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Preface to ”Health Statistics: The Australian

Experience and Opportunities”

Health statistics have progressed dramatically in Australia since the 1980s when the Australian

Government created the Australian Institute of Health. The 12 papers in this Special Issue describe

these developments across a diverse range of topics, as well as providing an overview of the scope of

health statistics in Australia and describing some ongoing gaps and problems.

It is hoped the papers will be of interest to international readers seeking to improve statistics

about their health systems. Each country has its own approach to health and health service delivery

and financing. In developing health statistics, the need to respect individuals’ personal information,

and for data standards, adequate resourcing and committed staffing are issues all countries face;

the Australian experience provides valuable insights and examples. Australians will benefit from a

comprehensive account of what has been achieved and what remains to be addressed. The papers in

the Special Issue demonstrate the importance of continuing commitment to the statistical effort.

Thanks to are due to all the authors for taking time from other pressing commitments to write

these papers. Authors were chosen because of their known expertise in their respective fields, and

it has been a pleasure and a privilege to cooperate with them. Nicola Fortune and Julie Gordon

provided great help and skill in working with the authors, as well as contributing as authors

themselves. Imelda Noti worked tirelessly so that deadlines were met, and the inevitable problems

were efficiently resolved. Finally, thanks to the Journal’s staff for their encouragement and tolerance

throughout.

Richard Madden

Editor

vii
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Abstract: Australia is a federation of six states and two territories (the States). These eight govern-
mental entities share responsibility for health and health services with the Australian Government.
Mortality statistics, including causes of death, have been collected since the late 19th century, with
national data produced by the (now) Australian Bureau of Statistics (ABS) from 1907. Each State
introduced hospital in-patient statistics, assisted by State offices of the ABS. Beginning in the 1970s,
the ABS conducts regular health surveys, including specific collections on Aboriginal and Torres Strait
Islander peoples. Overall, Australia now has a comprehensive array of health statistics, published
regularly without political or commercial interference. Privacy and confidentiality are guaranteed by
legislation. Data linkage has grown and become widespread. However, there are gaps, as papers
in this issue demonstrate. Most notably, data on primary care patients and encounters reveal stark
gaps. This paper accompanies a range of papers from expert authors across the health statistics
spectrum in Australia. It is hoped that the collection of papers will inform interested readers and
stand as a comprehensive review of the strengths and weaknesses of Australian health statistics in
the early 2020s.

Keywords: health statistics; Australian health system; health surveys; Indigenous; data linkage

1. Introduction

Australia is a federation of six states and two self-governing territories (the Australian
Capital Territory and the Northern Territory), referred to in this paper for simplicity as ‘the
States’. These eight governmental entities share responsibility for health and health services
with the Australian (Commonwealth) Government. Many health services are provided
by governments, with the private sector also delivering services, notably in primary care,
dentistry, private hospitals, and pharmacy. Health constitutes some 10% of the Australian
economy [1] (p. 173).

Australia introduced a system of universal health insurance (now known as Medicare)
in the 1970s and 1980s. This covered privately provided medical services and shared the
funding of public hospitals between the Australian and State governments [2]. As a result,
there was a need to know much more about the services that the Australian health system
delivered across its many arms. The decades that followed have seen great progress in
building a national health information infrastructure to inform health policy, resource
allocation, and delivery of health care across the nation. That work continues.

This paper is a commentary that aims to briefly describe the main components of
Australia’s health statistics system, highlight its breadth, successes, and novel features,
point out some limitations, and indicate directions for future development. It provides a
succinct overview of the current state of health statistics in Australia, set within a historical
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context, to inform future work to improve and build on Australia’s health information
infrastructure, and to demonstrate the crucial role of health statistics in running an effective
and responsive health system.

In preparing this commentary, we have drawn upon a broad range of reports, technical
documents, and other resources available on the websites of Australia’s two main national
statistics agencies (the Australian Bureau of Statistics and the Australian Institute of Health
and Welfare) and the Australian Department of Health. The paper accompanies, and is
informed by, a range of papers from expert authors across the health statistics spectrum in
Australia. It is hoped that the collection of papers will inform interested readers and stand
as a comprehensive review of the strengths and weaknesses of Australian health statistics
in the early 2020s.

2. Australia’s Statistical Agencies

Health statistics in Australia come, in large part, from two official statistics agencies—
the Australian Bureau of Statistics and the Australian Institute of Health and Welfare.
Both agencies are apolitical and explicitly serve all sectors of the community. Their val-
ues accord with the UN Fundamental Principles of Official Statistics [3], which state, as
Principle 1, ‘Official statistics provide an indispensable element in the information system
of a democratic society, serving the Government, the economy and the public with data
about the economic, demographic, social and environmental situation’. Principle 1 goes on
to emphasise the need for impartiality and that statistics should be of ‘practical utility’.

The (now) Australian Bureau of Statistics (ABS) dates from 1905, as the national
statistics agency. It conducts a population census every five years, processes and publishes
vital statistics, and conducts a range of social surveys, including in health. In 1987, the
(now) Australian Institute of Health and Welfare (AIHW) was established to focus on
health and community services statistics, especially using administrative data provided
by the States. The AIHW works in conjunction with the ABS. Both agencies operate under
national legislation which strictly protects the confidentiality and privacy of individual
data [4,5]. The AIHW is required to report to Parliament on the state of Australia’s health
and health services every two years, in a publication called Australia’s Health, beginning in
1988, with the most recent in 2020 [1].

3. Development of Health Statistics

This paper gives a brief description of various categories of health statistics in Australia,
beginning with an outline of developments from the beginning of the 20th century. Sources
of health statistics include patient and administrative data, surveys, and clinical registries.

Mortality statistics, including causes of death, have been collected since the late
19th century, with national data produced by the ABS from 1907.

Each State established a hospital in-patient data collection by the 1970s. Data on
each patient episode was provided by the hospital to the State central collection. On its
establishment, the first task for the AIHW was to produce national hospital in-patient
statistics. This was a vital need as, under Medicare, funding of hospitals was now shared
by the Commonwealth and States.

To pursue its charter, to bring together State health data into national collections, the
AIHW led the development of the National Health Information Agreement in 1992. Under
this agreement, all States agreed to establish national minimum datasets for key services,
including hospital in-patients, and provide annual data to the AIHW for collation and
publication. National minimum dataset specifications were developed, data standards
were published in the National Health Data Dictionary (available in electronic form from
July 1997) and, in the early 2000s, AIHW established a national online metadata registry for
health, housing, and community services statistics and information (METeOR) [6].

National Health Information Plans were developed in 1995 and 2002 [7,8], to identify
agreed priorities for national developments in health statistics. Development of a new Na-
tional Health Information Strategy began in 2019 [9] but was not completed before national
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health governance arrangements changed in the light of the COVID-19 pandemic. This
paper refers to the priorities of the 2002 plan, many of which remain just as relevant today.

Australia follows international standards for data collection and analysis where these
exist, notably for causes of death (World Health Organization (WHO)) [10] and health
expenditure (Organisation for Economic Co-operation and Development (OECD)) [11].
The AIHW is the Australian Collaborating Centre for the WHO’s Family of International
Classifications, the focus for Australian work on the development and maintenance of
health classifications.

Australia’s health statistics are financed through a variety of arrangements, including
national direct funding of AIHW and ABS, contract funding by Australian Government
departments, and State health department funding for administrative data and some
special-purpose collections.

4. Health Surveys

The ABS conducted its first National Health Survey in 1977–1978, and these surveys
have been repeated at regular intervals. In 2011, a National Nutrition and Physical Activity
Survey and a National Health Measures Survey were added, providing biomedical informa-
tion, in addition to self-reported information on health conditions such as cardiovascular
disease, diabetes, kidney function, and risk factors.

The first of now regular National Aboriginal and Torres Strait Islander Health Surveys
was conducted in 2004 [12]. Some health data are also collected in National Aboriginal and
Torres Strait Islander Social Surveys [13].

In addition to these national health surveys, the AIHW has conducted a regular
National Drug Strategy Household Survey, beginning in 1985, gathering information on
the use of alcohol, tobacco, and illicit drugs [14].

The ABS conducted a National Survey of Mental Health and Wellbeing in 2007, giving
a one-off view of the characteristics of people with mental health conditions (employment,
housing, etc.) [15].

In 2019–2020, the ABS conducted a Patient Experiences Survey, covering health service
use and experiences with health providers, as part of its annual Multipurpose Household
Survey [16].

5. Health Statistics for Aboriginal and Torres Strait Islander Peopless

Australia has generally high health status, but notably, Aboriginal and Torres Strait
Islander (Indigenous) people experience disadvantages, compared with other Australians,
across a range of health outcomes [17].

Up to 1988, statistics on the health of Australia’s Aboriginal and Torres Strait Islander
people were almost non-existent. Australia became a nation in 1901. Its Constitution
specified that ‘Aboriginal natives’ were not to be included in population estimates. This
now-shocking provision ensured that there was little effort on statistics for the Indigenous
population. Population estimates were conducted administratively, almost certainly under-
estimating the actual Indigenous population [18]. The exclusion provision was removed
from the Constitution in 1967, and data about Indigenous status have been available since
the 1971 Census, with Indigenous identification steadily improving over time [18].

In 1988, the first edition of AIHW’s biennial report, Australia’s Health, brought together
an array of data to demonstrate the poor health status of Indigenous Australians.

The release of the first National Aboriginal and Torres Strait Islander Survey by the ABS
in 1994 [19] marked a considerable step forward by producing a wide range of information
on Indigenous people. The survey captured data on positive aspects of Indigenous life
and culture, such as connection to land, as well as highlighting the systemic and inter-
generational problems Indigenous people live with, including historical separation of
children from families.
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From 1996 on, the AIHW and ABS have worked in collaboration with Indigenous
people to improve information on Indigenous health. A highlight was the release in
1997 of the first edition of The Health and Welfare of Australia’s Aboriginal and Torres Strait
Islander Peoples, published jointly by the two agencies and launched by the Australian
Governor-General [20].

The development of Indigenous health statistics was the number one priority of the
2002 National Health Information Plan [8].

The development of Indigenous health statistics in Australia and many challenging
issues are described by Ring and Griffiths [21] in this issue. The continuing, nationally
acknowledged but persistent ‘gap’ between the health of Indigenous people and that
of other Australians is highlighted each year in national ‘Closing the Gap’ reports [22].
Indigenous health statistics will remain a priority for development and a focus for lively
debate into the future. Indigenous people are increasingly leading the development of
new Indigenous controlled data and pushing the national statistical agencies to redouble
their efforts.

6. Mortality

Each Australian state requires registration of deaths that occur in that state, using
a standard death certificate that is aligned with international requirements set by the
World Health Organization. Data on causes of death have been recorded in line with the
International Classification of Diseases (ICD) since 1907, with over 100 years of causes of
death available for analysis.

In 2006, the AIHW published Mortality over the twentieth century in Australia [23].
This publication showed the path of key diseases over the 20th century. For example,
the female death rate for cancer did not vary much over the century, at 150 deaths per
100,000 population, although the composition changed, with lung cancer rising sharply,
while cancers of the stomach, cervix, and uterus fell. The male cancer death rate increased
from 166 deaths per 100,000 population in 1907 to 287 in 1985 and then fell to 247 by the
year 2000, with lung cancer being the major varying cause of death. The male death rate
for circulatory diseases increased from 437 deaths per 100,000 population in 1907 to 1020 in
1968, before falling to 319 in 2000.

Cause-of-death coding for Australia is centralised at the ABS in Brisbane (using
internationally developed automated software), facilitating the development of specialist
skills. For the past 15 years, the ABS has worked closely with State registrars and the
National Coronial Information System (NCIS), which collates causes of death for all deaths
referred to coroners across Australia and New Zealand. One particular result of this
collaboration is much more complete data on deaths by suicide. The ABS now revises
causes of death where updated information becomes available from coronial investigations
which can take several years, and deaths can be coded as suicides based on the information
in the NCIS.

The paper by Eynstone-Hinkins and Moran [24] in this issue provides up-to-date
information on Australian mortality statistics, including COVID-19 deaths.

7. Hospital Treatment

As already described, a national collection of hospital in-patient data was the first
task of the AIHW on its establishment in 1987. A national minimum dataset was intro-
duced in 1990. Annual data have been published since 1993–1994, and the reporting has
become progressively more timely. The collection covers patients in public and private
hospitals [25].

Statistics on emergency department presentations are also produced, including princi-
pal diagnosis and triage category, as well as demographic characteristics of patients.

Non-inpatient data remain limited to administrative characteristics, with no informa-
tion yet available on reasons for encounter, diagnoses, or interventions.

4
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Hospital in-patient data have formed the information base for many important health
policy developments at national and state levels, including in relation to casemix funding for
hospitals, potentially preventable hospitalisation, and quality and safety developments in
hospitals. Additionally, equity issues around hospital access and variations in intervention
patterns can be explored.

7.1. Casemix Funding

Casemix funding was developed at a national level from the 1980s and was first intro-
duced in Victoria in 1993. Casemix is now referred to in Australia as activity-based funding.
Australia adopted the casemix models originally developed in the United States [26].
Casemix is a measure of hospital output for each patient, based on their diagnoses and
interventions provided.

The Australian casemix system for acute in-patients (Australian Refined Diagnosis
Related Groups) is based on hospital in-patient statistics and a hospital costing survey. The
classifications used are an Australian modification of ICD-10 for diagnoses (ICD-10-AM)
and the Australian Classification of Health Interventions (ACHI). Supplementary systems
exist for sub-acute patients such as rehabilitation and palliative care.

The Australian activity-based funding system, including its supporting classifications,
is not in the public domain. Several countries have licences from the Australian Government
to use the system in their countries.

7.2. Potentially Preventable Hospitalisation

Potentially preventable hospitalisation is an indicator of the effectiveness of primary
care. There is a range of vaccine-preventable, acute, and chronic conditions for which
policymakers believe hospitalisation could be prevented by earlier community-based
care, particularly significant diagnoses of interest include complications of diabetes and
chronic obstructive pulmonary syndrome (COPD) [1] (Section 5). This is an example where
statistics from one sector of the health system can be used as a performance indicator for
another sector.

7.3. Quality and Safety

Selected diagnoses relating to ‘hospital-acquired complications’ are used as indica-
tors of quality and safety issues in Australian hospitals [27]. There are 16 complications,
including pressure injuries, health-care-associated infections, and respiratory complica-
tions. Hospital funding arrangements now include an adjustment for hospital-acquired
complications, taking into account the non-preventable occurrences of these conditions.

Regrettably, there is duplication of hospital in-patient data collections. The Indepen-
dent Hospitals Pricing Authority collects data from the States for its activity-based funding
(casemix) functions. The Australian Department of Health collects clinical, demographic,
and financial information for privately insured in-patients from private health insurers,
and, through the Australian Private Hospital Data Bureau, also collects data from private
hospitals covering patient demographics, clinical information, and hospital charges. The
AIHW’s collection covers most of the data items collected in these collections, apart from
information on charges to private patients.

8. Primary Health Care

In contrast to information on hospital in-patients, primary health care statistics have
had a chequered history and are a significant weak point in Australian health statistics.
Primary health care practitioners, including general practitioners (GPs), nurses, allied
health professionals, pharmacists, dentists, and Aboriginal and Torres Strait Islander health
workers, provide services in a range of community settings and are critical first points of
contact with the health system.
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In 1998, a national sample-based data collection of general practice encounters (BEACH)
was put in place by the University of Sydney and the AIHW, with wide-ranging support
from general practitioners’ professional representative groups and in partnership with a
number of pharmaceutical companies. This unique partnership offered a publicly accessible
dataset and provided information to participating pharmaceutical companies on their
products’ uses. The paper by Gordon et al. [28] in this issue outlines the development and
uses of this data collection.

The Australian Government terminated funding for the BEACH collection in 2016
at short notice and without an alternative data collection in place. Currently, general
practice statistical data are limited to extracts from GPs’ electronic records, which come
from multiple systems without any common data architecture or standards [29]. The
samples drawn are not always structured to enable the production of statistics about all
elements of the population, especially those with significant health disadvantages, such
as Indigenous Australians. The AIHW is leading the development of a National Primary
Health Care Data Asset [30] of which statistics about general practice are one component.

9. Public Health

In 1999, a National Public Health Information Plan was published, which focused on
the need for improving national health surveys. As a result, information on a range of risk
factors has been expanded and systematised over the past 20 years—smoking, alcohol use,
exercise, and diet are examples.

The Australia’s Health series reports on a range of population health indicators, as well
as information on national screening programs. Between 2010 and 2013, Australia had
a specialist agency focusing on preventive health. It produced a national report, State of
Preventive Health 2013 [31], which has not been repeated. This report brought together the
national data on major risk factors, as well as international comparisons.

The National Notifiable Diseases Surveillance System brings together reports on
notifiable diseases across Australia. Fortnightly reports are produced. Notifications in
respect of Indigenous people made up more than half of the 330,000 notifications in 2016,
the latest report available [32].

COVID-19 has seen separate and timely reporting of data on infection cases, hospitali-
sations, and deaths. It remains to be seen whether this results in the quality and timeliness
of notifiable diseases information being improved and strengthened.

10. Mental Health

The paper in this issue by Rosenberg et al. [33] describes the development of mental
health statistics since the 1990s. This development occurred outside the processes estab-
lished under the National Health Information Agreement, even though the Australian
Government and State health agencies were cooperating through their mental health ex-
perts. A separate governance arrangement was established through the Mental Health
Information Strategy Sub-Committee.

The AIHW publishes an annual review of mental health services and associated
resources in Australia [34,35]. Data are drawn from across AIHW data collections and other
sources, including the 2007 ABS National Survey of Mental Health and Wellbeing.

11. Medicines: Use and Outcomes

Comprehensive data on medicines provided to Australians in the community are
available from the national Pharmaceutical Benefits Scheme (PBS), established in 1948.
Medicines below the cost threshold for the PBS and those provided to public hospital
in-patients are not included in the PBS.

The use of these data for pharmaco-epidemiological purposes is described by Pear-
son et al. [36] in this issue. Increasingly, medicines data are linked to other national datasets
(see Section 15, Data Linkage, below). The authors note that studies in Australia are rel-

6



Int. J. Environ. Res. Public Health 2022, 19, 4959

atively few and do not utilise all of the datasets available; they explore possible paths to
facilitate a leap forward in medicine outcome studies.

12. Data on Health and Health Disadvantage for Particular Population Groups

There have been several references already in this paper to health statistics concerning
Indigenous Australians. There are other population groups whose health status and access
to health services also need to be monitored, as they experience significant disadvantages
in relation to health.

People with disability are one such group. Statistics on people with disability and
disability support services have been greatly improved over the past 20 years, although the
introduction of the National Disability Insurance Scheme, itself a major social reform, has
led to a break in the series of nationally consistent data on disability services, which was
collected through the Disability Services National Minimum Dataset from 1991 to 2019 [37].
However, information on the health of people with disability and their access to health
services has generally come from health and disability surveys, rather than from health
services statistics. The paper by Fortune et al. [38] in this issue discusses this in more detail.

Medicare, Australia’s universal health insurance system, gives all Australians the
capacity to access high-quality medical and hospital services. The reality is that there is
a clear excess burden of disease for lower socio-economic groups, notably in coronary
heart disease, lung cancer, chronic kidney disease, and COPD [39]. In addition to survey
evidence, data linkage is facilitating the examination of socio-economic variables in relation
to health. For example, the ABS now links mortality data and census records, which has
allowed examination of mortality due to various health conditions according to household
equivalised income, highest educational attainment, and housing tenure [40].

Australia has about a quarter of its population born overseas, and almost half have at
least one parent born overseas [41] (p. 271). Many health data collections include country
of birth and language spoken at home. However, the AIHW has acknowledged that infor-
mation on culturally and linguistically diverse (CALD) populations is among Australia’s
data gaps [1] (p. 6). Australia’s Health 2020 omitted data on CALD populations altogether.
The 2018 edition briefly discussed the generally lower age-standardised mortality rates
and rates of potentially preventable hospitalisations for people born outside Australia,
compared with the Australian-born population. These data gaps have been thoroughly
addressed in a recent report by the Federation of Ethnic Communities Councils of Australia
(FECCA) [42].

In Australia, prisons and corrective services are the responsibility of the States. Without
Australian Government involvement, it took many years for a national effort to report on
the health of prisoners, which is the responsibility of State health departments or State
correctional services agencies. Since 2009, the AIHW has conducted the National Prisoner
Health Data Collection every 3 years. Data reported highlight significant mental health
problems, high rates of smoking and drug use, and a high prevalence of disability among
prisoners [43].

13. Health Registries

Each Australian State has operated a cancer registry for many years. The AIHW
maintains the National Cancer Statistics Clearing House (NCSCH), which was established
in 1986 as the national repository of cancer incidence and mortality statistics. The repository
is used to produce national cancer statistics. Each jurisdiction uses the national minimum
dataset for its reporting. In addition, the jurisdictions collaborate with the AIHW to produce
registries for breast, cervical, and bowel cancer screening.

There is now a wide range of clinical registries in Australia. These include clinical
quality, disease, immunisation, and product registries. A Framework for clinical quality
registries has been developed by the Australian Commission on Safety and Quality in
Health Care [44].

7
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14. Oral Health

Dental statistics have been well developed in Australia through a specialist centre at
the University of Adelaide, which has worked in collaboration with AIHW. Foundation
work in South Australia was built to give a rich picture of child and adult dental health,
as well as the dental health of Aboriginal and Torres Strait Islander peoples. The paper in
this issue by Amarasena et al. [45] describes a recent national oral health survey and the
changes in dental health over the past 30 years.

15. Data Linkage

Data linkage has been mentioned earlier in this paper. Data linkage involves the
development of enriched datasets by linking two or more datasets. Data linkage in Australia
commenced in Western Australia in the 1990s and now occurs in all State jurisdictions, and
is supported by the Public Health Research Network (see Smith et al. in this issue) [46].
Ethical approval is essential for data linkage because linked data can readily produce
identifiable data even if the original datasets are de-identified.

The AIHW, as described by Jensen [47] has developed the National Integrated Health
Services Information Analysis Asset (NIHSIAA) linking a range of its datasets and other
Australian Government datasets, thus bringing together data covering hospitals, Medicare,
Pharmaceutical Benefits Scheme, Repatriation Pharmaceutical Benefits Scheme, residential
aged care, and the National Death Index.

16. Financing

Australia has produced estimates of national health expenditure since 1980, following
the OECD’s guidelines. The paper by Goss [48] in this issue discusses this work and presents
a fascinating dissection of the growth in Australia’s health expenditure this century.

17. Workforce

From its commencement in 1987, the AIHW collated health workforce data from state
registration authorities, with a focus on the medical and nursing workforce. At registration
(then administered at the state level), individual practitioners were asked to provide
demographic and employment information about themselves. The resulting statistics
formed a valuable basis for workforce planning, highlighting urban/rural disparities in the
medical workforce and the ageing of the nursing workforce.

In 2010, national health workforce registration was introduced through the National
Registration and Accreditation Scheme, and responsibility for statistical reports remained
with AIHW. In 2016, responsibility for workforce statistics was passed to the Australian
Department of Health [44].

The AIHW produced comprehensive reports on the health and community services
workforces after the 1996, 2001, and 2006 population censuses [49].

18. Discussion

The Australian health system encompasses a mix of Australian Government and State
Government responsibilities and is a combination of public and private services. This
complexity makes a national health statistics system essential if the Australian health
sector is to be understood, accountable, responsive, and improved. Since the 1980s, this
system has been established, developed, and maintained. All jurisdictions and sectors
have contributed to this effort. The 1992 National Health Information Agreement (NHIA)
provided a critical framework for the development of national datasets, ensuring common
data standards have been adopted in these datasets. The contrast with health sectors that
have stayed outside the NHIA arrangements is stark.

Australia now has a comprehensive array of health statistics, published regularly
without political or commercial interference. Privacy and confidentiality are guaranteed
by legislation.
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However, there are gaps, as some papers in this issue illustrate; most notable are data
on primary care patients and encounters, with no current reliable information on the reason
for encounter, consultation outcome, and other aspects of primary health care. Similar
gaps exist for patients treated by medical specialists outside hospitals, and for patients of
allied health practitioners. Additionally, some datasets (such as health workforce) exist
in silos, separate from the national statistical agencies where users would expect to find
information readily accessible.

The utility of national health statistical collections is dependent on the development
and widespread use of national minimum datasets, which ensure the supply of comparable
data from different sectors (such as public and private hospitals) and jurisdictions. The
more recent emergence of ‘big data’ sets and analysis provides new opportunities, as long
as good statistical practices are followed [50] and high ethical and privacy standards are
adhered to.

The papers in this issue highlight that health statistics must respond to health policy
needs and developments, and to emerging health issues. Casemix funding for hospitals
energised the development and supply of hospital statistics and now relies on them.
COVID-19 has led to more timely incidence and mortality statistics and focused attention
on the calculation of excess mortality in a pandemic [35].

Work on the postponed National Health Information Strategy should be resumed
so that clear priorities for health statistics developments are identified and committed
to by all stakeholders. National consultation had occurred prior to the deferral of the
development in 2020, which naturally gave rise to wide-ranging demands for improved
data and analysis. It is important that the strategy focuses on a few key areas with clear
short- and medium-term priorities. These include the following aspects:

• Primary health care: Broad-ranging work on a National Primary Health Care Data
Asset has been underway for some years by the AIHW. This appears to have an ambi-
tious scope and needs to be seen as a project of long-term development. Immediate
steps are needed to fill the gap left by the termination of the BEACH collection, with a
robust, statistically reliable, and nationally representative collection. The limitations
of generating statistics based on data extraction from GP electronic records must be
acknowledged and addressed, as well as methods developed to overcome these.

• Disability: The development of a National Disability Data Asset is advancing, and
significant funding was allocated by the Australian Government in late 2021. This
development is broadly focused and relies mainly on the identification of people with
disability through disability-specific services and payments. The ability to identify
people with disability consistently within health service data systems is necessary for
monitoring equity of access and outcomes. Creating a succinct question or short set of
questions that can function as a disability ‘identifier’ for use in administrative data
collections is a key priority.

• Mental health: Developments in this sector have occurred outside the mainstream
structures under the National Health Information Agreement, so statistics in this
crucial health sector remain separate from other health statistics. Data linkage provides
a strong platform today to bring together data on services provided in the various
sectors: primary health care, community care, and hospitals. The National Health
Information Strategy development needs to prioritise mental health statistics and
integrate them with other health statistics streams.

• Hospital in-patient statistics: The duplication of collections described above should
be removed, with the national collection for public and private hospitals managed by
the AIHW, which should prepare a common dataset for all other national agencies.
While some additional data items would need to be added to the AIHW collection,
one collection would replace four.
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19. Conclusions

Australia has a robust and reliable set of health statistics. This is the result of many
decades of national governance cooperation, resourcing, and effort. The ongoing com-
mitment of resources and collaboration among stakeholders continues to be essential to
ensure a robust evidence base to inform policy and practice, based on nationally consistent
data standards, and to underpin research efforts, into the future. Some specific poten-
tial improvements have been highlighted, and the full potential of data linkage has yet
to be achieved.

People provide information about themselves and their health in many settings and
are often unaware that this information provides input to health statistics which, in turn,
improves health and health services [47]. Respecting individuals’ data remains at the heart
of the health statistics effort, and using it as well as possible is a key responsibility for the
statistical community.
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Abstract: Despite significant developments in Aboriginal and Torres Strait Islander Health informa-
tion over the last 25 years, many challenges remain. There are still uncertainties about the accuracy
of estimates of the summary measure of life expectancy, and methods to estimate changes in life
expectancy over time are unreliable because of changing patterns of identification. Far too little use
is made of the wealth of information that is available, and formal systems for systematically using
that information are often vestigial to non-existent. Available information has focussed largely on
traditional biomedical topics and too little on access to, expenditure on, and availability of services
required to improve health outcomes, and on the underpinning issues of social and emotional wellbe-
ing. It is of concern that statistical artefacts may have been misrepresented as indicating real progress
in key health indices. Challenges and opportunities for the future include improving the accuracy
of estimation of life expectancy, provision of community level data, information on the availability
and effectiveness of health services, measurement of the underpinning issues of racism, culture
and social and emotional wellbeing (SEWB), enhancing the interoperability of data systems, and
capacity building and mechanisms for Indigenous data governance. There is little point in having
information unless it is used, and formal mechanisms for making full use of information in a proper
policy/planning cycle are urgently required.

Keywords: Aboriginal and Torres Strait Islander health; Indigenous health measurement; life
expectancy; misleading statistics; management use of information; data sovereignty; governance

1. Progress

Thompson [1] and Smith [2] have described the early history of the development of
Aboriginal and Torres Strait Islander health statistics. In brief, the National Health and
Medical Research Council (NHMRC) in 1955 drew attention to the fact that despite reported
high levels of Indigenous morbidity and mortality in parts of Australia, precise information
was not available. The first regular collection of data was commenced by the Northern
Territory (NT) administration on infant mortality in 1957, but that was the only systematic
collection for many years. In 1973 Commonwealth and jurisdictional Health Ministers
endorsed a policy of collecting national Aboriginal health statistics. Progress was painfully
slow and in the early 1980s no jurisdiction identified Aboriginal and Torres Strait Islander
people in birth and death records. This is despite the 1967 constitutional changes to include
Aboriginal and Torres Strait Islander people in the national population count. In 1984
the Commonwealth established a high-level taskforce on Aboriginal health statistics, but
progress with implementation of its recommendations to prioritise Indigenous identifiers
in vital statistics and hospital and perinatal statistics by the jurisdictions was patchy.
Responsibility then passed to the newly formed Australian Institute of Health (AIH), but
the funds provided for progressing the development of Indigenous health statistics were
only half of those recommended arising from the National Aboriginal Health Strategy
(NAHS) in 1989.
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There have been extensive developments in the capture of Aboriginal and Torres Strait
Islander data for the purposes of national statistics in the last 60 years. Since federation,
there have been a number of laws enacted for the purposes of identifying and counting
Aboriginal and Torres Strait Islander people [3]. While there are departments, centres,
and groups within the Australian government that focus on Aboriginal and Torres Strait
Islander statistics, there have been some, but limited, developments in government support
for Aboriginal and Torres Strait Islander oversight. Historically, it has often been indi-
viduals within government who have worked with Aboriginal and Torres Strait Islander
communities and individuals to support the visibility of Indigenous people in the nation.

The Australian Bureau of Statistics (ABS) and the Australian Institute of Health and
Welfare (AIHW) instituted a joint unit in Darwin in 1996. In 1997 this unit produced the
first in a series of what was intended to be flagship biennial publications on the Health and
Welfare of Australia’s Aboriginal and Torres Strait Islander Peoples [4]. Importantly, the
first edition was launched in Darwin by the Governor General of Australia, Sir William
Deane, who emphasised the importance of good statistics to drive good policy and action:

“This report will hopefully do much to influence all Australians, both Indigenous
and non-Indigenous, to approach the question of the health and welfare of Aboriginal and
Torres Strait Islander peoples, particularly children, on the basis of unprejudiced statistical
facts [5].”

The joint unit was disbanded after 7 years, and ABS and AIHW followed independent paths.

1.1. The Aboriginal and Torres Strait Islander Health Information Plan

It was in this context that the Aboriginal and Torres Strait Islander Health Information
Plan was prepared for the Australian Health Ministers Advisory Council (AHMAC) by
ABS and AIHW in 1997 [6], appropriately subtitled . . . This time let’s make it happen, and is
a convenient starting point. The subtitle is an explicit recognition of the relative failure of
previous attempts to make significant progress with this important topic. As the foreword
to the report says:

In 1994 the AHMAC endorsed the recommendation of the national body responsible
for national health information, that the highest national priority was to:

“Work with Aboriginal and Torres Strait Islander peoples to develop a plan to improve
all aspects of information about their health and health services.”

Funds were provided to implement that recommendation and develop a plan.
AHMAC accepted the recommendations of the Report and instructed the National

Health Information Management Group (NHIMG) to oversee the implementation. NHIMG
established an implementation group including Indigenous health organisations and other
agencies for this purpose.

The report described the shortcomings in the collection, processing and use of Indige-
nous health information, and emphasized the central role of the poor quality of Indigenous
identification in current collections. The report went on to say that there was little new in
its findings and recommendations and noted the lack of commitment to implement the
findings of the numerous reviews that had been undertaken as the chief reason for the
overall lack of progress.

Up until the publication of this report, the main source of national information had
been the National Aboriginal and Torres Strait Island Survey conducted by the ABS in
1994 [7]. This was as part of the Government’s response to Recommendation 49 [8] of the
Royal Commission into Aboriginal Deaths in Custody, “That proposals for a special national
survey covering a range of social, demographic, health and economic circumstances of the
Aboriginal population with full Aboriginal participation at all levels be supported”. The
aim was to provide Australian governments with a “stronger information base for planning
for the empowerment of Australia’s Indigenous peoples and for measuring progress in
meeting their objectives, aspirations and needs”.
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1.2. National Advisory Group on Aboriginal and Torres Strait Islander Health Information and
Data (NAGATSIHID)

NAGATSIHID was established “as a result of a decision by AHMAC in October 2000,
to improve reporting on the health status of Indigenous Australians. It was set up as
the national body to create a partnership between the Commonwealth, jurisdictions and
Aboriginal and Torres Strait Islander people to improve Indigenous information in national
and jurisdictional data collections” [9]. The purpose of the committee was to make strategic
decisions regarding the use of government held data pertaining to Aboriginal and Torres
Strait Islander people and work to improve the quality and accessibility of Indigenous data
and information.

What made NAGATSIHID different from other committees was: “(i) the level of
representation from the governments (chaired by an AHMAC member); (ii) it had a
majority Aboriginal and Torres Strait Islander membership with representatives from a
wide range of key stakeholders in Aboriginal and Torres Strait Islander health such as the
community controlled sector, academia and the government sector with decision making
made through an Aboriginal and Torres Strait Islander quorum; (iii) it provided a unique
example of an effective working partnership between government agencies, Aboriginal
and Torres Strait Islander people and organisations to advance the development and use of
data and information on the health of Indigenous Australians; (iv) having a majority of
Indigenous people on NAGATSIHID gave the agencies some confidence that the decisions
by AHMAC (through NAGATSIHID) reflect the views of Indigenous people and their
representative bodies; and (v) it is recognised internationally and has been responsible for
many of the significant changes in Aboriginal and Torres Strait Islander health statistics
and data” [9].

The main role of NAGATSIHID was “to provide broad strategic advice to AHMAC,
and in particular was responsible for:

• Continuing the implementation of the 1997 Aboriginal and Torres Strait Islander
health Information Plan—this time let’s make it happen (AIHW 1997 [6]);

• Advising AIHW and ABS on information and data priorities;
• Providing advice to the Australian Government’s Department of Health (DoH) on the

Aboriginal and Torres Strait Islander Health Performance Framework (HPF)” [10].

NAGATSIHID was abolished in 2019, without notice to its members. While there are
a number of advisory committees within government agencies [11,12] to support decision-
making regarding Aboriginal and Torres Strait Islander data by those individual agencies,
there has been no replacement to the principal committee.

1.3. Development of National Surveys

In 2001, the National Health Survey was enhanced with a supplementary sample of
Indigenous people of sufficient size to produce national estimates for Indigenous people.
The supplementary sample was part funded by the Commonwealth and the jurisdictions,
and became the first national Indigenous health survey. This was followed by a larger
supplementary Indigenous sample in 2004 to provide both national and jurisdictional
estimates, and thereafter, was conducted every 6 years [13].

Even though a national biomedical risk factor survey had been conducted for the
Australian administration in Papua New Guinea in the late 1960s [14], it was not until
2012–2013 that a parallel survey was conducted in Australia, and was made possible by
additional funding provided by the Australian Government Department of Health and the
National Heart Foundation of Australia. This national survey included two Indigenous
components, a National Aboriginal and Torres Strait Islander Nutrition and Physical
Activity Survey and a National Aboriginal and Torres Strait Islander Health Measures
Survey [15].
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1.4. ABS and AIHW Publications

Currently, the ABS has a range of publications concerning Aboriginal and Torres Strait
Islander peoples, based largely on the census and the extensive ABS survey program [13]
covering health surveys; population estimates and projections; life tables; understanding
the increase in census counts; Torres Strait Islander people characteristics; Aboriginal and
Torres Strait Islander women; smoking trends; education, etc.

The AIHW regularly produces a wide variety of publications on Indigenous health
and welfare topics. Recent topics include: the Health Performance Framework; acute
rheumatic fever and rheumatic heart disease; Indigenous injury deaths; Indigenous specific
primary health care datasets: The Online Services Report and the national Key Performance
Indicators; Northern Territory remote Aboriginal investment: oral health program; better
cardiac care measures for Aboriginal and Torres Strait Islander people; cultural safety in
health care for Indigenous Australians; hearing health outreach services for Aboriginal
and Torres Strait Islander children in the Northern Territory; aged care; disability support;
Indigenous community safety; Indigenous education and skills; Indigenous employment;
Indigenous housing; Indigenous income and finance; understanding Indigenous welfare
and wellbeing; Indigenous eye health; Indigenous mental health and suicide prevention
clearinghouse, etc.

1.5. The Overcoming Indigenous Disadvantage (OID) Report

The Council of Australian Governments (COAG) commissioned the OID [16] report
in 2002, and nominated two core objectives for the report:

• To inform Australian governments about whether policy programs and interventions
are achieving improved outcomes for Aboriginal and Torres Strait Islander people;

• To be meaningful to Aboriginal and Torres Strait Islander people.

As the 2020 report [17] says, “This edition of the report seeks to identify the significant
strengths of, and sources of wellbeing for, Aboriginal and Torres Strait Islander people—
and to illustrate the nature of the disadvantage they experience, focusing on the key
structural and systemic barriers that contribute to this disadvantage. The framework of
indicators focuses on some of the factors that contributed to their wellbeing or that cause
the disadvantage they experience, these factors were selected based on evidence, logic
and where experience suggests that targeted policies will have the greatest impact. The
indicators are supplemented by additional research on structural and systemic barriers
that contribute to, or maintain, the disadvantage experienced by Aboriginal and Torres
Strait Islander people, and where governments may have a role in removing barriers.”

1.6. The Aboriginal and Torres Strait Islander Health Performance Framework

The purpose of this report is said to be that “The Aboriginal and Torres Strait Islander
Health Performance Framework (HPF) monitors progress in Aboriginal and Torres Strait
Islander health outcomes, health system performance and the broader determinants of
health (such as employment, education and safety). The HPF is a comprehensive source of
evidence designed to inform policy, planning, program development and research.

Beginning in 2006, HPF reports have been released every 2–3 years. The HPF includes
data analysis drawn from over 60 data collections, findings from research and evaluations,
and analysis of implications of the evidence for government, health services and the
research sector.

The HPF consists of 68 measures across three domains (Tiers): Tier 1—Health status
and outcomes; Tier 2—Determinants of health; Tier 3—Health system performance” [18].

1.7. Expenditure

The Indigenous Expenditure Report (IER) aims to contribute to better policy making
and improved outcomes for Indigenous Australians and will

“3. include expenditure by both Commonwealth and State/Territory governments
(and local government if possible), and over time will:
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(a) Allow reporting on Indigenous and non-Indigenous social status and economic status;
(b) Include expenditure on Indigenous-specific and key mainstream programs;
(c) Be reconcilable with published government financial statistics.

4. focus on on-the-ground services in areas such as: education; justice; health; housing;
community services; employment; and other significant expenditure

6. provide governments with a better understanding of the level and patterns of
expenditure on services which support Indigenous Australians, and provide policy makers
with an additional tool to target policies to Close the Gap in Indigenous Disadvantage” [19].

Reports have been produced periodically since 2010 with the most recent report being
the 2017 version.

While the IER produced by the Productivity Commission focuses on government
expenditure, expenditure analysis carried out by AIHW for the HPF “encompasses gov-
ernment, non-government, private and individual expenditure on health and medical
services, hospital services (admitted and non-admitted patients), community health ser-
vices, dental services, aids and appliances, pharmaceuticals, patient transport and public
health programs . . . ”. It points out that “four interacting factors within Australia’s health
system potentially have major consequences for the health of many Aboriginal and Torres
Strait Islander people, namely limited Indigenous-specific primary health care services;
Indigenous Australians’ underutilisation of many mainstream health services and limited
access to government health subsidies; increasing price signals in the public health system
(such as co-payments) and a low Indigenous private health insurance rate; and failure to
maintain real health expenditure levels over time” [20]. An important element of the AIHW
expenditure analysis is that, unlike the IER, it includes non-government expenditure as well
as government expenditure, allowing for a more meaningful comparison of Indigenous
and non-Indigenous expenditure on health and social areas.

1.8. Indigenous Data Developments

A range of conversations and meetings to identify what is required for data to support
the needs and aspirations of Aboriginal and Torres Strait Islander people have occurred
more frequently over the past 5 years. Emerging from these discussions, Aboriginal and
Torres Strait Islander people identified the need for strategic government and organisational
partnerships to work towards the development of the data capabilities of Aboriginal and
Torres Strait Islander communities for the purpose of community advancement.

Initiatives such as the Maiam nayri Wingara Indigenous Data Sovereignty Collec-
tive [21] and the Indigenous Data Network (IDN) [22] have emerged as Indigenous-led
groups to support the systems and governance of Indigenous data. Further, there has been
a range of advocacy and negotiations between Aboriginal and Torres Strait Islander leaders
and governments to further develop Indigenous data, particularly at the regional level.
Recently, the IDN was funded by the Australian Government via the National Aboriginal
Community Health Organisation (NACCHO), and is a part of the National Agreement on
Closing the Gap [23] (National Agreement), which focuses on shared access to data and
information at a regional level.

The $1.3 million project, led by Indigenous researchers and experts from around the
country, was to support Priority Reform Four of the National Agreement that aims to
improve and share access to data and information to enable Aboriginal and Torres Strait
Islander communities to make informed decisions.

The IDN had been working in partnership with the Coalition of Aboriginal and
Torres Strait Islander community-controlled peaks (Coalition of Peaks) to support the
development of a new platform, which will enable Indigenous organizations to upload
and analyze their own data.

“The data collected will be focused on the areas and targets, including the Priority
Reforms, in the newly agreed National Agreement on Closing the Gap. It will span health,
education, employment, justice, environmental management and cultural heritage services,
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ensuring Indigenous organisations can make evidence-based decisions to set strategies that
are aligned to community needs”.

“The launch of this project is the latest achievement for the IDN, which was established
in 2017 to give voice to the principles of Indigenous data sovereignty—the recognition
of intellectual property and other rights [24] of Indigenous people and entities in their
data so that it cannot be harvested without consent by governments or any other data
collector—and to lead a push for the implementation of national Indigenous data gover-
nance framework” [22].

Announcing the data project in his 2021 February address, Closing the Gap Statement
to Parliament, Prime Minister Scott Morrison said that “a vital part of empowering In-
digenous communities is giving them the data and information to inform their decision
making.” [25].

