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ABSTRACT
Introduction: Accurate monitoring of acute coronary
heart disease (CHD) is essential for understanding the
effects of primary and secondary prevention and for
planning of healthcare services. The ability to reliably
monitor acute CHD has been affected by new
diagnostic tests for myocardial infarction (MI) and
changing clinical classifications and management of
CHD. Our study will develop new and reliable methods
for monitoring population trends in incidence,
outcomes and health service usage for acute CHD and
chest pain.
Methods and analysis: The study cohort of all CHD
will be identified from the Western Australian Data
Linkage System using state-wide data sets for
emergency department presentation, hospitalisations
and mortality data for 2002–2014. This core linked
data set will be supplemented with data from hospital
medical record reviews, pathology data and hospital
pharmacy dispensing databases. The consistency over
time of the coding of the different subgroups of CHD/
chest pain (ST-elevation MI, non-ST elevation MI,
unstable angina, stable angina, other CHD, non-CHD
chest pain) in linked data will be assessed using these
data sources, and an algorithm developed detailing
groups in which temporal trends can be reliably
measured. This algorithm will be used for
measurement of trends in incidence and outcomes of
acute CHD, and to develop further methods for
monitoring acute CHD using unlinked and linked data
with varying availability of hospitalisation history.
Ethics and dissemination: Ethics approval has been
obtained from the Human Research Ethics Committees
of the WA Department of Health (#2016/23) and The
University of Western Australia (RA/4/1/7230). Findings
will be disseminated via publication in peer-reviewed
journals, and presentation at national and international
conferences. There will also be a strong platform for
dissemination of new monitoring methods via
collaboration with the Australian Institute of Health and

Welfare which will assist with promotion of these
methods at state and national levels.

INTRODUCTION
While mortality from coronary heart disease
(CHD) has been declining in developed
countries including Australia for 40 years,1

CHD remains the leading cause of death in
Australia and the leading contributor to the
burden of disease.2 Acute CHD events are
still life-threatening and require rapid and
expensive healthcare interventions. Accurate
information on trends in acute CHD event
rates is essential for appropriate planning
and evaluation of public health and clinical

Strengths and limitations of this study

▪ This whole-population linked data study will
develop new methods for monitoring coronary
heart disease and will include linkage of cardiac
biomarker and clinical data to hospitalisation,
mortality and emergency department data sets.

▪ Algorithms will be developed which can be
applied across linked and unlinked data systems
to measure temporal trends in coronary heart
disease. This will allow translation of methods to
state-based and national monitoring systems,
and allow improved use of linked data in epi-
demiological studies.

▪ Linked administrative data will be used for the
whole-population analyses within the study, and
thus, the limitations of these data sources could
impact on accuracy. However, analyses using
clinical and biomarker data in smaller patient
samples will guide methods for the whole-
population analyses.
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services. Until the late 1990s, it was possible to monitor
the incidence of acute CHD events using hospitalisation
and mortality data.3 However, there are increasing con-
cerns about the utility of this method because of attenu-
ation in the long-term decline in trends in MI
admissions since the late 1990s.4 5 Reasons for this
include the changing clinical diagnosis of MI, the intro-
duction of new highly sensitive and specific biomarkers
of myocardial damage (troponins) and increasing hos-
pital presentations for suspected MI, but the effects on
population-level monitoring have not been quantified in
Australia or in many other jurisdictions.
The clinical definition of MI was redefined internation-

ally in the late 1990s with the addition of troponin tests to
the clinical algorithm for detecting MI.6 Patients present-
ing with elevated troponin levels in the context of myocar-
dial ischaemia, even with normal levels of creatine kinase
(CK), were diagnosed as MI, and this is now incorporated
into clinical guidelines for the management of patients
with suspected acute coronary syndromes (ACS).7

