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Abstract

Introduction
The growing burden of chronic diseases means some governments have been providing financial
incentives for multidisciplinary care and self-management support delivered within primary care.
Currently, population-based evaluations of the effectiveness of these policies are lacking.

Aim
To outline the methodological approach for our study that is designed to evaluate the effectiveness
(including cost) of primary care policies for chronic diseases in Australia using stroke as a case study.

Methods
Person-level linkages will be undertaken between registrants from the Australian Stroke Clinical
Registry (AuSCR) and (i) Government-held Medicare Australia claims data, to identify receipt or
not of chronic disease management and care coordination primary care items; (ii) state government-
held hospital data, to define outcomes; and (iii) government-held pharmaceutical and aged care
claims data, to define covariates. N=1500 randomly selected AuSCR registrants will be sent surveys
to obtain patient experience information. In Australia, unique identifiers are unavailable. Therefore,
personal-identifiers will be submitted to government data linkage units. Researchers will merge the
de-identified datasets for analysis using a project identifier. An economic evaluation will also be
undertaken.

Analysis
The index event will be the first stroke recorded in the AuSCR. Multivariable competing risks Poisson
regression for multiple events, adjusted by a propensity score, will be used to test for differences in
the rates of hospital presentations and medication adherence for different care (policy) types. Our
estimated sample size of 25,000 patients will provide 80% estimated power (α >0.05) to detect a
6-8% difference in rates. The incremental costs per Quality-adjusted life years gained of community-
based care following the acute event will be estimated from a health sector perspective.

Conclusion
Completion of this study will provide a novel and comprehensive evaluation of the effectiveness and
cost-effectiveness of Australian primary care policies. Its success will enable us to highlight the value
of data-linkage for this type of research.

Keywords
Data Linkage, Primary Health Care, General Practitioner, Stroke, Chronic Disease, Secondary Pre-
vention, Policy

∗Corresponding Author:
Email Address: nadine.andrew@monash.edu (NE Andrew)

https://doi.org/10.23889/ijpds.v4i1.581
August 2019 c© The Authors. Open Access under CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/deed.en)

http://www.ijpds.org
mailto:nadine.andrew@monash.edu
https://doi.org/10.23889/ijpds.v4i1.581
https://creativecommons.org/licenses/by/4.0/deed.en


Andrew, NE et. al. / International Journal of Population Data Science (2019) 4:1:18

Introduction

The global burden of stroke is large and increasing [1, 2].
In developed countries the contribution of Disability Adjusted
Life Years (DALYs) due to stroke have been increasing propor-
tionally to other diseases with concomitant burdens on health-
care systems [1] as stroke rarely occurs in isolation. Survivors
have an increased risk of future cardiovascular events (approx-
imately 11% at 1 year, 26% at 5 years) due to factors that
precipitated the initial stroke event [3]. Stroke is also associ-
ated with considerable long-term costs from ongoing disability
and associated comorbidity [4, 5]. Because of these complexi-
ties, models of care best suited to addressing patients’ ongoing
care needs will vary. Some may only require secondary preven-
tion management, whereas others may also require a range of
other therapies and / or support. Regardless, all require some
form of comprehensive long-term healthcare management.

Enhanced models of primary care, that included chronic
disease management and care coordination, were introduced
in Australia in 1999 to promote multidisciplinary care and
self-management support within a continuous care model in-
tegrated across healthcare sectors. These additional Medicare
claim items are funded by the federal government and so are
available to people living in all states and territories. These
care options may provide additional incentives to healthcare
providers to ensure patients with stroke are managed accord-
ing to recommended stroke clinical guidelines through com-
prehensive management of secondary prevention and disability
[6]. However, long-term management and uptake of these care
types appears to be sub optimal, with only 46% of patients
aged over 65 years being put on these plans [7].

