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Abstract

Context

The Centre for Health Record Linkage (CHeRel) was established in 2006 as a dedicated health
and human services data linkage facility for two Australian jurisdictions, New South Wales and the
geographically-nested Australian Capital Territory. The two jurisdictions have their own Governments
and separate Health and Human Service systems.

Purpose and Operations

The primary purpose of the CHeReL is to make linked administrative and routinely collected health
data available to researchers and government within relevant regulatory and governance frameworks.
The CHeRelL's data governance and technical operations draw on international best practice and
have been refined by learnings from other data linkage centres.

Outcomes

Over twelve years of operation, more than 2,320 unique investigators from 140 institutions have
used the CHeReL, producing 615 publications in peer-reviewed literature. A robust pipeline of new
development is expected to further amplify the use of linked data for cutting edge medical research

and support a vision of data-informed policy and data-driven government services.

Background

In response to increasing evidence of the utility of linked data
at a population level for health research, such as the Oxford
Record Linkage Study [1] and the work of the Manitoba Cen-
tre for Health Policy [2, 3], the then NSW Department of
Health established a record linkage service in 1994 to support
health research and management of health services. In 2005,
following marked increases in the demand for the data link-
age service, the Sax Institute commissioned the Data Linkage
Australia Partners to evaluate the case for a data linkage fa-
cility in NSW and to recommend a preferred model based on
international best practice and the views of stakeholders in
NSW. In 2006, eight organisations agreed to contribute fund-
ing for the first three years of operation of the CHeReL: NSW
Department of Health, ACT Health, Cancer Institute NSW,
Clinical Excellence Commission, the University of Newcastle,
University of New South Wales, University of Sydney and Sax
Institute.

The governance, funding and operation of the CHeRel
during the establishment phase was based on the recommenda-
tions by Data Linkage Australia, informed by systematic inves-
tigation of international best practice, experiences in Western
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Australia and interviews with 44 principal stakeholders in NSW
and the ACT [4]. The features of relatively well developed
systems in 2005 were reviewed, including the Oxford Record
Linkage Study, Scottish Record Linkage System, Rochester
Epidemiology Project, Manitoba Population Health Informa-
tion System, British Columbia Linked Health Database and
Western Australia data linkage system. Key success factors
or best practice included the development of strong collabora-
tions with government data custodians [5], efforts to stream-
line the authorising environment [5, 6], appropriate engage-
ment of stakeholders including consumers [5], the efficiency of
comprehensive linkage systems relative to ad hoc servicing of
project specific linkage requests [7, 8] and implementation of
the separation principle to protect privacy [6].

While many original features from the establishment phase
endure, further development of the governance, funding, op-
erating models and technology over time has been critical to
support growth and diversification of the CHeReL user base
and responsiveness to time- critical health system priorities.

This paper describes the current approach of the CHeRelL
and reflects on the evolution of the data linkage operating
model. Organisationally, the CHeReL is a business unit of the
NSW Health, Health System Support Group and managed
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and primarily funded by the NSW Ministry of Health. The
CHeRel is also supported by the Population Health Research
Network which is an initiative of the Australian Government
being conducted as part of the National Collaborative Research
Infrastructure Strategy.

Approach

Population setting

The primary population base for the CHeRelL includes both
New South Wales and the Australian Capital Territory, Aus-
tralia, although records from all Australian jurisdictions are
held and used. The estimated resident population of NSW
and the ACT at the end of September 2018 was 8.4 million,
representing approximately 33.6% of the Australian population

[9]

Operating models

A project by project linkage service enables external datasets to
be linked to each other or to a comprehensive system of endur-
ing person and family-based links. External datasets are linked
to the comprehensive system at a point in time for projects
and are not automatically included within the system. The
comprehensive linkage system contains a centralised reposi-
tory of linked personal identifiers. Enduring links are stored in
perpetuity in the CHeReL Master Linkage Key so that records
do not need to be repeatedly matched for different studies [7],
timeframes for accessing linked data are reduced [10] and link-
age quality for new datasets with limited identifiers is improved
through leveraging pre-linked arrays of personal identifiers for
an individual [11, 12].

Personal information for data linkage is separated from
content information (clinical or service data), consistent with
the internationally accepted implementations of the separation
principle. Prior to 2017, the CHeReL did not handle content
information and relied exclusively on a distributed data linkage
or classical linkage model [13,14,15] formally recommended
as best practice in Australia during the establishment of the
CHeReL in 2006 [4]. Under this model, the CHeReL used per-
sonal identifiers to link and create anonymous ‘linkage keys’
that were passed to data custodians. ‘Linkage keys' were at-
tached to approved clinical or service data by custodians and
provided to researchers, who could merge data together using
the linkage key. While this provided a strong separation model
for confidentiality [13], it had numerous well documented dis-
advantages [15] and in 2014 a centralised content data de-
livery capability and repository of unlinked content data was
shown to produce comparatively faster and more predictable
timeframes [15].

