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Abstract 

Between February 2017 and June 2021, I undertook the Master of Philosophy in Applied 

Epidemiology at the Australian National University.  During this period, I was employed 

as a cardiologist at the Sunshine Coast University Hospital, Birtinya, Queensland, a public 

hospital in Queensland Health. My thesis presents the results of the four required field 

research projects. 

Acute Public Health Problem: The ATHENA COVID-19 Study: Part 1 - data linkage study 

of outcomes in people diagnosed with COVID-19 in Queensland 1 January to 31 

December 2020. Part 2: linkage of general practitioner (GP) data and consent-to-

recontact. The aim of Part 1 was to describe health outcomes and investigate predictors 

of outcomes for all people diagnosed with COVID-19 in Queensland by linking COVID-19 

notification, hospital, general practice and death registry data. The aim of Part 2 was to 

establish  a readily available and ongoing resource for access to COVID-19 patients’ 

health care data and to the patient themselves, enabling biospecimen-related research 

including the study of long-COVID. The findings from Part 1 were consistent with what 

is known about COVID-19. This work reinforced the value of linking multiple data sources 

to enhance reporting of outcomes for people diagnosed with COVID-19 and provide a 

platform for longer term follow up. Part 2 demonstrated that the majority of COVID-19 

patients are willing have their health care data, including that from general practices, 

used for research. They are also agreeable to being recontacted to discuss participation 

in COVID-19 related research. The ATHENA COVID-19 database will form a valuable 

future resource for research into COVID-19.  

Evaluation of a Surveillance System: The evaluation of Pen Computing System 

Population Aggregation Tool as a potential surveillance system for monitoring 
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cardiovascular disease risk scores and appropriateness of treatment, for the Australian 

population. The Population Aggregation Tool Clinical Audit Tool (PAT CAT) produced by 

Pen Computing Systems, is widely available to Primary Health Networks across Australia, 

and has the capability to monitor cardiovascular disease (CVD) risk scores and treatment 

undertaken by GPs. This work 1) evaluated whether PAT CAT could be used as a 

surveillance system for monitoring absolute CVD risk scores and appropriateness of 

treatment 2) provided recommendations for improvement and 3) initiated actions to 

enable improvements. 

Epidemiological Project: A cross-sectional survey describing general practitioners’ 

absolute cardiovascular disease risk assessment practices and their relationship to 

knowledge, attitudes and beliefs about cardiovascular disease risk in Queensland, 

Australia. This study described GPs absolute cardiovascular disease risk (ACVDR) self-

reported assessment practices and their relationship to knowledge, attitudes and beliefs 

about ACVDR. The findings were that although the majority of GPs report using the 

ACVDR calculator when undertaking an ACVDR assessment, there is a need to increase 

the actual proportion of eligible patients undergoing ACVDR assessment. This may be 

achieved by improving GP assessment practices such as GP and patient knowledge of 

cardiovascular disease risk, providing sufficient time and nurse-led assessment. 

Data Analysis: Prevalence of coronary microvascular dysfunction (CMD) in patients 

being investigated for chest pain in an outpatient setting, and association with typical 

angina symptoms:  a cross-sectional study. This project demonstrated that a third of 

patients referred to clinics with chest pain and normal coronary arteries have CMD.  

Global (whole of myocardium) CMD was not associated with typical angina but the 
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presence of CMD in the right coronary artery territory was associated with angina in 

both males and females. This strength of this association was similar in men and women. 

In the thesis I also provide evidence of presentations conducted at national conferences 

and teaching exercises to colleagues. 
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CHAPTER 1 

 

INTRODUCTION 
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This introductory chapter outlines the activities undertaken for my degree. My 

background is that I am a consultant, general cardiologist with a specialist interest in 

cardiac imaging. I am employed full time at the tertiary centre, Sunshine Coast 

University Hospital, which is one of five hospitals that make up Sunshine Coast Hospital 

and Health Services, Queensland Health.  The work for the MAE degree was undertaken 

between the periods of February 2017 to June 2021, and apart from the formal lecture 

modules held at the ANU itself, I carried out the whole of my degree on the Sunshine 

Coast region. 

One main issue highlighted in this thesis is the intersection between public health, 

epidemiology and clinical practice, and the importance that their combination can have 

on informing and improving the delivery of health practice. For example, in Chapter 2, 

(Acute Public Health Problem) normally siloed health data (primary care, hospital and 

death data) on patients with COVID-19, are linked. This allowed for a more detailed 

assessment on the epidemiology of COVID-19 in Queensland, which in turn, was able to 

inform those working in the health sector on the best management for such an 

outbreak. In future, if this linkage set up became part of routine practice, this would be 

very helpful for the management of future outbreaks. Another intersection this thesis 

has highlighted is the importance of cardiovascular disease surveillance, and how it can 

feed into clinical practice. 

Lessons learned are highlighted in more detail within each chapter, however to 

summarise I learnt how to manage larger projects and their teams, use STATA, the 

ethical issues and complexities around health data sharing, the importance of disease 

surveillance and the value of surveys. 
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Chapter 2 describes my investigation of an acute public health problem. This is related 

to COVID-19 and involves the linkage of the health care data sets of all patients infected 

with severe acute respiratory syndrome coronavirus 2 in Queensland from January 1st 

2020 to Dec 31st 2020. The linked data allowed the provision of a descriptive profile for 

this cohort of patients.  

Chapter 3 describes the evaluation of a surveillance system. The Population Aggregation 

Tool Clinical Audit Tool (PAT CAT) produced by Pen Computing Systems (Pen CS), is 

widely available to PHNs across Australia, and has the capability to monitor CVD risk 

scores and treatment. This chapter describes my evaluation of PAT CAT and a list of 

recommendations to be implemented to allow it to be used a surveillance system. 

Chapter 4 describes the design and conductance of an epidemiological study. This is a 

cross-sectional study which involved the administration of a survey to over 100 general 

practitioners in Queensland. This then allowed us to provide a description of general 

practitioners’ absolute cardiovascular disease risk assessment practices, and the 

relationship of these practices to GP’s knowledge, attitudes and beliefs about 

cardiovascular disease risk. 

Chapter 5 describes the analysis of a health data set.  Chest pain is very common health 

problem, and makes up 6% of all health service presentations. The vast majority of 

patients with chest pain when investigated are found to have normal coronary arteries. 

Of these, a proportion are suggested to have coronary microvascular dysfunction as a 

cause of chest pain. We undertook a cross-sectional study to examine the prevalence of 

coronary microvascular dysfunction in patients being investigated for chest pain in an 

outpatient setting, and its association with typical angina symptoms. 
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Chapter 6 summarises and provides evidence of the other activities required for the 

MAE degree. These include reference to a targeted literature search with a review of 

the literature, and a report from one of the projects to a non-scientific audience (related 

to COVID-19). Also included are examples of papers published from the degree, 

presentations at national conferences, as well as the teaching of topics in field 

epidemiology.  

At the end of the thesis, there is an Appendix which contains additional supportive 

material. 
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CHAPTER 2 

 

ANALYSIS OF AN ACUTE PUBLIC HEALTH PROBLEM 

 

The ATHENA COVID-19 Study - Part 1: Cohort profile and first 

findings for people diagnosed with COVID-19 in Queensland 1 

January to 31 December 2020. Part 2: linkage of general 

practitioner data and consent-to-recontact. 
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Abstract 

Background To date, there are limited Australian data on characteristics of people 

diagnosed with COVID-19 and how these characteristics relate to outcomes. The 

ATHENA COVID-19 Study was established to describe health outcomes and investigate 

predictors of outcomes for all people diagnosed with COVID-19 in Queensland by linking 

COVID-19 notification, hospital, general practice and death registry data. It was also 

created to provide a readily available and ongoing resource for access to COVID-19 

patients’ health care data and to the patient themselves, enabling biospecimen-related 

research including the study of long-COVID. The aim of this paper was to report on the 

establishment and first findings for the ATHENA COVID-19 Study.   

Methods The ATHENA COVID-19 Study was divided into two parts. Part 1 of the ATHENA 

COVID-19 Study used Notifiable Conditions System data from 1 January 2020 to 31 

December 2020 linked to Emergency Department (ED) from 1 January 2020 to 31 

December 2020) and Queensland Health Admitted Patient Data Collections (from 1 

January 2010 to 30 January 2021) and Deaths Registrations data (from 1 January 2020 

to 17 January 2021). Part 1 is complete and reported here. Part 2 at the time of writing, 

was in process of consenting patients and preliminary results are presented. 

Results Up until 31 December 2020, 1254 people had been diagnosed with SARS-CoV-2 

infection in Queensland; half were female (49.8%), two-thirds (67.7%) were aged 

between 20 and 59 years, and there was an over-representation of people living in less 

disadvantaged areas. More than half (57.6%) of people diagnosed presented to an ED, 

21.2% were admitted to hospital as an inpatient (median length of stay 11 days), 1.4% 

were admitted to an intensive care unit (82.4% of these required ventilation) and there 
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were six deaths. Analysis of factors associated with these outcomes was limited due to 

small case numbers: people living in less disadvantaged areas had a lower risk of being 

admitted to hospital (test for trend, p<0.001), while those living in more remote areas 

were less likely than people living in major cities to present to an ED (test for trend: 

p=0.007), which may reflect differential health care access rather than health outcomes 

per se. Increasing age (test for trend, p<0.001) and being a current/recent smoker (age-

sex-adjusted RR= 1.61, 95%CI: 1.00, 2.61) were associated with a higher risk of being 

admitted to hospital.  

For Part 2 of the study, as of 27th May 2021, of the total cohort (1212) available for 

contacting, our project team had successfully contacted 896(87%). Of these, 655(73%) 

patients had reached a decision about consent, 474 (72%) had agreed to healthcare data 

release and recontact, and 181(28%) declined to participate. Of those who had agreed 

to participate in the study, 365(77%) patient healthcare data files had been received by 

the coordination centre from GPs. Patients are also being recontacted to participate in 

new research studies to examine host immune responses and genomics which predict 

adverse outcomes including long-COVID, and over 90% are agreeing to take part.  

Conclusion Despite uncertainty in our estimates due to small numbers, our findings are 

consistent with what is known about COVID-19. Our findings reinforce the value of 

linking multiple data sources to enhance reporting of outcomes for people diagnosed 

with COVID-19 and provide a platform for longer term follow up. Part 2 also 

demonstrated that the majority of COVID-19 patients are willing have their health care 

data, including that from GPs, used for research. They are also agreeable to being 

recontacted to discuss participation in COVID-19 related research. Once recruitment is 
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completed, the ATHENA COVID-19 database will form a valuable future resource for 

research into COVID-19. 

 

Keywords 

COVID-19, Epidemiology, Outcomes, Predictors, Record Linkage, Surveillance, Morbidity  

 

My role 

I am the Principal Investigator and lead on ATHENA COVID-19 Project, taking overall 

responsibility. I conceptualised the idea and submitted a grant for funding to the Health 

Innovation Investment and Research Office at Queensland Health at the start of the 

pandemic. As chair of the Steering Committee and Data Linkage Committees I co-wrote 

the majority of and oversaw all protocols, patient information consent forms, fact 

sheets, ethics submissions, Public Health Act submissions, research governance 

submissions and telephone scripts manuscript write up and website (1). I oversaw the 

data linkage development, testing and data analysis and write up. My role involved the 

supervision of the different project streams and their individual project leads. The 

streams were: 

ATHENA COVID-19 Coordination Centre: this was led by a general practitioner (Dr Zoltan 

Bourne) and had a team of 8 staff contacting patients and GPs to obtain consent and 

also for practices to send in individual patient files. 

ATHENA COVID-19 Business Unit: this team of three led by a senior project officer (Mr 

Aaron Davies) from HIIRO was responsible for coordinating the whole project, ethics and 

research submissions, developing the electronic consent and managing funds.  
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ATHENA COVID-19 Data Linkage Team: this team was led by a senior IT project manager 

whose role was to develop the secure linkage systems, deidentification, and transfer of 

data from GP to our statistical services branch and onto our Data Analytics team at the 

Australian National University. 

ANU Data Analytics team: Rosemary Korda and Jennifer Walsh 

I did not undertake the data analysis myself as the ANU Data Analytics team was funded 

to undertake this by our group. However, I co-wrote the manuscript and the revisions 

required for its acceptance in Communicable Disease Intelligence, and I am the senior 

author. 

 

Lessons learnt 

I learnt better how to direct others, to let go and resist the temptation to micromanage. 

In a project of this size it was essential I devolve responsibility for set tasks to the project 

leads and trust that they would manage others, undertake tasks successfully, bring it in 

on schedule or notify me when there were problems. Regular contact with key members 

was also essential to keep me aware of what was going on. Being able to pick solid 

project leads to achieve this was also an important skill and I was lucky enough to have 

these. I learnt that IT teams that we pay to design and build the linkage for us, run on 

‘sprints’ which are like buses, and if you miss them or are late, you have to wait for 

another one to come along - which sets your project back in time and often adversely 

affects other parts of the project. Also, if it’s not in the initial ‘Brief’, IT will not adapt to 

any new requests unless you give them more funds. Research and innovation by 

definition, is not predictable and so this was costly. Finally, learning the skill to be able 
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to know when something is not right at Steering Committee meetings (despite not fully 

understanding the IT jargon) and calling it out. 

 

Public health impact 

The results of Part 1 informed senior health staff and executive in Queensland Health of 

epidemiology and outcomes of COVID-19 in Queensland. The manuscript for Part 1 has 

been accepted for publication in Communicable Diseases Intelligence. The ATHENA 

COVID-19 resource although complex to set up, is now an established resource and can 

be used to inform health service providers and researchers should there be another 

outbreak. Part 2 has demonstrated that the majority of those who have had COVID-19 

are agreeable to releasing their health data for COVID-19 related research (including 

that from GP); that it is also possible to extract and link these data sets, and that 3rd 

party researchers are interested in using the resource created. The ATHENA-COVID-19-

GENOMICS: host genetics and blood biomarker resource study (Professor Naomi Wray, 

Program Complex Traits Genomics, Institute for Molecular Bioscience, University of 

Queensland) is now underway. This study hypothesised that inter-individual differences 

in response to infection by COVID-19 are caused, in part, by genetic factors in the human 

host, as previously reported in other infectious diseases and that genetic susceptibility 

to COVID-19 involves many genes (similar to other complex diseases). Therefore, 

systematic assessment of genetic variants across the genome may reveal new and 

important insights.  We have begun contacting those patients who have agreed to be 

recontacted to participate in the study. 

Our group were approached by Queensland Health to be the first to test whether 

electronic consent (DocuSign) can be used as a means to consent research patients. This 
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was very successful and the vast majority of patients of all age groups found this easy to 

use. As a result, Queensland Health is intending to use DocuSign as means to consent 

patients for research. The success of the ATHENA COVID-19 concept has led to our team 

forming strong partnerships with other groups who are also interested in linking data 

nationally such as state health departments, research institutions, health data linkage 

groups, profession clinical organisations, community groups and clinical trial 

organisations/industry. Through this coalition we applied to the  Medical Research 

Future Fund Frontiers grant program in December 2020, with Queensland health as the 

lead institution, and myself as the principal investigator. Unfortunately, this was 

unsuccessful, however, the process compelled us to define in greater detail the scope 

and costs of the project as well as pull together many different groups nationally 

together to support the program. Our team is now in the process of submitting a second 

MRFF grant – the Coronavirus Research Response in which we will use the ATHENA 

COVID-19 Project and the patient cohort collected, as the basis for this submission. 
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Background 

The novel coronavirus disease, named COVID-19 on 11 February 2020, is caused by the 

SARS-CoV-2 virus. It was first reported to the WHO Country Office in China on 31 

December 2019. The outbreak was declared a Public Health Emergency of International 

Concern on 30 January 2020. As of 17 February 2021 there were over 108 million 

confirmed cases worldwide, with 2.4 million deaths [1]. Australia, partly due to 

successful contact tracing and isolation protocols, at the same time point has had only 

28,905 confirmed cases and 909 deaths, and in Queensland 1,320 confirmed cases and 

6 deaths [2].  

Throughout the pandemic, international data has reported on the outcomes of people 

who test positive for SARS-CoV-2, and predictors of outcomes [3]. However, outcomes 

are likely to vary with context, including population profile, extensiveness of surveillance 

and testing and health system characteristics. Yet, there has been much less data 

available on characteristics and outcomes for people diagnosed with COVID-19 in 

Australia. One study of 204 patients admitted to intensive care units in Australia 

between 27 February and 30 June 2020 found that 69% were men and 64% had 

comorbidities (mostly obesity, diabetes, and chronic cardiac disease) [4]. People with 

chronic cardiac disease compared to those without were 3.4 times more likely to die in 

an intensive care unit (ICU). Another more recent study focussed on hospitalisation rates 

in cases of COVID-19 diagnosed in New South Wales between 1 January and 31 May 

2020. However, with the exception of age and gender, no other health characteristics 

were reported or linked to outcomes  [5]. 

Australian- and state-specific surveillance systems to monitor health outcomes and 

health service use is essential as the pandemic progresses. This paper describes the 

establishment and first findings from the Australian’s Together Health Initiative 
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(ATHENA) COVID-19 Study, which was set up to enable ongoing investigation of health 

outcomes including service use, and predictors of outcomes, for all people diagnosed 

with COVID-19 in Queensland by linking COVID-19 notification, hospital, general practice 

and death registry data. 

The ATHENA COVID-19 Study has two parts (see Methods section for detail). Part 1 links 

Queensland COVID-19 notification, hospital and death registry data and does not 

require informed consent (access was granted under section 282 of the Public Health 

Act 2005). Part 2 links Queensland COVID-19 notification, hospital and death registry 

data, as well as patient’s healthcare information held within general practice, and 

requires patient consent.  

The aims of the two parts of the ATHENA COVID-19 were as follows. Part 1 was set up 

to describe the health outcomes and investigate predictors of outcomes, for all people 

diagnosed with COVID-19 in Queensland by linking COVID-19 notification, hospital, general 

practice and death registry data. Part 2 was designed to further assess the strength of 

association between outcomes and sociodemographic and pre-existing health 

characteristics, using the additional more granular information gained from GP. For Part 

2 additionally, as per a core concept of ATHENA, patients were also invited to give 

consent for re-contact by the project team to discuss participation in future unspecified 

but ethically-approved COVID-19-related research. The aim here was to create a cohort 

of patients who had had COVID-19 and establish a basis for additional important 

research that requires biospecimens, such as genomic analysis which are likely to play 

an important role in determining patient outcomes. An ATHENA COVID-19 Biobank has 

been created to house all biospecimens collected either as a matter of routine and for 

new investigator-led and industry sponsored clinical trials. 



 28 

The results from both these studies could be used in models to predict outcomes, 

including effects on health services. Given the novelty and rapidly-changing nature of 

the epidemic, this data will also be of value for the international community.  

At the time writing, Part 1 has been completed and the results are presented here in 

full. For Part 2, at the time of writing, over half of the patient cohort had been contacted 

and approached for consent, and therefore only the methodology and limited results 

are given. 

 

Methods 

The Australian’s Together Health Initiative (ATHENA) is a Queensland Health funded 

program involving the integration of primary, secondary and other healthcare data sets, 

using informed consent across Queensland. A proof-of-concept study was completed in 

June 2019 involving over 500 patients routinely attending two general practices. The 

principle purpose of this study was two-fold. Firstly, to assess the proportion of patients 

consenting to have their primary healthcare data extracted from their general practice 

into Queensland Health and linked to other data sets for ethically approved research. 

Secondly, to gain permission to recontact them in future to discuss clinical trial 

participation. 80% of patients consented to have both their data exported and linked, as 

well as recontact for trial participation. The successfully linked healthcare data was 

tested and found to be highly informative for clinical trial design and feasibility testing, 

as well as providing rapid access to large numbers of appropriate patients for real-world 

clinical trials. The ATHENA COVID-19 Study was opportunistically set up at the start of 

the pandemic using the same methods to create a cohort of all people diagnosed with 

COVID-19 in Queensland with linked primary, secondary and registry data (Figure 1). 
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These patients would be followed from recorded symptom onset date, to measure 

health service use and outcomes and to investigate predictors of these outcomes, as 

well as providing an ongoing resource for future clinical trial recruitment. 

Figure 1. Summary of ATHENA COVID-19 Project Parts 1 and 2 

 

 

Data  

Part 1 of the ATHENA COVID-19 Study used routinely collected data from the Notifiable 

Conditions System (NoCS) for all people who tested positive for the SARS-CoV-2 virus in 

Queensland, linked to data from the Emergency Department Collection (EDC), 

Queensland Health Admitted Patient Data Collection (QHAPDC) and Deaths 

Registrations. The NoCS data (1 January 2020‒31 December 2020) contained symptom 

onset date, sociodemographic characteristics and health outcomes. The EDC data (1 

January 2020‒31 December 2020) included emergency department (ED) arrival and 

departure dates and principal diagnosis. The QHAPDC data (1 January 2010‒30 January 

2021) contained admissions data from all public hospitals in Queensland, including 

admission and separation dates, and diagnosis codes. In Queensland, people diagnosed 
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with COVID-19 are only admitted to public hospitals. Death Registrations were available 

from 1 January 2020 to 17 January 2021. Data were linked probabilistically, using name, 

date of birth and address by the Statistical Services Branch within Queensland Health 

using established protocols [6].  