Evidence regarding the effectiveness of financial incentives
such as these in primary care is conflicting [8]. Incentives
have been shown to increase adherence to clinical indicators
[9]. However, it is unclear if this is a consequence of improved
recording required for financial gain [9]. The impact on pa-
tient outcomes is less clear. Preliminary evidence in Australia
suggests that the use of chronic disease management primary
care items can improve adherence to recommended care for di-
abetes [10] and reduce hospital readmissions for heart failure
in Veteran populations [11]. However, a large scale compre-
hensive evaluation of the effectiveness of these primary care
models has not been performed. In this paper we describe the
protocol of the study ‘Evaluation of Enhanced Models of Pri-
mary Care in the Management of Stroke and Other Chronic
Disease’ (PRECISE), a large scale data linkage project de-
signed to address this knowledge gap. The study is funded by
the National Health and Medical Research Council of Australia
(GNT 1141848).

The main aims of the proposed study are to:

1. Compare differences in long-term health outcomes (sur-
vival, hospital contacts, quality of life) for survivors of
stroke, with and without disability, based on the pri-
mary care based chronic disease management and / or
care coordination they did or did not receive;

2. Compare differences in adherence and persistence of sec-
ondary prevention medications between patients with
stroke who did and did not receive chronic disease man-
agement plans and / or care coordination; and

3. Determine the cost-effectiveness of different models of
primary care received by those with and without disabil-
ity over a two year period from 6 months following stroke
onset.

The objectives of this paper are to describe:

1. Our methodological approach for use in other similar
observational healthcare evaluation studies;

2. The scope and breadth of datasets that will be linked
to highlight the utility of such datasets for evaluation
purposes; and

3. Our proposed statistical and economic analysis plan.

Methods

Study design

The study is a comparative effectiveness and cost-effectiveness
study using an observational, cohort-based design (Figure 1).
Study outcomes will be reported according to the REporting
of studies Conducted using Observational Routinely-collected
health Data (RECORD) statement [12].

Population

The cohort will be derived from the Australian Stroke Clini-
cal Registry (AuSCR) and will include all registrants aged 18
years and over who were admitted to participating hospitals
in Victoria and Queensland (n=42 hospitals) between 2012
and 2016 (approximately 25,000 registrants). This will al-
low for generalisability of the results across rural, regional and
metropolitan settings and system level comparisons between
two states whereby a large proportion (i.e. 45%) of the Aus-
tralian population live. Those living in residential care (or aged
care) will be excluded from the study as they are ineligible to
receive the chronic disease management and care coordination
primary care items that we are evaluating.

Intervention

The intervention being evaluated is Australian Medicare
funded enhanced primary care items. General Practitioners
(GPs), also known as primary care physicians, are able to claim
these Medicare items if they wish to provide the types of care
outlined in Table 1. These invoke additional payments com-
pared to a standard consultation to incentivise more compre-
hensive care and to compensate GPs for the additional time
involved. The items available are: (1) initiation of a chronic
disease management plan (item 721); (2) initiation or involve-
ment in coordinated care (items 723 and 729); (3) review of a
chronic disease or coordinated care plan (item 732); (4) initi-
ation of a mental health management plan (items 2700, 2701,
2715 and 2717); and (5) review of a mental health manage-
ment plan (item 2712). See Table 1 for a detailed description
of these items.

In addition, a Team Care Arrangement can be used to
enable access to allied health professions at non-government
funded clinics with costs associated with the first five visits in
a calendar year heavily subsidised by Medicare [14]. Although
some patients will access allied health services through other

2



Andrew, NE et. al. / International Journal of Population Data Science (2019) 4:1:18

Figure 1: Study design and study observation periods.

AuSCR: Australian Stroke Clinical Registry; GP: General Practitioner

pathways, including private health insurance, a Team Care Ar-
rangement should still be established to facilitate coordinated
care. If a patient specifically requires care coordination for
mental health problems, a GP Mental Health Care Plan (Ta-
ble 1) can be used instead of a Team Care Arrangement. A
chronic disease plan must be established prior to initiating a
coordinated care plan. We have outlined the potential care
pathways in Figure 2.

Outcomes

The primary outcome is the number of hospital contacts (i.e.
hospital admissions plus contacts with the Emergency Depart-
ment (ED) that do not lead to an admission to prevent dou-
ble counting of those admitted through the ED) that occur
during the outcome period (1.5 – 2.5 years following the in-
dex stroke event) (Table 2). Secondary outcomes comprise
survival, adherence to medications, and incremental cost per
quality adjusted life year (QALY) gained (economic analysis).

