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Summary
Background Governments are investing in primary care policies that support chronic disease management. Large
scale population-based evaluations are lacking. We aim to determine the effectiveness of government-funded chronic
disease management policies to improve long-term outcomes (survival, hospital presentations, and preventive
medication adherence) following stroke/Transient Ischemic Attack (TIA).

Methods Using a population-based cohort we utilized the target trial methodology. Participants were identified
through the Australian Stroke Clinical Registry (January 2012–December 2016) from 42 hospitals in the states of
Victoria and Queensland and linked with state and national hospital, primary care, pharmaceutical, aged care, and
death datasets. Registrants living in the community, not receiving palliative care and who survived to 18 months
following stroke/TIA were included. The comparison was a Medicare claim for policy-supported chronic disease
management, 7–18 months following stroke/TIA versus usual care. Outcomes were modelled using multi-level,
mixed-effects inverse probability of treatment weighted regression.

Findings 12,368 registrants were eligible (42% female, median age 70 years, 26% TIA), 45% had a chronic disease
management claim. The difference in mean outcomes for participants with a claim, compared to those without,
showed a 26% lesser mortality rate (adjusted hazard ratio [aHR]: 0.74, 95% confidence interval [CI]: 0.62, 0.87) and a
greater adjusted Odds Ratio [aOR] of being adherent with preventive medications: antithrombotics (aOR: 1.16, 95%
CI: 1.07, 1.26); lipid-lowering (aOR: 1.23, 95% CI: 1.13, 1.33). Impacts on hospital presentations were variable.

Interpretation Government policies that financially support primary care physicians to provide structured chronic
disease management improve survival in the long-term following stroke/TIA.
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Research in context

Evidence before this study
Evidence from large randomised controlled trials support the
use of pharmacological and lifestyle/behaviour interventions,
for secondary prevention of cardiovascular events following
stroke or Transient Ischaemic Attack (TIA). However, there is
limited evidence to support sustained uptake and use of these
interventions at the primary care level in the long-term.
Primary care chronic disease management policies, that
promote multidisciplinary care and self-management support
within a continuous care model, have been implemented by
governments to assist primary care practitioners to better
support patients living with chronic conditions. However,
evidence for these policies is uncertain, and hindered by a lack
of high-quality data.
We performed an Ovid-Medline search for articles published
from January 1, 2000 to October 18, 2022. The following
search strategy was used: [(Stroke OR poststroke or cerebral
vasc$ OR cerebrovasc$ OR Cerebrovasc$ accident OR
Ischem$ stroke OR Intracerebra$ haemorrhage OR
Intracerebral$ haemorrhage OR Brain ischemia OR Transient
Ichaemic Attack OR Transient Ischemic Attack OR TIA). tw.]
AND [Chronic disease management. mp. OR (exp Disease
Management/) OR (GP or general practice or primary care).
mp.] AND [(Mortality OR death OR survival OR hospital
readmission OR hospital utilization or hospital Utilization OR
hospital presentation$ OR secondary prevention). mp.]. The
search was limited to adults, and to study designs such as
observational studies and trials with no limit by language. A
small number of trials were identified from countries such as
Australia, China, India, Japan and Spain. Results were
variable with the better quality studies showing no
difference between intervention and control groups for
primary outcomes which were limited to cardiovascular risk
factors. Results were frequently hindered by contamination
and loss to follow up and were not powered for outcomes
such as survival. We found no examples of real-word
population evaluations of chronic disease management
programs or policies.

Added value of this study
To our knowledge we provide the only national evaluation of
a primary care policy aimed at incentivising primary care
practitioners to provide structured and comprehensive
chronic disease management. Our use of routinely collected
state and national data, linked with a clinical registry,
provided robust case ascertainment, a large sample size,
identification of policies of interest and reliable ascertainment
of outcomes. To ensure the robustness of our results we used
the emulated target trial approach, a structured process for
designing real-world studies in order to emulate randomised
controlled trials (RCTs). This approach ensured that flaws
associated with observational studies, other than those due to
a lack of randomisation, were minimised. The use of Inverse
Probability Treatment Weights (IPTW) to reduce bias for 42
baseline variables and the application of systematic bias
analyses ensured the robustness of our results. The use of
real-world data allowed sufficient sample size (N = 12,368),
and population coverage to obtain accurate estimates of the
average population effect of chronic disease management
policies for policy relevant outcomes such as survival, hospital
presentations and medication adherence.