Part 2 of the study, in addition to the routinely collected data as described in Part 1, also 

included GP patient data. GP patient health information was used to ascertain exposure 

information, include chronic health conditions (diabetes, cardiovascular disease, 

vaccination status, etc), health behaviours (e.g. smoking) and medication use for 

consented patients only. Further details on the variables can be found in the 

supplementary tables. For inclusion in Part 2, patients had to both test positive to the 

virus that causes COVID-19 (SARS-CoV-2) during the current pandemic, and, have 

‘consented’ to share their GP health information for the purpose of this study. Study 

participants - confirmed cases of COVID-19 - were identified through the Notifiable 

Conditions Branch, using the NOCS data, from 1st Jan 2020 to 31st Dec 2020. Individual 

patients were then contacted by our call centre. We invited the participants to consent 

to the ATHENA COVID-19 Project and allow obtaining a copy of the participants’ 

identifiable health information held within GP, to link and store it with their health 

information in Queensland Health. We also sought consent to use the combined health 

information for future as yet unspecified but ethically approved research related to 

COVID-19 research. ‘Health information’ was defined as patient health information held 

within GPs and hospitals, as well as biospecimens collected as part of routine clinical 

care for patients with COVID-19. Any initial and future contact would be carried out by 

a member of the ATHENA-COVID-19 Coordination Centre team whilst in operation, and 

in future by a member of the ATHENA COVID-19 Linkage Group led by an appointed Co-
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Investigator. If the patient wished to participate in the new study, their contact details 

would be passed onto the specific research team for further discussions. 

Sample 

Our sample for this study included all people in Queensland who tested positive to the 

SARS-CoV-2 virus resulting in COVID-19 (n=1254), identified using NoCS data, from 1 

January 2020- 31 March 2021 (referred to as the Queensland COVID-19 cohort). A 

confirmed case was defined according to the COVID-19 Series of National Guidelines and 

required laboratory definitive evidence of  SARS-CoV-2 virus infection. Specifically, 

laboratory definitive evidence included: (1) detection of SARS-CoV-2 by nucleic 

amplification acid testing (NAAT); OR (2) isolation of SARS-CoV-2 in cell culture, with 

confirmation using a NAAT; OR  (3) SARS-CoV-2 IgG seroconversion or a four-fold or 

greater increase in SARS-CoV-2 antibodies of any immunoglobulin subclass including 

‘total’ assays in acute and convalescent sera, in the absence of vaccination [16].  

 

Hospital-based outcomes and death 

Our primary outcomes of interest were: presentations to an ED; inpatient admissions to 

a public hospital (which excluded virtual ward at home); admission to ICU; use of 

continuous ventilator support; and death. Secondary outcomes were time spent in: 

hospital; in ICU and on ventilation, as well as time between onset date and first hospital 

admission, and ICU admission and death.  

Presentation to an ED was ascertained from the EDC data.  ICU admissions (standard 

ward codes “ICU4”, “ICU5” or “ICU6”) and continuous ventilator support were 

ascertained from the linked QHAPDC data. We included ED presentations and hospital 
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admissions that occurred on or up to 6 weeks after symptom onset date, or where 

admission included date of onset.  

 

Sociodemographic and health characteristics 

Sociodemographic characteristics included age (in broad age groups), sex, remoteness 

(measured with Accessibility and Remoteness Index of Australia [ARIA+]), 

socioeconomic status (measured using Socio Economic Indexes for Areas, Index of 

Relative Disadvantage, [SEIFA IRSD], smoking status and health conditions, categorised 

as shown in Table 1.  

ARIA+ is a geographical measure of service accessibility based on road distances to 

service centres (based on population size), which group areas into: major cities, inner 

regional, outer regional, remote, very remote areas [7]. SEIFA IRSD is an area-based 

measure of socioeconomic status, based on average characteristics of the people living 

within areas containing around 10,000 people [8].  

Smoking status was obtained using information from all available QHAPDC records (i.e. 

prior to and after onset date, noting that collection of smoking status began on 1 July 

2015 and was not recorded for virtual ward home admissions). People were categorised 

as a non-smoker if all QHAPDC records indicated that they were not a current smoker, 

or as a current smoker or recent smoker if at least one of their QHAPDC records 

indicated that they were a current smoker, or otherwise as missing (i.e. virtual QHAPDC 

records).  

Comorbid conditions were identified using QHAPDC records in the 10 years prior to 

onset date, and measured with International Statistical Classification of Disease and 

Related Health Problems Version 10 (ICD-10-AM) codes. We also used QHAPDC data to 
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measure the Elixhauser comorbidity index, a validated measure involving 30 chronic 

health conditions [9], categorised as 0, 1, or 2+ conditions or “no hospital record prior 

to infection”. The Elixhauser co-morbidity index is a method of categorising 

comorbidities of patients based on their ICD diagnostic codes and, using a weighting 

algorithm can predict hospital outcomes including mortality. Two separate categories 

were chosen to represent ‘no hospital record prior to infection’ and ‘0 comorbidities’ 

because an absence of hospital record does not necessarily equate to an absence patient 

of comorbidities. Patients may have a history of medical disease yet never had contact 

with Queensland Health, the state’s public health system, either because the disease 

was never severe enough to require hospital admission or the patient may have been 

managed in primary care, or been admitted to a public hospital outside of Queensland, 

and/or been managed in the private system.  

 

Analysis  

First we described the number and proportions of the cohort with each of the primary 

outcomes, as well as the median number of days (with interquartile range, IQR) in 

hospital and on continuous ventilator support. At the time of analysis, days spent in ICU 

were not available. We also cross-checked outcomes reported on the NoCS with 

outcomes derived from the linked data by comparing primary outcomes recorded in the 

hospital and death data with those reported using NoCS data. Third, we quantified the 

association between sociodemographic and health characteristics and two outcomes: 

presentation to an ED and inpatient admission to hospital.  In this part of the analysis, 

although a person may have more than one presentation to an ED or admission to 

hospital (event), the outcome was defined as ever compared to never had the outcome. 
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We excluded ED presentations and hospital admissions where the first day of admission 

was more than 14 days after symptom onset to increase specificity of the estimates. We 

also excluded non-Queensland residents (n=61, defined as having a principal address 

outside of Queensland) to maximise the proportion with hospital admissions prior to 

infection being captured. To assess associations between comorbid health conditions 

and ED and inpatient hospital admissions, we compared those with the health condition 

to those without the condition with linked hospital records; those without linked 

hospital records prior to their onset date were categorised as missing. Associations were 

quantified with relative risks (RR) and 95% confidence intervals, estimated using Poisson 

regression, with adjustment for age, sex and region of residence. Where appropriate, 

we also performed tests for linear trend by including ordered categories as continuous 

terms in models.  

We conducted two sets of sensitivity analyses. In the first, we re-estimated associations 

between comorbidities and hospital-based outcomes measuring comorbidities using all 

available QHAPDC data, i.e. additionally including admissions occurring after symptom 

onset date, to examine whether associations were similar when including diagnoses at 

the time of COVID-19-related admissions. In the second, we assumed that those without 

a hospital admission prior to their onset date did not have any of the measured 

comorbidities (previously excluded from the conditions analysis), including any of the 

comorbidities measured with the Elixhauser index (previously coded as a separate 

category)  

Where possible, we report results stratified by sex and broad age group. Missing data 

were included as a separate category. All analyses were conducted using Stata version 

16.0.  
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Initially when the study was being planned we were at the start of the pandemic and we 

undertook a power calculation expecting a sample of at least 3000 cases. However, 

there were only 1289 cases by Dec 1st 2021. The power calculation was therefore re-

adjusted. Assuming a sample size of 1000 participants, 5% significance and 80% power, 

and a prevalence of the outcome in the reference group of 3%, the study was powered 

to detect odds ratios of 3.5, 2.7 and 2.3 for 5, 3 and 2 levels of exposure respectively. 

These detectable odds ratios fall to 2.8, 2.3 and 2.0, respectively, for outcomes with a 

prevalence of 5% in the reference group, and 2.2, 1.9 and 1.7 respectively for outcomes 

with a prevalence of 10% in the reference group. For rarer outcomes, e.g.  proportion 

ventilated, which may be ~1%, we could only compare 2 exposure levels, in which case 

the study was powered to detect an odds ratio of 3.7.   

Ethics approval  

Ethics approval was granted by the Gold Coast Hospital and Health Service Human 

Research Ethics Committee (HREC/2020/QGC/63555); and the Australian National 

University Human Research Ethics Committee (2020/312). Informed consent was not 

required for this Part 1 of the study and access to de-identified data was granted under 

section 282 of the Public Health Act 2005 by the Director-General’s delegate.  

 

Results for Part 1 

There were 1254 people that had a diagnosis of COVID-19 up to 31 December 2020. Of 

these, 753 (60.0%) linked to EDC data and most (n=1178, 93.4%) had a link to a QHAPDC 

record (since January 2010, 30,017 records). Out of the cohort, there were 288 inpatient 

hospital admissions among 267 (21.3%) patients, of whom 796 (63.5%) people had a 

QHAPDC record in the 10-years prior to onset date (3981 records). There were six deaths 
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in the linked Death Registrations dataset, consistent with the number of deaths reported 

by Queensland Health.  

 
Figure 2. Flow chart of data inputs for Queensland COVID-19 cohort 

 
NoCS: Notifiable Conditions System data: EDC: emergency Department Collection; QHAPDC: 
Queensland Health Admitted Patient Data Collections.  

 

Characteristics of all people diagnosed with COVID-19 in Queensland  

Two-thirds of people in the Queensland COVID-19 cohort were aged 20-<40 (38.7%) and 

40-<60 (29.0%) years and half (49.8%) were women (Table 1). The majority (77.6%) were 

from major cities and a disproportionate number of cases were from the least 

disadvantaged areas (10.7% most disadvantaged, compared to 33.2% least 

disadvantaged, quintile). Smoking status was missing for a large proportion of the cohort 

(523, 41.7%), the majority were non-smokers (n=676, 53.9%) and a small proportion 

were recorded as a current/recent smoker (n=55, 4.4%).  
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For chronic health conditions captured in prior public hospital admissions, <2% of the 

cohort had a previous hospital admission with a diagnosis of asthma (1.0%), chronic 

lower respiratory disease (1.0%) or renal failure (1.5%). Almost 5% had recorded 

diabetes (4.2%), 6.0% cancer and 7.7% major cardiovascular disease (CVD). Most of the 

cohort (n=626, 49.9%) had none of the 30 comorbidities measured with the Elixhauser 

comorbidity index; 115 (9.2%) reported one comorbid condition, 55 (4.4%) reported two 

or more conditions, and 458 (36.5%) did not have a hospital record in the 10 years prior 

to infection.   
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Table 1. Characteristics of the Queensland COVID-19 Cohort (1 January 2020 to 31 
December 2020)  

Notes: Sex, age, remoteness and SEIFA IRSD were sourced or derived from the NoCS data. 
Smoking status and comorbidities were obtained from QHAPDC data prior to onset date. 
SEIFA IRSD was measured in population-based quintiles. Smoking status was only 
recorded from 1 July 2015 and was not recorded for virtual ward home admissions. 
Asthma (ICD-10-AM: J45), chronic lower respiratory conditions excluding asthma (ICD-
10-AM: J40-J47, excluding J45), diabetes (ICD-10-AM: E10-E14), renal failure (ICD-10-
AM: N17-N19), cancer (ICD-10-AM: C00-C97), and major atherosclerotic/ 

  

Men  
n (%) 

Women  
n (%) 

Total  
n (%) 

Total  630 (50.2) 624 (49.8) 1254 

Age groups     

0-<20 years 38 (6.0) 34 (5.4) 72 (5.7) 

20-<40 years 214 (34.0) 271 (43.4) 485 (38.7) 

40-<60 years 200 (31.7) 164 (26.3) 364 (29.0) 

60-<75 years 138 (21.9) 132 (21.2) 270 (21.5) 

75+ years 40 (6.3) 23 (3.7) 63 (5.0) 

Accessibility and Remoteness Index of Australia (ARIA+)    

Major cities  483 (76.7) 490 (78.5) 973 (77.6) 

Inner regional  67 (10.6) 66 (10.6) 133 (10.6) 

Outer regional/ remote/ very remote  46 (7.3) 40 (6.4) 86 (6.9) 

Non-Queensland resident 34 (5.4) 27 (4.3) 61 (4.9) 

Index of Relative Socio-economic Disadvantage (SIEFA IRSD)   

Most disadvantaged quintile  66 (10.5) 68 (10.9) 134 (10.7) 

2nd quintile  70 (11.1) 72 (11.5) 142 (11.3) 

3rd quintile  116 (18.4) 100 (16.0) 216 (17.2) 

4th quintile  134 (21.3) 150 (24.0) 284 (22.6) 

Least disadvantaged quintile  210 (33.3) 206 (33.0) 416 (33.2) 

Non-Queensland resident 34 (5.4) 27 (4.3) 61 (4.9) 

Smoking status    

Non-smoker  316 (50.2) 360 (57.7) 676 (53.9) 

Current/recent smoker  34 (5.4) 21 (3.4) 55 (4.4) 

Missing  280 (44.4) 243 (38.9) 523 (41.7) 

Elixhauser comorbidity measure    

0 283 (44.9) 343 (55) 626 (49.9) 

1 56 (8.9) 59 (9.5) 115 (9.2) 

2+  27 (4.3) 28 (4.5) 55 (4.4) 

No hospital record prior to infection 264 (41.9) 194 (31.1) 458 (36.5) 

Comorbid conditions     

Asthma  6 (1.0) 7 (1.1) 13 (1.0) 

Chronic lower respiratory disease  5 (0.8) 8 (1.3) 13 (1.0) 

Diabetes 30 (4.8) 23 (3.7) 53 (4.2) 

Renal failure  11 (1.7) 8 (1.3) 19 (1.5) 

Cancer  40 (6.3) 35 (5.6) 75 (6.0) 

Cardiovascular disease  60 (9.5) 37 (5.9) 97 (7.7) 
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thromboembolic cardiovascular disease (using established methods [10]: selected 
hypertensive diseases I11-I13; ischaemic heart disease I20-I25; pulmonary heart disease 
and diseases of pulmonary circulation I26-I28; other forms of heart disease I34-36, I42, 
I44, I46-I51; cerebrovascular disease I61-I67, I69; selected diseases of the arteries, 
arterioles and capillaries I70-I77; phlebitis and thrombophlebitis I80; and selected 
episodic and paroxysmal disorders G45, G46).  
 

Outcomes for people diagnosed with COVID-19 in Queensland  

There were 1182 people in the cohort that had an onset date before 1 November 2020 

(Table 2). The median number of days between symptom onset date and first 

hospitalisation was 4 (IQR: 2-7 days) and once admitted, median length of stay was 11 

days (IQR: 8-16). A greater proportion of the cohort ≥60 years had an inpatient hospital 

admission compared to those < 60 years (29.9% compared to 18.1%). 17 (1.4%) 

members of the cohort with onset before 1 November 2020 were admitted to ICU, 14 

(1.2%) required ventilation and 6 (0.5%) died. Small numbers experiencing these 

outcomes precluded any further analyses. The NoCS data recorded that 337(29%) 

patients were hospitalised, 752(64%) were not hospitalised and no record was available 

in 93(8%). By comparison, the QHAPDC stated that 250(21%) patients required inpatient 

hospital admission, an additional 714(60%) were home-based admissions, and 218(18%) 

had no hospital record (Table A1, supplementary tables). The NoCS data recorded that 

16 patients were admitted to ICU, and that 12 required ventilation, which was lower 

than the numbers recorded in the QHAPDC data (Tables A2 and A3, supplementary 

tables). A large proportion of NoCS data pertaining to patient hospitalisation, 

ventilation, admission to ICU and death was not recorded (Table A4, supplementary 

tables). 
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Table 2. Health outcomes for confirmed COVID-19 cases in Queensland (with onset 
before November 2020) through the Notifiable Conditions Systems (NoCS) data. 

  Men Women Total 

Total, n    

Presented to emergency department, n (%) 329 (56) 352 (59.2) 681 (57.6) 

Inpatient hospital admission, n (%)  135 (23) 115 (19.3) 250 (21.2) 

Length of stay (days), median (IQR) 12 (8-17) 11 (7-15) 11 (8-16) 

Days from onset and hospitalisation, median (IQR) 4 (2-7)  5 (3-8)  4 (2-7)  

Admitted to ICU, n (%) n/a n/a 17 (1.4) 

Days between onset and ICU, median (IQR)  n/a n/a 8 (6-10)  

Required ventilation, n (%)  n/a n/a 14 (1.2)  

Days ventilated, median (IQR)  n/a n/a 21 (11-35) 

Died, n (%)  n/a n/a 6 (0.5)  

Days between onset and death, median 

(IQR)  

n/a n/a 11 (10-24) 

Aged 0-<60 years, total n    

Presented to emergency department, n (%) 220 (53.4) 258 (58.2) 478 (55.9) 

Inpatient hospital admission, n (%)  79 (19.2) 76 (17.2) 155 (18.1) 

Aged 60+ years, total n    

Presented to emergency department, n (%) 109 (62.3) 94 (61.8) 203 (62.1) 

Inpatient hospital admission, n (%)  56 (32) 39 (25.7) 95 (29.1) 

Notes: Estimates are based on cohort members with an onset date prior to 1 November 
2020 (n=1182). Emergency department admissions are measured with EDC data; 
hospital admissions, ICU and continuous ventilator support are measured with the 
QHAPDC, deaths are ascertained with the Death Registrations data. Inpatient hospital 
records exclude home-based admissions. Hospital data is yet to be finalised and these 
results should be considered preliminary. At the time of writing, data relating to length 
of stay in ICU was not available. Length of stay has been estimated excluding the 13 
(7.1%) patients admitted and discharged on the same day. n/a indicates that the result 
has been suppressed because of cell size <5.  
 
Over half (57.6%, n=681) of the cohort with onset date prior to 1 November 2020 

presented to an ED in the six-week follow-up period. The majority (n=619, 90.9%) 

presented within two weeks of their symptom onset date. Proportions presenting did 

not vary substantially by broad age group (55.9% <60 years compared to 62.1% ≥60 
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years). Among those presenting to an ED, the most common primary diagnoses were 

COVID-19 (ICD-10: U07.1) and diagnoses related to viral and respiratory infections (Table 

3). The 10 most common diagnoses accounted for almost 90% (89.2%) of all principle 

diagnoses among for those presenting to ED. Diagnoses were materially unchanged 

when restricted to presentations occurring within two weeks of recorded symptom 

onset date (see Table A5, supplementary tables).  

Table 3. Top 10 principal diagnosis codes among COVID-19 patients presenting to an 
emergency department in Queensland. 

Rank ICD-10-
AM 
code 

Definition of ICD-10-AM code n % Cumulative  

% 

1 U07.1 Emergency use of U07.1 288 28.8 28.8 

2 B34.9 Viral infection, unspecified 271 27.1 55.9 

3 Z11.5 Special screening examination for other 

viral diseases 

225 22.5 78.4 

4 J06.9 Acute upper respiratory infection, 

unspecified 

36 3.6 82.0 

5 B34.2 Coronavirus infection, unspecified site 29 2.9 84.9 

6 Z09.9 Follow-up examination after unspecified 

treatment for other conditions 

12 1.2 86.1 

7 R07.4 Chest pain, unspecified 8 0.8 86.9 

8 J22 Unspecified acute lower respiratory 

infection 

8 0.8 87.7 

9 J11.1 Influenza with other respiratory 

manifestations, virus not identified 

8 0.8 88.5 

10  R50.9 Fever, unspecified 7 0.7 89.2 

Note: Estimates are based on 998 admissions among 681 patients. Outcomes are 
measured with EDC data.  
 

250 (21.2%) people in the COVID-19 cohort with onset before 1 November 2020 were 

admitted to hospital as an inpatient, and the majority (n=236, 94.4%) occurred within 

two weeks of recorded symptom onset date. Among those admitted to hospital, the 
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most common diagnoses were COVID-19, coronavirus, isolation, and symptoms 

associated with COVID-19, including cough, fever and headache (Table 4). However, the 

top 10 most common diagnoses accounted for less than half (47.9%) of all diagnoses 

among this patient cohort. Diagnoses were not materially different when restricted to 

admissions occurring within two weeks of recorded symptoms onset date (Table A6, 

supplementary tables).  

Table 4. Top 10 principal diagnosis codes among COVID-19 patients requiring inpatient 
admission to hospital in Queensland. 