Datasets

i. The Australian Stroke Clinical Registry (AuSCR)

The AuSCR is a national clinical quality registry designed to
monitor and improve stroke care in Australia . Prospective
data are collected on all patients with stroke or TIA admitted
to participating hospitals. Cases of stroke in the AuSCR are
diagnosed by a clinician, and confirmed with the patient at
follow-up. Demographic data, clinical information and receipt
of important care types, such as admission to a stroke unit
and provision of a comprehensive discharge care plan, are col-
lected. Registrants are followed up at 90-180 days following
their admission [15]. At the follow-up interview, registrants
are asked about their living situation, and the EQ-5D-3L ques-
tionnaire is administered [16]. The EQ-5D-3L is a measure of
health status across five dimensions: (1) mobility; (2) self-
care; (3) usual activities; (4) pain/discomfort; and (5) anx-
iety/depression. Respondents are also asked to complete a
Visual Analogue Scale (VAS) in which they rate their health
related quality of life from 0 (worst imaginable state) to 100
(best imaginable state) [16]. Survival status (date of death
and cause of death) is regularly updated through annual link-
ages with the National Death Index (NDI).

ii. The Medicare Benefits Schedule (MBS) claims data

The MBS database contains transactional data and associated
dates for all services that are subsidised by the Commonwealth
Government under the Medicare Australia scheme [17]. This
includes chronic disease management and care coordination
Medicare items that can be provided and claimed by a GP to
support care planning. Items can also be claimed to allow GPs
to update and review existing management or care coordina-
tion plans. A large number of other relevant Medicare claim
items such as the use of medication management reviews or
rehabilitation case conferences are also available. All Medicare
claim items have a specific code that can be used to identify
the types of care received.

iii. The Pharmaceutical Benefits Scheme (PBS)

The PBS database contains a record of medications dispensed
that are subsidised by the Australian Commonwealth Gov-
ernment. PBS items can be used to identify whether rec-
ommended medications are being used for secondary preven-
tion of stroke (such as antihypertensive, lipid lowering or an-
tithrombotic). Medications such as non-prescribed, privately
purchased or those funded under other specialty schemes are
not included in the PBS. However, the PBS contains the ma-
jority of medications relevant to the study research questions.

iv. Admitted patient data (Victoria and Queensland)

State held patient admission datasets include data on all in-
patient separations (discharges, transfers and deaths) from all
public, private, psychiatric and repatriation hospitals in each
state. While the depth of information collected varies be-
tween states, all states comply with requirements for the Ad-
mitted Patient National Minimum Data Set, enabling cross-
jurisdictional comparisons of hospitalisation data [18]. Coding
of information by trained clinical coders using standardised
International Statistical Classification of Diseases and Related
Health Problems, Australian Modification (ICD-AM) and Aus-
tralian Classification of Health Interventions (ACHI) codes and
coding rules also ensures consistency [19].

v. Emergency Department (ED) data (Victoria and
Queensland)

State held ED datasets include data on presentations to the
majority of public EDs. Datasets vary between states in terms
of the number and type of variables available as well as the
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Table 1: Chronic disease management and care coordination Medicare Australia items [13]

Item name Item number Item description

Items used in defining use of Chronic Disease Management items (Exposure Cohort 1)

Preparation of a Chronic
Disease Management Plan

721 Must involve a comprehensive written plan describing:

• Healthcare needs;

• Management goals developed with the patient;

• Actions planning and strategies to be taken by the patient;

• Identification and organisation of required services and sup-
ports;

• Timeframes and arrangements to review the plan.

Review of a Chronic Dis-
ease Management Plan or
Coordination of a Review of
Team Care Arrangements

732 When reviewing a plan that they are responsible for the GP must:

• Explain to the patient, and where appropriate the patient’s
carer, steps involved in the review;

• Review all items in the relevant plan with the patient;

• Make any required amendments to the patient’s plan and en-
sure they are documented and communicated to the patient;

• For the Team Care arrangement they must also consult with
at least two other health or care providers to review all the
matters set out in the relevant plan.

