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Purpose: People with cardiac disease have 2–4 times greater risk of stroke than the general population. We measured stroke incidence 
in people with coronary heart disease (CHD), atrial fibrillation (AF) or valvular heart disease (VHD).
Methods: We used a person-linked hospitalization/mortality dataset to identify all people hospitalized with CHD, AF or VHD (1985– 
2017), and stratified them as pre-existing (hospitalized 1985–2012 and alive at October 31, 2012) or new (first-ever cardiac 
hospitalization in the five-year study period, 2012–2017). We identified first-ever strokes occurring from 2012 to 2017 in patients 
aged 20–94 years and calculated age-specific and age-standardized rates (ASR) for each cardiac cohort.
Results: Of the 175,560 people in the cohort, most had CHD (69.9%); 16.3% had multiple cardiac conditions. From 2012–17, 5871 
first-ever strokes occurred. ASRs were greater in females than males in single and multiple condition cardiac groups, largely driven by 
rates in females aged ≥75 years, with stroke incidence in this age group being at least 20% greater in females than males in each 
cardiac subgroup. In females aged 20–54 years, stroke incidence was 4.9-fold greater in those with multiple versus single cardiac 
conditions. This differential declined with increasing age. Non-fatal stroke incidence was greater than fatal stroke in all age groups 
except in the 85–94 age group. Incidence rate ratios were up to 2-fold larger in new versus pre-existing cardiac disease.
Conclusion: Stroke incidence in people with cardiac disease is substantial, with older females, and younger patients with multiple 
cardiac conditions, at elevated risk. These patients should be specifically targeted for evidence-based management to minimize the 
burden of stroke.
Keywords: stroke incidence, coronary heart disease, valvular heart disease, atrial fibrillation, cardiac disease, risk factors

Introduction
Stroke remains the second most common cause of death worldwide, accounting for 6.55 million deaths in 2019.1 Although 
age-standardized death rates and incidence of stroke have declined in high-income countries, an aging global population and 
a rise in some risk factors has contributed to an increased global burden of stroke, reaching 143 million Disability Adjusted 
Life Years (DALYs) in the 25 years to 2019. This indicates that improved stroke prevention strategies are required.2–5

Understanding the burden of stroke is essential for informing health service planning and appropriate targeting of risk 
factors. The INTERSTROKE investigators showed that cardiac diseases including coronary heart disease (CHD), atrial 
fibrillation (AF) and valvular heart disease (VHD) significantly increase stroke risk in people with these conditions.6 

Similar findings are observed in cohort studies with the risk of stroke being two-fold greater in patients with CHD, five- 
fold in AF, and three-fold in VHD.7–9 However accurate estimates of the population burden of stroke in those with 
cardiac conditions are limited, and current evidence suggests increasing stroke incidence in young adults within 
Australia, concurrent with increasing incidence of CHD in young women.10 Therefore, the current study addresses the 
lack of cohort studies with long-term (five-year) follow-up to investigate stroke burden and multi-cardiac disease. We 
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aimed to determine the burden of stroke in people with major cardiac diseases by measuring the 5-year incidence of 
stroke among people ever hospitalized with CHD, AF or VHD. Our secondary aims were to compare stroke incidence by 
age, sex, single versus multiple cardiac conditions and pre-existing versus new cardiac disease.

Materials and Methods
Study Design and Data Sources
In this retrospective population-based cohort study, we utilized linked health data from the Western Australian (WA) 
Hospital Morbidity Data Collection, which are systematically linked with the WA Deaths registry using probabilistic 
matching. Our dataset included all public and private hospitalizations and death records of people admitted with, or dying 
from, cardiovascular disease (CVD) in WA between 1985 and 2017. The dataset included patient demographics, principal 
and twenty additional diagnosis fields, in-hospital procedures, date of death, and underlying and associated causes of death. 
In WA, ICD-9 was in use from 1979, ICD-9-CM from 1988, and ICD-10-Australian modification (AM) from mid-1999.