Rank ICD-10-
AM 
code 

Definition of ICD-10-AM code n % Cumulative 
% 

1 U07.1 COVID-19, virus identified  257 11.5 11.5 

2 Z29.0 Isolation 234 10.5 22.0 

3 B97.2 Coronavirus as the cause of disease 

classified to other chapters  

216 9.7 31.7 

4 R05 Cough  85 3.8 35.5 

5 U82.3 Hypertension  51 2.3 37.8 

6 R50.9 Fever, unspecified  50 2.2 40.0 

7 Z86.43 Personal history of psychoactive 

substance abuse, tobacco use disorder  

49 2.2 42.2 

8 B34.2 Coronavirus infection, unspecified site  45 2.0 44.2 

9 J128 Other viral pneumonia  41 1.8 46.1 

10 R51 Headache  40 1.8 47.9 

Notes: Estimates are based on 380 inpatient admissions among 250 patients. Outcomes 
are measured with data from the QHAPDC. U82.3 Hypertension is a supplementary code, 
assigned when a condition is present on admission but that does not meet the criteria 
for coding as instructed by the general and specialty coding standards, coding 
conventions, and coding rules. 
 

Factors associated with a presentation to emergency or admission to hospital  

There were 1148 people who were residents of Queensland with an onset date before 

1 November 2020. Among these people, there was little variation in risks associated with 

presentation to an ED in relation to person characteristics after adjustment for age and 

sex (Table 5), apart from those residing in outer regional areas had lower risk of 
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presenting to an ED compared to those in major cities (age-sex-adjusted RR=0.64, 

95%CI: 0.44, 0.92, test for trend: p=0.007). In age-sex-adjusted models, there was 

evidence that those in less disadvantaged areas had higher risks of presenting to an ED 

(test for trend, p=0.014), however this association was no longer evident after region 

was considered.  
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Table 5. Proportions and relative risks for emergency department presentation within 
two weeks of recorded symptom onset among Queensland residents with confirmed 
COVID-19 in relation to key sociodemographic characteristics 

  

Events/ persons 
(%) 

Model 1 RR 
(95%CI) 

Model 2 RR 
(95%CI) 

Total  
607/1148 (52.9)   

Age groups#    

0-<20 years 24/ 63 (38.1) 0.73 (0.48, 1.11) 0.72 (0.47, 1.09) 

20-<40 years 226/ 432 (52.3) 1.00 1.00 

40-<60 years 172/ 328 (52.4) 1.00 (0.82, 1.22) 1.01 (0.82, 1.23) 

60-<75 years 148/ 264 (56.1) 1.07 (0.87, 1.32) 1.08 (0.88, 1.33) 

75+ years 37/ 61 (60.7) 1.16 (0.82, 1.65) 1.18 (0.83, 1.68) 

Sex#    

Men  300/ 566 (53.0) 1.00 1.00 

Women  307/ 582 (52.7) 1.00 (0.85, 1.18)  1.00 (0.85, 1.17) 

Accessibility and Remoteness Index of Australia (ARIA+)   

Major cities  516/ 935 (55.2) 1.00 - 

Inner regional  60/ 127 (47.2) 0.83 (0.64, 1.09) - 

Outer regional/ remote  30/ 85 (35.3) 0.64 (0.44, 0.92)** - 

Index of Relative Socio-economic Disadvantage (IRSD) 

Most disadvantaged quintile  56/ 127 (44.1) 1.00 1.00 

2nd quintile  62/ 141 (44) 0.97 (0.67, 1.39) 1.03 (0.71, 1.48) 

3rd quintile  105/ 199 (52.8) 1.19 (0.86, 1.65) 1.19 (0.85, 1.67) 

4th quintile  152/ 277 (54.9) 1.25 (0.92, 1.69) 1.20 (0.86, 1.66) 

Least disadvantaged quintile  231/ 403 (57.3) 1.32 (0.98, 1.77)* 1.25 (0.92, 1.71) 

Smoking status    

Non-smoker  357/ 613 (58.2) 1.00 1.00 

Current/recent smoker  26/ 45 (57.8) 1.00 (0.67, 1.50) 1.00 (0.67, 1.49) 

Missing  224/ 490 (45.7) 0.80 (0.68, 0.95) 0.78 (0.66, 0.93) 

Elixhauser comorbidity measure   

0 326/ 612 (53.3) 1.00 1.00 

1 64/ 113 (56.6) 1.03 (0.78, 1.36) 1.04 (0.79, 1.36) 

2+  28/ 54 (51.9) 0.93 (0.63, 1.38) 0.95 (0.64, 1.41) 

No hospital record  189/ 369 (51.2) 0.99 (0.82, 1.19) 0.98 (0.82, 1.18) 

Comorbid conditions±     

Asthma  8/ 12 (66.7) 1.28 (0.64, 2.59) 1.24 (0.61, 2.51) 

Chronic lower respiratory 

disease  9/ 13 (69.2) 1.22 (0.63, 2.40) 1.21 (0.61, 2.36) 

Diabetes 34/ 52 (65.4) 1.18 (0.82, 1.70) 1.22 (0.84, 1.76) 

Renal failure  11/ 19 (57.9) 1.03 (0.56, 1.89) 1.03 (0.56, 1.89)  

Cancer  37/ 73 (50.7) 0.88 (0.62, 1.25) 0.88 (0.62, 1.25) 

Cardiovascular disease  54/ 97 (55.7) 0.98 (0.73, 1.33) 1.00 (0.74, 1.36)  

Notes: Estimates are based on 1148 people who were residents of Queensland with an 
onset date before 1 November 2020 and 607 presentations to emergency departments, 
measured with EDC data. Model 1 is adjusted for age and sex. Model 2 is adjusted for 
age, sex and remoteness, measured with ARIA+. #Where age is the primary exposure 
variable, Model 1 is adjusted only for sex. Where sex is the primary exposure variable, 
Model 1 is adjusted for only age. EDC data is yet to be finalised and results should be 
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considered preliminary. ±Risks associated with comorbid conditions are estimated for 
each condition separately, using those with a hospital record but without the condition 
as the reference category. * indicates that the test for linear trend was significant, 
p<0.05, ** p<0.01. Age, sex, remoteness and SEIFA IRSD are measured with or derived 
from NoCS data. Smoking status and comorbidities are measured with QHAPDC prior to 
onset date. SEIFA IRSD is measured in population-based quintiles.  
 

Proportions admitted to hospital increased with age (<20% of those <40 years to >34% 

aged ≥75 years), being a current/recent smoker (42.2%) compared to non-smokers 

(27.9%), and having a comorbid chronic health condition (26.3-38.5% compared with no 

comorbid condition (18.8%). There was considerable uncertainty in the estimates in the 

age-sex-adjusted models. However, risk of hospital admission increased with greater 

age (test for linear trend: p<0.001) and was elevated among current/recent smokers 

compared to non-smokers (age-sex-adjusted RR=1.62, 95%CI: 1.00, 2.61); those living in 

less disadvantaged areas had lower risk of being admitted to hospital (age-sex-adjusted 

test for trend, p=0.001) (Model 1, Table 6). There was no material difference in these 

results after adjustment for region (Model 2, Table 6).  
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Table 6. Proportions and relative risks for an inpatient admission to hospital within 
two weeks of recorded COVID-19 symptom onset among Queensland residents in 
relation to key sociodemographic characteristics 

  

Events/ 
persons (%) 

Model 1 RR 
(95%CI) 

Model 2 RR 
(95%CI) 

Total  227/ 1148 (19.8)  

Age group#    

0-<20 years 11/ 63 (17.5) 1.13 (0.60, 2.14) 1.18 (0.62, 2.23) 

20-<40 years 66/ 432 (15.3) 1.00 1.00 

40-<60 years 61/ 328 (18.6) 1.19 (0.84, 1.69) 1.19 (0.84, 1.69) 

60-<75 years 68/ 264 (25.8) 1.66 (1.19, 2.34) 1.68 (1.19, 2.36) 

75+ years 21/ 61 (34.4) 

2.17 (1.32, 3.56) 

*** 

2.20 (1.34, 3.63) 

*** 

Sex #    

Men  124/ 566 (21.9) 1.00 1.00 

Women  103/ 582 (17.7) 0.85 (0.65, 1.10) 0.86 (0.66, 1.11) 

Accessibility and Remoteness Index of Australia (ARIA+) 

Major cities  171/ 935 (18.3) 1.00 - 

Inner regional  28/ 127 (22) 1.08 (0.72, 1.62) - 

Outer regional/ remote  28/ 85 (32.9) 1.83 (1.22, 2.73) ** - 

Index of Relative Socio-economic Disadvantage (IRSD)  

Most disadvantaged quintile  45/ 127 (35.4) 1.00 1.00 

2nd quintile  38/ 141 (27) 0.74 (0.48, 1.15) 0.70 (0.45, 1.08) 

3rd quintile  46/ 199 (23.1) 0.67 (0.45, 1.02) 0.60 (0.39, 0.92) 

4th quintile  56/ 277 (20.2) 0.60 (0.40, 0.89) 0.55 (0.36, 0.83) 

Least disadvantaged quintile  42/ 403 (10.4) 

0.32 (0.21, 0.48) 

*** 

0.30 (0.19, 0.46) 

*** 

Smoking status    

Non-smoker  171/ 613 (27.9) 1.00 1.000) 

Current/recent smoker  19/ 45 (42.2) 1.62 (1.00, 2.61) 1.61 (1.00, 2.61) 

Missing  37/ 490 (7.6) 0.27 (0.19, 0.39) 0.28 (0.19, 0.40) 

Elixhauser comorbidity measure   

0 115/ 612 (18.8) 1.00 1.00 

1 30/ 113 (26.5) 1.22 (0.81, 1.84) 1.21 (0.80, 1.82) 

2+  15/ 54 (27.8) 1.21 (0.70, 2.10) 1.20 (0.69, 2.08) 

No hospital record 67/ 369 (18.2) 1.03 (0.76, 1.41) 1.03 (0.76, 1.41) 

Comorbid conditions±    

Asthma  <5/ 12 (<42.0) 1.15 (0.37, 3.63) 1.22 (0.39, 3.84) 

Chronic lower respiratory 

disease  5/ 13 (38.5) 1.47 (0.59, 3.66) 

1.54 (0.62, 3.85) 

Diabetes 16/ 52 (30.8) 1.18 (0.69, 2.01) 1.23 (0.66, 1.94) 

Renal failure  5/ 19 (26.3) 1.00 (0.41, 2.46) 1.04 (0.42, 2.57) 

Cancer  20/ 73 (27.4) 1.07 (0.66, 1.75)  1.08 (0.66, 1.77) 

Cardiovascular disease  28/ 97 (28.9) 1.13 (0.74, 1.75) 1.12 (0.73, 1.73)  

Notes: Estimates are based on 1148 people who were residents of Queensland with an 
onset date before 1 November 2020 and 227 inpatient hospital admissions, measured 
with QHAPDC data. Model 1 is adjusted for age and sex. Model 2 is adjusted for age, sex 
and remoteness, measured with ARIA+. #Where age is the primary exposure variable, 
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Model 1 is adjusted only for sex. Where sex is the primary exposure variable, Model 1 is 
adjusted for only age.  QHAPDC data is yet to be finalised and results should be 
considered preliminary. ±Risks associated with comorbid conditions are estimated for 
each condition separately, using those with a hospital record but without the condition 
as the reference category. ** indicates that the test for linear trend was significant, 
p<0.01, ***p<0.001. Age, sex, remoteness and SEIFA IRSD are measured with or derived 
from NoCS data. Smoking status and comorbidities are measured with hospital data 
prior to onset date. SEIFA IRSD is measured in population-based quintiles. 
 

Sensitivity analyses  

When comorbidities included those recorded in hospital admissions after symptom 

onset, proportions with each of the comorbid health conditions increased slightly (see 

supplementary tables, Table A7). Associations between comorbid health conditions and 

presentation to emergency (supplementary tables, Table A8) were substantially 

unchanged. Associations between comorbid health conditions and inpatient hospital 

admissions did not change materially, except that those with renal failure had higher 

risk of hospital admission compared to those without (age-sex adjusted RR= 1.75, 95%CI: 

1.07, 2.86, supplementary tables Table A9). Some caution should be applied when 

interpreting these results, as health conditions measured at the time or after onset may 

be the outcome of COVID-19 rather than a pre-existing condition. Similarly, associations 

between comorbid conditions and outcomes were materially unchanged when 

assuming those without a hospital record prior to onset date had none of the measured 

comorbidities (supplementary tables, Tables A10-11).  

 

Results for Part 2 

For Part 2 of the study, as of 27th May 2021, of the total cohort (1212) available for 

contacting, our project team had successfully contacted 896(87%) contact (Figure 3). Of 

these, 655(73%) patients had reached a decision about consent, of whom 474 (72%) had 
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agreed to healthcare data release and recontact, and 181(28%) declined to participate. 

Of those had agreed to participate in the study, 365(77%) patient healthcare data files 

had been received by the coordination centre from GPs. Patients are also being 

recontacted to participate in new research studies to examine host immune responses 

and genomics which predict adverse outcomes including long-COVID, and 90% are 

agreeing to take part. 

Figure 3. Flow diagram of patient recruitment to the ATHENA COVID-19 Study Part 2. 
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Discussion 

By linking administrative data, we described the characteristics, hospital-based 

outcomes and deaths for all confirmed COVID-19 cases in Queensland, and the utility of 

using linked data for ongoing surveillance purposes as the pandemic continues. Over 

half of people diagnosed had at least one ED presentation; one in five had an inpatient 

hospital admission (median length of stay 11 days), 1.4% were admitted to ICU (majority 

requiring ventilation) and six died. Increasing age and being a smoker were associated 

with higher risk of admission while those in less disadvantaged areas had lower risk. 

There was some evidence that people with chronic health conditions had an elevated 

risk of being admitted, however small numbers limited the precision of our estimates.  

Our finding that presentations to an ED were relatively common is consistent with 

Queensland policies regarding testing location during the pandemic. The majority of 

those diagnosed with COVID-19 in Queensland acquired the virus overseas and were 

likely in quarantine when symptoms became apparent [11]. EDs were the first point of 

contact for these people. Even those not in quarantine were discouraged from entering 

GP clinics if they reported any COVID-19 related symptoms, and were instead referred 

to their nearest ED. This policy remained in place even after State and Commonwealth 

Governments established fever clinics which would have reduced the number of 

patients presenting to an ED. The only characteristic we examined that was associated 

with lower risk of presenting to an ED was living in an outer regional area, likely 

reflecting reduced access to an ED.  

Proportions of people diagnosed with COVID-19 experiencing adverse outcomes are 

likely to be dependent on a number of region-specific factors, including population 

profile, health system factors and the public health actions taken by individuals and 
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Government. Furthermore, international comparisons with people diagnosed with 

COVID-19 in Queensland are difficult given that most previous research examines 

outcomes among ED presentations, hospitalised COVID-19 patients and/or expresses 

outcomes as rates (rather than proportions) [12,13].  

The associations between person characteristics and inpatient hospital admissions in 

the Queensland COVID-19 cohort were consistent with what is already known about 

adverse outcomes in people diagnosed with COVID-19. Previous research has found that 

increasing age, being a smoker and area-level deprivation are associated with adverse 

outcomes in people diagnosed with COVID-19 compared to uninfected members of the 

population, as are chronic health conditions such as respiratory disease (excluding 

asthma), cardiovascular disease, diabetes, recent cancer and reduced kidney function 

[14,15].  

This project demonstrates the value of data linkage across health services to monitor 

outcomes and contribute to the international evidence on COVID-19. NoCS data whilst 

valuable, is limited by incomplete data records, the impracticability of collecting extra 

information such as co-morbidities and the time needed for long-term follow-up. 

Queensland Health already has a wide array of established data sets which contain 

valuable and additional health care information. Linking NoCS data to additional data 

sources – hospitalisations, emergency department and death data – enabled additional 

and complementary data for people with COVID-19 (including more complete outcome 

data), ultimately increasing the value of the NoCS data collected from case report forms. 

Furthermore, it allowed for ascertainment of hospital-based and death outcomes for all 

people diagnosed with COVID-19, which has been limited in many international settings 

to only those admitted to hospital. Having established the resource, the ATHENA COVID-
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19 Study can now also be used a platform for monitoring longer-term outcomes. In order 

to both strengthen and increase the utility of existing notifiable disease surveillance 

systems against future pandemics, it would seem prudent to routinely establish the 

linkage capabilities between these different data bases.  

Part 2 of the study, although not yet completed, confirms the previous findings of the 

GP Data Linkage study (in draft format) - that the majority of the public are willing to 

consent to provide their GP health information and other healthcare data sets for 

ethically-approved research. The same proportion of participants also agreed to 

participate in a pool of willing volunteers ready to help further medical research. 

Although the majority of cohort consented to participate, the proportion was lower than 

expected. It was expected that COVID-19 patients would have a vested interest in 

participating by finding successful treatments for COVID-19 and therefore that the 

proportion agreeing to participate would be higher than it was in the GP Data Linkage 

study, which was 80%. In addition to a further descriptive analysis of the COVID-19 

cohort and predictors of outcomes, the GP data will also be: 1) assessed for data quality; 

2) compared with the Queensland Health Data sets to assess what additional insights 

the data bring in comparison to the Queensland Health Data Sets. In addition, a report 

will be prepared describing the attitudes of participants, GPs and other stakeholders on 

sharing health care data and consent to recontact. There will also be an assessment of 

the secondary use of the ATHENA COVID-19 Database and Biobank by external 

researchers. However, it is already known that there are several projects planning to use 

the resource. 

Our findings, particularly those regarding associations between pre-existing conditions 

and hospital outcomes, should be interpreted with data limitations in mind. Hospital 
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data were limited to Queensland public hospitals. There were no Queensland COVID-

19-related admissions to private hospitals in Queensland or to hospitals outside the 

state, and hence, ascertainment of hospital outcomes is likely complete. However, our 

measure of comorbidities based on hospital data (in the 10 years prior to COVID-19 

diagnosis) is likely incomplete given some cohort members may have been admitted to 

private hospital or to a hospital outside Queensland in the relevant period. There may 

also be missing data due to linkage error. Consequently, prevalence of these conditions 

will be underestimated, which may or may not have affected RR estimates of the 

associations between chronic conditions and inpatient hospital admission. The 

sociodemographic and health characteristics included were limited to the data that 

were available and other information, including more detail on health conditions and 

information on medications would have been useful. Discrepancies between the NoCS 

and QHAPDC data most likely reflect a combination of non-recorded data (NoCS) and no 

hospital record available (QHAPDC). That 93%  rather than 100%, of COVID-19 patients 

had data linked to QHAPDC is likely due to the delay in virtual wards being set up. During 

this period, those patients who were asymptomatic or mildly ill would not have required 

admission to hospital and therefore would not have evidence of admitted data. It should 

also be noted that the definitions for confirmed, vs clinically diagnosed vs probable 

COVID-19 designed to capture patients COVID-19 presenting to emergency 

departments, changed over the course of the pandemic. This study used ICD-10-AM 

coding U07.1 to capture emergency department and hospital admissions rather than 

U07.2. The former requires laboratory confirmation whereas the latter is a clinical 

diagnosis usually used when testing is not available. Finally, reflecting the success that 

Queensland showed in curbing the pandemic, there were small numbers of COVID-19 

cases in this study. This resulted in considerable uncertainty in estimates of association 
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between characteristics and outcomes, limiting our ability to examine factors predicting 

hospital-based outcomes.  

The ATHENA COVID-19 Study is now an established resource. While Australia’s success 

managing the pandemic has ensured cases have remained low since the peak of the 

pandemic in Queensland in late March, the ATHENA COVID-19 Study can be used for 

monitoring of COVID-19 outcomes should there be another wave or increased 

community transmission, as well as longer-term follow-up. Furthermore, the data could 

be aggregated with similar data from other Australian states and territories to increase 

their analytical power. 
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Supplementary material 

Table A1. Number of cases with onset date before 1 November 2020 reported as being 
hospitalised in the Notifiable Conditions System data (NoCS) and the linked data from 
Queensland Health Admitted Patient Data Collection  

  Queensland Health Admitted Patient Data Collection 

Data  

  No 

hospital 

record  

Home-based 

admission 

Inpatient 

hospital 

admission 

Total  

Notifiable 

Conditions 

System 

data 

Not hospitalised  194 500 58 752 

Hospitalised  14 146 177 337 

Not recorded  10 68 15 93 

Total  218 714 250 1,182 

 

Table A2. Number of cases with onset date before 1 November 2020 reported as 
requiring ventilation in the Notifiable Conditions System data (NoCS) and the linked 
data from Queensland Health Admitted Patient Data Collection. 

  Queensland Health Admitted Patient Data 

Collection Data  

  No hospital 

record 

Not 

ventilation 

Required 

ventilation 

Total  

Notifiable 

Conditions 

System 

data 

Not ventilated 40 217 <5 XXXX 

Required 

ventilation  <5 <5 <5 12 

Not recorded  177 733 <5 XXXX 

Total  XXXX XXXX 14 XXXX 

 

Table A3. Number of cases with onset date before 1 November 2020 reported as being 
admitted to an Intensive Care Unit (ICU) in the Notifiable Conditions System data 
(NoCS) and the linked data from Queensland Health Admitted Patient Data Collection  

  Queensland Health Admitted Patient Data 

Collection Data  

  No hospital 

record  

Not admitted 

to ICU  

Admitted 

to ICU  

Total  

Notifiable 

Conditions 

System 

data 

Not admitted to 

ICU 156 649 <5 XXXX 

Admitted to ICU  <5 <5 <5 16 

Not recorded  59 298 <5 XXXX 

Total  XXXX XXXX 17 XXXX 
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Table A4. Number of cases with onset date before 1 November 2020 reported as having 
died in the Notifiable Conditions System data (NoCS) and the linked Death 
Registrations data.  