1.9. Data Sharing

The Australian government has invested significantly in its national data capabilities to
monitor the progress of the nation’s health through data sharing. In August 2018, the Prime
Minister and Cabinet established the Office of the National Data Commissioner to build
and support the infrastructure and use of public data [26]. Other national initiatives have
included the National Collaborative Research Infrastructure Strategy and the Strategic
Committee for National Health Information to make better use of research and health
data [27]. These initiatives are developments arising from a range of internal government
developments in data sharing. This includes the ABS Multi-Agency Data Integration
Project (MADIP) in 2015. After its establishment, almost $131 million was invested in the
Data Integration Partnership for Australia (DIPA) from 2017 to 2020 to improve technical
data infrastructure and data integration capabilities across the Australian Public Service.
These data assets have and continue to be used for a range of government projects and
have the potential to improve statistical understandings as well as data quality.

For Aboriginal and Torres Strait Islander people there are limited mechanisms to
govern Indigenous data within governments. There is currently no available information
regarding who is making decisions regarding linked Aboriginal and Torres Strait Islander
data and the above-mentioned data assets. In terms of data sharing, there is still a way to
go regarding the interoperability of the data systems and platforms outside of government.
This includes the linkage of primary health care, disease registries, and surveillance systems,
and broader sectors of data collections, such as education and justice, which can provide
critical insights to the distribution and determinants of health and disease in Australia.

1.10. International Indigenous Information Developments

The International Group for Indigenous Health Measurement [28] (IGIHM) was
founded in 2005 and brings together Indigenous and non-Indigenous, government and
non-government, statisticians, researchers, and health professionals from the four founding
members of this group, Australia, Canada, New Zealand, and the United States, and, more
recently, representatives from Sami organizations and Indigenous peoples from South
America. The IGIHM’s goals are “first, to promote awareness of the deficiencies of health
data for Indigenous populations in our four countries and second, to collaborate inter-
nationally on improved methods and policies that will contribute to the improvement of
Indigenous health. Since its founding in 2005, the IGIHM has pursued a variety of activities
to further its goals. These activities have centred on multi-national partnerships as well
as the promotion of improved methods for the collection, analysis, interpretation and
dissemination of information useful for improving the health of Indigenous populations,
enhancing Indigenous health knowledge and data, and the elimination of health dispari-
ties” [29]. A major recent focus has been on promoting Indigenous measurement issues in
international forums including UN Statistical agencies, and the International Association
for Official Statistics.
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2. Pitfalls

2.1. Census

In the 1967 Referendum, Australians voted overwhelmingly to amend the Constitution
to allow the Commonwealth to make laws for Aboriginal people and include them in the
census. “Turnout for the referendum was almost 94 per cent, and the result was a strong
‘Yes’ vote, with a significant majority in all six states and an overall majority of almost
91 per cent . . . ” [30]. The legislation for the referendum was passed unanimously by
the parliament.

The ABS had compiled experimental life tables for Indigenous Australians following
the 1996 and 2001 Censuses of Population and Housing. Those estimates were compiled
using different indirect demographic methods and were subject to a range of caveats [31].
Subsequently, ABS changed its methodology to direct methods. This change in method was
generally welcomed although it was argued that the direct method understated Indigenous
deaths and overstated life expectancy [32].

The direct method attempts to correct for under identification of deaths by use of
the Post-Enumeration Survey (PES), but there is some uncertainty about the accuracy
of national estimates for Indigenous life expectancy as the PES may be too small in the
60+ group, leading to high raising fractions based on small numbers of deaths, and there is
also uncertainty about the adequacy of the size of the linked deaths/census sample itself.
Further, the fact that ABS and AIHW produce similar estimates for life expectancy using
different methods, rather than adding weight to the accuracy of both, suggests that both
may overstate life expectancy as the AIHW method [33] is based on data sources, all of
which are known to be incomplete.

Apart from the concerns about the accuracy of national estimates of Indigenous life
expectancy derived from the census, the capacity to detect differences between succes-
sive five-yearly national life expectancy estimates, as statistically significant is at best
doubtful [34]. This is in part because of significant changes in Indigenous identification
between successive censuses. It is estimated that between 2011 and 2016 approximately
120,000 people who identified as non-Indigenous in 2011 identified as Indigenous in
2016, and approximately 40,000 people who identified as Indigenous in 2011 identified
as non-Indigenous in 2016 [35]. Thus, a net 80,000 people changed identification from
non-Indigenous to Indigenous from a census count of approximately 650,000 in 2016 and
these newly identified people largely lived in cities and were better educated, more likely
to be employed and had higher incomes—and were presumably healthier. Given the
potential errors in each census and the proportionate size of the change in identification
(approximately one in 8) and the fact that the newly identified people may well have
been healthier, it becomes difficult if not impossible to determine whether any apparent
increase in life expectancy between successive censuses is real or at least partially due to
statistical artefact.

2.2. Backcasting

The other main method in assessing the extent of mortality or other changes over
time is by the use of backcasting. “This technique requires assumptions to be made about
past levels of mortality taking into account the most recent 2016 census data to utilise the
best quality estimates available. These are applied to the 2016 base population to obtain
a ‘reverse-survived’ population for the previous year. The assumptions are then applied
to this new reverse-survived population to obtain a population for the preceding year.
This process is repeated until the first year of the estimation period is reached [36].” ABS
provides backcast population estimates for 2006–2015, but advises caution in backcasting
for earlier periods:

“ABS advises that the 2001 to 2005 estimates included in the spreadsheet attached to
this release should be used with caution.

Reliable life expectancy estimates of the Aboriginal and Torres Strait Islander pop-
ulation are not available for the period 2001 to 2005. Therefore, mortality assumptions
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for these years were based on trends in life expectancy during 2005–2007 and 2015–2017.
There will be a greater alignment between this assumption-based mortality and the actual
mortality for the years closer to the base year than those for the out years.

Moreover, estimates of the Aboriginal and Torres Strait Islander population on 30 June
2016 (based on the 2016 census) are 19% larger than those on 30 June 2011 (based on the
2011 Census). As a consequence, the use of this 2016 ERP base introduces uncertainty to
the historical estimates. The uncertainty increases as the time from the base year increases”.

Apart from the historical uncertainty about population estimates for earlier periods as
noted by the ABS, there is a troubling circularity in the method in that in estimating trends
in mortality, the method is dependent on assumptions about the mortality trends—the very
parameter being estimated.

Nonetheless, government agencies show mortality trend graphs going as far back as
1998 [17,18,37]. A typical graph is shown below [18] (Figure 1). The commentary accompa-
nying the graph says that “these changes resulted in the gap between the two populations
decreasing significantly by 49% from 1998 to 2018. Most of this improvement was seen
between 1998 and 2006, when the gap narrowed significantly by 42%. Over the period 2006
to 2018, the gap continued to narrow by 8% but this was not a significant change.”

Figure 1. Age-standardized death rates, by Indigenous status, NSW, Qld, WA, SA, and NT, 1998–2018. Source: https:
//www.indigenoushpf.gov.au/measures/1-22-all-causes-age-standardised-death-rates. (accessed on 16 August 2021).

It is hard, if not impossible, to explain what health service, social, economic, or
political changes might plausibly account for such dramatic improvements (42%) in the
mortality gap between 1998 and 2006, and at the same time for a non-significant change
in the mortality gap between 2006 and 2018. It is quite possible, and perhaps likely, that
the apparent dramatic improvements between 1998 and 2006 were statistical artefacts
associated with a lack of attention to the ABS cautionary advice, rather than real changes.

It might reasonably be concluded that it is unsafe to backcast for longer than 10 years.
On that basis, the AIHW conclusion is that, “Consistent with the observed decline in
mortality, life expectancy at birth increased for both Indigenous males and females during
the reference period (2001–2005 to 2011–2015). However, greater increases in life expectancy
at birth occurred for non-Indigenous males and females, meaning that the gap in life
expectancy between Indigenous and non-Indigenous Australians widened during the
reference period” [33]. This conclusion may provide the most reliable view of trends in life
expectancy in recent years.
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2.3. Misleading Use of Statistics

In addition to the technical issues outlined above, the most recent example of mislead-
ing use of statistics can be found in the Productivity Commission’s 2021 Closing the Gap
report [38].

The text here and elsewhere in the report says that this indicator (healthy birthweight)
is “on track”. This is manifestly not the case and is apparently based on just two points, 2017
and 2018. Projecting a trend from two points is simply inappropriate as the accompanying
graph and supporting tables makes clear and the caveat does not deal with the real issue—
the indicator is actually not on track. Many readers may struggle to reconcile the graph,
and the commentary below it (Figure 2), indicating that there has been no change in the
indicator, nationally or for any of the jurisdictions, with the assertion that the indicator is
on track. A reasonable commentary based on the available information might have read,
“There is insufficient data since the baseline year (2017) on which to base a trend, but the
period from 2014 to 2018 does not suggest the target is on track.”

Figure 2. By 2031, increase the proportion of Aboriginal and Torres Strait Islander babies with a healthy birthweight to
91 percent. Nationally in 2018, 88.9 percent of Aboriginal and Torres Strait Islander babies born were of a healthy birthweight.
This is similar to 2017 (the baseline year). Source: https://www.pc.gov.au/closing-the-gap-data/annual-data-report/2021
/closing-the-gap-annual-data-compilation-report-july2021.pdf (accessed on 16 August 2021).

The interests of First Nations peoples are in no way served by asserting that such a key
indicator is on track and hence current efforts to improve the health of mothers and infants
are adequate, when, in reality, that is far from being the case and significantly greater effort
is required so that this key indicator will cease to flatline and will start to move in the right
direction. The material from the report for this indicator is shown above.
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2.4. Use of Information

Though there were and are limitations in the data that were available and some
significant gaps in available information, for many years now, there has been a wealth of
information that was available and readily accessible to administrators and policy makers.
The Aboriginal and Torres Strait Islander Health Performance Framework, the Health
and Welfare of Australia’s Aboriginal and Torres Strait Islander Peoples, the OID Reports,
and the annual Closing the Gap Reports released by the Prime Minister at the opening of
parliament each year all provide a wealth of information on health indices and progress or
lack of progress.

Yet there seems no formal process for policy makers and service providers to examine
each report and take policy and management decisions on the findings. The process seems
little better than sitting around hoping next year’s numbers might look better without
taking formal action to evaluate the findings and take the necessary action to improve
performance—particularly in a climate where all can see that progress has been inadequate.
This is in part because: evaluation is generally bitty, piecemeal, and not embedded in a
formal policy and planning cycle; in part because the sheer volume of material makes
it almost indigestible; a false sense of reassurance compounded by misrepresentation of
statistical artefact as real progress; too little information is available on the availability of,
funding for, access to, appropriateness or effectiveness of services required to improve
outcomes; also because indicators are reported on as discrete measures separately and
independently and the interrelationship between them not specified (if progress in all
causes mortality is disappointing, no information is provided on services for chronic
disease); information is generally only available at national and jurisdictional levels rather
than service delivery or community levels; but above all there is simply no formal process
to examine the content of these reports and see what lessons could and should be learnt to
achieve the progress specified in national goals.

Monthly, six monthly, and annual reviews to examine available data on performance
are not a feature at any level, certainly not at national, jurisdictional, or regional levels,
though some services may be doing so. This is amateur hour writ large—and the conse-
quences for the health and welfare of Aboriginal and Torres Strait Islander people are very
significant in terms of preventable admissions and deaths.

2.5. Surveillance and Monitoring Services

There is a pressing need to ensure that disease surveillance systems and service moni-
toring continue to be efficient, effective, and appropriate to enable timely and appropriate
services to the public. This includes communicable and non-communicable diseases as well
as primary health care services. Perhaps the most immediate issue impacting Aboriginal
and Torres Strait Islander people is the absence of the Indigenous identifier on private
pathology request forms. This affects measurement of many issues, cancer, infectious
diseases, and currently COVID-19. When knowledge of testing rates is so critical to the
prevention and management of COVID-19 and with Indigenous people at particular risk,
it is hard to believe that this most crucial piece of information is still lacking despite nu-
merous calls for improvement. Most recently, the National Aboriginal and Torres Strait
Islander COVID-19 Management Plan [39] had the recommendation for a remit to improve
data collection and Aboriginal and Torres Strait Islander identification in healthcare and
pathology testing.

More generally, notwithstanding the 1994 AHMAC decision that the highest national
health information priority was to “work with Aboriginal and Torres Strait Islander peoples
to develop a plan to improve all aspects of information about their health and health
services [6]”, most of the subsequent development work on Indigenous health information
has centred around health rather than health services, although AIHW has done some
useful work in this area [40,41] and the HPF and the OID Reports provide some basic
information. Nonetheless, there is little essential information available on service gaps
(which could, for example, be defined as areas with high levels of preventable admissions
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and deaths and low use of the Medical and Pharmaceutical Benefits Schedules BMBS/PBS)
and less about how well services that do exist actually work. The Productivity Commission
found that, “There are many Australian Government policies and programs that are
designed to improve the lives of Aboriginal and Torres Strait Islander people. But after
decades of developing new policies and programs and modifying existing ones, we still
know very little about their impact on Aboriginal and Torres Strait Islander people, or how
outcomes could be improved [42].” This has been a serious omission as it has meant that
much information has been provided about health issues for Aboriginal and Torres Strait
Islander peoples, but not the kind of information which would provide policy makers and
administrators with the information required for more effective action to address those
health issues.

3. Prospects

3.1. Life Expectancy

Progress with some of the issues outlined above is certainly possible. While attempting
to estimate changes in life expectancy from successive censuses is unsafe and backcasting
population estimates beyond 10 years produces unreliable and implausible results, it is
likely that estimating changes in life expectancy within a 10-year period using backcast
population estimates, as carried out by AIHW [33] can provide a useable estimate of trend,
even though the levels of life expectancy may be overestimated through the use of data
sources each of which is known to under identify Indigenous people.

To its credit, the ABS commissioned an independent review of its Indigenous life
expectancy estimate in 2019, which reported in 2021.

Taylor and her colleagues [34] seem to favour the cohort-interpolated approach over
the backcasting method for estimating populations and that warrants further investigation.
Equally, the Voluntary Indigenous Identifier (VII) on Medicare data may be sufficiently
complete to provide an alternative source of identification and it may be appropriate for
both ABS and AIHW to consider the potential for using the VII as a tool to reduce under
identification in death records.

3.2. Identifiers on Private Pathology Request Forms

This issue has been on the national agenda for years but remains unresolved. Similar
issues on the inclusion of indigenous identifiers on the records of private hospitals were
dealt with decades ago and COVID-19 provides a real opportunity for the issue to be finally
rectified along the lines recommended in the 2013 AIHW Report [43].

3.3. Community Level Data

“Accurate and locally relevant data on demographics, health outcomes, health de-
terminants and access to services is key to inform decision making by local communities,
services and for program and policy evaluations [44].” However, provision of data at small
area level presents significant, technical and logistical challenges. The AIHW is developing
an Indigenous Community Insights website which will facilitate access to data at a regional
level and also produces data for Indigenous Advancement Strategy (IAS) regions and
sub regions. The IDN is also focused on provision of regional level data and as Professor
Langton said, “By supporting communities and community-controlled organisations to
collect their own data and use government-held data, the coalition of peaks and the IDN
are helping communities to tell their own stories about what is working for them and
what isn’t [22]”.

3.4. Measuring Wellbeing

“Accurate wellbeing measures tell us what works and what does not work to improve
wellbeing, inform patient and clinical decision making, service delivery, policy, and ulti-
mately improve patient outcomes. The absence of a robust culturally relevant wellbeing
measure has significantly hindered progress in improving wellbeing for all Aboriginal and
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Torres Strait Islander Australians” [45]. This topic is of interest and importance both na-
tionally and internationally [46–50]. Within Australia, Professor Garvey and her colleagues
have developed and are testing a nationally relevant instrument to measure the wellbeing
of Aboriginal and Torres Strait adults. The measure includes 32 items across 10 dimensions
including, for example: Balance and Control, Hope and Resilience, Culture and Country,
Spirit and Identity, and Racism and Worries. The research team are developing a short
form version of What Matters 2 Adults and have commenced work to develop a What
Matters 2 youth wellbeing measure (12–17 years) and are piloting a project to test methods
with Aboriginal and Torres Strait Islander children <11 years [46].

3.5. Use of Data for Management Purposes

The ground-breaking new National Agreement on Closing the Gap between the
Coalition of Aboriginal and Torres Strait Islander Peak Organisations and all Australian
governments [23] provides for “Shared access to location specific data and information
[that] will support Aboriginal and Torres Strait Islander communities and organisations to
support the achievement of the Priority Reforms” through partnership, “making evidence-
based decisions on the design, implementation and evaluation of policies and programs for
their communities in order to develop local solutions for local issues and “measuring the
transformation of government organisations operating in their region to be more responsive
and accountable for Closing the Gap”. There is also an acceptance of the desirability of
local level data to enable local decision-making, and the need for Aboriginal and Torres
Strait Islander communities and organisations to be “supported by governments to build
capability and expertise in collecting, using and interpreting data in a meaningful way”.

If translated into action, these agreements would be very important reforms. However,
they will not necessarily resolve the fundamental issue, of not just guaranteeing access
to data, but using that data at all levels of government, by service providers to improve
performance. The failure to fully utilize the data that does exist is a central element in the
relative lack of progress in recent years. This is because access to and provision of data is
not an end in itself, but an integral element in the policy and planning cycle, where data
is used to monitor and improve performance, refine policy, and progressively improve
outcomes as set out in the Planning Cycle diagram [51] below (Figure 3).

Figure 3. Planning Cycle.
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Information should play a vital role in several of the Actions in the Planning Cycle
diagram—in Step 3, Situational Analysis; in Step 4, Review of available resources; and most
importantly in Monitoring and Evaluation in Step 11, but at present is not being utilised to
anything like its full potential [52–57]. Note also that the cycle is just that, a continuous
cycle, not a static or periodic process. An essential requirement is to have formal reviews
of performance at monthly intervals for service providers, and six monthly and annual
reviews involving communities, funders, service providers, and policy makers.

3.6. Indigenous Data Governance

There are still many issues that need to be resolved regarding Aboriginal and Torres
Strait Islander data in official statistics. Despite the investments in data capabilities in
Australia, efforts are still needed to meet the needs and aspirations of Aboriginal and Torres
Strait Islander people by facilitating Indigenous Data Sovereignty through Indigenous
Data Governance processes. One recommendation is that Aboriginal and Torres Strait
Islander people are supported in the development of mechanisms to govern their data.
This should be in alignment with current developments in ID-SOV, whereby Indigenous
peoples have the right to exercise authority and govern the affairs of the use of Indigenous
data that reflects Indigenous peoples interests and aspirations [58]. For Aboriginal and
Torres Strait Islander people, this is enacting self-determination in the collection and use
of data and acts to redress the existing unequal power distributions currently seen in
Australian society. It is important to ensure that Aboriginal and Torres Strait Islander
epidemiologists and demographers lead the way in discussions on data collection, quality,
and reporting regarding official statistics. This is to enable existing data infrastructures
and data systems to work optimally for Aboriginal and Torres Strait Islander people and to
ensure there are established mechanisms of expert voice as Aboriginal and Torres Strait
Islander communities move closer towards data control and ownership within Australia.

4. Conclusions

Much progress has been made in the provision of information but there are a number
of immediate challenges—and opportunities. A central lesson of the past is that for
information to achieve its potential, it has to be used and used in a way which links policy,
funding, implementation, monitoring and evaluation in a continuous policy/planning
cycle, and that cycle has yet to be instituted in a systematic way across all levels of service
delivery, government and communities. There is now the potential for Aboriginal and
Torres Strait Islanders to be not just partners but leaders in the design, collection and use of
information, but this also requires a concerted effort to train Aboriginal and Torres Strait
Islanders for those tasks and responsibilities.
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Abstract: The Australian mortality data are a foundational health dataset which supports research,
policy and planning. The COVID-19 pandemic necessitated the need for more timely mortality data
that could assist in monitoring direct mortality from the virus as well as indirect mortality due to
social and economic societal change. This paper discusses the evolution of mortality data in Australia
during the pandemic and looks at emerging opportunities associated with electronic infrastructure
such as electronic Medical Certificates of Cause of Death (eMCCDs), ICD-11 and automated coding
tools that will form the foundations of a more responsive and comprehensive future mortality dataset.
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1. Introduction

The national mortality dataset (NMD) in Australia is produced annually by the Aus-
tralian Bureau of Statistics (ABS). Data are sourced from the civil registration and vital
statistics system, and provide a foundation for both population and heath research, policy
and planning. As life expectancy has increased over the past century, the NMD has charted
key changes in population health which have contributed to these gains. Key changes
include large reductions in infant mortality rates [1], decreases in coronary artery disease
mortality since 1968 [2], the aging of the population and the subsequent emergence of
dementia as a leading cause of death [3].

The NMD has evolved and improved significantly over its long history. Many im-
provements are related to enhancements to the death registration process, with more
thorough death investigation processes and recording of key demographic details leading
to improvements in source data. Advancements in medical science and technology have
led to improved diagnosis of diseases and cause of death certification. As knowledge about
diseases and death has improved, the classification that underpins mortality data—the
International Classification of Diseases (ICD)—has also been revised, leading to incremental
changes in mortality datasets over time.

The NMD is part of a rich tapestry of health information data in Australia and has
been more commonly used for epidemiological research and annual tracking of patterns of
death. Health surveillance systems have produced rapid data for certain causes such as
influenza, providing policy makers with timely information that can direct intervention
and prevention activities when required. Health surveillance systems have also played the
primary role in monitoring mortality due to COVID-19 during the pandemic.

As the COVID-19 pandemic has progressed there has been growing recognition of
the importance of Civil Registration and Vital Statistics (CRVS) systems in filling key data
gaps, as governments seek to understand its full impact on population health. Measures of
excess mortality (the numbers of deaths that occur during a defined period compared to
the number of expected deaths during that same period) help track both direct COVID-19
mortality and indirect mortality, for instance deaths which might relate to changes in access
to health care [4]. In mid-2020 the ABS began releasing provisional mortality reports. These
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reports focused on all deaths that were doctor certified, and provided early indications of
changes in patterns of mortality, including excess deaths, for key causes.

The demand for rapid mortality information continues to be driven by subsequent
waves of COVID-19 and recognition that the longer-term effects of the pandemic need to
be identified and addressed as early as possible. This is driving innovation in the way data
is collected, analysed and used. This paper focuses on recent initiatives aimed at enhancing
the NMD, and emerging opportunities associated with new electronic infrastructure that
could shape the next generation of both health and mortality data.

2. Current Mortality Dataset Foundations

State and territory Registries of Births, Deaths and Marriages (RBDMs) are legislatively
responsible for death registration in Australia. There are minor differences in form design
and variables collected across jurisdictions, but the death registration process is generally
consistent across the country. Death registrations require both a death registration statement
(DRS) completed by an informant with the funeral director, and a medical certificate
cause of death (MCCD) completed by a doctor. The format of the MCCD is based on the
standard recommended by the World Health Organization. RBDMs lodge complete death
registrations with the ABS for the compilation of the NMD.

Approximately 12% of deaths in Australia are referred to a coroner. While a death
referred to a coroner must still follow the death registration process governed by the
jurisdictional RBDMs, information pertaining to the cause of death is stored in the National
Coronial Information System (NCIS). The NCIS is a medico-legal online database that holds
information pertaining to coroner-referred deaths including police, toxicology, pathology
and coronial reports [5]. This information is accessed by the ABS for coding of causes
of death.

The DRS is used to inform the demographic component of mortality data with the
cause of death coming from the MCCD or the NCIS. Cause of death certification is of high
quality, with Australia found to have the lowest proportion of ‘unusable’ causes of death in
a recent study focused on six high resource countries [6].

Australian cause of death information is coded using the 10th revision of the Inter-
national Classification of Diseases (ICD-10). The automated coding system, Iris, is used
assist with ICD-10 coding. Iris assigns ICD-10 codes to all terms on death certificates, then
applies coding rules to select the underlying cause of death (the disease or condition that
initiated the train of morbid events leading to death). Manual coding is required for most
coroner referred deaths and doctor certified records unable to be processed by Iris.

Enhancements to the NMD are ongoing and target both demographic and cause of
death variables. Enhancements to the demographic component are prioritised to support
government priorities. The quality of identification of Aboriginal and Torres Strait Islander
people on death registration documents is a high priority and has been a focus for both the
ABS and RBDMs. More recently, place of death information was highlighted as a priority,
with a framework subsequently developed to classify and capture this information [7].

Cause of death coding and output is also subject to frequent improvements. Since
1997, coded information on all causes listed on the death certificate (multiple cause data)
has been retained. Multiple cause data provides important insights into the complex nature
of death which has increasing relevance with an ageing population and people living
with multiple co-morbidities which may collectively cause many pathways to death. This
dataset is progressively being used to greater effect as methods for multiple cause analysis
are strengthened, providing insights into relationships between diseases and their relative
contributions to mortality.

Coronial investigative reports on the NCIS provide a rich source of information on
circumstances and causes of coroner referred deaths. Risk factors for coroner referred
deaths which are not a diagnosable disease but may have a detrimental impact on health
are now coded as part of the NMD using ICD frameworks. Common risk factors relating
to suicide deaths include previous self-harm attempts, disruption of family by separation
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or divorce, problems relating to economic or legal circumstances, unemployment and
homelessness. Risk factors also vary with age, highlighting the importance of chronic
health conditions and limitations to activity as key factors among older age groups [8].

Rapid Reporting during the COVID-19 Pandemic

The COVID-19 pandemic created a demand for accurate and timely information on
causes of death. The health surveillance system in Australia can provide rapid updates
on COVID-19 mortality, but data only includes numbers of deaths and key demograph-
ics. It was recognized early in the pandemic that CRVS-based data would be able to
provide important additional insights. Multiple cause data could provide insights into
common comorbidities and consequences of the virus, while monitoring patterns of deaths
across all causes could give insights into indirect effects of the pandemic or undiagnosed
COVID-19 deaths.

There were challenges that needed to be addressed to enable rapid provision of CRVS-
based mortality data during the pandemic. ICD coding challenges included the application
of new rules for coding COVID-19 related deaths (rules were released by WHO in April
2020 and applied to all deaths where COVID-19 was mentioned on death certificates) and
fast-tracking coding of all other deaths. Another key challenge was enabling meaningful
comparison of rapid data against historical data. Investigations into issues of timeliness
and completeness of data were conducted and guided key decisions on data releases.

In Australia, the time between when a death occurs and data lodgement is affected by
the legislative requirement for burial or cremation prior to registration. While most doctor-
certified deaths are registered within one month, it can be longer if the period between
death and burial or cremation is prolonged. This period can be longer for coroner-referred
deaths depending on circumstances and requirements of the coronial investigation.

System limitations necessitated scope changes for the production of the monthly NMD.
These monthly outputs report on doctor-certified deaths only. The time between death
and registration is shorter for doctor-certified deaths so more complete data is able to be
published more rapidly. Data is also published by date of death to accurately measure
mortality temporal to the pandemic. This differs to normal vital statistics reporting which is
usually based on numbers of death registrations received in a specified period. Rapid data
must be representative of the period of interest to enable meaningful comparison. Data in
the monthly report is also considered to be provisional. This allows for deaths which are
registered at a later time to be added once received [9].

Monthly provisional datasets use crude measures to highlight potential changes in
patterns of mortality. A five-year average of raw counts of deaths is used as a proxy to
measure expected deaths, with minimum and maximum numbers of deaths over that
period provided to indicate a possible range. This method is applied to deaths from all
causes and to specified causes of death. Age-standardised death rates with corresponding
confidence intervals are also published to enable measurement of change over time.

Official calculations of excess mortality applied a robust regression to produce an
expected number of deaths for 2020 [10]. Prediction intervals of 95% were also calculated.
Only deaths which exceeded the upper bound of the prediction interval were considered to
be excess. While excess mortality was recorded in some weeks, this was not sustained and,
overall, during 2020, Australia did not record excess mortality. In the winter months, lower
than expected mortality was recorded with the reduction reaching statistical significance.
Measures in place to prevent the spread of COVID-19 likely led to a reduction in deaths
from other causes, especially respiratory diseases. Similar patterns of mortality during the
pandemic have been reported in New Zealand, Denmark and Norway [11].

COVID-19 has raised awareness of the importance of civil registration based mortality
data in many countries, also leading to enhanced cooperation between agencies and
accelerating the digitisation of registration services [12]. In Australia, it has driven a
need to re-think some aspects of mortality data collection and reporting, highlighting new
opportunities to further enhance the timeliness and relevance future datasets.
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3. New Electronic Foundations for Mortality Data Systems

The COVID-19 pandemic has reinforced the importance of CRVS-based mortality
data for both epidemiological study and for monitoring emerging public health concerns.
Delivering on COVID-19 related data needs has helped identify barriers to rapid data
production across the CRVS system, also highlighting where changes could result in
significant improvements. In Australia, the delay between when deaths occur and when
they are registered, time required to quality assure data and the complexity of cause of
death coding, all contribute to delays in data availability.

The electronic transformation of the CRVS system provides an opportunity to stream-
line and further automate production of the NMD. In particular, the implementation of
electronic Medical Certificates of Cause of Death (eMCCDs), the adoption of ICD-11 and
the development and implementation of next generation auto-coding systems hold great
potential to overcome existing system limitations.

3.1. Electronic Medical Certificates of Cause of Death

A key component of the electronic transformation of the CRVS system is the devel-
opment of eMCCDs. These electronic forms have been developed by many countries and
offer key advantages to paper forms. The instant digital capture of information supplied by
a medical practitioner will reduce the time between when a death occurs and when infor-
mation on that death can be made available. Electronic data capture also removes the need
for transcription, improving timeliness and accuracy by eliminating transcription errors.

Early versions of eMCCDs in Australia follow similar formats to paper forms, but op-
portunities exist to enhance these products into the future. Electronic forms could improve
the quality of certification by flagging sequencing errors or requesting additional infor-
mation from the certifier. These forms could also link to the ICD foundations, potentially
reducing error in data capture and enabling some degree of automated coding to occur
during data collection.

3.2. ICD-11

The 11th revision of the ICD was adopted by the World Health Assembly in 2019 and
is now available for implementation. ICD-11 was designed as an electronic classification.
All entities including diseases, disorders, injuries and symptoms are stored in the ICD-11
foundation with each defined in a standard way using a structured content model. All
entities also have their own URI, with a web-service API enabling direct links to other
electronic infrastructure and health information systems [13]. These new capabilities go
beyond the usual advancements in medical and scientific knowledge associated with
an ICD revision and will make the classification a more integrated part of future health
information infrastructure.

ICD-11 also enables capture of additional information about diseases and conditions
using extension codes. In the mortality use case, extension codes may capture additional
information on non-proprietary names of drugs for drug related deaths, or risk factors
for external cause deaths. The possibilities associated with extension codes are extensive
and may only be limited by the information available when coding and compiling data.
Concepts such as post-coordination and clustering of codes have been proposed to provide
structure to more complex ICD-11 datasets, although methods for structuring and using
groups of codes will need further consideration.

3.3. Automated Coding Solutions

Auto-coding systems are critical for processing the large number of deaths that occur
in Australia, allowing codes to be assigned to individual entities and automated rules to be
applied for the selection of underlying causes of death. Australia uses the Iris mortality
auto-coding system, with this product enabling auto-coding of around 65% of doctor
certified deaths each year. A project is now underway to develop an ICD-11 version of Iris.
This project seeks to realise the benefits of the extended vocabulary and concepts of ICD-11,
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to integrate with ICD-11 tools, to interface with healthcare systems and eMCCDs and use
advanced techniques such as machine leaning to detect certification errors and increase
auto-coding rates [14].

The new electronic components of the CRVS system hold the key to transforming
information from death certificates into usable epidemiological data in a way that is rapid,
automated, reliable and accurate, and consistent across institutions and countries [14],
and will ensure mortality data can meet future information demands including those
highlighted by COVID-19.

4. Conclusions

CRVS-based mortality datasets, including Australia’s NMD, are important epidemio-
logical datasets that have guided health policy and planning for many years. The COVID-19
pandemic has highlighted the importance of rapid reporting of CRVS-based mortality data
to complement data collected through surveillance systems and provide insights into the
broader impacts of the pandemic beyond deaths directly from the virus.

Work undertaken in Australia to provide rapid data during the pandemic highlighted
systemwide limitations that narrowed the scope of reported data. In particular, reporting
needed to be sufficiently lagged to enable meaningful interpretation of changes in mortality,
and only doctor-certified deaths could be included in reports. This limited the types of
policy questions that could be addressed through rapid reporting to those concerning
deaths from natural causes.

In Australia, electronic foundations already exist within the CRVS system with addi-
tional electronic components being developed and implemented by jurisdictional RBDMs.
The electronic transformation of the CRVS system is expanding opportunities, with eM-
CCDs, ICD-11 and next-generation auto-coding tools likely to streamline future data
collection, processing and reporting.

While COVID-19 has provided a catalyst for innovation and set clear new requirements
for CRVS-based mortality datasets, the potential uses of rapid mortality data extend well
beyond the pandemic. Rapid data will be able to provide early indications of changes in
patterns of mortality relating to any number of events that could impact population health,
including natural disasters, changes in natural cause patterns of mortality or infectious-
disease-related epidemics.
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Abstract: The right of people with disability to enjoyment of the highest attainable standard of health
without discrimination on the basis of disability is enshrined in the United Nations Convention
on the Rights of Persons with Disabilities (CRPD). Among its obligations as a signatory to the
CRPD, Australia is required to collect appropriate information, including statistical and research
data, to inform development and implementation of policies to give effect to the Convention. In
this commentary, we first describe how the International Classification of Functioning, Disability
and Health (ICF) conceptual model of disability can be operationalised in statistical data collections,
with a focus on how this is achieved in key Australian data sources such that people with disability
can be identified as a population group. We then review existing statistical data on health and
health service use for people with disability in Australia, highlighting data gaps and limitations.
Finally, we outline priorities and considerations for improving data on health and access to health
services for people with disability. As well as conceptual, practical, and ethical considerations, a key
principle that must guide future disability data development is that people with disability and their
representative organisations must be involved and participate fully in the development of disability
data and statistics, and in their use.

Keywords: health services; disability; data gaps; disability identification; International Classification
of Functioning, Disability and Health (ICF); Convention on the Rights of Persons with Disabilities
(CRPD); health statistics, disability statistics; inequalities

1. Introduction

People with disability have the right to enjoy the highest attainable standard of health
without discrimination on the basis of disability, as affirmed in Article 25 of the United
Nations Convention on the Rights of Persons with Disabilities (CRPD) [1]. This right is
not currently being realised. In Australia, as in other countries across the globe, people
with disability experience poorer health outcomes than people without disability [2–6]. At
population level, disability-related health disparities are caused in large part by avoidable
disadvantage, and not primarily by underlying impairment [7]. As such, governments
have a duty to act to reduce these health disparities.

Population statistical data have a crucial role to play in identifying and understanding
disability-related inequalities, informing more effective policy interventions, evaluating
interventions, and holding key actors to account. Numerous international and Australian
reports have highlighted the need for population-level statistical data that can be disaggre-
gated by disability, and the importance of using such data for monitoring and regularly
reporting on disability-related inequalities [6,8–10]. In Australia, the current policy context
has generated a high level of interest in disability data. Key features of this context include
the National Disability Insurance Scheme (which reached full rollout in July 2020), the
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ongoing Royal Commission into Violence, Abuse, Neglect and Exploitation of People with
Disability, and the development of a new national disability strategy to guide Australian
disability policy for the coming decade.

In the context of health systems and health data, disability has traditionally been
treated as an outcome [11]. This is powerfully illustrated by the Global Burden of Disease
study: an international epidemiological study that produces estimates of the fatal and
non-fatal ‘burden’ attributable to specific diseases and risk factors using the Disability
Adjusted Life Year (DALY) metric [12,13]. Considering health inequalities experienced by
people with disability requires a wholly different perspective. It means viewing disability
as akin to a demographic factor by which health data may be disaggregated [11]. However,
the concept of disability is inextricably linked to and defined with reference to health.
Thus, use of statistical data to investigate disability-related health inequalities presents
complexities that require interrogation.

Statistical classifications provide standard structures for collecting, organising and
analysing data [14]. The use of standard statistical classifications as a basis for developing
data collections promotes data consistency, so that data from different sources may be
compared and potentially used together to generate new information and boost the value
of existing data resources. The World Health Organization’s (WHO) Family of International
Classifications is a suite of classifications designed to provide internationally consistent
information on different aspects of health and the healthcare system [15]. The three core
members of the WHO-FIC are the International Classification of Diseases (ICD), the Inter-
national Classification of Functioning, Disability and Health (ICF), and the International
Classification of Health Interventions (ICHI) (currently in development). The ICF has been
broadly adopted as the international standard framework and classification for organising
and documenting information about functioning and disability [16], and has been used
in Australia to underpin the development of disability-related data items in population
surveys and administrative data collections [17].

In this paper, we describe how people with disability are identified in key Australian
data sources, review available statistical data on health and health service use for people
with disability, and outline priorities and considerations to guide efforts to fill data gaps
and improve the evidence base.

2. Methods

To inform this commentary, we searched for publications relevant to disability data
on the websites of Australia’s two main national statistics institutions—the Australian
Bureau of Statistics and the Australian Institute of Health and Welfare. Reports and
technical documents available from these websites provide information about data relevant
to disability available in key statistical data sources, including detailed descriptions of how
disability is operationally defined.

We also referred to an Audit of Disability Research in Australia, first conducted in
2014 and updated in 2017 [18]. Finally, we conducted a simple search on ‘national disability
statistics in Australia’. Our aim was to identify sources of statistical data in Australia
relevant to health and health service use for people with disability, and related research.

3. Functioning, Disability and Health

The ICF was endorsed by all WHO Member States in the Fifty-fourth World Health
Assembly in 2001. Its development was preceded and informed by decades of worldwide
discussion involving a range of service providers, health professionals, and researchers,
as well as people with disability and their representative organisations [19,20]. One of
the main threads of these discussions was the recognition that the environment plays a
significant role in the experience of disability.

The ICF defines the main components of functioning as body functions and structures,
activities and participation. It provides classifications of body functions, body structures,
activity and participation domains and environmental factors (see Box 1). Environmental
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factors have a crucial effect (as facilitators or barriers) on people’s functioning and on
the creation of disability in many life areas. The ICF represents a biopsychosocial model
of disability, combining the medical and social models of disability, thus recognising
that disability may require both treatment at the individual level, as well as social and
environmental change [19,21]. It shows us a dynamic interaction between a person’s health
conditions and contextual factors—relationships that are probabilistic and not deterministic
or linearly causal.

Box 1. Definitions of the components of the ICF, and of functioning and disability.

Body functions—The physiological functions of body systems (including psychological functions).
Body structures—Anatomical parts of the body, such as organs, limbs and their components.
Impairments—Problems in body function or structure, such as a significant deviation or loss.
Activity—The execution of a task or action by an individual. Participation—Involvement in a
life situation. Activity limitations—Difficulties an individual may have in executing activities.
Participation restrictions—Problems an individual may experience in involvement in life situations.
Environmental factors make up the physical, social and attitudinal environment in which people
live and conduct their lives. These are either barriers to or facilitators of the person’s functioning.
Functioning is an umbrella term encompassing all body functions, activities and participation. It
denotes the positive or neutral aspects of the interaction between a person’s health condition(s) and
that individual’s contextual factors (environmental and personal factors). Disability is an umbrella
term for impairments, activity limitations and participation restrictions. It denotes the negative
aspects of the interaction between a person’s health condition(s) and that individual’s contextual
factors (environmental and personal factors). Source: WHO, 2001, pp. 3, 8, 10

The ICF was developed in the same era as the CRPD, with the former concerned with
classification and data, and the latter with provision of human rights. The ICF and CRPD
share common concepts, culture and terms (e.g., environment, barriers, participation),
and the subject matter of rights in the CRPD can readily be mapped (or cross-walked)
to the ICF domains, demonstrating that the two instruments have broad commonality
of content [22,23]. The CRPD requires governments that have ratified the Convention
to report on progress with achieving its aims—rights, access and equity—and to collect
statistics to help formulate and implement policy and to monitor the Convention (Articles
31, 33 and 35). The ICF is designed to enable the collection and comparison of data relating
to functioning and disability in many fields and across the world, and it provides a suitable
framework to underpin monitoring the implementation of the CRPD [23,24].

Statistical classifications provide the building blocks for sound health information
systems [25,26]. Over the past 20 years, the ICF has influenced functioning and disability
information, measurement and statistics [24]. It is used in diverse applications, settings and
countries. Nevertheless, it is considered that there is a need for “more applications of the
full ICF model, including those that incorporate Environmental Factors into applications,
such as surveys and measurement instruments” ([24], p.1455). The benefits of doing this are
well illustrated by the first National Disability Survey in Ireland in 2006, with survey results
showing the substantial impact of environmental factors on people’s functioning [27]. The
WHO has called for the wider use of the ICF to increase worldwide disability data quality
and consistency [21,28,29].

Australia recognises both the moral and legal framework of the CRPD and the techni-
cal framework of the ICF. In 2008, Australia ratified the CRPD, and now makes links to
CRPD objectives in major public policies and programs, such as the National Disability
Strategy 2010–2020 and National Disability Insurance Scheme [30,31]. Any success of these
initiatives should be indicated by relative improvements in participation by people with
disability in many life areas and in access to services. The challenge for national statistics in
any country is to produce reliable data capable of telling the story of participation, access
and equity. Australian statistical organisations such as the ABS and the AIHW adhere to
international standards to produce data that enable national and international comparisons,
and to capture consistent administrative data nationally. Both organisations, before and
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since the publication of the ICF, have been advised on statistics and data standards by
broadly-based groups that include disability advocacy organisations.

Measuring progress in fulfilling CRPD goals requires data that can be used to compare
the experiences of people with disability with those of people without disability, for
example, in employment, housing, or access to health services. The ICF does not divide
people dichotomously into ‘disabled’ and ‘not disabled’. Therefore, methods are required
that enable population data to be disaggregated into groups, according to people’s level
of functioning. Such methods should be designed to suit the purpose and context, for
example, to define eligibility for services, to estimate disability prevalence, or to monitor
progress towards achieving equity.

How can the ICF conception of disability as a dynamic interaction between a person’s
health conditions and contextual factors (personal and environmental) be best opera-
tionalised in statistical data collections, to enable the production of data for people ‘with’
and ‘without’ disability? The first step is to identify the main questions of interest—those
that lend themselves to measurement and quantification—and to articulate the main related
purposes and methods to be used [32]. Statistical design and analysis can then draw on the
clarity and simplification offered by the classifications of the ICF to help frame the concepts
underlying the questions on which evidence is sought and specify relevant data items.

