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Abstract
Queensland is Australia's hotspot for cardiovascular disease (CVD).
Critically, beyond modifiable lifestyle risk factors; socio-demographic
differences and environmental factors account for significant variations in
healthcare use and outcomes among cardiac patients across the country.
To better understand the impacts of these factors on the health of cardiac
patients, there is a need for a comprehensive and robust longitudinal cohort
study that can unpack the underlying dynamics.
This paper describes the protocol for the Queensland Cardiovascular
Linkage (QCard) Study. The QCard is a longitudinal linkage cohort study of
cardiac patients who were first hospitalised with any cardiac condition in
2010, with follow up hospitalisations until December 2015. The primary aim
of the QCard is to identify and characterise the nature and impact of
socio-demographic inequality among those presenting for the first time with
the most common form of CVD in Australia (heart disease) in Queensland
from 2010 with minimum 5-years follow-up of subsequent healthcare
utilisation and outcomes. A secondary aim is to undertake an exploration of
the impact of environmental and specific health service factors on
healthcare use and survival time in the same QCard cohort. Administrative
public and private hospital inpatient, outpatient and emergency department
data for all of Queensland will be linked with individual primary care data
and pharmaceutical data. These data will also be linked to regional
socio-demographic data and environmental data, as well as data that
describes the features of each hospital in the region.
The findings from the study will provide critical information for cardiac
patients, clinicians and health policymakers. Such information ranges from
identifying most vulnerable cardiac patients who may require targeted
needs to providing estimates for cost-effective ways of evaluating
healthcare interventions that seek to improve the health of cardiac patients.
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Introduction
Cardiovascular diseases (CVDs) remain a global health concern 
due to the number of deaths attributable to the disease1. In  
Australia, particularly Queensland, the prevalence and inci-
dence of CVD continue to impose a tremendous burden on the 
health system. Queensland, with 8 of the nation’s top 20 regions 
for death due to heart disease, was identified by the National 
Heart Foundation of Australia (NHFA) as Australia’s hotspot 
for cardiovascular disease (CVD)2 – a national health priority  
area3. Queensland has the second-highest incidence rate of 
CVD after the Northern Territory. The incidence of acute coro-
nary events (heart attacks) was estimated to be 20% higher  
than the national average in 2014, and one-tenth of all  
hospital expenditure was related to CVD4 (Queensland Health, 
2016). Also, 29% of all total deaths are CVD related, which 
was 5% higher than the national rate in 2014. Coronary Heart  
Disease (CHD) and stroke were 9% and 8% higher than the  
national death rates in 2014, respectively4.

Despite the common modifiable risk factors (such as life-
style) associated with CVD, socio-demographic differences, 
environmental factors and hospital characteristics account for  
significant variations in healthcare use and outcomes among 
cardiac patients. Socio-demographic inequality that drives 
patient ranges from age, gender to ethnicity differences5,6. Also,  
micro-economic factors such as education, wealth and remote-
ness of usual residence7–12 contribute to substantial variations  
in cardiac health within a population.

The role of the environment on cardiac health can also be tre-
mendous. Environmental factors such as ambient temperatures, 
air pollution, and macroeconomic shocks drive healthcare use 
and outcomes among cardiac patients. There is evidence that 
suggests that exposure to air pollution impact hospital admis-
sions among cardiac patients13,14. Similarly, chronic exposure  
to extreme temperatures can trigger an immunological proc-
ess which makes cardiac patients vulnerable to death15–17. The 
frequent heat waves observed globally, particularly, in Europe, 
Asia and Australia18 make exploring the impact of environmen-
tal shocks on cardiac patients more of a concern. Macroeco-
nomic shocks have also been shown to significantly impact 
cardiac health19,20. The interaction of these environmental  
variables and its associated confounding factors exposes  
cardiac patients to adverse events.

