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Abstract
Introduction: Researchers apply varying definitions when
measuring stroke incidence using administrative data. We
aimed to investigate the sensitivity of incidence estimates to
varying definitions of stroke and lookback periods and to
provide updated incidence rates and trends for Western
Australia (WA).Methods:We used linked state-wide hospital
and death data from 1985 to 2017 to identify incident
strokes from 2005 to 2017. A standard definition was applied
which included strokes coded as the principal hospital di-
agnosis or the underlying cause of death, with a 10-year
lookback used to clear prevalent cases. Alternative defini-
tions were compared against the standard definition by
percentage difference in case numbers. Age-standardised
incidence rates were calculated, and age- and sex-adjusted
Poisson regression models were used to estimate incidence
trends. Results: The standard definition with a 10-year
lookback period captured 31,274 incident strokes. Capture
increased by 19.3% when including secondary diagnoses,

4.1% when including nontraumatic subdural and extradural
haemorrhage, and 8.1% when including associated causes
of death. Excluding death records reduced capture by 11.1%.
A 20-year lookback reduced over-ascertainment by 2.0%,
and a 1-year lookback increased capture by 13.3%. Incidence
declined 0.6% annually (95% confidence interval −0.9, −0.3).
Annual reductions were similar for most definitions except
when death records were excluded (−0.1%, CI: −0.4, 0.2) and
with the shortest lookback periods (greatest annual re-
duction). Conclusion: Stroke incidence has declined in WA.
Differing methods of identifying stroke influence estimates
of incidence to a greater extent than estimates of trends.
Reductions in stroke incidence over time are primarily driven
by declines in fatal strokes. © 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Stroke remains a leading cause of mortality globally
[1], accounting for 2.4% of the burden of disease in
Australia [2]. Accurate estimates of stroke incidence
inform resource allocation for prevention and treatment.
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Administrative data are appealing for assessing inci-
dence due to their capture of complete populations and
low cost compared to prospective data collection [3].
Linking data on hospitalisations and deaths enables the
capture of first-ever strokes, with a lookback or
clearance period typically applied to differentiate first-
ever from recurrent strokes [4].

Methods used to capture incident strokes in admin-
istrative data vary widely. Differences exist in the diag-
noses considered to reflect stroke and the number of
diagnosis fields reviewed, while some investigators con-
sider care type or length of stay (LOS) [5–8]. Additional
diagnosis fields may be used to identify historical strokes
[5, 8, 9], while some investigators do not differentiate
between potential incident strokes and prevalent strokes
[7, 10, 11]. Some investigators include deaths occurring
outside hospital [12], while others exclude these so do not
capture total incidence [5, 6, 9, 11, 13]. The availability of
historical linked data varies between jurisdictions and
data sources within jurisdictions, resulting in varying
lookback periods. Finally, some studies include transient
ischaemic attack (TIA), while others do not. Changes in
diagnostic criteria [14] mean that many events previously
considered TIA would now be diagnosed as stroke [15].

Differences in stroke capture methods can affect es-
timates of incidence and trends, potentially biasing
comparisons between populations or studies. Trend es-
timates may be particularly impacted where changes have
occurred over time in data coding or diagnostic practices
as for stroke/TIA [14].

Using data from Western Australia (WA), a state with
a population of 2.6 million in 2017 and Australia’s
longest-running collection of linked health data, we
aimed to investigate the sensitivity of estimates and trends
of stroke incidence from administrative data according to
(1) the definition of the potential incident strokes cap-
tured, (2) the characteristics used to assess historical
strokes, and (3) the duration of the lookback period. We
also provide contemporary estimates of stroke incidence
and trends for WA (2005–2017).

Materials and Methods

Data Sources
The source dataset included all WA residents hospitalised with

a principal or secondary diagnosis of cardiovascular disease or TIA
or dying from cardiovascular disease or TIA, coded as underlying
or additional cause of death from 1985 onwards (International
Classification of Diseases, version 10, Australian Modification
(ICD-10-AM) codes I00-I99 plus G45.x, ICD-9-Clinical Modifi-
cation [CM]/ICD-9 390–459). Hospitalisation data were from the

Hospital Morbidity Data Collection (HMDC), which includes all
inpatient episodes in all public and private hospitals in WA (with
principal and 20 secondary diagnoses provided to researchers).
ICD codes are used in Australian hospitals for financial and re-
porting purposes; these are entered by staff trained in clinical
coding or health information management [16]. Death data were
from theWADeath Registrations dataset which captures all deaths
in WA, including in-hospital and emergency department (ED)
deaths. Data were linked and extracted by the WA Data Linkage
Branch.