Since 2017 the CHeReL handles content information in a
separate Data Integration Unit (DIU) and offered multiple op-
erating models to data custodians. Custodians may use the
CHeRel for data linkage only or choose the CHeRelL to as-
semble and release linked project specific extracts of content
data on their behalf. The DIU may access custodian content
data under a federated model or store content data within the
DIU. Figure 1 below illustrates the flow of information when
content data is stored within the DIU (Source Systems 2 and

3) or accessed under a federated model (Source System 1). In
either case, content data remains unlinked until the point of
extract when anonymous linkage keys are added for approved
projects or the data is integrated by the CHeReL for quality
assurance purposes. A secure process for passing linkage keys
between the Data Linkage and Data Integration Units provides
for detailed checking of linkage quality and refinement of link-
age algorithms in a way that is not possible with third-party
de-identified linked databanks [8].

Custodians may choose from three models, shown as
Source Systems 1-3. The main difference between the models
is the point of which identifiers and content will be separated
prior to data linkage and where the unlinked content data is
stored prior to integration. The choice of models does not
impact upon the data that is integrated.

Typically, data custodians split files into two, personal
identifiers and content information, before provision to the
CHeReL. The information flow is shown in Figure 1 above as
Source System 2. However, following consultation with other
data linkage units in Canada and Australia, an internal separa-
tion function has been offered. Under this model the separate
Client Services Unit will split files on behalf of custodians, fol-
lowed by destruction of original files where data custodians are
unwilling or unable to perform this function themselves.

The development of current operating models was overseen
by a committee comprising representatives from NSW and
ACT government health agencies. The committee considered
high level principles, consultation processes, data governance,
privacy and security. Staff of the established WA Data Link-
age Branch and PopData BC provided detailed information
of their operating models to assist the Committee. Further
consultations were carried out with the CHeRel's Community
Advisory Committee, key data custodians and research users.
Use of the models in association with the Master Linkage Key
were approved by the NSW Population and Health Services
Research Ethics Committee and the ACT Health Human Re-
search Ethics Committee.

Architecture and information technology

The CHeReL operates on a SQL Server 2017 platform (SQL
Enterprise Edition) running on VMware vSphere environment.
Servers are accessed through dual Netscaler Access Gateways

to Citrix Xenapp servers where applications are published.
Storage is on a HP EVA SAN used exclusively by the CHeReL.

Governance, legislation and management

The CHeRel is a business unit of NSW Health and under the
governance and management of NSW Health. Data gover-
nance arrangements include legal, ethical, policy and procedu-
ral elements.

In NSW, a legal basis is required for use of personally iden-
tifying information for record linkage. The CHeReL is bound
by the Health Records Information and Privacy Act 2002 for
personal health information and the Privacy and Personal In-
formation Protection Act 1998 for personal information. As a
NSW Health Agency, the CHeReL also has obligations under
the Health Administration Act 1982 and the Public Health Act
2010 in relation to collection and disclosure of information.
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Figure 1: Multiple operating models with the separation of data and functions
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The legal framework is further supported by a range of
NSW Health policies and procedures. Of particular relevance
is the NSW Privacy Manual for Health Information that pro-
vides operational guidance to the legislative obligations im-
posed by the HRIP Act and policies on disclosure of data for
research, management of health services and electronic infor-
mation security.

Where linked data are used for research, and the data
may identify an individual, Human Research Ethics Commit-
tee (HREC) approval is required. Where linked data are used
for the funding, planning, management or evaluation of health
services, linkage may be carried out with HREC approval or
under the Public Health and Disease Register Provisions of
the Public Health Act 2010. Under NSW privacy law, the
CHeReL may provide a deduplication service for individual
datasets to support data quality assurance. Approval by the
Aboriginal Health and Medical Research Council Ethics Com-
mittee is required for certain projects involving Aboriginal peo-
ple (http://www.ahmrc.org.au/).

Consent model

NSW Privacy law permits record linkage with consent, and
also recognises that a consent model is not always possible
or practical. Other than with consent, handling of personal
information for data linkage can occur for a directly related
secondary purpose, such as shared medical care arrangements;
or under exemptions, such as research exemptions, whereby a
HREC may grant a waiver for the requirement of individual
consent for use and disclosure of personal information.