Finally, hospital characteristics, the availability of cardiac  
services, access to evidence-based cardiac care, commu-
nity healthcare and variation in clinical practice also play an  
important role in determining the health of cardiac patients. 
Cardiac services such as cardiac surgery, telehealth, exercise 
stress test, and Holter monitoring varies substantially across  
hospitals, which ultimately predict variations in health outcomes. 
The variations in health services across hospitals in Australia 
and its leading hospital outcomes are often reflected in  
how hospitals are classified21.

To better under understand the impact of systematic socio- 
demographic inequality, environmental factors, and hospital  

characteristics on healthcare use and outcomes among car-
diac patients, there is the need for robust longitudinal cohort 
patient-level data that can characterise patients’ outcomes over 
time. This paper describes the QCard data, which is a longitu-
dinal patient-level cohort linkage data of cardiac patients from 
Queensland, Australia, and can be merged with numerous other 
data sets pertaining, for example to, environmental factors.  
Figure 1 describes a model of how the QCard data will be used 
to explore the impact of individual unmodifiable risk factors, 
modifiable factors of healthcare delivery and the impact of 
wider environmental effects on healthcare use and outcome  
among cardiac patient post-first CVD hospitalisation.

The QCard study has two broad aims. The primary aim 
of the QCard is to identify and characterise the nature and 
impact of socio-demographic inequality among those present-
ing for the first time with the most common form of CVD 
in Australia (heart disease) in all regions, from metropoli-
tan to remote, in Queensland and their subsequent healthcare  
utilisation and outcomes (e.g., survival, readmission, compli-
cations). A secondary aim is to undertake an exploration of 
the impact of environmental and specific health service factors  
(e.g., air pollution, temperature, policies) on the healthcare use  
and survival time in the same QCard cohort.

Protocol
Study design
QCard is a longitudinal patient-level cohort linkage study of 
all CVD hospitalisations in 2010 with subsequent hospitali-
sations over a six-year period in Queensland, Australia. That 
is, the QCard will utilise secondary data that encapsulates all  
primary, secondary and tertiary healthcare used by all car-
diac patients who were first hospitalised in 2010 and follow  
up utilisations until December 2015.

Study setting and population Queensland is the second-largest 
in the geographical area and the third most populated state 
in Australia and has an area of 665,615 square miles ranging 
from -10 to -30 latitude. The QCard data will include all 
patients who were admitted to hospitals with a diagnosis of 
CVD in 2010 with subsequent admissions until December  
2015 in Queensland (QLD), Australia. The cohort will repre-
sent all CVD admissions in QLD during the study period. We 
will use ICD-10-AM (International Statistical Classification 
of Diseases and Related Health Problems, 10th Revision,  
Australian Modification) codes from the admission data to define  
cardiovascular disease as follows: All cardiovascular diseases: 
I00-I99, Acute Coronary Syndrome (ACS): I200, I210-I214,  
Unstable Angina: I200, ST-Elevation myocardial infarction: 
I210-I213, Non-ST Elevation myocardial infarction: I214, 
Chronic Heart Syndrome (CHS): I20-I25, Heart Failure: I50,  
Cerebrovascular Disease (CeVD): I60-I69, and Chronic rheu-
matic heart disease: I05-I09. The study is expected to have a 
sample of 200,000 first-ever cardiac hospitalisations22, with a  
survival rate of approximately 71%4.

Inclusion criteria: Any CVD-related inpatient admission to a  
public health facility in 2010 for people aged 18 and above.
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Exclusion crtieria: patients aged under 18 or admitted to pri-
vate health facilities as private patients. Non-admitted patients 
were also excluded – that is those attending outpatients or the 
emergency department who were not admitted. In addition, par-
ticipants were excluded if they had a CVD-related inpatient  
hospitalisation before 2010.

Ethics
Ethical approval for the QCard study was obtained from the 
Human Research Ethics Committee (Ref No: 2017/001) by  
Griffith University and Queensland Health. Data will be stored  
and accessed using the Secure Unified Research Environment.

Individual patient consent was waived for this study as it 
involved no direct contact with, or identification of, patients. 
Access to data was authorised under the Public Health Act of 
Queensland. Only un-identified, and non-reidentifiable, data  
were obtained.