Incident Stroke Capture
Potential incident strokes from 2005 to 2017 were identified

using hospitalisation and death records and classified as incident
when no historical stroke was recorded within the lookback period.
Admissions recorded during or ≤1 day after a prior hospitalisation
were combined to form a continuous episode of care. Potential
incident strokes were flagged regardless of sequence within an
episode of care. The admission date for the first hospitalisation in
the episode was usually defined as the stroke date. When a non-
stroke admission >2 days in length was followed by a transfer with
a principal stroke diagnosis, the transfer date was used as the date
of stroke, as these were assumed to be in-hospital strokes.

Stroke Definitions
Our definition of stroke reflects the most common methods in

existing literature (the “standard definition”) (Table 1). We also
applied alternative definitions, reflecting the heterogeneity re-
ported in previous literature. Each component of the alternative
definitions was tested separately to estimate the influence of each
element on stroke incidence and trends, in comparison with the
standard definition.

Methods applied in previous studies vary widely. In capturing
potential incident strokes, most studies incorporate the principal
hospital diagnosis field only [6, 8, 17], although some also in-
corporate secondary diagnoses [9, 19]. Most studies include
subarachnoid and intracerebral haemorrhage, cerebral infarction,
nontraumatic intracranial haemorrhage, and unspecified stroke
codes [7, 8, 13, 17]. However, some exclude unspecified strokes [6],
while others include nontraumatic subdural and extradural hae-
morrhages [6, 7, 11], retinal vascular occlusions [5, 8], all cere-
brovascular disease [10], or TIA [11]. Some studies exclude non-
acute care type [5–8] or short LOS followed by discharge home
(assumed to indicate non-acute admissions) [8]. When flagging
historical strokes, some authors adopt a broader set of diagnosis
fields [8] or diagnoses [5, 8, 9], or apply the same criteria used for
incident strokes [7, 10, 11, 13, 17]. Table 1 outlines definitions used
in our study, including the lookback periods. Lookback periods
were of fixed length, beginning on the date of the potential incident
stroke and capturing all admissions within the prior 10 years (or
alternative duration).

Statistical Analysis
For each alternative definition, we recorded the number of

incident strokes captured and the percentage difference in as-
certainment compared with the standard definition, calculated as
follows: ([count with alternative definition – count with standard
definition]/count with standard definition)*100.

This was repeated for stratifications of age, sex, Indigenous
status, socioeconomic status, remoteness, and study year.
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Remoteness was based on the Accessibility/Remoteness Index of
Australia [20], which classifies areas as major cities, inner regional,
outer regional, remote and very remote, reflecting accessibility to
services. Socioeconomic status was based on the area-level Socio-
Economic Indices for Areas – Index of Relative Socio-Economic
Disadvantage (SEIFA-IRSD) [21]. Statistical area level 2 areas were
stratified into quintiles from least to greatest disadvantage. Crude
stroke incidence rates were produced for each stratification (online
suppl. File 1; for all online suppl. material, see https://doi.org/10.
1159/000534242).

We computed age-standardised stroke incidence rates for each
study year using the direct method [22], with the WA population
[23] as the denominator and the 2016 Australian population as the
standard [24]. Denominators were adjusted to remove prevalent
individuals [25], separately for each definition. We estimated
trends in stroke incidence using Poisson regression models in
STATA [22]. The average annual percentage change in stroke

incidence was calculated from the exponential of the beta-
coefficient for the calendar year as a continuous variable adjust-
ing for 5-year age group and sex. Finally, for each definition by
year, we report the percentage of incident strokes with a hospi-
talisation for TIA (ICD-10-AM G45/ICD-9-CM 435) during the
lookback period. This study was approved by the WA Department
of Health Human Research Ethics Committee (#2014/55).