Defining ‘disability status’ is not straightforward, given that:

“The ICF puts the notions of ‘health’ and ‘disability’ in a new light. It acknowl-
edges that every human being can experience some disability. . . . ICF thus
‘mainstreams’ the experience of disability and recognizes it as a universal hu-
man experience. By shifting the focus from cause to impact, it places all health
conditions on an equal footing, allowing them to be compared using a common
metric—the ruler of health and disability.” ([27], p. 1068)

Designing an operational definition of disability is a complex task that is sometimes
implied or simplified rather than fully explicated. A description of the method used in
the World Report on Disability illustrates some key points in a general methodology [16].
The method entailed creating a spectrum of difficulty with activities and designing ‘cut
points’ in a transparent way, to indicate what is included in the definition of ‘disability’
used for estimation purposes ([27], p. 1066). Similarly, the Model Disability Survey
was developed by WHO to collect ‘comprehensive, comparable and relevant disability
information’ to monitor the CRPD. It aims to capture ‘how people actually function in
multiple domains, given the environmental barriers and facilitators that constitute their
real life situation’, by asking about ‘problems in daily life’ ([33], pp.4-5). The data are used
to generate a continuum ranging from low to high levels of disability—a metrical scale
developed using Item Response Theory. This disability distribution can be partitioned
using cut-points to define groups with no, mild, moderate and severe disability for data
disaggregation purposes.

Since it was first run in 1982, the Australian Survey of Disability Ageing and Carers
(SDAC) has been used to provide prevalence estimates of disability and profiles of people
(including older people) who experience difficulties functioning in everyday life. SDAC
follows the ICF framework and, broadly speaking, its definitions. Inclusion into the survey
is via screening questions focused on a list of long-term health conditions, impairments
and activity limitations, including ‘any other health conditions resulting in a restriction’.
Survey respondents are then asked an array of questions, including about difficulty with
everyday activities [34,35]. The Survey publications present data on disability in terms
of the difficulties people experience in areas of daily life, as well as their impairments
and long-term health conditions. The main environmental factor which informs SDAC’s
definitions of disability is ‘assistance’. The Survey’s concepts of severe or profound core
activity limitation relate to a person’s need for assistance with ‘core activities’, namely
self-care, mobility and communication [35]. The operational definition of disability in
SDAC is ‘any limitation, restriction or impairment which restricts everyday activities and
has lasted, or is likely to last, for at least six months’ [36].
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The SDAC methodology thus accords with that recommended by WHO authors and
colleagues ([27], p. 1068): “ . . . disability surveys should rely on a broad range of questions
covering the whole range of the experience of functioning—bodily impairments, activity
limitations, participation restrictions and environmental facilitators or barriers. Arguably,
the final intention of health and health related interventions is to maximize functioning in
a person’s lived environment and hence disability surveys are best focused on measuring
the person’s functioning in interaction with his or her environment”.

Several other ABS social surveys include a ‘Short Disability Module’ of 16 questions
that aims to identify people with disability and their limitations and restrictions in a
way that aligns with SDAC [34]. A ‘Core Activity Need for Assistance’ module has been
included in the Australian Census since 2006, to measure the number of people ‘needing
help or assistance in one or more of the three core activity areas of self-care, mobility and
communication, because of a long-term health condition (lasting six months or more), a
disability (lasting six months or more), or old age’ [37]. It is designed to align conceptually
with severe or profound core activity limitation in SDAC.

The use of common concepts and data standards relating to disability across popu-
lation surveys and administrative data collections provides a basis for relating data from
different sources. Australia’s disability services national minimum dataset, established
in the early 2000s, included a ‘support needs’ data item based on the ICF activities and
participation domains and the SDAC question on need for personal help or supervision
with activities or participation in particular life areas [38]. The resulting data from the
national disability services data collection could be related to SDAC data, which enabled
some powerful analyses bringing together data on users of disability services with SDAC
data on the target population to produce estimates and projections of met and unmet need
for support [39]. Provision of disability services in Australia has now transitioned to the
National Disability Insurance Scheme. Legislation governing eligibility for the Scheme
requires that assessment tools used must “have reference to areas of activity and social
and economic participation identified in the World Health Organisation International
Classification of Functions, Disability and Health” ([40], 7.5(b)).

SDAC data are accessible to researchers external to the ABS, thus enabling wider use
of the data. Data have been used, for example, to illuminate rights-related issues, such
as the experience of disability discrimination, prevalence of disability among Indigenous
Australians, and access to services by Australians of diverse cultures [41–43].

The CRPD sets out the rights of people with disability to access all services available to
society as a whole. Creating a succinct disability ‘identifier’ for use in administrative data
collections is a key challenge for public policy design and monitoring in any country [16,23,44].
Meeting this challenge involves the design and adoption of short question sets, ideally a
single question, to identify people with disability consistently within service data systems,
so that it is possible to monitor equity of access, participation and outcomes [45,46].

4. Data on Health and Health Service Use for People with Disability

According to SDAC 2018 data, more than 4 million Australians have disability, or
around 18% of the population [2]. Lack of equitable and timely access to appropriate health
care, especially preventive care and proactive management of health risks and chronic
conditions, has been identified as a factor contributing to poor health outcomes for people
with disability [4]. Submissions to Australia’s Royal Commission into Violence, Abuse,
Neglect and Exploitation of People with Disability highlight barriers to equitable and
timely access to quality health care for people with disability, particularly for those with
cognitive disability and Aboriginal and Torres Strait Islander people with disability [47–51].
Barriers cited include inadequate staff training, expertise and capacity, limited access to
skilled patient advocates, costs, accessibility of buildings and health care equipment (e.g.,
mammography machines), and discriminatory attitudes. There has long been recognition
of the need to address health inequalities, and barriers to accessing appropriate health
services, particularly for people with intellectual disability [52].

39



Int. J. Environ. Res. Public Health 2021, 18, 11705

For people with disability, as for all people, health is a key enabler of participation
across all domains of life, and health services, systems and policies are environmental fac-
tors that can play a critical role as facilitators of or barriers to participation. The Australian
Health Performance Framework (AHPF) is used to assess the health of Australia’s popu-
lation and performance of the health system [53–55]. It has four broad domains—Health
status, Determinants of health, Health system, and Health system context. The principle of
equity overarches these domains. To determine whether equity is being achieved, statistical
data are required that enable indicators to be reported for particular population sub-groups,
including people with disability.

4.1. What Do We Know about Health Conditions Experienced by People with Disability?

National population surveys provide data on health conditions experienced by people
with and without disability. In SDAC, the survey modules used for disability identification
ask respondents what is the main condition that causes each of the impairments or activity
limitations they report. Respondents are then asked if they are receiving treatment for any
long-term condition and whether they have any other long-term condition. Due to the
structure of the survey questions in SDAC, there is an emphasis on health conditions that
are associated with impairments and limitations. SDAC data have been used to report on
rates of disability associated with particular health conditions, and on associations between
health conditions and particular limitations and impairments [2,56–58]. For example, for
people aged under 65 years in 2003, the health conditions with the highest associated rates
of profound or severe core activity limitations were autism (82%), paralysis (79%), and
speech-related conditions (67%); for people aged under 65 with severe or profound core
activity limitations, the most common health conditions were back problems and arthritis,
consistent with their high prevalence in the general population ([58], pp. 223–225).

The ABS National Health Survey also provides data on long-term health conditions,
and identifies people with disability using the ABS short disability module. Table 1
presents data from the 2017–2018 National Health Survey for the 20 most common groups
of current, long-term health conditions reported by all people aged 15–64 years, and
compares prevalence for people with and without disability. ‘Disorders of ocular muscles,
binocular movement accommodation & refraction’ were most prevalent, with similar rates
for people with and without disability (65% and 62%, respectively). For all other condition
groups listed, rates were higher for people with disability than for those without disability.
For 11 condition groups, the rate for people with disability was more than twice that for
people without disability. The rate for people with disability was more than three times
that for people without disability for anxiety related problems, mood disorders, partial
deafness and hearing loss, and other diseases of the ear.

National Health Survey data also reveal higher rates of multi-morbidity for people
with disability compared to people without disability in 2017–2018. For people aged
15–24 years, the median number of current, long-term conditions reported was three for
those with disability, compared to one for those without; for people aged 25–64 years, the
median number of conditions was four for those with disability, compared to one for those
without; and for people in the age groups 50–64 years and 65 years and over, the median
number of conditions was six for those with disability, compared to three for those without.

These differences between people with and without disability in rates of long-term
health conditions and multi-morbidity are not unexpected, given the relationship between
health conditions and disability, discussed above. However, such data can shed light on
the potential health-related needs of people with disability compared to those without
disability. More detailed insights can be gained by breaking down the data, for example,
by gender, disability group, disability severity, or area of residence (urban/non-urban).
Such information is relevant for guiding health policy. For example, considering the higher
rates of diabetes among people with disability, together with the prevalence of disability in
the population, it is clear that diabetes prevention or management interventions must be
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accessible and appropriate for people with disability, otherwise they will not be effective
for a substantial portion of the target population [11].

These data do not, however, provide insights into the extent to which higher rates
of some conditions may be related to the right of equal access to healthcare not being
met for people with disability, for instance, because of barriers to accessing primary and
secondary prevention.

Table 1. Prevalence of the 20 most commonly reported 1 current, long-term health conditions, by
disability status, for people aged 15–64 years (National Health Survey 2017–2018).

Health Condition Group
Disability
(95% CI)

No Disability 2

(95% CI)
Rate Ratio 3

(95% CI)

1. Disorders of ocular muscles binocular
movement accommodation & refraction 65% (63, 67) 62% (61, 63) 1.0 (1.0, 1.1)

2. Other diseases of respiratory system 32% (30, 34) 25% (24, 26) 1.3 (1.2, 1.4)

3. Dorsopathies 37% (35, 39) 13% (12, 14) 2.9 (2.6, 3.2)

4. Symptoms, signs and conditions not
elsewhere classified (NEC) 24% (22, 25) 12% (11, 13) 1.9 (1.8, 2.1)

5. Anxiety related problems 29% (27, 31) 9% (8, 10) 3.4 (3.0, 3.8)

6. Mood (affective) disorders 29% (27, 31) 7% (6, 8) 4.2 (3.6, 4.8)

7. Arthropathies 28% (26, 29) 10% (9, 11) 2.7 (2.5, 3.0)

8. Chronic lower respiratory diseases 20% (18, 22) 9% (9, 10) 2.1 (1.8, 2.4)

9. Episodic & paroxysmal disorders 18% (16, 19) 6% (5, 7) 3.0 (2.6, 3.4)

10. Hypertensive disease 13% (12, 15) 8% (7, 9) 1.6 (1.4, 1.8)

11. Partial deafness & hearing loss (NEC) 20% (19, 21) 3% (3, 4) 5.7 (4.7, 6.6)

12. Other endocrine, nutritional &
metabolic diseases 10% (9, 12) 5% (5, 6) 2.0 (1.6, 2.3)

13. Other diseases of the ear 10% (9, 12) 2% (2, 3) 4.1 (3.1, 5.1)

14. Diseases of the skin and subcutaneous
tissue 6% (5, 7) 4% (3, 4) 1.6 (1.2, 2.0)

15. Diabetes mellitus 6% (5, 7) 4% (3, 4) 1.7 (1.4, 2.1)

16. Disorders of thyroid gland 6% (5, 7) 4% (3, 4) 1.6 (1.2, 1.9)

17. Diseases of genito-urinary system 6% (5, 7) 3% (2, 3) 2.3 (1.7, 2.8)

18. Other diseases of eye & adnexa 4% (3, 5) 3% (2, 3) 1.4 (1.1, 1.8)

19. Diseases of the oesophagus, stomach &
duodenum 5% (4, 6) 2% (1, 2) 2.6 (1.9, 3.3)

20. Diseases of blood and blood forming
organs 4% (3, 4) 2% (1, 2) 2.1 (1.6, 2.7)

1 Based on health conditions reported by all people aged 15–64 years. 2 Prevalence rates for people with ‘no
disability’ are age-standardised to the age structure of the population with disability; these rates should be
interpreted as the hypothetical rates that would have been observed if the population without disability had the
same age structure as the population with disability. 3 Rate ratio is calculated as: (% for people with disability)/(%
for people without disability). Source: Australian Bureau of Statistics (2019) Microdata: National Health Survey,
2017–2018 (DataLab), accessed July 2021.

4.2. What Do We Know about Contact with Health Services by People with Disability?

Population surveys capture some information on contact with health services by
people with disability. For instance, the National Health Survey (2017–18) provides data on
the proportion of people who consulted different types of health professionals in the past
12 months. Compared to people without disability aged 18–64 years, a higher percentage
of those with disability reported having consulted a GP (92%, compared with 83% of those
without disability), a specialist (50%, compared with 29% of those without disability), and
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an allied health professional (37%, compared with 19% of those without disability) [59].
In the 2014 General Social Survey, a higher proportion of people with disability reported
experiencing a barrier to accessing healthcare when needed (15%), compared to those
without disability (3%); the proportion was higher still for people with severe or profound
core activity limitation (24%) [59]. SDAC provides data on the proportion of people with
disability who report unmet need for different types of health services, and who report
cost as a barrier to accessing health services [2]; but these data are not collected for people
without disability, so comparison is not possible.

While valuable, survey data on contact with health services, barriers, and unmet
needs have a number of limitations. First, the available information is based on quite broad
questions, so tends to lack specificity. Second, surveys capture a snapshot at certain points
in time (e.g., every 3 years in the case of SDAC). Thirdly, the ability to conduct analyses
focusing on particular subgroups of people with disability may be limited due to small
sample size. Fourthly, the reliability of the information is dependent on the accuracy of
respondents’ memory and perceptions about their interactions with health services.

In addition, survey sample frames for many ABS surveys do not cover people living
in Very Remote Areas, in discrete Aboriginal and Torres Strait Islander communities, or in
non-private dwellings. The ABS list of non-private dwellings includes boarding houses,
hospitals, psychiatric hospitals or institutions, hostels for the disabled, nursing homes,
accommodation for people who are homeless, prisons, and other welfare institutions
(including group homes for people with disability) [37,60]. SDAC provides limited data on
people who live in health establishments that provide long-term cared accommodation,
but the questionnaire used for this survey component focuses on health conditions, core
activities, use of aids, and assistance provided, and is completed by a staff member for
each selected occupant; the data do not cover broader topics relating to contact with health
services, participation across life domains, or social and economic outcomes.

Administrative data sources are an important complement to survey data for popula-
tion heath research, as they can provide more detailed and comprehensive data on service
users. Currently, in Australia, no national health services administrative datasets include
disability identification. Therefore, it is not possible to produce policy-relevant data on
contact with health services for people with disability and associated outcomes, or to make
comparisons between people with and without disability to determine whether the AHPF
objective of equity is being attained.

The National Hospitals Data Collection includes a number of databases that contain
episode-level information on hospital care provided to admitted and non-admitted patients
(https://www.aihw.gov.au/about-our-data/our-data-collections/national-hospitals; ac-
cessed on 5 November 2021). These databases are used for reporting on AHPF indicators,
including rates of hospitalisation for injury and poisoning, hospitalisations involving an
adverse event, selected potentially preventable hospitalisations, in-hospital falls, hospi-
talisation rates for selected procedures, waiting time to admission for selected elective
surgery procedures, and emergency department presentations seen on time. None of these
measures can be broken down by disability status, as there is no disability identifier in
these data sources.

Consistent national data on primary health care (including GP visits) is currently not
available. Data captured in patient electronic health records are not currently suitable for
conducting reliable or representative analyses at regional, state or national levels, due to
data quality, comparability and access issues [61,62]. Data from the now discontinued
Bettering the Evaluation and Care of Health (BEACH) collection have been used to examine
GP encounters for patients with intellectual disability and autism spectrum disorder, with
analyses indicating that these patient groups differed from other patients in terms of
demographic characteristics, reasons for encounter, consultation type, consultation length,
problems managed, medications, treatments provided, and referrals made [63–65].

The Department of Health publishes statistics on services provided under Australia’s
Medicare scheme (available to all Australians), for example, bulk-billing rates, average pa-
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tient contributions, and broad service types (e.g., optometry, other allied health, diagnostic
imaging). However, Medicare data cannot be broken down by patient disability sta-
tus. (https://www1.health.gov.au/internet/main/publishing.nsf/Content/Medicare%
20Statistics-1; accessed on 5 November 2021).

4.3. The Future Potential of Linked Administrative Data

Linked administrative datasets offer potential for filling some data gaps. The principle
is that individual-level disability-identifying information captured in one dataset is linked
with individual-level records in other datasets to enable analyses focusing on people with
disability. This approach has been used in two Australian states to examine service use and
related outcomes for people with intellectual disability [66–70], and to analyse mortality
data for people with autism spectrum disorders [71]. For example, use of linked data to
examine health service use in the last year of life for a matched cohort of people with and
without intellectual disability in Western Australia found that people with intellectual
disability attended emergency departments more frequently, were admitted to hospital less
frequently, had longer hospital stays, and had increased odds of presentation, admission or
death associated with potentially preventable conditions [72]. Similarly, a large New South
Wales cohort study using linked data found intellectual disability to be associated with
higher rates of emergency department presentations, psychiatric readmissions, premature
mortality, and potentially avoidable deaths, and with longer length of stay in psychiatric
units [66].

While data linkage has an important role to play in improving the evidence base, it
must be understood that identification of people with disability in linked datasets will be
limited by disability identifying information available in the constituent datasets. This is
likely often to include identification based on receipt of disability-related services or income
support payments. The majority of people with disability do not receive disability-related
services or payments [2]. Thus, without a means of identifying people with disability more
comprehensively in administrative data, information on equity of access to health and
other services will remain incomplete.

5. Moving Forward: Some Key Considerations

We have outlined how the ICF model of disability is operationalised in data collections
in Australia, to enable the disaggregation of population data by disability status, and we
have provided an overview of available data on health and health service use for people
with disability. It is clear that work is needed to address existing data gaps and limitations,
to more fully understand the experiences of people with disability in relation to health and
health services, to measure disability-related inequalities, and to monitor implementation
of Article 25 of the CRPD. In this section, we raise some key considerations that must be
kept front-of-mind as Australia moves forward with data development in this area.

There is a long history of research labelling, pathologising, and dehumanising people
with disability [73,74]. The collection and use of statistical data is not a neutral exercise [75].
Just as the indigenous data sovereignty movement is a response to the statistical narrative
of deficit and dysfunction that has framed the portrayal of indigenous peoples globally [76],
so too are people with disability looking to take leadership over the way disability research
is conducted, reported and utilised. Emerging out of the disability rights movement of the
1970s and 1980s, the discipline of disability studies builds on the logic of “nothing about us
without us” to insist that only the active involvement of people with disability can protect
research from the paternalism and medicalisation that has plagued its history. Co-produced
research (often called inclusive research in the context of intellectual disability [77,78]) looks
to guard against ableist bias and ensure that research is focused on social systems rather
than individual deficits [79].

While the ICF itself is a product of the emerging disability rights movement, diligence
is needed to ensure it is not used to label, classify and control people with disability. The
ethical guidelines for the use of the ICF require respect for the autonomy of people with
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disability and their involvement in the collection and use of data ([21], Annex 6). These
ideas can be deepened by including researchers with lived experience of disability and
partnering with Disabled People’s Organisations in research design and the development
of disability data and statistics, and in the use of data for informing public policy.

Among the ethical considerations that should guide the collection and reporting of
statistical data on health and access to health services for people with disability is the need
to ensure all cohorts of people are captured in data that will shape public policy. This
requirement can be in tension with decisions to be made about research participation, such
as the need to prevent coercion and judge the capacity for consent [80–82]. Contrary to
common ableist presumptions (including among ethics committees) [83,84], it should be
assumed that people with disability are capable of providing consent unless established
otherwise [80]. Those gathering data have the responsibility to promote understanding
about the purpose and intended use of the data ([21], Annex 6). This may require imple-
menting supported decision-making practices, and tailoring approaches for gathering data
that utilise mechanisms to facilitate understanding such as Easy Read [85,86].

Notwithstanding capacity to consent, many people with disability are reliant on
gatekeepers, such as parents, support workers, and institutional managers, who may
prevent or constrain their interaction with people gathering data [87]. Gatekeepers may
be concerned about the impact of research upon ‘vulnerable’ people, and suspicious
of its benefits. While suspicion of research and data collection is not without reason,
overemphasis on protection discounts the harm of paternalism and undermines the rights
of people with disability to participate in research that can inform improved disability
policy and practices [86]. Both gatekeepers and people with disability themselves may be
concerned that the information they provide could affect the way they are treated and their
eligibility for supports [86]. As stated in the ICF ethical guidelines, data collected should
enhance choices and control, support, and participation of people in the community, and
not be employed to restrict people’s rights or entitlements ([21], Annex 6). Likewise, Article
31 of the CRPD requires the collection and use of statistical data to give effect to the rights
set out in the Convention.

While confidentiality and privacy are central principles in the collection and man-
agement of data about individuals, some people with disability rely upon and trust their
support workers, and depend upon their help in participating in research and providing
data. Successful data collection is thus dependent upon fostering trust among complex
stakeholder networks, utilising support to conduct research while collecting data using
strict safeguards for identification, storage, and publication that protect participants from
any negative consequences [80,86].

The challenges of collecting health data from and about people with disability are mag-
nified in segregated institutional settings under the control of gatekeepers, yet monitoring
of health is especially important in such settings. Particular mention should be made here
of the criminal justice system. People with disability are known to be over-represented in
the criminal justice system, with consequent negative health impacts [66,88–90], especially
for those exposed to intersectional discrimination such as Aboriginal and Torres Strait
Islander people with disability [91]. There is also evidence that justice systems often fail to
identify offenders with intellectual disability [89,90]. Thus, to ensure rights to health and
health services are upheld, strategies are needed to ensure the full representation of people
with disability within these settings.

Producing statistics is not just a technical endeavour. We have already identified
the centrality of co-producing health data with people with disability, and this rationale
extends to including the insight of people with disability and other intersectional health
disadvantages, such as racial, sexual, gendered, and aged. For example, Aboriginal and
Torres Strait Islander people with disability experience multilayered disadvantage from
racism and ableism, and collecting and publishing health statistics on this cohort of people
is thus vital and complex [92]. It involves recognition of cultural, social, political and
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ethical dimensions of research with First Peoples with disability, especially their right to
self-determination, and culturally safe and inclusive research practices [93,94].

6. Conclusions

In Australia, we are fortunate to have established population data sources with dis-
ability identifiers that are conceptually aligned with the ICF. This is a result of sustained
resourcing by government, the work of statistical agencies (particularly ABS and AIHW),
and active input from people with disability and other stakeholders. Nonetheless, impor-
tant data gaps and limitations remain, hampering Australia’s ability to develop effective
policy responses to uphold the rights of people with disability, especially in relation to
health and access to health services.

Moving forward to address these data gaps and limitations, the challenge is to develop
an array of sources, with relatable data on disability. Clear articulation of the purpose for
which data are to be used is crucial to guide any data development work, but particularly
in relation to identifying people with disability, and deciding where and how to place
‘cut points’ along the continuum of functioning to define different groups. The corollary
of this is that the purpose for which a particular data source has been designed must be
understood and taken into account when considering secondary use of the data, including
in the context of data linkage.

Disability data development should adhere to well-established principles, such as
using data standards to promote quality and consistency, the importance of consultation,
collaboration and field testing, being aware of the limitations of the data, and weighing the
costs of data collection to all concerned against the value gained [17,95,96].

Building an effective evidence base to inform better policy and practice requires that
data from different sources are relatable and have sound conceptual underpinnings; ICF
remains the relevant standard framework in relation to disability. However, developing
data is never merely a technical endeavour: there must always be consideration of the
cultural, social, political and ethical dimensions, and the implications for those to whom
the data relate. Crucially, people with disability and their representative organisations
must be key players in the development of disability data and statistics, and in their use.

Finally, good data rely on ongoing, active input from all parties who have an interest
in the data. We encourage disability advocates, researchers, and policy makers to use the
valuable disability data sources available in Australia, with an awareness of the concepts
underpinning these data, and to engage in ongoing discussions and efforts to improve our
national disability data resources into the future.
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Abstract: In Australia, general practice forms a core part of the health system, with general practition-
ers (GPs) having a gatekeeper role for patients to receive care from other health services. GPs manage
the care of patients across their lifespan and have roles in preventive health care, chronic condition
management, multimorbidity and population health. Most people in Australia see a GP once in any
given year. Draft reforms have been released by the Australian Government that may change the
model of general practice currently implemented in Australia. In order to quantify the impact and
effectiveness of any implemented reforms in the future, reliable and valid data about general practice
clinical activity over time, will be needed. In this context, this commentary outlines the historical and
current approaches used to obtain general practice statistics in Australia and highlights the benefits
and limitations of these approaches. The role of data generated from GP electronic health record
extractions is discussed. A methodology to generate high quality statistics from Australian general
practice in the future is presented.

Keywords: general practice; health services research; primary health care

1. Introduction

General practice is the foundation of the Australian healthcare system, as general
practitioners (GPs) are the gatekeepers for patient access to many other health services.
Reliable data about GP clinical activity is needed for statistical analysis by primary care
and public health researchers, those involved with health policy, health services planning
and costing, GP educators, health consumers, and those involved in the development and
production of health treatments and interventions. In this commentary article we will
discuss the historical and current approaches used to obtain statistics in Australian general
practice, highlight benefits and limitations in these approaches, and outline a proposed
methodology to generate high quality statistics from general practice in the future.

2. Background

General practice forms a core part of the Australian healthcare system, often represent-
ing a patient’s initial contact with the system. GPs in Australia manage patients across their
lifespan, manage chronic health conditions and multimorbidity, and provide preventive
healthcare. They also have a ‘gatekeeper’ role, providing referrals for patients to access
other services including care from non-GP specialists, and subsidized care from allied
health professionals for patients with chronic conditions. Currently, patients are free to
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attend one or more GPs of their choice, and are not assigned to a particular GP or practice.
While patients have this freedom, most attend the same practice for continuity of care ([1],
Chapter 15). In Australia, general practices are usually private medical practices provid-
ing “comprehensive, coordinated and continuing medical care drawing on biomedical,
psychological, social and environmental understandings of health” [2].

In 2019, there were over 37,000 GPs in Australia, working across 8147 general practices [3].
According to data from the World Bank, 86% of the Australian population lived in

urban areas in 2020 [4], primarily along the East Coast. Accordingly, in 2019, approximately
three-quarters (74.5%) of full-time equivalent GPs reported working in major cities [3]. In
any one year, approximately 87% of the population see a GP, and on average, there were
six GP visits per head of population in Australia in 2015–2016 [1].

In March 2021, Australia had a population of 25.7 million people [5]. Funding of
health services in Australia is the responsibility of the federal (national) and state/territory
(regional) governments. Spending on health totaled $197.7 billion (Australian) dollars in
2018–2019, equating to $7772 per head of population [6]. Health spending represented 10%
of gross domestic product.

In 2018–2019 $65.5 billion was spent on primary health care [6], which incorporated
general practice, allied and community health, and pharmacy (excluding Indigenous health
care). General practice is primarily funded by the federal government on a ‘fee for service’
model, where GPs can charge any fee they wish, and patients receive a fixed subsidy
according to the Medicare Benefits Schedule (MBS), a catalogue of medical services for
which a rebate can be claimed from the government [7]. If the fee for a consultation or
service provided is equal to the Medicare subsidy, then the consultation is ‘bulk billed’.
Around 87% of GP services are bulk-billed [3]. If not, then the patient pays an out-of-pocket
cost decided by the GP. For patients with very high out-of-pocket costs for GP and non-GP
specialist consultations, additional subsidies are provided through the Medicare Safety
Net [8]. Medicare items for GP consultations are based on broad estimates of consultation
length and complexity. Limited items are related to specific diseases or for specific popula-
tion groups (e.g., annual health assessments for patients aged 75+ years, or chronic disease
management plans for patients with diabetes). Other Medicare-rebatable services include
pathology tests, imaging tests and procedures undertaken. A separate Pharmaceutical
Benefits Scheme (PBS) provides public subsidies for most prescribed medications dispensed
by pharmacists [9].

The important role of general practice within the wider healthcare system has been
recognized for some time. White et al. introduced a framework in Britain in 1961 to depict
the organization of health care, demonstrating that within a population of 1000 adults,
250 (or 25%) will consult a physician (i.e., a primary care doctor or GP) in any one month.
Nine of these 250 patients seeking care will be hospitalized, and five referred to another
physician for care [10]. The overall stability of this framework has been established over
time [11,12]. The aim of generating statistics from general practice is therefore not only to
understand clinical activity undertaken in this setting, but to understand the health of the
population overall.

In August 2019, the Australian Government released ‘Australia’s long-term national
health plan’. The plan contained four ‘pillars’ (focus areas), the first of which was to
strengthen the role of primary health care in the Australian healthcare system [13]. Later
that year, a Primary Healh Reform Steering Group was established, focusing on the devel-
opment of a ten-year plan for primary health care [14]. The draft report for the ‘Primary
Health Care 10 Year Plan’ was released in October 2021 for consultation. The draft reforms
are wide-ranging, containing changes to the funding models used in general practice,
methods of general practice care delivery, and the introduction of patient registration at a
single GP practice. The need for data to guide policy and quality improvement is reinforced
in the plan [15].

If the draft reforms are implemented, there will likely be a multitude of changes to
the current model of general practice in Australia. The proposed introduction of patient
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registration at a GP practice might further the role of the GP as central to population
health. High-quality evidence-based statistics are required, to establish a baseline dataset
for current general practice care delivery, and to assess the impact and effectiveness of any
implemented reforms. This presents a timely opportunity to review the current state of
general practice statistics in Australia.

3. History of General Practice Statistics in Australia

A detailed history of general practice data collection and analysis in Australia has been
described elsewhere [16]. The first general practice survey was conducted by Dr Clifford
Jungfer (GP) and Dr John Last (epidemiologist) in 1959–1960, with support from the (then)
Australian College of General Practitioners [17]. This was followed by a National Morbidity
Survey in 1962 [18]. Meanwhile, Dr Kevin Cullen, a GP in the town of Busselton, Western
Australia, began the Busselton Health Study, a longitudinal study of population groups
within Busselton conducted between 1966 and 1981. The Busselton Health Study was
based on repeated cross-sectional surveys comprising questionnaires and blood tests to
investigate the health of the study population, and identify health indicators that predicted
future disease [19].

The Australian General Practice Morbidity and Prescribing Survey was conducted
from 1969 to 1974, started by the Royal Australian College of General Practitioners’ research
committee, and led by Dr Charles Bridges-Webb [20]. The methods used in this study
became the foundation for subsequent surveys of general practice clinical activity, including
the Australian Morbidity and Treatment Survey (1990–1991) [21] and the Bettering the
Evaluation and Care of Health (BEACH) study (1998–2016) [1].

For 18 years, the BEACH study described the clinical activity undertaken by GPs
in Australia [1]. In BEACH, 1000 randomly selected GPs were sampled in each year of
the study. Each GP participant recorded de-identified data for about 100 consecutive
patient encounters on structured paper forms. Data collected included some patient de-
mographics (e.g., date of birth, patient sex, postcode, Indigeneity), the patients’ reasons
for encounter (up to three), problems managed at the encounter (up to 4), medications
prescribed/supplied/advised for purchase, for each problem, other treatments provided
for each problem (including procedures and clinical treatments, such as advice and coun-
selling), and pathology and imaging requests for each problem. Importantly, each man-
agement action was explicitly linked to the problem for which that action was taken.
More detailed methods for the BEACH study can be found elsewhere [1]. BEACH closed
in 2016 due to the withdrawal of support from the federal government (both funding
and loss of the random samples of GPs provided) and wider losses of research support
from industry partners [16]. With a final database spanning 18 years and approximately
1.8 million GP–patient encounter records, BEACH data were used to investigate the prob-
lems managed by GPs, how GPs managed these problems during consultations, and how
the quality of care provided by GPs compared to evidence-based guidelines. BEACH data
also identified changes in general practice clinical activity over time [22] and provided
evidence about numerous policy areas, including time spent on patient care not able to
be claimed through the MBS [23], the potential cost of freezing MBS item rebates [24] and
(using length of consultation data) disproved statements that GPs were providing so-called
‘six minute medicine’ [25]. It was widely recognized that the closure of BEACH created
a gap in data available about general practice [26]. Irving et al., in their investigation
of primary care physician consultation time, presented a rather thorough international
comparison of general practice data collection methods through their systematic review
of 67 countries, and concluded that the Australian BEACH study “represents the gold
standard for consistent reporting” [27].

The end of BEACH coincided with the closure of a number of other sources of data
about general practice in Australia. Government funding was withdrawn from the Aus-
tralian Primary Health Care Research Institute in 2015 [28]. The Medicine in Australia:
Balancing Employment and Life (MABEL) study, a longitudinal study about the medical
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workforce, ended in 2019, after 11 waves of data collection. This study provided numerous
insights on access to medical care from between 3000 and 4000 GPs, followed up each year,
including the drivers of hours worked, job satisfaction, and factors influencing recruitment
and retention in rural areas [29]. The Australian Government’s Medical Research Future
Fund, established to provide grants for health and medical research, is reported to allocate
less than 1% of total funding to primary care research [30]. Currently, many gaps exist in
the statistics available from general practice, both in terms of the data collected and the
research conducted [31].

4. Current Status of General Practice Clinical Activity Data

Limited administrative data are available about general practice from the MBS and
the PBS. The MBS has records of the consultation items claimed by GPs from Government,
but these provide very limited understanding of the clinical content of the consultation
or the characteristics of the GPs. Similarly, the PBS contains data about subsidized medi-
cations dispensed by pharmacies, but does not include data about the clinical indication
(i.e., symptom or diagnosis) for which the medication was prescribed. To obtain data about
the clinical content of GP consultations, we need to look elsewhere.

General practice was one of the early adopters of computerized clinical records, with
government incentives to use computers available as early as 1998 [32]. Computerization
began in the early 1990s, and some of the early systems developed (e.g., Medical Director)
are still commonly used today [33]. There are now at least eight brands of electronic health
records (EHRs) currently used in Australian general practice [33]. According to BEACH
data, in 2014–2015, 97.5 % of Australian GPs reported that they used a computer for one or
more purposes. However, only 70.7% used paperless medical records while 25.5% used
hybrid (paper and electronic) records [22]. The MABEL survey in 2018 also asked about
GPs’ use of digital technology for a range of tasks, and found (for example) almost 90%
of GPs using digital technology to view imaging pathology and results [34]. These data
demonstrate that while GPs have a high uptake of computerized medical records and
digital technologies, some still rely on paper for some activities.

While the BEACH study was conducted on paper, some GPs said they would have
preferred to be able to download data from their practice electronic health records (EHRs)
to be used in the study. There were two primary reasons that structured paper forms were
used in BEACH. First, to facilitate the linkages between the problems managed and all
management actions provided for each problem. The problem–management linkage in
BEACH ensured the GP specifically linked the prescription of a medication to the problem
for which it was prescribed. It remains extremely difficult, if not impossible, to obtain these
linkages from EHR data. This has led some researchers, using GP EHR data, to secondarily
link each medication to a problem in the record on the basis of ‘probability’. However,
medications will often have multiple possible indications, let alone other off-label uses,
making it difficult to know what health problem it is treating, and making matching by
assumption highly unreliable. Second, BEACH was a study of GP clinical activity. The
structured paper forms were inherently transportable, so that GPs who worked in multiple
practices could take the forms between practices, or to home visits or nursing home visits.
Secondary data entry by trained clinical coders, while time consuming and costly, facilitated
consistent coding of the data to improve data quality.

In the absence of BEACH data since 2016, statistics from general practice have become
focused on data extracted from EHRs. There are numerous research programs in Australia
that rely on de-identified data extracted from GP EHRs, including:

(1) MedicineInsight (NPS MedicineWise);
(2) Data for Decisions (University of Melbourne);
(3) Primary Health Insights (led by WA Primary Health Alliance).

Data extraction from EHRs may be as basic as a simple export tool. More com-
plex extraction tools have been developed specifically for this purpose [35], for example
GRHANITE (University of Melbourne) [36], the CAT4 tool (Pen Computing) [37] and
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POLAR GP [38]. These tools can be used at multiple levels—for clinical audit or quality
improvement activities at the practice, or by the local health region (called Primary Health
Networks or PHNs in Australia), or to provide data to research programs at a wider level.

5. The Use of EHR Data for Research and Statistics

The automated extraction of data already collected during the clinical patient en-
counter creates a database of ‘passive’ data that can be used for statistics and research.
While the primary purpose of data collection in an EHR is for patient care, making these
data available for research and statistics minimizes the effort for individual GPs (who are
often poor in time [39,40]) to participate in studies for multiple research groups. However,
organizing and performing data extraction does involve time and effort for the practice.
GPs report that it is often practice staff who undertake these activities [40], so the process
is not entirely automated and does have a cost, although this is not always perceived as
a barrier [41].

Passively collected data creates large volumes of data that can be interrogated in
many ways. This provides greater scope to examine the management of rare phenomena.
Theoretically, for patients who regularly attend the same practice, EHR data extraction
allows for the longitudinal analysis of a patient’s journey over time, providing the potential
to assess medical interventions and long-term health outcomes. This is limited though,
if patients attend multiple practices (e.g., while travelling or for convenience) or change
practices for any reason, resulting in incomplete data.

5.1. Variability in EHR Design

Interoperability of data requires standard approaches to data design structures, data
field names and their associated definitions, and the coding and classification of relevant
data fields. Standardization is required to enable data to be combined from different EHRs
for clinical audits and research, and to facilitate the transfer of patient care between different
healthcare providers (e.g., referrals). All of the GP EHRs used in Australia have been devel-
oped independently, which limits such interoperability and the ability to generate mean-
ingful data from general practice EHRs, both for clinical and statistical purposes [33,35].

There are differences in the underlying designs of the EHR database structures, in-
cluding the data field names, their definitions, and how data fields are or are not linked.
There are also vast inconsistencies in the use of clinical classifications and terminologies,
including the type of clinical terminology used (e.g., termsets developed by individual
EHR developers, ICPC-2 PLUS [42] or SNOMED CT-AU [43]). In most EHRs, clinicians
can choose whether to enter a term from one of these termsets or to enter free text [33]. As
a result, most EHR research databases extract data from only some of the available EHRs,
limiting the representativeness of the data. For example, MedicineInsight extracts data
from the two most commonly used EHRs [44], each of which uses a different coding system.

5.2. Data Completeness

The quality of research and statistics is only ever as good as the quality of the data
contained in the record from which the data are extracted. Data accuracy in EHRs
has been found to be variable [35,41], which is likely to impact on research quality.
In one recent Australian study, approximately 13% of probable cases did not have a
coded diagnosis, and were identified through the presence of one or more other diabetes
management indicators [45].

Bailie et al. (2015) identified difficulties in calculating denominators in patient data
extracted from EHRs. Numerous reasons were given, including incomplete data entry,
differing requirements and compatibility between EHRs and data extraction tools, and
differences in the definition used for active or regular patients. The authors concluded that
the inconsistencies identified limited the usefulness and reliability of the EHR data [46].
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5.3. The Medical Record as an ‘Aide Memoir’

The primary purpose of the EHR is to capture data that relates to the clinical care of
the patient, not to obtain data for research purposes [47]. Henderson et al. (2019) suggest
that time-poor GPs may only enter the data they regard as important for patient care, which
may not always reflect the data that are important for research. This limits the capability of
using EHR data for research purposes [45].

The medical record has long been regarded as an ‘aide memoir’, or memory aid,
rather than as a complete record of the patient’s care. Even with the advent of EHRs,
this association has continued. In a benchmarking study that examined the prevalence of
diabetes using BEACH data and extracted data from one Australian EHR, the prevalence of
diabetes was lower when using the extracted EHR data from the ‘diagnosis’ data element.
However, the authors found that they could obtain a comparable prevalence estimate by
identifying proxies that indicate the presence of diabetes (e.g., free text searches for diabetes
in other parts of the record, medications used to treat diabetes, use of MBS item numbers
only used in relation to diabetes). Importantly, the authors noted that this approach would
be less reliable for other clinical conditions where proxy measures may not work [45].
Interestingly, MedicineInsight does not extract free text data, as it may contain identifiable
information that could compromise privacy [44].

5.4. Privacy and Information Protection

The extraction of data from EHRs for statistical and research purposes usually in-
volves the transfer of the exported patient data to a third party (e.g., government depart-
ment or University researcher). Concerns have arisen in Australia about patient privacy
and information protection [35,40,41]. The removal of information from extracted data
that would identify a patient has been highlighted as being of primary importance to
researchers [35,41,48], GPs [40,41] and other practice staff [41]. The need for indepen-
dent governance oversight of programs that involve extracted EHR data has also been
emphasized [35,48].

At present, most data extraction from general practice EHRs involves the whole of
practice data, where data are extracted about all patient encounters [44]. Concerns may
arise if individual GPs within a practice are not willing to have data about their clinical
activity included in a download, or when patients do not give permission for their data to
be downloaded.

6. A Fresh Approach

We propose a new approach to improve the production of high-quality data about
general practice clinical activity. This proposal is based on the following principles:

(1) Data from general practice can provide an excellent overview of the health of the
population overall;

(2) Using the GP as an ‘expert interviewer’ to curate data can facilitate data with higher
levels of accuracy than patient self-report;

(3) It is not necessary to collect data about all the patients, all the time. The BEACH
study demonstrated that the production of structured data, about a sample of patients,
can generate high-quality statistics from general practice for use in policy planning,
education, and research;

(4) The sample of patients must be representative of the patient population to ensure
validity and reliability;

(5) Data need to be longitudinal for the investigation of outcomes of care, including care
provided by other health services (e.g., specialists, hospitals);

(6) The capacity to review the patient’s experience with the health system overall, through
linking general practice data to that from other health agencies, is encouraged.

Building on the structure of the BEACH interface for active data collection, we propose
developing a hybrid active + passive data collection based on data extraction from EHRs
with subsequent data curation from GPs to review the quality of extracted data and

56



Int. J. Environ. Res. Public Health 2022, 19, 1912

complete gaps in the dataset. A specialized data extraction tool would be required to
extract relevant data from the GP EHR. To circumvent problems experienced with current
EHR data extractions, the GP would curate the data for completeness and validity.

We propose that two data templates are required:

(1) A health summary template where the GP extracts a health summary from the EHR
(similar to the patient summary currently contained in the EHR), followed by a ‘check
and curate’ process, in which the GP reviews the accuracy and completeness of the
data extracted. For example, is the patient’s problem list accurate? Are medications
listed that the patient no longer takes, or are there over-the-counter medications
taken regularly that should be added? There are also additional data elements not
currently included in GP EHRs that could be captured in this process. For example,
capture of data about social determinants of health (e.g., education level, household
income) would contribute to a greater understanding of a patient’s health and related
health outcomes;

(2) An encounter summary template where the GP extracts and curates data about
an individual GP–patient encounter. This data extraction would be based on data
elements that were collected in BEACH using a problem-oriented structure. The GP
would curate the data by completing areas within the template that are missing and
add linkages between problems managed and their treatments.

For each of these, minimum datasets based on a problem-oriented record structure
with in-built coding and classification systems would be required for the purposes of data
extraction, encryption and transfer to researchers, and subsequent data analysis.

Initially, these could be used to provide cross-sectional data from a representative
sample of patients who attend general practice. A second stage of research would involve
use of the tool as the basis for longitudinal data collection, whereby a sample of patients are
recruited to the study and their data are extracted and curated at every visit. The addition
of data about other health services received between GP visits (e.g., specialist, hospital
or allied health visits), added and curated by the GP, would enhance knowledge about
patients’ broader experiences with the health system.