Cohort Selection
We identified all hospitalizations for CHD, AF and VHD between January 1, 1985 and December 31, 2017 using all 
diagnosis fields (Supplementary Table 1). Cardiac patients were stratified as pre-existing or new cardiac disease 
(Figure 1). The accrual periods were selected to enable a 5-year follow-up period to identify incident stroke. People 
with prior stroke or missing age were excluded. Patients were categorized into mutually exclusive combinations of 
cardiac sub-groups, including those with single (CHD Only, AF Only or VHD Only) or multiple conditions 
(Supplementary Table 2). These were consolidated into any CHD, any AF and any VHD for the main analyses.

Outcomes
The primary outcome was first-ever stroke (hospitalization or death) between November 1, 2012 and October 31, 2017. 
Acute ischemic, hemorrhagic or unspecified hospitalized strokes were identified from the principal diagnosis field (ICD- 
10-AM code I60, I61, I62.9, I63, I64). Admissions coded as I62.0 and I62.1 (non-traumatic subdural hemorrhage and 
epidural hematoma respectively) were excluded from the study due to their different etiology, management and prognosis 
from acute stroke events. Stroke deaths were identified from the underlying or multiple-coded cause of death fields. Non- 
fatal strokes were those surviving >28 days from admission for stroke. Fatal stroke included any death ≤28 days post- 
hospitalization for stroke, a death from stroke ≤28 days following a non-stroke hospitalization, or a stroke-coded death 
with no hospitalization within 28 days of death. The first-ever stroke event date was defined as the date of hospital stroke 
admission or death from stroke. A subset of new cardiac cases was identified where the first-ever stroke was recorded on 
the same admission as a first-ever cardiac hospitalization.

Figure 1 Flow diagram showing how the cardiac cohort was identified.
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Comorbidities and Covariates
Details of age, sex and Aboriginal status were obtained from hospitalization and/or death data. Comorbidities were 
identified using all diagnosis fields (Supplementary Table 1) from hospitalizations between January 1, 1985 and 
October 31, 2012 (pre-existing cases), and for those with new cardiac disease, from 1985 to 2017, including the incident 
cardiac admission. We also identified conditions incorporated into the Charlson Comorbidity Index (congestive heart 
failure, hypertension, diabetes mellitus, stroke/transient ischemic attack, vascular disease, age, sex) and calculated the 
CHA2DS2-VASc score.11 Procedures including percutaneous coronary intervention (PCI), coronary artery bypass grafting 
(CABG), carotid endarterectomy and AF ablation were identified from any procedure field.

Statistical Analyses
All analyses were stratified by cardiac subgroup, and single and multiple cardiac conditions. We calculated age-specific 
stroke incidence rates and 95% confidence intervals (CIs). Numerators were the number of first-ever strokes in the five- 
year follow-up period, and denominators, the total number of person-years allocated to each five-year age group until 
stroke, non-stroke death or the end of the follow-up period, with person-time contribution possible from more than one 
age group (censored at age 95 years). Age-standardized rates (ASRs) were calculated by the direct method using five- 
year age groups and the age distribution of all cardiac cases in the study as the standard. Incidence rates are presented per 
1000 person-years and stratified by survival status and sex. Incidence rate ratios (IRRs) and 95% CIs comparing age- 
standardized stroke incidence rates in females versus males by age group and overall, were computed in SAS v9.4 
statistical package using the “PROC STDRATE” command.

For patients admitted concurrently for first-ever cardiac hospitalization and stroke (42% of new cardiac cases), we 
performed a sensitivity analysis to determine appropriate allocation of person-time. Given the likelihood that these 
cardiac conditions were present pre-stroke, we tested allocating one day, and one, two and five years of person-time to 
each patient. Analyses were undertaken in STATA v 16.0 and SAS V.9.4.