Results

Incident Stroke Events
The standard definition captured 31,274 incident

strokes during the study period (Table 2). Approximately
half were women, and 53.2% within those aged ≥75 years,

Table 1. Definitions of potential incident and historical stroke applied

Parameter Standard definition Alternative definitions

Potential incident strokes
Data source Hospitalisations and deaths [12] Exclude deaths [5, 6, 9, 11, 13], i.e., hospital (and in

some cases ED) records
Diagnosesa Subarachnoid haemorrhage, intracerebral

haemorrhage, nontraumatic intracranial
haemorrhage, cerebral infarction, unspecified stroke
type [4, 7, 8, 17], and sequelae of cerebrovascular
disease (in death datac)

Include nontraumatic subdural and extradural
haemorrhaged [6, 7, 11]

Diagnosis
fieldsb

Principal diagnosis only [6, 8, 16] Include all secondary diagnoses [9, 17]

Cause of death
fields

Underlying cause Include additional causes

Length of stay No restrictions Exclude separations to home on same date as
admission [8]

Admission type No restrictions Exclude non-acute, non-emergency records [5–8]

Historical strokes
Data source Hospitalisations only N/A
Diagnoses As for potential incident strokes (above), plus

sequelae of cerebrovascular disease in
hospitalisation data

Nontraumatic subdural and extradural
haemorrhage included when part of alternative
potential incident stroke definition

Diagnosis fields Principal and all secondary N/A
Length of stay No restrictions N/A
Admission type No restrictions N/A
Lookback

period length
10 years 20, 15, 8, 5, 3, 1 years, and no lookback

aInternational Classification of Diseases codes for each diagnosis (ICD-10-AM/ICD-9-CM) are as follows: subarachnoid hae-
morrhage, I60.x/430.x; intracerebral haemorrhage, I61.x/431.x; nontraumatic intracranial haemorrhage, I62.9/432.9; unspecified
stroke, I64/436; sequelae of cerebrovascular disease, I69/438; subdural haemorrhage, I62.0/432.1; nontraumatic extradural hae-
morrhage, I62.1/432.0; cerebral infarction, I63.x/433.x1+434.x1. Prior to July 1995, the 5th digit on codes 433 and 434 did not exist.
Through this period, 434.x was included and 433.x was excluded, in line with definitions applied by the Australian Institute of Health
and Welfare [18]. Codes I65-I68 (non-stroke cerebrovascular diseases) did not contribute to definitions. bIncludes cases identified
from ICD-10-AM codes used for the standard definition only. cThese represent strokes which were not hospitalised, were hos-
pitalised prior to the lookback period, or were hospitalised outside WA. Although the date of these strokes is unknown, omitting
these would result in under-ascertainment; hence, these have been included with date of death assigned as the stroke date. These
represent 2.1% of strokes captured with the standard definition. dIn principal diagnosis field.
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with a greater proportion among those living in areas of
greatest disadvantage (27.5%) relative to least disad-
vantage (15.4%).

Compared with the standard definition, capture in-
creased by 4.1% when including nontraumatic subdural
and extradural haemorrhage (ICD-10-AM codes I62.x) as
the principal diagnosis, 19.3% when including diagnoses
from all secondary diagnosis fields, and 24.9% with a
combination of these approaches. This combined ap-
proach includes nontraumatic subdural and extradural
haemorrhages in secondary diagnosis fields that are not
included in either of the single definitions (Table 2; online
suppl. Table S1). Incident strokes captured via the
HMDC using the standard definition had a median of five
secondary diagnoses recorded (mean 6.0). Using all
causes of death compared with underlying cause alone
increased capture by 8.1%. Exclusions of same-day dis-
charges home and non-acute non-emergency records each
made minimal difference. When mortality data were ex-
cluded, stroke capture was reduced by 11.1%. Use of a
longer 20-year lookback period resulted in a 2.0% reduction
in stroke capture, representing over-ascertainment

using the 10-year lookback from prevalent strokes in-
correctly classified as incidents. When compared to the
10-year lookback, shorter lookbacks resulted in over-
ascertainment of cases by 3.9% for 5 years, 13.3% for
1 year, and 38.7% for no lookback period.