The strength of this approach is the focus placed on the importance of record structures,
data linkages, coding and classification systems, and in the general application of standards
required for the success of the model.

This approach will improve the understanding of morbidity and management within
the general practice population and provide baseline data for further research and evalua-
tion examining interventions to improve quality of care for general practice patients. It has
some utility for use in GP clinical audits and quality assurance.

7. Conclusions

The Primary Health Care Reforms currently under consideration reference the ‘quadru-
ple aim’ of health care, improving: (1) people’s experiences with health care; (2) population
health; (3) cost-efficiency of the health system; and (4) work life for healthcare workers [49].
The first three of these are quantifiable measures that rely on the availability of relevant data,
and statistical analysis of these data, to assess the effectiveness of any reforms implemented
to achieve these aims.

There is a reliance on data currently contained in GP EHRs to answer these questions,
as shown in the reform policy and in initiatives such as the Australian Institute of Health
and Welfare’s Primary Health Care Data Asset. Current forms of data extraction from
EHRs might be economically preferable and can answer some questions, but they cannot
answer all of them. The temptation to use these datasets may equate to ‘trying to fit a
square peg into a round hole’, an idiom that implies a solution that is unfit for purpose.
Rather than accepting or ignoring the limitations of EHR data that currently exist, why not
be aspirational? How can we achieve better statistics from general practice that are able to
inform both the patient and provider experience, and can be used for system planning?
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COVID-19 has changed the way general practice services are conducted in Australia.
The availability [50] and use [51] of telehealth services represents a dramatic shift in the
way general practice services are provided to the public. However, there are little data
available about how COVID-19 has changed the clinical activity undertaken by GPs and the
quality of care provided through telehealth. Changes to the GP workforce resulting from
COVID-19, and the future intentions of the GP workforce may have also been impacted by
the pandemic, but with little data available it is impossible to quantify these. The approach
presented in this paper for improving clinical activity data should be complemented by
reinvestment in longitudinal data about the GP workforce, lost by the cessation of the
MABEL study.

The approach to general practice data outlined in this paper may not answer every
question that could be asked about general practice, but it would go a long way in over-
coming the current deficiencies, and would produce national, valid, reliable statistics from
Australian general practice.
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Abstract: Population-based data linkage has a long history in Australia from its beginnings in
Western Australia in the 1970s to the coordinated national data linkage infrastructure that exists
today. This article describes the journey from an idea to a national data linkage network which has
impacts on the health and well-being of Australians from preventing developmental anomalies to
responding to the COVID-19 pandemic. Many enthusiastic and dedicated people have contributed
to Australia’s data linkage capability over the last 50 years. They have managed to overcome a
number of challenges including gaining stakeholder and community support; navigating complex
legal and ethical environments; establishing cross-jurisdictional collaborations, and gaining ongoing
financial support. The future is bright for linked data in Australia as the infrastructure built over
the last 50 years provides a firm foundation for further expansion and development, ensuring that
Australia’s linked health and human services data continues to be available to address the evolving
challenges of the next half century.

Keywords: data linkage; Australia; cross-jurisdiction

1. Introduction

Data linkage is a method of bringing together information derived from different
sources, but relating to the same individual or event in a single file [1]. It is not a new
method; in fact, it predates the introduction of modern computers [1]. For example, in the
late 18th century, Edward Jenner conducted what is thought to be the first data linkage,
which provided evidence of the efficacy of smallpox vaccination [2].

The term “record linkage” first appeared in the literature in the 20th century in an
article by Dr Halbert Dunn, the head of the United States National Office of Vital Statistics,
in 1946. In this article, Dunn provides an eloquent description of data linkage and the value
of linked data systems.

“Each person in the world creates a Book of Life. This Book starts with birth and
ends with death. Its pages are made up of the records of the principal events in life.
Record linkage is the name given to the process of assembling the pages of this Book into a
volume” [3].

The advent of more advanced mathematical matching techniques and computer
technology has enabled the expansion of the use of linked data for population-wide
research. It has enabled research across populations and across the life course. Data linkage
has become an essential tool in the ongoing understanding and improvement of health and
social services worldwide. Linked data is used to:

• Assess outcomes of clinical or therapeutic interventions;
• Assess the safety, quality and costs of health care and other government services;
• Explore the relationships between personal, economic, environmental and lifestyle

factors;
• Investigate social and community influences on individual and community health

and well-being;
• Assess the effectiveness of preventative programs;
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• Obtain valuable follow-up information on participants in research studies and sur-
veys [4].

Whilst the benefits of data linkage can be clearly demonstrated, there are also risks.
Linking data and the analysis of linked data requires the use of person-level data often
without informed consent. This means that data linkage operates within complex legal
and ethical frameworks designed to protect and balance the multiple interests at play. The
history of data linkage is infused with the challenges associated with balancing the benefits
against the risks to individuals and groups.

Australia has been at the forefront of the uses of linked data and development of
linkage systems for more than fifty years. It is timely to reflect on the progress and
achievements of the last half century and consider the future of linked data in Australia.
This paper outlines Australia’s data linkage journey, from its beginning in the 1970s up to
the present day. Current challenges and plans for future development are also discussed.

2. The Early Years: Ad Hoc and Other Linkages (1970–1994)

In 1967, Professor Michael Hobbs returned to Western Australia from Oxford Univer-
sity, where he had been involved with the Oxford Record Linkage Study [5]. In 1970, he
published a plan for the introduction of medical record linkage studies in Australia [1]. The
plan included the initial linkage of birth, marriage and death records, census data, perinatal
mortality and hospital morbidity records. This could be subsequently supplemented by:

“Records of physical or mental disability
Records of exposure to new industrial processes
Prescriptions of selected drugs
Notifications of infectious disease.” [1]
Additional elements of the plan were described as follows:
“A plan for the introduction of medical record linkage studies in Australia on a

National or State-wide basis must therefore include the following:

1. The interest and co-operation of the Bureau of Census and Statistics.
2. Preferably the introduction of a unique numbering system, but failing this, the collec-

tion of uniform identifying data on all records for which linkage is planned, either
routinely or on an ad hoc basis.

3. The agreement by holders of important data to the release of information for linkage
procedures under the auspices of the Bureau of Census and Statistics.

4. The realization by users of such data that tabulations identifying individual persons
will not be practicable.

5. The awakening of interest in, and realization of the uses of, record linkage in Govern-
ment Departments, Medical Administrators and research workers.

6. The implementation of a pilot record linkage scheme in Western Australia.” [1]

This plan was the beginning of an Australian national linkage system which 51 years
later incorporates many elements of the original plan. However, in 1970, systematic ap-
proaches to data linkage at the state or national level were still a long way off. Professor
Hobbs and three other Western Australian researchers, Professor Bruce Armstrong, Profes-
sor Fiona Stanley and Professor D’Arcy Holman, were instrumental over the next 25 years
in achieving a systematic data linkage system in Western Australia [1,5–7].

Western Australia was well positioned to have a population-based data linkage system
as it was the only state to have implemented a state-wide hospital reporting system. From
the mid-1970s, this included the standardised collection of names, which enabled high-
quality linkage. Other elements that proved essential to the establishment of the Western
Australian Data Linkage System were researcher champions including Professors Hobbs,
Stanley and Holman, who understood the value of linked data, had the persistence to
obtain it and the skills to use it, as well as strong collaboration between the Western
Australian Department of Health and the University of Western Australia [6].

In 1977, Professor Stanley’s research group established the Western Australian Mater-
nal and Child Health Research Database, which was later housed at the Institute for Child
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Health Research (now Telethon Kids Institute). This was a linked database containing the
following state-wide data collections:

• Midwives notifications,
• Birth records,
• Death records,
• Hospital morbidity,
• The WA Birth Defects Registry (now the WA Register of Developmental Anomalies),

and
• The Cerebral Palsy Register.

This unique linked data collection was an extremely valuable resource for a wide
range of maternal and child health research, particularly the causes of stillbirth and risks
factors for cerebral palsy [8]. The types of research supported included:

• Descriptive epidemiology of perinatal and paediatric outcomes [9],
• Case control studies [10],
• Cohort studies [11], and
• Studies to evaluate care [12].

During this time, Professors Stanley and Bower conducted their world leading research
on the link between folate deficiency and neural tube defects [13]. Later, they went on to
demonstrate that folate supplementation and fortification prevent these defects, a major
contribution to public health [14].

3. The Introduction of State-Based Systematic Data Linkage: The Western Australian
Data Linkage Branch and New South Wales Centre for Health Record Linkage
(1995–2008)

3.1. Establishment and Development of the Western Australian Data Linkage Branch

In 1994–1995, Professor Holman was appointed as the inaugural Chair in Public Health
at the University of Western Australia. Professors Holman, Hobbs and others put in a
successful application to the Western Australian Lotteries Commission to establish a Health
Services Research Linked Database [5]. The three-year grant enabled establishment of a
data linkage unit within the Western Australian Department of Health. The initiative was
supported by Professor Ian Rouse, the Department of Health’s Director of Health Statistics
and Dr John Bass was the first linker. Initial work was focused on creating probabilistic
linkages within and between six core data collections, including births, deaths, hospital
separations, midwives notification and cancer registry data [15,16].

The Lotteries Commission grant concluded in 1997–1998 and Dr Merran Smith, the
then Director of the Department of Health’s Heath Information Centre, submitted a suc-
cessful proposal to establish data linkage as a core Departmental service. Additional health
data collections were added to the data linkage system and additional staff were taken on
to meet the growing demand for linked data. In 1999, the Department of Health became
the principal funder and the Western Australian Data Linkage Branch which incorporated
the data linkage unit was established within the Health Information Centre. The Western
Australian Data Linkage System was one of only five such comprehensive systems in the
world at the time [16]. Further information about the Western Australian Data Linkage
Branch is available at https://www.datalinkage-wa.org.au/ (accessed on 21 October 2021).

A Management Committee was subsequently established to oversee the Western
Australian linked data resources. This included representatives of the Department of
Health, the University of Western Australia and the Institute for Child Health Research.

In 2002, an initiative commenced to create intergenerational family linkages (the
Family Connections project) [17]. Data from other Western Australian Government agencies
was also incorporated into the Western Australian Data Linkage System, including data
from Education, Community Services and Justice Departments. Some data from these
agencies was subsequently housed in a Custodian Controlled Research Extracts Server
(CARES) to facilitate supply of linked data for approved projects [18].
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3.2. Establishment of the Centre for Health Record Linkage (CHeReL)

In 1994, the then New South Wales Department of Health established a record linkage
service to support health research and management of health services. In 2005, following
marked increases in the demand for linked data, the Sax Institute commissioned Professor
Holman and others from Western Australia to develop a case for a data linkage facility in
New South Wales and to recommend a preferred model based on international best practice
and stakeholders views. In 2006, eight organisations including New South Wales Health,
the Australian Capital Territory Department of Health, Cancer Institute New South Wales
and the Sax Institute, agreed to contribute funding for the first three years of operation
of the CHeReL. The CHeReL subsequently transitioned to a business unit of New South
Wales Health, primarily funded by the New South Wales Ministry of Health. It is of note
that the CHeReL was established to undertake data linkage for both New South Wales
and the Australian Capital Territory and this arrangement is continuing [19]. Further
information about the CHeReL is available at https://www.cherel.org.au/ (accessed on 21
October 2021).

3.3. Challenges and Benefits

Challenges to establishing the Western Australian and New South Wales/Australian
Capital Territory data linkage systems included support from decision-makers to establish
the systems. For both the Western Australian Data Linkage System and the CHeReL,
support from research users was a significant factor with each starting out as a collaboration
between research groups and government agencies. It is of note that both units moved to
a majority government agency support within a few years of establishment and both are
now located within their respective state government health agency.

The Western Australia and New South Wales/Australian Capital Territory initiatives
demonstrated the benefit of routinely updated, population-based, data linkage systems
rather than ad hoc, project-based data linkages. Once established, there were many other
benefits including cheaper projects, better data and improved privacy protection [15].
However, the time needed to obtain project approvals was often lengthy, especially for
complex projects, and there were delays in supply of linked data. There were also challenges
with linkage of data between Australian jurisdictions.

Privacy and confidentiality concerns from data custodians and the community were
always a high priority and shaped the approach to systematic linkage in Western Australia
and New South Wales. The use of the “best practice protocol”, which requires the separation
of identifiers from health data as well as the separation of roles, i.e., the people with access
to the identifiers do not have access to the health data, was central to addressing these
concerns [20].

In addition, strong community support for data linkage activities is essential to run-
ning a successful data linkage system. Both these data linkage systems have incorporated
community involvement activities in their development and operations. In Western Aus-
tralia, the Consumer and Community Health Research Network established in 1998 by the
School of Population Health at the University of Western Australia has been particularly
influential and supportive [21].

Moral and ethical issues around balancing all the interests at play, not just privacy,
also had to be tackled. These issues included the protection of government interests and
the possibility that not using linked data could result in harms by preventing or delaying
health and health service improvements [22–24].

3.4. Early Cross-Jurisdictional Linkage

Australia is a federation with a complex health system. The Australian Government
is responsible for some aspects of this system, with state and territory governments re-
sponsible for other aspects. As a result, some population health data is held by Australian
Government agencies while other data is separately held by government agencies in six
states and two territories.
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One of the first examples of cross-jurisdiction data linkage in Australia was the
Australian Cancer Statistics Clearing House. This was established in 1986 at the Australian
Institute of Health and Welfare (AIHW). It linked cancer registry and death data from
cancer registries in Australian states and territories to provide national cancer information.
However, this data was not routinely linked to other population health data.

In 1998, discussions commenced to enable linkage of Australian Government Medical
Benefits Schedule (MBS) payments and Pharmaceutic Benefits Scheme (PBS) data to the
Western Australian linked hospitalisations and death data for a project on diabetes. A
Memorandum of Understanding (MoU) to cover the linkage was developed between the
(then) Commonwealth Department of Health and Aged Care, the Health Department of
Western Australia, the University of Western Australia, the AIHW and the Health Insurance
Commission. The MoU was signed in 2001 with particular support from the Secretary of
Commonwealth Health (Mr Andrew Podger), the Commissioner of the Health Department
of Western Australian (Mr Alan Bansemer) and the Director of AIHW (Dr Richard Mad-
den) and the linkages were undertaken [20]. In 2003, the arrangement was expanded to
establish a population-based, cross-jurisdiction linked data resource. The arrangement was
supported by a cross-jurisdiction management committee which also considered applica-
tions for access to the linked data. It was the first time that this type of population-based,
cross-jurisdiction data linkage resource was available in Australia. It enabled important
research projects on topics such as potentially inappropriate medications in the elderly
and the impact of regular primary care on outcomes of people with chronic diseases to be
completed [25–28].

3.5. Challenges and Achievements

Challenges in establishing and accessing the cross-jurisdiction linked data resource
included complex legal frameworks, lengthy project approval processes and delays in
data supply. Changes in personnel in participating agencies also had an impact, with new
appointees not always as supportive of cross-jurisdiction data linkage as their predecessors.
The resource was last updated in 2007 and subsequently discontinued. Each of the chal-
lenges identified through the cross-jurisdiction data linkage project was complex in its own
right and none was amenable to a simple solution. These challenges informed plans for the
development of a more coordinated Australian data linkage system (see Section 4 below).

Although the resource was discontinued, the work clearly demonstrated the feasibility
of population-based linkage of Australian Government and state government data, at
both the governance and technical levels. It also highlighted the importance of access to
cross-jurisdiction linked data in the Australian context.

4. National and Cross-Jurisdictional Data Linkage: The Population Health Research
Network (PHRN) (2009–2021)

4.1. Establishment of the PHRN

In its 2004–05 Budget, the Australian Government announced the implementation of
the National Collaborative Research Infrastructure Strategy (NCRIS) with the objective of
bringing more strategic direction to the investment in national research infrastructure. This
was followed in 2006 by the first NCRIS Strategic Roadmap. The Roadmap was developed
after extensive national consultation and set the priorities for the Australian Government’s
investment in national research infrastructure.

The 2006 Roadmap proposed the scoping of a coordinated national data linkage
capability.

“One possibility is that the capability could be modelled on the system that is being
implemented in Western Australia . . . . A national system might comprise a network of
such data linkage units with oversight by a coordination authority provided with both
funding and staff capable of providing both intellectual leadership and administrative
support” [29].
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A lengthy national scoping and consultation period followed, with the final invest-
ment plan for a national data linkage capability accepted in 2009. The investment plan
identified the University of Western Australia as lead agent for the PHRN and covered the
establishment of a central coordinating office at the University, four new state/territory
data linkage units based on the Western Australian model to complement the existing units
in Western Australia and New South Wales, a national data linkage unit and a secure, re-
mote access, data laboratory. The investment plan was designed to deal with the challenges
of the complex Australian health system, to improve health and well-being, and enhance
the effectiveness and efficiency of health services.

Contracts were signed and the establishment of PHRN commenced in April 2009 with
the appointment of the Chief Executive. A detailed description of the PHRN data linkage
infrastructure was published in 2019 [30]. Further information about PHRN is available at
https://www.phrn.org.au/ (accessed on 21 October 2021).

Australia is a federation of six states and two self-governing territories which together
make up the Commonwealth of Australia. State and territory governments are responsible
for some aspects of health care, while the Australian Government is responsible for other
aspects. The networked and coordinated approach to a national data linkage system
implemented by the PHRN is a response to the unique characteristics of the federation and
the Australian health system. This approach has similarities to the Health Data Research
Network Canada which is working towards harmonizing data and linkage systems across
many provinces [31]. Other smaller single jurisdiction nations such as New Zealand and
Denmark have implemented centralized linkage systems, an approach which was not
feasible in Australia [32,33].

4.2. Challenges and Achievements

The establishment of a national, coordinated data linkage infrastructure across nine
jurisdictions should not be underestimated. While a distributed, federated system was the
agreed approach, it also posed a number of challenges including:

• Standardisation of data and metadata across jurisdictions;
• Standardisation or benchmarking of linkage methods;
• Standardising, harmonising or coordinating approval requirements and processes;
• Different legislation, regulation, policy and culture between jurisdictions;
• Varying levels of data linkage experience and expertise between jurisdictions.

Another challenge was to get all jurisdictions to participate. While a majority of juris-
dictions participated from the outset, it is only since 2011 that all Australian jurisdictions
have participated.

Being a truly national network that links data from all Australian, state and territory
governments was a priority for the PHRN from the beginning. Achieving participation
from all jurisdictions meant supporting a high level of flexibility in how the data linkage
infrastructure was developed, implemented and operated in each jurisdiction. Strict
requirements for each jurisdiction to implement and operate in specific nationally agreed
ways would have delayed the participation of some jurisdictions and it is possible that
a national network of any kind may not have been achieved. However, the distributed
approach resulted in differences in data linked, linkage methods and approval processes
across jurisdictions, which make multi- and cross-jurisdictional research projects more
complex than they would be with a standardised national approach [34,35].

To help address these challenges, the PHRN holds regular meetings with senior
officers in participating organisations and hosts regular forums for technical staff. It is also
working with jurisdictions to establish enduring cross-jurisdiction data linkage and related
linked data assets.

A further challenge has been Australia’s complex authorising environment, with each
jurisdiction having its own set of enabling legislation and related policies and practice.
PHRN continues to participate in jurisdictional and national processes aimed at simplifying
the authorising environment. One success was the establishment of mutual acceptance
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of ethical review for data linkage projects. The PHRN also established and continues to
operate an Online Application System and related services to assist researcher access to
cross-jurisdiction linked data. There is strong growth in demand for this service [36].

The PHRN’s most significant achievement is the establishment of a coordinated na-
tional system of cross-jurisdiction linkage. This system is internationally unique and
enables health and human services data from different jurisdictions about the same indi-
vidual to be linked and accessed. All Australian jurisdictions now have at least 10 years of
their core population health data linked. Over 210 data collections are routinely linked and
there are more than 15 billion records in the national linkage system. There is also regular
linkage to national clinical registries and large longitudinal cohorts. In addition, Australian
linked data is being increasingly used for clinical trials. There has been a steady increase in
the number of data applications and peer reviewed publications using linked data since
the establishment of the PHRN [36–38].

PHRN also pioneered national secure remote access data laboratories in Australia.
The first, the Secure Unified Research Environment at the Sax Institute in Sydney, is now a
well-used environment trusted by custodians across Australia to provide access to sensitive
unit record data [36,38].

Research using PHRN linked data has positively impacted many aspects of health
and other human services across Australia. This includes changes to government policy
as well as changes in clinical practice. Information on impacts is available on the PHRN
website [39]. One important example relates to the introduction of Human Papilloma Virus
(HPV) vaccination to prevent cervical cancer. The vaccine was introduced in Australia in
2007 and monitored by linking vaccine registers to cervical smear registers in two states
(Queensland and Victoria) [40–42]. Findings from these and related studies resulted in a
change to Australia’s cervical cancer screening program, with cytology screening every two
years replaced with more accurate HPV screening every five years. The current COVID-19
pandemic is a further example, with Australia’s linked data playing a significant part in
jurisdiction responses to the pandemic [43].

While there has been an expansion of population-based data linkage capability across
the globe in recent years, Australia remains one of a relatively small number of countries
with a national population-based data linkage capability.

5. The Future of Data Linkage in Australia

The demand for access to high-quality linked data from an ever-expanding range
of sources (omics, environment, clinical records, wearable devices, social media, etc.) is
likely to accelerate over coming years. This demand will come from a wide range of users
including governments, academia and private industry.

Close collaboration will be required across Australian jurisdictions, the research sector
and industry to meet this demand, including to source the data required, routinely link
across jurisdictions and provide access to linked data in efficient and safe ways. Changes to
Australia’s very complex authorising environment may also be needed to ensure that the
rights and interests of stakeholders are carefully considered and the approval and access
processes are proportionate to the risks as systems evolve. New technical advances in
computing infrastructure and analytical techniques will make data linkage and the analysis
and management of linked data more accurate, efficient and safe. New approaches to
metadata and data standardisation for huge volumes of data from very different sources
will also be required to enable people to find suitable data, and plan and execute their
research.

In addition, it will be necessary to ensure that the Australian community supports
and trusts the data linkage system and that linked data is used in ways that demonstrate
clear public benefit. The community will need to become more data literate and better
understand both the benefits that linked data can bring and the risks to individuals and
groups. It may not be possible to ensure anonymity given the volume of data on each

67



Int. J. Environ. Res. Public Health 2021, 18, 11339

individual and the emerging analytical tools. A multi-pronged approach to community
education and involvement will be required including:

• The provision of information about the benefits, risks and risk mitigation strategies on
a range of communication platforms,

• Community involvement in setting the research agenda, and
• Community representation on decision making and advisory groups.

6. Conclusions

The first 50 years of data linkage development in Australia has provided a firm
foundation for further expansion and development, and will help to ensure that Australia’s
linked health and human services data continues to be available to address the evolving
challenges of the next half century.
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Abstract: The Australian Institute of Health and Welfare (AIHW) is a leader in the provision of high-
quality health and welfare information. Its work program has built a strong evidence base for better
decisions that deliver improved health and welfare outcomes. The evolution of the AIHW’s data
integration program has exemplified innovation in identifying and addressing key information gaps,
as well as responsiveness to opportunities to develop and capture the data required to inform national
priorities. The AIHW conducts data integration in partnership with data custodians and specialists
in integration and analysis. A linkage project requiring the integration of Australian government
data must be undertaken by an accredited integrating authority. The AIHW has met stringent criteria
covering project governance, capability, and data management to gain this accreditation. In this
capacity, the AIHW is trusted to integrate Australian government data for high-risk research projects.
To date, the AIHW’s integration projects have generated improved research outcomes that have
identified vulnerable population groups, improved the understanding of health risk factors, and
contributed to the development of targeted interventions. These projects have fostered new insights
into dementia, disability, health service use, patient experiences of healthcare, and suicide. Upcoming
projects aim to further the understanding of interrelationships between determinants of wellbeing.

Keywords: continuity of care; data; disability; dementia; health; health service use; integration; last
year of life; linkage; suicide; veterans; welfare; wellbeing

1. Introduction

The Australian Institute of Health and Welfare (AIHW) is a leader in health and welfare
information. Its analytical work program offers insights into how Australians interact with
the health and welfare systems, through the analysis of a broad range of data sourced from
surveys, administrative records, and service delivery functions. The outputs of the AIHW
work program provide strong evidence as a basis for better policy and program delivery
decisions that ultimately lead to improved health and welfare outcomes for Australians [1].

The AIHW is an international leader in data integration and has gained accreditation
as an integrating authority [2,3]. This accreditation allows the AIHW to integrate Australian
government data for statistical and research purposes.

In this context, the AIHW has developed an extensive data integration program that
has provided opportunities to build richer analytical datasets, which can deliver research
outcomes beyond what is possible from analysis of single data sources. The program of
work has provided opportunities for the following:

• Broader level reporting and analysis—e.g., whole-population and national data;
• Addressing key data gaps by connecting content datasets that relate to a single entity;
• Analysis and reporting of rare or sensitive issues and events;
• Analysis of pathways taken through health and welfare systems and to understand

the experience over a person’s life course;
• Identification of specific population groups in broader administrative datasets—e.g.,

migrants or veterans.

The AIHW adheres to all relevant legislation and guidelines to ensure it upholds strict
privacy and confidentiality requirements.
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The AIHW seeks opportunities to drive innovation in the collection, use, and analysis
of health and welfare information, to learn from international experience, and to develop
approaches that align with best practice. The AIHW’s international engagement includes
the following:

• Participation in Organization for Economic Co-operation and Development (OECD)
activities, including the Working Party on Health Statistics;

• Longstanding involvement with the World Health Organization, through the WHO
Family of International Classifications Network (WHO-FIC), and as the designated
Australian Collaborating Center (ACC) for the WHO-FIC;

• Collaboration with the Canadian Institute for Health Information, through sharing
and comparing approaches, and participating in secondments across the agencies;

• Membership with the National Initiative Network, a collective that shares experi-
ences in developing stronger frameworks to promote secondary use of health and
wellbeing data;

• Partnership with The Five Eyes research collective, with a particular focus on interna-
tional comparisons of data about veterans;

• Contact with the United States of America National Center for Health Statistics,
Statistics New Zealand, and the Commonwealth Fund.

2. AIHW Data Integration Projects

To date, data integration projects undertaken by the AIHW have generated improved
research outcomes for a number of specific population groups and health and welfare topics.
This has supported the identification of vulnerable population groups, provided a better
understanding of health and welfare risk factors, and contributed to the development of
targeted interventions. The AIHW has addressed significant data gaps, extended analysis
of complex relationships in health and welfare, and undertaken pioneering research that
provides new insights into how Australians interact with health and welfare systems.

Projects are currently underway which seek to maximize the use of broad, national
data assets to build a more holistic understanding of the interrelationships between the
determinants of health and wellbeing for Australians. Some of these assets are held and
maintained by the AIHW, while others are accessed in partnership with other Australian
government agencies.

All AIHW data integration projects are conducted in partnership with a range of data
custodians and specialists in data integration and analysis. Recent and upcoming AIHW
data integration projects are described below.

2.1. Dementia

Dementia is a condition that is not consistently captured in individual datasets and is
generally poorly captured in nationally representative surveys. The AIHW’s capacity to
monitor and report on dementia has been transformed through data integration, which has
enabled the following key achievements:

• Better identification of people with dementia in Australia, leading to better coverage
in reporting and more accurate understanding of disease prevalence, comorbidities,
risk factors, and population groups with dementia.

• Developing an understanding of the course of disease over time for people with
records of dementia including the potential to examine factors that affect the use of
health and aged care services. Records of dementia may include a specific diagnosis,
or recorded use of dementia-specific medications for diagnosis by proxy.

• Understanding the consequences of dementia diagnoses in many more aspects of
a person’s life than previously reportable—e.g., on work and income, or receipt of
welfare or disability support payments.

Data integration has also extended the use of existing data. For example, the AIHW
has developed models that identify predictors of early dementia in a dataset that contains
no dementia diagnosis information [4]. Ultimately, this information can be used to more
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accurately estimate dementia incidence and prevalence, as well as contribute to filling
information gaps in the primary and specialist care domains.

The AIHW’s dementia data integration projects are providing new and important
information on people with dementia in Australia, making use of data from the five-yearly
Australian Census of Population and Housing, plus welfare data that would previously
have been of little use for studies of dementia without data integration.

2.2. Disability

The AIHW is working in partnership with national and state-level governments to
integrate government data to develop a National Disability Data Asset (NDDA). This
project brings together deidentified data from over 50 datasets, sourced from all levels of
government, to build a linked administrative data asset that can support reporting under
the outcomes framework of a new National Disability Strategy (NDS).

The NDDA is currently in its pilot phase, which is focused on developing processes for
sharing data among government data custodians, to gain a better understanding of people’s
life experiences. Analyses of five public policy topics are being used to demonstrate the
potential of using linked data, as well as to inform design for a potential enduring asset.
These topics include early childhood support, experiences with the justice system, pathways
from education to employment, and services and support for people with disability and
mental health issues. The pilot phase aims to derive a comprehensive measure of disability
and demonstrate how linked administrative data can support an outcomes framework
under the NDS.

This pilot builds on AIHW’s health and welfare data expertise, which has supported
NDDA delivery partners to develop and capture previously unavailable information
on people with disability. The complexity of negotiating ethical approval, navigating
Australian government legislation requirements, and ensuring privacy compliance of
personal information has proven challenging. As the integrating authority for the pilot
phase of the NDDA, the AIHW has established rigorous end-to-end data governance and
management arrangements in accordance with privacy, legal, and technical aspects of the
supply, to ensure that data of value can safely be included in the asset. A key achievement
is the collaboration among the AIHW, the Australian Bureau of Statistics (ABS), and state
government partners to create the pilot dataset.

Early learnings from the pilot include the potential to improve data sharing arrange-
ments by streamlining governance and leveraging existing data integration infrastructure
at a national level. A system that facilitates delivery of timely and relevant data will inform
national priorities and support improved policy development, program design, and service
delivery for people with disability.

Research findings on the five topic areas will be available in late 2021. Learnings from
the pilot will inform options for an enduring data asset beyond 2021, including priority
data for inclusion, data integration models, approved uses of the NDDA, and appropriate
governance models for the asset.

2.3. Health Service Use: Last Year of Life

The AIHW is using the National Integrated Health Services Information (NIHSI)
integrated data asset to examine health service use patterns and their corresponding costs
for Australians who lived their last year of life between 2011–2012 and 2016–2017. The
project aims to identify key factors related to the variability in the patterns of health service
use in the last year of life. The key factors may include patient characteristics of age, sex,
remoteness, socioeconomic group, and cause of death. Comparisons will be made to the
health service use of the rest of the population (those who did not die) with otherwise
similar characteristics.

Key analysis datasets used in this project are the National Death Index (NDI) linked
to data on health service use, pharmaceutical prescriptions, and hospital, emergency
department, and residential aged care.
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Results from this analysis will provide information on Australians’ interaction with
a range of health services prior to death. They will help to identify the characteristics of
Australians who are not accessing the services they need in their last year of life. This will
provide useful information for healthcare professionals and policymakers.

Analyses for both service utilization and costs are underway, with an interactive web
report planned for release in late 2021.

2.4. Patient Experiences of Continuity of Care

The AIHW developed the Coordination of Healthcare (CHC) study in partnership
with the ABS to fill an important data gap and provide information on patients’ experiences
of continuity of care across Australia [5]. The study, which included people aged 45 and
over, used a survey and data integration to examine patient experiences of continuity of care
across Australia and importantly by the Primary Health Network [6]. The survey collected
self-reported experiences of health service use including general practitioners (GPs), spe-
cialists, hospitals, and emergency departments. It also asked about health status including
long-term health conditions, medication use, and sociodemographic characteristics.

Responses from consenting participants were linked to their administrative health
data, including health service use and pharmaceutical prescription data, plus hospital and
emergency department data for the pre- and post-survey period. The resulting integrated
dataset provides a unique source of information on patient experiences, health status, and
service use data [7]. This data linkage has enabled researchers to quantify and describe
the actual use of health services (such as GP and hospital visits) and compare it with
self-reported data on people’s experiences of healthcare.

2.5. Suicide

The AIHW has used data from the Multi Agency Data Integration Project (MADIP)
national data asset to analyze the contribution of different social determinants to death by
suicide in Australia. The results will inform future policy development to help prevent
deaths by suicide.

The 2011 Australian Census of Population and Housing was linked to the ABS Death
Registrations collection to form the analysis population, which was then linked to key
analysis datasets, covering a range of health and welfare topics. The quality of income
data from MADIP was improved using a synthetic measure developed by the Australian
National University, based on taxation and social security payment data. Application of a
weighting methodology addressed issues with linkage coverage.

Initial analyses on cumulative risks of dying from suicide by educational attainment
and employment status were released publicly [8].

Multiple statistical models have been developed (including a competing risk model)
to provide a better understanding of the contribution of different social determinants—sex,
age, indigenous status, occupation, marital status, household composition, and personal
income—to deaths by suicide. Preliminary results, intended for publication in September
2021, provide useful insights into associations between certain social determinants and the
risk of suicide.

2.6. Veterans

Because of their unique service experience, many permanent, reserve, and ex-serving
Australian Defense Force (ADF) members (‘veterans’) and their families experience chal-
lenges beyond those typically experienced by the general Australian population [9,10].

In collaboration with the Australian national government’s Departments of Defense
and Veterans’ Affairs, the AIHW is monitoring and reporting on the health and welfare
status of veterans. Outcomes for veterans are compared to those of the broader Australian
population, to identify specific risk and protective factors, as well as the social determinants
of health and welfare of Australian veterans.
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To date, specific analyses in this work program have focused on understanding
the following:

• Overall causes of death and incidence of suicide for current serving and ex-serving
ADF members [11];

• The welfare of ex-serving ADF members, from analysis of several topics including
housing, social support, education and skills, employment, and income and finance;

• The use of healthcare services by ex-serving ADF members;
• Use of subsidized prescription medication by ex-serving ADF members;
• Health status, risk factors, and health conditions [12].

Under the veterans’ analysis work program, the AIHW integrates ADF personnel
data with other government datasets to enable identification of veterans in a range of
administrative datasets including death registries, Pharmaceutical Benefits Scheme, and
Homelessness Support Services. A key development resulting from this work program has
been the addition of a veteran identifier flag to the MADIP, which will allow identification
of veterans in the broad range of datasets included in MADIP, to inform on aspects such as
employment, income, education, and social service use.

The analytical outputs of the veterans’ analysis work program are building a profile
of Australia’s veterans which is helping to drive data improvement, inform development
of policy and targeted interventions, and ultimately, improve the wellbeing of Australia’s
veterans [13].

3. The AIHW Data Integration Process

Australian government entities strongly support data integration, to maximize the
benefits and use of government data assets and, importantly, to reduce the burden on
individual respondents and data providers.

To protect privacy and confidentiality, as well as maximize the public benefit of its
research, the AIHW integration program takes place in a secure and regulated environment.
The AIHW integration environment is characterized by strict adherence to privacy princi-
ples through appropriate governance and approvals, strong strategic partnerships, secure
data integration processes, and the creation and maintenance of high-quality data assets.

3.1. Governance and Approvals

The AIHW’s data integration environment adheres to, and is bound by, both manda-
tory requirements and best practice policies and processes. These include Australian
government legislation, policy, and guidelines, data security protocols, approval by ethics
or human research ethics committees, data custodians and data access committees, and
adherence to national and international best practice and frameworks including the Privacy
Act 1988 and the Australian Privacy Principles (APPs) [14,15]. The AIHW’s data governance
framework provides details of our strong data governance arrangements, including de-
scriptions of key concepts, governance structures and roles, and the systems and tools that
support them [16]. In addition, the AIHW’s privacy policy outlines how the AIHW handles
personal information [17].

The AIHW Ethics Committee is established under Section 16 of the Australian Institute
of Health and Welfare Act [18]. Its functions and membership are prescribed in the Australian
Institute of Health and Welfare (Ethics Committee) Regulations 2018 [19]. All data linkage
projects must be approved by the AIHW Ethics Committee and other relevant ethics com-
mittees where appropriate. The ethics application must include evidence of consultation
with relevant stakeholders, including the general community, to establish their support
and trust. Projects are required to be transparent and must make results publicly available.
As part of this, information about projects and their outcomes are also published on the
AIHW website.

All projects are assessed against the Five Safes, which is an internationally recognized
approach to considering strategic, privacy, security, ethical, and operational risks as part
of a holistic assessment of the risks associated with data sharing or release [20]. Guided
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by this framework, the AIHW applies the following criteria to assess all new integration
projects and assign a risk rating:

• Safe Projects—Is the use of the data appropriate (legal, moral, and ethical)?
• Safe Users—Can the users be trusted to use it in an appropriate manner?
• Safe Data—Is there a disclosure risk in releasing the data itself?
• Safe Settings—Does the access facility prevent unauthorized use?
• Safe Output—Are the statistical results non-disclosive [21]?

Output is governed by the Australian Institute of Health and Welfare Act 1987, and strict
review of outputs by AIHW’s data integration managers ensures protection of privacy and
confidentiality [18].

3.2. Strategic Partnerships

Strong relationships with stakeholders are essential to the production of accurate
information and to achieving improved data collection practices. The AIHW collaborates
closely with experts in data integration and has effective data partnerships with govern-
ment entities—national, state, and local, as well as with universities, research centers,
nongovernment organizations, and other experts throughout the country. For current
integration projects, the AIHW engages with government experts on health, education,
community services, and housing.

The AIHW is working closely with the ABS, to develop a consistent national inte-
gration system. This partnership aims to maximize the use of existing survey, Australian
Census of Population and Housing, and government administrative data. By supporting
the use of consistent national data standards and approaches to collection, the AIHW
and ABS can build and coordinate secure access to integrated national assets that support
multiple analytical uses.

All data integration work is performed under guidance from a number of specialist
advisory committees. In addition, the AIHW engages with consumers to continue to build
community trust.

3.3. Quality Data

The AIHW collects, hosts, analyzes, and disseminates data that support the under-
standing of important health and welfare issues, and that are critical to good policymaking
and effective service delivery.

The AIHW Quality Management Framework (QMF) is used to manage risk and
maintain quality. The QMF draws on aspects of separate enterprise architecture, quality
gate, data validation, and project management models developed by other national and
international organizations. Application of the QMF across all stages of data integration
and analysis projects maximizes the potential to deliver outputs that support and inform
policy development and decision making.

The five key elements of the QMF are as follows:

• Statistical risk—Managing statistical risks, which can occur at all stages and levels
in the statistical production cycle, is key to maintaining data quality. To minimize
statistical risk, the QMF provides clear definitions of the risks to data quality, as well
as their significance (major, medium or minor), and provides guidance on developing
strategies for their management.

• Project management—All statistical projects must complete a risk assessment at the
planning stage. The project brief lists major risks, and any risks already realized are el-
evated to issues. Strategies for mitigation and management must be included. The risk
assessment feeds into the design of the quality assurance and data validation strategies
for each project. Risks are reviewed regularly throughout the project’s lifecycle.

• Quality assurance (QA)—QA strategies are particularly useful for identifying medium-
level statistical risks and quality issues. They give a more detailed view of the factors
impacting risks and data quality, often from a process perspective. The QMF provides
context, generic tools, and a broad operational model to assist with the design of
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consistent QA strategies. It uses a set of generic gates to improve the early detection of
errors or flaws in production processes. It also defines the roles and responsibilities
for managing quality and performance measures to facilitate quality gate assessments.

• Data validation—Data validation processes present the last opportunity to detect, re-
solve, and treat important errors before the data are released to clients. Validation also
enables anomalous data that are correct to be identified and explained. The QMF pro-
vides templates, guidance, and explanatory notes to assist with data validation work.

• Reference models—The QMF is based on reference models that integrate critical project
management activities into the statistical production process, provide guidance on
quality assurance and data validation work, and define the roles and responsibilities
of stakeholders across project phases. These models can also be used to benchmark,
monitor, understand, and streamline production processes, improving responsiveness
and capability into the future.

3.4. Data Integration

The AIHW provides a secure linkage environment for all approved linkage activity.
The Data Integration Service Center (DISC) is a separate computer network that is not
connected to the internet or any other AIHW system and includes strict protocols and
procedures for physical security, data security, and manager review of outputs to ensure
ethics compliance.

All AIHW data integration activities, regardless of risk level, are undertaken within the
DISC. The linkage process is designed for each new project, around the following principles:

• The separation principle means that no one working with the data can view both
the linking (identifying) information (such as name, address, date of birth) together
with the merged analysis (content) data (such as clinical information, health service,
or medication usage) in an integrated dataset. Under the separation principle, data
integration is performed in three stages—separation, linkage, and merging. Each
stage has a separate domain within the specific project in the DISC. Each domain is
accessible only by staff holding the specified role, and staff members can only perform
one role in each project.

• Linkage is done on datasets containing essential data items only,
• Sophisticated probabilistic data linkage methodology is used to achieve the best

possible linkage results. The linkage is performed using linkage software developed
by the AIHW.

• Output is appropriately confidentialized before it is made available to researchers, in
accordance with appropriate legislation and the requirements of data custodians.

4. Opportunities and Challenges

Data integration has increased the capacity to fill key data gaps and support better
decisions to develop and deliver targeted interventions to those who are at risk. By combin-
ing data from different sources, and harnessing expertise through strategic partnerships,
the AIHW data integration program has provided opportunities for the following:

• Enhanced analysis—the research potential of integrated datasets is greater than of
those based on a singular source. Integrated data have a broader coverage of topics
and provide greater potential to examine interrelationships between topics.

• Cleaner data—the combination of data from different sources enables the development
of improved data checks that can enhance the quality of the separate data sources. This
can be achieved through the development of data collection standards or definitions
of data items that relate to standard classifications.

• Cost effectiveness—linking data collected for other purposes is far cheaper than obtain-
ing similar data through surveys and longitudinal studies. Reuse of existing adminis-
trative data greatly reduces the costs associated with both provision and collection.

• Improved coverage—linked datasets can represent a large sample, allowing broader-
level reporting that is not possible from individual survey data. Use of integrated
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data can assist to address issues associated with small numbers. This both protects the
privacy of individuals and enhances analysis and reporting of sensitive or rare events.

• Identification of target groups—linking information about target groups, e.g., migrants
or veterans, creates broader datasets that support the analysis of wellbeing and identi-
fication of risk factors for these groups, without the requirement to ask for this detailed
information in administrative datasets.

• Longitudinal analysis—integrating datasets over time can allow the analysis of path-
ways through health and welfare systems or over the life course of an individual
or cohort.

While offering many opportunities, the development of and access to a broad range of
data assets for integration present many challenges such as the following:

• Coordination of the large and complex data integration landscape, involving data
assets from all levels of government.

• Complex governance arrangements—including understanding the implications of
relevant legislation, policies, and ethics. This requires a considerable amount of time
and documentation.

• Managing liaison and approvals across multiple data custodians, especially across
different levels of government. Integration projects drawing data from multiple
sources typically require approvals from multiple ethics committees or custodians.