Results
In total, 175,560 people were included, contributing 801,536 person-years. Within this cohort, 70% had pre-existing 
cardiac conditions. The CHD Only subgroup comprised the majority (56%), followed by AF Only (23%). The most 
frequent combination for those with multiple conditions was CHD and AF (9%) (Supplementary Figure 1).

Patient Profiles
Patients with AF were approximately three years older than those with CHD or VHD (Table 1). Females comprised 
34.8% of the Any CHD group, 41.4% of the Any AF group, and 46.5% of the Any VHD group. Hypertension was the 
most common comorbidity in each cardiac group, while Charlson scores were greatest in those with VHD and least in 
those with CHD. Compared to those with multiple conditions, patients with a single condition were approximately seven 
years younger, had fewer comorbidities or prior cardiac procedures, and had lower CHA2DS2-VASc and Charlson scores. 
Females with CHD or AF were older than men with the same cardiac condition, and had generally greater prevalence of 
most comorbidities,including prior MI, heart failure, rheumatic heart disease, and peripheral vascular disease 
(Supplementary Table 3). Patients with pre-existing cardiac disease were on average three to five years older and had 
more comorbidities than new cases for each cardiac condition (Supplementary Tables 4 and 5).

Concurrent Cardiac Disease and Stroke
In sensitivity analyses determining the appropriate person-time to use for new cases with concurrent cardiac disease and 
first-ever stroke, allocating five years of person-time resulted in stroke incidence rates that were the least, with the largest 
incidence rates observed when using one day of person-time (Supplementary Figure 2). As there was little difference 
between incidence rates when using one-year and two-year person-time durations, one-year of person-time was used to 
analyse all concurrent cases. Where a patient had a shorter duration of follow-up available than one year, we allocated 
time from the start of the follow-up period to the start of the cardiac admission.
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First-Ever Stroke Events and Incidence Rates
There were 5871 incident strokes (3.3% of total cohort) identified during the follow-up period, with most occurring in those aged 
≥75 years (Supplementary Table 6). Stroke incidence was greatest in patients with AF than other cardiac subgroups, ranging from 
6.4/1000 person-years in males with CHD, to 18.6/1000 person-years in females with AF, and higher in those with multiple 
versus single cardiac conditions (Figure 2, Supplementary Table 7). The differential between multiple and single cardiac 
conditions was greatest in females aged 20–54 years. Total ASRs were greatest in people with AF followed by VHD then 

Table 1 Baseline Characteristics of the Study Cohort, Stratified by Cardiac Condition

Any CHD 
(n=122,690)

Any AF 
(n=63,573)

Any VHD 
(n=21,864)

Single Conditions† 

(n=146,940)
Multiple Conditions‡ 

(n=28,620)

Age (years), mean (±SD) 69.7 (±12.8) 72.7 (±13.3) 69.6 (±15.6) 68.5 (±13.6) 75.5 (±11.3)

Age group (years)

20–54 13,254 (10.8) 5585 (8.8) 3437 (15.7) 19,916 (13.6) 1148 (4.0)
55–64 23,576 (19.2) 8424 (13.3) 3061 (14.0) 28,895 (19.7) 2948 (10.3)

65–74 33,835 (27.6) 15,338 (24.1) 4874 (22.3) 39,970 (27.2) 6636 (23.2)

75–84 31,233 (25.5) 19,027 (29.9) 5949 (27.2) 35,089 (23.9) 9809 (34.3)
85–94 20,792 (16.9) 15,199 (23.9) 4523 (20.7) 23,070 (15.7) 8079 (28.1)

Female 42,652 (34.8) 26,331 (41.4) 10,159 (46.5) 56,261 (38.3) 10,680 (37.3)
Aboriginal 2854 (3.1) 842 (1.9) 639 (3.8) 3051 (3.1) 597 (2.4)

Comorbidities

Myocardial infarction 48,254 (39.3) 8306 (13.1) 3594 (16.4) 37,930 (25.8) 10,354 (36.2)
Acute coronary syndrome 69,740 (56.8) 11,644 (18.3) 4969 (22.7) 55,318 (37.6) 14,454 (50.5)