Implications of all the available evidence
Our results, when considered against the limited available
evidence, demonstrate that at a population level, investments
in policies that support the primary care practitioners to
provide structured chronic disease management, improves
survival following stroke or TIA. When delivered as a national
policy within a universal healthcare system, benefits were
consistent across subgroups including socioeconomic strata,
metropolitan vs rural and sex. Our results support the benefits
of government investment in these policies. Despite the
benefits demonstrated in our study, use of these policies was
suboptimal (45% of our cohort), highlighting the need to
promote uptake at the primary care level if maximum benefit
is to be achieved. There is potential of policies such as these
to be implemented in other countries with universal
healthcare or primary care subsidised systems.
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Introduction
Stroke is a lifelong condition making it the third greatest
cause of global Disability Adjusted Life Years and sec-
ond for those aged ≥50 years.1 Survivors of stroke have
an elevated risk of recurrent stroke (approximately 11%
at 1 year, 26% at 5 years),2 and most have additional
comorbid conditions.3 There is compelling evidence for
the use of pharmacological interventions4,5 and
emerging evidence for the use of lifestyle/behaviour
interventions, for secondary prevention of cardiovascu-
lar events following stroke,6,7 but uptake of such in-
terventions is sub-optimal.8 Long-term physical and
psychological impairments are also common following
stroke with new evidence that addressing impairment
related needs may improve long-term health and social
outcomes.9 Because regular reviews beyond six months
after stroke, are not part of routine practice in most
countries, primary care physicians (also known as gen-
eral practitioners) predominantly manage these pa-
tients, with variable success.10

In response to global ageing, a number of developed
countries have invested in policies to support models of
primary care that include chronic disease manage-
ment, cardiovascular risk factor screening, and care
coordination.11–13 The overarching aim of these policies is
to promote multidisciplinary care and self-management
support within a continuous care model that is integ-
rated across the healthcare sector.14 Financial incentives
www.thelancet.com Vol ▪ ▪, 2023
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are typically provided to primary care physicians to
facilitate uptake. Although these policies are designed to
support a broad range of chronic conditions, they may
specifically benefit people living with stroke to receive
more comprehensive person-centered primary care,
including ongoing review, goal setting and management
of risk factors, comorbidities, and impairments.15

Despite the potential benefits, evidence for these pol-
icies is uncertain, and hindered by a lack of high-quality
data. Within the context of stroke, there is no clear evi-
dence of efficacy for primary outcomes, which are
limited to risk factor reduction.16–18 Trials have not been
adequately powered to detect changes in policy relevant
outcomes such as survival or hospital presentations.

The objective of this study was to determine the
average population effectiveness of Australian Medicare-
funded chronic disease management policies in primary
care for improving the long-term outcomes of people
with stroke/TIA, including survival, hospital presen-
tations and medication adherence.

Methods
Study design
PRECISE is a population-based cohort study established
using population linked data and defined using target
trial emulation—an established framework based on
inclusion and exclusion criteria similar to that of a trial
and adjusting non-randomized treatment allocation us-
ing inverse probability treatment weights (IPTW).

Data sources and setting
The cohort was derived from the Australian Stroke
Clinical Registry (AuSCR).19 Analysis was restricted to
adult registrants who attended one of 42 public hospitals
in two of the seven Australian states and territories,
Victoria and Queensland, between January 2012 and
December 2016, and resided within these states. Victo-
ria and Queensland account for 46% of Australia’s
population providing a geographically diverse cohort.
Victoria is the second smallest and most densely
populated state, and is home to 30% of Australia’s new
migrants. Queensland is the second largest state but has
a smaller population and fewer migrants.20 Based on the
Australian Statistical Geography Standard Remoteness
Structure, Victoria consists almost entirely of urban and
regional areas whereas Queensland also contains some
of Australia’s most remote regions. Hospital participa-
tion in the registry is funded with government support
in these states, maximising participation and case-
ascertainment. The AuSCR includes prospectively
collected demographic and clinical data on all clinician-
identified cases of stroke (excluding subarachnoid hae-
morrhage) or TIA, using an opt-out method of consent
(<3% opt-out rate).19

Data from the following routinely collected databases
were linked to the AuSCR cohort: (i) the Medicare Bene-
fits Schedule (Medicare) claims database containing
www.thelancet.com Vol ▪ ▪, 2023
transactional data for all medical services subsidised
under Australia’s universal healthcare scheme; (ii)
the Pharmaceutical Benefits Scheme (Pharmaceutical
dispensing) database containing a record of medications
dispensed for all items subsidised by the Australian
Commonwealth government. Medications supplied
without a prescription (e.g. aspirin), privately purchased,
or funded under other specialty schemes are not
included (∼10%); (iii) the National Death Index (NDI)
containing information on date of death; (iv) theNational
Aged Care Data Clearinghouse (NACDC) containing in-
formation on admission to residential aged care homes;
(v) Admitted and emergency department (ED) patient data
(Victoria and Queensland) containing information on all
inpatient discharges from all public, private, psychiatric
and repatriation hospitals, and presentations to most
public and private EDs. See Supplemental eTable S1 for
additional details.

Treatment description
Since 1999, the Australian government has invested in
chronic disease management policies within primary
care, through Medicare-funded financial incentives
(Supplemental eTable S2).21 Primary care physicians can
claim an additional amount (almost 50%) on top of a
prolonged standard consultation fee. These policies
support the development of chronic disease manage-
ment plans which are expected to be developed in
partnership with the patient and describe in writing:
healthcare needs and relevant conditions/comorbidities,
management goals and mutually agreed action plans,
treatments and services required, and a review date for
the plan (recommended every 3–6 months).