  Death Registrations data  

  No record Died  Total  

Notifiable 

Conditions 

System data 

Not recorded as having 

died 959 <5 XXXX 

Recorded as having died  <5 <5 6 

Not recorded  XXXX <5 XXXX 

Total  XXXX 6 XXXX 

 

Table A5 Top 10 principal diagnosis codes among COVID-19 patients presenting to an 
emergency department in Queensland within two weeks of recorded symptom onset 
date. 

Rank ICD-10-
AM 
code 

Definition of ICD-10-AM code n % Cumulative 
% 

1 B34.9 Viral infection, unspecified 236 31.9 31.9 

2 U07.1 Emergency use of U07.1 191 25.8 57.7 

3 Z11.5 Special screening examination for 

other viral diseases 

167 22.6 80.3 

4 J06.9 Acute upper respiratory infection, 

unspecified 

31 4.2 84.5 

5 B34.2 Coronavirus infection, unspecified site 28 3.8 88.2 

6 J18.9 Pneumonia, unspecified 7 0.9 89.2 

7 J11.1 Influenza with other respiratory 

manifestations, virus not identified 

7 0.9 90.1 

8 R50.9 Fever, unspecified 7 0.9 91.1 

9 R07.4 Chest pain, unspecified 5 0.7 91.8 

10  J22 Unspecified acute lower respiratory 

infection 

5 0.7 92.4 

Notes: Estimates are based on 740 presentations among 622 patients. Outcomes are 

measured with data from the QHAPDC. 
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Table A6. Top 10 principal diagnosis codes among COVID-19 patients within two weeks 
of recorded symptom onset date requiring inpatient admission to hospital in 
Queensland. 

Rank ICD-10-
AM 
code 

Definition of ICD-10-AM code n % Cumulative 
% 

1 U071 Emergency use of U07.1 240 11.7 11.7 

2 Z290 Isolation  219 10.7 22.4 

3 B972 Coronavirus 200 9.7 32.1 

4 R05 Cough  77 3.8 35.8 

5 U823 Hypertension  45 2.2 38.0 

6 R509 Fever  45 2.2 40.2 

7 B342 Coronavirus infection unspecific site  43 2.1 42.3 

8 

Z8643 

Personal history of psychoactive 

substance abuse, tobacco use disorder  43 2.1 44.4 

9 J128 Other viral pneumonia  40 1.9 46.4 

10  R51 Headache  35 1.7 48.1 

Notes: Estimates are based on 1065 inpatient admissions among 938 patients. 

Outcomes are measured with data from the QHAPDC. U82.3 Hypertension is a 

supplementary code, assigned when a condition is present on admission but that does 

not meet the criteria for coding as instructed by the general and specialty coding 

standards, coding conventions, and coding rules. 
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Table A7. Proportions of confirmed COVID-19 cases with comorbid chronic health 
conditions, measured using all available QHAPDC records. 

  

Men  
n (%) 

Women  
n (%) 

Total  
n (%) 

Asthma  16 (2.5) 22 (3.5) 38 (3.0) 

Chronic lower respiratory disease  10 (1.6) 9 (1.4) 19 (1.5) 

Diabetes 43 (6.8) 30 (4.8) 73 (5.8) 

Renal failure  28 (4.4) 12 (1.9) 40 (3.2) 

Cancer  40 (6.3) 35 (5.6) 75 (6.0) 

Circulatory disease  73 (11.6) 40 (6.4) 113 (9.0) 

Estimates are based on all 1254 cohort members.  

Table A8. Crude and age-sex-adjusted risks for emergency department presentation 
among Queensland residents with confirmed COVID-19 in relation to comorbid 
conditions, including QHAPDC records post COVID-19 onset.  

  

Events/ 
persons (%) 

Age-sex-adjusted RR 
(95%CI)  

Asthma  26/ 36 (72.2) 1.13 (0.76, 1.68) 

Chronic lower respiratory disease  15/ 18 (83.3) 1.25 (0.73, 2.14)  

Diabetes 45/ 68 (66.2) 1.00 (0.72, 1.37) 

Renal failure  27/ 39 (69.2) 1.05 (0.70, 1.56) 

Cancer  44/ 73 (60.3) 0.88 (0.63, 1.22) 

Circulatory disease  72/ 112 (64.3) 0.97 (0.74, 1.28) 

Estimates are based on 1148 cohort members who were Queensland residents and had 

an onset date before 1 November 2020.  

 

Table A9. Crude and age-sex-adjusted risks for inpatient hospital admission within 2 
weeks of symptoms onset among Queensland residents with confirmed COVID-19 in 
relation to comorbid conditions, including QHPADC records post COVID-19 onset.  

  

Events/ 
persons (%) 

Age-sex-adjusted RR 
(95%CI)  

Asthma  11/ 36 (30.6) 1.32, (0.71, 2.45) 

Chronic lower respiratory disease  9/ 18 (50.0) 1.65 (0.81, 3.36) 

Diabetes 22/ 68 (32.4) 1.10 (0.69, 1.76) 

Renal failure  20/ 39 (51.3) 1.75 (1.07, 2.86) 

Cancer  20/ 73 (27.4) 0.91 (0.56, 1.48) 

Circulatory disease  40/ 112 (35.7) 1.30 (0.88, 1.92)  

Estimates are based on 1148 cohort members who were Queensland residents and had 

an onset date before 1 November 2020. 

  



 58 

Table A10. Crude and age-sex-adjusted risks for emergency department presentation 
among Queensland residents with confirmed COVID-19 in relation to comorbid 
conditions, assuming patients with no QHAPDC records prior to onset had none of the 
measured comorbidities.  

  

Events/ 
persons (%) 

Age-sex-adjusted 
RR (95%CI)  

Asthma  9/ 12 (75.0) 1.31 (0.68, 2.53) 

Chronic lower respiratory disease  11/ 13 (84.6) 1.36 (0.74, 2.50) 

Diabetes 37/ 52 (71.2) 1.17 (0.83, 1.67) 

Renal failure  12/ 19 (63.2) 1.03 (0.58, 1.84) 

Cancer  44/ 73 (60.3) 0.97 (0.71, 1.34) 

Circulatory disease  59/ 97 (60.8) 0.99 (0.75, 1.32)  

Estimates are based on 1148 cohort members who were Queensland residents and had 

an onset date before 1 November 2020.  

 

Table A11. Crude and age-sex-adjusted risks for inpatient hospital admission within 
two weeks of symptoms onset among Queensland residents with confirmed COVID-19 
in relation to comorbid conditions, assuming patients with no QHAPDC records prior 
to onset had none of the measured comorbidities.  

  

Events/ 
persons (%) 

Age-sex-
adjusted RR 

(95%CI)  
Asthma  <5/ 12 (<42) 1.15 (0.37, 3.63) 

Chronic lower respiratory disease  5/ 13 (38.5) 1.48 (0.60, 3.66) 

Diabetes 16/ 52 (30.8) 1.18 (0.69, 2.01) 

Renal failure  5/ 19 (26.3) 1.00 (0.41, 2.46)  

Cancer  20/ 73 (27.4) 1.07 (0.66, 1.74) 

Circulatory disease  28/ 97 (28.9) 1.13 (0.74, 1.74)  

Estimates are based on 1148 cohort members who were Queensland residents and had 

an onset date before 1 November 2020.  
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CHAPTER 3 

 

EVALUATION OF A SURVEILLANCE SYSTEM 

 

The evaluation of Pen Computing System Population Aggregation 

Tool as a potential surveillance system for monitoring 

cardiovascular disease risk scores and appropriateness of 

treatment, for the Australian population 
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of the Practice Aggregation Tool for the Clinical Audit Tool 

(PAT CAT) as a potential surveillance system for 

monitoring cardiovascular disease 

 

 

 

 

 

78 

Table 3 Numbers and proportions of patients’ cardiovascular 

disease risk scores according to their health 

characteristics in a single general practice, as determined 

by PATCAT 
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Table 4 Numbers and proportions of patients with a high 

cardiovascular disease risk score  not on anti-hypertensive 

or lipid lowering medications 
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Table 5 List of recommended changes required to improve PAT 

CAT 
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Table 1A Comparison of absolute cardiovascular disease risk scores 

for individual patients using the CAT4 and the Heart 

Foundation 2012 risk calculator. Also included are risk 

scores derived using the in-built electronic health record 
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calculator (Best Practice) and the Heart Foundation 2009 

risk calculator. See text below for description of results 
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Table 2A Practice Aggregation Tool for the Clinical Audit Tool (PAT 

CAT) display of the missing values with regard to the 

numbers of patients and the types of cardiovascular risk 

factor data in a single general practice population 
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Supplementary text Checking the Best Practice EHR inbuilt CVD risk calculator 

validity 
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Abstract 

Background Cardiovascular disease (CVD) is the leading cause of mortality in Australia. 

Although CVD is largely preventable using lifestyle and pharmacotherapy measures, a 

significant proportion of the Australian population at high CVD risk are not receiving 

appropriate prevention therapy. A surveillance system for monitoring CVD risk and 

treatment would provide vital information on the magnitude, distribution and 

pharmacotherapy of CVD risk in the population. The Population Aggregation Tool 

Clinical Audit Tool (PAT CAT) produced by Pen Computing Systems (Pen CS), is widely 

available to PHNs across Australia, and has the capability to monitor CVD risk scores and 

treatment. This study aimed to: 1) evaluate whether PAT CAT could be used as a 

surveillance system for monitoring absolute CVD risk scores and appropriateness of 

treatment 2) provide recommendations for improvement and 3) initiate actions to 

enable improvements. 

Methods The evaluation process was based upon the US Centers for Disease Control 

and Prevention guidelines for evaluating surveillance systems. This included assessment 

of system attributes and usefulness such as data quality assessment, stakeholder 

interviews, and the data usefulness. The evaluation was conducted using healthcare 

data from a single a general practice and PHN region, from June 2019 to June 2020.  

Results PATCAT strengths are the data transfer from patient EHR to PAT CAT is accurate, 

it is possible to display population CVD risk scores, missing data, and  proportions of 

people at high CVD risk not on appropriate medications. Weaknesses are a lack of a date 

range filter to only allow CVD risk scores to be calculated in those patients where all risk 

factors have been measured within a set time frame, and an inability to view CVD risk 

score and treatment trends over time. There were also interpretation issues with the 
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Heart Foundation CVD risk algorithm itself. For these reasons, PAT CAT is rarely used by 

relevant stakeholders. 

Conclusion In its current format, PAT CAT is unable to act as a surveillance system for 

monitoring CVD risk scores and appropriateness of treatment. However, 

recommendations produced by this report regarding the necessary improvements for 

PAT CAT which will allow it to achieve surveillance status, are being implemented by Pen 

CS.  

 

My role 

This work was funded by a National Heart Foundation Vanguard grant. I wrote the grant 

for this in April 2018 and was awarded it in November 2018 (award ID 202253). Associate 

Professor Rosemary Korda and Dr Jason Agostino (my MAE supervisors) were co-

investigators on this grant. The grant ($75,000) was used to appoint a project officer (Dr 

Victoria Coulton) to assist with data collection over 1 year. The project began in June 

2019 and ended in June 2020. My role was in project design, supervision of data 

collection, all data analysis and the whole write up. This chapter has been prepared in a 

format suitable for publication which is the intention.  I was involved in all meetings with 

stakeholders.  

 

Lessons learnt 

I improved my grant writing skills, learnt the value and importance of surveillance in 

chronic disease and noted the siloed approach to storage of health care data across the 

state and country. I also observed the ethical issues and complexities around data 

sharing between GPs, PHNs, hospital and registry data, differences between the Privacy 

Act 1988, and the Hospital and Health Boards Act 2011, that govern data use in each of 
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these two entities. I also learnt about the role of the PHNs and the influence of the Heart 

Foundation.  

 

Public health impact 

The information gained from this work has had some important impacts. Firstly, that our 

recommendations have been taken up by Pen CS and are being implemented which will 

allow the use of PAT CAT for PHNs and other stakeholders to monitor CVD risk and 

treatments (see letter from Pen CS in Figure 1A, Appendix). Secondly we are now able 

to look at linking CVD risk data and treatments across PHNs and states, using several 

approaches, one of which is using Primary Health Insights (PHI). PHI is a federally funded 

national data storage and analytics system designed to host the deidentified primary 

care data of Primary Health Networks (PHNs). Currently data from individual general 

practices are stored at the local PHN. PHI offers PHNs the opportunity to host healthcare 

data on the PHI platform. This means that data linkage across regions is possible. 

Discussions with PHI and Pen CS are underway to develop the necessary CVD risk score 

algorithms that will sit on the PHI platform to provide information on CVD risk scores 

and treatments across the population of Australia. This CVD algorithm will be used as a 

first demonstration of the ability of PHI concept.  

The work from our report has been prepared for publication and will be submitted 

shortly. The results and knowledge gained from report have also formed part of an MRFF 

Cardiovascular Health grant in 2019 by Professor Emily Banks of which I was CI entitled: 

‘Predictive modelling to optimise cardiovascular disease risk assessment and 

management in Australia: how, when and who to screen’ which only narrowly missed 

out on being successful. It also informed a successful NHMRC partnership grant 

(APP1169888) awarded in late 2019 entitled: ‘Improving Communication about Heart 
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disease risk Assessment using Translational research strategies in General Practice 

(CHAT-GP): implementing guidelines through shared decision making’ of which I am a 

CI. Further grant submissions are planned to fund the implementation of a national CVD 

risk score surveillance system including a NHRMRC partnership grant with the Heart 

Foundation. 

I have also given several presentations on behalf of the Heart Foundation and local PHNs 

about this work to GPs and other stakeholders. 
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Background 

Cardiovascular disease (CVD) is the leading cause of morbidity and mortality in Australia, 

and its prevention is a National Health Priority (1-3). In 2016-17 CVD accounted for 11% 

of all hospital admissions within Australia and consumed 8.9% of the healthcare budget 

thus placing a significant health burden on the population (4). A large proportion of CVD 

is preventable primarily through targeting effective preventive medications and lifestyle 

interventions according to absolute CVD risk (5). A one-off, cross-sectional survey based 

on participants in the Australian Bureau of Statistics Health Survey of 2011-2012 found 

that 11% of the Australian population aged 45-74 years (approximately 811,000 people) 

without known prior CVD are at high absolute CVD risk meaning they have a >15% 

chance of a CVD event within 5 years (6, 7). High CVD risk individuals should be receiving 

both anti-hypertensive and lipid lowering medication, in addition to appropriate lifestyle 

advice (5). However, massive implementation shortfalls mean that 76% of these 

individuals are not receiving recommended preventive therapies (5).  

The National Vascular Disease Prevention Alliance (NVDPA) of Australia guidelines 

recommend calculating an individual’s CVD risk score using the absolute cardiovascular 

disease risk (ACVDR) calculator (5). This score is calculated by entering individual risk 

factors into a risk calculator based upon the Framingham risk equation. Combining risk 

factors provides a more accurate assessment of person’s risk rather than using individual 

risk factors alone (8).  The eight factors required to calculate the Australian ACVDR score 

are: age, gender, smoking status, systolic blood pressure, total cholesterol, HDL, 

diabetes, and presence of left ventricular hypertrophy (optional). A five-year risk score 

for the development of CVD is calculated and categorised according to whether a patient 

has low (<10%), moderate (10-15%) or high (>15%) CVD risk. The most recent 2012 risk 

score calculator treatment algorithm can be accessed directly at the Heart Foundation’s 
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(HF) website and a version is usually embedded in the GP electronic health record (EHR) 

(9). Patients without prior CVD and who have a high ACVDR score, or moderate risk score 

with additional risk factors, are recommended to be prescribed both lipid and blood 

pressure-lowering therapy, and to receive lifestyle modification advice (5). Certain 

patients are automatically considered at high risk and do not need to have their risk 

calculated. For example, patients with prior CVD, or diabetic  and over 60 years of age, 

or who have a cholesterol greater than 7.5 mmol/L. Patients in this group should be 

treated using the high risk treatment algorithm (5). Patients identified at moderate risk 

of CVD should be offered lifestyle modification advice and CVD risk review within 6-12 

months. Patients identified at low risk of CVD should be offered lifestyle modification 

advice and CVD risk review in 2 years.  

CVD preventive treatment is highly effective, with achievable reductions in blood 

pressure and lipids alone halving relative risk (8, 10). However, the effectiveness of 

preventive treatment depends on targeting treatment to individuals at the highest risk, 

which although recommended, is not being achieved in Australia. Furthermore, as there 

are no recent or ongoing estimates of CVD risk prevalence or appropriateness of 

treatments in Australia, ongoing implementation shortfalls will remain lethal. 

Improvements in detection, surveillance and management of risk would rapidly and 

readily translate into reductions in CVD disability, morbidity and mortality. 

A surveillance system for monitoring CVD risk and treatment would provide vital 

information and understanding on the magnitude, distribution and pharmacotherapy of 

CVD risk in the population (11). It would also support evaluation of prevention strategies 

and facilitate planning for healthcare providers. If quality of care for CVD risk is to 

improve, such a system is needed to quantify assessment rates and appropriateness of 

treatment, and provide feedback to GPs and other healthcare providers. Currently, a 



 

 

75 

surveillance system for CVD risk and treatment does not exist in Australia and without 

one it will be more difficult to effectively achieve the public health goal of reducing CVD 

morbidity and mortality. Examples of the objectives of a CVD surveillance system are 

shown in Table 1. These include providing up-to-date information on the numbers and 

geographic regional location of patients eligible for CVD risk score assessment, numbers 

with and without risk scores available, the numbers of patients at high CVD risk who are 

not on appropriate therapy. Another important feature would be the ability use the 

information to feedback to PHNS and GPs on CVD assessment rates in theory region with 

goal of increasing risk score assessment rates and appropriateness of treatment. 

 

Table 1. Objectives of a surveillance system for monitoring CVD risk and treatment 

Objectives 

Provide the total number of population available in the health analytics system used by that Primary 

Health Network 

Provide the number of patients eligible for cardiovascular disease risk score assessment 

Provide the number of patients with risk scores available 

Provide the number of patients with no risk scores available 

Provide the number of patients in each of the four risk score categories (Known high CVD risk, high CVD 

risk, moderate CVD risk, low CVD risk) 

Provide the number of patients per risk factor missing 

Provide the number of patients in each risk score category taking both anti-hypertensive and lipid-

lowering therapies (dual therapy) 

Provide the number of patients in each CVD risk score category taking either an anti-hypertensive agent 

OR a lipid-lowering therapy (monotherapy) 

Provide the number of patients in each CVD risk score category on neither anti-hypertensive or lipid-

lowering therapies (no therapy) 

Provide the number of patients with Known high CVD risk, per cause 

Provide the number of patients with no risk score available, on dual therapy 

Provide the number of patients with no risk score available, on monotherapy 

Provide the number of patients with pre-existing CVD 

Provide the number of patients who have had a Heart Health Check 

Provide the geographic regional location of data listed above 
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The technology for CVD surveillance lies latent within existing, widely distributed 

software in Australia. Pen Computer System (Pen CS) is a key provider of health analytics 

software for GPs and Primary Health Networks (PHNs) that enables population health 

analysis and reporting in the primary health care setting (12). 31 PHN organisations were 

set up in 2014-15 by the federal department of health in different regions across the 

country to improve the effectiveness of the delivery of medical services for patients (13). 

The role of a PHN is to coordinate the provision of health care by GPs, health services 

and other providers of health care. Pen CS covers 28 out of 31 PHNs across Australia (12) 

and currently serves 5,600 General Practices, 45,000 medical practitioners and 21 

million patients (12, 14).  One of Pen CS software tools used by GPs that is based within 

each practice is the Clinical Audit Tool 4 (CAT4). This system allows GPs to undertake 

audits and health analyses on their own patient cohort data, including providing reports 

on patients’ CVD risk scores and their treatments (Figure 1). The other tool used by PHNs 

is the Practice Aggregation Tool For The Clinical Audit Tool (PAT CAT) which monitors 

and surveys absolute CVD risk scores and treatments across populations. Because Pen 

CS has such a wide coverage, use of these systems could allow national CVD risk 

surveillance, which in turn could lead to improved healthcare delivery and CVD 

reduction in Australia. However, despite the potential abilities of CAT4 and PAT CAT to 

act as a surveillance system for monitoring absolute CVD risk and treatment, these 

systems have not been evaluated and are not widely used for this purpose. 
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Figure 1. Steps involved from entry of patient health care information including 
pathology data, into the general practice patient electronic health record, CAT4 
(Clinical Audit Tool), PATCAT (Practice Aggregation Tool for the Clinical Audit Tool) and 
the Primary Health Network. 