Items used in defining use of Coordinated Care items (Exposure Cohort 2)

Coordination of a Team
Care Arrangement

723 When coordinating a Team Care Arrangement the GP must:

• Collaborate with at least two other providers who provide dif-
ferent treatment or service types. One can be another medical
practitioner;

Provide a written plan describing:

• Treatment and service goals for the patient and how these will
be provided by the collaborating parties;

• Actions to be taken by the patient with adequate explanation
of who will be providing the services and how they will be ac-
cessed.

Contribution to or review
by a general practitioner
of a Team Care Arrange-
ment prepared by another
provider

729 When reviewing a plan provided by someone else the GP must:

• Prepare relevant aspects of or make amendments to a multi-
disciplinary care plan; or

• Give and record advice provided to another person who is
preparing or reviewing a multidisciplinary care plan.

GP, General Practitioner;
* Item number refers to the Medicare item code.
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Table 1 Cont.: Chronic disease management and care coordination Medicare Australia items [13]

Item name Item number Item description

Items used in defining use of Coordinated Care items (Exposure Cohort 2)

Preparation of a GP Mental
Health Treatment Plan for
a GP who has not under-
taken mental health skills
training

2700 (20 minutes),
2701 (40 minutes)

An assessment of the patient must be performed and include:

• A clinical history (biological, psychological, social) of the prob-
lem;

• A mental state examination;

• Assessment of co-morbidities and disease risk;

• Provision of a diagnosis;

• Where appropriate administer an outcome measurement tool.

Preparation of a GP Mental
Health Treatment Plan for
a GP who has undertaken
mental health skills training

2715 (20 minutes),
2717 (40 minutes)

Plan development must include:

• Discussing the results of the assessment with the patient;

• Discussing referral and treatment options including appropriate
support services;

• Developing goals with the patient with agreed actions to be
taken by the patient;

• Where appropriate the provision of psycho-education;

• Where appropriate the development of a crisis intervention
and/or relapse prevention plan

• Arrangements for appropriate referrals, including treatment,
and support services

• Organisation and documentation of a review date

Review of a GP Mental
Health Treatment Plan

2712 The review must include:

• A review of the patient’s progress towards the goals agreed to
in the initial plan;

• Modifications to the plan if required;

• Review, reinforcement and expansion of the psych-education;

• Where appropriate review of the crisis intervention and/or re-
lapse prevention plan or if not previously provided the develop-
ment of one;

• Where applicable re-administration of the outcome measure-
ment tool used in the initial assessment.

GP, General Practitioner;
* Item number refers to the Medicare item code.
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Figure 2: General practitioner pathways.

GP: General Practitioner

overall reliability and quality of the recorded data, including
diagnostic information. Nevertheless a few variables are con-
sistent across datasets and these datasets provide a reliable
indication of the number of ED presentations and the primary
diagnosis [19].

vi. National Aged Care Data Clearing House (NACDC)

The NACDC is a central independent repository of national
aged care data and contains data from 1997 onwards. It brings
together data related to government-funded aged care pro-
grams from a number of sources, including Residential Aged
Care; Home Care Packages Programme; Flexible Care; Aged
Care Assessment Program; Aged Care Funding Instrument;
and the Commonwealth Home Support Programme.

vii. Supplementary survey data

A subgroup of AuSCR registrants (N=1,500) will be randomly
selected and sent a project specific survey pack at approxi-
mately 2-2.5 years after their initial 3-6 month AuSCR follow-
up. The survey pack includes: (i). the Patient Assessment
of Chronic Illness Care+ (PACIC+), a 26 item questionnaire,
validated in a chronic disease population, designed to mea-
sure specific qualities of care that patients report they have
experienced within the healthcare delivery system with a fo-
cus on patient centred care [20]; (ii) re-administration of the
EQ-5D-3L to enable determining the net change in Quality
adjusted life years for the economic evaluation [16]; (iii) the
Modified Rankin Scale, a measure of the degree of disability or
dependence in the daily activities [21]; (iv) unmet needs using
the Long Term Unmet Needs after Stroke (LUNS) screening
tool [22] (v) self-reported adherence to secondary prevention
medication; and (vi) project specific questions about services

accessed and social support. The questions developed for the
survey on medication adherence and service access were re-
viewed by a pharmacist, a general practitioner and a stroke
survivor and will be validated against the linked data. These
survey data will allow us to obtain a more comprehensive view
of patient’s primary care experience and assist in our interpre-
tation of our findings from the administrative data. The survey
was reviewed by stroke survivor for readability and relevance.