Troponin tests have increased the detection of non-STele-
vation MI (NSTEMI)5 8 and have arguably increased
counts of MI in administrative data at the expense of
other categories of CHD, including stable and unstable
angina. However, there have been no studies in Australia
on the consistency of coding over time for unstable and
stable angina, nor of ST segment elevation MI (STEMI)
and NSTEMI, and the reliability of these hospital dis-
charge diagnoses for trend analysis is unknown.
While clinicians now diagnose MI in terms of STEMI

and NSTEMI, International Classification of Diseases
(ICD) codes have until recently been restricted to the
pathological diagnosis of transmural or subendocardial
MI using a fourth digit code. A reference to STEMI
(‘transmural or STEMI’) and NSTEMI (‘subendocardial
or NSTEMI’) was added to the description of these
codes in the Australian revision of ICD-10 (ICD-10-AM)
in 2004, and to ICD-9 in the USA in 2005.9 Although
STEMI is indicative of acute transmural injury, ECG
diagnostic criteria for transmural MI may not be syn-
onymous with STEMI. Nevertheless, the fourth digit ICD
code for MI has been used to demonstrate downward
trends in STEMI and increases in NSTEMI.10 11

However, there remains a lack of published evidence on
how well these codes in administrative data correlate
with the STEMI/NSTEMI diagnosis. Given the import-
ance of this clinical classification in guiding treatment and
management, detailed research is required to establish the
reliability of fourth digit codes for STEMI and NSTEMI in
administrative data.
Other changes in CHD treatment and presentation

also complicate approaches to monitoring. Marked
increases in rates of percutaneous coronary intervention
have occurred, due largely to adoption of an early inva-
sive strategy in high-risk ACS according to national
guidelines.7 Additionally, presentations to the emergency
department (ED) and hospitalisations for non-CHD
chest pain have increased nationally,12 with >80%

increase recorded in Perth from 1998 to 2008, and there
are little data characterising this increasing patient
group. This highlights the need to investigate the utility
of incorporating ED data in monitoring algorithms.
Accurate monitoring of trends is important for identify-

ing changes in the epidemiology of a disease and demon-
strating the impacts of acute care and primary and
secondary prevention at the population level. The use of
linked hospital morbidity data makes it possible to iden-
tify incident and recurrent CHD events, comorbidities,
hospital transfers, case fatality and define person-based
cohorts and follow-up events for outcome studies.4 13–16

Using unlinked data for these purposes leads to over-
counting and possible temporal and geographical biases.
Previous methods for measuring the incidence of major
coronary events incorporating length of stay, 28-day
episode of care and admission type3 have now become
less relevant. In Australia, national monitoring of CHD is
undertaken by the Australian Institute of Health and
Welfare (AIHW) primarily using unlinked data.
Validation work by the AIHW demonstrates that the
current monitoring algorithm using unlinked data under-
estimates ACS events by 6% in Western Australia (WA)
and 11% in New South Wales (NSW).17 WA has had a sys-
tematic record linkage system in place for two decades,
and other states and territories in Australia now have the
infrastructure for record linkage, although are at different
stages of development and implementation. The need for
methods which will provide reliable trend estimates across
multiple jurisdictions is therefore imperative.

Aims
The AUS-MOCHA project will aim to develop new and
reliable methods for monitoring population trends in inci-
dence, outcomes and health service utlisation for acute
CHD and chest pain. The specific research objectives are:
(1) To determine the consistency of coding over time in

hospital morbidity data for subgroups of CHD hos-
pital presentations (STEMI/NSTEMI, unstable
angina, stable angina, other CHD) and chest pain,
and define subgroups and aggregated groups that
permit reliable analysis of trends in admissions and
outcomes;

(2) To examine trends in incidence, clinical outcomes
and health service utilisation using a new monitor-
ing algorithm for the defined subgroups of acute
CHD and chest pain;

(3) To develop and implement methods for monitoring
trends in acute CHD for use in a variety of adminis-
trative data settings, including in unlinked data and
linked data with limited available history.

METHODS
Study design
The AUS-MOCHA study is a retrospective linked data
study, using whole-population administrative health data,
supplemented with clinical and laboratory data sets.

2 Nedkoff L, et al. BMJ Open 2016;6:e012180. doi:10.1136/bmjopen-2016-012180

Open Access

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-012180 on 24 A

ugust 2016. D
ow

nloaded from
 

http://bmjopen.bmj.com/


Study setting and data source
The population of WA was 2.6 million in 2015, compris-
ing 10.9% of the Australian population.18 The majority
of the WA population reside in the Perth metropolitan
area (79%). WA has been reported as being representa-
tive of national major sociodemographic and health
indicators, including median age, proportion living in
rural or remote areas, proportion of low-income house-
holds and proportion of the population whom are
Indigenous (3%).19