The effect of alternative definitions differed substan-
tially between subgroups (Table 2). A 1-year lookback
resulted in an over-ascertainment of 18.3% in those
aged ≥75 years versus 4.2% in those aged <55 years. The
exclusion of mortality data resulted in a larger reduction
in those aged ≥75 years (−17.9%) than those aged <55
(−2.9%) and caused a larger reduction in females
(−14.9%) than males (−7.4%). The effects of changes in
definition were relatively constant over time (Table 3),
except for lookback period length, where the over-
ascertainment observed with shorter lookback periods
reduced over time.

The effect of lookback period duration also dif-
fered when using only hospital data (excluding death
data). A 1-year lookback resulted in 9.9% over-
ascertainment compared to 13.3% when using both
data sources, and no lookback resulted in 19.7% over-

Table 3. Percentage change1 in stroke ascertainment for each definition in comparison to the standard definition by calendar year
(WA, 2005–2017)

Year of
incident
stroke

Standard
definition,
n

Independent changes to potential incident stroke definition Changes to length of lookback period
in years

additions to standard
definition

exclusions from standard definition

all
I622

2nd
diag.

all
I622

&
2nd
diag.

all
COD
fields

same-day
discharge
home

non-acute
non-
emergency
records

death
records
(underlying
cause only)

20 15 8 5 3 1 0

2005 2,117 4.3 21.4 27.1 9.5 −0.6 −0.3 −10.5 −1.8 −1.5 1.5 5.1 8.9 16.6 45.9
2006 2,166 4.8 21.7 27.0 6.5 −1.4 −0.3 −13.1 −1.6 −1.2 0.8 4.0 7.0 14.0 43.1
2007 2,187 3.1 19.0 23.7 8.0 −0.6 −0.4 −12.7 −2.1 −1.6 1.2 3.6 7.0 13.5 39.2
2008 2,282 3.8 17.7 22.6 7.2 −0.8 −0.3 −14.3 −2.0 −1.5 1.2 3.3 7.1 15.0 44.1
2009 2,172 4.4 19.5 25.1 9.3 −0.8 −0.6 −13.4 −2.0 −1.5 1.7 4.7 8.5 14.5 40.1
2010 2,208 4.8 18.1 24.2 10.2 −1.2 −0.4 −13.0 −1.9 −1.3 1.4 4.4 8.7 15.7 41.7
2011 2,262 4.6 19.6 25.7 7.9 −1.4 −0.4 −11.4 −2.2 −1.6 1.3 4.4 7.9 14.0 38.8
2012 2,429 4.7 19.7 25.9 8.6 −1.3 −0.3 −11.4 −2.3 −1.4 1.2 4.0 6.8 11.8 35.5
2013 2,503 3.6 19.8 25.7 8.2 −1.0 −1.0 −10.7 −2.1 −1.6 1.3 4.0 7.3 12.7 34.5
2014 2,661 4.2 19.5 25.5 8.1 −0.9 −1.0 −10.0 −2.2 −1.4 1.2 3.7 6.6 11.5 34.1
2015 2,660 4.7 20.5 27.2 7.4 −1.0 −1.7 −8.6 −1.7 −1.1 1.4 3.4 6.6 12.4 37.8
2016 2,847 2.7 16.6 21.1 7.4 −1.1 −2.8 −8.3 −2.2 −1.4 1.1 3.6 6.7 12.3 36.6
2017 2,780 4.0 18.1 23.6 7.5 −1.4 −2.5 −8.5 −2.0 −1.4 0.9 3.1 5.8 11.2 35.1
Total 31,274 4.1 19.3 24.89 8.1 −1.0 −1.0 −11.01 −2.0 −1.4 1.2 3.9 7.2 13.3 38.7

COD, cause of death; 2nd diag., secondary diagnoses. 1Percentage differences were calculated as ([count with alternative
definition – count with standard definition]/count with standard definition)*100. 2ICD-10-AM code I62, i.e., nontraumatic subdural
or extradural haemorrhage.
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a

b

c

d

Fig. 1. Stroke incidence per 100,000 person-
years at risk, age-standardised to the 2016
Australian population (2005–2017, WA).
COD, cause of death; 2nd diag., secondary
diagnoses.
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ascertainment when using only hospital data, com-
pared to 38.7% with both datasets (online suppl.
Table S2).