 

 

This study aimed to evaluate whether PAT CAT has the potential to be used as a 

surveillance system for monitoring across populations (1) absolute CVD risk scores, and 

(2) the proportions prescribed anti-hypertensive and lipid-lowering pharmacotherapy 

treatment according to their absolute CVD risk scores 3) make recommendations and 4) 

initiate action to make the necessary changes. 

 

Methods 

The evaluation process was based upon that outlined by the US Centers for Disease 

Control and Prevention (CDC) guidelines for evaluating surveillance systems (10), and 

then modified to fit the surveillance system under evaluation. The scope of the 

evaluation included system attributes which predominantly focussed on data quality, 

but also included simplicity, flexibility, acceptability, representativeness, timeliness, 
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stability. The evaluation also assessed system usefulness which referred to the value and 

practicality of the information generated by the surveillance system in relation to 

improving public health (see Table 2).  

Table 2. Focussing the scope of the evaluation design: methods and measures used for 
evaluating attributes and usefulness risk scores and appropriateness of treatment of 
the Practice Aggregation Tool for the Clinical Audit Tool (PAT CAT) as a potential 
surveillance system for monitoring cardiovascular disease  

CAT4: clinical audit tool; CVD: cardiovascular disease. 

 

 

 

Attribute Methods Measures and questions used to assess the 
attribute 

Data quality Data collection, 

audit, analysis 

• Does the patient CVD risk data within CAT4 match 

with corresponding patient health records? 

• Does the PAT CAT aggregate CVD risk data match 

with individual patient health records? 

• Do the CAT4 and PAT CAT built-in calculators 

provide the correct risk score for patients? 

Simplicity Interviews  • How easy is CAT4 and PAT CAT to use? 

• How well is the information presented? 

Flexibility Interviews • How responsive are Pen CS to requests for 

changes? 

Acceptability Interviews • How often do staff and organisations to use CAT4 

and PAT CAT? 

Representativeness Data analysis • How representative is the data collected by PAT 

CAT? 

Timeliness Interviews • How rapid are steps between the entering risk 

factors into the system and reporting the 

information? 

Stability Interviews • How reliable is the system and how often are 

their outages? 

Usefulness PAT CAT 

assessment  

Interviews 

• Can PAT CAT display the proportion of risk scores 

across the population? 

• Can PAT CAT display eligible patients with and 

without a risk score? 

• Can PAT CAT display patients who have 

incomplete sets of risk factors, and proportions 

missing in each risk factor category? 

• Can PAT CAT display the proportion of patients at 

high CVD risk not on guideline recommended 

therapy? 

• Can PAT CAT display trends over time? 

• How much is PAT CAT used by stakeholders? 
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Setting 

The setting was a single general practice and the local PHN based on the Sunshine Coast, 

Queensland, Australia. The practice used CAT4 and shared their data with their PHN for 

PAT CAT. The practice was situated in a small rural town (Modified Monash Model 5), 

35 km from the nearest major hospital with a practice population of 3377 patients, 7 

GPs, 6 nurses and 1 practice manager. The general practice was selected 

opportunistically, used Best Practice software as the EHR which is the one of the two 

majority EHRs used by general practices in Australia. The local PHN was the Central 

Queensland, Wide Bay and Sunshine Coast PHN which covers a population of 889,471  

and 287 general practices (15). 

 

Interviews 

We engaged with major stakeholders who used Pen CS CAT4 and PAT CAT. These 

included members of the general practice (doctors, nurses and practice managers) and 

the local PHN (practice support nurses, senior managers and data analytics staff), as well 

as representatives from the Heart Foundation, Pen CS and the local hospital. The 

purpose of this was to gain understanding of the attributes of PAT CAT and CAT4 from 

the perspectives of the different of stakeholders. Face-to-face interviews were 

undertaken with staff at the general practice and hospital, and via teleconference with 

the Heart Foundation and Pen CS. In these interviews the format was informal but key 

topics were covered on how PATCAT and CAT4 functioned and the use of the system by 

staff.  We then held a formal 4-hour meeting with all stakeholders together at the PHN. 

This had a formal agenda and covered the CDC listed topics regarding evaluation of a 

surveillance system. Written records of all meetings were kept.  
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Data quality 

Access was provided to all patient EHRs held within the participating general practice at 

the time point for the month of June 2019. These were uploaded into CAT4, and from 

there to PAT CAT. As PAT CAT receives information directly from CAT4, it was necessary 

to check the accuracy of electronic data transfer across both of these platforms. The 

accuracy of the calculated risk scores within each system was also checked by entering 

individual patient values in the EHR into the HF 2012 CVD risk score calculator.  

CAT4: To check the accuracy of transfer of data from the EHR into CAT4, 99 patients in 

total, (33 patients from each CVD risk score category, as determined by the CAT4 CVD 

risk calculator), were randomly selected from the CAT4 system of the participating 

general practice (Figure 2). At the patient level, the CVD health information from each 

individual was cross-checked back to the original patient health record data set. 

Figure 2. CAT4 data quality assessment. Patients with different cardiovascular disease 
(CVD) risk scores were selected from CAT4 (Clinical Audit Tool) and validated by cross-
checking with individual patient electronic health records (EHR). 

 

PAT CAT: To check the accuracy of transfer of EHR data via CAT4 into PAT CAT, this 

initially required display of the number of patients eligible for CVD risk score assessment. 
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Using the filtration tool in PAT CAT, the number of patients in the practice population 

eligible for CVD risk score assessment was determined (supplementary material, Figure 

1A). Those patients with no Indigenous status being recorded or did not have the all the 

necessary missing risk factors required for calculation, were excluded. Analysis was 

undertaken on those remaining eligible patients had sufficient CVD risk factors available 

to allow risk score to be calculated. To validate whether the PAT CAT data corresponded 

with that in the patient EHR, three test scenarios (A to C) were created and undertaken 

by applying different PAT CAT filter criteria to the eligible patients and the filtered results 

were cross-checked with the individual patient EHR. Each scenario was chosen on the 

basis of clinical relevance, involved a sufficient number of patients that was 

representative of accuracy, yet small enough to allow manual cross-checking of the 

individual patient EHRs.  

Scenario A investigated the number of patients who were at high CVD risk and not on 

appropriate preventative pharmacotherapy. This required application of the following 

initial filter criteria: those patients aged 45 and over, non-indigenous, and an absence 

of: diabetes, hypertension, heart failure, cardiovascular disease (includes coronary heart 

disease, peripheral vascular disease, stroke, hyperlipidemia, familial 

hypercholesterolemia), ACE inhibitor/ARB, anti-thrombotics, beta blocker, calcium 

antagonist, diuretics, lipid modifying agents, oral hypoglycemics, injectable insulin. 

Following this, a further filter was applied to identify the number of patients at high CVD 

risk. Of the patients who met these filter criteria, we studied those identified as high 

CVD risk and reviewed the EHR of each these patients to confirm whether all of the 

above filter criteria were correct. 

Scenario B focussed on those patients clinically at high risk due to diabetes and age over 

60. The following filter criteria were applied to the patients eligible for CVD risk 
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assessment: age over 60 years, presence of diabetes and no prior CVD. Following this, a 

further filter was applied to identify the number of patients at high CVD risk. Those 

patients identified had their EHR records cross-checked for confirmation. 

Scenario C focussed on patients at clinically determined high risk due to renal 

impairment not on appropriate preventative therapy. We applied the filter criteria of 

renal impairment and not on anti-hypertensive or lipid modifying drugs to the patients 

eligible for CVD risk assessment. Renal impairment must be actively coded by the GP in 

the EHR. Those patients identified, had their EHR records cross-checked for 

confirmation. 

 

Ethics approval 

Ethics approval for the study was provided by the Australian National University Human 

Research Ethics Committee (study protocol 2019/037). 

 

Results 

Description of CAT4 and PAT CAT systems 

Figure 1 showed the flow of data from manual entry of patient health care information 

and pathology data, into the GP patient EHR. From there, data passes to CAT4 and then 

to PATCAT, whereupon PATCAT may be accessed remotely using a web browser. 

Examples of current EHRs that are compatible with CAT4 are Best Practice and Medical 

Director. For CAT4 and PAT CAT to calculate CVD risk, the GP is required to have 

recorded at least seven of the potential eight risk factors required, of which two - total 

cholesterol and HDL, are extracted automatically from the pathology lab results, if they 

are sent in the appropriate format.  
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CAT4 is used as a clinical audit tool within general practices. This enables GPs to perform 

analyses on their patient cohort data and allows reporting of key performance indicators 

back to their local PHN. This data is used to encourage improvements in health delivery 

at the individual practice level. For example, CAT4 automatically calculates a patient’s 

ACVDR score provided the necessary data has been inputted into the GP EHR. CAT4 uses 

identifiable patient data which stays within the general practice. CAT4 produces reports 

that contain identifiable patient data that can be used by the GP, thus supporting clinical 

activities such as patient recall. Identifiable data never leaves the General Practice site 

unless consent is obtained. 

General Practices using CAT4 can also participate and share their de-identified patient 

data with their PHN. Those general practices who participate can allow CAT4 software 

to export de-identified patient data to PAT CAT software which is hosted on 

designated servers at the PHN site. The uploaded health information on PAT CAT is 

accessible via a web browser in aggregate format to specified users. CAT4 sends a de-

identified data set to PAT CAT at set time intervals.  PAT CAT is able to provide 

aggregate CVD risk scores and also has inbuilt filter tools that allow further analyses, 

such as the type of treatments patients are receiving according to their risk score. 

  

System Attributes 

Data quality 

CAT4 

Of the 33 patients in the high risk group, CAT4 gave 10 patients a numerical absolute 

risk score value and the remaining 23 were recorded as ‘automatic high risk’. Both those 

patients given numerical values and those considered automatic high risk, matched 

exactly with the online HF 2012 calculator (see supplementary material Table 1A). In the 
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moderate risk group, 31/33 patients risk scores agreed with the HF 2012 calculator as 

being at moderate risk (see supplementary material Table 1A). The two results that 

disagreed were categorised as ‘automatic’ high risk by the HF 2012 calculator. When 

referring back to the individual patient records, each of these patients had a total 

cholesterol of exactly 7.5mmol/L. Further investigation revealed that CAT4 calculator 

labels patients as automatic high risk if their total cholesterol level is ≥ 7.6mmol/l 

whereas the HF 2012 calculator considers ≥ 7.5mmol/L as automatic high risk. The 

NVDPA guidelines state that >7.5mmol/L (i.e. ≥ 7.6mmol/l) is automatic high risk and 

therefore the HF 2012 calculator is incorrect regarding the total cholesterol cut-point. 

In the low risk group, all CAT4 CVD risk score values agreed with the HF 2012 calculator. 

It is important to note that CAT4 did not include any patients with prior CVD.  

Other quality issues noted were that although a CVD risk score is derived from those 

individual risk factors most recently available, these risk factors could be dispersed over 

a wide time period with sometimes years or decades between them. The clinical 

relevance of such a dispersed risk score is questionable. According the NVDPA 

guidelines, blood test values up to 5 years old, and 2 years old for blood pressure can be 

used (5). Another problem was that in many patients the blood pressure readings and 

cholesterol values were taken whilst patients were taking anti-hypertensive and/or lipid 

modifying medication and despite this, CAT4/PAT CAT provided a CVD risk score on 

these patients. The ACVD risk score was developed to be applied only to the treatment-

naïve and, although it is possible to separate out those patients, the provision of a CVD 

risk score whilst on pharmacotherapy is of limited clinical value.  

It also appeared that a patient’s smoking status is incorrectly allocated. Patients should 

only be considered as being a ‘non-smoker’ once a 12-month period has elapsed 

following the date of smoking cessation.  CAT4 incorrectly designates a patient a non-
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smoker from the immediate point they stop smoking, and as a result, a patient’s ACVD 

risk is underestimated.  

 

PAT CAT 

PAT CAT is able to display the number of eligible patients for CVD risk score assessment. 

Using the filtration tool in PAT CAT at the time of data extraction, the general practice 

had a population size of 3377 patients of whom 1741 were eligible for CVD risk score 

assessment (supplementary material, Figure 1A). Eighty-eight (5%) patients were 

excluded due to no Indigenous status being recorded and, for simplicity, we did not 

include the 22(1%) indigenous patients due to different age range for CVD risk 

assessment and small sample size. PAT CAT also identified that 342(20%) patients did 

not have the all the necessary missing risk factors required for calculation. This meant 

that 1289(75%) patients had sufficient CVD risk factors available to allow risk score to 

be calculated out of the original 1719 non-indigenous patients eligible. The three test 

scenarios were applied to these 1289 patients the results of which are shown in Figure 

3. 
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Figure 3. PAT CAT (Practice Aggregation Tool for the Clinical Audit Tool) data quality 
assessment. Three scenarios A to C were created by applying different PAT CAT filter 
criteria to patients eligible for cardiovascular disease (CVD) risk score assessment. To 
check PAT CAT validity, those patients identified were cross-checked with the patient 
electronic health record (EHR).  

 

*hypertension, heart failure, coronary heart disease, peripheral vascular disease, stroke, 

hyperlipidemia, familial hypercholesterolemia. 

 

Scenario A (patients at high CVD risk and not on appropriate preventative 

pharmacotherapy). Six-hundred and thirty-one (49%) met the initial filter criteria, of 

whom 50(8%) were identified as high CVD risk. Review of the EHR of each these 50 

patients confirmed all of the above criteria as being correct. Twenty-eight patients were 

automatic high risk, of whom 20 had a total cholesterol >7.5 mmol/L, five with a diastolic 

BP >110mmHg, 3 with a systolic BP >180mmHg. The remaining 22 had a numerical high 

CVD risk score with the same risk score values as the HF 2012 online calculator.  

Scenario B (patients at high risk due to diabetes and age over 60). PAT CAT identified 72 

patients with the initial filter, of whom it reported 69, 2 and 1 had a high, moderate and 

low CVD risk scores, respectively. According to national guidelines, all of these patients 

are at automatic high CVD risk. Review of the EHR of the moderate and low risk patients 
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confirmed that they were diabetic with no prior CVD, and exactly 60 years of age at the 

time of data extraction. We determined that their risk category depended upon how the 

risk score guidelines are interpreted. The HF 2012 calculator uses a cut point of ≥60 years 

to indicate automatic high risk whereas the written NVDPA CVD prevention guidelines 

uses a cut-point of ≥ 61 years (used by PAT CAT). This explains why these patients are 

not considered automatic high risk. Alteration of the PAT CAT filter criteria to include 

patients over 61 years old caused these 3 patients to disappear from the CAT4 report. 

Scenario C (patients at high risk due to renal impairment not on appropriate 

preventative therapy). PAT CAT reported that 31 patients met the filter criteria and of 

these, 8, 5 and 18 patients were at high, moderate and low CV risk, respectively. Review 

of the EHR of the 8 high CVD risk patients, confirmed all had renal impairment, were not 

taking the listed medication, and were at high CVD risk. Six patients were automatic high 

risk due to a cholesterol level >7.5 (n=2), diastolic BP>110mmHg (n=1), or moderate or 

severe due to persistent proteinuria or a glomerular filtration rate of 

<45mL/min/1.73m2 (n=3), and two patients had a calculated CVD risk score of >15%. It 

is worth noting ‘renal impairment’ is a coded entry that must be selected by the GP who 

may not necessarily be using the same criteria as described by the NVDPA CVD risk 

guidelines (defined as persistently having a urine ACR > 25 mg/mmol for males or 

> 35 mg/mmol for females, or estimated glomerular filtration rate [eGFR] 

< 45 mL/min/1.73m). 

 

Simplicity 

General practice staff reported that CAT4 was easy to use at the general practice level. 

At the PHN level staff report the user interface with PAT CAT is responsive, simple and 

intuitive with little training required. An extensive set of user instructions for PAT CAT 
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are also available on the Pen CS website (12). Staff noted that the filter enabling the 

automatic high risk patients to be filtered out for separate review available in CAT4 

would be useful to have in PAT CAT. They also stated it would be helpful if PAT CAT could 

separate out and display automatic high risk patients into the causes of their high risk. 

 

Flexibility 

The staff at general practice reported the CAT4 system to be flexible but PAT CAT less 

so at the PHN level.  Alterations to PAT CAT can be undertaken by Pen CS if required and 

can be carried out at predetermined time points during the year. From our project 

perspective, Pen CS have supported our evaluation of their software and promptly 

responded to any software enquires we had.  They have agreed to review our findings 

and consider implementation of the recommendations.  Indeed, some of our 

recommendations have already been implemented.  

 

Acceptability 

From a national perspective, acceptance rates by GPs and PHNs of CAT4 and PAT CAT 

are high - more than 80% of general practices use CAT4 and 28/31 PHNs in Australia are 

licensed to use PAT CAT. However, although considerable use is made by PHNs and GPs 

of CAT4, the actual use of PAT CAT for CVD risk score for analysis by PHNs is minimal, 

the reasons for which are evident from this study. Assessment rates by GPs of patients 

eligible for CVD risk assessment are known to be generally low. Although 80% of the 

patients in this practice population had sufficient risk factors to generate a risk score 

this does not mean that the patient had an actual CVD risk assessment undertaken. It 

merely indicates that sufficient risk factors have been measured at some point in the 

patient’s past to generate a score. Staff pointed out that an electronic prompt system is 
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available. This is because those GPs who have used TOPBAR report there are software 

incompatibilities with their EHR leading to inadvertent slowing of the GP EHR especially 

during busy clinic times. Also, instalment of TOPBAR leads to multiple health alert 

notifications for other diseases during patient consultations which become a nuisance. 

 

Sensitivity and predictive value 

To calculate these for CAT 4 and PAT CAT, the true CVD risk scores of all the eligible 

patients in the practice would have to be known. From a practical perspective was not 

possible as it would have required the recall of all patients in the general practice for 

testing. CVD assessment rates of patients eligible for CVD risk assessment are known to 

be low nationally, and tackling this problem remains a major health issue (7). It was 

therefore our initial intention to estimate the sensitivity and positive predictive value by 

recalling a randomly selected, small group of low, moderate and high risk patients as 

identified by CAT4, and re-measure the ACVD risk scores in these patients. Due to the 

lock-down effects of the Coronavirus 2019 which was declared a global pandemic by the 

World Health Organisation on March 12th 2020, this part of the study could not be 

undertaken. We also determined that the other issues identified with CAT4 and PAT CAT 

in this evaluation study should be corrected first, in order to make such an undertaking 

worthwhile. 

 

Representativeness 

It is known that only a minority of those patients who are eligible for CVD risk 

assessment out of the general population have had their risk scores assessed and 

treated appropriately.  One issue is that those who currently have CVD risk scores 

available in PAT CAT, will tend to be the sicker ones in the population, and therefore the 
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potential for selection bias exists. Furthermore, as these patients are more likely to 

receive treatment, PAT CAT data may suggest higher CVD risk scores and treatment 

levels than actually exist in the greater population.  

PATCAT is widely available nationally with access to over 21 million patient records, and 

therefore from a coverage perspective, has the potential to provide the state of CVD risk 

scores and treatment across the majority of the Australian population. Currently 

however, aggregated data is confined to within single PHN area and cannot be shared 

across multiple PHN regions. This is because the data sharing agreements that currently 

exist between general practices and their respective PHNs only allow for aggregation of 

data within their PHN region, and do not allow for sharing with third parties or for the 

purposes of research. If full use of the data extracted from GPs is to be realised, then 

the data sharing agreements need to altered appropriately whilst protecting the rights 

of patients. Although PAT CAT generates risk scores, this does not indicate that a CVD 

risk assessment has taken place. PAT CAT does not record this currently and would 

require a means to record billing for a Heart Health Check by CAT4 and also to record 

when the inbuilt EHR CVD risk calculator has been used.  

Indigenous Australians were not included in this study due to the small numbers 

provided by a single general practice. However, aggregation of this data at a national 

level would have important clinical and public health significance.  Such data would 

complement information provided by two other data collections—the Online Services 

Report (OSR); and the national Key Performance Indicators (nKPI). These are funded by 

the Australian Government under its Indigenous Australians’ Health Programme (IAHP) 

to deliver culturally appropriate primary health care services to Aboriginal and Torres 

Strait Islander people (28). 
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Timeliness 

At the practice level through CAT4, a CVD risk score is available as soon as sufficient risk 

factors have been entered. It is currently the responsibility of the practice to review 

these scores and decide how to act upon the information that it provides. For most 

practices this is not occurring. Aggregate reports at a PHN level are available quarterly 

which is frequent enough to be representative of the CVD risk within the population. 

However, these are not being reviewed or made available to relevant stakeholders such 

as those working at the PHN, GPs, public health or health service staff or the Heart 

Foundation.  
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Stability 

Interviews with GPs and PHN staff did not note any issues regarding unscheduled 

outages, prolonged down times or repair costs for Pen CS.   