The Australian healthcare system is a mixed public–
private system, managed by state and national govern-
ments. Statutory requirements in WA ensure reporting of
minimum data requirements for all hospitalisations and
deaths. All public and all private hospital presentations
and admissions are captured within the state health data
systems. Of the major adult hospitals in the Perth metro-
politan area which receive acute CHD presentations,
seven (63%) are public, including the three major teach-
ing hospitals. There are two major private hospitals in
regional areas in WA, with the remainder of the state ser-
viced by regional public hospital and health services.
Diagnostic, interventional and surgical management of
CHD patients is centralised in the metropolitan area,
often necessitating transfer of patients over long distances.
The core data sets for this study will be obtained from

the long-standing Western Australian Data Linkage
System (WADLS) which contains population-level admin-
istrative health data for the entire state, held by the WA
Department of Health. The system has been extensively
used for epidemiological health research studies, includ-
ing cardiovascular disease. The WADLS centrally links
core data sets using a well-established method of prob-
abilistic matching, based on key demographic variables,
including name, address, date of birth and gender.
Uncertain links are checked manually, and the accuracy
of the linkage has been reported at >99%.20 Because of
statutory and minimum data requirements, the core data
sets of the WADLS have complete population coverage.
This study will establish a file of linked records based

on three of the core WADLS data sets—Hospital
Morbidity Data Collection (HMDC), Mortality register
and Emergency Department Data Collection (EDDC).
The HMDC provides coverage of all inpatient hospitali-
sations in WA across the public and private systems.
Variables contained within the system include demo-
graphic details, admission and discharge dates, princi-
pal and up to 20 secondary discharge diagnosis fields,
all inpatient procedures, admission type (emergency/
elective), separation type (indicating transfer or discharge)
and hospital location.
The EDDC data set includes referral source, present-

ing symptom, major diagnostic category, departure
destination and principal discharge diagnosis. The mor-
tality data set contains date and cause of death, with
cause of death coding in Australia following the recom-
mended format of the WHO.21 Underlying cause of
death is available for the whole data set. Multiple cause

of death coding was adopted in Australia in 1997 and
includes all conditions recorded on the death certificate,
including underlying, associated and contributory causes
of death. Full state coverage of the HMDC and mortality
data sets are available from 1980 onwards, and the
EDDC from 2002 onwards. The discharge diagnoses in
the HMDC and cause of death coding in the mortality
data set are coded using ICD codes, while in the EDDC
data set, they are identified from text fields and
symptom codes. In WA, records prior to 30 June 1999
are coded using the ICD-9 revision, and records subse-
quent to this date using ICD-10-Australian modification
(AM). The Electoral Roll is one of the core data sets of
the WADLS, and data from the roll will be linked to the
core study data set for all people included in the study
cohort. The Electoral Roll data set contains flags indicat-
ing whether a person is on the electoral roll, out of state
or not on the electoral roll. These status flags are
updated when the Electoral Commission is notified of
changes, and the data set can be used as an indicator of
location or proxy for checking prevalence status. Full
state coverage is available from 1988 onwards.
The whole-population linked data set will be merged

with hospital pharmacy dispensing data, available from
all hospitals. We will also obtain results of cardiac bio-
marker tests for all patients in WA who received a
cardiac biomarker test (troponin and/or CK or CK-MB)
between 2000 and 2013. These will be available electron-
ically from public and private pathology databases.
These supplementary data sets will be linked to the core
whole-population data set using a unique medical
record number.

Study period and cohort
The linked data set will include records for anyone with a
CHD/chest pain hospitalisation, ED presentation or death
in WA between 1980 and 2014, as well as all linked hos-
pital, ED and death records for this cohort. We will then
identify any record within the core linked data set for the
following CHD/chest pain subgroups: STEMI, NSTEMI,
unstable angina, stable angina, other CHD and chest
pain. We will also identify a subcohort of patients accord-
ing to the hierarchy shown in table 1 for the period 2002–
2014. This will include people aged ≥35 years residing in
WA (based on postcode and electoral roll information) at
the time of the CHD event. Previous studies have used an
upper age limit of 84 years because of known decreasing
sensitivity for the recording of MI in hospital morbidity
data with increasing age.22 Our initial age range will be
35–84 years, but our analyses will also investigate ages
above 84 years and the utility and significance of these
older age groups in analyses of trends and in identifying
clinical subgroups of CHD. Unspecified MI (I21.9) will
also be included in a sensitivity analysis.