Privacy by design

Multiple privacy design strategies are used to minimise risk to
personal privacy:

e separating identifier and content data and separating
data linkage and data integration processes minimises
collection and use in accordance with privacy principles;

e maintaining an Access Control Policy that restricts staff
access to specific data required for their role;

e ensuring that data releases contain approved variables
and a unique project specific person number;

e ensuring that data release agreements stipulate condi-
tions on end users including privacy protections and se-
curity arrangements

e ensuring robust information security

The CHeReL maintains an 1ISO 27001 aligned Information
Security Management System (ISMS) that is independently
audited and aligns to Australian Government requirements in-
cluding: the Australian Signals Directorate Information Secu-
rity Manual, the Australian Government's Protective Security
Policy Framework and the Australian Cyber Security Centre
Essential Eight.

Data linkage

Both deterministic and probabilistic techniques are used for
data linkage, however probabilistic methods are favoured for
enhancing linkage quality with longitudinal administrative data
that may be characterised by errors and changes over time
[14]. Personal information is typically used for probabilistic
linkage although approximate matching of encoded personal
information is also carried out.

Where full personal identifiers are available for linkage, the
CHeRelL uses ChoiceMaker software (www. choicemaker. com)
for probabilistic linkage [16]. ChoiceMaker record matching is
distinguished from classical probabilistic approaches such as
Felligi-Sunter by automated blocking [17, 18] and maximum
entropy modelling. ChoiceMaker features an extensible plu-
gin architecture that allows the incorporation of custom and
third-party software libraries for data standardisation, name
and address parsing, and data validation. The system also al-
lows users to make use of stacked data (for example multiple
addresses for a person) and provides for user-specified action
to group records (for example solving transitive linkage prob-
lems where record A is a high probability match to both record
B and C but record B and C are low probability matches to
each other).

Automated blocking makes linkages highly repeatable re-
gardless of operator experience and simple to configure while
maximum entropy modelling makes them highly accurate. An-
other advantage of maximum entropy modelling is it allows
CHeRel to efficiently choose the training data used for weight
computations.

Like the Felligi-Sunter or Naive Bayes techniques used by
other record matching systems, CHeReL uses a set of simple
Boolean tests, called features in the machine learning litera-
ture, that evaluate the similarity between fields across records
to assess whether two records represent the same person. The
relative significance of each test is computed by regression,
or training, against a collection of record pairs, each of which
has been reviewed and classified by data experts as a “match”
or a “differ”. Unlike Felligi-Sunter or Naive Bayes, maximum
entropy models do not assume or require conditional indepen-
dence of the similarity tests [19]. Similar to Felligi-Sunter,
match probabilities are converted into computed linkage deci-
sions using classification against upper and lower thresholds.
Thresholds are manually set for individual projects to optimise
linkage quality or to minimise clerical review if required for the
specific project. For enduring links in the Master Linkage Key,
thresholds are set to optimise linkage quality.

Internal model validation, national benchmarking using
published approaches [20] and published research studies evi-
dence good linkage quality [21]. High quality linkage has also
been achieved using near real-time techniques however incom-
plete enumeration of the most recently occurring events in
jurisdictional data systems impacts data quality [22].

The CHeReL has also implemented privacy preserving link-
age using the Bloom filter method and approximate linkage
via LinXmart initially to support an expansion of primary care
data linkage in NSW [12]. Within Australia, evaluations of
this method have shown high quality linkage on large-scale,
real world health datasets [23, 12], particularly where linkage
is configured to leverage a pre-linked array of (encoded) per-
sonal identifiers over time for an individual available within an
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enduring linkage system [12].

Data Sources

The CHeRelL has linked over 200 distinct datasets on request
under the project by project linkage model. Data has been
sourced from hospitals, government agencies, non-government
organisations, research institutes and private sector providers
across health and other sectors.

Datasets held within the comprehensive linkage system,
the Master Linkage Key, are described publicly at http:
//www.cherel.org.au/master-1linkage-key and listed in
Table 1. The time series and frequency of update for individual
datasets is negotiated with respective data custodians.

The comprehensive linkage system does not include ad-
ministrative health datasets relating to physician contacts or
dispensing of subsidised medicines that are owned and man-
aged by the Commonwealth government. Data for NSW/ACT
residents may be linked to Commonwealth government health
data for research purposes through collaboration with the
Australian Institute of Health and Welfare data linkage unit
on a project by project basis. Such collaboration between
Australian data linkage centres, supported by the Population
Health Research Network, has ensured that a broader range of
whole population health and health-related data can be linked
across jurisdictional systems and boundaries and made avail-
able to investigators for approved projects.

Data Access

The procedures for authorisation of a data linkage project de-
pend upon the lawful basis for data linkage, which in turn
depends on the nature and purpose of the request.

Research requests and those relying on the ‘research ex-
emptions’ in NSW privacy law require a feasibility assessment
by the CHeReL and the approval of relevant data custodians
and HRECs. There are a range of other lawful bases for data
linkage in NSW, under the Health Records Information and
Privacy Act 2002, Public Health Act 2010 and Health Admin-
istration Regulation 2015; in these cases, formal authorisation
occurs alongside relevant data custodian approval.