 

Usefulness 

Using the PAT CAT inbuilt filter tools, we examined the capabilities of the PAT CAT 

system with regard to analysis of the uploaded CAT4 June 2019 aggregate data. In 

particular, the ability of PAT CAT to provide clinically useful reports on the extracted 

general practices aggregate data was assessed. Patients included for this assessment 

were as per the criteria for adults aged 45 and over without a known history of CVD. PAT 

CAT tool filters can be applied to show the numbers of patients with different risk scores 

according to age category (Figure 4). Although the numbers of patients in each risk 

category could be displayed, no date range filter tool is available to ensure all individual 

risk factors are measured within a set time frame. Risk scores are grouped at 5% 

increments, with seven risk groups in multiple colours, rather than in the three 

guideline-recommended <10%, 10-15% and >15% categories and easy-to-read traffic 

light colours. 
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Figure 4.  Screen shot of the start page of the web browser for PATCAT, displaying 
some of the filter tool options used to view the numbers of eligible patients and their 
absolute cardiovascular disease risk scores across different age ranges, within a single 
general practice population. 
 

 

 

A tabulated version is also available, and using additional filters, the proportions of 

patients in each risk score category can be displayed according to their different health 

characteristics (Table 3). 
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Table 3. Numbers and proportions of patients’ cardiovascular disease risk scores 
according to their health characteristics in a single general practice, as determined by 
PATCAT. 

 Proportion 

of total  

N(%) 

N(%) in each CVD Risk Score 

category 

Low Moderate High 

Overall 1289(100) 800(62) 215(17) 274(21) 

Female 696(54) 543(78) 49(7) 104(15) 

Male 593(46) 255(43) 166(28) 172(29) 

Smoker 155(12) 62(40) 36(23) 57(37) 

Hypertension 378(29) 164(43) 72(19) 142(38) 

Diabetes (type 1 or 2) 93(7) 11(12) 4(4) 78(84) 

Taking anti-hypertensive 

medication 

- - - - 

ACE inhibitors/ARB 299(23) 117(39) 51(17) 132(44) 

Beta blockers 93(7) 33(36) 16(17) 44(47) 

Calcium antagonists 90(7) 39(43) 18(20) 33(37) 

Diuretics 137(11) 56(41) 26(19) 55(40) 

Taking lipid-lowering medication 205(16) 80(39) 35(17) 90(44) 

ACE: angiotensin converting enzyme inhibitor; ARB: angiotensin receptor blocker; CVD: 

cardiovascular disease; ‘renal impairment’ is a derived from a drop-down list of 

conditions in the patient electronic health record which must be actively selected by the 

GP 

 

One valuable feature of PAT CAT is the ability to display the numbers of patients at high 

CVD risk not taking guideline recommended pharmacotherapy. In our report, 22% of 

patients with diabetes and over 60 years, were not taking guideline recommended 

pharmacotherapy (16).  Out of 274 patients who identified to be at high CVD risk, 15% 

were not receiving anti-hypertensive medication, and 17% were not receiving lipid 

lowering therapy, and 13% were not receiving guideline-recommended dual therapy 

(Table 4). The greatest potential value of PAT CAT would be an ability to correctly display 

trends in levels of CVD risk scores and pharmacotherapy across populations. Currently 
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this is not possible. In contrast, CAT4 does have the capability to do this but this is at the 

general practice level.  Other findings for PAT CAT were that although it was possible to 

display the numbers of patients on individual types of anti-hypertensive medications, it 

was not possible to show proportions of patients on anti-hypertensive medications as a 

group. This particular grouping filter is necessary to identify the numbers and trends of 

patients on appropriate medications. All of the filter results above could be downloaded 

in de-identified aggregate format as a CSV file.  
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Table 4. Numbers and proportions of patients with a high cardiovascular disease risk 
score  not on anti-hypertensive or lipid lowering medications. 
  

 Proportion 

of total  

N(%) 

N(%) in each CVD Risk Score category 

Low Moderate High 

Diabetes > 60 yrs 72(77) 1(1) 2(3) 69(96) 

Diabetes > 60 yrs, not on anti-

hypertensive OR lipid-

lowering medications 

16(22) 1(6) 1(6) 14(88) 

Familial 

Hypercholesterolemia 

3(1) 0 0 3(100) 

Familial 

Hypercholesterolemia not on 

lipid-lowering medications 

1(33) - - 1(33) 

Renal Impairment 80(6) 29(36) 20(25) 31(39) 

Renal impairment not on 

anti-hypertensive AND lipid-

lowering medications 

31(39) 18(58) 5(16) 8(26) 

Patients not on anti-

hypertensive medication 

928(72) 637 (69) 151(16) 140(15) 

Patients not on lipid lowering 

drug medication 

1084(84) 719(66) 181(17) 184(17) 

Patients not on anti-

hypertensive AND a lipid 

lowering medication 

848(66) 614(72) 126(15) 108(13) 
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PAT CAT can also display those patients with missing values and including the numbers  

of patients and the types of missing CVD risk factor data (supplementary Table 2A). An 

HDL value was the most common single missing risk factor (29%), with 40% having both 

the total cholesterol and HDL values missing, and 22% had ≥3 risk factors missing. 

However, PAT CAT is not able to provide trends of information over time on those 

patients eligible for CVD risk assessment who do not have risk scores available, CVD risk 

scores or treatments. 

In those patients where a CVD risk score has been obtained using parameters post-

treatment, it would be useful to be able to determine CVD risk scores prior to drug 

therapy commencement. This would allow for the comparisons of pre- and post-therapy 

CVD risk scores.  On review of individual health records, some patients had clinically 

appropriate reasons why preventative pharmacotherapy treatment had not been 

commenced.  This information was often recorded as ‘free text’ information within the 

patient’s medical notes. There is no specific field capability to denote this decision in the 

EHR and therefore Pen CS is unable to separate out this group.  

It is important to note that although PAT CAT may provide a risk score, this does not 

mean that a risk assessment has been carried out by a GP. Assessment of risk by GPs are 

important as it indicates that the patient has had a specific consultation regarding their 

risk, and treatment decisions and lifestyle education has been discussed.  Although not 

the direct aim of this study, we felt some means of recording whether of CVD 

assessment has been carried out by GPs was important.  

Pen CS Software also has Topbar , a clinical decision support system embedded within 

practice clinical software to aid clinicians at the point of care. Topbar can provide 

automated notification to clinicians that certain patients are eligible for CVD risk 

assessment. However, Topbar software is not widely installed across all General 
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Practices even though it is free to GPs. It was also noted that no automatic notification 

system exists within Best Practice Software to alert the user that a patient has been 

identified as being at high ACVD risk by CAT4. Therefore, some patients identified as 

high risk by CAT4, may be going untreated. 

Currently the CVD risk and treatment data provided by PAT CAT in its current format has 

limited value and explains why it is rarely used by the health system. The main issue is 

that CVD risk is being calculated from data collected over large date ranges, and a time 

filter capability is required.  Access to PAT CAT is restricted to only members of the PHN 

which severely limits its use. 

 

Discussion 

This study evaluated PAT CAT to determine whether it can act as a surveillance system 

for monitoring absolute CVD risk scores, and the proportions prescribed anti-

hypertensive and lipid-lowering pharmacotherapy treatment according to their risk 

scores, across the population. In its current format it is unable to do so. However, by 

assessing the individual attributes of surveillance systems as recommended by the 

guidelines of the CDC, we have identified areas for improvement and provided a list of 

recommendations (Table 5). If implemented, we believe that PAT CAT has the potential 

to act as a surveillance system for monitoring CVD risk and treatment across 

populations. To initiate this, these recommendations have been passed onto Pen CS 

who have agreed to make the changes. This report has also been passed onto all 

stakeholders and we are awaiting feedback.  

The strengths of PAT CAT are that if sufficient risk factors are recorded in a general 

practitioner’s EHR, these are automatically converted into correct CVD risk scores. PAT 

CAT is also able to accurately determine those patients at high CVD risk not on 
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appropriate preventative pharmacotherapy. In our report using a single general 

practice, 17% of high CVD risk patients are not on lipid lowering therapy, and 13% are 

not receiving dual therapy which is in keeping with published data (7). Another major 

strength is the national coverage of Pen CS, with 90% of PHNs licensed to use the 

product and 80% of the Australian population on the system, meaning true population 

surveillance is possible (12). The main weaknesses of PAT CAT are a lack of a date range 

filter and inability to share aggregate data between PHNs. Although all the individual 

risk factors may be present, they may have been collected over a wide date range and 

therefore no longer clinically relevant. Insertion of a simple date range filter would allow 

determination of the overall risk in a population within a recent time frame.  

It is also important that the information held by PAT CAT be made accessible to relevant 

stakeholders. Currently, only members of the PHN have access as current data sharing 

agreements do not allow access for external groups such as the Heart Foundation or 

health policy makers. In order for this to occur, the GP-PHN data sharing agreements 

will need to be altered. A new national federally-funded initiative called Primary Health 

Insights may overcome this by providing a platform for PHNs to store their data and 

allowing aggregation of data across states.  PHI relies predominantly on the data sets 

provided by Pen CS.  We would also suggest that the data sharing agreements be altered 

to allow for the de-identified data to also be made accessible for research.  

Our study has also detected errors in the official HF 2012 calculator itself which may 

have arisen due to ambiguities in the guidelines themselves. We also noted there is a 

significant issue with the EHR inbuilt CVD risk calculator (Best Practice) which appears 

to be using an out of date version, resulting in almost 60% of all high risk patients being 

recategorized to a lower risk group or not all (see supplementary material, Table 1A and 
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text). As Best Practice EHR is used by over half of all general practices in Australia, many 

patients are at risk of not receiving appropriate CVD prevention therapies (17).   

In Australia, despite national guidelines recommending all eligible patients 45-74 years 

be screened, only half of those eligible have essential CVD risk factors recorded, and use 

of the CVD risk calculator is even lower at 17%. One survey of over 100 Australian GPs 

found that 30% of GPs self-reported screening less than 60% of their eligible patients, 

and one in ten not screening at all (18). Unfortunately, low assessment rates are likely 

to translate into low treatment rates which can lead to an excess of cardiovascular 

events. This was shown in a study examining the absolute CVD risk scores in patients 

presenting to hospital with acute coronary syndrome, and the proportions on guideline-

recommended pharmacotherapy according to their score (19). Two-thirds of all patients 

presenting had no prior history of CVD, of whom 36% were established to have a high 

CVD risk score prior to their ACS presentation. Of these, 80% were on incomplete or no 

guideline-recommended pharmacotherapy.  

A CVD surveillance system would support improvements to quality of care for CVD risk 

by quantifying the numbers of patients at risk, their assessment rates and 

appropriateness of treatment. These results need to be then fed back to GPs and other 

healthcare providers to encourage change in practice (20). Such a system — lacking in 

Australia — would also support data collection necessary for local CVD risk equations, 

evaluation of prevention strategies and healthcare planning. 

It is also worth mentioning that there are 3 other health analytics providers in use by 

GPs and PHNs that also extract deidentified data: POLAR owned by Outcome Health, 

Primary Sense owned by Gold Coast Primary Health Network, and MedicineInsight 

which is part of NPS MedicineWise and funded by the Australian Department of Health 
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(25-27).  If the CVD data extracted by these systems are to be included, the same 

evaluation process of their surveillance systems would also have to be undertaken.  

The use of data from EHRs has enabled epidemiologists to conduct cross-sectional and 

longitudinal investigations of CVD risk without the burdens imposed by assembling 

traditional cohort studies. EHR data can be leveraged as an existing data source to 

conduct rapid and more efficient investigations into the population burden of CVD and 

its risk factors (21). To our knowledge, whilst aspirational, globally there are no EHR 

systems in current use that undertake surveillance of CVD risk at population level. 

However, in England this may soon change. All GP practices in the UK are owned by the 

National Health Service (NHS) and therefore have the same EHR. NHS England are soon 

to be implementing CVDPREVENT, a national primary care audit that will automatically 

extract routinely held GP data covering diagnosis and management of six high risk 

conditions that cause stroke, heart attack and dementia: atrial fibrillation (AF), high 

blood pressure, high cholesterol, diabetes, non-diabetic hyperglycaemia and chronic 

kidney disease (22). The potential benefits of what a large surveillance system for CVD 

risk can provide are highlighted by the New Zealand Predict Cardiovascular Disease 

Cohort (23). In New Zealand, there is widespread use of EHRs by general practices and 

the PREDICT decision support system has been inserted into 40% of general practices 

EHRs. As a result, there have been improvements in documentation and classification of 

risk, risk factors and medical history in general practice. When PREDICT software was 

first introduced in 2012, CVD risk assessments were at 3% of the total cohort and have 

since risen to 79-88% by 2015 (23). First and recurrent ischemic heart disease events in 

New Zealand are also in decline (24).  

 

Strengths and limitations 
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This study undertook an in-depth investigation of Pen CS CAT and PAT CAT matching 

CVD risk scores with individual patient notes following the CDC guidelines. The limitation 

of this study was that this was carried out in a single GP practice, but it is unlikely that 

the electronic transfer of data is dissimilar in other practices. The general practice 

involved used Best Practice EHR and ideally, we would have included practices that used 

other EHRs such as Medical Director. More extensive scenarios involving greater 

numbers of patients when checking the validity of PAT CAT back to the EHR would have 

been useful, but would have been beyond the resources available for this study. We 

have also assumed that general practice staff are obtaining the risk factors for CVD 

assessment in a standardised manner. Should the recommendations be implemented, 

then the next step would be to test whether the linked aggregate data was 

representative of the CVD risk in the target (national) population. 

 

Conclusion 

This study has shown that in its current format PAT CAT is unable to act as a surveillance 

system for either cardiovascular disease risk score monitoring in the population, or the 

appropriateness of preventative pharmacotherapy. However, PAT CAT does have 

significant potential and we have provided a list of recommendations that, if 

implemented, will allow to achievement of these goals. We also discovered errors with 

both the HF 2012 calculator and NVDPA guidelines which are causing patients to be 

incorrectly risk categorised and may be adversely affecting patient outcomes. 
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Table 5. List of recommended changes required to improve PAT CAT.  
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Supplementary material 
 
Figure 1A. Flow diagram of selection of patients eligible for cardiovascular disease 
(CVD) risk assessment 
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Table 1A. Comparison of absolute cardiovascular disease risk scores for individual 
patients using the CAT4 and the Heart Foundation 2012 risk calculator. Also included 
are risk scores derived using the in-built electronic health record calculator (Best 
Practice) and the Heart Foundation 2009 risk calculator. See text below for description 
of results. 

Risk 

Category 

Patient  

(age stated if >74 yrs) 

CAT4 

calculator 

Heart Foundation 

2012 calculator 

Best Practice 

calculator 

Heart Foundation 

2009 calculator 

  1 (77) 24% 24% 27% 27.4% 

 >74 years 2 (79) 16% 16% 18% 18.6% 

  3(83) 20% 20% 25% 25% 

  4(76) 23% 23% 24% 24% 

 5 19% 19% 19% 19.5% 

High CVD 

Risk 

 6 19% 19% 19% 19.8% 

 <74 years 7 19% 19% 18% 18.6% 

  8 16% 16% 15% 15.6% 

  9 16% 16% 15% 15.9% 

  10 31% 31% 31% 31.0% 

 >74 years 1 (78) 13% 13% 14% 14.4% 

  2 10% 10% 9% 9.9% 

  3 13% 13% 12% 12.5% 

  4 11% 11% 11% 10.5% 

  5 12% 12% 12% 12.4% 

  6 12% 12% 11% 12.0% 

  7 10% 10% 10% 10.0% 

  8 12% 12% 11% 11.9% 

  9 13% 13% 13% 13.4% 

  10 11% 11% 10% 10.6% 

  11 13% Automatic High 

Risk 

12% 12.9% 

  12 14% 14% 14% 14.3% 

  13 11% 11% 10% 10.7% 

  14 13% 13% 12% 13% 

  15 12% 12% 12% 12.2% 

  16 11% 11% 10% 10.6% 

  17 10% 10% 9% 9.9% 

Moderate  <74 yrs. 18 14% 14% 14% 14% 

CVD Risk  19 14% 14% 14% 14.2% 

  20 13% 13% 12% 12.8% 

  21 13% 13% 13% 13.2% 

  22 11% 11% 11% 11% 

  23 10% 10% 10% 10.1% 

  24 13% Automatic High 

Risk 

13% 13.2% 

  25 12% 12% 12% 12.4% 

  26 14% 14% 13% 13.7% 

  27 13% 13% 13% 13.2% 
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  28 10% 10% 10% 10.1% 

  29 10% 10% 10% 10.1% 

  30 14% 14% 13% 13.9% 

  31 10% 10% 10% 10.3% 

  32 11% 11% 11% 11.3% 

  33 11% 11% 11% 11.3% 

  1 (81) 8% 8% 10% 10.3% 

 >74 years 2 (90) 4% 4% 7% 7.6% 

  3 (76) 4% 4% 4% 4.5% 

  4 (87) 7% 7% 10% 10.8% 

  5 2% 2% 1% 1.8% 

  6 3% 3% 2% 2.8% 

  7 2% 2% 2% 2.1% 

  8 4% 4% 4% 3.7% 

  9 6% 6% 6% 6.1% 

  10 7% 7% 6% 6.8% 

  11 7% 7% 6% 6.7% 

  12 6% 6% 6% 6.3% 

  13 9% 9% 9% 9.2% 

  14 2% 2% 2% 2.1% 

  15 2% 2% 1% 1.9% 

  16 8% 8%  7% 7.8% 

  17 2% 2% 2% 2.4% 

Low CVD 

Risk 

<74 yrs. 18 2% 2% 2% 2.1% 

  19 2% 2% 2% 2.3% 

  20 6% 6% 5% 5.8% 

  21 4% 4% 3% 3.7% 

  22 7% 7% 7% 7.1% 

  23 4% 4% 3% 4% 

  24 7% 7% 6% 6.9% 

  25 8% 8% 8% 8.1% 

  26 6% 6% 6% 6.8% 

  27 5% 5% 4% 4.6% 

  28 7% 7% 6% 7.0% 

  29 4% 4% 3% 3.7% 

  30 6% 6% 6% 6.3% 

  31 3% 3% 3% 3.2% 

  32 0% 0% 0% 0.5% 

  33 0% 0% 0% 0.5% 

CVD: cardiovascular disease 
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Supplementary text: Checking the Best Practice EHR inbuilt CVD risk calculator validity. 
 

In the four patients over 74 years of age, the Best Practice (BP) EHR calculator 

overestimated CVD risk when compared to the HF 2012 calculator. The reason is that 

the HF 2012 calculator only allows a maximum age of 74 to be entered and ages above 

this are given a value of 74. This similar to the HF 2009 calculator in which values over 

the age of 74 can be entered, and the greater the value entered, the greater the 

proportional risk. We suspect BP is still using the HF 2009 calculator. For the six patients 

under 74 years old both calculators had very similar results. The only difference was that 

the BP EHR calculator appears to incorrectly round downwards giving a 1% lower value. 

Importantly, no patients were re-categorised. In the 23 patients verified to be at 

automatic high risk, BP EHR calculator lacked the ability to categorise them, presumably 

because this feature was only introduced in the 2012 ACVD risk guidelines. Therefore, 

the BP EHR calculator gave these patients absolute risk scores values. Four (17%) were 

identified as high risk, 48%(11) moderate risk, 26%(6) low risk, and in 9%(2), no risk was 

able to be determined as these patients had missing data parameters. Overall, out of all 

the high risk patients, the BP EHR calculator incorrectly categorized 58%(19) patients to 

a lower risk group or not at all. In the moderate and low risk groups, two patients (6%) 

from each group in each were recategorized by BEHR calculator to be low and moderate 

risk, respectively. In these groups, the BP EHR derived values were very similar to the HR 

2009 calculator. 
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Table 2A. Practice Aggregation Tool for the Clinical Audit Tool (PAT CAT) display of the 
missing values with regard to the numbers of patients and the types of cardiovascular 
risk factor data in a single general practice population. 
 

HDL: high density lipoprotein 

 

 

Missing Patient Data Parameters  Patient Numbers  

Total Cholesterol and HDL values missing 40% (n = 138) 

HDL value only missing 29% (n = 99) 

3 or more data parameters missing 22% (n = 74) 

Blood pressure value only missing 4% (n = 14) 

Smoking only missing 2% (n = 7) 

Smoking status and HDL value missing 1% (n = 4) 

HDL value and blood pressure reading missing 1% (n = 4) 

Smoking status and blood pressure reading missing 1% (n = 2) 

Smoking status and HDL value missing 0 

Total cholesterol and blood pressure reading missing 0 

Total cholesterol value only missing 0 

Total number of eligible Non-Indigenous patients excluded  342 
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Abstract 

Objectives To describe general practitioners’ (GPs) absolute cardiovascular disease risk 

(ACVDR) self-reported assessment practices and their relationship to knowledge, 

attitudes and beliefs about ACVDR.  

Design Cross-sectional survey with opportunistic sampling (October to December 2017) 

Setting Sunshine Coast region, Queensland, Australia. 

Participants 111 GPs responded to the survey 

Primary and secondary outcome measures Proportion of GPs reporting a high (³80%) 

vs moderate (60-79%)/low (<60%) percentage of eligible patients receiving ACVDR 

assessment; proportion agreeing with statements pertaining to knowledge, attitudes 

and beliefs about ACVDR and associations between these factors.  