The protocol for the emulated target trial
The target trial emulation provides a structured process
for designing real-world studies, ensuring that flaws
associated with observational studies, other than those
due to a lack of randomisation, are minimised.22

Eligibility
To mirror primary care trial recruitment,18 only those
with ≥1 primary care physician claim during the expo-
sure period (7–18 months following the index stroke
event) were eligible. To avoid contamination related to
receipt of chronic disease management in hospital or
rehabilitation settings as part of discharge care planning,
our exposure period commenced at seven months post
stroke. We excluded registrants who, during the exposure
period, were admitted to permanent residential aged care,
died, or were admitted to hospital for palliative care.
These exclusions were undertaken to reduce survivor bias
and address eligibility for the policies of interest (Fig. 1).

Exposure classification
Participants were classified as exposed if they had ≥1
claim for a new chronic disease management plan or a
3
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Fig. 1: Study time periods.
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claim for a review of a previously established plan dur-
ing the exposure period (defined by Medicare claim item
numbers; Supplemental eTable S2). Participants were
defined as unexposed if they did not have a claim for a
plan or a review. Data were partitioned by time, with a
defined exposure period (Fig. 1). This approach ensured
sufficient time for strategies identified in the chronic
disease management plan to be implemented within a
continuous care model.22

Exposure assignment
In the absence of randomisation, the IPTW approach
was used to minimise confounding. Briefly, a propen-
sity score was generated for each participant based on
their probability of having a claim for a chronic disease
plan. The propensity score was built using a logistic
regression model incorporating 42 covariates (Table 1),
known to influence claims for chronic disease man-
agement plans or stroke outcomes. IPTWs were then
generated to obtain an unbiased estimate of the Average
Treatment Effect based on the reciprocal of the proba-
bility of receiving the treatment that was actually
received (i.e. 1/PS for participants with a claim and 1/
(1-PS) for participants without a claim). IPTWs were
stabilised, the distribution of weights examined, and
extreme weights truncated at the 5th and 95th percen-
tiles. Finally, the balance in baseline covariates between
participants with and without a claim in the weighted
sample was compared, with an absolute standardised
difference (SD) < 0.1 defined as negligible imbalance.

Follow-up
Participants were followed from the start of the outcome
period (19 months after the index event) to the end of
the outcome period (30 months after the index event) or
until death, whichever occurred first, to allow sufficient
time for strategies identified in the chronic disease
management plan to take effect (Fig. 1).

Outcome measures
A systematic and blind ascertainment of outcome was
ensured through the use of administrative data that are
ascertained independent from the primary care
physician. Our primary outcome was death from any
cause. Secondary outcomes were: a) cumulative rates of
hospital presentations per 1000 person-years including
analysis of all presentations (non-admitted ED pre-
sentations or admissions) and those specific to ED,
planned, and unplanned admissions; and b) medication
adherence. Medication adherence was assessed as the
proportion of days covered (PDC) with adherent defined
as ≥80% days covered for antihypertensive, antith-
rombotic and lipid-lowering medications. The PDC is a
proxy measure of medication adherence based on pre-
scription refill patterns and has been shown to have
moderate concordance with pill counts.23 Medication
eligibility was adjusted according to type of stroke. See
Supplemental eTable S3 for details and reporting of PDC
parameters.24

Causal contrasts
Our primary analysis was based on intention-to-treat. A
simulated per protocol analysis was also undertaken in
which effect estimates were adjusted for known post
baseline prognostic factors associated with adherence to
the chronic disease plans.22 These factors were conti-
nuity and regularity of primary care physician contacts
during the exposure period, as these are required for
optimal delivery of chronic disease management.

Statistical analysis
Covariate descriptions and data quality
Multiple measures were used to maximise data
completeness including: harmonisation of hospital data,
supplementation of data missing from linked secondary
datasets and coding of baseline comorbidities using
multiple datasets with a five year look back period from
the index event (Supplemental eTable S4).25 Relevant
comorbidities were also combined to derive the Charl-
son Comorbidity Index.

To avoid overcounting hospital presentations, admis-
sion and ED episodes were combined if these were found
to have occurred on the same day or had overlapping
episode periods.26 Frequently attended treatment-based
services such as chemotherapy, radiotherapy, dialysis
and same day or inpatient rehabilitation were excluded.
www.thelancet.com Vol ▪ ▪, 2023
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Had a Medicare claim
for a chronic disease
management plan
N = 5556
n (%)

Did not have a Medicare
claim for a chronic disease
management plan
N = 6812
n (%)