Regardless of the legal basis for data linkage, governance
procedures for all projects include agreements that stipulate a
range of conditions on end users including privacy protections
and security arrangements. Research governance arrange-
ments have been strengthened by NSW Ministry of Health
commissioned reviews of user compliance with the conditions
under which the linked data was provided. These reviews were
carried out in 2017 and 2019.

Bespoke extracts of approved datasets/ variables with
project-specific Person (and/or Family) Numbers are created
for each project. Internationally, some centres apply robust
techniques to achieve ‘anonymised’ extracts without “iden-
tifiable” information [24]. Within NSW, regulatory guid-
ance notes that ‘anonymisation’ in research contexts may
not equate with de-identification in privacy contexts [25].
As a consequence, authorisation and release processes com-
ply with privacy law and principles. Variables may be re-
stricted or treated in accordance with authorisations, however
research utility is maximised through access to potentially re-

identifiable data where reasonably necessary for research and
with risk well managed.

Access to data may be provided through secure remote
access environments, for example the Secure Unified Research
Environment. Data may also be provided externally to re-
searchers via secure ftp where the security of the proposed
arrangement is assessed as satisfactory by all relevant data
custodians and HRECs.

A public register of data linkage projects is available on
the CHeReL website. The register includes information on the
project purpose, data sources, the lead investigator and their
organisation.

Noteworthy outputs

Over twelve years, more than 2,320 unique investigators from
140 institutions have been named investigators on applications
to the CHeReL and hundreds more within the NSW Health sys-
tem may access CHeRelL linked unit record data within Public
Health and Disease Registers. The number of records (e.g.
hospital episodes of care, cancer registrations, death registra-
tions) released annually for research and policy has increased
steadily over time (Figure 1). For Figure 2 records are reported
as the basic counting unit within each dataset (e.g. a single
hospital episode of care is counted as one record) rather than
the number of data points or rows of relational data that might
comprise the single episode of care. Publications have also in-
creased over time and 615 publications using data linked by
the CHeReL have been identified in peer reviewed literature.
Fewer than 25 peer reviewed publications were identified per
annum over the first four years of full operation (2008-2011).
From 2017 over 90 peer reviewed publications per annum have
been identified. An updated publication list is available at
http://www.cherel.org.au/publications.

Two case studies are shown below that are not currently
described in the peer reviewed literature. They illustrate how
law reform in NSW has strengthened the use of linked data
by NSW Health and how data linkage is now being used in
NSW to drive efficiency and representativeness in patient re-
cruitment to genomic studies.

Example 1. Law reform to enable time-critical
linked data analysis in NSW Health

Linked data projects within NSW Health have traditionally
been authorised under ‘research exemptions’ in privacy law
with HREC approval. More recently, changes to the Pub-
lic Health Act 2010 have provided an alternate legal basis to
more responsively authorise the creation of linked data assets
for a range of public health purposes such as planning and
evaluation of health services.

A Public Health or Disease Register, authorised under Sec-
tions 97 and 98 of the Public Health Act 2010 can only include
identifying information with consent. However, the Secretary,
or a person authorised by the Secretary, may provide personal
information about a person to a health records linkage organ-
isation for the purpose of establishing and providing a unique
identifier number to be used for the purposes of a register.
The CHeReL has been approved as a health record linkage
organisation under Section 98 of the Public Health Act.
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Characteristics of data included in the CHeReL Master Linkage Key at April 2019.

Dataset and Jurisdic-
tion

Initial time period

No. of unit records

Coverage

Frequency of update

RBDM Birth registra-
tions (NSW)

Perinatal Data Collec-
tion (NSW)

Central Cancer Registry
(NSW)

Notifiable  Conditions
Information ~ Manage-

ment System (NSW)

Pap  Test

(NSW)

Registry

BreastScreen NSW

45 and Up
(NSW)

Study

Ambulance NSW

Admitted Patient Data
Collection (NSW)

Emergency Department
Data Collection (NSW)

Mental Health Ambu-
latory Data Collection
(NSW)

Perinatal Death Review
Database (NSW)

1994-2017

1994-2017

1972-2015

1993-2017

96/97-16/17

1998-2016

n/a

2005-2018

2001-2018

2005-2018

2001-Jun 2018

1994-2015

2,236,775 registrations

2,206,042 births

1,222,609 registrations

1,126,477 notifications

15,075,884 tests

6,122,103 screens

266,887 participants

9,888,755 cases

46,137,250 episodes of
care

33,266,009
tions

presenta-

41,391,832 contacts

11,876 death reviews

All births registered in NSW in-
cluding the baby and parents
All births in NSW public
and private hospitals including
homebirths

All incident cases of cancer in
NSW

All notifications of certain in-
fectious diseases and adverse
events following immunisation
in NSW as required under the
Public Health Act 2010
Cervical cancer screening test
results for women residing in
NSW at the time of test

All  public breast screening
mammography services for
women aged 40 years and over
in NSW

A 10% sample of the NSW
population aged 45 and over at
recruitment

All emergency and non-
emergency cases responded to
by NSW Ambulance

All inpatient separated
episodes of care (discharges,
transfers and deaths) from
all NSW public and private
hospitals

Presentations to emergency
departments of public hospitals
in NSW.