Age-Standardised Incidence Rates
Age-standardised incidence rates (ASIRs) were greater

in males (139.3/100,000) than females (110.6/100,000),
and in people aged ≥75 years (1,096.1/100,000)
than <55 years (19.1/100,000) (Fig. 1, online suppl. Table
S3). Crude rates by age reflected ASIRs, though crude
rates by sex differed from ASIRs (online suppl. Table S4).
ASIRs declined by 0.61%/year (95% CI: −0.91, −0.32)
using the standard definition, although the decline may
have attenuated since 2011. This trend was similar be-
tween males and females but differed substantially be-
tween those aged ≥75 years (−1.66%, 95% CI:
−2.06, −1.26) and <55 years (+1.44%/year, 0.64, 2.25).

ASIRs differed according to the definition used (Fig. 1;
online suppl. Table S5), although the annual change was
similar irrespective of diagnostic codes, number of diagnosis
fields, LOS, and admission type. However, excluding mor-
tality data resulted in no significant annual reduction in
incidence (−0.1%, 95%CI: −0.4%, 0.2%). The average annual
decline in stroke incidence for lookback periods of >5 years
were similar to the standard definition, but declines were
greater with shorter lookback periods. The proportion of
incident strokes with a TIA admission during the lookback
period declined from 10.3% in 2005 to 6.3% in 2017 (online
suppl. Table S6); this was similar across definitions.

Discussion

These findings lead to several important conclusions.
First, the stroke definition applied to administrative data
can substantially affect case capture, with the greatest
increase in capture when including secondary diagnoses
and additional causes of death and the greatest decrease
when excluding death records. Second, the longest-
available 20-year lookback period led to only marginal
improvements in ascertainment over the 10-year look-
back through a reduction of prevalence pooling/over-
ascertainment. Lookback lengths of <5 years resulted in
substantial over-ascertainment. Third, definitions of
stroke incidence generally have little effect on incidence
trends, except when mortality data are excluded. Finally,
stroke incidence appears to be gradually declining in WA
overall but increasing in those aged <55 years.

ASIRs for 2005 were below rates in WA previously
reported for 2000 [26], consistent with downward trends
observed. The magnitude of decline between males and

females was similar, although trends differed substantially
between age groups. While the annual reduction in stroke
incidence was small, this trend appeared to flatten more
recently, as observed elsewhere [5]. The relatively small
magnitude of the overall trend was driven by trends in
fatal strokes, with minimal change in hospitalised inci-
dence. Additionally, we observed a decrease over time in
the percentage of patients with incident strokes with prior
TIA. The transition from clinical to tissue-based defi-
nitions of stroke [14], where many events previously
counted as TIA are now considered stroke [15], may
contribute to both trends. Despite the overall reduction in
incidence, the increase among the youngest group is
concerning and reflects trends elsewhere [5].

We add to the limited literature on algorithms de-
veloped for stroke incidence by reporting in detail on a
wider range of parameters and by assessing subgroup
differences and trends. In a linked data study from New
South Wales (NSW), the exclusion of cases discharged
alive within 48 h (presumed non-acute strokes) led to a
5.7% reduction in capture [8]. We excluded only same-
day discharges home, consistent with another recent
study [27], which resulted in a smaller reduction in
capture than the NSW study but ensured inclusion of
patients with ischaemic stroke discharged home the day
following stroke [28]. We observed a similar increase in
ascertainment from including secondary diagnoses, as
reported in a Northern Territory study [19]; some of these
likely reflect in-hospital strokes captured as secondary
diagnoses. Stroke monitoring in Australia typically uses
principal diagnoses only because these are considered
more accurate as they are typically acute strokes unrelated
to in-hospital complications. While we demonstrate the
upper level of possible under-ascertainment when using
this approach, trends remain unaffected. The suitability
of secondary diagnosis fields will depend on their ac-
curacy. A recent study reported that, in a large linked
database of stroke/TIA covering multiple hospitals in
Australia, 90.7% of patients with principal stroke/TIA
codes were registered as stroke/TIA patients in a linked
clinical registry. The addition of secondary diagnoses
improved sensitivity but reduced positive predictive value
[16]. Inclusion of secondary diagnoses may depend on
whether sensitivity or positive predictive value is a greater
concern for a given study.