P-value

Patient characteristicsa

Median (Q1, Q3) age in years 72.5 (63.0, 79.9) 67.9 (57.1, 77.3) <0.001

Female 2489 (44.8) 2703 (39.7) <0.001

Married/partner 3701 (66.6) 4510 (66.2) 0.63

Required an interpreter 208 (3.7) 208 (3.1) 0.03

Lives in regional Australia 1823 (32.8) 2252 (33.1) 0.77

Lives in Queensland 3143 (56.6) 3706 (54.4) 0.02

Socioeconomic advantageb

Quintile 1 (least advantage) 1081 (19.5) 1391 (20.4)

Quintile 2 991 (17.8) 1109 (16.3)

Quintile 3 1289 (23.2) 1417 (20.8) <0.001

Quintile 4 1295 (23.3) 1495 (22.0)

Quintile 5 (Most advantage) 900 (16.2) 1400 (20.6)

Received care concession benefits in the year prior to stroke 4303 (77.5) 4164 (61.1) <0.001

Had private health insurance at stroke admission 2132 (38.4) 2683 (39.4) 0.25

Acute (index) stroke event detailsa

Year admitted for stroke

2012 504 (9.1) 789 (11.6) <0.001

2013 1267 (22.8) 1689 (24.8)

2014 1784 (32.1) 2128 (31.2)

2015 2001 (36.0) 2206 (32.4)

Unable to walk on admission

Yes 2413 (43.4) 2779 (40.8) 0.01

No 2810 (50.6) 3578 (52.5)

Missing 333 (6.0) 455 (6.7)

Stroke type

Ischaemic 3482 (62.7) 4240 (62.2)

Hemorrhagic 430 (7.7) 536 (7.9) 0.96

TIA 1410 (25.4) 1741 (25.6)

Not determined 234 (4.2) 295 (4.3)

Prior stroke 1104 (19.9) 1107 (16.3) <0.001

Stroke occurred whilst in hospital 199 (3.6) 192 (2.8) 0.02

Treated in a stroke unit 4515 (81.3) 5449 (80.0) 0.08

Received inpatient rehabilitation 1832 (33.0) 1815 (26.6) <0.001

Comorbidities (based on hospital admissions ≤5 years of the
index stroke admission)

Hypertension 4080 (73.4) 4139 (60.8) <0.001

Dyslipidaemia 3584 (64.5) 3403 (50.0) <0.001

Atrial fibrillation 1311 (23.6) 1340 (19.7) <0.001

Angina 1032 (18.6) 918 (13.5) <0.001

Diabetes mellitus 1849 (33.3) 1169 (17.2) <0.001

Smoking 3098 (55.8) 3745 (55.0) 0.38

Obesity 203 (3.7) 179 (2.6) <0.01

Cancer 378 (6.8) 430 (6.3) 0.27

Liver disease 117 (2.1) 134 (2.0) 0.59

Renal disease 600 (10.8) 504 (7.4) <0.001

Heart failure 522 (9.4) 458 (6.7) <0.001

Myocardial infarction 497 (9.0) 479 (7.00) <0.001

COPD 398 (7.2) 337 (5.0) <0.001

Peripheral vascular disease 318 (5.7) 303 (4.5) 0.001

Mental health problems 261 (4.7) 292 (4.3) 0.27

(Table 1 continues on next page)
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Had a Medicare claim
for a chronic disease
management plan
N = 5556
n (%)

Did not have a Medicare
claim for a chronic disease
management plan
N = 6812
n (%)

P-value

(Continued from previous page)

Dementia 104 (1.9) 111 (1.6) 0.31

Alcohol 240 (4.3) 348 (5.1) 0.04

Median (Q1, Q3) CCI score 2.0 (0, 3.0) 2.0 (0, 2.0) <0.001

Community based carea

Regularly saw their primary care physician regularly (24 months
prior to stroke)c

4711 (84.8) 4647 (68.2) <0.001

Consistently saw the same primary care physician (continuity
24 months prior to stroke)d

1278 (23.0) 1590 (23.3) 0.66

Neurology visite 1778 (32.0) 2288 (33.6) 0.06

Outpatient cardiology visite 1866 (33.6) 2242 (32.9) 0.43

Outpatient rehabilitation physician visite 644 (11.6) 687 (10.1) 0.01

Medication dispensed >1 in the first 6 months following
strokea

Non-aspirin antithrombotics (excludes ICH) 4635 (83.4) 5286 (77.6) <0.001

Lipid-lowering 4880 (87.8) 5625 (82.6) <0.001

Antihypertensives 4797 (86.3) 5272 (77.4) <0.001

Chronic disease management Medicare claim during the
exposure period

Mean number of chronic disease plans or reviews claimed (SD) 1.6 (0.8) 0 (0) <0.001