Data sources
The data required for the study were submitted to data cus-
todians in each of the 16 Hospital and Health Services in 
Queensland for approval. After receiving approval from the 
data custodians, the data were extracted and provided by the  
Statistical Unit of Queensland Health. The cohort data will be 
extracted from the Queensland Hospital Admitted Patient Data  
Collection (QHAPDC), Emergency Department Data Collec-
tion (EDDC), Registrar General Deaths Database (RGDD),  
comorbidity, and costs database. The cohort will also be 
linked with national data on the Medicare Benefits Sched-
ule (MBS) and the Pharmaceutical Benefits Scheme (PBS) 
from the Australian Institute of Health and Welfare (AIHW).  
These data sets will contain information about types of  
medication and health services used, total expenditures and  
out-of-pocket contribution by patients for services, imaging and  
diagnostic procedures and prescription medicines received in the 

community. Table 1 summarises the data sources the expected  
variables available in them.

Environmental data
External data on environmental factors will be linked using 
residential postcodes of patients. All study participants have 
their postcodes recorded in the data; hence, we will be able 
to identify inequality at all geographical levels including the 
78 local government areas (LGAs) in Queensland, Statistical 
Area Level 3 (SA3), Statistical Area Level 4 (SA4), State  
Suburb (SSC) and Postal Area (POA) levels. Specifically, 
environmental factors on air pollution will be sourced from 
Queensland Government Department of Environment and  
Science (QGDES), ambient temperature from Australian Bureau 
of Meteorology (BoM), and macroeconomic factors and socio-
economic status (SES) from Australian Bureau of Statistics  
(ABS). These data will be used to investigate the impact of 
environmental shocks and conditions on healthcare use and  
survival time of cardiac patients. Effects of macroeconomic 
fluctuations and policy changes on health services usages and  
outcomes are also investigated.

Hospital characteristics
Data on hospital characteristics such as type of hospital  
(public/private), number of beds, locations and types of fund-
ing (block vs activity-based), peer group codes (acute, sub-acute 
and non-acute) and remoteness index will be collected. Such 
data will be sourced from Hospital and Health Services (HHSs), 
Independent Hospital Pricing Authority (IHPA) and Australian  
Institute of Health and Welfare (AIHW) and will cover 2010  
and then annually thereafter.

Data linkage
Data sets will be linked using the individual identifier 
code, generated by the AIHW. The episode identifier code,  
generated by the Queensland Health Statistical Analysis Unit, 

Figure 1. Model for the QCard study.
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and date of services will also be used to match data sets. In  
particular, individual and episode identifier codes will be 
used to link admissions data with the cost and sub-acute and  
non-acute data sets (see Figure 2). Data from the death regis-
try were linked using only the individual identifier. Admission 
data will be linked with the morbidity data using the individual  
and episode identifiers.

The selected data sets will also be linked with the MBS and 
PBS data. The MBS has records of federally subsidised 
health services accessible to all eligible Australians. The PBS 
has records of federally subsidised prescription medications  
accessible to all eligible Australians. The MBS and PBS data 
contain detailed information of MBS schedule fee, MBS fee  
charged, MBS benefits paid by the Commonwealth government, 
PBS patient contribution, PBS benefit by the Commonwealth 
government as well as the quantities of drugs dispensed.  

We will also link external data, including socio-economic index, 
macroeconomic indicators and meteorological information  
to the main data set using residential postcodes.

Finally, postcode-level data on socio-economic and environ-
mental variables will be linked with the main data using the 
individual postcodes and time (month and year) of admission 
or separation. Hospital level variables will also be merged unto  
the admission data using hospital names. These external data sets 
will not be at the individual levels but based on place of usual  
residence, hospitals of visits, and the time of hospital event.