Covariates and clinical outcomes
Comorbidities will be identified using a fixed period of
linked hospitalisation history of up to 15 years for each
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person in the cohort. The comorbidities of interest
amenable to identification using hospitalisation data
include hypertension, diabetes, heart failure, atrial fibril-
lation, prior stroke, peripheral arterial disease and
chronic kidney disease. Data on prior CHD, invasive
treatment (cardiac stents or surgery) and conditions
associated with potential false-positive cardiac biomarker
results (eg, Angioplasty, cardiac surgery, other major
surgery, arrhythmias, heart failure, pulmonary embolism,
renal failure, trauma, sepsis) will also be derived from
the linked data set.
Outcomes will be derived from hospital and death data

within the core linked data set. Complete follow-up for
the cohort will be available to 31 December 2014, allow-
ing for maximum follow-up of 13 years. Outcomes of
interest will be recurrent MI, other acute CHD, readmis-
sion for coronary angiography or revascularisation proce-
dures and death (cardiovascular and all-cause).

Classification of cardiac biomarkers
Classification of biomarkers will be based on the refer-
ence levels at each relevant hospital in the year of admis-
sion. Troponin results will be coded as positive, normal,
equivocal or missing,23 and CK results coded as positive,
normal or missing. Biomarkers will be grouped as none,
CK only, troponin only, or troponin and CK. In WA, CK
was recorded in conjunction with troponin up to the
end of 2013, and therefore, CK and troponin results will
be available in the majority of cases.

Analysis
Objective 1: Consistency of coding in hospital morbidity data
for defined subgroups of acute CHD
The temporal consistency of CHD codes in administra-
tive data will be evaluated, and based on the findings, an
algorithm developed to identify subgroups of CHD
within administrative data that are reliable for monitor-
ing purposes. This will be an iterative process, with three
major steps:

1. Determining trends: There are six CHD/chest pain
subgroups that can be directly identified from
HMDC records (STEMI, NSTEMI, unstable angina,
stable angina, other CHD, chest pain). Consistency
over time in the composition of each of these six sub-
groups in terms of the distribution of clinical and
service characteristics of the cases will be assessed.
The characteristics that are available from the core
linked data set include: discharge diagnosis field
(principal vs secondary), length of stay, admission
type (emergency/elective), 28-day episodes, ED pres-
entation, hospital type and location, coronary proced-
ure, history of CVD admissions and cardiac
biomarkers. CHD cases identified from the HMDC
will be stratified using the biomarker classification
detailed above (no positive biomarkers, CK-positive
only, troponin-positive only, CK and troponin-
positive). Our previous research has shown differing
trends in rates of MI measured from the HMDC com-
pared with various biomarker algorithms up to
2003.22 This analysis will extend these trend data and
determine whether rates of different biomarker classi-
fications to define MI have continued to diverge.
Consistency of the characteristics over time within
CHD/chest pain subgroups will be assessed using
regression models (eg, logistic regression for propor-
tion of cases with emergency admission type) and
will be conducted separately for men and women,
and age-adjusted or analysed by age strata.

2. Hospital record reviews: Some important character-
istics of cases are not available in the core linked data
set and the consistency over time in the distribution
of these additional characteristics within each of the
six subgroups will be based on random samples of
cases in 2003, 2008 and 2013. Hospital medical
records will be reviewed for these cases to obtain the
additional characteristics, including chest pain on
admission (typical or atypical including nausea,
pallor, sweating, collapse, breathlessness)), acute

Table 1 Identification of the study cohort using hospital morbidity data, emergency department data and mortality data for

2002–2014

Group

Hierarchy of acute CHD/chest pain events

in cohort Admission type Subgroups of A

A Emergency inpatient admission with principal

discharge diagnosis of CHD (±ED admission)

(ICD-10-AM codes I20-I25)

Inpatients (including

inhospital death)

1. STEMI (I21.0-I21.3)

n=1318

2. NSTEMI (I21.4)

n=2262

3. Unstable angina

(I20.0) n=3268

4. Stable angina(other

I20); n=3593

5. Other CHD (I23–25)

n=2359

B Emergency inpatient admission with principal

discharge diagnosis of chest pain (±ED

admission) (R07)