• Building community trust and engagement.
• Methodological challenges, where weighting practices may be required to ensure

appropriate representativeness of the data.
• Data inconsistencies across input data sources. Data used in integration projects

are often collected for service delivery or administrative purposes. They may have
different definitions, concepts, specifications, coding, classifications, standards, and
quality across sources.

• The need to quickly develop expertise in new and complex data models, as well as new
approaches to analysis. As demand continues to grow for accessible and large-scale
linked data assets such as the NIHSI and NDDA, the AIHW is responding to more
complex, cross-sector research questions.

In many cases, the source data for AIHW integration projects have not been used in
this way before. The AIHW has invested considerable effort to assess their suitability to
inform policies and meet research objectives through data integration.

To meet these challenges, maintain strong leadership in data integration, and ensure
the ongoing utility of Australian government data to meet research objectives and inform
decision making, the AIHW data integration work program will continue to focus on
the following:

• Forming new and strengthening existing partnerships across all levels of government,
to promote access to and use of data assets, as well as sharing of expertise.

• Promoting processes to safely share data for integration in national data assets that
allows richer, deeper analysis of populations of interest. An example of this is the
addition of population flags to national data assets, as in the AIHW veterans’ analysis
work program.

• Continuous improvement and innovation in data collection practices, including op-
portunities to harmonize the way data on topics of interest are defined and collected.

• Supporting the development of governance frameworks that facilitate data integration
involving data assets from all levels of government, while maintaining the privacy and
confidentiality of data about individuals, as well as meeting the specific requirements
of data custodians for access to and use of their data.
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Abstract: Australia spends more than $20 billion annually on medicines, delivering significant health
benefits for the population. However, inappropriate prescribing and medicine use also result in
harm to individuals and populations, and waste of precious health resources. Medication data linked
with other routine collections enable evidence generation in pharmacoepidemiology; the science
of quantifying the use, effectiveness and safety of medicines in real-world clinical practice. This
review details the history of medicines policy and data access in Australia, the strengths of existing
data sources, and the infrastructure and governance enabling and impeding evidence generation
in the field. Currently, substantial gaps persist with respect to cohesive, contemporary linked
data sources supporting quality use of medicines, effectiveness and safety research; exemplified by
Australia’s limited capacity to contribute to the global effort in real-world studies of vaccine and
disease-modifying treatments for COVID-19. We propose a roadmap to bolster the discipline, and
population health more broadly, underpinned by a distinct capability governing and streamlining
access to linked data assets for accredited researchers. Robust real-world evidence generation requires
current data roadblocks to be remedied as a matter of urgency to deliver efficient and equitable health
care and improve the health and well-being of all Australians.

Keywords: prescribing; quality use of medicines; medication safety; pharmacoepidemiology; medication
data; data linkage; health outcomes; real-world data; real-world evidence

1. Introduction

Prescribing medicines is the most common health intervention globally [1]. Modern
medicines have changed the course of major diseases including coronary atherosclerosis,
heart failure, stroke, HIV/AIDS and several cancers. However, these major advances have
come with costs, both human and financial. Medicines are approved by regulators and
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payers based on evidence from randomised clinical trials (RCTs) [2,3] but most RCTs are
not designed to anticipate, identify, or quantify all possible safety concerns, particularly
rare outcomes and long-term effects that only emerge once large numbers of people are
exposed over time [4,5]. Moreover, RCTs most commonly focus on single medicines and do
not necessarily reflect how medicines are used in patients with complex needs, who require
multiple medicines for long periods [4,5]. So, when regulatory and subsidy decisions are
made, policy makers, health care professionals, and patients face significant uncertainty
about whether the benefits and safety reported in these trials will translate into real-world
settings. As such, there is a critical need for rapid and comprehensive evidence about the
populations accessing new products, and the benefits and harms associated with their use
in routine clinical care.

In addition to generating evidence about the effectiveness and safety of medicines,
it is imperative that real-world evidence addresses how medicines are used in routine
practice. This is because inappropriate prescribing practices may lead to harm, significant
downstream health system burden, and waste of health care resources. In Australia, it is
estimated that some 2–3% of all hospital admissions are related to medicine use, rising
to 20–30% in people aged 65 years and over [6]. In the period 2016–2017, this equated to
~250,000 hospital admissions, estimated conservatively to cost more than $1.3 billion [6].
Moreover, the high unit cost of some medicines can impact on affordability, resulting in
inequities in access and health outcomes.

During the last 20 years, the capacity to generate real-world data on quality use,
benefits and safety of prescribed medicines has expanded greatly. The field of pharma-
coepidemiology has developed from a primary interest in drug utilisation and ecological
exposure-outcome studies to contemporary use of large databases of multiple linked rou-
tinely collected, real-world data to estimate the balance between the benefits and harms of
medicines [7,8]. These analyses have become increasingly important in decision making.
For instance, real-world studies of medicines for COVID-19 have profoundly affected our
understanding of the positive and negative impacts of these interventions [9,10]. While
insights generated from large databases have the potential to augment our understand-
ing of the impacts of health care interventions, poorly conducted, and even fraudulent
studies have important consequences that have led to inappropriate, worthless or harmful
treatments being administered to millions of people [11].

Never has there been a more important time to shine the spotlight on Australia’s
capacity to conduct high-quality, real-world studies of medicine use and effects across a
wide range of therapies. In this review, we discuss the use of routine ‘medication data’
to generate insights and enhance our understanding of the real-world use, benefits and
safety of medicines in Australia. In this context, we refer to ‘medication data’ as an all-
encompassing term that includes prescription, dispensing, sales and self-report data about
medicine use. Specifically, we will:

• Discuss Australian medicines policies and detail the available medication data that
can be leveraged to estimate real-world medicine use;

• Describe how medication data have been used for population-level monitoring, evalu-
ation and research on quality use, effectiveness and safety of medicines, including a
COVID-19 case study;

• Highlight the key barriers to delivering a comprehensive research program quantify-
ing real-world use, effectiveness and safety of medicines in Australia; and

• Outline a roadmap to bolster Australia’s capacity to accelerate evidence development
about effectiveness, safety and quality use of medicines in routine clinical care.

2. Australian Medicines Policies

Australia has a long history of innovation in medicines policies and Australians can
access medicines in a variety of ways. They can be prescribed in the community or to
patients during hospital stays. Other medicines, including complementary and alternative
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medicines, can be purchased over the counter (OTC), without a prescription, in community
pharmacies or retail stores such as supermarkets.

2.1. National Formulary (The Pharmaceutical Benefits Scheme)

The Pharmaceutical Benefits Scheme (PBS), established in 1948, is a key pillar of
Australia’s universal health care system, providing all Australian citizens and permanent
residents with subsidised access to prescribed medicines [12]. The Repatriation Phar-
maceutical Benefits Scheme (RPBS), established in 1919 provides subsidised access to
pharmaceuticals to veterans and their dependents. All PBS medicines are available on the
RPBS, but eligible veterans’ and their dependents have access to additional medicines via
the RPBS.

The Pharmaceutical Benefits Advisory Committee (PBAC), formed in the early 1950s,
is an independent expert body appointed by the Australian Government recommending
new medicines for PBS-listing based on clinical efficacy, safety and cost-effectiveness (‘value
for money’) relative to other available treatments, a process underpinned by RCT evidence.
The PBAC pioneered ‘value for money’ as a pre-requisite for listing in the early 1990s, a
process now adopted by governments and third-party payers worldwide [13]. Prior to PBS-
listing, a medicine must first be assessed for its quality, efficacy and safety and registered
for use in Australia by the Therapeutic Goods Administration (TGA), part of the Australian
Government Department of Health. The TGA is responsible for the regulation, registration
and ongoing monitoring of medicines safety. Historically, the TGA has relied on periodic
review of passive voluntary reports of adverse events from the pharmaceutical industry,
prescribers and patients to generate ‘signals’ for investigation. It is widely acknowledged
that this system alone does not meet the needs of a contemporary regulatory system [2,3]
and there is a critical need for large-scale and comprehensive post-marketing studies
leveraging quality real-world data.

2.2. Quality Use of Medicines (QUM)

The late 1990s and early 2000s also saw the development of pivotal initiatives promot-
ing quality use of medicines (QUM) in Australia. The Australian Government launched the
National Medicines Policy [14] and Australia remains one of the few developed countries
detailing a comprehensive approach to produce better health outcomes for all Australians,
focusing on people’s access to, and wise use of, medicines. The National Prescribing
Service (now NPS MedicineWise, Sydney, Australia), a not-for-profit organisation funded
by the Commonwealth Department of Health, was launched in 1998. Considered the
main implementation arm of the National Medicines Policy, the organisation disseminates
evidence-based information and implements educational programs to improve the way
in which medicines are prescribed and used in Australia [15]. The Veterans’ Medicines
Advice and Therapeutics Education Services (Veterans’ MATES, Adelaide, Australia) program
commenced in 2004 to improve the use of medicines and health services in the veter-
ans’ community through data-driven health interventions directed to both Department
of Veterans’ Affairs clients and their health care providers [16]. Most recently, QUM and
medicines safety was made the 10th National Health Priority Area by the Council of
Australian Governments (COAG) Health Council [17], recognising the urgent need for
a coordinated national approach in identifying and promoting best-practice models and
measuring progress towards reducing medication related harm.

2.3. A Growing Need for Real-World Data

Given Australia’s significant investment in prescribed medicines and QUM initiatives
it is imperative that real-world medicines use is monitored to ensure appropriate, effective
and safe use. This requires access to comprehensive multiple linked datasets and the
capability to perform sophisticated analyses using these data. Cooperation and clear,
ongoing governance arrangements between government agencies and academic and not-
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for-profit institutions are needed to achieve these ends. In the following sections, we detail
the diversity of data sources and capabilities needed in Australia to achieve this goal.

3. Quantifying Medicines Use in Australia

Australia is replete with medication data to estimate individual- and population-
level medicine use, but the available data remain largely unlinked to information that
is needed to gain insights into indications for treatment and health outcomes. Primary
data collections (e.g., cross-sectional and longitudinal surveys and disease- or medicine-
specific registries) and secondary or routinely collected data (e.g., medicine sales, electronic
health records, and dispensing claims) have demonstrated utility in describing medicines
use in Australia (Table 1). However, the population coverage and the extent of clinical,
dosage, and sociodemographic information varies by data source. This poses challenges
for comprehensive quantification of medicine use (including, potential underuse, overuse
and misuse) across the entire population and especially in population sub-groups, all of
which are critical for QUM assessment. For this reason, we limit our discussion in this
paper to potentially linkable data from dispensing and prescription records that provide
population-wide metrics.

3.1. Data from Dispensing Records

Records generated when PBS or RPBS prescriptions are dispensed in pharmacies
are the mainstay of Australia’s routinely collected whole of population medication data.
These are electronically generated by systems that have low error rates as they record
transactions and attract reimbursements for dispensing pharmacies. PBS records have been
shown to accurately reflect prescribed medicine use compared to self-reported use and for
medicines prescribed and administered in hospital outpatient settings [18,19]. PBS data
have proven an invaluable source of information to quantify population-level medicine
use and associated outcomes [7,20]. Notwithstanding the strengths and insights that can be
generated from data of this kind, they were not established for research purposes and the
gaps in, and limitations of, these data to support QUM research must be acknowledged and
addressed. For instance, data on indication and directions for use such as the prescribed
daily dose are not available in PBS or RPBS records. In some instances, this can be inferred
for medicines used for a single indication, with specific patterns of use, or by linking to
other data sources. However, researchers are often required to rely on crude approaches
to derive estimates for daily doses, adherence, persistence, and concurrent use when
analysing these data.

3.2. Data from Health Records

The growth in access to electronic health records (EHRs) has also contributed signifi-
cantly to the discipline of pharmacoepidemiology [21]. The value of these collections lies
in the richness of the longitudinal data they contain across sociodemographic, behavioural
(e.g., smoking status, alcohol consumption) and clinical (e.g., diagnostic, laboratory, pre-
scribing and imaging) domains. These systems have high quality records on all prescrip-
tions written (including indications and directions for use), irrespective of whether they
are publicly subsidised or paid in full by patients [22]. However, the quality and compre-
hensiveness of sociodemographic, diagnostic and other clinical information are variable.
Australia does not have a population-wide EHR. The Australian Institute of Health and
Welfare (AIHW) was funded in 2018 to develop an enduring National Primary Care Data
Asset; however, consultation about the establishment of this asset is ongoing [23]. The
Australian Digital Health Agency also rolled out the national My Health Record system
in 2018. This is a personally controlled digital health information summary that can be
accessed by individuals and health care providers and connects clinical and administrative
information on medical encounters, hospitalisations, imaging services, prescriptions, and
pathology results. While the system undoubtedly has value, particularly the retrieval of
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medical data from a central repository during an emergency, a framework for secondary
use of those data (e.g., for research) has not been implemented [24,25].

There is no shortage of data available in Australia to quantify and track medicines use.
However, there is no comprehensive data source capturing the full spectrum of medicines
purchased and consumed by Australians. Moreover, quantifying and capturing changes
in medicine use as people transition to different health care settings (for example, from
hospital into community or residential aged care) are challenging, due to the siloed nature
of the available data collections.

Table 1. Data sources estimating individual and population-level medicine use in Australia.

Data Source Individual-Level Medicines Captured Other Data Examples

Self-report Yes

Survey specific:
prescribed, OTC,

complementary, and
alternative

Indication for use;
medical history,

smoking status, BMI,
location of residence

Study specific, e.g., National Health
Survey, Australian Longitudinal Study
on Women’s Health (ALSWH), 45 and

Up Cohort Study, Bettering the
Evaluation of Healthcare (BEACH)

Registries Yes
Registry for specific
medicines or clinical

conditions

Indication for use;
medical history,

pathology, imaging,
smoking status, BMI,
location of residence

Disease specific, e.g., Australian
National Diabetes Audit Longitudinal

Register (ANDA-L), Myeloma and
Related Diseases Registry (MRDR),

Australian Rheumatology Association
Database (ARAD), Australian Register

of Clinical Registries

Sales No, aggregate
only

Volume of medicine
sold to pharmacies,

hospitals, supermarkets
Location of sales

Community pharmacy prescriptions,
OTC, complementary and alternative

medicine sales data, manufacturer sales,
hospital sales

PBS and
RPBS

dispensing
Yes R/PBS-listed medicines

Indication for some
authority-required
medicines, age, sex,
beneficiary status,

locations of prescriber,
pharmacy and

beneficiary

PBS and RPBS dispensed medicines
from hospital and

community pharmacies

Electronic
health
records

Yes

Medicines
administered to

hospital in-patients or
medicines prescribed in

primary care

Indication for use,
medical history,

pathology, imaging,
smoking status, BMI

Hospital: Electronic hospital medication
management systems,

Hospital discharge summaries
Community: General practice clinical

software, e.g., Medicine Insight,
Melbourne East Monash General

Practice Database (MAGNET), GP
Population Level Analysis and

Reporting (POLAR)
Both: My Health Record

Drug
surveillance Yes Controlled substances Indication available

sometimes

Monitoring of Drugs of Dependence
System (MODDS), NSW Controlled
Drugs Data Collection (CoDDaC),

Real-Time Prescription
Monitoring (RTPM)

BMI, body mass index; OTC, over the counter; PBS, Pharmaceutical Benefit Scheme; RPBS, Repatriation Pharmaceutical Benefits Scheme.

3.3. Difficulties Accessing Linked Person-Level Data in Australia

Maximising the value of Australia’s health data for comprehensive understanding of
QUM and real-world effectiveness and safety of medicines has also had many challenges.
At the heart of this issue is timely data access. Complexities arising from cross-jurisdictional
data linkage across the Commonwealth, States and Territories and concerns about personal
privacy are at the heart of the problem and have impacted significantly on the accessibility
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and timeliness of these data to generate pharmacoepidemiological research to inform
medicines policy development in Australia. The federated health system, where the
Commonwealth or States and Territories are responsible for specific aspects of care, means
some health data collections are under the custodianship of different agencies across
different jurisdictions with different legislation. To undertake comprehensive research on
medicine effects, medicines exposure data held by the Commonwealth must be linked
with outcomes of interest such as hospitalisation or mortality data that are under State and
Territory custodianship. While Australia has invested heavily in its data linkage capability,
with data linkage units in all jurisdictions [26] and a cross-jurisdictional capability, we
have recently highlighted the complex multi-jurisdictional governance processes that limit
comprehensive access to linked health data in Australia [27].

4. Applications of Medication Data in Australia

4.1. Tracking Prescription Medicines Expenditure and Use

The most comprehensive figures on medicine expenditures in Australia, generated by
the AIHW, show an annual spend of over $22 billion on prescribed and OTC medicines
in the period 2017–2018 for a population of 25 million individuals (this figure includes
spending by government, the non-government sector and individuals) [28]. PBS medicines
accounted for $11.9 billion of total expenditure; medicines prescribed to public hospi-
tal in-patients, private prescriptions and OTC purchases accounted for the remainder.
Approximately half of the $3.7 billion spent on medicines purchased OTC was for comple-
mentary and alternative medicines. These high-level aggregate figures, however, do not
provide insights about individual-level medicine use or QUM. Our recent analysis using
individual-level PBS claims in 2018 estimated more than 35% Australians are taking at least
one prescribed medicine daily and almost 10% are taking five or more daily [29]. These
estimates under-ascertain overall medicine use in our population as they do not include
private prescriptions, in-hospital, OTC and complementary and alternative medicines;
however, they do generate insights from Australia’s largest publicly funded scheme. These
analyses and the analytic code underpinning these estimates could be applied to the most
contemporary PBS data to generate publicly available up-to-date snapshots of Australian
medicine for the information of governments, researchers and the general public.

4.2. Population-Level Monitoring and Evaluation

Many Australian government agencies use medication data routinely to monitor
population-level medicine use and outcomes (Table 2). The Drug-Utilisation Sub-Committee
(DUSC) of the PBAC was established in 1989 to monitor medicines use post-subsidy (par-
ticularly in the first 2 years after PBS listing) and to address specific issues related to QUM.
For a period of approximately 20 years DUSC published an annual report, The Australian
Statistics on Medicines (ASM), estimating total community use of prescribed medicines (i.e.,
prescribing outside public hospitals) and detailing prescriptions dispensed according to
individual PBS items. Underpinning the publication was a database comprising prescrip-
tions submitted to Medicare Australia for payment of a PBS or RPBS subsidy and estimates
of non-subsidised prescriptions; the latter being PBS prescriptions that are under the PBS
general beneficiary co-payment and private prescriptions. Estimates of the non-subsidised
market were derived from a regular survey of community pharmacies conducted by the
Pharmacy Guild of Australia. However, this survey ceased during 2012, coinciding with
the collection of unit-record data on under co-payment PBS prescriptions. The last ASM
was published in 2016. Since 2003, the Australian Department of Health has generated
reports on the number of PBS prescriptions dispensed annually and the total cost to govern-
ment. However, this is not at the same level of granularity as the ASM, with only the most
frequently dispensed PBS medicines and medication classes monitored over consecutive
years [30].
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Table 2. Government monitoring and evaluation activities.

Activity and Examples (in Italics) Purpose Medication Data Used

Medicines use (volume, cost)
Drug-Utilisation Sub-Committee

(DUSC) of the PBAC; PBS expenditure
and prescriptions reports; AIHW

Tracks changes in
volume of medicines

dispensed and
total expenditure

PBS and RPBS claims, surveys

QUM interventions and evaluation
NPS MedicineWise; Veterans’ MATES

Improvements in quality
of prescribing, improved

health outcomes

PBS and RPBS claims,
MedicineInsight data

Variations in medicine use
Atlas of Healthcare Variation

Examine unwarranted
variations in use by
geographic location

PBS and RPBS claims

Appropriateness of medicine use
Antimicrobial Use and Resistance in

Australia (AURA)
Surveillance System;

Real-Time Prescription Monitoring
(RTPM); Prescription

Shopping Program

Reduce inappropriate
prescribing, use and

associated harms

PBS and RPBS claims,
National Antimicrobial

Prescribing Survey, National
Antimicrobial Utilisation

Surveillance Program,
MedicineInsight data

PBAC, Pharmaceutical Benefits Scheme Advisory Committee; PBS, Pharmaceutical Benefits Scheme; RPBS,
Repatriation Pharmaceutical Benefits Scheme; QUM, Quality Use of Medicines.

The DVA (through their Veterans’ MATES program) and NPS MedicineWise use
medication data to target feedback to prescribers to improve QUM. Both programs have
demonstrated that these interventions have led to improved medicines use and health
outcomes [16,31]. The AIHW also uses a wide range of health data, including PBS, to
generate authoritative information and statistics on health and welfare topics. It pub-
lishes contemporary snapshots of medicine use, like those cited in the previous section of
this review.

The Australian Commission on Safety and Quality in Health Care (ACSQHC) uses PBS
and RPBS data to generate the Australian Atlas of Healthcare Variation, monitoring and
making recommendations to curtail unwarranted variations in medicine use [32–34]. The
ACSQHC also hosts the Antimicrobial Use and Resistance in Australia (AURA) Surveillance
System, using medication data from various sources to monitor the rate and appropriate-
ness of antimicrobial use in Australia.

The Australian Government National Real-Time Prescription Monitoring (RTPM)
system is administered by health departments in each State and Territory. It provides
prescribers and pharmacists with up-to-date histories of patients’ supply and prescription
of controlled substances, including pain medicines such as oxycodone, morphine and fen-
tanyl and other high-risk medicines (determined within each Australian State or Territory),
including all benzodiazepines such as diazepam [35]. In addition, the national Prescription
Shopping Program provides doctors with data about patients who are at risk of harm
because they have multiple medicines prescribed by different doctors.

4.3. Limitations of Current Use of Medication Data in Monitoring and Evaluation

While there is an abundance of activity leveraging medication data across government
to monitor the success of Australia’s policies, it is striking that they have focused almost
solely on estimating and reporting medicine use based on volume and cost. Consequently,
assessment or routine reporting about whether this significant investment delivers better
health outcomes for our population, as stipulated in our National Medicines Policy, is
lacking [14]. Key exceptions are the programs delivered by Veterans’ MATES and NPS
MedicineWise. In the following sections, we explore the challenges in delivering compre-
hensive evaluation of the impact of medicine.
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5. Medication Data for Research

Internationally, the scientific discipline of pharmacoepidemiology has burgeoned over
the last 20 years, driven by a growing interest in the generation of evidence of real-world
effects of medicines and assisted by improved access to individual-level linked health
data and methods supporting robust causal inferences from those data [5,36–39]. Initially,
studies focused on serious adverse effects of specific medicine classes, for instance anti-
inflammatory agents and antimicrobials. However, continuing improvements in analytic
techniques to reduce selection biases and confounding have enabled studies that estimate
treatment benefits equivalent to those seen in large RCTs [40,41].

Characteristics of Australian Pharmacoepidemiological Research Studies

Our systematic reviews [7,20] cataloguing peer-reviewed publications using PBS
claims in the period 1987–2018 demonstrate that the vast majority of Australian pharma-
coepidemiology research has used aggregate, unliked individual-level PBS, or RPBS data
for utilisation studies or to investigate prescriber practice (guideline concordant) or patient
behaviour (adherence to treatment) [42–48]. These studies typically investigated medicines
acting on the nervous system (opioids, psychotropics) or for treating cardiovascular dis-
ease (statins, antihypertensives, and antithrombotics). Many of these studies have been
undertaken in DVA clients or people receiving government benefits exclusively (e.g., PBS
concessional beneficiaries). However, studies using the entire PBS-eligible population have
increased with the availability of under co-payment data in the PBS collections since 2012.
Moreover, the number of studies using individual-level PBS data has accelerated in the last
decade due to the availability, to the research community, of a standardised, de-identified
data collection of person-level dispensing claims for a 10% sample of PBS eligible people
(“PBS 10%”) [7].

Table 3 details published research using PBS claims to assess medicine-related out-
comes. We included the studies identified in our previous systematic reviews and also
updated the literature searches, using the same methods, to identify medicine-use outcome
studies published in 2019 and 2020. Our synthesis of the 107 studies published from 1987
to 2020 identified two main methodological approaches to assess health outcomes asso-
ciated with medicine use (see the Supplementary File S1 for the list of included studies).
First, ecological studies using aggregated data, whereby trends in medicines use were
correlated with trends in outcome rates within the same population. This meant that they
assessed population-level outcomes rather than examining individual effects of medicines.
The ecological studies investigated clinical outcomes, such as mortality, overdose and
poisoning, and were most often generated from publicly available data. Second, studies
based on person-level and linked data, which addressed medicines safety outcomes such
as infections, development of other health conditions, birth defects, hospitalisations (e.g.,
for myocardial infarction, pneumonia, falls, and fractures, and death) [49–53]. Studies ex-
amining effectiveness measured mostly survival or hospitalisations for specific conditions
(e.g., heart failure rehospitalisation following post-discharge beta-blocker initiation) [54].

Over half of the studies leveraging individual-level data were undertaken in the DVA
population. As a single payer for all health services provided to their clients, the necessary
individual-level medicine exposure and outcomes data are readily available without the
need for the complex and time-consuming linkage of data across jurisdictions. While these
studies have generated important insights about medicine-related safety they are mostly
limited to older Australians and focused primarily on medicines used commonly in older
populations such as those acting on the nervous (43%) and cardiovascular (22%) systems.
Population-based studies exploring medicine use and outcomes according to Aboriginal
and Torres Strait Islander status or for people with a disability, from culturally and lin-
guistically diverse (CaLD) backgrounds and refugees are notably absent. Importantly,
Australian data have been used in six [38,55–59] global studies investigating medicine-
related health outcomes, using novel statistical techniques that evaluate the sequence of
medicines dispensed to identify medicine-adverse events. Another 26 have focused on
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utilisation patterns to benchmark medicine use in Australia against other countries, such
as medicines for attention-deficit hyperactivity disorder (ADHD) [44], antipsychotics [60],
and antiepileptics [61].

Table 3. Characteristics of Australian studies assessing medicine use and health outcomes (1987–2020).

Characteristic
Studies Using

Aggregate Data (N = 28)
n (%)

Studies Using
Individual-Level Data (N = 79)

n (%)

Outcome of interest §

Safety (at least one outcome) 26 (92.9) 65 (82.3)
Mortality 12 (42.9) 8 (10.1)

Hospitalisations 5 (17.9) 37 (46.8)
Overdose or poisoning 11 (39.3) 0 (0.0)

Maternal or birth complications 0 (0.0) 8 (10.1)
Other health events 9 (32.1) 21 (26.6)

Effectiveness (at least one outcome) 2 (7.1) 14 (17.7)
Survival 0 (0.0) 9 (11.4)

Hospitalisations 0 (0.0) 4 (5.1)
Health events 2 (7.1) 2 (2.5)

Data sources
Dispensing claims only 0 (0.0) 12 (15.2)

Dispensing claims and other health data 28 (100.0) 0 (0.0)
Dispensing claims and other linked health data 0 (0.0) 67 (84.8)

Medicines focus according to ATC level §

Alimentary tract and metabolism 1 (3.6) 16 (20.3)
Blood and blood forming organs 1 (3.6) 4 (5.1)

Cardiovascular system 3 (10.7) 17 (21.5)
Genito-urinary system and sex hormones 3 (10.7) 7 (8.9)

Systemic hormonal preparations 0 (0.0) 3 (3.8)
Anti-infectives for systemic use 0 (0.0) 2 (2.5)

Antineoplastic and immunomodulating agents 2 (7.1) 9 (11.4)
Antineoplastic 0 (0.0) 8 (10.1)

Immunomodulating agents 2 (7.1) 1 (1.3)
Musculoskeletal system 3 (10.7) 11 (13.9)

Nervous system 14 (50.0) 34 (43.0)
Respiratory system 0 (0.0) 7 (8.9)
Other ATC groups 0 (0.0) 8 (10.1)

All ATC groups 1 (3.6) 13 (59.1)

Publication Year
1987–2000 1 (3.6) 0 (0.0)
2001–2005 0 (0.0) 1 (1.3)
2006–2010 7 (25.0) 13 (16.5)
2011–2015 8 (28.6) 30 (38.0)
2016–2020 12 (42.9) 36 (45.6)

Study Population: Age profile
No age restrictions 24 (85.7) 18 (22.8)

Older adults (≥65 years) 0 (0.0) 46 (58.2)
Adults (≥18 years) 3 (10.7) 4 (5.1)

Women of child-bearing age 0 (0.0) 10 (12.7)
Children * 1 (3.6) 1 (1.3)

Study population: Beneficiary status
All PBS beneficiaries 24 (85.7) 25 (31.6)

Concessional PBS beneficiaries † 4 (14.3) 9 (11.4)
Clients of the Department of Veterans’ Affairs 0 (0.0) 45 (57.0)

§ Study could be classified under more than one category. * Studies also included adolescents or young adults. † People receiving
government benefits and eligible to pay lower PBS co-payment thresholds. PBS, Pharmaceutical Benefits Scheme.
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By international standards the number of individual-level medicine use and outcomes
studies conducted in Australia is small [37] and certainly not delivering on its potential
given the wealth of data available in this country. Nor does this align with the central
tenet of Australia’s National Medicines Policy, ensuring we are delivering better health
outcomes for our population. We lag far behind other jurisdictions who have joined forces
to deliver large-scale global studies of medicine effects to support the evidentiary needs
of regulators and payers [62–64]. The case study in Box 1 clearly demonstrates how our
current infrastructure and data access operating models are ill-equipped to respond rapidly
to emerging questions around the real-world impact of repurposed or newly developed
treatments to prevent and manage COVID-19.

Box 1. Australian medication data in the spotlight: Lessons from the COVID-19 pandemic.

The escalating SARS-CoV-2 case numbers worldwide have highlighted the urgent need for timely, robust evidence about the impact
of repurposed or newly developed treatments to prevent and manage COVID-19. Evidence from RCTs evaluating the efficacy and
safety of vaccines and disease-modifying agents is accumulating [65,66]. However, the speed of emerging viral variants and the
related clinical and policy questions about therapies far outpace the capability to conduct new trials and deliver timely answers to
these pressing questions. Moreover, each jurisdiction is unique in terms of disease incidence, vaccination availability and uptake,
medicine access, prescriber preferences and policy responses. As such, even when trial evidence is published, it is imperative to track
the use of these therapies and quantify their effectiveness and harms as they are rolled out across health systems globally. To achieve
this, jurisdictions need robust and agile data infrastructure linking individual-level prescription (or dispensing) data to COVID-19
notifications, hospital data, vaccine and death registries plus accurate, meaningful sociodemographic information to inform efficient
and equitable public health responses.
Despite the growth in high-quality, real-world evidence addressing emergent clinical questions about vaccines and medicines across
the globe [67–69], Australia has been silent on these issues. While some Australian population-based studies are emerging around the
changes in prescribed medicine use during the pandemic [70–75], none address questions of significant public interest regarding the
effectiveness and safety of therapies for COVID-19. This issue has become even more pressing with the emergence of the SARS-CoV-2
Delta and Omicron variants. In the UK, for example, researchers and analysts at Public Health England produce regularly updated
high-quality studies answering these critical questions at a national level [76,77]. In Australia, we have all the data elements necessary
to conduct these studies, including a newly established national COVID-19 registry [78], but the data required to address these
questions remain unlinked and out of reach of health agencies and researchers.
Below, we highlight some further pressing questions regarding the risk factors, clinical progress, prevention, amelioration and
treatment of infections by the SARS-CoV-2 variants.

(1) What are the current major determinants of risk of developing severe disease after infection with the Delta variant? How is this
changing over time and how do the risk factors compare with the earlier viral strains?

(2) What proportion of patients suffering from COVID-19, and being managed in the community, are receiving adequate evidence-
based treatments?

(3) How many individuals receiving unproven, in effective or harmful COVID-19 treatments? This includes, but is not limited to,
ivermectin, azithromycin, vitamin D, zinc and quinine derivatives.

(4) What are the socioeconomic factors that determine access to vaccines and how can these population sub-groups most rapidly
and effectively be targeted?

(5) How well are the current vaccines (Pfizer, AstraZeneca, and Moderna) working against the Delta virus strain in Australia (in
preventing infection, transmission, hospitalisation, ICU admission and death)?

(6) What is the comparative safety of the AstraZeneca and mRNA vaccines (Pfizer and Moderna) in terms of acute sensitivity
reactions, thrombocytopenia/venous thrombosis, heart attacks, strokes and myocarditis? In Australia, how do these vaccine-
associated risks compare with the risks of acquiring COVID-19?

(7) How should the limited supply of new and expensive monoclonal antibody treatments, now available for treatment of mild to
moderate COVID-19 outside hospital, be targeted to those most likely to benefit? Should they be combined with other therapies,
e.g., inhaled or oral corticosteroids?

(8) Will the early use of monoclonal antibodies in Australia reduce pressure on the hospital systems?

As a matter of urgency, we propose the creation of a resilient data infrastructure [79] needed to address the questions outlined above.
This will enable researchers and governments to respond rapidly to emerging information needs around the evolving pandemic and
other major public health challenges.
The pandemic has heightened the aspirations of the international pharmacoepidemiology community to provide much needed
evidence in this global public health crisis. However, the publication of poor-quality studies, some of which are based on fraudulent
or flawed data, has also exacerbated criticisms that studies of this kind are not reliable or trustworthy [10]. Robust data infrastructure
is a key building block to deliver evidence complementing RCTs, however, this must be accompanied by international best-practice
principles of transparent and reproducible reporting.
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6. Key Barriers to Delivering a Comprehensive Program on Real-World Use,
Effectiveness and Safety of Medicines in Australia

Our analysis of the peer-reviewed literature examining the outcomes associated with
PBS medicine use clearly demonstrates the mismatch between Australia’s annual multi-
billion-dollar investment in prescribed medicines and capability to deliver a comprehensive
program evaluating the health benefits and harms derived from this investment. There
have been a series of high-profile reviews, including the Productivity Commission Report
on Data Availability and Use [80] and the Senate Select Committee on Health Sixth Interim
Report, Big Health Data: Australia’s Big Potential [81] documenting the contemporary
challenges facing the research, government and business sectors in realising the potential
of Australian data and recommending responses to turn this situation around (Box 2).

Box 2. Historical challenges to data availability and use in Australia and key recommendations (dot points) from the
Productivity Commission and Senate Select Committee on Health.

Privacy and data access concerns and lack of trust in existing data access processes and protections

• Develop risk-based data access framework based on risks associated with different types of data, uses of data and
use environments

• Ensure linkage policies and regulations are developed to world’s best-practice standard

Legal, institutional and technical barriers

• Simplify existing legislative framework for data access, standardise data sharing agreements, including those pertinent to States
and Territories

• Accredit State and Territory, in addition to Commonwealth, data linkage units to link Commonwealth data with State data
collections, subject to comprehensive privacy and security protocols

• Use an open data policy for low-risk de-identified data collections

Lengthy, complex and inefficient approval processes and a culture of risk aversion

• Establish new statutory office holder, with responsibility for enabling effective use of data, oversight, guidance and
updating operations

• Designate national interest datasets to enable wider use across and between sectors (public, private, not-for-profit and academia)
and jurisdictions

• Increase transparency around government data holdings including clear statements regarding dataset approval processes
• By default, deidentified datasets should be released on an enduring basis

Duplicative efforts of ethics committees

• Reform ethics processes including registration requirements and mutual recognition of approvals from accredited jurisdictions

Costs

• Develop enduring linked data assets for use by multiple end-users including government, researchers and other third parties

In the five years since the publication of these recommendations, the Office of the
National Data Commissioner has been established and enabled legislation in the form of
the Data Availability and Transparency (DAT) Bill 2020 currently before parliament. The
purpose of this Bill is to:

• Implement a scheme authorising and regulating access to Australian Government
data (this does not include data collected by State and Territory Governments or My
Health Record);

• Authorise public-sector data custodians to share data with accredited users according
to specific authorisations, purposes, principles and agreements;

• Establish and specify the functions and powers of the National Data Commissioner as
the regulator of the scheme and the National Data Advisory Council as an advisory
body to the commissioner; and

• Establish the regulation and enforcement framework for the scheme.

The Bill will be a key enabler to data access and use. However, the timeline as well as
ways in which the legislation will be interpreted and implemented remain uncertain. Key
to this endeavour is sharing of data across jurisdictional boundaries. While almost every
Australian jurisdiction has data sharing pathways in place, they vary in their levels of
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maturity. In a forward step in July 2021, an intergovernmental agreement on data sharing
between Commonwealth, State and Territory governments was signed committing all
governments to share data between jurisdictions as a default position, if it can be done
securely, safely, lawfully and ethically [82]. While this agreement should provide impetus
to improve access across jurisdictional boundaries, it makes no reference to data sharing
and use for research. This should be remedied.

6.1. Tentative Steps towards Greater Data Access in Australia

New guidance is emerging based on the Five Safes Framework, an internationally
recognised approach assessing strategic, privacy, security, ethical and operational risks
associated with data sharing or release [83]. The DAT Bill 2020 refers to Data Sharing
Principles modelled on the Five Safes Framework. However, the Framework is principles
based, and subject to interpretation at the coal face. This results in significant heterogeneity
and inconsistency between policy agencies. For data linkage projects, this creates lengthy
delays and considerable burdens on data custodians and end-users applying for access.
It is well documented that data governance demands and inadequate resourcing within
government to directly support data access remain as major challenges to research in this
area [81]. Data safe havens that securely house potentially sensitive data are a fundamental
pillar of the Framework. The ABS DataLab, the Department of Health’s Enterprise Data
Warehouse (EDW), the AIHW Secure Remote Access Environment (SRAE), E-Research
Institutional Cloud Architecture (ERICA), and the Sax Institute’s Secure Unified Research
Environment (SURE) are examples of these facilities. However, resilient remote-access
facilities with fit-for-purpose infrastructure and administrative policies and procedures are
yet to be delivered at scale.

6.2. Inefficiencies in Ethics Approvals for Research Using Linked Data

The Australian National Health and Medical Research Council (NHMRC) Statement
on the Ethical Conduct in Human Research [84] has recently been refreshed and provides
explicit, implementable guidance on database and data linkage research. However, there
is not yet a national approach to single HREC review for data linkage research. While
Australian State and Territory health departments have signed a Memorandum of Un-
derstanding for mutual acceptance of ethical and scientific review of multi-centre human
research projects undertaken in public health organisations, projects involving access to
state-wide data collections from every jurisdiction are not included, meaning researchers
must navigate duplicative and often inconsistent requirements to gain approval for data
linkage studies. Therefore, health data linkage research continues to lag behind other forms
of health research including clinical trials of new therapies, resulting in inefficiencies, dupli-
cated effort, inconsistencies and research waste. The challenges with HREC inefficiencies
notwithstanding, the major impediment to timely data access, linkage and use are deficient
data governance processes.

6.3. Tentative Steps to Create National Linked Data Assets

There have been encouraging moves to develop multi-source enduring linked data
assets (MELDAs) of national significance. One key example, that could deliver important
insights relating to real-world quality use of medicines, safety and effectiveness research, is
the National Integrated Health Services Information (NIHSI) asset [85], developed by and
under the custodianship of the AIHW. However, several years on from its establishment,
formal policies around third-party access, including to academic researchers, are yet to
be established. While this asset has been leveraged within government and NIHISI’s
precursor (the National Data Linkage Demonstration Project) was accessed by researchers,
they were acting as contractors to government. Despite its great promise, the outputs from
this resource have been limited to a few publicly available publications and government
reports [86–88]. The end result is a situation where (i) considerable government investment
has been made to create data resource that is not maximally used, and (ii) a highly trained
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and skilled workforce is unable to access these valuable and comprehensive enduring
linked data for the public good.

7. Recommendations to Bolster Australia’s Capacity to Accelerate Evidence
Development about Quality Use, Effectiveness and Safety of Medicines in Routine
Clinical Care

Box 3 outlines our key recommendations to accelerate pharmacoepidemiological re-
search in Australia and leverage the large and growing volumes of routinely collected data
to generate evidence for regulators, payers, clinicians, and patients about how medicines
are used and how they perform outside the narrow confines of RCTs.

Box 3. Recommendations to bolster pharmacoepidemiological research in Australia.

Scale up and streamline data access and use

• Generate publicly available, contemporary snapshots of Australian medicines use
• Increase availability and streamline access to population-wide PBS unit-record data
• Establish dedicated enduring cross-jurisdictional linked data with access for non-government researchers

Enhance medication data collections

• Include private prescriptions in national dispensing data collections
• Link population-wide dispensing and other administrative data to electronic health records

Our review has highlighted the need to deliver publicly available, contemporary
Australian statistics on medicines in a user-friendly, interactive form. This will create new
levels of transparency for all QUM stakeholders and significantly reduce the burden of
bespoke data requests to the custodians of medication data. Starting with PBS and RPBS
data, we need to move beyond simple volume and cost metrics and report person-centric
information such as number of people dispensed a specific medicine over a defined period
(this could be to the level of PBS item codes). Other jurisdictions, such as Denmark, have
paved the way for medicine statistics [89], publicly reporting information on prescribed
and OTC medicines dispensed/sold, which can be stratified by year, sex, age groups,
geographical area (region) and sector (primary or secondary health care sector).

We also demonstrated, in our catalogue of peer-reviewed research using PBS claims,
that the availability of a standardised collection of longitudinal person-level PBS data has
contributed to the rapid increase in the number of studies investigating QUM, particularly
for those used widely in the community. Available via a contract with Services Australia,
the collection dates back to 2005 and is now updated monthly and includes the dispensing
history for a 10% sample of PBS-eligible Australians. We strongly advocate for this collec-
tion to be scaled up to support robust analyses for all PBS medicines; many of the high-cost
medicines available on the PBS are for distinct patient sub-groups (e.g., targeted cancer
therapies). The current collection is not fit-for-purpose to examine QUM in these high-cost
but relatively small volume therapeutic areas.

To bolster high-quality pharmacoepidemiology research, Australian researchers re-
quire access to enduring collections of cross-jurisdictional linked data. We support the
establishment of an enduring, regularly updated collection linking, at a minimum, PBS,
Medicare Benefits Scheme, hospitalisation, emergency department, cancer, and death
records; this collection is essentially the NIHSI with the addition of cancer registry data.
While this will not negate the need for purpose-built collections, it will serve a substantive
proportion of the pharmacoepidemiological research needs. Over time, such a linkage
could be augmented with other medication data and routine data collections. For example,
access to individual-level dispensing records for private as well as publicly subsidised
prescriptions will support more comprehensive QUM reporting, particularly co-prescribing
and multi-medicine use. Moreover, linkage to prescribing data held in primary care elec-
tronic health records will provide information about all medicines prescribed (not just
those that are publicly subsidised), the indication for prescribing, prescribed daily dose
and intended duration of therapy. Coupling dispensing and prescribing data expands
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opportunities to explore critical issues such as primary non-adherence—when prescrip-
tions are written but never filled [90]. Data enhancements enabling researchers to more
accurately identify important population sub-groups will enable sophisticated analyses of
social and economic determinants of health [91]. All of these enhancements will enable
timely and cost-effective responses to new threats to public health and safety; the situation
highlighted in our COVID-19 case study needs to be remedied as a matter of urgency.