Had a claim for coordinated multidisciplinary caref 2813 (50.6) 413 (6.1) <0.001

One or more allied health claimsg 4833 (87.0) 4300 (63.1) <0.001

Timing of first chronic disease claim or review during the
exposure period

1st quartile 2143 (38.6) – <0.001

2nd quartile 1620 (29.2) –

3rd quartile 1003 (18.1) –

4th quartile 790 (14.2) –

Q1: quartile 1, Q3: quartile 3; SD: Standard Deviation, TIA: Transient Ischaemic Attack, CCI: Charlson Comorbidity Index, COPD: Chronic Obstructive Pulmonary Disease. Data
are summarised as frequencies and proportions except otherwise stated. P-values were obtained by Wilcoxon rank sum tests for continuous variables and χ2 tests for
categorical variables. aIncluded in the generation of the propensity score. bDerived from the Index of Relative Social Advantage and Disadvantage with predefined categories
developed by the Australian Bureau of Statistics based on residential postcodes. cBased on no gaps longer than 6 months between encounters. dBased on a Continuity of
Care Index score ≥80%. eIn the first 6 months following stroke. fClaimed services from a primary care physician and at least two types of allied health professionals.
gServices includes those funded through Medicare: physiotherapy, podiatry, exercise physiology, dietetics, audiology, chiropractor, diabetes education, mental health worker,
osteopathy and psychology.

Table 1: Baseline characteristics of participants who did and did not have a Medicare chronic disease management claim in the 7–18 months following
stroke.

Articles

6

Regularity of visits with primary care physicians within
the two years prior to stroke was defined as a measure
of the distribution of primary care physician service
utilisation over time and used to adjust for baseline
regularity.27

Primary and secondary analyses
We fitted multi-level mixed-effects Cox proportional
hazard and logistic regression models, with the patient
and health service region as nested random effects.
Models were weighted using IPTW, with year as a co-
variate. Assumptions of proportional hazards were
confirmed for the Cox models. The significance level
was set at 2-sided P ≤ 0.05. All statistical analyses were
undertaken using STATA/MP 16.0 for Windows
(StataCorp, College Station, TX, USA, 2019).
Sensitivity and subgroup analyses
Prespecified variables were tested for any interaction or
modification effect with the exposure on survival by
inserting product (interaction) terms into primary
outcome models. Subgroup analyses were also con-
ducted for: regularity of visits to primary care physician
(in the 24 months prior to stroke); new claims vs no
claim; ≥2 claims vs no claim; stroke vs TIA; multi-
morbidity (1 and 2, ≥3 chronic conditions other than
stroke) vs single morbidity; age group (<65, 65–74,
75–84, 85+ years); sex; stroke severity; prior stroke; atrial
fibrillation; hypertension; and diabetes. To further test
the robustness of our results we undertook a quantita-
tive analysis of potential biases arising from the
misclassification (differential and non-differential) of
participants into the exposure groups on the primary
www.thelancet.com Vol ▪ ▪, 2023
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outcome. This misclassification may be due to insuffi-
cient documentation or the management plans not be-
ing delivered in the way intended. Bias parameters were
specified based on expert opinion28 on the likelihood of
misclassification. For non-differential misclassification
of having a claim, we specified the same hypothetical
range of errors for misclassification in participants who
died and those who survived, i.e. specificity and sensi-
tivity values between 0.75 and 1.00. For differential
misclassification, we specified error values of 0.75–1.00
for participants who died, and 0.70–1.00 for those who
survived, and a between-group correlation in sensitivity
and specificity values of 0.8. This process was repeated
1000 times to obtain simulated distribution of hazard
ratios corrected for systematic errors.

Role of funding source
The study funders had no role in the design and conduct
of the study; collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; or decision to submit the
manuscript for publication.

Results
Of the 28,775 AuSCR registrants from Victoria or
Queensland who were eligible for data linkage, 27,435
(95.3%) were successfully linked with the administrative
datasets (Supplementary eFig. S1). Of these 12,368 met
our eligibility criteria (Fig. 2) and 93.6% had complete
data. Median age was 70.2 years (quartile 1: 59.9,
quartile 378.7), 42.0% were female and 25.6%
Fig. 2: Study flo

www.thelancet.com Vol ▪ ▪, 2023
experienced a TIA. Overall 75.7% saw their primary care
physician regularly and 44.9% had a Medicare claim for
chronic disease management during the exposure
period. During the outcome period 3.7% transitioned to
permanent residential care with a greater proportion
observed in the chronic disease management group
(4.6% vs 2.9%).

Prior to applying IPTWs, baseline characteristics and
risk factors differed between those who did and did not
have a Medicare claim for chronic disease management.
Participants who: regularly saw their primary care phy-
sicians prior to stroke, had a concession that provides
additional subsidies for health care, or had diabetes,
more often had a claim for chronic disease management
than those who did not (Table 1). Following the appli-
cation of IPTWs, excellent balance was achieved be-
tween groups (Fig. 3). During the follow-up period we
observed 516 (4.17%) deaths and 16,681 hospital pre-
sentations, of which 10,675 (64.0%) were unplanned
and 6006 (36.0%) planned (e.g. elective surgery, planned
treatments).