C ED discharge diagnosis of chest pain and not

in A or B

ED only (including

death)

D ED presenting symptom of chest pain and not

in A–C

E Death from CHD in people with no accompanying

ED or hospital admission (ie, not in A–D)

Out-of-hospital death

n is the average annual number of admissions (principal diagnosis) for each group to WA hospitals during 2002–2011.
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complications (cardiogenic shock, heart failure),
cardiac biomarkers (days 1–3) and ECGs (first ECG
on admission, days 2–3, last ECG of admission).
The data collected from hospital records will be

used to investigate the reliability and consistency over
time of the fourth digit ICD MI code for distinguish-
ing STEMI and NSTEMI in the administrative hospital
data. ECGs collected for the random sample of MI
patients will be reviewed by two cardiologists. The
American Heart Association criteria for the manage-
ment of STEMI24 and NSTEMI/unstable angina25 will
be used to classify indicative ECG changes. We will cal-
culate the observed agreement between the discharge
diagnosis codes for STEMI/NSTEMI in the adminis-
trative data versus a combined classification of MI type
from ECG findings (derived from the hospital record
reviews), biomarker classifications and symptoms,
taking into account potential causes of false negatives.
The positive predictive value (PPV) is the proportion
of HMDC-based cases of a particular type (eg,
STEMI) that are confirmed via data from medical
notes to be that type of case. A PPV of around 90%
based on a sample size of 200 has an SE of 2%. Thus,
our goal is to sample 200 HMDC-based cases of
STEMI and 200 cases of NSTEMI in each of 2003,
2008 and 2013. Depending on the findings from step
1, we may also review hospital records for random
samples of cases from the other subgroups (unstable
angina, stable angina, other CHD, chest pain).

3. Algorithm development: Algorithms based on linked
administrative data that identify the different aggrega-
tions of the six CHD subgroups (and administratively
definable subsets) which have been shown in analyses
in steps 1 and 2 to provide the most consistent
groups of cases will be developed. The groups to be
further considered in Objective 2 will also include
the hierarchical groupings shown in table 1, and also
predefined subgroups of clinical interest such as
STEMI, ACS and biomarker +ve MI (cases coded as
MI in the HMDC that have a positive CK test result
from laboratory data). We will include out-of-hospital
CHD deaths (Group E) in the development of the
algorithms to test consistency of total MI/CHD inci-
dence, and will also analyse out-of-hospital deaths as
a separate group, including identification of prior
hospitalisation history where present. Analyses will be
carried out using underlying cause of death only and
multiple cause of death coding.

Objective 2: Trends in incidence, clinical outcomes and
health service usage for defined subgroups of acute CHD
and chest pain utilisation developed algorithms
Trends in the incidence of total acute CHD hospitalisa-
tions, as well as each of the algorithm-defined subgroups
(Objective 1), will be analysed for the whole population
of WA from 2002 to 2014. Incident cases in each study
year will be defined as those with no hospitalisation for
CHD in the previous 22 years. Incidence rates by sex,

5-year age group and calendar year will be calculated for
each algorithm-based subgroup. Whole-population
counts for WA, stratified by calendar year, sex and 5-year
age group, are available from the Australian Bureau of
Statistics and will be used in estimating rates. They are
based on actual counts in census years (every 5 years), as
estimated counts for intermediate years and as projected
counts for years since last census. Poisson regression
models will be fitted to estimate the annual rate of
change after adjustment for age, separately by sex and
overall. There will be more than 90% power to detect a
rate ratio of 1.2 over 13 years from 2002 to 2014 (equiva-
lent to an annual rate of change of 1.015% or 1.5%).
Outcomes following incident hospitalisation for each

of the algorithm-defined groups will be measured.
Thirty-day outcomes in each subgroup will be measured
for men and women separately, and longer term out-
comes (1, 2 and 5 years) estimated in 30-day survivors
using Kaplan-Meier survival analysis. The Cox propor-
tional hazards regression models stratified by sex will be
used to compare trends in outcomes between each of the
different CHD groups, adjusted for age, comorbidities
(diabetes, heart failure, renal disease, hypertension, prior
vascular disease), Aboriginal status, socioeconomic status,
hospital type, admission type, coronary artery revasculari-
sation procedures at initial admission and possibly a term
for the introduction of troponin effect. There will be
high statistical power to detect trends and differences in
outcomes across groups, for example, two groups each
with 1000 cases annually provide over 90% power to
detect a 3% difference in 1-year or 5-year outcomes for
that year, and when aggregated over the study period,
provide 90% power to detect differences as small as 1%.
Proportions and rates of angiography and coronary