8. Liberating Australia’s Linked Health Data Assets

In this review, we concentrated primarily on enhancements pertaining directly to
QUM and pharmacoepidemiological research. We recognise that pharmacoepidemiology
sits within a broader discipline of population health research. Box 4 details a series of
recommendations that will bolster Australian population health research more broadly
and also benefit the discipline of pharmacoepidemiology. In this context, Australia could
learn from mature population health research operating models overseas.

Box 4. Recommendations to bolster population health research (including pharmacoepidemiology) in Australia.

Establish a distinct capability governing and streamlining access to linked data assets for accredited researchers

• Convene single independent scientific and ethical review of projects leveraging key data collections
• Centralise governance review on behalf of original data custodians

Promote transparency and reproducibility

• Ensure research protocols, analytical code, and data outputs are disseminated freely and openly

Standardise data and analytic tools

• Use common data models, vocabularies and coding

Build and maintain public trust

• Demonstrate the value of data, including enduring linked assets, to improve health system efficiency and equity and the health
and well-being of ALL Australians

8.1. International Models for Centralisation and Separation of Data Access for Policy and Research

Mature population health research capabilities in jurisdictions such as the United
Kingdom, the European Union and Canada, have evolved differently, but they have some
common elements Australia would be wise to adopt to scale up current capabilities [92,93].
They all promote the exchange and access to different types of health data for research,
have transparent data governance, data sharing agreements for the specific purpose of
research and foster continuous improvements around data quality and interoperability.
Critically, they have all created distinct entities managing linked data access for approved
researchers, essentially separating data provision for routine reporting functions and
informing health policy from research. We believe that centralisation of linked health
data in Australian government agencies is appropriate, important and should continue
for statistical monitoring, and reporting activities. While agencies such as the Australian
Bureau of Statistics (ABS) and AIHW have advanced capabilities and capacity to deliver
on many of these functions, they are currently not sufficiently equipped or funded to
provide the resources and expertise to meet the contemporary research and evaluation
needs of a contemporary federated health system. Moreover, these agencies do not have the
capacity and resources to manage the substantial number of data requests for the research
community. This is likely to become more acute once the enabling legislation is passed and
other long-standing roadblocks detailed in Box 2 have been resolved.

8.2. A Roadmap for Australia

A more contemporary operating model for Australian population health research
would establish a distinct capability with the primary purpose of data access and use for
accredited researchers. Aligning with other approaches internationally, this could be deliv-
ered by an independent entity or entities. The capability would function strictly according
to the Five Safes principles, satisfy legislative requirements at both Commonwealth, State
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and Territory levels and at arm’s length to vested interests, political, commercial or other.
The capability would require up-front government investment but be implemented with a
user-pays pricing model. This proposed operating model aligns with the current Australian
data reforms and will enhance research and innovation in population health and reduce
the significant amounts of research dollars currently invested in the highly convoluted and
slow data linkage landscape.

Under this operating model, existing Accredited Data Authorities would continue
their work integrating data across jurisdictional boundaries, but they would provide the
new capabilities with the core data infrastructure and receive regular data feeds to update
the data for the population they are serving. The data provider would also have a key
accountability for transparent and efficient response times, a fundamental requirement
for publicly funded research. Moreover, a common data model would be integral to the
approach, transforming data into common formats using standardised terminologies and
vocabularies. Common data models are rapidly accelerating large-scale population health
research across the globe as they facilitate systematic data interrogation using libraries of
standard analytic routines [64,94]. Critically, the independent capability would assume
responsibility as the data custodian of their holdings, absolving the original data cus-
todians of responsibilities for the downstream use of the data. They would undertake
single, independent scientific and ethical review of projects leveraging their data hold-
ings; this would obviate the need for ethical and scientific review of projects by multiple
jurisdictional entities.

Data sharing agreements with researchers would specify the range of proposed uses
for the data, that data should never be reidentified and that data can never be downloaded
from its secure host site or in a format that allows identification of individuals. All anal-
yses and products of the analyses would be risk-assessed before release to researchers
for use in publications and other scientific outputs. As a condition of data release, the
capability would require research projects to align with the international best-practice
principles of transparent reporting to ensure all sectors, including the Australian public,
have readily accessible information about the approved uses and products of data access.
This could take the form of an open, publicly available register using standardised protocol
templates [95,96], similar to the long-standing practice of RCT registration. This level of
transparency also advances the goal of reproducibility and facilitates peer-review.

Finally, the capabilities will also have a responsibility for, and play a pivotal role in,
maintaining public trust, communicating and educating stakeholders about the benefits
(and potential risks) of using data for the public good. Fundamental to this effort is embed-
ding and implementing equity principles to identify, monitor and reduce socioeconomic,
cultural, gender and age inequities in medicine and health service use and outcomes [91].

9. Conclusions

Australia spends in excess of $20 billion annually on medicines. There is no doubt
that this has resulted in significant health gains for individuals and populations, but it has
also been accompanied by substantial harm and health care costs. Consequently, QUM
and medicine safety were announced as Australia’s 10th National Health Priority in 2019.
Throughout this review, we highlighted the significant mismatch between Australia’s
annual multi-billion-dollar investment in medicines and our capability to deliver a com-
prehensive research program evaluating the health benefits and harms derived from this
investment. We repeatedly highlighted the deficiencies in data access in Australia and how
it lags behind most countries with mature publicly funded health care systems. We pointed
to the need to establish centralised or distributed data assets operating under the Five Safes
principles which would also support contemporary, collaborative, ethical and reproducible
research and government activity in population health. In the context of the COVID-19
pandemic, Australia has been notably absent in the global effort to better understand the
real-world impact of repurposed or newly developed treatments to prevent and manage
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COVID-19. The establishment of widely accessible national health data assets is now a
matter of urgency. We urge decision makers to respond to this challenge.
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Abstract: This study was conducted to describe the distribution and trends in dental caries, peri-
odontal disease and tooth loss in Australian adults based on the findings of the National Study
of Adult Oral Health 2017–18. A cross-sectional study of a random sample of Australians aged
15+ years was carried out, employing a three-stage stratified probability sampling design. Data
were collected via online survey/telephone interviews using a questionnaire to elicit self-reported
information about oral health and related characteristics. Participants were then invited to have an
oral examination, conducted by calibrated dental practitioners following a standardised protocol
in public dental clinics. A total of 15,731 Australians aged 15+ years were interviewed, of which
5022 dentate participants were orally examined. Results showed that nearly one third of Australian
adults had at least one tooth surface with untreated dental caries and, on average, 29.7 decayed,
missing or filled tooth surfaces per person. Almost 29% of adults presented with gingivitis while
the overall prevalence of periodontitis was 30.1%. Overall, 4% of adults were edentulous while, on
average, 4.4 teeth were lost due to pathology. Poorer oral health was evident in Australians from
lower socioeconomic backgrounds, indicating socioeconomic inequalities in oral health. Time trends
revealed that dental caries experience and tooth retention of Australian adults has improved over
30 years, while periodontal health has deteriorated between 2004–06 and 2017–18. These findings
can be used to assist policy makers in planning and implementing future oral healthcare programs.

Keywords: dental caries; oral health; periodontal disease; tooth loss

1. Introduction

Traditionally, oral health has been defined as “a state of being free from mouth and
facial pain, oral diseases and disorders that limit an individual’s capacity in biting, chewing,
smiling, speaking and psychosocial well-being” [1]. In view of more emphasis given to
‘absence of disease’ in this definition, a broader description for oral health has recently been
suggested [2]. This broader definition advocates the definitions adopted by global and
national organizations and reiterates the importance of recognising dentistry as an arena
providing care and supporting oral health, rather than purely treating disease. According to
the new definition, oral health is multi-faceted and includes the ability to speak, smile, smell,
taste, touch, chew, swallow and convey a range of emotions through facial expressions with
confidence and without pain, discomfort, and disease of the craniofacial complex, as well as
being a fundamental component of general health and physical and mental wellbeing [2,3].
While proponents of this new definition aimed to reach consensus on a universal definition
of oral health, this has not eventuated [4]. Global oral health aims to provide optimal
oral health for all and to eradicate global health inequalities via health promotion, disease
prevention and appropriate oral care strategies that incorporate common factors and
resolutions, and recognise that oral health is integral to overall health [4].
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Oral diseases predominantly comprise tooth decay (dental caries), gingival (periodon-
tal) disease and oral cancers [5,6]. Dental caries, which is considered the most prevalent
chronic disease worldwide [7], occur when microorganisms of dental biofilm (a sticky
colourless film of bacteria build-up on the tooth surfaces) start to metabolize fermentable
carbohydrates in the diet, in particular, free sugars, into acidic by-products. These acidic
by-products can locally destroy (demineralise) the hard tooth structure (enamel and den-
tine) and initiate dental caries’ development. Frequent consumption of high free sugar and
insufficient exposure to fluoride are the main contributing factors for dental caries [5–7].
While making enamel more resistant to acid attack, fluoride mainly acts topically to inhibit
demineralisation through its presence at low concentrations in the oral fluids [5,7]. With
periodontal disease, tissues that support and surround the tooth (gums, periodontal liga-
ment and alveolar bone) are affected mainly by dental biofilm accumulated at the neck of
the tooth where the tissues meet the gums (gingival margin), causing gingivitis (bleeding
of the gums) [5,6]. This may lead to a more destructive form of disease, i.e., periodontitis,
in susceptible individuals, particularly among those who are immunocompromised [5,6].
Poor oral hygiene, accompanied by inadequate plaque removal, is the main cause of peri-
odontal disease, while tobacco smoking is a major risk factor associated with periodontal
disease [5,6]. If left untreated, both dental caries and periodontal disease lead to tooth loss,
and these two oral diseases are the major causes of tooth loss. Oral diseases affect nearly
3.5 billion people universally. Of them, approximately 2.3 billion and 530 million present
with dental caries of the permanent and primary (baby) dentitions, respectively [8,9]. In
2010, severe periodontitis was ranked as the sixth-most prevalent health condition, afflict-
ing 743 million people globally with an incidence of 701 cases per 100,000 person years [10].
Although the prevalence of severe tooth loss declined from 4.4% in 1990 to 2.4% in 2010,
158 million people worldwide were edentulous in 2010 [10].

In regard to the oral health status of Australians (based on data published prior
to the National Study of Adult Oral Health 2017–18), 42% and 24% of children aged
5–10 years and 6–14 years, respectively, had experienced dental caries in their primary
teeth and permanent teeth, whereas almost a quarter of Australian dentate adults aged 15
and over had untreated decay [11]. The prevalence of periodontal disease in Australian
dentate adults aged 15 years and over was 22.9%, whilst 4.4% of the adult population were
edentulous [11]. The present study aims at describing the distribution and time trends of
dental caries, periodontal disease and tooth loss in Australian adults based on findings
from the National Study of Adult Oral Health 2017–18 (NSAOH 2017–18).

2. Materials & Methods

Study methodology, including computation of sample size, has been described in
previous studies [12,13]. Briefly, a cross-sectional study of a random sample of Australians
aged 15 years and over was carried out across all Australian states and territories, employ-
ing a three-stage stratified probability sampling design. The first stage of selection included
sampling of postcodes within states/territories, mainly by means of systematic sampling
with probability of selection proportional to the number of households within the postcode,
followed by selecting individuals aged 15 years and over within selected postcodes from
the Medicare database provided by the Australian Government Department of Human Ser-
vices (DHS). Accordingly, the final sample size required 15,200 interviews to be conducted,
in order to complete 7200 oral examinations.

Interviews were conducted online or by telephone (CATI—computer-assisted tele-
phone interview) by trained interviewers using a questionnaire based on previous sur-
veys [11,14]. Self-reported information about oral health and related characteristics such
as age, sex, Indigenous identity, residential location, schooling/educational qualifications,
eligibility for public dental care, dental insurance and usual reason for a visit to the dentist
was collected. Calibrated dental practitioners conducted oral examinations following a
standardised protocol in public dental clinics run by the relevant state or territory dental
health services. Inter-examiner reliability relative to a gold standard examiner was assessed
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by conducting replicate pairs of examination with 101 study participants. Dentate partici-
pants who consented to an examination were included for oral examinations. Although
there were nine measures of oral health status, as described in detail elsewhere [15], the
current analysis was confined to assessment of coronal caries (dental decay in tooth crown),
gingivitis and periodontal destruction, and presence/absence of teeth (tooth loss).

2.1. Dental Caries (Coronal Caries)

All teeth present were subdivided into five tooth surfaces and assessed for dental
caries using visual criteria without an explorer. The five tooth surfaces were mesial, buccal,
distal, lingual and occlusal (for back teeth: premolars and molars)/incisal (for front teeth:
incisors and canines). The mean number of decayed tooth surfaces per person denotes the
severity, or burden, of untreated dental caries in people. The number of decayed, missing
and filled tooth surfaces (DMFS) indicates lifetime experience of dental caries in a given
person, since it has been regarded that cavities in enamel cannot heal and treatment of
dental decay, either as a filling or extraction, leaves a permanent sign of disease [12].

2.2. Periodontal Disease

Clinical assessment for periodontal disease was conducted among those who had no
medical contraindications for periodontal probing. Gingivitis and periodontitis were the
two types of diseases assessed, as per the following criteria:

Gingivitis: Inflammation of the marginal gingival tissues around six index teeth
(if present: the most anterior molar tooth in each dental quadrant + right upper central
incisor + left lower central incisor) were assessed using the gingival index of Loe and
Silness [16].

Periodontitis: The US National Health and Nutrition Examination Survey (NHANES)
methods were employed to assess periodontal tissue destruction [17]. Assessments were
made on three aspects (mesio-buccal, mid-buccal and disto-buccal) of all teeth present,
except third molars (wisdom teeth), using a periodontal probe. To describe the prevalence
of moderate and severe periodontitis, a case definition developed by the US Centers for
Disease Control and Prevention (CDC) and the American Academy of Periodontology
(AAP) was used [17]. Accordingly, moderate periodontitis was defined as the presence of
either at least two proximal sites not on the same tooth with attachment loss of 4 mm or
more, or at least two such sites that had pockets of 5 mm or more. Severe periodontitis was
defined as having at least two proximal sites not on the same tooth with attachment loss of
6 mm or more, plus at least one periodontal pocket with a depth of 5 mm or more.

Tooth loss: Complete tooth loss (edentulism) was assessed based on the answer
to the following interview question: ‘Do you have any natural teeth?’, with response
categories of ‘Yes’/’No’. Existing natural teeth included crowns and caps, while dental
implants were not considered natural teeth. For participants aged less than 45 years, the
examiners distinguished between missing teeth that had been removed due to dental decay
or periodontal disease and teeth missing due to any other reason. For participants aged
45 years or more, a removed or an absent tooth was recorded as missing.

To ensure representativeness of the target population, all data were weighted to
population benchmarks [13]. Data files were managed and summary variables were
computed using SAS software version 9.4 (SAS 9.4; SAS Institute Inc., Cary, NC, USA).
Proportions, means and their 95% confidence were calculated where relevant.

3. Results

A total of 15,731 Australians aged 15 years and over completed an interview, and of
them, 5022 dentate participants were orally examined. This resulted in overall participation
rates of 39.7% (interview) and 33.6% (examination). Intra-class correlation coefficients (ICC)
calculated to assess inter-examiner reliability were above 0.9 and 0.7 for diagnosing dental
caries and periodontal disease, respectively. Weighting ensured that, approximately, an
equal proportion of males (49.2%) and females (50.8) participated in the study. Given that
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oral health status varies considerably with age, population estimates were calculated for
four age groups—15–34 years, 35–54 years, 55–74 years and ≥75 years. Tables 1–7 present
the distribution of dental caries, periodontal disease and tooth loss, and Figures 1–3 depict
the time trends of these three conditions.

Table 1. Proportion of Australian dentate adults aged 15 years and over with untreated coronal caries.

N % (95% CI)
Age (Years)

Total 15–34 35–54 55–74 ≥75
% (95% CI)

All people 5022 32.1 (29.6, 34.7) 30.3 (25.7, 35.2) 35.4 (31.1, 40.0) 32.2 (28.2, 36.6) 24.5 (18.8, 31.3)
Sex

Male 2249 49.6 (46.9, 52.2) 34.7 (31.2, 38.4) 32.1 (25.1, 40.0) 37.1 (30.9, 43.7) 38.5 (33.2, 44.2) 22.3 (14.8, 32.2)
Female 2773 50.4 (47.8, 53.1) 29.5 (26.3, 32.9) 28.4 (23.2, 24.2) 33.8 (28.3, 39.8) 26.0 (20.3, 32.6) 26.2 (18.3, 36.0)

Indigenous identity
Non-Indigenous 4937 98.3 (97.4, 98.9) 32.1 (29.5, 34.7) 30.6 (26.0, 35.6) 35.4 (31.1, 40.0) 31.6 (27.6, 35.9) 24.5 (18.8, 31.3)

Indigenous 84 1.7 (1.1, 2.6) * 27.8 (15.0, 45.5) * 17.6 (6.8, 38.3) * 36.1(15.5, 63.4) 72.8 (45.1, 89.7) * 22.4 (2.6, 75.9)
Residential location

Major cities 2969 72.7 (69.1, 76.0) 31.8 (28.7, 35.1) 28.0 (23.4, 33.2) 35.3 (29.9, 41.2) 34.9 (29.4, 40.7) 25.7 (18.2, 34.9)
Rural/remote 2053 27.3 (24.0, 30.9) 32.6 (28.4, 37.1) 35.9 (26.0, 47.1) 35.6 (29.3, 42.6) 28.0 (22.4, 34.4) 22.5 (14.9, 32.5)

Year level of schooling
Year 10 or less 1190 25.5 (23.5, 27.8) 36.9 (32.0, 42.1) 32.8 (22.4, 45.3) 51.4 (41.1, 61.6) 35.0 (28.0, 42.7) 25.3 (17.7, 34.7)

Year 11 or more 3793 74.5 (72.2, 76.5) 30.2 (27.3, 33.2) 29.6 (25.0, 34.7) 31.7 (27.1, 36.8) 29.7 (25.1, 34.9) 22.5 (14.3, 33.7)
Highest qualification

attained
Degree or higher 2026 29.3 (26.9, 31.8) 30.4 (26.3, 34.8) 33.1 (26.4, 40.4) 29.3 (23.6, 35.7) 27.6 (21.4, 34.7) * 14.5 (7.7, 25.5)

Other/None 2931 70.7 (68.2, 73.1) 32.6 (29.5, 35.8) 28.6 (22.9, 35.0) 39.0 (33.2, 45.1) 32.6 (27.9, 37.6) 24.9 (18.7, 32.3)
Eligibility for public

dental care
Eligible 1634 30.7 (28.3, 33.1) 34.5 (30.1, 39.1) 29.3 (18.8, 42.6) 54.2 (45.5, 62.7) 32.9 (26.6, 39.8) 24.1 (18.1, 31.5)

Ineligible 3373 69.3 (66.9, 71.7) 31.1 (28.1, 34.2) 30.8 (26.0, 36.0) 31.4 (26.9, 36.3) 31.4 (26.3, 37.0) * 26.7 (13.8, 45.4)
Dental insurance

Insured 2548 45.3 (42.5, 48.1) 24.4 (21.3, 27.7) 22.3 (17.3, 28.4) 25.1 (19.8, 31.3) 25.9 (21.3, 31.1) 24.9 (17.0, 34.8)
Uninsured 2385 54.7 (51.9, 57.5) 38.6 (35.2, 42.1) 35.9 (29.8, 42.5) 45.7 (39.9, 51.6) 37.8 (31.5, 44.5) 24.3 (16.3, 34.6)

Usually visit dentist
For a check-up 3135 61.5 (58.8, 64.1) 24.3 (21.4, 27.5) 24.2 (19.3, 29.9) 25.4 (20.3, 31.3) 24.4 (19.6, 30.0) 19.5 (13.1, 28.0)

For a dental problem 1796 38.5 (35.9, 41.2) 43.5 (39.3, 47.9) 43.7 (35.6, 52.2) 49.2 (42.5, 56.0) 39.4 (32.5, 46.7) 30.9 (20.1, 44.3)

* Indicates a relative standard error of at least 25%, and hence should be interpreted with caution.

Table 2. Mean number of decayed tooth surfaces per person in the Australian dentate adults aged 15 years and over.

N % (95% CI)
Age (Years)

Total 15–34 35–54 55–74 ≥75
Mean (95% CI)

All people 5022 1.4 (1.2, 1.6) 1.3 (0.9, 1.7) 1.4 (1.1, 1.7) 1.8 (1.3, 2.3) 1.1 (0.6, 1.5)
Sex

Male 2249 49.6 (46.9, 52.2) 1.7 (1.4, 2.0) 1.3 (0.8, 1.7) 1.6 (1.1, 2.1) 2.8 (1.9, 3.6) 1.1 * (0.3, 1.9)
Female 2773 50.4 (47.8, 53.1) 1.2 (0.9, 1.4) 1.4 (0.8, 1.9) 1.3 (0.9, 1.7) 0.8 (0.5, 1.0) 1.1 (0.6, 1.6)

Indigenous identity
Non-Indigenous 4937 98.3 (97.4, 98.9) 1.4 (1.2, 1.6) 1.3 (0.9, 1.6) 1.4 (1.1, 1.7) 1.8 (1.3, 2.2) 1.1 (0.6, 1.6)

Indigenous 84 1.7 (1.1, 2.6) 2.7 * (0.5, 4.9) 2.5 * (0.0, 5.7) 3.2 * (0.2, 6.3) 2.8 * (0.0, 6.5) 0.9 * (0.0, 2.6)
Residential location

Major cities 2969 72.7 (69.1,76.0) 1.4 (1.1,1.6) 1.3 (0.8,1.7) 1.4 (1.0,1.8) 1.6 (1.0,2.1) 1.3 (0.6,1.9)
Rural/remote 2053 27.3 (24.0,30.9) 1.6 (1.3,2.0) 1.4 (0.9,1.9) 1.5 (1.1,2.0) 2.2 (1.3,3.2) 0.7 (0.4,1.0)

Year level of schooling
Year 10 or less 1190 25.5 (23.5,27.8) 2.1 (1.6,2.6) 2.6 * (1.0,4.2) 2.2 (1.5,2.9) 2.2 (1.4,3.0) 1.3 * (0.6,2.0)

Year 11 or more 3793 74.5 (72.2,76.5) 1.2 (1.0,1.4) 1.1 (0.8,1.4) 1.3 (0.9,1.6) 1.3 (0.9,1.6) 0.7 (0.4,1.0)
Highest qualification

attained
Degree or above 2026 29.3 (26.9,31.8) 0.9 (0.7,1.2) 0.9 (0.6,1.3) 0.9 (0.5,1.2) 1.1 (0.6,1.7) 0.9 * (0.2,1.7)

Other/None 2931 70.7 (68.2,73.1) 1.7 (1.4,1.9) 1.5 (0.9,2.1) 1.7 (1.3,2.2) 2 (1.4,2.5) 1.1 (0.5,1.6)
Eligibility for public

dental care
Eligible 1634 30.7 (28.3,33.1) 2.1 (1.6,2.5) 1.8 * (0.6,3.0) 2.9 (2.1,3.8) 2.3 (1.4,3.1) 1.1 (0.6,1.7)

Ineligible 3373 69.3 (66.9,71.7) 1.2 (1.0,1.4) 1.2 (0.8,1.5) 1.1 (0.8,1.4) 1.3 (0.9,1.8) 0.8 * (0.3,1.3)
Dental insurance

Insured 2548 45.3 (42.5,48.1) 0.8 (0.6,1.0) 0.7 (0.4,0.9) 0.8 (0.5,1.1) 1.1 (0.7,1.6) 0.6 (0.4,0.9)
Uninsured 2385 54.7 (51.9,57.5) 1.9 (1.6,2.2) 1.6 (1.1,2.1) 2 (1.6,2.5) 2.3 (1.6,3.1) 1.4 * (0.6,2.3)

Usually visit dentist
For a check-up 3135 61.5 (58.8,64.1) 0.7 (0.6,0.9) 0.7 (0.5,0.9) 0.8 (0.5,1.2) 0.6 (0.5,0.8) 0.5 (0.3,0.7)

For a dental problem 1796 38.5 (35.9,41.2) 2.3 (1.9,2.6) 2.4 (1.5,3.3) 2.1 (1.7,2.6) 2.4 (1.7,3.2) 1.8 * (0.7,2.9)

* Indicates a relative standard error of at least 25%, and hence should be interpreted with caution.
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Table 3. Mean number of decayed, missing or filled tooth surfaces per person in Australian dentate adults aged 15 years
and over.

N Weighted %
Age (Years)

Total 15–34 35–54 55–74 ≥75
Mean (95% CI)

All people 5022 29.7 (28.4, 31.1) 7.7 (6.9, 8.5) 24.9 (23.3, 26.5) 57.1 (54.8, 59.4) 75.3 (72.2, 78.4)
Sex

Male 2249 49.6 (46.9,52.2) 27.1 (25.2, 29.1) 7.3 (6.0, 8.5) 22.2 (19.8, 24.5) 53.5 (50.5, 56.4) 71.5 67.1, 76.0)
Female 2773 50.4 (47.8,53.1) 32.3 (30.5, 34.1) 8.1 (6.9, 9.4) 27.6 (25.6, 29.6) 60.7 (57.3, 64.2) 78.3 (74.5, 82.1)

Indigenous identity
Non-Indigenous 4937 98.3 (97.4,98.9) 29.9 (28.5, 31.3) 7.7 (6.9, 8.6) 24.9 (23.3, 26.5) 57.1 (54.8, 59.5) 75.4 (72.3, 78.5)

Indigenous 84 1.7 (1.1,2.6) 18.7 (10.3, 27.1) * 6.9 (1.1, 12.7) 27.5 (22.7, 32.3) 63.9 (54.9, 72.8) NP
Residential location

Major cities 2969 72.7 (69.1,76.0) 28.5 (26.9, 30.1) 7.8 (6.8, 8.9) 24.4 (22.5, 26.3) 57 (53.6, 60.4) 77.8 (73.8, 81.7)
Rural/remote 2053 27.3 (24.0,30.9) 32.3 (29.8, 34.8) 7.3 (5.9, 8.8) 26 (23.1, 28.9) 57.2 (54.7, 59.7) 71.1 (66.9, 75.4)

Year level of schooling
Year 10 or less 1190 25.5 (23.5,27.8) 43.9 (41.1–46.8) 7.6 (4.6, 10.6) 29.9 (26.1, 33.8) 57 (53.4, 60.7) 75.6 (71.2, 80.0)

Year 11 or more 3793 74.5 (72.2,76.5) 24.8 (23.4, 26.2) 7.6 (6.8, 8.5) 23.9 (22.1, 25.6) 57.3 (54.3, 60.3) 74.8 (71.2, 78.4)
Highest qualification

attained
Degree or higher 2026 29.3 (26.9,31.8) 20.9 (19.2, 22.5) 8.4 (7.2, 9.6) 19 (17.1, 20.8) 55.8 (52.9, 58.7) 76.3 (72.0, 80.6)

Other/None 2931 70.7 (68.2,73.1) 33.4 (31.8, 35.1) 7.3 (6.2, 8.4) 28.3 (26.1, 30.5) 58 (55.4, 60.5) 75.7 (72.1, 79.2)
Eligibility for public

dental care
Eligible 1634 30.7 (28.3,33.1) 44.8 (42.0, 47.6) 8.8 (6.8, 10.7) 32.5 (28.6, 36.4) 58.9 (55.2, 62.5) 75.5 (72.0–79.0)

Ineligible 3373 69.3 (66.9,71.7) 23.2 (21.8, 24.5) 7.5 (6.6, 8.4) 23.3 (21.6, 25.0) 55.4 (52.5, 58.3) 74.1 (69.2, 79.0)
Dental insurance

Insured 2548 45.3 (42.5,48.1) 30.6 (28.8, 32.4) 7.5 (6.2, 8.7) 23.2 (21.1, 25.4) 59.4 (57.0, 61.8) 76.4 (72.8, 79.9)
Uninsured 2385 54.7 (51.9,57.5) 29.9 (27.9, 31.8) 7.9 (6.8, 9.1) 27.1 (24.6, 29.5) 55.3 (51.6, 59.0) 74.6 (69.8, 79.3)

Usually visit dentist
For a check-up 3135 61.5 (58.8,64.1) 26.6 (25.0, 28.1) 6.5 (5.6, 7.3) 21.9 (19.8, 23.9) 56.7 (54.3, 59.2) 75.5 (71.1, 79.8)

For a dental problem 1796 38.5 (35.9,41.2) 35.7 (33.4, 37.9) 10.8 (8.9, 12.7) 29.8 (27.2, 32.4) 57.7 (53.5, 61.9) 75.3 (71.1, 79.4)

* Indicates a relative standard error of at least 25%, and hence should be interpreted with caution. NP: Not publishable due to small cell counts.

Table 4. Percentage of people with gingival inflammation in the Australian dentate population.

N % (95% CI)
Age (Years)

Total 15–34 35–54 55–74 ≥75
% (95% CI)

All people 4401 28.8 (26.1, 31.6) 31.3 (27.1, 35.8) 29.5 (25.2, 34.2) 24.4 (20.7, 28.6) 20.9 (15.0, 28.2)
Sex

Male 1906 48.9 (46.0,51.8) 34.7 (30.7,39.0) 34.9 (28.5,41.8) 35.6 (29.3,42.4) 34.1 (28.0,40.8) 27.4 (17.0,41.1)
Female 2496 51.1 (48.2,54.0) 23.1 (20.3,26.1) 27.6 (22.7,33.0) 23.7 (18.8,29.3) 15.7 (12.1,20.3) 16.7 (10.3,26.0)

Indigenous identity
Non-Indigenous 4330 98.4 (97.4,99.0) 28.7 (26.0,31.5) 31.3 (27.0,35.9) 29.1 (24.8,33.8) 24.6 (20.8,28.9) 20.9 (15.1,28.2)

Indigenous 71 1.6 (1.0,2.6) 38.6 (19.9,61.4) 30.5 * (11.1,60.7) 63.3 (36.2,84.0) 9.9 * (1.2,49.2) NP
Residential location

Major cities 2607 73.8 (70.3,77.0) 30.1 (26.8,33.5) 31.5 (26.8,36.6) 31.6 (26.2,37.5) 26.0 (21.0,31.7) 21.9 (14.9,30.8)
Rural/remote 1795 26.2 (23.0,29.7) 25.2 (20.6,30.4) 30.4 (21.8,40.6) 24.2 (18.1,31.4) 21.1 (16.3,26.9) 18.2 * (9.2,32.9)

Year level of schooling
Year 10 or less 943 23.2 (21.2,25.4) 28.6 (24.0,33.8) 40.2 (27.5,54.3) 30.4 (22.1,40.1) 23.3 (17.5,30.2) 18.6 (11.4,28.8)

Year 11 or more 3427 76.8 (74.6,78.8) 28.9 (25.9,32.1) 29.9 (25.5,34.7) 29.3 (24.6,34.6) 25.6 (21.0,30.9) 24.5 (15.7,36.0)
Highest qualification

attained
Degree or above 1865 30.6 (28.1,33.3) 24.0 (20.5,28.0) 21.3 v 27.3 (21.2,34.3) 24.2 (17.5,32.5) 22.2 * (11.3,39.1)

Other/None 2477 69.4 (66.7,71.9) 31.2 (27.9,34.6) 36.7 (31.1,42.7) 31.0 (25.6,37.0) 25.2 (20.9,30.0) 20.7 (14.1,29.3)
Eligibility for public

dental care
Eligible 1264 27.3 (24.9,29.9) 30.4 (26.0,35.3) 31.9 (22.8,42.5) 38.1 (29.1,48.0) 28.4 (22.2,35.5) 19.6 (13.5,27.6)

Ineligible 3123 72.7 (70.1,75.1) 28.3 (25.3,31.5) 31.3 (26.7,36.4) 27.8 (23.3,32.8) 21.4 (17.0,26.4) 29.6 * (14.1,51.8)
Dental insurance

Insured 2261 46.1 (43.0,49.2) 25.2 (22.0,28.8) 29.9 (24.0,36.5) 25.0 (19.8,31.1) 20.4 (16.2,25.3) 14.9 (9.1,23.6)
Uninsured 2058 53.9 (50.8,57.0) 31.1 (27.5,34.9) 30.1 (24.6,36.1) 34.8 (28.6,41.6) 28.4 (22.5,35.1) 25.8 (16.9,37.3)

Usually visit dentist
For a check-up 2775 62.3 (59.5,65.1) 25.2 (22.0,28.7) 27.5 (22.5,33.1) 25.2 (20.2,31.1) 20.7 (16.7,25.3) 20.5 (13.6,29.9)

For a dental problem 1548 37.7 (34.9,40.5) 33.2 (29.3,37.4) 35.4 (27.9,43.6) 35.7 (29.3,42.8) 28.7 (22.6,35.8) 21.4 * (12.2,34.9)

* Indicates a relative standard error of at least 25%, and hence should be interpreted with caution. NP: not publishable due to small cell counts.
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Table 5. Proportion of people with moderate or severe periodontitis in the Australian dentate population.

N % (95% CI)
Age (Years)

Total 15–34 35–54 55–74 ≥75
% (95% CI)

All people 4402 30.1 (27.9, 32.4) 12.2 (9.5, 15.6) 32.7 (28.5, 37.3) 51.1 (46.2, 56.0) 69.3 (60.5, 76.9)
Sex

Male 1906 48.9 (46.0,51.8) 34.9 (31.2,38.8) 16.6 (11.8,22.8) 38.9 (32.1,46.3) 59.5 (53.3,65.4) 63.1 (48.1,75.9)
Female 2496 51.1 (48.2,54.0) 25.5 (22.7,28.5) 7.8 (5.3,11.3) 26.6 (21.7,32.2) 43.5 (37.1,50.2) 73.0 (62.3,81.6)

Indigenous identity
Non-Indigenous 4330 98.4 (97.4,99.0) 30.3 (28.1,32.7) 12.5 (9.7,15.9) 32.9 (28.6,37.5) 50.8 (46.0,55.6) 69.2 (60.4,76.8)

Indigenous 71 1.6 (1.0,2.6) 11.0 * (5.3,21.3) 3.9 * (0.8,17.2) 21.0 * (8.2,44.1) 49.7 * (15.4,84.3) NP
Residential location

Major cities 2607 73.8(70.3,77.0) 29.4 (26.7,32.2) 12.2 (9.0,16.4) 31.6 (26.4,37.2) 52.9 (46.7,59.1) 71.1 (60.1,80.0)
Rural/remote 1795 26.2 (23.0,29.7) 32.1 (28.1,36.5) 12.3 (8.2,18.2) 35.8 (28.8,43.4) 47.1 (39.6,54.8) 64.4 (49.7,76.9)

Year level of schooling
Year 10 or less 943 23.2 (21.2,25.4) 45.0 (39.6,50.5) 7.7 * (3.3,16.7) 50.0 (39.8,60.3) 55.9 (47.8,63.7) 72.2 (61.0,81.1)

Year 11 or more 3427 76.8 (74.6,78.8) 25.6 (23.2,28.2) 12.9 (9.8,16.8) 29.2 (24.8,34.1) 47.8 (42.3,53.3) 64.7 (49.2,77.7)
Highest qualification

attained
Degree or above 1865 23.2 (21.2,25.4) 21.7 (18.2,25.6) 11.6 (6.7,19.1) 22.7 (18.1,28.1) 49.7 (42.6,56.7) 59.6 (35.9,79.6)

Other/None 2477 69.4 (66.7,71.9) 33.6 (30.6,36.6) 12.6 (9.5,16.5) 38.4 (32.5,44.6) 50.9 (45.3,56.5) 69.9 (60.6,77.8)
Eligibility for public

dental care
Eligible 1264 27.3 (24.9,29.9) 42.5 (37.9,47.2) 15.7 (9.0,25.9) 41.3 (32.1,51.2) 54.8 (47.5,61.9) 70.6 (61.5,78.3)

Ineligible 3123 72.7 (70.1,75.1) 25.5 (22.9,28.2) 11.5 (8.7,14.9) 30.9 (26.2,36.0) 47.7 (41.8,53.7) 59.3 (33.3,80.9)
Dental insurance

Insured 2261 46.1 (43.0,49.2) 25.4 (22.7,28.3) 8.4 (5.1,13.4) 24.5 (19.8,30.0) 45.2 (39.0,51.6) 67.4 (53.1,79.1)
Uninsured 2058 53.9 (50.8,57.0) 35.0 (31.8,38.4) 15.7 (11.5,20.9) 41.1 (34.8,47.7) 56.9 (49.7,63.8) 70.7 (59.7,79.8)

Usually visit dentist
For a check-up 2775 62.3 (59.5,65.1) 26.1 (23.4,29.0) 8.8 (6.0,12.9) 29.5 (23.9,35.8) 49.0 (43.0,55.0) 72.5 (60.4,81.9)

For a dental problem 1548 37.7 (34.9,40.5) 36.8 (32.6,41.3) 18.8 (13.4,25.8) 37.2 (30.4,44.5) 53.0 (45.6,60.2) 64.3 (50.3,76.2)

* Indicates a relative standard error of at least 25%, and hence should be interpreted with caution. NP: not publishable due to small cell counts.

Table 6. Proportion of adults with complete tooth loss in the Australian population.

N % (95% CI)
Age (Years)

Total 15–34 35–54 55–74 ≥75
% (95% CI)

All people 15,731 4.0 (3.6, 4.4) — 1.1 (0.7, 1.6) 8.1 (7.0, 9.3) 20.5 (18.1, 23.1)
Sex

Male 6781 49.2 (48.1,50.4) 3.4 (2.9,3.9) — 1.1 * (0.6,2.0) 6.5 (5.2,8.1) 19.1 (15.6,23.2)
Female 8950 50.8 (49.6,51.9) 4.7 (4.1,5.3) — 1.0 * (0.6,1.8) 9.6 (8.0,11.5) 21.5 (18.4,25.0)

Indigenous identity
Non-Indigenous 15,392 97.7 (97.3,98.1) 4.0 (3.6,4.4) — 1.1 (0.7,1.6) 7.7 (6.7,8.9) 20.5 (18.1,23.1)

Indigenous 334 2.3 (1.9,2.7) 7.1 (4.3,11.4) — 0.8 * (0.2,2.5) 29.3 (17.8,44.1) 19.5 * (6.5,45.9)
Residential location

Major cities 9372 71.8 (68.6,74.9) 3.5 (3.0,4.0) — 1.0 * (0.6,1.7) 7.4 (6.0,9.0) 18.8 (15.9,22.0)
Rural/remote 6359 28.2 (25.1,31.4) 5.4 (4.7,6.2) — 1.2 * (0.7,2.0) 9.5 (8.1,11.2) 24.2 (20.1,28.7)

Year level of schooling
Year 10 or less 4198 28.9 (27.8,30.1) 9.4 (8.5,10.5) — 3.1 * (1.8,5.2) 11.7 (9.9,13.8) 24.9 (21.6,28.5)

Year 11 or more 11,355 71.1 (69.9,72.2) 1.8 (1.5,2.1) — 0.6 * (0.3,1.1) 5.3 (4.2,6.7) 13.1 (10.2,16.6)
Highest qualification

attained
Degree or higher 5836 26.8 (25.4,28.2) 0.7 (0.5,1.1) — 0.5 * (0.1,1.6) 2.0 (1.3,3.1) 5.3 * (3.0,9.0)

Other/None 9584 73.2 (71.8,74.6) 5.1 (4.6,5.7) — 1.3 (0.8,2.0) 9.4 (8.1,10.8) 22.0 (19.4,24.9)
Eligibility for public

dental care
Eligible 4976 30.2 (29.0,31.4) 10.5 (9.5,11.7) — 3.1 * (1.7,5.3) 13.4 (11.5,15.6) 22.3 (19.6,25.2)

Ineligible 10,686 69.8 (68.6,71.0) 1.2 (1.0,1.5) — 0.7 * (0.4,1.2) 3.7 (2.9,4.9) 11.3 (7.6,16.5)
Dental insurance

Insured 8238 51.1 (49.5,52.8) 1.7 (1.4,2.0) — 0.5 * (0.3,1.1) 3.6 (2.8,4.5) 9.2 (7.0,11.9)
Uninsured 7206 48.9 (47.2,50.5) 6.5 (5.8,7.2) — 1.8 (1.1,2.8) 12.7 (10.9,14.8) 28.3 (24.7,32.3)

Usually visit dentist
For a check-up 9790 63.3 (61.9,64.6) 1.2 (0.9,1.5) — 0.3 * (0.2,0.6) 3.0 (2.1,4.2) 6.1 (4.4,8.4)

For a dental problem 5620 36.7 (35.4,38.1) 7.9 (7.1,8.8) — 2.2 (1.3,3.5) 13.0 (11.2,15.0) 32.5 (28.5,36.7)

* Indicates a relative standard error of at least 25%, and hence should be interpreted with caution.
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Table 7. Mean number of missing teeth for pathology per person in the Australian dentate population.

N % (95% CI)
Age (Years)

Total 15–34 35–54 55–74 ≥75
Mean (95% CI)

All people 5022 4.4 (4.1, 4.7) 0.6 (0.4, 0.7) 3.6 (3.3, 3.9) 8.8 (8.2, 9.4) 13.2 (12.2, 14.2)
Sex

Male 2249 49.6 (46.9,52.2) 4.2 (3.8,4.6) 0.5 (0.3,0.8) 3.4 (3.0,3.9) 8.6 (8.0,9.3) 13.6 (12.5,14.6)
Female 2773 50.4 (47.8,53.1) 4.6 (4.2,5.0) 0.7 (0.4,0.9) 3.8 (3.4,4.2) 9 (8.0,10.0) 12.9 (11.3,14.6)

Indigenous identity
Non-Indigenous 4937 98.3 (97.4,98.9) 4.4 (4.1,4.7) 0.6 (0.4,0.7) 3.6 (3.3,3.9) 8.8 (8.2,9.4) 13.2 (12.2,14.2)

Indigenous 84 1.7 (1.1,2.6) 3.2 (1.6,4.7) 0.9 * (0.0,1.7) 4.9 (3.2,6.7) 11.5 (7.0,16.0) 14 * (1.9,26.0)
Residential location

Major cities 2969 72.7 (69.1,76.0) 4 (3.7,4.4) 0.6 (0.4,0.8) 3.4 (3.0,3.8) 8.4 (7.6,9.2) 13.3 (12.0,14.6)
Rural/remote 2053 27.3 (24.0,30.9) 5.4 (4.9,5.9) 0.7 (0.4,1.0) 4.3 (3.7,4.8) 9.6 (8.8,10.3) 13 (11.6,14.4)

Year level of schooling
Year 10 or less

Year 11 or more
1190
3793

25.5 (23.5,27.8)
74.5 (72.2, 76.5)

7.7 (7.1,8.2)
3.3 (3.0, 3.5)

0.6 * (0.2,1.0)
0.6 (0.4, 0.7)

4.7 (4.0,5.4)
3.4 (3.0, 3.8)

10.2 (9.4,11.1)
7.7 (6.8, 8.6)

14 (12.5,15.6)
11.8 (10.7, 12.9)

Highest qualification
attained

Degree or above 2026 29.3 (26.9,31.8) 2.3 (2.0,2.5) 0.6 (0.3,0.8) 2.4 (2.0,2.7) 6 (5.4,6.6) 11 (9.1,13.0)
Other/None 2931 70.7 (68.2,73.1) 5.3 (4.9,5.6) 0.6 (0.4,0.8) 4.3 (3.9,4.8) 9.4 (8.7,10.1) 13.4 (12.2,14.5)

Eligibility for public
dental care

Eligible 1634 30.7 (28.3,33.1) 7.6 (7.0,8.2) 1 (0.5,1.4) 5.2 (4.5,6.0) 10.1 (9.3,11.0) 13.6 (12.5,14.7)
Ineligible 3373 69.3 (66.9,71.7) 3 (2.7,3.3) 0.5 (0.4,0.6) 3.3 (2.9,3.6) 7.6 (6.7,8.4) 10.8 (9.1,12.5)

Dental insurance
Insured 2548 45.3 (42.5,48.1) 3.9 (3.5,4.2) 0.4 (0.3,0.6) 3.0 (2.6,3.4) 7.6 (7.0,8.3) 10.8 (9.8,11.8)

Uninsured 2385 54.7 (51.9,57.5) 5 (4.6,5.4) 0.7 (0.5,1.0) 4.3 (3.8,4.8) 9.8 (9.0,10.7) 15 (13.4,16.5)
Usually visit dentist

For a check-up 3135 61.5 (58.8,64.1) 3.5 (3.2,3.8) 0.5 (0.3,0.7) 3.1 (2.7,3.5) 7.3 (6.8,7.9) 11.3 (10.3,12.3)
For a dental problem 1796 38.5 (35.9,41.2) 6 (5.5,6.5) 0.8 (0.6,1.1) 4.5 (4.0,5.0) 10.6 (9.5,11.7) 16 (14.2,17.8)

* Indicates a relative standard error of at least 25%, and hence should be interpreted with caution.