In weighted multivariable models, participants with
a claim for chronic disease management had a 26%
lesser mortality rate during the follow-up period,
adjusted hazard ratio (aHR): 0.74 (95% confidence in-
terval [CI]: 0.62, 0.87) compared to those without a claim
(Table 2). Results remained similar for the per protocol
analysis. On systematic bias analysis, the effect of the
exposure on survival was stronger for assumptions of
non-differential (HR: 0.66, 95% CI: 0.53, 0.80) or dif-
ferential misclassification (HR: 0.69, 95% CI: 0.45, 1.02)
w diagram.

7
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Fig. 3: Standardised differences in baseline covariates between those with and without a chronic disease management claim pre and
post application of inverse probability treatment weights.
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Cumulative incidence ratea

Had a Medicare claim for a
chronic disease
management plan N = 6357

Did not have a Medicare
claim for a chronic disease
management plan N = 5223

Weighted Modela

HR (95% CI)

Events Rate Events Rate

Primary outcome

Deaths 223 0.112 293 0.120 0.74 (0.62, 0.87)

Secondary outcome 1—hospital presentations

All presentations 8863 1729.9 7818 1256.0 1.17 (1.13, 1.21)

Admissions only 6939 1354.3 6086 977.7 1.15 (1.10, 1.21)

Unplanned 3758 733.5 3261 523.9 1.10 (1.00, 1.21)

Planned 3181 620.9 2825 453.8 1.21 (1.13, 1.31)

ED presentations only 1924 375.5 1732 278.2 1.23 (1.13, 1.35)

Secondary outcome 2—medication adherence

n/N % n/N % Weighted Modela

OR (95% CI)

Non-aspirin Antithromboticsb 2536/4825 52.6 2475/5878 42.1 1.16 (1.07, 1.26)

Lipid-lowering 2991/5223 57.3 2917/6357 45.9 1.23 (1.13, 1.33)

Antihypertensives 2945/5223 56.4 2969/6357 46.7 1.16 (1.07, 1.25)

ED: emergency department, CI: Confidence Interval, HR: Hazard Ratio, OR: Odds Ratio. aModels weighted using inverse probability treatment weights with year as a
covariate. bExcludes patients with intracerebral haemorrhage.

Table 2: Primary and secondary outcome results.
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(Supplemental eTable S5). In the stratified analyses, we
were unable to detect statistically significant differences
in survival for any subgroup (Table 3). However, new
users and those with more than one claim during the
exposure period demonstrated a greater benefit than
those who had a claim prior to their stroke or only one
claim during the exposure period (Table 4).

There was an overall 17% greater rate of presenting
to the hospital (ED presentations and admissions) in
those with a chronic disease management claim
compared to those without (aHR: 1.17, 95% CI: 1.13,
1.21; Table 2). When examined separately there was a
23% increase for ED presentations that did not result in
an admission (aHR: 1.23, 95% CI: 1.13, 1.35) and a 15%
increase for admissions (aHR: 1.15, 95% CI: 1.10, 1.21).
When examined further, there was a non-significant
10% increase in rates of unplanned admissions (aHR:
1.10, 95% CI: 1.00, 1.21) and 21% increase in rates of
planned admissions (aHR: 1.21, 95% CI: 1.13, 1.31). ED
presentation rates did not differ when stratified by high
vs low acuity (Table 2). Hospital presentation rates due
to cardiovascular disease, chest pain/collapse and
abnormal findings were greater in those with a chronic
disease management claim compared to those without
(Fig. 4). All models met the assumptions for propor-
tional hazards.

A greater proportion of those with a chronic disease
management claim were adherent to non-aspirin
antithrombotic (83.4% vs 77.6%), lipid-lowering
(87.8% vs 82.6%) and antihypertensive medication
(86.3% vs 77.4%), compared to those without. In
weighted multivariable models, those with a chronic
www.thelancet.com Vol ▪ ▪, 2023
disease management claim had a greater odds of being
adherent (PDC ≥ 80) for all three prevention medication
types, compared to those without a claim (Table 2).

Discussion
Our findings provide evidence of population effective-
ness of Australian Medicare-funded chronic disease
management policies in primary care for improving the
long-term survival of people living with stroke/TIA and
adherence to secondary prevention medication. Impacts
on planned admissions and ED-only presentations are
less clear. Despite the survival benefits, less than half of
our cohort had a chronic disease management claim.

As all people who suffer a stroke/TIA have an
elevated risk of subsequent cardiovascular events, all are
eligible for these plans.2 However, less than half of our
cohort had a chronic disease management claim. This is
similar to other chronic conditions, such as chronic
lung disease (49%) and heart disease (47%), and sug-
gests suboptimal uptake generally within primary care.21

This is despite a gradual population increase in access
by people aged ≥65 years from 86.25 services per 100
people in 2013/14 to 129.30 services per 100 people in
2020/2021.29,30 Our results support the effectiveness of
these policies at a population level, above that of stan-
dard care, to promote the use of these plans.

