https://doi.org/10.1186/s12889-021-12400-5
https://doi.org/10.1080/09638288.2020.1852616
https://doi.org/10.1111/ajr.12803
https://doi.org/10.1111/ajr.12803
https://doi.org/10.1177/17474930211022678
https://strokefoundation.org.au/media/euhjekwg/nsf1221_audit_final.pdf
https://strokefoundation.org.au/media/euhjekwg/nsf1221_audit_final.pdf
https://doi.org/10.1159/000535872

	Risk Factors Associated with Major Adverse Cardiovascular Events after Ischemic Stroke: A Linked Registry Study
	Introduction
	Methods
	Study Design and Datasets
	Participants
	Identification of Outcomes
	Patient Factors
	Clinical Processes of Care
	Health System Factors
	Statistical Analyses

	Results
	Discussion
	Conclusion
	Acknowledgments
	Statement of Ethics
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	Data Availability Statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