To protect the privacy of patients, an individual probabilis-
tic identification code, generated by the AIHW, will be used. 
The data will be stored and analysed using the Secure Unified 
Research Environment (SURE). Only authorised researchers can 
access the data remotely using password and security tokens with  

Table 1. Main data sources and variables.

Admission Primary impairment types Direct costs

Facility names Services post-discharged Overhead costs

Age of patients Activity daily living types Financial year

Sex of patients Activity daily living scores MBS

Regions of origin Stage of illness MBS item number

Marital status Morbidity MBS category

Indigenous status Sequence of codes MBS group

Residential status ICD type/codes Bulk bill flag

State of residence Condition onset codes Hospital flag

Statistical local area Procedure date Service postcodes

Statistical area level 2 Resource intensive flag MBS services

Occupation Death registration Date of services

Medicare eligibility Date of death Schedule fee

Hospital insurance cover Cause of death Fee charged

Admission/separation date Emergency services Benefit paid

Length of stay at ICU Arrival mode PBS

Original referral code Triage priority PBS item codes

Separation mode Types of visits Patient category

Usual accommodation Payment class Date of supply

Employment status Diagnosis codes Under co-payment code

Pensions status Episode end status Approval type

Referral for further care Arrival/Departure dates Pharmacy postcode

Diagnosis-related group First admission Close the gap code

Sub-acute non-acute (SNAP) Date of the first admission PBS script number

SNAP types/summary Cost data PBS quantity

SNAP admission/separation date Cost centre codes Patient’s contribution

Multidisciplinary care plan Cost items Benefit paid

Note: ICU=Intensive Care Unit; SNAP=Subacute and Non-acute Assessment and Pathways; ICD = 
International Classification of Disease; MBS = Medicare Benefits Schedule; PBS = Pharmaceutical 
Benefits Scheme��
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time-synchronised one-time passwords. No data will be 
exported outside the SURE. Also, results of data analyses will 
be screened by the SURE personnel to ensure no identifiable  
information is included before exporting to an external gateway.

Main outcome measures
The outcomes that will be investigated in this study are put 
into primary and secondary outcomes: The primary out-
comes are mortality, time-to-death, readmission and days alive  
and out of the hospital. Mortality in the study will be meas-
ured as deaths after the first CVD hospitalisation. This outcome 
will be traced from the RGDD database. Using the QHAPDC 
and RGDD data, we will be able to measure survival time by 
looking at when a patient was first hospitalised and the date of 
death. Alive and out of hospital will adjust the patient’s survival  
time for the number of days spent in the hospital.

The secondary outcomes will be healthcare utilisation across 
all care sectors. More specifically, indicators such as gen-
eral practitioners (GP) visits, use of cardiac-specialised  
services (which will be traced from the Medical Benefits Scheme 
(MBS) data), emergency department and inpatient hospi-
tal admissions, in-hospital adverse events, and pharmaceutical  
use from the Pharmaceutical Benefits Scheme (PBS) data.

Data analysis and statistical plan
The study will adopt two analytical approaches. The first  
analytical strategy will be to explore the extent to which  
socio-economic and spatial inequality permeates among cardiac 
patients, as shown in Figure 1. Techniques as Bayesian Spatial  
Analysis (BSA) will be used to investigate the extent to which 
spatial variations across the 78 local government areas in  

Queensland associate with variations in health service utili-
sation and mortality among cardiac patients. The number of 
deaths, admissions and GP visits in each LGA-period-sex-age  
group will be specified using a Poisson model. The Poisson  
model can estimate LGA level deaths and use of health  
services relative to that expected if all LGAs have the same  
deaths and use of health service as the national rates. In addi-
tion to the BSA, the Maximum Likelihood Estimation (MLE) 
techniques such as the logit and probit model will be employed 
to investigate the impact of socio-demographic factors  
(such as gender, age, and ethnicity) and cardiac-specific  
conditions (such as CHD, HF, AF etc.) on healthcare use and 
outcomes among cardiac. These techniques will enable us to 
identify most the most vulnerable patients who may require  
targeted public policies.