In recognition of the rising prevalence and healthcare
costs associated with chronic diseases, governments
have implemented policy initiatives that provide finan-
cial incentives to providers to deliver comprehensive
chronic disease management. In our study, these in-
centives were provided through specific Medicare claim
9
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Subgroup stratification Total = 11,574 N (%) Hazard Ratio (95% CI) Interaction P-Value

Regularity of visits to PCP

Regular ( ≥ 1 visit/6 months)a 8756 (75.7) 0.75 (0.61, 0.91) 0.68

Irregular 2818 (24.3) 0.67 (0.42, 1.06)

CDMP claim prior to strokeb

Yes 3940 (34.0) 0.59 (0.45, 0.77) 0.69

No 7634 (66.0) 0.66 (0.44, 0.97)

Age group, years

<65 4229 (36.5) 0.62 (0.35, 1.08) Ref

65–7 3132 (27.1) 0.94 (0.69, 1.27) 0.22

75–84 3196 (27.6) 0.77 (0.61, 0.97) 0.46

≥85 1017 (8.8) 0.61 (0.37, 1.00) 0.95

Type of index event

Hemorrhagic/ischaemic stroke 7239 (62.5) 0.76 (0.65, 0.88) 0.93

TIA 3149 (27.2) 0.78 (0.51, 1.18)

Prior stroke

Yes 2119 (18.3) 0.65 (0.47, 0.89) 0.42

No 9455 (81.7) 0.77 (0.62, 0.94)

Unable to walk on admission

Yes 5190 (44.8) 0.72 (0.53, 0.96) 0.82

No 6384 (55.2) 0.76 (0.57, 1.01)

Sex

Women 4871 (42.1) 0.66 (0.48, 0.91) 0.37

Men 6703 (57.9) 0.79 (0.65, 0.96)

Lives in regional Australia

Yes 3785 (32.7) 0.77 (0.60, 0.98) 0.69

No 7789 (67.3) 0.72 (0.59, 0.89)

Outpatient neurology visitc

Yes 3825 (33.0) 0.76 (0.54, 1.06) 0.92

No 7749 (67.0) 0.73 (0.56, 0.95)

Outpatient cardiology visitc

Yes 3865 (33.4) 0.87 (0.67, 1.12) 0.07

No 7709 (66.6) 0.69 (0.57, 0.83)

Had diabetesd

Yes 2836 (24.5) 0.62 (0.45, 0.85) 0.30

No 8738 (75.5) 0.80 (0.62, 1.04)

Had hypertensiond

Yes 7666 (66.2) 0.71 (0.62, 0.82) 0.30

No 3908 (33.8) 0.83 (0.59, 1.16)

Had atrial fibrillationd

Yes 2483 (21.5) 0.81 (0.66, 0.98) 0.36

No 9091 (78.5) 0.70 (0.55, 0.89)

Number of comorbiditiesd,e

None 2388 (36.1) 0.93 (0.62, 1.38) Ref

1–2 5008 (43.3) 0.77 (0.61, 0.99) 0.36

≥3 4178 (20.6) 0.62 (0.50, 0.78) 0.07

PCP: primary care physician, CDMP: Chronic Disease Management Plan, TIA: Transient Ischaemic Attack. aWithin two years prior to stroke. bWithin one year prior to stroke.
cIn the 0–6 months post stroke. dWithin five years prior to stroke (including the index stroke admission). eAs defined by the Charlson Comorbidity Index.

Table 3: Subgroup analysis results for the primary outcome of survival.
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items that attracted additional reimbursement above that
of a standard consultation. Evidence from other research
on the effectiveness of financial incentives in primary
care is conflicting, with the clearest benefit likely related
to improving adherence to clinical indicators or
processes of care. Existing data are limited on whether
these plans improve long-term patient outcomes.31,32

Improved prescribing has also been demonstrated in
response to financial incentives.32 The differences in
uptake of medications observed between groups may be
www.thelancet.com Vol ▪ ▪, 2023
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Total cohort
(n = 12,368)
n (%)

Analysis cohort
(n = 11,574)
n (%)

HR (95% CI) P-value

Number of claims for a chronic disease management plan
or review in the 7–18 months following stroke

0 6812 (55.1) 6356 (54.9) Ref

1 3209 (26.0) 3018 (26.1) 0.76 (0.62, 0.93) 0.01

≥2 2347 (19.0) 2200 (19.0) 0.70 (0.57, 0.88) <0.01

Prior and current chronic disease management claims

No pre or post stroke claim 6812 (55.1) 6356 (54.9) Ref

Pre and post stroke claima 3689 (29.8) 3472 (30.0) 0.88 (0.75,1.02) 0.09

Post stroke claim only (new user)b 1867 (15.1) 1746 (15.1) 0.53 (0.35, 0.81) <0.01

aHad a chronic disease management claim within the exposure (7–18 months following stroke) and in the 2-years pre-stroke. bHad a chronic disease management claim
within the exposure period (7–18 months following stroke) but not the 2-year pre-stroke period.

Table 4: Sensitivity analysis for the primary outcome of survival, based on claim usage patterns.