Results Of the 111 respondents, 78% reported using the Australian ACVDR calculator; 

45% reported high, 25% moderate and 30% low ACVDR assessment rates; >85% 

reported knowing  how to use ACVDR assessment tools, believed assessment valuable, 

and were comfortable with providing guideline-recommended treatment. Around half 

believed patients understood the concept of high risk and were willing to adopt 

recommendations.   High assessment rates (vs moderate/low) were less likely among 

older GPs (≥45 vs ≤34 years, age-sex-adjusted OR [aOR] 0.36, 95%CI 0.12-0.97). Those 

who answered knowledge-based questions about the guidelines incorrectly had lower 

assessment rates, including those who answered questions on patient eligibility (aOR 

0.13, 0.02-1.11).  A high assessment rate was more likely among GPs who believed there 

was sufficient time to do the assessment (aOR 3.79, 1.23-11.61) and that their patients 

were willing to undertake lifestyle modification (aOR 2.29, 1.02-5.15). Over 75% of GPs 

agreed better patient education, nurse-led assessment and computer-reminder 

prompts would enable higher assessment rates. 
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Conclusions Although the majority of GPs report using the ACVDR calculator when 

undertaking a CVD risk assessment, there is a need to increase the actual proportion of 

eligible patients undergoing ACVDR assessment. This may be achieved by improving GP 

assessment practices such as GP and patient knowledge of CVD risk, providing sufficient 

time and nurse-led assessment.  

 

My role 

I was the lead researcher in this study. I conceptualised the idea and was responsible for 

designing the protocol, survey questionnaires, ethics and research governance 

submissions.   

I was actively involved in carrying out the study. I organised and presented at meetings 

with GPs in our region to inform them about the study. I supervised and participated in 

the distribution of the surveys to GPs directly and also collection of the completed 

surveys. I was responsible for all of the data analysis, manuscript writing and submission.  

I organised and received assistance from medical students and junior doctors in the 

distribution and collection of the surveys (paper and digital). They are listed as co-

authors. The data entry was undertaken by a research assistant, overseen by myself to 

monitor quality. The work also involved collaboration with members of the National 

Centre for Epidemiology and Population School of Health (RK and JA) and also a 

cardiology colleague Professor Tony Stanton. They provided advice on study design and 

analysis and interpretation of data, and they reviewed the manuscript critically for 

important intellectual content. 

In addition to publication of the study findings, I was responsible for their dissemination 

at several conferences, meetings and webinars. These included the: 

• National Primary Health Network Conference, Sydney 2019 
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• Presentation for the Heart Foundation to GPs as a national webinar, Sydney, April 

2019 

• Brisbane Primary Health Network and on behalf of the Heart Foundation, to GPs and 

other allied health practitioners, Brisbane March 2019. 

• To the local community, as part of a CVD prevention drive on the Sunshine Coast 

Queensland, March 2019 and February 2021. 

This work led to additional related research within the period of my degree: ‘Absolute 

cardiovascular disease risk score and pharmacotherapy at the time of admission in 

patients presenting with acute coronary syndrome due to coronary artery disease in a 

single Australian tertiary centre: a cross-sectional study’, also published in BMJ Open in 

2021 (1). This work showed that a large proportion of patients presenting to hospital 

with acute coronary syndromes due to coronary artery disease were at high risk of 

developing CVD prior to the event and most were not on guideline-recommended 

treatment. This evidence further reinforces a greater need for more CVD risk score 

assessments and treatments.  

 

Lessons learnt 

I learnt about the importance of prevention of cardiovascular disease and its role in 

public health, as well as the value of surveys and qualitative research. I come from a 

background in cardiovascular physiological interventional research which, up until 

recently, involved giving drugs and observing physiological responses on human 

volunteers both with and without disease.  Therefore, this was quite a change for me, 

in terms of methods and the field of research (i.e. prevention). On reviewing the 

literature on cardiovascular disease prevention, I noted the low levels of measuring of 

CVD risk scores and low rates of treatments. However, on speaking with GPs, they 
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believed they were assessing CVD risk and treating appropriately. Representatives of the 

Heart Foundation and Primary Health Networks reported that they were being met with 

the similar responses when encouraging GPs to undertake more risk score assessments. 

Both GPs, PHNs and Heart Foundation asked for local evidence that risk score 

assessments were not being performed. Therefore, we undertook this simple survey to 

help show that risk assessments were occurring at a low level and was found to be very 

valuable to those promoting CVD prevention to GPs. It has also been useful in validating 

me as someone who has undertaken credible research in this area.  

I also gained experience in the use of online surveys. The study was intended to be a 

survey of local GPs. However, the online version of the survey got passed onto an online 

website called ‘Doctors Down Under’ by a particularly enthusiastic GP. This meant that 

GPs from other states also answered the questionnaire. Unfortunately, we were unable 

to include these results due to our ethics permission being only valid within our state. 

We explored the possibility of an amendment but hospital-related ethics committees (in 

our case the Royal Brisbane and Women’s Hospital Research Ethics Committee) are only 

able to give permission for locally run health service research and not research in other 

states. As we were time limited, resource poor and the numbers of extra GPs that could 

be included were relatively small, I decided that the extra effort was not worthwhile. 

This highlighted to me the limitations of local hospital ethics permission and the 

potential advantages of a national ethics committee. 

 

Public health impact 

The peer-reviewed research has been published in BMJ Open (see manuscript later). I 

have presented the findings at national conferences, a Heart Foundation organised 

national webinar to GPs, and also at several local events to both GPs and community 
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events promoting CVD prevention. As a result, this and other work related to this thesis 

(see earlier), I was asked to attend a workshop to assist in the development of new 

national guidelines on CVD Prevention for Australia. The Heart Foundation policy makers 

have also used my publications as evidence for GPs that CVD risk assessment rates are 

low. It has also led to me working closely with the Heart Foundation providing advice on 

CVD prevention. This work also led me to design, develop and supervise another related 

project entitled: ‘A Retrospective Cross-Sectional Study Assessing Absolute 

Cardiovascular Disease Risk Score And Pharmacotherapy At The Time Of Admission In 

Patients Presenting With Acute Coronary Syndrome Due To Coronary Artery Disease In 

A Single Australian Tertiary Centre.’ I was the senior author and wrote most of the 

manuscript. This has been published in the BMJ Open on February 8th 2021 and the 

manuscript is attached in the Appendix. The National Heart Foundation of Australia have 

issued a letter acknowldeging the health impact of the work I have done during this 

thesis (see Figure 4A in Appendix).  

Since this study was performed, the GP Heart Health Check was introduced by the 

federal government in April 2019 and is funded under the Medicare Benefits Schedule. 

It offers specific reimbursement to GPs to carry out absolute cardiovascular risk score 

assessment on their patients (2).  The federal government also introduced the Practice 

Incentives Program Quality Improvement Incentive in 2019 (3). This is a payment to 

general practices that participate in quality improvement activities to improve patient 

outcomes and deliver best practice care. One of the specified improvement measures is 

the ‘Proportion of patients with the necessary risk factors assessed to enable CVD 

assessment’. Whilst the number of assessments have increased since its introduction, 

the full impact of these measures are yet to be made clear.’ 
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CHAPTER 5 

 

DATA ANALYSIS 

 

Prevalence of coronary microvascular dysfunction in patients 

being investigated for chest pain in an outpatient setting, and 

association with typical angina symptoms:  a cross-sectional 

study. 
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Abstract 
Objective Coronary microvascular dysfunction (CMD) is thought to be the cause of 

typical angina in patients with chest pain and unobstructed coronary arteries but studies 

investigating this have failed to show an association. In the same population our study 

investigated: 1) the prevalence of CMD; 2) whether the presence of global or regional 

CMD is associated with typical angina; 3) whether this association was modified sex. 

Methods This cross-sectional study recruited consecutive patients attending cardiology 

clinics with chest pain and unobstructed coronary arteries on CT angiography. 

Myocardial blood flow reserve (MBFR) was assessed using vasodilator myocardial 

contrast echocardiography, and CMD was defined as a MBFR <2.0. Global MBFR was 

calculated as the average MBFR of all segments of the left ventricle. Regional MBFR was 

calculated as the average MBFR of the segments corresponding to the left (MBFRL) and 

right coronary artery (MBFRR) territories. Chest pain was classified as either typical 

angina, defined according Rose Angina Questionnaire criteria, or non-specific chest pain. 

Univariate logistic regression was used to quantify the association between a CMD and 

typical angina. Multivariate logistic regression was performed with age, sex and diabetes 

entered into the model.   To examine effect modification by sex, the CMD-angina 

relationship was analysed separately in men and women, and used the likelihood ratio 

(LR) test to test for homogeneity. The same analyses were repeated using regional CMD 

derived from the left and right coronary artery territories.    

Results 183 participants, mean age 60±9.6 years (53% male), were recruited. Typical 

angina was present in 34% (95% CI: 28-42%) of participants. Mean global MBFR 
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(mean±SD) was 2.20(2.12-2.27) and 70(38%) had global CMD. There was no significant 

association between global CMD and angina, overall [aOR 1.72, (95% CI:0.91-3.23), 

p=0.09], in women [aOR 1.89, (95% CI:0.75-4.74), p=0.29], or in men [aOR 1.60, 95% CI: 

0.67-3.81, p=0.29]. CMD in the right coronary artery territory was associated with angina 

[aOR 3.76(1.97-7.18), p<0.001], in both women [aOR 4.30(1.67-11.1) p=0.003)], and 

men [aOR 3.40(3.39-8.28)], p=0.007) (test for homogeneity, p= 0.665). CMD in the left 

coronary artery territory was not associated with angina in women [aOR 1.96(95% CI 

0.82-4.67), p=0.13] or men [aOR 1.23(95% CI 0.48-3.26), p=0.64]. 

Conclusion This study demonstrated that a third of patients referred to clinics with chest 

pain and unobstructed coronary arteries have CMD.  Global CMD was not associated 

with typical angina but the presence of CMD in the right coronary artery territory was 

associated with angina in both males and females. The strength of this association was 

similar in men and women.  
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My role 

The data from this study was collected between 2011 and 2013 when I was a consultant 

at Poole Hospital in the UK. I designed the original study, gained funding and supervised 

the ethics submission, patient recruitment, the experiments, and collection of the data. 

During my time as a MAE student, I undertook the data analysis, and carried out all of 

the data analysis and write-up of the manuscript.  

 

Lessons learnt 

This experiment was conducted 10 years ago and the design was 2 years prior to this. By 

reflecting what I have learnt in the MAE program I was able to identify many weaknesses 

in the design of the project which were not clear to me before. These included the 

importance of a causal diagram and data analysis plan, which I now undertake before all 

research projects I am involved in. Even though a cross-sectional design is not designed 

to determine causality, the causal diagram helped me understand that patients with 

chest pain should be the outcome variable in the analysis, and CMD the exposure, given 

the interest was in quantifying and comparing the prevalence of typical angina in people 

with and without CMD, rather than the other way around. The diagram also helped to 

determine what variables I should, and should not adjust for, in the analysis. I also 

realised the limitations of single centre physiological studies and their generalisability, 

in particular considering issues around selection bias. For future studies I will be more 

aware of my target population (those with chest pain), the population accessible to me 

(clinics), the sampling method used (consecutive patients) and the actual participants 
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that consent to participate.  I also learnt how to use Stata which was extremely useful 

for the data analysis I carried out in my epidemiological project chapter (‘A Cross-

Sectional Survey Describing General Practitioners’ Absolute Cardiovascular Disease Risk 

Assessment Practices and their Relationship to Knowledge, Attitudes and Beliefs about 

Cardiovascular Disease Risk in Queensland, Australia’), as well as for future work. 

 

Public health impact 

The chapter prepared is in a draft manuscript style with the intent to publish in a peer-

reviewed journal. Coronary microvascular dysfunction has prognostic importance as its 

presence is associated with increased cardiovascular mortality. The findings from this 

study are hypothesis generating and will stimulate other investigators to consider in 

their study designs how the presence of CMD in the different parts of the heart may be 

important in development of angina in patients with normal coronary arteries. This 

includes further research into the mechanisms and neural pathways involved in of 

cardiac nociception and the brain-heart interaction.  
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Introduction 

Chest pain presentations represent 1.5% of all GP consultations and 6% of all emergency 

department attendances in the UK (1, 2). Despite this, the vast majority of chest pain 

patients have either normal or non-obstructive (<50% stenosis) coronary artery disease 

(3). These patients with chest pain and unobstructed coronary arteries often have 

recurrent chest pain requiring repeated use of healthcare facilities and represent a 

significant burden to the healthcare system (3, 4). A significant proportion of chest pain 

and unobstructed coronary arteries patients have been found to have coronary 

microvascular dysfunction (CMD) especially in women (4, 5). It is postulated that CMD 

may be the cause of a specific type of chest pain symptom called angina. Angina is 

present when the following three symptom characteristics are all present: 1) chest pain, 

2) chest pain precipitated by physical exertion, and 3) chest pain relieved by rest, or the 

use of nitrates, within 5 minutes (11). CMD is present when the arterioles in the 

myocardial microvasculature show an impaired ability to dilate and increase myocardial 

blood flow in response to increased oxygen demand (6).  The resultant ischemia is 

postulated to cause angina, which in the context of unobstructed coronary arteries and 

the presence of CMD is called ‘microvascular angina’ (MVA) (5). CMD also has prognostic 

importance as its presence is associated with increased cardiovascular and all-cause 

mortality (7, 8). The concept of MVA originated from a number of studies in which CMD 

was demonstrated in small, highly selective groups of patients with angina, 

unobstructed coronary arteries on angiography, and evidence of myocardial ischemia 
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on exercise electrocardiography testing or other functional imaging, when compared 

with age- and sex-matched controls (9, 10). 

Microvascular angina is a recognized disease entity and European Society of Cardiology 

guidelines recommend that patients with symptoms of typical angina, unobstructed 

coronary arteries and CMD on vasodilator testing should be considered to have 

microvascular angina (MVA) (11). The Coronary Vasomotion Disorders International 

Study Group recently has also published a set of criteria for the international 

standardization for the diagnostic criteria for microvascular angina (12). Suspected MVA 

may be diagnosed when symptoms of myocardial ischemia are present such as effort 

angina, absence of obstructive coronary artery disease (<50% diameter reduction) on 

computed tomography (CT) or invasive coronary angiography, and evidence of impaired 

coronary microvascular function.  

Whilst there is evidence showing that CMD is common in patients with chest pain and 

unobstructed coronary arteries, it is not clear whether this association is because such 

patients also tend to have a greater prevalence of factors known to affect microvascular 

function (8). Studies examining whether CMD is causative of angina have so far failed to 

show a convincing link (13, 14). One recent study used symptoms as the outcome 

variable and looked at whether worsening CMD was more prevalent in symptomatic 

versus asymptomatic women (15). They initially found a significant association but this 

disappeared if other risk factors such as sex, hypertension and smoking were entered 

into the model. 
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Methods used to assess CMD include positron emission tomography (PET), and 

transthoracic Doppler echocardiography (8, 15). Transthoracic Doppler 

echocardiography assesses the relative change in blood flow in a single coronary artery 

and assumes that this is representative of the whole myocardium (16).  However, CMD 

rather than being homogenously present throughout the whole myocardium, may be 

present in a patchy or heterogenous distribution (16).  It is therefore possible that a 

‘global’ or ‘averaged’ measurement of whole myocardial blood flow, or flow confined to 

a single territory or region (transthoracic Doppler echocardiography), may miss regional 

myocardial ischemia that triggers chest pain. Myocardial contrast echocardiography 

(MCE) is an established technique used in the non-invasive quantification of myocardial 

blood flow reserve (MBFR) and is used to assess microvascular function (17). This 

method assesses myocardial blood flow through direct visualisation of the different 

myocardial segments, microvascular function can be assessed at a both regional and 

whole-of-myocardium (global) level. 

The neural pain pathway from heart to cerebral cortex is highly complex and the 

perception of angina is influenced by multiple factors such as age and diabetes (18-20). 

It is well known that the prevalence of angina is higher in women compared to men but 

the reasons for this are not clear (29). Gender is known to affect the perception of chest 

pain (21, 22). This could be an important effect-modifier in the context of CMD-induced 

ischemia causing anginal chest pain (Figure 1). Increasing age and diabetes, both directly 

affect coronary microvascular function yet both these factors also independently affect 

chest pain perception. For example, just over 1 in 5 patients with type 2 diabetes have 
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myocardial ischemia without symptoms of angina (30). Elderly patients suffering 

myocardial infarction do not present with chest pain but rather non-specific symptoms 

of unwellness (ochiai). As such these two factors are considered as confounders in the 

causal diagram linking CMD and angina. Smoking and hypertension, whilst both risk 

factors for the development of coronary artery disease and coronary microvascular 

function, do not lie on the casual pathway between angina caused by CMD, in the 

context of unobstructed coronary arteries (15).  

Figure 1. Causal diagram of coronary microvascular dysfunction and angina 

 

This study estimated the prevalence of CMD in patients being investigated for chest pain 

in an outpatient setting and have unobstructed coronary arteries. This study also 

investigated whether the presence of either global or regional CMD was associated with 

typical angina, and whether this relationship was modified by sex. 
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Methods 

Study design and study population.  

This was a single centre, cross-sectional study carried out at Poole Hospital NHS 

Foundation Trust, UK. We recruited consecutive patients aged 30-80 years attending 

cardiology outpatients (Jan 2011-March 2013) for the investigation of stable chest pain 

suggestive of myocardial ischemia due to coronary artery disease (CAD) who were also 

referred for diagnostic CT coronary angiography (CTA). Those with unobstructed 

coronary arteries underwent transthoracic echocardiography. Unobstructed CAD was 

defined as a quantitatively measured luminal diameter stenosis <50%.(8) Patients were 

excluded if they had ≥50% luminal diameter narrowing, known ischemic or valvular 

heart disease, left ventricular hypertrophy or an ejection fraction <55%, poor image 

quality, withdrew consent, or an adverse reaction during the MCE or CTA. The remaining 

patients underwent MCE. Patient demographics were documented following review of 

patient health records.  

 

Ethics 

The study complies with the Declaration of Helsinki and was approved by the South West 

4 research ethics committee (H0102/78) of the NHS National Research Ethics Service, 

UK. All participants provided written informed consent. 
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Outcome assessment  

Following enrollment, patients completed a questionnaire based on the Rose Angina 

chest pain questionnaire administered by the principle investigator (23). Patients were 

classified as presenting with either typical angina or non-specific chest pain. Typical 

angina was present if all four of the following criteria were present: 1) chest discomfort, 

2) chest discomfort precipitated by physical exertion, 3) chest discomfort relieved by 

rest or glyceryl trinitrate, and 4) chest discomfort resolved within 10 minutes. If any of 

these criteria were absent then the patient was categorised as being in the non-specific 

chest pain group. 

 

CT angiography imaging and image analysis  

CTA is a non-invasive method by which the coronary arteries can be imaged using X-rays 

and radiographic dye injection through a peripheral arm vein. The patient lies on the CT 

scanner table and must hold their breath for 8-10 seconds whilst the dye is injected and 

the images are taken. Please see supplementary material for details of the procedure 

and analysis. 

 

Exposure assessment using myocardial contrast echocardiography to detect CMD 

Myocardial contrast echocardiography (MCE) is a specialised ultrasound technique that 

assesses the ability of the myocardial microvasculature to dilate and increase its own 

blood flow, such as that during stress or exercise. The method involves intravenous 

administration of a microbubble contrast agent though a peripheral vein in the arm.  
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Ultrasound of the microbubbles in the heart allows measurement of myocardial blood 

flow (MBF) at rest. MBF measurement is then repeated once again following intravenous 

administration of a drug which increases myocardial blood flow (dipyridamole) -  the 

stressor agent. The ratio of MBF during stress to the MBF at rest, is called the myocardial 

blood flow reserve (MBFR). The MBFR value is an assessment of microvascular function. 

Healthy hearts usually increase have a global MBFR of >2.0 (10). MCE allows the 

measurement of MBFR in different regions of the heart which when averaged gives the 

overall global MBFR (17). Global CMD is defined as being present if the MBFR reserve is 

<2.0 (10). To investigate MBFR in different regions, the heart was divided into two 

sections – that supplied by the left and right coronary arteries. The average MBFR, and 

presence of CMD in the left (CMDL) and right coronary arteries (CMDR) were calculated. 

For a more detailed explanation of the methods used, please see the supplementary 

material.  

 

Statistical analysis  

Continuous variables were summarised using means and 95% confidence intervals [CI]. 

Ordinal and dichotomous variables were summarised using proportions (percentages). 

Univariate logistic regression was used to quantify the association between a global 

CMD (MBFR cut-point of <2.0) and typical angina. Multivariate logistic regression was 

also performed with age, sex and diabetes entered into the model. The presence of 

diabetes was determined if the patient self-reported they had diabetes.   To examine 

effect modification by sex, we analysed the CMD-angina relationship separately in men 
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and women, and used the likelihood ratio (LR) test to test for homogeneity. Effect sizes 

were reported as odds ratios with 95% confidence intervals (CI). The same analyses were 

repeated using regional MBFR derived from the left and right coronary artery territories.   