Data linkage and merging of datasets

Data from AuSCR registrants will be linked to routinely col-
lected State and Commonwealth data, as well as purposefully
collected survey data from a sub cohort of registrants. Permis-
sion will be obtained from the relevant data custodians and
Human Research Ethics Committees for the study datasets.
Implied consent will be obtained from survey participants
whereby completion and return of a survey will constitute con-
sent. Participants will also be informed that their survey data
will be linked to other health data for the project. Data from
Medicare Australia, Pharmaceutical Benefits Scheme (PBS)
and National Aged Care Data Clearing House (NACDC) will
be linked by staff at the Australian Institute of Health and
Welfare (AIHW) data linkage unit.[23] Hospital data will be
linked by each of the state data linkage units. Prior data link-
age accuracy between AuSCR registrants and these hospital
admission datasets was 95% for Victoria using stepwise deter-
ministic methods and 98% for Queensland using probabilistic
matching [24].

In Australia, unique identifiers are unavailable. A two stage
separation model of data linkage will be used, in which AuSCR
identifying data in the form of full name, full residential ad-
dress, date of birth, sex and date of death (if applicable) for
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Table 2: Datasets and examples of variables likely to be used in the analyses

Datasets Variables

AuSCR (including NDI linkages) Cohort identification:

• age

• discharge destination

• place of residence at 3-6 months

• disability (using EQ-5D-3L) at 90-180 days

Outcomes:

• Date and cause of death

• long-term quality of life (EQ-5D-3L) (sub-study participants)

Covariates:

• age

• stroke severity

• language

• prior stroke

• location

• clinical data

• socioeconomic strata

• stroke unit care

• received a discharge care plan if discharged to home

• prescribed antihypertensive medication at discharge

• discharged to in-patient rehabilitation

Medicare Benefits Schedule Exposures:

• standard consultations

• Chronic Disease Management Plans

• Team Care Arrangements

• Mental Health Care Plans

Covariates:

• specialists

• allied health,

• palliative care

• pre-stroke usages of chronic disease management, rehabilitation and care coordina-
tion primary care items (12 months prior)

*Primary outcome, AuSCR: Australian Stroke Clinical Registry, NDI: National Death Index, GP: General Practitioner; EQ-5D-3L:
Euroqol 5 dimension (3 level version)
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Table 2 Cont.: Datasets and examples of variables likely to be used in the analyses

Datasets Variables

Hospital separations Outcomes:

• number of admissions*

Covariates:

• comorbidities (previous 5 years)

• pre-stroke admissions (12 months prior)

• insurance

• marital status

Emergency Department Outcomes:

• number of contacts*

Covariates:

• primary diagnosis

• pre-stroke visits (12 months prior)

Pharmaceutical Benefits Scheme Outcomes:

• medications and dispensing date

Covariates:

• comorbidities (based on medication use)

*Primary outcome, AuSCR: Australian Stroke Clinical Registry, NDI: National Death Index, GP: General Practitioner; EQ-5D-3L:
Euroqol 5 dimension (3 level version)
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the study cohort will be submitted to participating data link-
age units along with a project specific person identifier [25].
The de-identified content data will be submitted by the data
custodians into the Sax Institute’s Secure Unified Research En-
vironment (SURE), for merging using a pre-specified project
ID for each AuSCR registrant. SURE is a remote-access com-
puting environment that must be used to access data that are
linked and held by the AIHW. All data are stored on SURE-
dedicated servers in the SURE facility and located in locked
cabinets, and housed in a data centre, within the Sax Institute,
called ‘Global Switch’. Global Switch is located in Sydney and
is listed on the Australian Government Data Centre Facilities
Panel. Data are accessed through a virtual project workspace
and restricted to investigators listed on the Ethics Committee
application. De-identified project specific surveys will also be
submitted into SURE for merging with the other datasets us-
ing the Project ID. All analyses will be undertaken within this
secure system by approved researchers.