Articles
explained by perceived side effects. We hypothesise that
receipt of more comprehensive cardiovascular risk
assessment and medication counselling provided
through chronic disease management claims may have
supported adherence to these medications. Our results
support this hypothesis as evidenced by improvements
in observed adherence to prevention medications.

Incentivising the coordination of multidisciplinary
care through chronic disease management may also
have contributed to improved outcomes in our study.
There is emerging evidence of the effectiveness of
complex, low-cost patient-oriented interventions that
focus on the broader context of recovery and cardio-
vascular risk control delivered through primary and
community care.9,33,34 Similarly, organisational inter-
ventions that utilised multidisciplinary team approaches
with regular patient appointments have been associated
with the greatest reductions in blood pressure.6 Our
Fig. 4: Rates per person per year of hospital presentations according to
following stroke, stratified by the presence or absence of a chronic dis
indicates transient ischemic attack, CVD indicates cardiovascular disease (e
3.7% of non-admitted ED presentations that did not have a primary dia

www.thelancet.com Vol ▪ ▪, 2023
stratified results also indicate that the survival benefit is
applicable to most groups living with stroke/TIA.

Results pertaining to hospital presentations in our
study were mixed with an overall increase amongst
those with a chronic disease management claim. Factors
influencing hospital admissions in the long-term
following stroke are multifactorial26 and in some cir-
cumstances may be due to unmet health needs being
identified during the care planning process.9 Reasons
for the increase in ED presentations, that did not result
in an admission, are also consistent with other national
and international studies35,36 Specific to stroke, the use of
structured plans and collaborative goal setting to
manage chronic diseases related to cardiovascular risk
(e.g. hypertension, atrial fibrillation, hyperlipidemia),
may have led to increased surveillance of cardiovascular
signs prompting an increase in ED presentations.35

From an economic perspective this trade-off between
the primary cause of hospital presentations in the 19–30 months
ease management claim in the 7–18 months following stroke. TIA
xcluding stroke) and Rehab indicates rehabilitation services. * Includes
gnosis code.

11
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hospital presentations and survival increases the overall
system costs. However, this may be considered accept-
able by government and society given the observed
survival benefits. System factors that may also influence
hospital utilisations include: lack of timely access to
primary care physicians as a result of wait lists or
limited after hours services, geographic remoteness or
out of pocket expenses above the Medicare rebate
(particularly for those without concession cards), as ED
does not incur a cost to the patient. Nevertheless, our
results highlight the need for financially-based policies
such as these to be implemented within the context of
broader health system redesign.36

Strengths of our study include our large linked
population dataset with a clinical diagnosis of stroke or
TIA. The size and breadth of data enabled successful
emulation of a target trial, allowing explicit description
of key components of our study design in such a way as
to avoid biases that commonly occur when drawing
causal inferences from observational data. Further, we
were able to obtain reliable estimates of the average
treatment effect over the entire population through the
application of IPTWs. In doing so we maintained strong
external validity which is of particular interest for policy-
relevant exposures such as those in our study.

There are several limitations to our study. Although
we were able to demonstrate better adherence to sec-
ondary prevention medication in those with a chronic
disease management claim, we were not able to discern
the content of the plans or the extent to which they
promoted self-management. We included a number of
standard social and economic measures in our study.
However, explanatory variables related to health
seeking behaviours such as health literacy, self-efficacy
or service accessibility were not able to be accounted
for in the analysis. Medication adherence was based on
dispensing histories and it was not possible to verify
whether these medications were taken. We were also
unable to account for medications supplied in hospital
or without a prescription (e.g. aspirin). However, all
medications relevant to our study are captured through
the Australian pharmaceutical dispensing dataset. We
have used multiple rigorous approaches to control for
confounding and bias through the emulated target trial
approach, used IPTW to reduce bias for 42 baseline
variables and used truncation of IPTWs to meet as-
sumptions of positivity. As this study was observa-
tional, and therefore did not involve randomisation of
participants, we cannot discount the possibility of re-
sidual confounding due to unmeasured variables. Re-
strictions imposed through the target trial emulation,
may limit generalisability to those who survive the first
18 months following stroke, are living in the commu-
nity and are under the care of a primary care physician.
Our exclusion of participants who transitioned to res-
idential care also means that our final sample con-
tained a lesser proportion of female and older
participants than is generally observed in population-
based stroke studies.

Conclusion
Our findings have important implications for promot-
ing the benefits of chronic disease management policy
in primary care of people living with stroke/TIA. We
provide evidence of survival benefits afforded by gov-
ernment policies that financially support primary care
physicians to provide structured chronic disease man-
agement in the long-term management of stroke/TIA.
We also provide a strong case for the ongoing provision
of these plans within a universal healthcare system,
despite an observed increase in overall hospital pre-
sentations. Strategies to improve uptake at the primary
care level are needed and could include: greater
financial incentives and mandates, education for pa-
tients and healthcare professionals, and ongoing pop-
ulation monitoring involving audit and feedback.
Future research is needed to understand nuances
associated with uptake from both a provider and pa-
tient perspective.
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