revascularisation procedures occurring within 30 days of
onset of incident events will be calculated for total acute
CHD and for each of the CHD subgroups. This will
provide data on whether investigations and procedures
are targeted appropriately at high-risk cases.
Multivariable-adjusted logistic regression models will be
used to examine temporal trends that are adjusted for
demographics, clinical history and indicators, including
time to angiography or revascularisation, based on
methods used in administrative data.26

Objective 3: Translation of evidence-based methods for
monitoring trends in acute CHD using unlinked and linked
health data
The findings from objectives 1 and 2 will be used to
develop further methods for the monitoring of acute
CHD/chest pain for use in unlinked data and linked
data where limited hospitalisation history is available.
This will allow translation of the study findings to the
national setting to improve the accuracy of reporting of
acute CHD trends. The developed methods will also be
disseminated to the other Australian states and territories
that have established linked data systems. Obtaining linked
data at a national level is costly and time-consuming due
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to a lack of well-established and clear cross-jurisdictional
protocols and permission processes for obtaining data.
Hence, the methods we develop will be suitable for
application by individual states to their own administra-
tive data collections.
The algorithm developed in Objective 1 will therefore

be modified and tested for use in other settings. It will
first be applied to the national unlinked data sets, avail-
able through our collaboration on this project with the
AIHW. We will also apply the algorithm to WA data using
different scenarios of hospitalisation history to replicate
linked data settings available in other jurisdictions
(figure 1). This will inform us of the extent of agree-
ment between the new validated algorithm and the
other unlinked and linked data situations available in
Australia. We will then systematically modify variables
within the algorithm, including different lengths of look-
back period (to exclude recurrent events), methods for
identification of transfers, extent to which ED and bio-
marker data are included and aggregation of different
subgroups of CHD. The extent of agreement between
the best-practice algorithm and the modified versions
will be tested by calculating the difference between each
method in each calendar year. These data will be pre-
sented as temporal trends in the percentage of overesti-
mation or underestimation of each algorithm, a method
previously used by the AIHW.17 This will determine
which modified version is the most accurate for use in
unlinked data at a national level, and for linked data
with limited history available.
Further specific issues which will be investigated are

(1) the lack of concordance between coding of death in
hospital and mortality register coding; (2) why some hos-
pitalisations coded as ‘transferred to another acute hos-
pital’ do not have a subsequent record identified in
linked data; (3) ability to account for interstate transfers
and (4) whether non-fatal acute CHD admissions should
be included in the algorithm if they are transferred but
not recorded as MI or unstable angina in the subse-
quent record (these cases are not included in the
current national algorithm).

Ethics and dissemination
Approval to undertake this study has been provided by
the Human Research Ethics Committees of the WA
Department of Health (#2016/23) and The University
of Western Australia (RA/4/1/7230). The use of
de-identified population-level linked data in Australia is
provided under a waiver of consent, thereby removing
the need for individual informed consent.
The monitoring algorithm developed by this project

will be of great relevance for state-based and national
monitoring and analyses of acute CHD in Australia.
Dissemination of the new methods will be undertaken in
conjunction with the AIHW, and will include workshops
with representatives from relevant end-users of linked
administrative health data in Australia. The findings will
also have international relevance, as results will be of

interest to researchers in international linked data juris-
dictions. Results will be communicated to an inter-
national audience via peer-reviewed publications, reports
and conference presentations.

DISCUSSION
Reliable and accurate monitoring of acute CHD is an
important means of identifying changes in the epidemi-
ology of this disease and demonstrating the impacts of
acute care and primary and secondary prevention at the
population level. Changes in diagnostic measures, clin-
ical classifications and service-level factors over the past
decade mean that previously applied methods for identi-
fying MI and CHD in administrative health data, includ-
ing distinguishing incident from recurrent events, are
no longer reliable. Accurate measurement of trends in
MI and other subgroups of CHD, which are indicators
of severity and/or treatment approaches, will provide a
better estimate of true population trends.
The findings of this study will have important implica-