All care provided by NSW
Health specialist mental health
services for people who are
not inpatients of mental health
units at the time of care

All death reviews on around 90-
95% of perinatal deaths occur-
ring each year in NSW

Annual

Annual

Annual

Annual

Variable

Variable

n/a

Quarterly

Six weekly (public)

six monthly (private)

Six weekly

Six monthly

Variable
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Table 1 Cont.: Characteristics of data included in the CHeReL Master Linkage Key at April 20109.

Dataset and Jurisdic-
tion

Initial time period

No. of unit records

Coverage

Frequency of update

RBDM death registra-
tions (NSW)

Cause of Death Unit
Record File (NSW)
BDM Birth registrations

(ACT)
Perinatal Data Collec-
tion (ACT)

Kindergarten Health

Check (ACT)

Cancer Registry (ACT)

Notifiable Diseases
Management  System
(ACT)

Cervical Screening Reg-
istry (ACT)

Admitted Patient Col-
lection (ACT)

Emergency Department
Data Collection (ACT)

RBDM death registra-
tions (ACT))
Australian Early Devel-
opment Census (Aus-
tralia)

Australian  and  New
Zealand Dialysis and
Transplant Registry
(Australia  and New
Zealand)

1985-2018
1985-2016
1997-Jun 2017
1997-2016

14/15-15/16

1994-2015

2000-2015

1994-2015

04/05-16/17

05/06-16/17

1997-Jun 2017

2009, 2012, 2015

1963-2016

1,571,752 registrations
1,418,979 registrations
39,017 births
73,967 births
15,124 children’s health

checks

31,478 registrations

49,501 notifications

821,528 tests

1,217,458 separations

1,387,223 presentations

39,017 registrations

859,521 children

681,317 patients

All deaths registered in NSW
All deaths registered in NSW

All births registered in ACT in-
cluding the baby and parents
All births in Canberra Hospital,
Calvary Public and homebirths
Children enrolled in the first
year of full time school in ACT)
with parental consent for the
health checks

All cases of incident cancer di-
agnosed in ACT residents ex-
cept basal cell carcinomas and
squamous cell carcinomas.

All notifications of certain in-
fectious diseases and condi-
tions in NSW as required under
the Public Health Act 1997
Cervical cancer screening test
results for women residing in
ACT at the time of test
Inpatient  separations  (dis-
charges, transfers and deaths)
from Canberra and Calvary
Hospital

All presentations to emergency
departments of public hospitals
in ACT

All deaths registered in ACT

Over 96% of children in their
first year of full-time school in
Australia

Patients with end stage kid-
ney disease receiving dialysis or
renal replacement therapy in
Australia and New Zealand

Six weekly
Annual
Annual
Annual

Annual

Annual

Annual

Variable

Annual

Annual

Annual

Three yearly

Annual
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Figure 2: Number of records (e.g. hospital episodes of care, cancer registrations, and death registrations) released annually by the

CHeRelL
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Thirteen registers have been created covering areas such
as communicable diseases, cancer, chronic disease, maternal
and child health, and drug and alcohol use. Data are regularly
linked and updated by the CHeReL. Importantly, changes to
the Public Health Act allow data linkage to be rapidly autho-
rised and services of the CHeRelL used to inform time-critical
advice to the NSW Minister for Health and NSW government.
There were 113 outputs of analyses from Public Health Regis-
ters that were used to support projects or advice to government
in the period 2014-15 to 2017-18.

Example 2. Data linkage for patient recruit-
ment studies

Data linkage can support the efficient implementation of many
study designs including novel patient recruitment studies. By
enabling sub-cohorts (or specific types) of patients to be iden-
tified for further testing or recruitment, use of linked data
can reduce research costs, accelerate recruitment into research
studies and improve cohort representativeness.