Figure 1. Trends in dental decay experience among dentate Australians aged 15 years and over, 1987–88, 2004–06 and
2017–18.

107



Int. J. Environ. Res. Public Health 2021, 18, 11539

Figure 2. Trends in complete tooth loss among Australians aged 15 years and over, 1987–88, 2004–06
and 2017–18.

Figure 3. Comparison of the prevalence of moderate or severe periodontitis among dentate Australians aged 15 years and
over between 2004–06 and 2017–18.

3.1. Dental Caries

Table 1 shows the proportion of Australian dentate adults aged 15 years and over
with untreated coronal caries (one or more decayed surfaces on crowns of their teeth).
Nearly one third of Australian adults (32.1%) had at least one tooth surface affected by
untreated dental caries. The proportion of adults with dental caries across the four age
groups varied, with the prevalence being highest in 35–54-year-olds (35.4%) and lowest
among those aged 75 years and over (24.5%). The highest prevalence of untreated dental
caries among participants of all ages was reported in those who visited a dentist for a
dental problem (43.5%), while participants who visited the dentist for a check-up had the
lowest prevalence (24.3%). Higher proportions of untreated dental caries were seen for
males, those eligible for public dental care and those without dental insurance. Across age
groups, higher proportions were seen for Indigenous people aged 55–74 years and those
aged 35–54 years with Year 10 or less level of schooling than their counterparts.
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The mean number of decayed tooth surfaces per person in Australian dentate adults
aged 15 years and over is presented in Table 2. Overall, Australian dentate adults aged
15 years and over had, on average, 1.4 decayed tooth surfaces. The mean number of
decayed tooth surfaces among all ages was lowest in participants who usually visited a
dentist for a check-up (0.7), and usually visiting the dentist for a problem was strongly
associated with higher mean number of decayed tooth surfaces across all age groups.
Those who reported visiting for dental problems had, on average, 2.3 decayed surfaces. In
addition, participants who had Year 11 or more schooling, a degree or higher educational
qualification, those who were not eligible for public dental care and those with dental
insurance had a lower mean number of decayed tooth surfaces than their counterparts.

Table 3 shows the mean number of decayed, missing or filled tooth surfaces (DMFS)
per person in the Australian population. On average, Australian dentate adults aged
15 years and over had, on average, 29.7 decayed, missing or filled tooth surfaces, and
it increased gradually across four age groups, with people aged ≥75 years having the
highest mean DMFS (75.3). Among individuals of all ages, those who were eligible for
public dental care had the highest mean DMFS (44.8), and Indigenous people had the
lowest mean DMFS (18.7). Moreover, males, individuals with higher levels of schooling
and degree or higher qualifications, and those who usually visited a dentist for a check-up
had significantly lower mean DMFS as opposed to their counterparts.

3.2. Gingivitis

Table 4 shows the prevalence of gingivitis in the Australian dentate adult population.
Overall, 28.8% of Australian dentate adults aged 15 years and over had gingivitis. Although
the prevalence of gingivitis was decreasing with age across the four age groups, the
differences were not statistically significant. Among all age groups, males had the highest
prevalence of gingivitis (34.7%) and females the lowest (23.1%). In addition, those who
usually visited a dentist for a dental problem (33.2%) had a greater prevalence of gingivitis
than their counterparts.

3.3. Periodontitis

Table 5 presents the percentage of Australian dentate adults aged ≥15 years with
moderate/severe periodontitis. Accordingly, the overall prevalence of moderate or severe
periodontitis among the Australian dentate population was 30.1%. In contrast to gingivitis,
the prevalence of moderate or severe periodontitis significantly increased with age: almost
70% of dentate adults aged ≥75 years experienced periodontitis. The prevalence of peri-
odontitis among participants of all ages was lowest in Indigenous Australians (11.0) and
highest in those participants who had Year 10 or less of schooling (45%). Males, individuals
without a degree or higher qualification, those who were eligible for public dental care,
those not dentally insured and those who usually visited a dentist for a dental problem
experienced significantly greater periodontitis levels than their counterparts.

3.4. Tooth Loss

In general, 4% Australian adults aged ≥15 years had lost all their teeth (Table 6). While
complete tooth loss was non-existent among the 15–34-year age group, the proportion
of adults with complete tooth loss steadily increased from 1.1% among 35–54 year olds
to 20.5% for those aged ≥75. Among all age groups, the dentally uninsured had the
highest prevalence of complete tooth loss (10.5%), while those who with a degree or
above qualification reported the lowest prevalence (0.7%). There was a subtle difference
between Indigenous and non-Indigenous adults in regard to complete tooth loss, however,
a significantly higher proportion of Indigenous adults aged 55–74 years reported complete
tooth loss (29.3%) as opposed to their non-Indigenous equivalents (7.7%). Among all age
groups, those with Year 10 or less level of schooling, those without a degree or higher
qualification, people who were eligible for public dental care, the dentally uninsured and
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those who usually visited a dentist for a dental problem had significantly higher levels of
complete tooth loss than their counterparts did.

Table 7 shows the severity of tooth loss due to pathology in Australian adults aged
15 years and over. In general, Australian adults had lost, on average, 4.4 teeth due to
pathology. The mean number of teeth lost due to pathology increased consistently with
age, from 0.6 at 15–34 years to 13.2 at 75 years and above. Among all age groups, the
mean number of teeth lost due to pathology was lowest among those who had a degree or
above qualification (2.3) and highest among those who were eligible for public dental care
(7.7). In addition, people residing in rural/remote areas, those with Year 10 or less level of
schooling, those dentally uninsured and those who usually visited a dentist for a dental
problem had a significantly higher mean number of teeth lost due to pathology.

3.5. Time Trends in Oral Health

Over the past three decades, three national surveys of adult oral health have
been carried out in Australia, namely, the National Oral Health Survey of Australia
1987–88 [18], the National Survey of Adult Oral Health 2004–06 [19], and the National
Study of Adult Oral Health 2017–18 [12]. Accordingly, trends in oral health are sourced
from these three national surveys, based on three time points. Given comparable
data for periodontal disease were not available in the National Oral Health Survey of
Australia 1987–88, an analysis of time trends in periodontal disease was not possible.
Therefore, only a comparison of the prevalence of moderate or severe periodontitis
between 2004–06 and 2017–18 surveys is presented.

Figure 1 presents the trends in the severity of dental caries experience in Australian
adults aged ≥15, as denoted by mean DMFT. There has been a consistent declining trend
in the mean DMFT over 30 years, from 14.9 in 1987–88 to 12.6 and 11.2 in 2004–06 and
2017–18, respectively. It was revealed that substantial reductions in all three components of
the mean DMFT over 30 years have contributed to this declining trend. For example, the
mean number of decayed teeth (D) and missing teeth due to pathology (M) declined from
1.5 (1987–88) to 0.8 (2017–18) and 5.7 (1987–88) to 4.4 (2017–18), respectively, whereas the
average number of filled teeth (F) reduced from 7.8 in 1987–88 to 5.9 in 2017–18.

Figure 2 shows time trends in the proportion of Australian adults with complete tooth
loss by age. It is apparent that there has been a steady decline in the overall proportion of
Australian adults with complete tooth loss during three time points, from 14.4% in 1987–88
to 6.4% in 2004–06, and to 4% in 2017–18. This decline is reflected across all age groups,
particularly among those aged 35–44 years and above, showing substantial reductions
in complete tooth loss among them since 1987–88. For instance, there were only 1.7% of
individuals aged 45–54 years with complete tooth loss in 2017–18, compared to 16.8% in
1987–88. The proportion of edentulous persons among 55–64-year-olds declined from 27.8%
in 1987 to 5.8 in 2017–18. Likewise, nearly one in six adults aged 75+ were edentulous in
1987–88 compared to just one in three in 2017–18.

A comparison of the proportions of Australian adults with moderate or severe pe-
riodontitis by age is depicted in Figure 3. The overall prevalence of periodontal disease
increased from 22.9% in 2004–06 to 30.1% in 2017–18. This was reflected in a consistent
inclination of the proportion of Australian adults affected with periodontal disease across
all age groups between 2004–06 and 2017–18. For example, the proportions of Australians
aged 15–34 years and 75+ years with periodontitis increased from 7.4% to 12.2% and from
60.8% to 69.3, respectively, between 2004–06 and 2017–18.

4. Discussion

The findings of the present study indicate that overall levels of dental caries and tooth
loss among Australian adults have considerably declined over the past three decades. For
example, the severity of dental caries experience and complete tooth loss among Australian
adults has decreased by nearly 27% and 72%, respectively, from 1987–88 to 2017–18. In
general, this decline in dental caries experience has been reflected in all three components
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of the DMFT index, showing overall reductions of 46%, 22% and 24% in the mean number
of decayed, missing and filled teeth over 30 years since 1987–88. In contrast, the periodontal
status of Australian adults has substantially deteriorated between 2004–06 and 2017–18,
with an overall increase in the prevalence of moderate or severe periodontitis by nearly
31%. This deterioration is evident across all age groups, in particular with the almost 65%
increase in the proportion of Australian adults aged 15–34 years who have moderate or
severe periodontitis.

Several factors may explain improvements in dental caries experience, as well as tooth
retention, that have been observed among Australian adults over the past three decades.
Nearly 90% of Australians have access to fluoridated drinking water, while almost 97% of
Australian children and adults brushed their teeth daily using a fluoridated toothpaste [20].
There has been consistent evidence to suggest that community water fluoridation alongside
widespread use of fluoridated toothpaste in Australia has played the most important
role in preventing dental caries [21,22]. Prevention of dental caries in turn has led to
increased retention of teeth, given that dental caries is regarded as the main cause of
tooth loss. Furthermore, there has been a notable shift in dental treatment strategies, from
high-extraction versus low-restoration to low-extraction versus high-restoration, which
may have also contributed to improved tooth retention over the past three decades. These
findings have consistently shown that Australian adults who usually visited only for a
dental problem had higher levels of dental caries and tooth loss than those who visited
for a dental check-up. For example, the severity of dental caries (as denoted by the mean
DMFT) and the prevalence of complete tooth loss, respectively, were 1.31 and 6.8 times
higher among Australian adults who usually visited only for a dental problem than for
their counterparts who visited for a dental check-up. This finding concurs with what has
been reported previously, indicating an association between improved oral health and
favourable dental visiting patterns, including visiting for a dental check-up [23,24].

The NSAOH 2017–18 report has used several independent variables, such as year
level of schooling, highest qualification attained, eligibility of public dental care and dental
insurance, as socioeconomic indicators of the study population. Accordingly, the present
findings have revealed that poor oral health has consistently been associated with lower
levels of socioeconomic status. For instance, the prevalence of untreated dental decay was
1.22 times and 1.58 times higher among persons who had Year 10 or less of schooling and
those who were dentally uninsured than their counterparts with Year 11 or more years of
schooling and those with dental insurance. Likewise, the prevalence of complete tooth loss
was 5.26 times and 3.82 times higher among individuals with Year 10 or less schooling and
those who were without dental insurance, as opposed to their counterparts. These findings
are consistent with those of previous studies, where more socially advantaged individuals
presented with much improved oral health levels than those who were worse-off, and,
consequently, supported the existence of socioeconomic inequalities in oral health [25,26].

Deterioration in periodontal health in Australian adults, which has been observed
between 2004–06 and 2017–18, could be mainly ascribed to increased tooth retention. While
the overall proportion of edentulous persons declined from 6.4% to 4%, the mean number
of missing teeth due to pathology dropped from 4.6 to 4.4 during this period. Consequently,
both the increase in the proportion of dentate adults as well as the number of retained teeth
pose a greater vulnerability for periodontal disease. Our findings were consistent with
those of previous studies where a strong association between age and periodontitis was
observed; the older the individuals, the higher the prevalence of periodontal disease [10].
Associations between socioeconomic variables and periodontal disease, on the other hand,
were similar to those seen with regard to dental caries and tooth loss. Accordingly, the
prevalence of moderate or severe periodontitis was consistently higher among Australian
adults in the lower socioeconomic strata. This is consistent with previous studies [10] and
provides further evidence for the presence of socioeconomic disparities in oral health.

Employing a nationally representative sample of Australian adults and using a stan-
dardized examination protocol, as well as rigorous epidemiological survey methods, were
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some of the main strengths of the study. Other strengths included having both the inter-
viewers and oral examiners adequately trained to ensure the quality control of the study
(high intra-class correlation coefficient values were obtained indicating a high level of inter-
examiner reliability and agreement), and the instruments used were based on previous
studies, enabling comparisons to be made across the series of national surveys. Whilst the
cross-sectional nature of the study did not warrant ascertaining cause–effect relationships,
the present study could not represent Indigenous Australians in sufficient numbers. This,
in turn, has resulted in creating small cell counts and relative standard errors of at least
25% in regard to Indigenous group/subgroup analyses, so interpretation of these results
should be made with caution. Moreover, the use of partial recording protocols in the study
could have contributed to flaws in estimating the prevalence of periodontitis. Despite
such limitations, the findings showed that the overall oral health status, including the
experience of dental caries, periodontal disease and tooth loss, was poorer in Indigenous
Australians than in their non-Indigenous counterparts with regard to virtually all indepen-
dent variables assessed. These findings are consistent with the previous studies, which
were conducted among Indigenous groups in both Australia and elsewhere, indicating
that Indigenous populations are among the most socioeconomically disadvantaged com-
munities in the world [27–29]. It may be challenging for survey instruments and sampling
methods employed in conventional population-level oral health surveys to capture the true
picture of Indigenous populations and, accordingly, the need for implementing unique
study methodologies for such populations has been highlighted [29].

5. Conclusions

The present findings suggest that the overall oral health, barring periodontal status,
of Australian adults has improved over the last 30 years. Comparisons of national data
between 2004–06 and 2017–18 reveal that the periodontal health of Australian adults, in
general, has deteriorated during this period. The findings also indicate that individuals
from lower socioeconomic backgrounds present with poorer oral health on the whole,
pointing to socioeconomic inequalities in oral health. Such findings may be useful for
policy makers in planning and implementing future oral healthcare programmes at a
population level.
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Abstract: Background: Monitoring and reporting mental health is complex. Australia’s first National
Mental Health Strategy in 1992 included a new national commitment to accountability and data
collection in mental health. This article provides a narrative review of thirty years of experience.
Materials and Methods: This review considers key documents, policies, plans and strategies in
relation to the evolution of mental health data and reporting. Documents produced by the Federal
and the eight state and territory governments are considered, as well as publications produced by
key information agencies, statutory authorities and others. A review of this literature demonstrates
both its abundance and limitations. Results: Australia’s approach to mental health reporting is
characterised by duplication and a lack of clarity. The data available fail to do justice to the mental
health services provided in Australia. Mental health data collection and reporting processes are
centrally driven, top–down and activity-focused, largely eschewing actual health outcomes, the
social determinants of mental health. There is little, if any, link to clearly identifiable service user or
carer priorities. Consequently, it is difficult to link this process longitudinally to clinical or systemic
quality improvement. Initial links between the focus of national reform efforts and mental health
data collection were evident, but these links have weakened over time. Changes to governance and
reporting, including under COVID, have made the task of delivering accountability for mental health
more difficult. Conclusion: Australia’s current approach is not fit for purpose. It is at a pivotal point
in mental health reform, with new capacity to use modelled data to simulate prospective mental
health reform options. By drawing on these new techniques and learning the lessons of the past,
Australia (and other nations) can design and implement more effective systems of planning, reporting
and accountability for mental health.

Keywords: mental health; accountability; quality improvement; policy development

1. Introduction

What does effective national monitoring and reporting of mental health care look like?
The year 2022 is the thirtieth anniversary of Australia’s National Mental Health Strategy,
which implemented a new process for data collection as a central function to drive better
accountability for mental health services [1].

This narrative review attempts to assess the extent to which Australia’s efforts have
yielded an effective system of accountability for mental health. This assessment is problem-
atic. There has never been any formal evaluation of the strategy overall. Initial markers of
success were not described to permit simple evaluation of progress. Evidence of impact, if
available at all, is typically qualitative or summative, not quantitative.

There are some strengths, but also many weaknesses, in the approach taken. This has
delivered an Australian reporting system which predominantly focuses on administrative
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data, inputs and outputs. Much is known about budgets, the number of occupied beds
and outpatient occasions of services. We know staffing numbers and costs. However,
few details are known about who is presenting for mental health care and why. We also
know little about the type of interventions provided or their outcomes and the subsequent
pathway taken by patients. Our view of key issues outside of the health sector, in areas
such as housing, education and employment, is very limited. We are not able to compare
or benchmark services, meaning that our system of accountability fails to impel systemic
quality improvement.

As if accountability for mental health was not complex enough, past decades have
seen mental health subject to multiple reforms and overlapping reporting processes. This
paper traces this history and its impact on Australia’s efforts to establish effective account-
ability across two national mental health policies, five national mental health plans, one
national action plan, several other national documents, one roadmap and multiple statu-
tory inquiries over the past three decades. More recently, COVID-19 has seen Australia’s
Federal government establish a new National Cabinet, scrapping previous administrative
structures which oversaw accountability for mental health, such as the Australian Health
Ministers Council [2].

Federal, state and territory governments are currently arranging bilateral agreements
which will constitute the backbone of Australia’s sixth national mental health plan, in-
cluding specifying data and reporting obligations. It would be folly to assume the utility
of existing reporting arrangements. Indeed, under the maxim ‘what gets measured gets
done’, there is reason to be alert to the risk of poor data collection processes reinforcing
undesirable models of care. For example, if hospital beds are the currency reported, beds
will remain the priority for policy and funding, regardless of the merits of alternatives.

Understanding Australia’s historical approach to mental health reporting can inform
the next steps and help drive the development of more robust processes designed to deliver
national accountability.

2. Materials and Methods

While no formal evaluation of Australia’s National Mental Health Strategy has oc-
curred, this does not mean that there is a paucity of evidence. Comments and critiques
are plentiful, generated by the frequent statutory, parliamentary and other inquiries com-
monplace over the past two decades. One report suggested that there had been thirty-two
separate statutory or other inquiries between 2006 and 2012 alone [3]. Such inquiries rely-
ing on qualitative or summative evidence have often been initiated in response to deaths,
human rights abuses or other tragedies. While they do not purport to formally evaluate the
National Mental Health Strategy as a whole, they frequently touch on accountability and
monitoring, making them worthy of consideration and review here.

In this context, this paper has relied on a narrative review, aiming to present a com-
prehensive, critical analysis of current knowledge in relation to Australia’s approach to
reporting and accountability for mental health. It is possible, on this basis, to discern gaps
and patterns, as well as strengths and weaknesses, in the data [4].

Key documents, policies, plans and strategies are considered, demonstrating the
evolution of mental health data and reporting. Historical documents are cited, including
several which highlight implications arising from our federated system of government.
Government and statutory reports, as well as peer-reviewed and other literature (from
grey literature, websites, media sources, etc.) are referenced. The jumble of reports and
inquiries needs a timeline to orient readers, and this is presented. The paper explores recent
recommendations made by various reports and how these can influence the direction of
future reforms. It then draws on contemporary literature to describe the components of an
effective, contemporary approach to accountability for mental health.

116



Int. J. Environ. Res. Public Health 2022, 19, 4808

What Is Meant by Accountability?

Accountability is an elusive concept, with multiple valid perspectives [5]. Planners
would like to know the value for money. Service providers wish to understand if their work
has been effective and how it could be improved. Consumers and families want to know
what services and treatments work. Funders want information about cost-effectiveness and
value for money, using systems such as activity-based funding to generate costs and prices
and monitor system efficiency [6,7]. Researchers will want data to evaluate or compare
alternative approaches, programs or services.

The community more generally will want information indicating the extent to which it
has access to a mental health system that responds to individual needs and is one on which
it can rely.

In relation to health care generally, accountability can increase the effectiveness of
services, reduce inefficiency and provide the feedback necessary to impel systemic quality
improvement [8,9].

The data generated for accountability are commonly considered across three dimen-
sions: financial, performance and political/democratic [10]. Financial accountability relates
to ensuring that funds are spent as agreed, monitoring, auditing and budgeting.

Performance accountability can refer to the assessment of services, outputs or out-
comes, allowing value for money to be assessed. Political accountability is often focused
on whether governments kept their promises, often with reference to notions of equity,
efficiency and so on.

These perspectives on accountability overlap, but stakeholders may prioritise data
differently. This diversity again lends itself to the narrative method of analysis used
throughout this discussion.

3. Results

3.1. Initial Efforts in Mental Health Information

The 1992 National Mental Health Strategy, which included an overarching policy and
a plan, had data and accountability at its heart (Box 1).

Box 1. Extract from 1992 National Mental Health Policy.

There needs to be greater accountability and visibility in reporting progress in implementing the new
national approach to mental health services. Currently mental health data collection is inconsistent
and would not be adequate to enable an assessment to be made of the relative stage of development
of the Commonwealth and each State/Territory Government in achieving the objectives outlined in
the National mental health policy. It is essential that such a consistent system of monitoring and
accountability be created.

National Mental Health Policy (Commonwealth of Australia 1992)

The aim of this novel approach to accountability for mental health was to report on
the progress being made by governments against the Strategy’s agreed goals.

The Australian Health Ministers’ Council established a working group to oversee the
implementation of the Strategy. The National Mental Health Working Group was comprised
of representatives from each state and territory, plus two from the Federal government, as
well as the chair and deputy chair of the newly established National Community Advisory
Group, which included consumers and carers. This working group established a set of
49 indicators to fulfil the accountability monitoring function recommended in the policy.

However, the data required to report against many of these indicators either did not
exist or were not collected. The working group established a Mental Health Information
Strategy Sub-Committee (MHISSC) [11] comprised of the same representation as the work-
ing group plus representatives from the Australian Bureau of Statistics (ABS), the Australian
Institute of Health and Welfare (AIHW) and the Australian Private Hospitals’ Association.
The MHISSC developed a National Mental Health Data Dictionary and Minimum Data Set
for Australia.
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The MHISSC oversaw the development of a specific new data collection process
designed to fulfil the Working Group’s mental health reporting obligations under the Policy.
This was conducted outside the structures established already by the National Health
Information Agreement, which provided the framework for establishing national data
collections and data standards [12].

The Federal government engaged consultants to manage the process of collecting and
analysing data, and then published a series of National Mental Health Reports [13] to draw
together material from all jurisdictions, as well as the private sector.

After a baseline was established in 1993, the first report was published in 1994 [14]. By
the time the Commonwealth decided to cease the series, twelve editions had been produced.
The final National Mental Health Report (2013) used 18 graphs or tables to describe the
pace of reform [13].

This report, produced separately from other existing health data and by external
consultants, became the key tool by which the community could track changes in the shape
and nature of mental health care. Drawing on the definition provided earlier, the National
Mental Health Report series had a clear focus on political accountability, purporting to
enable governments to answer the question “Did we do what we agreed?” [13].

Over time, the collection and report became more robust, with data elements incorpo-
rated into different national minimum datasets [15]. It reflected a strong focus on the role
of the states and territories as the main providers of care, for example, in delivering the
policy goal of ‘mainstreaming’ mental health services.

The reporting also had a heavy emphasis on financial accountability, as described ear-
lier, reporting inputs such as spending and staffing, and outputs, as well as administrative
data, such as treatment days, the number of services and clients.

The collection was not designed to drive a process of systemic quality improvement,
nor reflect perspectives on accountability held by mental health stakeholders, such as
consumers or even health professionals. Stakeholders from across the mental health
sector and outside of the government would prioritise accountability issues and questions
different to those selected by the government [16].

3.2. Limited Aims, Limited Performance

The pursuit of even this rather limited dataset was challenging enough—obtaining
agreement on data collection standards and definitions between nine Australian jurisdic-
tions is difficult. The process requires consensus across governments [17].

MHISSC then had to oversee the process by which each government obtained, vetted
and cleaned the necessary data. This governmental approval was a slow process, causing
delays in publication. For example, the data published in the 2013 National Mental Health
Report pertained to the 2010–2011 financial year. This lag has not improved. In 2022, the
AIHW’s Mental Health Services in Australia website [18], now the key data resource, is
still only able to report mental health expenditure up until 2018–2019.

There was no independent verification of the data provided to the Report and, partic-
ularly in the first years, the quality and range of data varied between jurisdictions. There
was no way to marry annual mental health budget allocations to the actual expenditure or
to the costs of services. These matters limited the extent to which data could be usefully
interpreted for benchmarking between jurisdictions.

The data were only published at the jurisdictional level (i.e., by state and territory).
This could be useful, revealing how the shape and nature of the mental health services
available differ between the states. For example, the 2013 National Report showed that
Tasmania offered 19.5 beds per 100,000 inhabitants in residential mental health care settings,
while Queensland provided zero. However, the Report had no capacity to provide data at
more disaggregated levels, preventing a more detailed and regional comparison of service
patterns or other issues [13].

The 1997 Evaluation of the first national mental health plan, while noting the role of
the National Mental Health Report, stated:
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Information in mental health is grossly undeveloped. The lack of nationally comparable
data on service outputs, costs, quality and outcomes places major limitations on the extent
to which the National Mental Health Strategy can achieve its objectives. [19]

An initial $135 m investment made by the then Federal Government to sponsor reform
and accountability under the First Plan was not replicated in subsequent plans [20].

Key proponents of the national reforms noted that, under the Second National Mental
Health Plan, momentum “waned” [21].

A decade later, the ‘summative’ evaluation of the 3rd National Mental Health Plan
(2003–2008) repeated concerns about national monitoring and reporting mechanisms, sug-
gesting that there was duplication, waste and an inability to measure appropriate outcome
measures [22].

These concerns about data and accountability processes in mental health were echoed
in repeated statutory reports and inquiries [23,24]. A report jointly prepared by the Human
Rights and Equal Opportunity Commission and the [then] Mental Health Council of
Australia found:

The National Mental Health Strategy was developed over a decade ago to respond to
obvious service failures and human rights concerns. . . .we do not yet have a national
process for translating the policy rhetoric into real increases in resources, enhanced service
access, accepted service standards or service accountability. [25]

3.3. Fragmentation of Effort, Minimal Improvement

The ownership of responsibility for national mental health reporting shifted in 2006
from health ministers to first ministers, with the Council of Australian Governments
(CoAG) agreeing to a $5.5 bn National Action Plan on Mental Health [26]. The rationale for
the CoAG’s involvement is not entirely clear. There were two damning inquiries which
required some political response [23,25]. The CoAG itself reported that its engagement
was based on “a broad recognition that renewed government effort was needed to give
greater impetus to the reform process” [26]. The Action Plan brought together the heads
of all governments to focus on mental health for the first time and included its own list of
outcomes and progress measures.

The CoAG’s list had greater emphasis on social indicators, such as employment and
education, than the mental health service indicators prioritised by the MHISSC. It also
reflected greater engagement by the Federal government in mental health service provision.
The CoAG Action Plan generated progress reports, again designed for the government to
fulfil a level of political accountability and demonstrate “Are we doing what we said we
would?” [27].

There were several other reports and inquiries into mental health emerging in quick
succession that recommended changes to the way data are reported, or even proposed
new sets of indicators [24,28] (see Table A1 for a timeline). These recommendations were
not actioned.

The process of providing national accountability oversight in mental health has become
increasingly confused with multiple overlapping initiatives, policies, plans and datasets.
This has dramatically increased the gap between planning and reporting, and actual action
and monitoring of mental health. Key processes identified as part of effective policy
development and evaluation are missing [29].

The 2012 National Mental Health Roadmap, for example, listed 11 ‘performance’
indicators and 3 ‘contextual’ indicators [30]. The 4th National Mental Health Plan and asso-
ciated Implementation and Measurement Strategies listed 25 indicators [31]. It continued
the CoAG’s emphasis on broader measures of the social determinants of mental health,
promising a “whole of government approach” so that:

The public is able to make informed judgements about the extent of mental health
reform in Australia, including the progress of the fourth plan, and has confidence in the
information available to make these judgements. Consumers and carers have access to
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information about the performance of services responsible for their care across the range of
health quality domains and are able to compare these to national benchmarks [32].

The National Mental Health Commission began in 2012 and soon produced its own
annual National Mental Health Report [33] drawing on frameworks, indicators, case studies
and stories, rather than against a consistent dataset. In 2014, the Commission was tasked
with a review of mental health programs and services and reported, in 2015, on a lack of
outcome-based evaluation data and accountability mechanisms [34]. It recommended a
focus on a much smaller number of indicators, focusing much more on outcomes than
outputs, together with a transition to a much more regionally based system of planning
and reporting. The Commission’s recommendations remain unimplemented.

The impetus towards greater accountability in mental health in relation to its social
determinants was affirmed in the 2014 strategic plan of the NSW Mental Health Commis-
sion, which reported that spending on mental health by the NSW Department of Family
and Community Services was greater than that by the NSW Department of Health [35].
Accountability for health care alone cannot provide a true picture of mental health.

Despite this, the 5th National Mental Health and Suicide Prevention Plan [36] and
its accompanying Implementation Plan (2017) [37] promised monitoring and reporting
around a more limited set of 24 core health indicators, focusing on safety and quality.

This Plan promised to draw on proxy data to deal with social determinant issues as
part of this, for example, using the Australian Bureau of Statistics General Social Survey to
report the social participation of people with a mental illness.

Leaving aside issues such as resources or political will, the infrastructure to support
good data collection in mental health has been slow to evolve. Several other countries
have developed sophisticated maps [38], permitting benchmarking and the comparison
of key mental health services between jurisdictions. Such maps are new to Australia and
are not yet driving decision-making. Alternative classifications and structures, such as the
Australian Classification of Health Interventions (ACHI), have been demonstrated to be
less than comprehensive when applied to mental health [39].

The history of Australian efforts in relation to data collection and reporting has left
us with at best a partial picture—strong in relation to health and administrative data, but
weak in other areas, particularly outside of hospitals and in relation to the broader social
determinants of mental health. It is a situation described as “outcome blind” [40].

3.4. Other Key Reporting Mechanisms in Mental Health

There are two other key sources of mental health data in Australia. Unlike the National
Strategy reporting, both have demonstrated some consistency.

The Australian Institute of Health and Welfare (AIHW) has published the Mental
Health Services in Australia (MHSIA) data series since 1988–1999 [18], drawing on the
National Mental Health Data Dictionary and Minimum Data Set originally developed by
the MHISSC.

Other national minimum data sets have been developed and become part of MHSIA
reporting, including in relation to:

• Mental health establishments;
• Admitted patient care;
• Residential mental health care;
• Community mental health care;
• Causes of death (for suicide data).

In 2021, this array of data permits the publication of 35 tables of information. The
AIHW also hold and manage an ‘indicator library’ [41] from which they derived a set of
26 Key Performance Indicators, including issues such as rates of seclusion and restraint,
rates of access to mental health care, community contact pre- and post-discharge, etc. [42].
The AIHW was also the manager of the National Mental Health Performance Frame-
work [43] until the cessation of the CoAG in 2020.

120



Int. J. Environ. Res. Public Health 2022, 19, 4808

The Productivity Commission prepares the Report on Government Services which,
for 25 years, has included a section on mental health services [44,45]. Around 60 tables of
information are published each year online, providing data at the state and territory levels
across 13 key indicators.

There is considerable overlap across the AIHW and Productivity Commission
reporting—they both provide data on public mental health service data, expenditure,
staffing and access. Additionally, both publications focus on the health service aspect
of mental health care, rather than the broader social determinants. They use proxy data
derived from general community survey information to estimate and report on matters
such as housing and employment. Both suffer from considerable delays in publication.
They report progress at the jurisdictional level, permitting, for example, a comparison of
the proportion of all mental health-related emergency department presentations in pub-
lic hospitals between Western Australia and Tasmania. The work of the AIHW and the
Productivity Commission in reporting mental health data, even at this level, is helpful,
but, as recommended by the Productivity Commission Review (see below), more useful
comparisons need to be established between regions, not between states [46]. This more
granular approach reflects the fact that regions may have more in common and provide
more valid benchmarks than comparing whole jurisdictions, such as Victoria and NSW.

3.5. The Productivity Commission Review 2020

The report found duplication and a lack of clarity in mental health reporting arrange-
ments and called for all governments to agree on a new set of realistic measures and out-
comes. It suggested a new framework with six key areas and 47 identified indicators [46].
This was echoed by the Victorian Royal Commission, which reported in 2021 that:

System leadership is weak, and accountability for how the system is managed is unclear. [47]

These findings are obviously a strong indictment of the approach taken in Australia
so far.

Under various reporting structures, the MHISSC operated continuously until the
Council of Australian Governments (CoAG) was disbanded in May 2020 in favour of new
National Cabinet reporting arrangements. Thus far, these arrangements seem rudimentary.

Eleven general health issues are listed under a ‘Performance Reporting Dashboard’, of
which one pertains to mental health. However, rather than provide any data or indicators,
what is presented is simply a list of some projects undertaken in each jurisdiction under a
green tick symbol and the word “Achieved” [48].

The final National Mental Health Report was published in 2013. There have been
no evaluations of either the 4th or 5th National Mental Health Plans and, as stated, no
evaluation of the Strategy overall. Despite the regular calls for annual and transparent
reporting and monitoring of progress, there is no current system or process for this to occur.

In 2021, the Federal Government released its response to the Productivity Commis-
sion report [49], undertaking with the states and territories to establish a new National
Agreement on Mental Health and Suicide Prevention by November 2021.

4. Discussion

Lessons Learned—Towards a Better Process of Accountability and Planning

From the experiences of the past thirty years, several important trends and challenges
have emerged in relation to how Australia and other nations can engineer more effective
and useful data collection and accountability for mental health. In recognition of the
increasing role and potential of primary and community-based mental health care, new
datasets continue to emerge, requiring intelligent amalgamation with existing systems to
exploit new opportunities [50,51]. There is merit in considering how these issues might
shape a new process or framework for mental health reporting and planning.

Improved reporting must finally accept the significance of understanding not just basic
inputs and outputs, but the whole mental health ‘ecosystem’ [52], drawing on a broader set
of metrics which properly reflect the mental health and wellbeing of communities. This
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poses new problems in organising and gathering requisite data from multiple agencies, not
just health departments. The coordination of this kind of whole-of-government monitoring
was one rationale for several jurisdictions to establish mental health commissions [53].

As stated, the issue of regional data is increasingly recognised as key to enabling
better local planning in mental health. Despite commitments made to establish regular
benchmarking in mental health over past decades [20,54], the establishment and reporting
of data at this level is not yet a feature of mental health reporting in Australia, though
the AIHW publication of Medicare data by statistical local area (SLA) is an exception [55].
Australia’s failure to develop a suitable mental health performance management framework
with agreed, consistent indicators and targets has been pinpointed as a key drawback to
reform [46].

Engaging mental health stakeholders in developing such a framework would build
an understanding of the process and confidence in the results [56]. To date, MHISSC and
associated governments have been largely responsible for determining how mental health
is reported. MHISSC relied for twenty years on external consultants to manage the process
of data collection and reporting [57]. The benefits of broadening this process have been
recognised [46]. Specific mention must be made of consumers and carers in this context.
The National Community Advisory Group (NCAG) mentioned earlier was disbanded after
just three years in 1996. Structures to engage consumers and carers in framework co-design
will require considerable development [58].

Another design element should be the widespread use of new personal technologies
which permit services users to be the key reporters of real-time and local data pertaining to
their care [59], as has already been demonstrated both in Australia [60] and elsewhere [61].
This should be part of a fundamental re-design of accountability for mental health, one
that recognises the broader social context of mental illness beyond health, considering
issues such as employment, education completion and social connectedness. Despite some
initiatives [62], Australia still lacks a validated, national collection of the experience of care
of mental health consumers and carers.

Finally, the way mental health is reported relates to how it is planned, and this is a mat-
ter currently up for national debate. Historic, centralised approaches to planning are being
challenged by more local or regional models of governance and decision-making, as encour-
aged by the Productivity Commission [46] and the National Mental Health Commission.

There are new decision-support systems which enable this local planning and mod-
elling [63–65]. There are clearly limitations in the extent to which existing state and
territory-focused mental health data collections can provide the information these new
models need to facilitate better local decision-making, or what other information might be
necessary. The examination and resolution of these issues is a key element of more effective
planning and reporting of mental health care.

Key bodies internationally have recognised the inability of existing mental health data
systems to propel the desired processes of benchmarking and quality improvement [66].
They have embarked on projects designed to make mental health data systems more robust
and useful. The World Health Organisation has, for example, prioritised the creation of a
mental health data platform aiming at routinely collected information on mental health
systems’ performance and on the mental health status of the population. These Australian
lessons could inform this work [67].

The Australian experience demonstrates the importance of establishing an accurate
historical account of the evolution of the core policy and planning processes underpinning
mental health reform, giving context and meaning to the status of national and regional
mental health systems. Our experience has shown how complicated this process can be,
even in countries with significant resources.
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5. Conclusions

Australia has not produced a comprehensive report or evaluation of its national mental
health planning effort. This means that, despite myriad plans and reports, it is not possible
to assess the extent to which this work has translated into effective change, the costs, nor
the impact on individual outcomes or systemic improvement.

Even where partial data have been reported, there was no independent verification of
the data provided and, particularly in the first years, the quality and range of data varied
between jurisdictions. There was no way to marry annual mental health budget allocations
to actual expenditure or to the costs of services. These matters limited the extent to which
data could be usefully interpreted for benchmarking between jurisdictions. Australia has
lacked consistent data sets. Overlapping reports, indicator sets and report cards have
perpetuated confusion, not clarity.

The 1992 National Mental Health Reform Strategy had broad aspirations and called
for reporting on areas of consumer and carer rights, legislation and other matters. Unable
to meet the challenge of this breadth, initial reporting focused on the regular publication of
mostly public mental health service activity data and related issues, such as expenditure
and staffing. Some resources were provided initially to support the reporting process, but
these were discontinued. This limited the further expansion of the reporting process.

As new plans emerged, the focus of mental health reforms shifted, seeking to consider
issues beyond the health system. Since the CoAG in 2006, the reporting process has been
subject to increasing pressure as competing policies and plans frequently emerged.

The initial clarity of purpose became confused. Commitments to better accountability
were made, but resources were not provided. Mental health reporting has been managed
and proceeded largely unchanged under MHISSC, leaving other mental health stakeholders
outside the design process. All these factors have contributed to making the mental health
data collection and reporting process less relevant over time.

Other existing mental health reporting mechanisms provided by the AIHW and the
Productivity Commission focus on health services and operate without set targets. Neither
impels identifiable processes of quality improvement. The new National Cabinet reporting
arrangements established under COVID have diminished the mental health accountability
obligations of all governments.

In 2020, the AIHW sought stakeholder views regarding a future National Health Infor-
mation Strategy, considering issues such as data collection, access, reporting, privacy and
so on, but without specific reference to mental health data. In response, some stakeholders
suggested an urgent need for patient-reported outcome measures in mental health [68].
Mental Health Australia, the peak body, did not provide a submission to the AIHW. The
separation of mental health data development from the rest of health has been a defining
feature of the past thirty years of Australia’s mental health strategy. There are clearly risks
that this unhelpful separation could continue.

As of early 2022, the Australian government has been announcing a series of bilateral
agreements with each of the eight states and territories which will form the backbone of the
sixth National Mental Health and Suicide Prevention Plan [69]. Details of these arrange-
ments, including data collection and reporting obligations, are yet to be made public.

The establishment of an entirely new accountability framework was a key recommen-
dation of the Productivity Commission [46]. This framework will need to facilitate new
approaches to regional modelling, governance and reporting across the whole ‘ecosystem’
of mental health. It will require expertise and resources. It must be based on a robust
process of co-design, properly accounting for the different, but related, needs of planners,
funders, service providers, consumers, carers, researchers and others. These are the ingre-
dients for effective systemic oversight and local quality improvement. Such a system can
build new community trust in our mental health system.
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Appendix A

Table A1. Mental health data and accountability timeline.

Year Policy Document
Notes in Relation to
Data/Accountability

1992 First National Mental Health Strategy (and Policy)

1993–1998 First National Mental Health Plan Eight areas identified

1994 First National Mental Health Report Established baseline

1995–2013 National Mental Health Report Series—11 editions
In 2013, 24 national indicators
plus 18 indicators reported at

jurisdictional level

1995 First Report on Government Services (ROGS) by Productivity Commission
2021 edition includes 60 tables of

information (most recent year
reported is 2018–2019).

1997 Evaluation of the First National Mental Health Plan

1998-2003 Second National Mental Health Plan

2001 First Mental Health Services in Australia report published by the
Australian Institute of Health and Welfare.

2021 edition includes 35 tables of
information (most recent year

reported is 2018–2019).

2001 International Mid-Term Review of the Second National Mental Health Plan

2003 Evaluation of the Second National Mental Health Plan

2003–2008 Third National Mental Health Plan 34 outcomes, 113 key directions.

2005 National Mental Health Report (9th)
Summary of 10 Years of the

National Mental Health
Reform Strategy

2005 First National Mental Health Performance Framework

2006–2011 Council of Australian Governments’ National Action Plan on
Mental Health 12 progress measures

2008 Evaluation of the Third National Mental Health Plan

2009 Second National Mental Health Policy Replacing the original
1992 document.

2009–2014 Fourth National Mental Health Plan

2009 National Advisory Council on Mental Health
Recommended changing

accountability framework for
mental health (not actioned).