Data analysis

(1) Cohort stratification

The primary analyses will be performed using data from reg-
istrants who completed the EQ-5D-3L questionnaire at the
AuSCR 90-180 day follow-up. They will be stratified into two
groups based on their responses: (1) without disability; and
(2) with disability. An algorithm developed by the investi-
gators will be used to identify those with ongoing disability
severe enough to impact on their quality of life [26]. This is
defined as having a problem in one or more of the five EQ-5D-
3L domains and a clinically important (eight point or more)
lower VAS score than what would be expected for people in
the general population of a similar age [16, 27].

(2) Exposure periods

The index event will be the first stroke episode recorded in
the AuSCR. Time zero (commencement of follow-up) will be
6 months following participants’ index stroke admission date
(Figure 1). By this time, it is expected that patients will
have completed their rehabilitation and will be primarily under
the care of their general practitioner (GP). It is also likely that
information obtained from the AuSCR 3-6 month follow-up in-
terview will be available for stratification. The first 12 months
after time zero will be used to define the exposure groups out-
lined in Figure 1 and the next 12 months (i.e. 1.5-2.5 years
after stroke) will be used to measure the primary outcomes.

(3) Exposure groups

There are two primary exposures of interest: (i) chronic dis-
ease management and (2) care coordination which includes
mental health management (Table 1). Exposure group one
will be defined as: (i) having one or more Medicare claim item
for an initiation or review of a Chronic Disease Management
Plan during the exposure period as defined above; and (ii) GP
coordinated multidisciplinary care as indicated by having one
or more Medicare claim item for initiation or review of a Team
Care Arrangement or Mental Health Care Plan (Figure 2).

The cohort for each of the exposure groups will vary to
account for appropriateness of care. A Chronic Disease Man-

agement Plan or review (cohort one) will be considered an
optimal pathway for all participants for addressing secondary
prevention needs through a structured management approach.
A Team Care Arrangement or review (cohort 2) may not be
suitable for all participants, but may facilitate optimal man-
agement for those with complex healthcare needs who require
multidisciplinary care as recommended in the Australian Stroke
Clinical Guidelines (14), such as those with ongoing disability
identified through the EQ-5D-3L responses.

(4) Control groups

The primary control group will be standard GP care that does
not involve a Medicare claim for a chronic disease manage-
ment or care coordination item. A sub analysis will also be
performed for each of the exposure groups whereby the con-
trol group will be restricted to those who received regular GP
care.

(5) Other definitions

GP regularity will be defined using a validated regularity index
based on the variance of the distribution of days between vis-
its [28]. Scores will be dichotomised using a majority of care
definition with a score of ≥75% defined as regular [29]. Sensi-
tivity analyses will be performed for other quartile cut points,
by different intervals, e.g. monthly or quarterly contacts and
using a variance index to adjust for the potential confounding
effect of frequency on variance [30].

Hospital contacts will be defined using a 24-hour rule in
which separations that occur within a 24-hour period (e.g.
due to moving between hospitals, wards or from the ED to an
admission) are combined into a single event to prevent over
counting.

We will us the landmark analysis method to estimate the
association between secondary prevention medication adher-
ence and outcomes such as mortality and hospital contacts
[31].Recommended medication dosages per day will be deter-
mined based on consumer’s medicines information (available
from www.mimsonline.com.au/) and in consultation with an
interdisciplinary working group comprising clinicians, pharma-
cists and researchers. Adherence will be calculated using the
proportion of days covered (PDC) from first medication supply
date after discharge from hospital to six-months and one-year
after discharge (two landmark dates).

The numerator will be the number of days a patient had
access to medication from the first supply date until the land-
mark dates including all supplies. The denominator will be the
number of days from first supply date to the landmark dates
[32, 33]. Users for each drug group will be defined as hav-
ing at least two supplies for that medication (see equation to
calculate PDC Figure 4).

Persistence in use of medication will be defined as "the
duration of time from initiation to discontinuation of therapy”
[34, 35]. Discontinuation will be defined as the absence of any
dispensing for a period of at least three times the number of
pills last dispensed (assuming a dose of one pill/day) plus a
5-day grace period.