The Sax Institute's 45 and Up Study, the largest cohort
study of healthy ageing in Australia comprising more than
267,000 people provides a framework for sub-studies in which
more detailed data collection or an intervention can be carried
out [26]. Cohort data, combined with linked datasets from
the CHeReL has been used previously to more efficiently tar-
get 45 and Up participants for recruitment into sub-studies
[27]. A collaborative study currently in progress, led by Dr
Jan Fullerton from Neuroscience Australia will be one of the
first in Australia to use health record linkage to increase sam-
ple sizes for genomic studies in psychiatric care. In the first
phase of the study, the CHeReL linked ten years of admin-
istrative health data across seven administrative datasets to

enable the identification of people in the Sax Institute's 45
and Up Study that may have bipolar disorder. These individ-
uals will be invited to participate in the second phase of the
project, which will recruit 1200 people to collect blood samples
for whole genome sequencing. Using data linkage to enhance
patient recruitment for this study provides a larger and more
representative study population than previous studies, which
were limited to recruiting patients who were actively engaged
with a clinical service for treatment.

Discussion

As a multi-stakeholder data linkage centre for two Australian
jurisdictions, the CHeReL has a governance and technical in-
frastructure that can accommodate a broad range of custo-
dian or investigator requirements. While flexibility benefits
stakeholders, complexity comes with communication and op-
erational challenges. Balancing operational efficiency and ele-
gance with flexibility for stakeholders is expected to remain a
focus as the CHeReL continues to diversify and grow.

The last ten years have been characterised by innovation
in governance, infrastructure, methods and business process.
Rapid authorisation of data linkage requests, unprecedented
scale and speed of human service linkage driven by government
policy priorities and the evolution of Australia’s first national
data linkage network has necessitated rapid development of
governance arrangements and technical infrastructure.

Future developments, in partnership with our key collabo-
rators include:

e more frequent updating of data collections in the com-
prehensive linkage system and near real-time linkage to
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support time-critical analytics and health protection ac-
tivities

e development of new linkage services featuring stream-
lined access to a broader array of clinical data for the
NSW Health Statewide Biobank, the first and largest
of its kind in the Southern Hemisphere with large-scale
robotic technology to store millions of bio-specimens

e significant scale up of primary care data linkage in col-
laboration with the NSW Ministry of Health and Primary
Health Networks

e systematisation of human services linkage and 'de-
identification’ of free text information, following on from
unprecedented cross agency collaborations on data link-
age for major NSW government policy priorities

e policy, operational and technical change to maximise ef-
ficiency and outcomes across Australia’s national data
linkage network including short term activity to support
the reduction of unnecessary duplication of HREC review
for cross-jurisdictional data linkage projects

With a decade of experience in infrastructure growth and a
favourable environment, the CHeReL is well placed for rapidly
accelerating change.

Discussion

The volume of linked data from NSW and the ACT made ac-
cessible for research and policy purposes continues to increase.
New developments in clinical, primary care, and cross-sectoral
linkage are anticipated to further amplify the use of linked data
for vital health and medical research and underpin the devel-
opment and implementation of data-informed and evidence-
informed policy priorities within government.

Conflicts of Interest

None to declare.

Acknowledgments

We gratefully acknowledge funding and support from the NSW
Ministry of Health, Cancer Institute NSW, ACT Health and
past CHeReL member organisations.

References

1. Gill LE, Goldacre MJ, Simmons HM et al Com-
puterised linkage of medical records: methodologi-
cal guidelines. Journal Epidemiol Community Health
[Internet] 1993 [cited 2019 May 15] 47 Available
from:  https://jech.bmj.com/content/jech/47/
4/316.full.pdf https://doi.org/10.1136/jech.
47.4.316

2.

10.

11.

Marchessault G. The manitoba centre for health pol-
icy: a case study. Healthc Policy [Internet] 2011
Jan [cited 2019 May 15] 6(Spec Issue):29-43. Avail-
able from: https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC5319571/

Roos NP, Shapiro E. Co—Editors of Medical Care Supple-
ment: Health and Health Care: Experience with a Pop-
ulation—Based Health Information System. Med Care
1995;33(12):DS1-146.

Holman CDJ and the Data Linkage Australia ex-
pert team. Scoping Paper — A Model for a Data
Linkage Facility in NSW. Sydney: The Sax Insti-
tute, 2005 Oct. 59p. Available on request from
communications@saxinstitute.org.au

Population Health Research Network. 2013 indepen-
dent panel review: findings and recommendations.
Perth (AU): Population Health Research Network; 2014
[cited 2019 May 30]. 37p V2.0. Available from:
www.phrn.org.au/media/80607/phrn-2013-indepe
ndent-review-findings-and-recommendations-v2
-_final-report-april-17-2014-2.pdf

Council of Canadian Academies.  Accessing health
and health-related data in Canada. Ottawa (ON):
The Expert Panel on Timely Access to Health and
Social Data for Health Research and Health Sys-
tem Innovation, Council of Canadian Academies;
2015. 260 p [cited 2019 May 30]. Available from:
https://cca-reports.ca/reports/accessing-hea
lth-and-health-related-data-in-canada/