Heart failure 16,518 (13.5) 14,289 (22.5) 6509 (29.8) 14,949 (10.2) 10,043 (35.1)

Rheumatic heart disease 213 (0.2) 347 (0.5) 698 (3.2) 251 (0.2) 447 (1.6)
Hypertension 69,743 (56.8) 28,548 (44.9) 10,664 (48.8) 66,794 (45.5) 19,519 (68.2)

Endocarditis 295 (0.2) 312 (0.1) 684 (3.1) 448 (0.3) 370 (1.3)

Peripheral vascular disease 11,656 (9.5) 6116 (9.6) 3280 (15.0) 10,216 (7.0) 4922 (17.2)
Transient ischemic attack 3576 (2.9) 2589 (4.1) 926 (4.2) 3800 (2.6) 1510 (5.3)

COPD 15,159 (12.4) 9350 (14.7) 3247 (14.9) 16,811 (11.4) 5044 (17.6)

Chronic kidney disease 14,595 (11.9) 9170 (14.4) 3683 (16.8) 14,535 (9.9) 5847 (20.4)
Diabetes 29,201 (23.8) 12,526 (19.7) 4344 (19.9) 29,587 (20.1) 7645 (26.7)

Congenital Heart Disease 1282 (1.0) 1079 (1.7) 1363 (6.2) 1573 (1.1) 961 (3.4)

History of alcohol/drug use 8701 (7.1) 4786 (7.5) 1997 (9.1) 10,922 (7.4) 2129 (7.4)
Mental Health 13,804 (11.3) 6722 (10.7) 2912 (13.3) 15,368 (10.5) 3735 (13.1)

Charlson Comorbidity Index

0 33,023 (26.9) 22,088 (34.7) 6745 (30.8) 51,481 (35.0) 4982 (17.4)
1 33,807 (27.6) 11,868 (18.7) 4625 (21.2) 37,682 (25.6) 6010 (21.0)

2–3 33,954 (27.7) 16,657 (26.2) 5717 (26.1) 37,137 (25.3) 8966 (31.3)

3–4 7922 (6.5) 4084 (6.4) 1524 (7.0) 7470 (5.1) 2800 (9.8)
≥5 13,984 (11.4) 8876 (14.0) 3253 (14.9) 13,170 (9.0) 5862 (20.5)

Procedures

PCI 38,526 (31.4) 5000 (7.9) 95 (0.4) 32,315 (22.0) 6229 (21.8)
CABG 15,891 (13.0) 5238 (8.2) 2051 (9.4) 9523 (6.5) 6425 (22.4)

Atrial ablation 929 (0.8) 3026 (4.8) 673 (3.1) 1770 (1.2) 1258 (4.4)

Carotid endarterectomy 1193 (1.0) 497 (0.8) 234 (1.1) 927 (0.6) 453 (1.6)
CHA2DS2-VASc score

1 11,481 (9.4) 11,746 (18.5) 2817 (12.9) 22,281 (15.2) 1825 (6.4)

2–3 63,576 (51.8) 24,362 (38.3) 9586 (43.8) 74,676 (50.8) 10,869 (38.0)
4–5 36,142 (29.5) 19,725 (31.0) 6770 (31.0) 38,805 (26.4) 11,003 (38.4)

>5 11,491 (9.4) 7740 (12.2) 2691 (12.3) 11,178 (7.6) 4923 (17.2)

Notes: n (%) unless otherwise indicated. †Includes people with one of the specified cardiac conditions. ‡Includes people with ≥2 of the specified cardiac conditions. 
Abbreviations: CHD, coronary heart disease; AF, atrial fibrillation; VHD, valvular heart disease; COPD, chronic obstructive pulmonary disease; PCI, percutaneous 
coronary intervention; CABG, coronary artery bypass grafting.
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CHD. Those aged <84 years mostly had non-fatal strokes, whereas those aged ≥85 years predominantly had fatal strokes. 
Incidence rates were between 1.2 and 2.4 times greater in new cardiac cases than pre-existing cases (Supplementary Figure 3, 
Supplementary Tables 8 and 9).