For sensitivity analyses, we repeated the analyses using lower MBFR cut-points (<1.8 

and <1.6). All analyses were performed using STATATM version 12.0.  
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Figure 2. Flow diagram of participants included and excluded from the study with 
reasons for non-participation. 
 

 

 

Results 

The flow diagram of participants is shown in Figure 2. Out of 232 consented, 183 had 

images for both CTA and MCE analysis. Patients had a mean age of 59.8(58.4-61.2) years 

of whom 52% were male (Table 1). The left coronary system was dominant in 1%(2) and 

atherosclerotic plaque present in 62%(113) participants. Mean global MBFR (mean, 95% 

CI) for the whole patient cohort was 2.20(2.12-2.27). Of the total group, global CMD was 

present in 38%(70), global MBFR <1.8 in 22%(41), and global MBFR <1.6 in 11%(21). The 

mean MBFR in the left and right coronary artery territories was 2.27±1.88 and 

2.18±1.41, respectively. Of the total group, 35%(64) had CMDL and 40%(73) CMDR. 

  



 

 

 

 

 

154 

Table 1. Characteristics of the study sample. 

 

Typical angina was present in 63 participants, a prevalence of 34% (95% CI: 28-42%) 

(Table 1). Uni- and multivariate regression analysis did not find a significant association 

between global CMD and typical angina symptoms either overall [aOR 1.65 (95% CI: 

0.87-3.12), p=0.13] (Table 2), or when stratified according to gender: women [aOR 1.92, 

(95% CI:0.76-4.88), p=0.17], or in men [aOR 1.44, 95% CI: 0.59-3.52, p=0.42] (Table 3).  

RCA CMD  was significantly associated with angina [aOR 3.68(1.92-7.04), p<0.001] 

overall (Table 2), and also when stratified according to sex: in both women [aOR 
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4.30(1.67-11.1) p=0.003)], and men [aOR 3.13(1.26-7.78)], p=0.014) (test for 

homogeneity, p= 0.67) (Table 3). LCA CMD was not associated with angina overall 

[1.57(95% CI 0.83-2.99), p=0.17), in women [aOR 1.26(95% CI 0.48-3.26), p=0.64] or men 

[aOR 1.84(95% CI 0.76-4.45), p=0.18] (tables 2 and 3). 

Table 2. Univariate and multivariate logistic regression analysis whether the presence 
of coronary microvascular dysfunction (CMD) globally, or the presence of CMD in the  
right (RCA CMD) and left (LCA CMD) coronary artery territories, are associated with 
typical angina symptoms*. Unadjusted (OR) and adjusted odds ratios (aOR), 95% 
confidence intervals and p values, are given. 

 
*other explanatory variables in multivariate regression model: age, diabetes, sex. None were 

significantly associated with typical angina; for simplicity these are not given.  
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Table 3. Univariate and multivariate logistic regression* analysis stratified according 
to sex, showing whether the presence of coronary microvascular dysfunction (CMD) 
globally or in regions corresponding to right and left coronary artery territories (RCA 
CMD and LCA CMD), are associated with typical angina symptoms. 

*other explanatory variables in multivariate regression model: age, diabetes, sex. None were 

significantly associated with typical angina; for simplicity these are not given.   

 

In the sensitivity analysis, global MBFR at the lower cut points (<1.8 and <1.6) did not 

show any significant association with typical angina (Table 4). In the RCA territory but 

not the left, RCA MBFR < 1.8 was significantly associated with typical angina [aOR 2.51 

(1.27-4.98), p=0.008] (Table 5). When stratifying according to sex, for females, RCA 

MBFR cut points of <1.8 and < 1.6 were both significantly associated with typical angina: 

aOR 5.17(95%CI: 1.90-14.1), p=0.001, and aOR 5.53(95% CI: 1.67-18.3), p=0.005, 

respectively (Table 6). In the RCA territory for males at the lower cut points, there was 

no association. In the left coronary territory there was no significant association 

between the LCA MBFR lower cut-points and typical angina, for either sex. 
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Table 4. Sensitivity analyses. Univariate and multivariate logistic regression* analysis 
assessing whether global MBFR reductions at different cut points of <1.8 and 1.6, are 
associated with typical angina symptoms*. Unadjusted (OR) and adjusted odds ratios 
(aOR), 95% confidence intervals and p values, are given.  
 

 
*other explanatory variables in multivariate regression model: age, diabetes, sex. None were 

significantly associated with typical angina; for simplicity these are not given.  

 

 
Table 5. Sensitivity analyses. Univariate and multivariate logistic regression* analysis 
assessing whether MBFR reductions at different cut points of <1.8 and 1.6 in the right 
(RCA) and left (LCA) coronary artery territories, are associated with typical angina 
symptoms. Unadjusted (OR) and adjusted odds ratios (aOR), 95% confidence 
intervals and p values, are given.  

 
*other explanatory variables in multivariate regression model: age, diabetes, sex. None were 

significantly associated with typical angina; for simplicity these are not given.   
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Table 6. Sensitivity analyses. Univariate and multivariate logistic regression* analysis 
stratified according to sex, assessing whether MBFR reductions at different cut points 
of <1.8 and 1.6, in the left (LCA) and right coronary artery (RCA) territories are 
associated with typical angina symptoms. Unadjusted and adjusted odds ratios, 95% 
confidence intervals and p values are given * 

 

 
*other explanatory variables in multivariate regression model: age, diabetes, sex. None were 

significantly associated with typical angina; for simplicity these are not given 
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Discussion 

This study demonstrated that a third of patients referred to clinics with chest pain and 

normal coronary arteries have CMD.  Global CMD was not associated with typical angina 

but the presence of CMD in the right coronary artery territory was associated with 

angina in both males and females. The strength of this association was similar in men 

and women.  

The prevalence of CMD found in our study is similar to that found in other studies which 

ranges from 25% to 60% depending on the patient group selected (clinic, emergency 

department, angiography) and the methods used to assess MBFR. The mechanism by 

which CMD may cause angina is not fully understood. Traditional thinking suggests that 

for CMD, like obstructive CAD, the symptoms of angina occur as a result of an oxygen 

supply/demand imbalance (5, 6). Myocardial ischemia leads to local build-up of 

metabolites such as adenosine, bradykinin, lactate and potassium (24). Local 

chemoreceptors transmit afferent impulses via sensory nerve endings which coalesce 

with the sympathetic and vagal components, and then enter the dorsal root ganglia. 

Passing into the medulla, midbrain, thalamus and pre-frontal cortex, complex 

interactions between these different regions occur which modulate the perception of 

pain (25). Factors known to influence the handling of chest pain include mood, anxiety, 

anticipation and altered pain thresholds (5).  

The original concept that CMD was the cause of angina symptoms in patients with 

unobstructed coronary arteries was derived from patients with Cardiac Syndrome X. This 
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syndrome was characterised by patients with 1) anginal chest pain triggered by effort, 

2) ST segment depression on exercise ECG testing or evidence of myocardial ischemia 

on functional testing, and 3) normal, or near normal, coronary arteries on coronary 

angiography (26). When these small and highly selective groups of patients were studied 

and compared with asymptomatic age- and sex-matched healthy controls, it was noted 

that a large proportion of the Syndrome X patients had CMD. It was therefore proposed 

that CMD might be the cause of chest pain. However, CMD is has been shown to be 

common in the general population, with one study demonstrating 25% of asymptomatic 

women having CMD (15). This is because CMD is caused by other factors such as 

smoking, hypertension and hypercholesterolemia, many of which are risk factors for 

cardiovascular disease (13). ] 

Subsequent studies have sought to demonstrate a greater prevalence of CMD in larger 

unselected groups of patients presenting with chest pain and unobstructed coronary 

arteries, but the majority have failed to find a link (8, 14).  One study using PET looked 

at the prevalence of CMD in 405 men and 813 women with typical or atypical angina, 

without obstructive CAD, and found no difference in global CFR between the two groups 

(8). Another larger study investigated 963 women without obstructive CAD, and used 

transthoracic Doppler in the left anterior descending coronary artery to measure CMD, 

but did not find any association between chest pain typicality and the presence of CMD 

(14). A more recent study by Bove et al investigating CMD in 1684 women also using 

transthoracic Doppler, found a greater prevalence of CMD in patients with angina 
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compared with asymptomatic women, but this association disappeared when other risk 

factors such as age, smoking and hypertension were included in the model (15). 

Consistent with these findings, our study also showed that the presence of CMD when 

measured as an average of all regions of the left ventricle, did not show a significant 

association with typical angina symptoms. Furthermore, the presence of CMD in the left 

coronary artery territory in our study was not associated with typical angina, and is 

consistent with those studies that measured CMD using Doppler of the left coronary 

artery. 

The reason why the presence of CMD in right coronary artery region is associated with 

typical anginal chest pain, is not clear. The central autonomic nervous system plays an 

important role in the regulation of microvascular function (27). For example, in patients 

with microvascular angina, it has been shown that psychosocial stress causes the central 

autonomic nervous system network to be dysfunctional and lead to CMD. Anatomically, 

the right coronary artery territory of the left ventricle is predominantly supplied by 

parasympathetic fibres, and therefore an abnormality in this system may explain the 

occurrence of CMD and typical angina in this group of patients (25).  

Strengths and limitations 

This study recruited consecutive male and female patients attending clinics for the 

investigation of chest pain. The reasons for referral depend on the individual 

judgements of the clinician and are therefore subject to referral bias. Furthermore, the 

number of patients who were approached in clinics yet declined to participate is not 
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known and is subject to selection bias. Chest pain history assessment is subjective and 

therefore to reduce this effect this we used the well-validated Rose Angina 

questionnaire.  This was a single centre study and therefore may suffer from the 

inherent biases associated with this and limits the generalisability of the results. 

Although all patients underwent CT coronary angiography to rule out the presence of 

obstructive coronary artery disease, 17% were unable to provide MCE for analysis for 

reasons such as consent withdrawal, low image quality and adverse reaction which may 

cause exclusion bias. Although MCE is a well validated technique for the measurement 

of myocardial microvascular function and has been used in the measurement of global 

and segmental MBFR, confirmation of these findings by other groups using different 

techniques such as PET is needed.  

 

Conclusion 

This study demonstrated that a third of patients referred to clinics with chest pain and 

unobstructed coronary arteries have CMD.  Global CMD was not associated with typical 

angina but the presence of CMD in the right coronary artery territory was associated 

with angina in both males and females. The strength of this association was similar in 

men and women. 
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Supplementary material 

Method for CT angiography imaging and analysis 

This was performed using a 64-channel CT scanner (GE Lightspeed VCT, GE Medical 

Systems).  Reconstructed CTA images were analyzed on a dedicated 3-dimensional 

workstation (CardIQ Xpress, GE Medical Systems) with curved multiplanar reformation 

and short-axis cross-sectional viewing techniques. Briefly, helical scan data was obtained 

using prospective ECG triggering. The contrast-enhanced scan injected 80mls contrast 

at 6 ml/s, followed by saline flush, during a single breath hold. CTA scan parameters: 

collimator 20mm, slice thickness 0.625mm; gantry rotation 350ms; helical acquisition 

using a pitch of 0.16; tube current 455-515 mA with ECG tube current modulation; tube 

voltage range 100-140kV; rotation time, 350ms. The mean radiation dose per patient 

was 3.3 mSv. Analysis was performed blind to patient demographic and MCE data. 

Plaque morphology with CT density of >150 Hounsfield units was considered to 

represent calcification, and <150 Hounsfield units to represent non-calcific plaque (28). 

Percentage diameter stenosis was calculated by dividing the minimal lumen diameter at 

each plaque by the nearest proximal normal artery diameter. 

 

Method for myocardial contrast echocardiography and analysis 

Myocardial contrast echocardiography is an established technique used in the non-

invasive quantification of myocardial blood flow reserve (MBFR) and is used to assess 

microvascular function (17). In the absence of flow-limiting CAD, an MBFR <2.0 is 

indicative of underlying CMD (10). As this method assesses myocardial blood flow 
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through direct visualisation of the different myocardial segments, microvascular 

function can be assessed at a both regional and whole-of-myocardium (global) level. 

Patients underwent MCE study having avoided all caffeine-containing products, beta-

blockers, nitrates and calcium antagonists in the previous 24 hours. MCE was performed 

using a commercial ultrasound machine iE33 (Philips Medical Systems) and SonoVue 

(Bracco Research SA) as the contrast agent given as constant infusion. Real-time images 

were recorded within 3-4 minutes in the apical 4-, 2- and 3-chamber views with low-

power settings at a mechanical index of 0.1. The focus was set at the mitral valve level. 

SonoVue was initially started at 60 mL/hour through a peripheral vein cannula with the 

VueJect infusion syringe pump (Bracco Research, SA), which gently rotates and 

maintains the contrast agent in a suspension. Thereafter, the rate was set between 48 

and 60 mL/hour to maximize image quality with minimal attenuation. Once optimized, 

the machine settings were held constant throughout each participant study. Flash-

impulse imaging at a high mechanical index (1.0) was performed to achieve complete 

myocardial bubble destruction, after which 10 end-systolic frames were recorded 

digitally in each apical view. After the resting images were acquired, dipyridamole was 

infused at 0.56 mg/kg over a 4-minute period. After an interval of 2 minutes, post-stress 

images were recorded within 3 to 4 minutes. This entire sequence took 14 minutes. 

Quantitative MCE analysis was performed offline using QLab V7.0 (Philips Medical 

Systems) and blind to patient demographic and CTA data.19 Quantitative assessment of 

myocardial perfusion was performed for 10 consecutive end-systolic frames after 

microbubble destruction. A region of interest was placed over the thickness of the 
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myocardium. Plots of peak myocardial contrast intensity (linearly related to myocardial 

blood volume A cm3) versus pulsing intervals (representing time) were automatically 

constructed to fit the monoexponential growth function : y=A (1 - e-βt) where β is the 

instantaneous initial slope of the resulting curve and represents myocardial blood 

velocity (sec-1) and the product of A and β yields a reliable measure of MBF (cm3.sec-1).20  

MBFR is the ratio of post-dipyridamole (stress) MBF to baseline MBF, dividing the stress 

MBF by the baseline MBF for the same segment. A 16-segment model was used 

excluding the basal segments in view of contrast attenuation, and analyzing the 10 

remaining mid- and apical cardiac segments (Figure 1A below).  

Figure 1A Method used for quantitative analysis of myocardial segments: Apical 4 
chamber (A), (Apical 2 chamber (B), Apical 3 chamber (C). Coloured software-
constructed replenishment curves below each apical view correspond to each region 
of interest manually drawn.  
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A segment was excluded if there was artefact, inadequate microbubble destruction, 

attenuation or a wide variation in contrast intensity. Segmental MBFR was calculated by 

dividing peak MBF with resting MBF of the same segment. Whole-of-heart or ‘global’ 

MBFR (MBFRG) was the average MBFR of all myocardial segments. To estimate regional 

MBFR, the left ventricle was divided into those segments supplied by the left (L) and the 

right (R) coronary arteries, adjusting the segments included according to coronary artery 

dominance. MBFRL and MBFRR was calculated as the average MBFR of the regional 

segments involved. MBFRL consisted of a minimum of 4 segments and MBFRR a 

minimum of 2 segments. 
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Literature search and synthesis of relevant information 

All four chapters required review of the literature and synthesis of relevant information 

relevant to each topic. Specifically, chapters 3 and 4 are centred around cardiovascular 

disease prevention and required extensive review, acquistion of new and additonal 

knowledge. Evidence of this can be gauged from the introductions and discussions in 

each of these chapters.  Furthermore, a strong knowledge of the literature was required 

to present to a wide range of audiences, participate in a workshop regarding 

develpement of the new national cardioavscular disease prevention guidelines, and 

publish two peer reviewed articles during my MAE period. Chapter 5 relates to coronary 

microvascular dysfunction and this required me to update my knowledge of the latest 

literature.  
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Report on a project to a non-scientific audience such as the community or other 

stakeholder, as a press release, or in the form of a ministerial brief. 

The ATHENA COVID-19 Study required the development of a website which contained 

information that could be available to inform both potential partcipants and the public 

about the project, as well as GPs. I wrote all of the text which went onto the website 

which included the overview and objectives of the study, participant/patient 

information forms, information for general practices, frequently asked questions, and 

reasons why patients should participate. I also wrote all of the scripts which the call 

centre used when contacting patients. The site can be found on the Queensland Health 

web site under the ATHENA COVID-19 Study. A screenshot of the landing page is shown 

in Figure 1, along with the text I wrote for the public and partcipants to view (figures 2-

5). Relevant additional material is also found in the Appendix (figures 2A and 3A). 
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Figure 1. Screenshot of landing page for the ATHENA COVID-19 Study 
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Figure 2. Web pages: overview and objectives of the ATHENA COVID-19 Study 
information for the public 
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Figure 3. Web page: Simple diagram to explain concept of the ATHENA COVID-19 
Study for the public 
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Figure 4. Web page: participation/patient information summary of study for ATHENA 
COVID-19 
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Figure 5: Web page: reasons for the public/participants to support the ATHENA COVID-19 
Study 
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Prepare an advanced draft of a paper for publication in a national or international peer-

reviewed journal 

My thesis resulted in the publication of three manuscripts in peer-reviewed journals. The 

contents of Chapter 2 (‘The ATHENA COVID-19 Study - Part 1: Cohort profile and first findings 

for people diagnosed with COVID-19 in Queensland 1 January to 31 December 2020. Part 2: 

linkage of general practitioner data and consent-to-recontact’) have been accepted for 

publication in in Communicable Diseases Intelligence. Chapter 4 (‘A Cross-Sectional Survey 

Describing General Practitioners’ Absolute Cardiovascular Disease Risk Assessment Practices 

and their Relationship to Knowledge, Attitudes and Beliefs about Cardiovascular Disease Risk 

in Queensland, Australia’) was published in the BMJ Open on August 13th 2020. Influenced 

by, and related to this work, I completed another project on CVD prevention during my MAE 

period, which was also published in the BMJ Open on February 8th 2021 (‘Absolute 
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cardiovascular disease risk score and pharmacotherapy at the time of admission in patients 

presenting with acute coronary syndrome due to coronary artery disease in a single 

Australian tertiary centre: a cross-sectional study’). A copy of manuscript is attached in the 

Appendix Figure 5A. Chapter 2 on CVD surveillance and treatment is prepared for 

publication and will be submitted. Chapter 5 on chest pain and coronary microvascular 

dysfunction is also in publication format too. 
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Presentation at a national or international conference 

I gave two presentations on CVD prevention at the Australian Practice Nurse Association 

national conference held in Brisbane in 2018, and also at the national Primary Health 

Network conference in Sydney in 2019. In both of these presentations, I talked about 

cardiovascular disease prevention and surveillance and included some of the results of 

my MAE projects. I have attached the presentation to at the Primary Health Network 

conference  in the Appendix (Figure 6A).  
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Evidence of teaching experience 

Combined teaching for first year MAE students 

Our group of three (Freya Hogarth, Stephanie Main, myself) undertook an introductory 

teaching session to the first year MAE cohort over a 40 minute period on how to use 

REDCap (Research Electronic Data Capture). The learning objectives included an 

overview, why you would use REDCap, how to navigate the interface, and how you 

would create a basic survey for data collection. We then had two breakout groups 

whereby we showed students in a walk-through demonstration, how to create a 

survey. The feedback evaluation scores on our teaching session indicated it was well 

received.  The evaluation scores and slides used, are attached in the Appendix (figures 

7A and 8A). 

  



 

 

 

 

 

188 

Other teaching 

I regularly taught medical students, nurses, junior doctors, general practitioners, PHN 

staff and departmental colleagues, about cardiovascular disease prevention, data 

linkage and other work from my MAE thesis. This occured informally on weekly ward 

rounds, formally at departmental meetings, and at health service organised events.  

  



 

 

 

 

 

189 

Lessons from the field 

I gave this presentation to my group on June 21st 2021. This described the concept of 

the ATHENA COVID-19 Study and the principles of data linkage including the 

Separation Principle. I also described the obstacles we enountered setting up the 

study, how we overcame and worked around them. The slides are shown in the 

Appendix, Figure 8A. 
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Figure 1A. Letter from Pen CS indicating they are implementing the list 
recommendations following evalaution of their cardiovascular disease risk 
surveillance system PAT CAT. 
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Figure 2A. Web page for GPs: screenshots of the different Queensland Health web pages for the ATHENA COVID-19 Study.  
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Figure 3A: Letters of support from professional organisations for the ATHENA COVID-

19 study  
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Figure 4A. Letter of support from the National Heart Foundation of Australia 

acknowledging the impact of the work done as part of this thesis. 
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Figure 5A. Additional related work published during MAE period 
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Figure 6A. Slide presentation at a national conference: National Primary Health 

Network conference, Sydney 2019.
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Figure 7A. Slides used from teaching to MAE students on REDCap 
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Figure 8A. Feedback evaluation from teaching MAE students on REDCap 
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Figure 9A. Slides used from ‘Lessons from the field’ 
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