. The data linkage environment. In: Harron K, Gold-

stein H, Dibben C, editors. Methodological develop-
ments in data linkage. West Sussex (UK): John Wi-
ley & Sons, Ltd; 2016 [cited 2019 May 30]. Chapter
3; P.49. Available from https://doi.org/10.1002/
9781119072454

Wellcome Trust. Enabling data linkage to max-
imise the value of public health research data: Fi-
nal report to the Wellcome Trust. London (GB):
Wellcome Trust; 2015. 117 p.  Available from
https://wellcome.ac.uk/sites/default/files/e
nabling-data-linkage-to-maximise-value-of-pu
blic-health-research-data-phrdf-mari15.pdf

Australian Bureau of Statistics, 2019, Australian De-
mographic Statistics, cat. no.  3101.0, viewed
30 May 2019, https://www.abs.gov.au/ausstats/
abs@.nsf/mf/3101.0

Irvine KA, Moore EA. Linkage of routinely collected
data in practice: the Centre for Health Record Link-
age. Public Health Res Pract [Internet], 2015 [cited
2019 May 11]. 25(4): p. e2541548. Available from:
http://dx.doi.org/10.17061/phrp2541548

Taylor LK, Irvine K, lannotti R et al. Optimal strategy
for linkage of datasets containing a statistical linkage
key and datasets with full personal identifiers. BMC
Med Inform Decis Mak [Internet]. 2014 Sep [cited 2019


https://jech.bmj.com/content/jech/47/4/316.full.pdf
https://jech.bmj.com/content/jech/47/4/316.full.pdf
https://doi.org/10.1136/jech.47.4.316
https://doi.org/10.1136/jech.47.4.316
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5319571/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5319571/
mailto:communications@saxinstitute.org.au
https://www.phrn.org.au/media/80607/phrn-2013-independent-review-findings-and-recommendations-v2-_final-report-april-17-2014-2.pdf
https://www.phrn.org.au/media/80607/phrn-2013-independent-review-findings-and-recommendations-v2-_final-report-april-17-2014-2.pdf
https://www.phrn.org.au/media/80607/phrn-2013-independent-review-findings-and-recommendations-v2-_final-report-april-17-2014-2.pdf
https://cca-reports.ca/reports/accessing-health-and-health-related-data-in-canada/
https://cca-reports.ca/reports/accessing-health-and-health-related-data-in-canada/
https://doi.org/10.1002/9781119072454
https://doi.org/10.1002/9781119072454
https://wellcome.ac.uk/sites/default/files/enabling-data-linkage-to-maximise-value-of-public-health-research-data-phrdf-mar15.pdf
https://wellcome.ac.uk/sites/default/files/enabling-data-linkage-to-maximise-value-of-public-health-research-data-phrdf-mar15.pdf
https://wellcome.ac.uk/sites/default/files/enabling-data-linkage-to-maximise-value-of-public-health-research-data-phrdf-mar15.pdf
https://www.abs.gov.au/ausstats/abs@.nsf/mf/3101.0
https://www.abs.gov.au/ausstats/abs@.nsf/mf/3101.0
http://dx.doi.org/10.17061/phrp2541548

12.

13.

14.

15.

16.

17.

18.

19.

20.

10

Irvine, K et. al. / International Journal of Population Data Science (2019) 4:2:07

May 17];14:85. Available from: https://doi.org/10.
1186/1472-6947-14-85

Irvine K, Smith M, de Vos R et al. Real world per-
formance of privacy preserving record linkage. 1JPDS
Conference Proceedings for IPDLC 2018 [Internet] 2018
Sep [cited 2019 May 17]; 3:4. Available from https:
//doi .org/10.23889/1jpds . v3i4.990

Kelman CW, Bass AJ, Holman CD. Research use of
linked health data—a best practice protocol. Aust N
Z J Public Health. 2002;26(3):251-5 https://doi.
org/10.1111/3j.1467-842X.2002.tb00682.x

Harron K, Dibben C, Boyd J et al. Challenges in ad-
ministrative data linkage for research. Big Data Soc
[Internet] 2017 [cited 2019 May 21]. Available from
https://doi.org/10.1177/2053951717745678

Eitelhuber T, Davis G. The custodian administered re-
search extract server: “improving the pipeline” in linked
data delivery systems. Health Inf Sci Syst [Internet]
2014 [cited 2019 May 21] 2,6 Available from: https:
//doi.org/10.1186/2047-2501-2-6

Borthwick A, Buechi M, Goldberg A. Key concepts in
the ChoiceMaker 2 record matching system. Proceed-
ings of the KDD-2003 Workshop on Data Cleaning,
Record Linkage, and Object Consolidation, 2003.

Borthwick A, Buechi
database blocking and record matching.
7152060, 2006/12/19.