tions for the monitoring of CHD in Australia and inter-
nationally. In Australia, the differing progress of data
linkage systems means that different methods for moni-
toring may be required. For example, some jurisdictions
have limited available hospitalisation history, or are
unable to link multiple data collections. This also applies
to international settings, where only unlinked data are
available, or where shorter lookback periods are available
in the linked data systems. Our methods and results may
therefore be generalisable to some of these settings with
comparable systems. The study will also have important
clinical implications, as it will determine our ability to
measure trends in STEMI and NSTEMI in a whole-
population setting. Registry data are extremely important
for reporting on patient characteristics, inhospital man-
agement and short and longer-term outcomes in these
patient groups. However, they are seldom able to provide
long-term temporal trends or whole-population data in
this setting. The ability to measure accurate trends in
STEMI and NSTEMI will provide important information
on efficacy of treatment in each of these patients groups.
Rapid increases in presentation and admissions for

chest pain have clearly had a major impact on the work-
load of EDs.27 Understanding the factors that have con-
tributed to this, particularly the use of sensitive
diagnostic tests, is essential for predicting future work-
loads and developing strategies to deal with the
problem. Very little is known about the increasing popu-
lation of persons who present each year to Australian
hospitals with chest pain, but are not diagnosed with
acute CHD. Comparison of the socio-demographic and
clinical characteristics and long-term outcomes of those
diagnosed with acute CHD will help identify patients in
whom further follow-up may be required.
A major strength of this study is our ability to access

data sources beyond morbidity and mortality data sets.
The inclusion of clinical data, including ECGs and
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biomarker data in developing the monitoring algorithms,
will improve the accuracy and utility of the algorithms,
and will also broaden the scope of the use of administra-
tive data. This will be a novel approach and ahead of
current efforts to include laboratory data within linked
data systems. This has the potential to extend to other
linked data systems, particularly if the use of biomarker
data substantially improves the monitoring algorithm. A
further strength of the long-standing WADLS compared
with newer state-based data linkage systems is the long-
term availability of hospitalisation history for differentiat-
ing between incident and recurrent events, and the
number of years available for trend analysis.
There are limitations in our study which are inherent

with the use of administrative data sets. The analysis to
determine the temporal consistency of recording of MI
type within the administrative data will likely be based
on reviewing cases coded as MI within the administrative
data. Our previous validation work has already shown
the proportion of cases which are misclassified and
recorded as a non-MI code (usually unstable angina)22

and this will be taken into account in the analyses.
Retrospective collection and review of ECGs from hos-
pital records will only allow us to differentiate between
STEMI and NSTEMI in terms of ECG criteria within
clinical guidelines, but does not capture the complex
setting within which clinicians are required to make
diagnostic decisions. Thus, the use of biomarker data
and other variables within the clinical and administrative
data will also serve to underpin the analyses of temporal
consistency. For the analyses including out-of-hospital
deaths, we will be unable to validate cause of death
coding from the original death certificates, but will
instead test various algorithms, including use of multiple
cause of death coding to enhance analyses. Additionally,
we will only have information from administrative data
to identify covariates, including comorbidities and pro-
cedures for the whole-population analyses (Objective 2),

which can underestimate the prevalence of these vari-
ables. However, we have previously shown that there is a
high sensitivity and specificity for the recording of dia-
betes in administrative data in CHD patients,15 and our
previous use of clinical databases shows that coronary
procedures are well recorded in our data sets.28

Although acute CHD, including MI and UA, is com-
monly managed in the hospital setting, there will be a
proportion of cases managed in primary care or which
remain undiagnosed. Additionally, hospitalisation data
will not capture all stable and lower severity cases of
CHD; therefore, our analyses of these CHD subgroups
will be presented as hospitalisation rates rather than true
whole-population rates of stable CHD.

CONCLUSIONS
An improved method for estimating population trends of
the subgroups of acute CHD is required because of diag-
nostic and clinical changes that have occurred since 2000
in Australia. Calculating national and state rates based on
subgroups of CHD using the methods we develop in this
study will provide a better estimate of true population
trends. The innovations from this study will advance the
research utility of using administrative data beyond the
advantages of the individual component data sets
through the incorporation of data sources, including ED
and cardiac biomarker data. Comparisons of outcomes
between each of the subgroups will determine whether
there are differences in risk, and whether there is benefit
in monitoring these groups nationally.
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