Among those aged ≥75 years, stroke incidence was at least 20% greater in females than males in each cardiac 
subgroup, in those with single and multiple cardiac conditions, and in pre-existing cases (Figure 3, Supplementary 
Figure 4). The sex differential extended to all age groups for AF although was not significant at a younger age. In people 

Figure 2 Age-specific stroke incidence rates and age standardized rates (95% confidence intervals) in all cardiac cases, stratified by sex and cardiac condition.

Figure 3 Age-standardized stroke incidence rate ratios in females versus males in (A) each cardiac group and (B) single and multiple cardiac conditions.
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with VHD, there was a trend towards lesser stroke incidence in females than males aged <74 years although this was only 
statistically significant in those aged 65–74 years (IRR 0.67, 95% CI 0.47, 0.94).

Discussion
This whole-population linked data study provides contemporary insights into the population-burden of stroke incidence 
in people with cardiac disease. Our study demonstrated that stroke incidence was greatest in patients with AF, and in 
those newly hospitalized with a cardiac condition. Importantly, we showed that female patients aged ≥75 years had 
a greater incidence of stroke than their age-matched male counterparts, irrespective of the underlying cardiac disease. 
This disparity extended to all age groups in people with AF. Stroke was more common in people with multiple cardiac 
conditions, this difference being greatest in females aged 20–54 years.

Stroke incidence appears to be much greater in people with major cardiac diseases than in the general population as 
shown by the Global Burden of Disease estimates.12 Authors measuring the risk of stroke following ACS have reported 
incidence of 2–4% over a 1–2 year period, which although not directly comparable to our population measures, is likely 
larger in our cohort as we did not restrict the sample to acute CHD events and we had a longer-term follow-up in our 
cohort.13–15 Additionally, these studies have provided evidence that stroke incidence is lower in ACS patients without AF 
than in those with AF.13,15 Furthermore, in another cohort of people with mitral valve regurgitation and AF, the incidence 
of stroke was comparable to the age standardized stroke incidence rate for VHD that we report in our study.16 When 
compared to a study of people with aortic stenosis, we identified similar age-specific stroke incidence in those aged 
between 55 and 84 years with VHD,17 but considerably larger stroke incidence among younger people. This may reflect 
the large proportion of Aboriginal people with RHD in the <55-year age group in our population, a group with 60-fold 
the prevalence of RHD than non-Aboriginal Australians.18

Stroke incidence in people with AF in our study was considerably lower across all age groups than reported from registry 
studies.19,20 This may be due to low or no anticoagulant use in these studies or inclusion of patients with a prior history of 
stroke. The rates of stroke in younger adults with AF in our study were similar or greater than stroke incidence in the other 
cardiac groups, highlighting that younger patients with AF also carry an elevated risk of stroke, although this may be due to 
lower usage of oral anticoagulant drugs in younger AF patients. This group should therefore be a critical target for 
anticoagulation therapy in a clinical setting, irrespective of having a lower CHA2DS2-VASc score because of their 
younger age.

Women with cardiac disease appear to have greater stroke incidence than males with cardiac disease. This contrasts 
with findings from stroke incidence studies conducted within the general population where the incidence of stroke 
predominates in males, highlighting that the presence of cardiac disease imposes a considerable burden of stroke among 
females.21 A similar disparity between females and males was also notable in people with single and multiple cardiac 
conditions and this disparity increased with age. The cumulative effect of additional cardiovascular risk factors in 
females associated with increasing age, and the greater adverse effect of conditions such as diabetes, smoking and 
metabolic syndrome in females, all contributes to greater stroke incidence in elderly females.22 A trend towards greater 
stroke incidence in 20–54 year old women with multiple cardiac conditions was also observed; this may reflect the large 
proportion of Aboriginal people with multiple cardiac conditions in this age group (15% versus 7% with single cardiac 
conditions) and risk factors for stroke compared with non-Aboriginal people.23 Additionally, physician hesitation to 
prescribe oral anticoagulants for female patients with AF may be due to documented risk of hemorrhage from anti- 
coagulation therapy in this population.24–26