2010 Fourth National Mental Health Plan Implementation Strategy

2011 Fourth National Mental Health Plan Measurement Strategy 5 key areas, 27 indicators.

2012–2022 Council of Australian Governments’ National Roadmap for Mental
Health Reform

11 ‘performance’ indicators and
3 ‘contextual’ indicators.

2012 National Mental Health First Report Card—A Contributing Life Seven key areas reported.

124



Int. J. Environ. Res. Public Health 2022, 19, 4808

Table A1. Cont.

Year Policy Document
Notes in Relation to
Data/Accountability

2014 National Mental Health Commission Review—Contributing Lives,
Thriving Communities

Eight key indicators/targets
identified for new reporting
framework (not actioned).

2015 Australian Government Response to
National Commission Review

Undertaken to develop new
indicators as part of 5th National

Mental Health Plan

2017 5th National Mental Health and Suicide Prevention Plan 24 indicators focusing on quality
and safety

2020 Productivity Commission Report into Mental Health 6 key areas with 47 indicators
recommended

2020 National mental health and wellbeing pandemic response plan

[Committed] to data collection
and modelling, and the

development of indicators for
informed policy development

2020 CoAG process disbanded in favour of National Cabinet

2021 Victorian Royal Commission into mental health

Recommended establishment of
new regional mental health

indicators under a Mental Health
and Wellbeing

Outcomes Framework

2021 Prevention, Compassion, Care—National Mental Health and Suicide
Prevention Plan

Committed to developing new a
National Agreement on Mental
Health and Suicide Prevention

between all governments.
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Abstract: The Australian Institute of Health and Welfare (AIHW) has been providing support to the
Australian Government Department of Health to report on mental health-related data to Australian
governments on a frequent basis since April 2020 in the form of COVID-19 mental health services data
dashboards. These dashboards feature extensive use of data visualizations which illustrate the change
in mental health service use over time as well as comparisons with pre-pandemic levels of service
use. Data are included from the Medicare Benefits Schedule (MBS), Pharmaceutical Benefits Scheme
(PBS/RPBS), Australian Government-funded crisis and support organizations, and key findings from
emerging research. Demand for telehealth, crisis and support organizations and online mental health
information services, in particular, have increased during the pandemic. The dashboards incorporate
both new and existing data sources and represent an innovative way of reporting mental health
services data to Australian governments. The reporting has enabled timely, targeted adjustments
to mental health service delivery during the pandemic with improved cooperative data sharing
arrangements having the potential to yield ongoing benefits.

Keywords: mental; services; pandemic; COVID-19

1. Introduction

The global impact of the COVID-19 pandemic on mental health and wellbeing has
been significant. The potential for this impact was recognized early in the pandemic and
includes the direct health impacts of COVID-19 and fear of contagion, as well as the broader
social and economic disruption [1].

In the Australian context, despite having experienced some significant COVID-19
outbreaks, containment measures have meant that the epidemic to date (July 2021) has
generally been less severe than in many countries. However, the social, economic and
mental health and wellbeing impacts of restrictions have been significant. Social distancing,
sudden and protracted ‘lockdowns’, interruption of physical and mental health service
provision, loss of employment, restricted international travel and border quarantine, and
remote school and work have all had significant consequences. The impact of the pandemic
in Australia started directly after an extreme drought and bushfire season for the country, a
time of heightened anxiety for much of the population [2]. Data about the mental health
effects of the pandemic at a national and international level are still evolving.

The Australian Institute of Health and Welfare (AIHW) has a long history in reporting
mental health data, particularly through the Mental Health Services in Australia report
and more recently the National Suicide and Self-harm Monitoring Project, a collaboration
between the AIHW, the National Mental Health Commission and the Australian Govern-
ment Department of Health (DoH), funded by the DoH. One of the key goals of this project
is to improve the timeliness of state and territory data on suspected deaths by suicide.

A range of Australian research and reporting has been taking place on the mental
health impacts of COVID-19 since early 2020. Some significant efforts include the Australian

Int. J. Environ. Res. Public Health 2021, 18, 10514. https://doi.org/10.3390/ijerph181910514 https://www.mdpi.com/journal/ijerph

129



Int. J. Environ. Res. Public Health 2021, 18, 10514

National University’s COVID-19 Impact Monitoring Survey Program, a longitudinal survey
for which the AIHW provides financial support. This project seeks to monitor the economic
and social wellbeing impacts of COVID-19 and is conducted through the ANUPoll, an
ongoing quarterly probability-based panel survey of Australian public opinion. The
availability of longitudinal pre-pandemic data from the ANUPoll facilitates analysis of the
factors that have contributed to pandemic driven changes in psychological distress. The
Australian Bureau of Statistics (ABS) has also been conducting surveys to investigate the
impacts of the COVID-19 pandemic. From April 2020 to June 2021, the monthly Household
Impacts of COVID-19 Survey collected longitudinal data on a range of topics including
psychological distress. The Melbourne Institute (University of Melbourne) also commenced
the Taking the Pulse of the Nation survey in April 2020.

Data were collected on a broad range of measures of mental health and wellbeing
during the pandemic in Australia, including suicide and self-harm [3], life satisfaction,
anxiety and worry [4], social connection, personal stressors, self-reported mental health [5]
and use of mental health services [6]. One particularly relevant measure to the utilization
of mental health services is that of psychological distress, commonly measured using the
Kessler Psychological Distress Scale. A higher proportion of Australians have reported
severe psychological distress during than pre-pandemic. Psychological distress and related
measures tended to show peaks early in the pandemic and in conjunction with lockdowns,
with elevated levels around April 2020 and again around August to October 2020 [4,5], the
latter peak likely reflecting the impact of the relatively severe second wave in Victoria.

There was significant concern early in the pandemic about its potential impact on
deaths by suicide [7], in part based on research linking unemployment to increased suicide
rates [8]. Data on suspected deaths by suicide in 2020 for three Australian state suicide
registers are included in the National Suicide and Self-harm Monitoring Project. This project
seeks to improve the understanding of suicide and self-harm in Australia, to help identify
factors that increase risk, to raise awareness and improve support and prevention activities.
The AIHW routinely receives data for some states and territories, which is included in
the dashboards. A key aim of the project is to establish registers for all Australian states
and territories. To date, there has not been evidence of an increase in suspected deaths by
suicide in any of these jurisdictions compared to previous years, however, the situation is
complex and it remains important to continue to monitor the impact on suicide risk over
time [3].

Analysis of ambulance attendances (one month per quarter data snapshots) available
for some Australian states and territories from the National Ambulance Surveillance System
(part of the National Suicide and Self-harm Monitoring Project) showed slight spikes in
the population rate of ambulance attendances for self-injury and suicidal ideation during
the outbreak period of the September 2020 quarter in Victoria. There was also a gradual
increase in both measures between December 2019 and December 2020, particularly self-
injury (4.7 to 6.5 per 100,000 population), although the rate of attendances for suicide
attempts fell from 14.9 to 12.4 in the state over that year. Gradual increases in the rate of
attendances for self-injury were also evident in the Australian Capital Territory (6.8 to 10.0)
and Tasmania (2.1 to 5.9) over the period [9], however, whether these changes were related
to the pandemic is unclear.

The impacts of the pandemic have not been evenly experienced across the Australian
population. People with pre-existing mental health conditions [2] and few social sup-
ports [1] are at increased risk of distress. In general, younger Australians [10] and women
have tended to have worse mental health outcomes than other Australians during the
pandemic. Among young people (aged 44 and under), average psychological distress
scores were elevated in 2020 compared to 2017, with the greatest increases for those aged
18–24 years. Women and people living in Victoria were the main drivers of an increase
in psychological distress from May to August 2020 [11]. High mental distress (defined as
‘feeling depressed’ and/or ‘anxious’ ‘most or all of the time’) among parents also increased,
from 8% in 2017 to 24% in 2020 [12].
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There is evidence that the economic downturn associated with the pandemic has
increased levels of psychological distress, with those employed in April 2020 having
significantly lower levels of psychological distress than the unemployed at that time, when
considering only those employed in February 2020 [13]. Rates of mental distress were
approximately four times higher for people experiencing financial stress (42%) compared
to people not experiencing financial distress (11.5%) during April to November 2020 [12].

The OECD has identified a similar range of increased risk factors associated with
the pandemic which have contributed to a worsening of mental health, including unem-
ployment and financial insecurity, reduced social connections, difficulties associated with
telework, home schooling and education, restricted exercise and reduced access to health
services. Peaks of mental distress have been closely related to waves of COVID-19 cases
when restrictions have been most stringent [14]. The use of data visualizations in recent
OECD reporting clearly illustrates some of the mental health impacts of COVID-19 across
nations, particularly regarding depression and anxiety both during the pandemic and in
comparison to pre-pandemic periods [14].

The mental health services system in Australia is complex and varies by state and
territory, with some services funded by the Australian Government, others by state and
territory governments or both. Mental health services are provided through public and
private hospitals, residential and community mental health care, by specialist psychiatric
and general medical practitioners, mental health nurses, psychologists and other allied
health professionals. There are a range of crisis support services, as well as services
provided through the National Disability Insurance Scheme and the non-government
sector [15]. Australia’s federated model of health care also means that there is no single
‘master’ data set relating to health services.

Due to the complexity of the Australian mental health system and the need for timely
data collection and analysis to guide the provision of mental health services during the
pandemic [16], the AIHW has been providing support to the DoH to report on mental
health-related data to Australian governments since April 2020, funded by the DoH. The
COVID-19 National Mental Health Services dashboard and later the State and Territory
Mental Health Services dashboard, were produced weekly during 2020, and fortnightly in
2021. These reports provide summary statistics of recent data and comparisons with the
same data from early and pre-pandemic periods and extensive use of data visualizations of
change over time. Data sources include information from the Medicare Benefits Schedule
(MBS), Pharmaceutical Benefits Scheme (PBS) and Repatriation Pharmaceutical Benefits
Scheme (RPBS), Australian Government-funded crisis and support organizations, and a
brief summary of emerging research. A publicly available summary of the data is reported
in the AIHW online publication, Mental Health Services in Australia [6], updated quarterly.

The aim of the present paper is to describe the background, development process,
key results and learnings from the compilation of the data for the National Mental Health
Services and State and Territory Mental Health Services dashboards. The processes that
have led to success, and improvements in communication and data sharing within and
across government and non-government organizations have broader implications for future
health data, information and policy development.

2. Materials and Methods

2.1. Environment Scan

An environment scan and literature review were conducted to determine the range of
Australian research and data holdings that were being established in relation to COVID-19
and mental health. During the initial scoping for the dashboard reporting, it was recognized
that some of the organizations that would first see the impact of the pandemic on service
utilization were those for which there was no national data collection, in particular, crisis
and support organizations and online mental health information services.
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2.2. Data Sources
2.2.1. Crisis and Support Organizations and Online Mental Health Information Services

There are a number of Australian phone and online crisis and support services avail-
able to people seeking support for mental health issues. Crisis and support organization
data include call, web chat, ‘app’ use, online programs and forums, and/or email data from
a range of organizations, including Lifeline, Kids Helpline, Beyond Blue, Smiling Mind’s
Healthcare Worker Program, Head to Health, Black Dog Institute and ReachOut. Data for
HeadtoHelp hubs (Victorian Mental Health Clinics) also include face-to-face contacts.

2.2.2. Medicare Benefits Schedule and Pharmaceutical Benefits Scheme Data

Services Australia collects fee-for-service related MBS claims activity data which it
supplies to the DoH [17]. The Australian Government introduced additional MBS telehealth
items during the COVID-19 pandemic, including items for mental health services provided
by psychiatrists, GPs, allied health professionals and psychologists. MBS subsidized
services under the Better Access to Psychiatrists, Psychologists and General Practitioners
through the MBS (Better Access) initiative were also expanded [18]. MBS data reported in
the dashboards include use of MBS mental health items (services processed), the proportion
of services delivered via telehealth, and MBS benefits paid.

The Australian Government subsidizes the cost of prescription medicines through two
schemes, the PBS and RPBS for eligible veterans and their dependents. Services Australia
processes all prescriptions dispensed under the PBS/RPBS and provides these data to
the DoH [19]. PBS/RPBS data reported includes the number of PBS dispensed mental
health-related prescriptions.

Further information on these data sources is available at https://www.aihw.gov.
au/reports/mental-health-services/mental-health-services-in-australia/ (accessed on 5
October 2021).

2.2.3. Emerging Research

Key points from emerging research are provided in each dashboard update, with
a more detailed discussion in the Mental Health Services in Australia quarterly online
update. This includes key findings from research programs outlined in the introduction to
this article.

2.3. Data Access and Analysis
2.3.1. Data Access and Metric Selection

The data supply from crisis and support organizations and online mental health
information services to the AIHW was established in collaboration with the DoH, facilitated
through their existing contractual arrangements with the agencies. A prototype data
collection template was prepared by the AIHW, with adjustments made as required for
individual agency collections. The collection includes daily data on contact volumes and
weekly aggregate data on some demographic variables including age, sex, Indigenous
status, state or territory and reason for call. Due to data quality issues, reporting of
demographic variables (particularly Indigenous status and age) has been limited.

Under an existing arrangement with the DoH, the AIHW had access to the MBS
and PBS/RPBS data via the Department’s Enterprise Data Warehouse (EDW) for use in
AIHW’s regular reporting products. A list of MBS item numbers relating to mental health
was identified, based largely on the AIHW’s existing Mental health services in Australia
reporting. Early analysis identified key metrics for reporting, which have been refined
over time. Mental health-related prescriptions in the PBS/RPBS data were identified using
Anatomic Therapeutic Chemical (ATC) codes and ongoing trend analysis included from
November 2020.

The dashboard was initially funded and prepared for a national view of mental
health impacts. Clear gaps became evident early in the process, significantly that the
dashboard only included data from Australian Government funded services; it was missing
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data from the public mental health system run by state and territory governments. In
addition, situations in each state and territory have varied markedly, with the majority of
cases occurring in two states, Victoria and New South Wales. On behalf of the DoH, the
AIHW established processes to share data across levels of government and developed an
agreement to include data at the state and territory level. Data sharing initially focused
on the two most populous states of New South Wales and Victoria (together comprising
58% of the total population) which had the largest COVID-19 case numbers (87% of all
cases to April 2021) [20]. Agreements were established by the AIHW on behalf of the DoH,
for participating states to provide emergency department, community mental health care
services and admitted patient (hospitals) data at the required intervals, with the AIHW
providing MBS and crisis and support organization data back to these states for their own
reporting and monitoring purposes. Queensland subsequently joined the data sharing
arrangement and was included in the State and Territory Mental Health Services dashboard
from May 2021. Data for Queensland will be included in AIHW’s reporting on Mental
health service in Australia from October 2021.

2.3.2. Data Analysis

Data were analysed in SAS Enterprise Guide 7.1 and Microsoft Excel©. Data visual-
izations were created in Tableau software version 2020.3. The data were presented as A3
colour posters, with data and graphics grouped by data source.

There are hundreds of mental health-related MBS items, and items are often added
and removed from the schedule. The list of items analysed were similar to that described
in Mental health services in Australia [21]. MBS data were analyzed by date of processing,
as this results in more stable historical values over time. During code development, the
extraction method was validated by reviewing results against those obtained through
the Australian Government Services Australia Medicare Item Reports tool [22]. When
extracting data, it was also ensured that data existed up to the last date of interest, to ensure
that analyses were not impacted by unanticipated delays to data warehouse updates.

PBS items analyzed included antipsychotics (N05A), anxiolytics (N05B), hypnotics
and sedatives (N05C), antidepressants (N06A), and psychostimulants, agents used for
ADHD and nootropics (N06B), according to the Anatomical Therapeutic Chemical (ATC)
Classification System [23]. PBS data were lagged by at least 6 weeks from the extraction
date to reduce the effect of late claims, updates and cancellations.

Statistics supplied by non-government organizations were routinely checked for
consistency with historical supplies. Any changes to historical values were queried with
the supplying organization, and then corrected if necessary. Time series were also routinely
inspected manually for any anomalies or unusual patterns, which were also queried.
Furthermore, these organizations may run their own data cleansing procedures from time
to time, resulting in minor changes to historical values.

3. Results

The following is a summary of the publicly available results for data to 25 April 2021
for the COVID-19 National Mental Health Services Dashboard and limited data from the
state level dashboard, published in Mental Health Services in Australia in July 2021 [6].
In addition to data visualizations and descriptions of trends over time, the following
descriptions include comparisons of the most recent publicly available (at time of writing)
month of data compared with the same month in 2020 and 2019. These comparisons are
provided in the dashboards to help illustrate differences between pre-pandemic, early
pandemic and more recent data.

3.1. Use of Medicare-Subsidised Mental Health-Related Services

• MBS mental health service usage showed a generally upward trend from early April
2020 to end of April 2021, with temporary dips observed during major holiday periods.
Over 15.0 million MBS-subsidized mental health-related services were delivered
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between 16 March 2020 and 25 April 2021, with just under one third (29.5%) delivered
by telehealth. The number of services delivered in the 4 weeks to 25 April 2021, was
almost one fifth higher than the number of services provided in the same 4-week
period in 2020 and 2019.

• Delivery of MBS subsidized mental health services via telehealth peaked in April
2020, when about half of these services were delivered remotely, corresponding with
Australia’s national lockdown in April—May 2020 (Figure 1).

Figure 1. MBS mental health telehealth services (proportion of all MBS mental health services), January 2020–April
2021. (Website: https://www.aihw.gov.au/reports/mental-health-services/mental-health-services-in-australia/report-
contents/covid-19-impact-on-mental-health, accessed on 5 October 2021).

3.2. Pharmaceutical Benefits Scheme (PBS) Prescriptions

• There was a spike in all mental health-related PBS-subsidized and under co-payment
prescriptions in the 4 weeks to 29 March 2020 at the peak of Australia’s initial outbreak,
an 18.6% increase in the number of prescriptions dispensed compared to the same
period in 2019 (Figure 2).
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Figure 2. PBS mental health-related prescriptions dispensed (by week), January 2019–March 2021.
(Website: https://www.aihw.gov.au/reports/mental-health-services/mental-health-services-in-
australia/report-contents/covid-19-impact-on-mental-health, accessed on 5 October 2021).

3.3. Use of Crisis and Support Organisations and Online Mental Health Information Services

Crisis and support organizations and online mental health information services have
reported significant demand increases during the pandemic. Calls to Lifeline increased in
2020 compared to 2019 and have stayed at an elevated level.

Contacts with Beyond Blue increased in March 2020 and stayed elevated throughout
the year, settling into a level between 2019 and 2020 volumes in March—April 2021. Kids
Helpline contacts spiked in early April 2020, and trended down over the course of 2020,
settling back to 2019 levels in 2021 (Figure 3).

Figure 3. Crisis and support organization contacts (by week), January 2019–April 2021. (Website: https://www.aihw.gov.au/
reports/mental-health-services/mental-health-services-in-australia/report-contents/covid-19-impact-on-mental-health,
accessed on 5 October 2021).
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In the 4 weeks to 25 April 2021 (compared to the same period in 2020 and 2019):

• Almost 82,000 calls were made to Lifeline, a similar volume (2.3% decrease) to April
2020 and an 18.4% increase from April 2019;

• Over 22,000 contacts were made with Beyond Blue, a 14.9% decrease and 30.7%
increase from April 2020 and 2019, respectively;

• Approximately 26,000 contact attempts were made to Kids Helpline (not including
those abandoned during the privacy message), a 26.6% decrease and 10.5% increase
from April 2020 and 2019, respectively;

• Head to Health and ReachOut websites had an increase in visits at the start of the
pandemic, with a peak in March 2020. ReachOut reported approximately 7600 daily
website visits in April 2021, decreases of 34.5% and 13.2% compared to April 2020 and
2019, respectively. Head to Health reported about 1400 users per day in April 2021, a
74.7% decrease and 37.0% increase compared to the same periods in 2020 and 2019,
respectively.

3.4. Jurisdictional Differences in Mental Health Service Activity

Data by some Australian states and territories is included in a state level dashboard,
which is supplementary to the national dashboard. Publicly available reporting on this
jurisdictional dashboard is currently only available for New South Wales and Victoria.

Australian states and territories have experienced varying levels of outbreaks over
the course of the pandemic, striking at different time periods, ranging from no community
transmission to the large ‘second wave’ outbreak in Victoria in winter 2020. Pandemic
outbreaks and associated restrictions show clear patterns in the use of MBS telehealth
services and use of crisis and support organizations.

• The population rate of MBS mental health services was generally higher throughout
the course of 2020 than during 2019, in both states, with the differential most evident
in Victoria from the second half of 2020 onwards. This elevated rate is still evident
in 2021. This pattern was likely influenced by the introduction of 10 additional
subsidized psychology sessions under the Better Access initiative to people living
under lockdown initially, which was then expanded to all Australians.

• The 4 weeks to 13 September 2020 in Victoria and the 4 weeks to 7 March 2020 in New
South Wales were the periods with the highest number of MBS mental health-related
services with about 360,000 services in each state.

• In New South Wales, there was an initial steep increase in telehealth services between
March and April 2020, followed by a gradual decline, consistent with the pattern for
the country overall. Victoria showed a double peak in telehealth service use, consistent
with the second wave in winter 2020, and a small but sharp spike in February 2021 at
the time of a smaller outbreak in Victoria (Figure 4).

• There have been some clear jurisdictional differences since the beginning of the pan-
demic in the rate of crisis and support organization contacts. In Victoria, calls to
Beyond Blue showed a notable spike, commencing in July 2020, consistent with the
onset of their second wave. The rate of call volumes to Lifeline, Kids Helpline and
Beyond Blue all showed a greater difference between 2019 and 2020 in Victoria than
in New South Wales. However, Lifeline and Kids Helpline both showed a notable
ongoing higher level of call volume in NSW in 2020 than in 2019. Lifeline calls in NSW
in the early part of 2021 were notably higher, possibly related to the northern beaches
outbreak at that time.
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Figure 4. MBS mental health telehealth services (proportion of all MBS mental health services), by jurisdiction, March
2020–April 2021. (Website: https://www.aihw.gov.au/reports/mental-health-services/mental-health-services-in-australia/
report-contents/covid-19-impact-on-mental-health, accessed on 5 October 2021).

4. Discussion

The COVID-19 mental health services dashboards represent an innovative way of
reporting high level mental health services data to Australian governments.

Much of the data included in the dashboards had not been reported in this way
previously, including data from crisis and support organizations and online mental health
information services. The dashboards include a variety of data in one view, over time, at
frequent reporting intervals, giving a unique overview and triangulation of data sources
that lead to additional insights and confirmation of patterns in service demand and use.
Interactions and common movements across different types of service use are readily
visible, demonstrating clearly the impacts of the pandemic relative to baseline results, and
the influence of lockdowns, other restrictions and outbreaks evident in service use over
time. This has enabled the data to form an integral part of the evidence base drawn on
by Australian governments to determine adjustments to mental health service provision
during the pandemic.

The frequent reporting has supported ongoing, timely reporting improvement both
through internal review and frequent feedback from external stakeholders. High fre-
quency reporting has been far more informative than annual reporting could be in the
current context.

Ongoing communication with and between data receivers, providers and the analysis
team has been crucial when unexpected changes in the data have been observed, so as
to avoid spurious conclusions. In some cases, changes in service use have been due to
planned service delivery changes rather than pandemic related demand changes.

Maintaining agility and being alert to shifting trends in the data has been an ongoing
challenge, particularly given the tight timeframes inherent in weekly and fortnightly
reporting. Consideration is being given to the potential benefits of presenting the dashboard
material as a restricted release online webpage in future, to allow greater interaction for
end users and more flexibility in presentation of content.
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As noted above, the present description of the dashboard results is limited to those
publicly available at the time of writing. Ongoing updates to the data are published on a
quarterly basis in the Mental health services in Australia online publication.

It should be noted that while reporting of aggregate data on mental health service use
provides useful insights into the utilization of mental health services, it cannot provide
information on either the adequacy of services or the benefits of treatment at the individual
level. Neither should it be assumed that the pandemic is the underlying reason for all
changes in mental health service use over the reporting period.

There is no ‘master’ data set for reporting on the use of mental health services in
Australia. The data presented in the dashboards are limited to aspects of the mental health
system for which adequate data are available or could be readily developed for reporting
on a frequent (i.e., at least fortnightly) basis. The AIHW will continue to work to improve
available data on the use of mental health services.

5. Conclusions

The reporting of data on mental health service use in Australia is evolving. While large
administrative data sets are a valuable source of epidemiological data, traditionally long
lead times have often limited their utility for governments responding to time sensitive
issues. The use of administrative data to inform policy responses to emerging challenges,
notably, disaster recovery and the impact of the COVID-19 pandemic, has required govern-
ments to adapt existing protocols, particularly relating to data timeframes, to meet these
new needs.

The COVID-19 mental health services dashboard project and associated reporting has
involved new levels of data sharing and communication between Australian and state and
territory governments, and non-government organizations on the utilization of mental
health services in Australia. The project has demonstrated willingness and ability of these
organizations to implement cooperative data sharing arrangements that have the potential
to lead to ongoing benefits that extend beyond the pandemic.
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Abstract: Since 1985, the Australian Institute of Health and Welfare (AIHW) has published 85 health
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policy makers to understand where to intervene so as to maximise the health improvements that
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1. History of Health Expenditure Data Collection and Publication in Australia

The first comprehensive set of health expenditure numbers for Australia was published
by John Deeble in 1967 [1]. These estimates set the scene for the development work by
Deeble and Scotton, leading to the introduction of universal health insurance in Australia
in 1975 [2].

The first health expenditure publication by the Commonwealth Department of Health
“Australian health expenditure 1974–75 to 1977–78: An analysis” was issued in 1980 [3].
This was followed by 3 updates in 1981, 1983 and 1985 [4–6].

The health expenditure collection and publication function was transferred to the
Australian Institute of Health (AIH) when it was established as a separate Division within
the Commonwealth Department of Health in 1985. The first health expenditure monograph
published by the AIH was published in 1988 [7].

The author of this paper first became involved in health expenditure collection, analy-
sis and publication at the AIH in 1986 and concluded his work on health expenditure at
the Institute in 2010, so this paper reflects the views of an insider. The perspective of the
author needs to be understood in interpreting the views expressed in this paper.

Since then, the AIH, or the Australian Institute of Health and Welfare (AIHW) as it
became, has published 85 health expenditure publications [8]. Dissemination of information
is a prime part of the mission of the AIHW, whereas the prime role of the Commonwealth
Department of Health is policy advice and implementation and these functions tend to
crowd out its information dissemination role. Additionally, because the Institute became an
independent statutory authority of the Commonwealth Government in 1987, the analysis
that accompanies the data is bolder and more independent than analyses from government
health departments.

The Australian health expenditure accounts are mostly collated according to the
rules and classifications of the System of Health Accounts [9]. Such classification systems
have their inadequacies in that they have to classify expenditure into one category or
another, so the multipurpose nature of most expenditure is not captured. However, these
classification systems have the advantage that they classify expenditure fairly consistently
across countries and across States and Territories within Australia.
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Having a consistent set of definitions for health expenditure in Australia’s Metadata
Online Repository (METeOR) is a necessary first step in developing datasets which are
consistent across jurisdictions, but much work needs to be carried out to encourage the
Australian States and Territories and the Commonwealth Government to provide data
according to these definitions.

2. Aboriginal and Torres Strait Islander Health Expenditure

Australia was the first country to comprehensively estimate how much was spent on
health services for its Indigenous Aboriginal and Torres Strait Islander population. This
was carried out in a report by Deeble, Mathers, Smith and Goss published in 1998 [10].
This report estimated that per person health expenditure from all sources for Indigenous
people in 1995–1996 was 8% higher than for non-Indigenous people. As the health status
of Indigenous people was so much worse, with a life expectancy gap of at least 12 years,
it was clear that the 8% higher per person expenditure was not enough to address the
much greater need for health services of Aboriginal and Torres Strait Islander people.
Up until this publication, it was the popular view that large amounts were spent on
health services for Indigenous people and a significant portion of this expenditure was
wasted. After this publication, that view was no longer tenable. Spending was shown to be
particularly low for Australian Government-funded medical benefits and pharmaceuticals.
This report led the Commonwealth Department of Health to increase substantially its
funding for Aboriginal and Torres Strait Islander health services both to start to address
the identified deficit in funding of Indigenous health and because the report showed the
States were funding a greater proportion of Indigenous health expenditure as compared to
the Commonwealth Government.

The report also exposed deficiencies in the identification of Aboriginal and Strait
Islander people in health data collections and helped lead to improvements in identification
in these collections.

Indigenous health expenditure estimates have continued to be refined over the years [11],
including estimates being made of Indigenous health expenditure by remoteness and by
disease [12]. The ratio of Indigenous to non-Indigenous health funding per person has
increased substantially from 1.08 in 1995–96 to 1.30 in 2015–16 [13].

2.1. Disease Expenditure Data

The first comprehensive disease expenditure data for Australia were published by the
AIHW in 1998 for the reference year 1993–94 [14]. These were world leading data. Many
countries had published data for expenditure for particular diseases, and particularly for the
government-funded portion of that expenditure. However, no other country had published
expenditure data for each disease, for government- and private-funded expenditure and for
almost all areas of expenditure. This disease expenditure publications dissected expenditure
by disease for 90% of recurrent expenditure in 1993–94. Disease expenditure data were
published subsequently for 2000–01, 2004–05, 2015–16 and 2018–19 [15–18].

In 2018–19, musculoskeletal disorders accounted for 10.3% of recurrent health expen-
diture which could be allocated by disease, followed by cardiovascular disease at 8.7%.
Cancer accounted for 8.6% of expenditure, mental illness 7.7% and injury 7.6%. Repro-
ductive and maternal conditions accounted for 6.7% and oral disorders for 6.5%. It is
noteworthy that while much of the discourse in health is about interventions that reduce
mortality, that leading reasons for health expenditure include assisting mothers to give
birth and the low mortality conditions of musculoskeletal disorders, mental illness and
oral disorders.

The great strength of the disease expenditure analyses performed by the AIHW is that
it is performed within the standard health expenditure framework. Many disease costing
studies attempt to estimate the total social cost of a disease including indirect costs such
as the loss of productivity due to a person dying from disease. The problem with this
approach is that when the costs of all the different diseases are added up, the total number
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is many times total health expenditure. The AIHW approach allows the expenditure caused
by a particular disease to be compared to actual real world health expenditure.

2.2. Public Health Expenditure

A detailed dissection of public health expenditure into 9 categories for each of the
States and Territories and for the Commonwealth Government was produced in 2001 for
the reference year 1998–99 [19]. These detailed data were published until the reference
year 2008–09 [20], after which it ceased as the Commonwealth Department of Health
stopped funding it. The nine categories of expenditure were immunisation (28% of public
health expenditure in 2008–09), health promotion (19%), communicable disease control
(12%), food standards and hygiene (2%), breast cancer and cervical screening (15%), and
prevention of harmful drug use and public health research (7%). The per person public
health expenditure was similar across the 6 States, but was 50% higher for the Australian
Capital Territory) (ACT) and 300% higher for the Northern Territory (NT) in 2008–09. Over
the 10 years for which these detailed data were published, the variation of State per person
expenditure from the national mean State per person expenditure reduced by 50%.

Public health expenditure, as recorded in these reports, was $1014 million in 2000–01 [21].
In addition to this core public health expenditure, there was substantial expenditure on primary
health care services and pharmaceuticals which reduced hypertension and cholesterol. This
public health-related expenditure was $2140 million in 2000–01.

In total, core public health and public health-related expenditure came to $3154 million
in 2000–01. Although this was only 5.9% of total recurrent health expenditure in 2000–01,
it was responsible for a disproportionate proportion of the improvement in health that
occurred around this period. So, for example, reductions in smoking, systolic blood
pressure and cholesterol accounted for 74% of the male decline and 81% of the female
decline in the coronary heart disease mortality rate in the period 1968–2000 [22].

3. Drivers of Health Expenditure Growth

Health expenditure grows every year, and usually at rates which are higher than
other sectors in the economy. Health expenditure as a percentage of GDP has grown from
7.6% of GDP in 1978–79 to 10.0% of GDP in 2018–19 [23]. The question as to why health
expenditure is growing at such a high rate is frequently asked. Following on from this,
questions are asked as to whether the growth in health expenditure is sustainable and
whether this increase in expenditure is achieving value for money.

To answer these questions, we must first understand the drivers of health expenditure.
How much of health expenditure growth is due to the demographic factors of ageing and
population growth? How much health expenditure growth is due to changing disease and
risk factor levels? How much growth is due to the higher price of health goods and services
relative to prices in the rest of the economy? Additionally, how much of health expenditure
growth is due to higher rates of services provided per case of disease? Analysis of the
drivers of health expenditure growth 50 years ago was very much in its infancy but as the
years have gone by, decomposition analysis of health expenditure drivers has become more
complete and sophisticated.

Table 1 below shows the decomposition of growth in 3 major areas of health expendi-
ture for from 2000–01 to 2011–12 and from 2011–12 to 2018–19. The decomposition uses the
Das Gupta decomposition method [24,25]. These three areas of hospital admitted patient
services, medical services and pharmaceuticals together accounted for 55% of recurrent
health expenditure in 2018–19. Health expenditure for these three areas grew in real terms
at an average pace of 5.0% per year from 2000–01 to 2011–12 and at an average pace of 3.1%
per year from 2011–12 to 2018–19. (Expenditure is calculated in real terms by deflating
expenditure by the Gross National Expenditure (GNE) deflator. The GNE deflator is a
good measure of general inflation in the economy as a whole and is the most appropriate
deflator to use when comparing the value of money spent in the health sector as compared
to money spent elsewhere.)
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Table 1. Drivers of real health expenditure growth, from 2000–01 to 2011–12 and from 2011–12 to
2017–18.

Drivers of Real Health Expenditure Growth 2000–01 to 2011–12 2011–12 to 2017–18

Total real annual average growth 5.0% 3.1%
Demographic growth 1.8% 1.7% 1

Population growth 1.1% 1.1%
Ageing 0.7 0.6

Non-demographic growth 3.1% 1.4% 2

Excess health price inflation 0.34% 0.14%
Disease rate changes −0.08% 0.07%

Growth in services per case of disease 2.8% 1.2%

Numbers in Table 1 calculated by author from [23]. 1 “Demographic growth” combines “Population growth” and
“Ageing” 2 “Non-demographic growth” combines “Excess health price inflation”, “Disease rate changes” and
“Growth in services per case of disease”.

The 5.0% annual growth from 2000–01 to 2011–12 can then be decomposed into the
demographic component of 1.8% per year and the non-demographic component of 3.1%
per year. The demographic component is then decomposed into the population growth
component of 1.1% per year and the ageing component of 0.7%. The non-demographic
component can be decomposed into three factors—excess health price inflation which adds
0.34% per year to real health expenditure growth and changing rates of disease which
reduces health expenditure growth by 0.08% per year. (The projections section discusses
more about this surprising result.) The residual component of health expenditure growth
adds 2.8% per year. This component represents how much real health expenditure has
increased due to more health goods and services being delivered per case of disease.

This increase in services per case of disease is the key parameter in determining
whether an increase in health expenditure is value for money. One would normally expect
to see an increase in health system attributable outcomes of at least 2.8% per year in order
to justify an increase in services per case of disease of 2.8% per year. From 2003 to 2011,
a measure of health outcomes—age-standardised Disability Adjusted Life Year (DALY)
rates—declined by 1.1% per year. This is a strong indication that the rate of increase in
health expenditure in this period was not value for money.

Further work needs to be carried out to ascertain whether there really was a decline
in health productivity in this period, but disease expenditure data enable analysis to be
performed as to whether increases in disease expenditure inputs result in commensurate
disease improvements.

There was a significantly lower growth rate in real expenditure from 2011–12 to
2018–19 as compared to from 2000–01 to 2011–12 of only 3.1% per year.

Almost all of this lower growth is due to services delivered per case of disease growing
at 1.2% per year as compared to the 2.8% per year rate of growth for this factor from 2000–01
to 2011–12.

In order to ensure that health expenditure grows at an optimal rate, it is primarily the
growth in services per case of disease which must be controlled. This factor grows due to
changes in treatment practices, changes in technology and changes in consumer preferences.

Some of the systems which control health expenditure growth, such as hospital casemix
funding, have been unhelpful as they have allocated resources without understanding
which growth is necessary and improves health, and which growth is wasteful and detracts
from health. The Pharmaceutical Benefits Advisory Committee and the Medical Services
Advisory Committee have followed a better way of restraining wasteful expenditure by
evaluating whether new pharmaceuticals or new medical services are cost-effective.

Understanding growth in services per case of disease, and how this growth results in
health outcome improvements, is another approach to fostering increases in expenditure
which improve health.
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4. Health Price Increases and General Inflation

Health prices generally increase faster than general inflation because the health sector
is dominated by services, and the price of services in a growing economy goes up on
average faster than the price of goods [26,27]. This amount by which health prices increase
faster than general inflation is called ‘excess health price inflation’ and, as shown above, is
a significant driver of health expenditure increases.

However, it is important to understand that excess health inflation is different for each
health price index, and the extent of excess health inflation varies over time.

Table 2 shows excess health price inflation relative to the GNE deflator for health
prices as a whole, and for hospital, medical, dental and pharmaceutical prices.

Table 2. Excess health price inflation relative to GNE deflator, annual average growth, from 2002–03
to 2018–19.

Excess Health Price Inflation
2002–03 to

2009–10
2009–10 to

2014–15
2014–15 to

2016–17
2016–17 to

2018–19
2002–03 to

2018–19

Total excess health price inflation 0.72% −0.32% 0.86% 0.05% 0.33%
Excess hospital price inflation 0.99% 0.37% 0.63% 1.05% 0.76%
Excess medical price inflation 1.51% −0.32% −0.59% −0.72% 0.39%
Excess dental price inflation 1.76% −0.95% −2.04% −0.92% 0.09%

Excess pharmaceutical price inflation −1.63% −4.32% 11.28% −5.29% −1.43%

Numbers in Table 2 calculated by author from [23].

From 2002–03 to 2009–10, excess health price inflation for health prices as a whole
was 0.72% per year. Excess hospital price inflation was 0.99% per year and excess medical
price inflation was 1.51% per year. (The medical price deflator used here is the Medicare
medical service fee charged deflator.) The Pharmaceutical Benefits Scheme (PBS) recorded
a negative pharmaceutical excess price inflation of 1.63% per year during this period.

From 2009–10 to 2014–15, overall excess health price inflation was unusually negative
at −0.32% per year. Although excess hospital price inflation was positive at 0.37% per year,
excess medical, dental and pharmaceutical price inflation were all negative, leading to the
overall negative result.

From 2009–10 to 2018–19, excess medical price inflation was almost always negative
due to the government severely limiting increases in the benefits proscribed by the Medi-
care Benefits Schedule (MBS). The 11% annual average increase in excess pharmaceutical
price inflation from 2014–15 to 2016–17 was due almost entirely to expensive Hepatitis C
pharmaceuticals being added to the PBS.

5. Health Expenditure Projections

Projections for components of Australian health expenditure have been undertaken
for many years in Australia, e.g., the Commonwealth Intergenerational Reports project
Commonwealth health expenditure 40 years into the future [28]. However, more sophisti-
cated projections only became possible when burden of disease analyses became available.
Burden of disease analyses estimate the overall impact of disease by estimating the impact
of disease in reducing life expectancy and its impact in increasing illness and reducing
functioning. The overall burden of disease is measured using a metric called the Disability
Adjusted Life Year (DALY). The DALY consists of the premature mortality component
called the Years of Life Lost (Years of Life Lost), and healthy life years lost due to illness
and reduced functioning called the Years of Life lost due to Disability (YLD). The burden
of disease analyses estimate not just the burden imposed by each disease, but also the
prevalence, incidence, severity and sequelae of disease, and the risk factors that increase
the risk of disease [29].

The first projection of Australian health expenditure that took into account disease
projections was a report for the United Nations World Economic and Social Survey 2007 by
Vos, Goss, Begg and Mann [30].
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Then, in 2009, Goss reworked this projection for the National Health and Hospitals
Reform Commission [31]. This study produced some surprising results.

First, this study estimated that changing disease rates over the 30 years 2002–03 to
2032–33 were expected to lead to a net reduction in health expenditure of $2.3 billion.
Although expected increases in the disease rates for diabetes and other diseases would lead
to increased expenditure of $4.7 billion, expected decreases in expenditure on heart disease,
cancer and other diseases would lead to savings of $7.4 billion, leading to net savings of
$2.3 billion.

Second, ageing was not the main driver of health expenditure that many people
expected. Of the projected increase in health and residential aged care expenditure of
$161 billion, only $38 billion (23%) was due to ageing.

Third, the biggest factor expected to drive health expenditure increases was the growth
in the amount of health services provided per case of disease. This factor was expected to
grow by $81 billion in the 20 years to 2032–2033, which was 50% of the overall increase.
The growth of this factor is mostly under the control of the health system (in contrast to
the other drivers of health expenditure which are mostly not). For each case of presenting
disease, providers mostly have the power to choose over time to provide more (or less)
services per case of disease, and consumers also have some power to demand more (or
less) services per case of disease.

This projection model was used to inform recommendations to the Commonwealth
Government by the National Health and Hospitals Reform Commission in areas such as the
impact of a reduction in smoking, an increase in aged care places, the improved treatment
of diabetes and a reduced rate of increase in obesity rates [32].

6. Conclusions: Impact of Health Expenditure Data and Analysis on Health Policy in
Australia, 1967 to 2020

Health expenditure data have been influential in shaping debates about health policy
in Australia and in shaping health policy itself.

The health expenditure data that John Deeble collected and analysed in the 1960s were
critical in shaping the policy recommendations from Deeble and Scotton that were crucial
in the establishment of Medibank in 1975.

Information about what was actually spent on health services for Aboriginal and
Torres Strait Islander people changed the policy debate from one focussed on reducing
‘waste’ in spending on health services for Aboriginal and Torres Strait Islander people to
addressing major unmet needs in expenditure on these services.

For decades, health expenditure as a proportion of GDP has been a marker of the
debate as to whether too much or too little was being spent on health services in Australia.
However, only when there is a detailed understanding of the drivers of health expenditure
as a proportion of GDP is it possible to have an informed debate as to how much should be
spent on health and where it should be spent. This understanding of what drives health
expenditure depends on a detailed understanding of where the money is spent—how
much is spent by hospitals, medical practices, pharmacies, etc., how much is spent by
governments, health insurance funds and individuals, how much is spent for each age/sex
group, how much is spent for the prevention and treatment of each disease, how much is
spent for different socioeconomic groups, for Aboriginal and Torres Strait Islanders and
for people living in different regions of Australia. In the last 50 years, we have developed
our understanding of the details of what is spent on health and for whom and for what
purpose, so that now, when we link this detailed expenditure information to the health
outcomes it engenders, we are able to more wisely allocate our health expenditure so as to
achieve higher-quality health care for all.
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