The second analytical approach will seek to explore the impact 
of environmental factors on health outcomes. Particularly, 
environmental effects on the survival time of cardiac patients 
and will utilise parametric and semi-parametric survival mod-
els such as the Cox proportional hazard model, Weibull, 
Gompertz, and Exponential. By using both parametric and  
semi-parametric survival models, the study will be able to  
provide reliable estimates on the impact of environmental  
factors on survival time under different assumptions placed on 
the baseline hazards of cardiac patients. In addition, general-
ised linear models with relevant link function and distributional 
assumptions will be used to estimate the impact of hospital  
characteristics and environmental factors on other outcomes 
(e.g., readmissions) and healthcare use such as hospital  
admissions, GP visits, healthcare costs and drug use.  
Unobservable characteristics across patients will be mitigated 

Figure 2. The data linkage process. 

Page 6 of 9

F1000Research 2020, 9:282 Last updated: 04 MAY 2020



using a random-effects approach, while a fixed-effect approach  
will be used to address unobserved characteristics at community 
or health service levels. These approaches will reduce potential  
biases by unobserved or missing variables (confounders).

Data will be analysed using STATA 15.023 or subsequent  
upgrades and R 3.6.124.

Dissemination of information
Findings of this study will be disseminated via publication in 
peer-review journals, conference presentations, policy briefings  
and public lectures.

Study status
At the time of writing, all health service data have been 
obtained and linked. A baseline paper that describe character-
istics of the cohort is in preparation. Also environmental data 
on air pollution and ambient temperature have been obtained 
from the Queensland Government Department of Environment  
and Science (QGDES) and Australian Bureau of Meteorology 
(ABM) respectively and are being analysed. Collaborations 
with three other institutions in Australia have been developed  
to investigate a wide range of research topics from this cohort.

Discussion
QCard is a population-based linkage cohort study of cardiac 
patients in Queensland, Australia who was first hospitalised 
with any CVD condition in 2010, with follow up admissions 
until December 2015. The study will investigate cardiac out-
come measures such as survival time and healthcare use, which  
reflect the burden of cardiovascular diseases to the patient, 
health system and society at large. A nuanced analysis of these 
outcomes will unpack any existing inequalities within the 
population as well as better our understanding on how public  
health policies can be strategised to offer cost-effective models of 
care for cardiac patients.

Although the QCard study is similar to other cohort-studies 
on CVD25–28, it differs from these studies in some key elements. 
First, the QCard study includes different cardiac conditions 
ranging from mild conditions like varicose veins to serious an 
urgent condition like acute myocardial infarction. The advan-
tage of having such heterogeneous cardiac data is that it allows 
for a comparative analysis of any prevailing inequality in  
healthcare use and outcomes across different conditions, as 
well as identifying which public health policies work best for 
which cardiac conditions. Second, this study will interrogate 
the impact of environmental factors on the health outcomes 
of cardiac patients. This approach will bring to bear the  
contemporaneous impact of environmental shocks on the 
health of cardiac patients, hence enabling cost-effective ways 
of modelling healthcare interventions for patients with CVD. 
Finally, and perhaps most importantly, the QCard study is 
unique regarding the context of patients being investigated.  
As mentioned earlier, CVD is a major health concern in  
Queensland regarding its incidence, prevalence and death tolls 
in the state. Therefore, a comprehensive and robust study on  
CVD in Queensland will provide a context-specific understanding 
of the disease and how policy can minimise its burden. 

In conclusion, the QCard study is a comprehensive popula-
tion-based study of cardiac patients in Queensland which  
will explore the socio-demographic inequalities in healthcare 
use and outcomes as well as the interacting impacts of environ-
mental factors on health outcomes. The findings from the study 
will provide useful information for cardiac patients, clinicians 
and health policymakers. Such information ranges from iden-
tifying most vulnerable cardiac patients to providing estimates 
for cost-effective ways of planning healthcare interventions  
that can improve the health of cardiac patients. 

Data availability
Underlying data
No data are associated with this article.
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