M, Goldberg A. Automated
US Patent

Borthwick A, Goldberg A, Cheung P et al Batch au-
tomated blocking and record matching. US Patent
7899796, 2011/3/1.

Zumel N. The Simpler Derivation of Lo-
gistic  Regression [Internet],  Win-Vector Blog
2011 Sep [cited 2019 Jun 4] Available from:

http://www.win-vector.com/blog/2011/09/

the-simpler-derivation-of-logistic-regression

Ferrante A, Boyd J. A transparent and transportable
methodology for evaluating Data Linkage software. J
Biomed Inform [Internet] 2012 [cited 2019 May 17] 45,1.
Available from: https://www.sciencedirect.com/
science/article/pii/S1532046411001729

21.

22.

23.

24,

25.

26.

27.

Bentley JP, Ford JB, Taylor LK et al Investigating
linkage rates among probabilistically linked birth and
hospitalization records. BMC Med Res Methodol [In-
ternet].2012 Sep 25;12(1). Available from: https:
//doi.org/10.1186/1471-2288-12-149

Irvine K, Williamson J, Pye V. Real-time linkage: when
is near enough good enough? 1JPDS Conference Pro-
ceedings for IPDLC 2016 [Internet] 2017 [cited 2019
May 17]; 1:206. Available from https://doi.org/10.
23889/ijpds.v1il.226

Randall SM, Ferrante AM, Boyd JH et al Privacy-
preserving record linkage on large real world datasets.
J Biomed Inform. 2014;50:205-12.https://doi.org/
10.1016/j.jbi.2013.12.003

Ford DV, Jones KH, Verplancke JP et al. The SAIL Data-
bank: Building a national architecture for e-health re-
search and evaluation. BMC Health Serv Res [Inter-
net]. 2009 [cited 2019 May 17], 9,157. Available from
https://doi.org/10.1186/1472-6963-9-157

Banks E, Jorm L, Wutzke S. The 45 and Up Study: fos-
tering population health research in NSW. NSW public
health bull [Internet] 2011 [cited 2019 May 17] 22, 5-6.
Available from: https://doi.org/10.1071/nb10063

Reasonably ascertainable identity fact sheet [In-
ternet]. Sydney:  NSW Information and Pri-
vacy Commission; 2017 Aug [cited 2019 May

17].  Available from: https://www.ipc.nsw.gov.
au/sites/default/files/2019-03/Fact_Sheet_
Reasonably_ascertainable_identity_August_
2017 . pdf

Walton MM, Harrison R, Kelly P, et al. Patients’ reports
of adverse events: a data linkage study of Australian
adults aged 45 years and over. BMJ Qual Saf [Inter-
net] 2017 [cited 2019 May 17], 26,9. Available from
https://doi.org/10.1136/bmjqs-2016-006339


https://doi.org/10.1186/1472-6947-14-85
https://doi.org/10.1186/1472-6947-14-85
https://doi.org/10.23889/ijpds.v3i4.990
https://doi.org/10.23889/ijpds.v3i4.990
https://doi.org/10.1111/j.1467-842X.2002.tb00682.x
https://doi.org/10.1111/j.1467-842X.2002.tb00682.x
https://doi.org/10.1177/2053951717745678
https://doi.org/10.1186/2047-2501-2-6
https://doi.org/10.1186/2047-2501-2-6
http://www.win-vector.com/blog/2011/09/the-simpler-derivation-of-logistic-regression
http://www.win-vector.com/blog/2011/09/the-simpler-derivation-of-logistic-regression
https://www.sciencedirect.com/science/article/pii/S1532046411001729
https://www.sciencedirect.com/science/article/pii/S1532046411001729
https://doi.org/10.1186/1471-2288-12-149
https://doi.org/10.1186/1471-2288-12-149
https://doi.org/10.23889/ijpds.v1i1.226
https://doi.org/10.23889/ijpds.v1i1.226
https://doi.org/10.1016/j.jbi.2013.12.003
https://doi.org/10.1016/j.jbi.2013.12.003
https://doi.org/10.1186/1472-6963-9-157
https://doi.org/10.1071/nb10063
https://www.ipc.nsw.gov.au/sites/default/files/2019-03/Fact_Sheet_Reasonably_ascertainable_identity_August_2017.pdf
https://www.ipc.nsw.gov.au/sites/default/files/2019-03/Fact_Sheet_Reasonably_ascertainable_identity_August_2017.pdf
https://www.ipc.nsw.gov.au/sites/default/files/2019-03/Fact_Sheet_Reasonably_ascertainable_identity_August_2017.pdf
https://www.ipc.nsw.gov.au/sites/default/files/2019-03/Fact_Sheet_Reasonably_ascertainable_identity_August_2017.pdf
https://doi.org/10.1136/bmjqs-2016-006339