We have uniquely demonstrated that a 10-year
lookback results in minimal over-ascertainment of ca-
ses relative to 20 years. Previous linked data studies in
WA and NSW demonstrate similar minimal overesti-
mation at 10 years, although with a reduced reference of
14 years (WA) and 12 years (NSW) [8, 29]. Our
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observation that over-ascertainment resulting from the
use of short lookback lengths reduced over time may be
explained by a decline in recurrence or an increase in time
to recurrence following incident stroke [30, 31].

Significant under-ascertainment exists when using
only hospitalisation data for incidence, so prior work
based on inpatient data only [5, 6, 9, 11, 13] (or inpatient
plus ED records, in particular in studies capturing TIA [5,
9, 13]) will provide underestimates of incidence. Fur-
thermore, the use of hospital data only resulted in no
decline in incidence over time, suggesting that overall
declines in incidence (when including both hospital and
mortality data) are driven by declines in fatal stroke and/
or decreasing stroke severity. Omission of death data
caused a larger reduction in capture among women and
older people, possibly due to these groups making up the
majority of nursing home residents in Australia [32].
They may be more likely to be discharged from ED or
treated at their residence, hence not captured in hospi-
talisation data (personal communication, A. Thrift, Oc-
tober 17, 2022). Case-fatality from stroke is also greater
among older people [33]. The over-ascertainment that
occurred with shorter lookback durations was smaller
when only hospital data were used compared with in-
cluding death data; researchers deciding on their study
lookback length may need to consider the inclusion or
exclusion of death data to minimise over-ascertainment.
An additional point to consider is the validity of cause-of-
death data. In a previous Australian comparison of stroke
codes from death registry data to neurologist classifica-
tion based on patient medical histories, the sensitivity was
53.1% and the specificity 99.7% [34], suggesting that
death registry data may not capture all out-of-hospital
stroke deaths, though it does not result in the addition of
false positives, i.e., non-stroke deaths.

Strengths and Limitations
Strengths of this study include comprehensive ex-

amination of the effect of several stroke definitions and
lookback periods, whole-population capture of stroke
cases, and our ability to investigate lookback periods up to
20 years in length. While we pragmatically selected the
most pertinent definitions, we did not assess the effect of
all variations reported in the literature. We do not report
results by stroke type, since many strokes have an un-
specified type in mortality data; results observed here may
differ by subtype. Exclusion of same-day discharges home
may have differing effects between ischaemic and hae-
morrhagic strokes, as the likelihood of a brief admission
for an acute event may differ between these types. Pat-
terns described may differ outside of Australia because of

differences in factors such as demographics, coding,
and administrative practices. We did not assess ED
data, so we likely excluded the capture of minor strokes
not requiring admission. However, use of ED data may
also risk the incorrect capture of non-stroke events,
considering the false positive rate of ED stroke codes
[35]. This study was conducted within the confines of
linked administrative data. Our case capture using the
standard definition was 8% less in those aged ≥65 years
than for the Perth Community Stroke Study, con-
ducted using an “ideal” prospective stroke study
methodology [36], though it was equivalent at younger
ages. The discrepancy in those aged ≥65 years may
result from under-representation of aged care resi-
dents in hospitalisation data (personal communica-
tion, A. Thrift, October 17, 2022). Finally, where a
non-admitted stroke resulted in death during the post-
acute period, the death record will have been treated as
the incident event due to the stroke itself being un-
observed, though if death data were excluded, these
strokes would have been missed entirely.

Given that 35% of West Australians are born overseas
[37], people who migrated to WA may have experienced
strokes elsewhere before arriving in WA, so these strokes
would not be captured. Unfortunately, capture of data on
duration of residence in WA is unavailable. However,
when allowing for the healthy migrant effect [38], prior
strokes before arriving in WA may be less likely in recent
migrants.

Conclusion

Methods of stroke capture applied to administrative
data affect estimates of incidence to a greater extent than
estimates of trends. Our study assists with understanding
the effect of different stroke definitions, including their
influence on specific population subgroups, and will fa-
cilitate comparisons between studies employing differing
methods. The definitions selected will ultimately depend
on the area of epidemiological enquiry; our findings
provide researchers with guidance as to which aspects of
stroke definitions are most important in addressing
their aims.
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