Comorbidities will be identified using International Classifi-
cation of Diseases 10th revision (ICD-10) codes obtained from
the hospital dataset. Diagnostic coding (up to 42 diagnoses

9
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Figure 3: Flow chart of stratified study design

GP: General Practitioner; CDMP: Chronic disease management plan

Figure 4: Formula used to calculate medication adherence

PDC =
dsupplied
dperiod

× 100%

dsupplied = number of days with ≥ 1 unit of medication available between t0 and tlandmark

dperiod = number of days between t0 and tlandmark

tlandmark = six months and one year after date of discharge from hospital
d0 = date of first medication supply after tlandmark

10
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per admission) for all admissions in the 5-years prior to, and
including, the index stroke event will be used for detection
of chronic disease co-morbidities based on any recording of a
related ICD-10 code (any level) during this period [36, 37].
Comorbidity codes will be identified and coded based on the
Elixhauser Index, a comorbidity index with >30 items com-
monly used in research on stroke and other chronic diseases
[38].

(6) Primary outcome analysis – aim 1

Differences in rates (person-time denominator) for hospital
presentations per year (combined ED and hospital presenta-
tions) between exposure groups will be determined for the
period 1-2 years after time zero (i.e. 1.5-2.5 years post stroke
onset) and censored for deaths. As there may be valid clini-
cal reasons for prescribing different types of care for different
patients, propensity score matching will be used to minimise
confounding by indication for known confounders [39, 40]. A
propensity score, based on demographic and clinical charac-
teristics, will be calculated for each patient to estimate the
probability that they will receive a certain care type. Propen-
sity scores will be categorised into quintiles. Each quintile will
be assessed for balance in characteristics of patients in the
different care pathways and quintiles with imbalance removed.
This method will allow us to maximise the patient sample and
the external validity of the findings [41].

The primary outcome of hospital contacts involves count
data and so, based on the dispersion of the data, either mul-
tivariable Poisson or negative binomial regression for multiple
events will be used. The model will be adjusted by the propen-
sity score and used to test for differences in the rates of hospital
presentations between exposure groups (Figure 3). Clustering
by State, Local Government Area (LGA) and the hospital at
which patients had their admission for AuSCR will be assessed
and, if present, we will use multilevel analyses.

Sensitivity analyses will be applied to help us better un-
derstand and assess the possibility of misclassification of the
exposure, selection bias, variability in costs, and unmeasured
confounding [42]. Descriptive analyses will be applied to data
from the survey and NACDC to help us better understand
alternate care pathways and the context within which the dif-
ferent models of primary care may, or may not, have been
used. These analyses will also allow us to better understand
those who are most likely to benefit from the different types
of care.

(7) Secondary outcome analysis

Survival
Cox proportional hazards regression will be used to assess

differences between groups for time to death.
Medication adherence and persistence – aim 2
The landmark analysis method described above will be

used to estimate association between PDC and outcomes [31].
The influence of persistence and adherence on long-term out-
comes (hospital contacts and survival) independent of the pri-
mary care types received will also be assessed using methods
similar to those described above. As stated in the Australian
Stroke Clinical Guidelines all patients should be prescribed an-
tihypertensive and lipid lowering medications and all except

those with an ICH should receive antithrombotic medications
unless contra-indicated [6]. Relevant comorbidities will be con-
sidered when interpreting the results.

Economic analysis - aim 3
A patient-level (micro-simulation) decision analytic model

that will include various input values derived from the patent-
level data and other sources of cost information will be de-
veloped based on a government perspective as purchaser and
provider of healthcare and a time horizon of 2.5 years post-
stroke [43]. We will discount costs and outcomes that occur
after 12 months by 5% [44]. Costs will be adjusted, i.e. in-
flated, to a common reference year (2016-2017).