Stroke incidence is greater in people with new versus pre-existing AF or VHD. This difference was particularly 
marked in those with AF and probably reflects long-term implementation of evidence-based treatment strategies in 
people with longstanding AF and the inclusion of AF survivors in the pre-existing cohort. Our finding that 42% of 
strokes occur concurrently with the first cardiac hospitalization, together with prior findings that strokes in patients with 
AF occur within the first year of AF diagnosis,19 further highlights the importance of screening for AF, and early 
treatment once diagnosed.
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Strengths and Limitations
Our study addresses the gap in the literature for a cohort study with long-term (five-year) follow-up to investigate the 
burden of stroke in a population comprised of both prevalent and incident cardiac cases. A major strength of this study is 
access to three decades of whole-population high-quality linked health data, enabling investigation of long-term stroke 
and cardiac history. Most studies of stroke incidence in cardiac disease are conducted in single cardiac disease 
populations. In contrast, investigating three major cardiac conditions enabled us to demonstrate important differences 
and interactions in stroke burden according to cardiac disease type and the presence of multiple diseases. There are also 
some limitations. Hospital administrative data comprise cardiac events treated in hospital thereby missing lesser severity 
or stable conditions diagnosed and treated exclusively in primary care. It is estimated that between 50% and 70% of 
people with AF are managed in primary care, although it is not clear what percentage of these patients are not captured in 
hospitalization data.27 Therefore, our results may be only generalizable to patients with more severe AF or AF with 
concurrent conditions necessitating hospitalization, however this most likely would not affect the interpretation of the 
results for VHD and CHD. In addition, we did not have data on individual drug treatment; our AF cohort would have had 
variable exposure to oral anticoagulants which would reduce the risk of stroke, and we could not determine whether 
differences across population groups were attributable to differences in drug adherence. Furthermore, for the 42% of 
people with a first cardiac admission and concurrent stroke, the assumptions of person-year time may have resulted in 
some over-estimate of stroke incidence.

Implications and Future Directions
Our study highlights the need for early detection of AF across age- and sex-groupings to ensure early initiation of guideline- 
directed treatment. Older women with major cardiac diseases, in particular, should be targeted for prevention of stroke. The high- 
risk period following a first cardiac hospitalization demonstrates the need for ensuring continuation of care following discharge 
from hospital to reduce stroke risk. Further studies linking Australian Pharmaceutical Benefits Scheme data to determine the 
proportion of the cardiac cohort on relevant drug therapy and effects of changing patient management on stroke incidence would 
provide an opportunity to better understand the interplay between various risk factors and impact of treatment in large populations 
of patients with the three cardiac conditions. Primary care data would also be of interest to investigate any differences between 
people with community-managed cardiac diseases relative to those admitted to hospital for these conditions.

Conclusion
This study demonstrates the considerable stroke burden in people with one or more of AF, CHD or VHD, particularly in 
older females, and thus people with these conditions are important targets for reducing stroke incidence. The large 
incidence of stroke among people admitted to hospital with new onset cardiac disease highlights the importance of 
prompt, optimal clinical management following diagnosis of cardiac conditions to reduce the risk of stroke. Our findings 
demonstrated higher than expected rates of stroke in young people with AF, indicating that current guidelines advising 
drug therapy based on the CHA2DS2-VASc score (which weights age heavily) should be re-visited. Because nearly half 
of all people at stroke onset were newly diagnosed with a cardiac condition, regular screening for these conditions may 
be required to improve the prevention of stroke.

Data Sharing Statement
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to governance restrictions.
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