Costs of community-based care attributable to the stroke
will be estimated by comparing the healthcare utilisation in
the two years prior to the stroke and the healthcare utilisation
between 0.5 to 2.5 years following the stroke. This time period
has been chosen in order to exclude the costs of stroke prior
to exposure to the different chronic disease management and
care coordination interventions. Costs of subsequent hospital
readmissions and ED visits will be calculated for each person
in the cohort by applying unit prices extracted from the best
available Australian sources. This will include direct, indirect
(where available) and total costs for services such as allied
health, theatre costs, intensive care and imaging. Costs of
medications prescribed and Medicare claims will be calculated
by applying unit prices on individual claim items published in
the main reference sources (e.g. MBS or PBS). An expert
reference group will be consulted when we need to make as-
sumptions about cost values or resource estimates.

For the different exposure groups that will be compared,
the net change in quality of life will be estimated from the
responses to the EQ-5D-3L questionnaire between the AuSCR
follow-up (90 to 180 days after stroke) and the time of the sup-
plementary survey for this study (conducted at approximately
2-2.5 years after stroke). QALYs will then be estimated by
applying Australian-derived utilities to the responses to the
EQ-5D-3L questionnaire to estimate the years lived with dis-
ability (YLD) and from calculations of years of life lost (YLL)
based on participants’ age at death and the Australian life ex-
pectancy tables for different age groups published by the Aus-
tralian Bureau of Statistics. Incremental costs and benefits
(QALYs gained, hospital presentations avoided) of the various
pathways of care by exposure group will be determined from
the economic model.

The use of the different models of primary care will be
deemed cost-effective compared to standard GP care if the in-
cremental cost per QALY gained is less than the national an-
nual gross domestic product per capita (approximately $50,000
in Australia) [45]. We will also calculate the incremental cost
per (i) hospital admission avoided and (ii) best practice use
of stroke prevention medication with the use of chronic dis-
ease management and care coordination primary care items
compared to standard models of care. Sensitivity and proba-
bilistic multivariable uncertainty analyses will be performed to
assess the robustness of results using plausible ranges for the
parameters that most strongly influence the costs or outcome.

(8) Sample size

Likely rates of hospital contacts per year were calculated us-
ing data a from a prior linkage study [46]. Publically avail-
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able Medicare data from 2016 were used to estimate uptake
of Chronic Disease Management Plans (approximately 50%)
and Team Care Arrangements or Mental Health Care Plans
(approximately 33%) [47]. Our predicted sample size of over
25,000 (full cohort, primary outcome; α >0.05) will allow us
to detect a 6-8% difference in the number of hospital contacts
between those who did and did not receive a Chronic Disease
Management Plan and those with disability who did and did
not receive a Team Care Arrangement or Mental Health Care
Plan.

Interpretation and dissemination of results

We will establish a multidisciplinary reference committee of
national experts in general practice, stroke, chronic disease,
aged care, allied health as well as government representatives
and stroke survivors and their caregivers. Members will be
recruited through the multidisciplinary investigator team and
their organisational networks. This committee will provide a
systematic interpretation of the results focused on implications
for policy decision-making. Discussions about the likely types
of unmeasured confounders and how these may have influ-
enced the results will also take place. The comparative ef-
fectiveness and cost-effectiveness results will be reviewed and
contrasted against a range of implementation and other policy
considerations. The committee will finalise, initially through
open discussion, a range of issues or criteria they consider rel-
evant to policy decision-making and implementation over and
above the study results. This could include, but is not lim-
ited to, issues of ‘acceptability to stakeholders’, ‘strength of
the evidence’, ‘impact on health inequalities’ and ‘feasibility
of implementation’. Depending on the outcomes of these de-
liberations, the committee members may then be involved in
a formal elicitation process to weight their preferences to per-
mit quantitative ranking of the recommendations using multi-
criteria decision analysis methods [48, 49].

Conclusion
This study will provide a large scale evaluation of the effec-
tiveness and cost-effectiveness of Medicare funded policies for
chronic disease management and care coordination primary
care items in managing patients with stroke. Recommenda-
tions from the reference committee will help shape how these
items are used in the future. These will be applicable to most
people with multi-morbidity and/or chronic disability condi-
tions given that stroke is a major contributor to both dis-
ability and morbidity. If these primary care items are shown
to be effective, our findings will have a great potential to
modify uptake and facilitate expansion of these programs by
government. The methods, analyses and breadth of datasets
employed for this project will help advance the use of data
linkage for healthcare evaluation [50].
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