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Thesis abstract 

Background: A health check refers to the practice of comprehensive medical 

assessments to detect and manage risk factors and early chronic disease. Debate 

about the value of health checks has lasted for decades. A systematic review 

reported that general health checks in middle-aged populations did not reduce 

total mortality. Nevertheless, new government funded health check programs have 

recently been introduced in several developed countries. In 2006, Medicare 

Australia funded a 45-49 year old health check in Australian general practice for 

all people at risk of developing chronic disease. However, this program has not 

been fully evaluated. To date, research has taken the perspective of health care 

providers, investigating their perceptions about the feasibility and challenges in 

performing a heath check. No study has yet investigated important questions 

arising from the perspective of patients or the government. Such research would 

provide a better understanding of which patients participate and why, and also the 

potential benefits and costs of this health check program.  

Objectives: To investigate the effectiveness of general practice-based health 

checks; to understand patients’ perceptions about general health checks and the 

psychological determinants of their attendance at a GP invited health check; to 

compare the demographic characteristics, past health service use including 

preventive health care of attendees and non-attendees at the 45-49 year old health 

check; to examine the long-term health effects of this health check program and to 

quantify its economic impact on the health care system. 
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Methods: A systematic review and meta-analysis was performed to determine the 

effectiveness of general practice-based health checks, using both surrogate and 

final outcome indicators.    

A prospective cohort study was conducted in two general practices in the 

Adelaide metropolitan area. Patients who were eligible for the 45-49 year old 

health check program were identified from the two practices. A structured 

questionnaire was developed and sent to all eligible participants. Questions about 

demographic characteristics, self-reported medical history and perceptions about 

general health checks were included. After the return of study questionnaires, an 

invitation letter was sent to all participants, whether they had returned the 

questionnaire or not. Attendance at the health check in the following 6 months 

was recorded. Then, relevant medical records of all study participants from one 

year prior to the invitation were extracted from the electronic medical record 

system in each practice. Extracted data included gender, age, residential postcode; 

the number of general practice visits, pre-existing prescriptions and the uptake of 

preventive health care. 

Finally, a Markov chain model was constructed to simulate the health check 

effects on a hypothetical cohort of 10,000 ‘healthy’ Australians aged 45-49 years. 

The risk profiles of a baseline cohort were generated using data from the 2011 

Australian National Health Survey. Intervention effects were simulated using data 

on risk factor changes after the health check (results from the systematic review). 

The Life-Years and Quality Adjusted Life Years (QALYs) gained over the 

cohort’s remaining lifetime after a health check was estimated. The maximum 

acceptable costs for this health check program, including the initial consultation 
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and subsequent interventions, was calculated using a cost-effectiveness threshold 

of $50,000 per QALY.     

Results: The systematic review of general practice-based health checks 

demonstrated significant, albeit small improvement in most investigated surrogate 

outcomes (i.e. total cholesterol, systolic and diastolic blood pressure and body 

mass index) after the intervention, especially among high risk patients. No 

significant improvement in surrogate outcomes was observed in non-practice 

based health check studies. No difference in total mortality was found in either 

practice-based or non-practice based studies. However, most general practice-

based studies were not originally designed or powered to evaluate mortality 

changes.  

The cohort study recruited 515 eligible participants from two participating general 

practices. 293 of the 515 (56.9%) participants returned the study questionnaire 

and altogether 117 (22.7%) attended the health check within 6 months. In the 

questionnaire study, respondents who indicated a strong attendance intention 

(p<0.01), and self-reported no pre-existing biomedical risk factors (p<0.01) and 

less recent uptake of preventive health care (p<0.01) were significantly more 

likely to attend a health check. In the medical record analysis, no significant 

differences in age, gender or socio-economic status were observed between health 

check attendees and non-attendees. However, the questionnaire respondents were 

almost 3 times as likely to attend as non-respondents (31% vs 12%) and the 

characteristics that were associated with attendance were different in 

questionnaire respondents and non-respondents. Among the respondents, those 

with more pre-existing prescriptions and recent uptake of preventive health care 
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were slightly less likely to attend. Conversely, among non-respondents, 

individuals with two or more types of pre-existing prescriptions were significantly 

more likely to attend than those without (p=0.03).  

The modelling study demonstrated that the 45-49 year old health check program 

would lead to 8.6 and 2.6 QALYs gained among 1,000 male and female attendees 

respectively in a lifelong projection (50 years). The threshold costs for the health 

check to be considered cost-effective were $465 for a male and $140 for a female 

patient using a threshold of $50,000 per QALY.    

Conclusions: For health checks to be most effective, they should be undertaken in 

general practice as opposed to other settings (e.g. community or workplace). 

Tailored invitations could be employed to selectively invite patients who would 

most benefit from a health check (patients who are less proactive). Finally, the 45-

49 year health check program is unlikely to be cost-effective among females in 

the current Australian context. Given these results, health policy changes such as 

delaying the health check by 5-10 years, introducing pre-screening procedures or 

targeting vulnerable patient groups should be considered to improve the 

effectiveness and cost-effectiveness of this health check program.  
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1.1 Introduction to the 45-49 year old health check in Australia 

A health check refers to the practice of a comprehensive health assessment 

including medical history, physical examination and pathology tests to detect and 

manage risk factors and early onset of preventable diseases that may be acute or 

chronic in nature. The content of a health check is determined by the health status 

of the target population (e.g. the susceptibility to certain diseases). Therefore, 

screening for chronic disease, risk factors and cancers is usually emphasized in a 

middle-aged population. This thesis is about middle-aged general practice-based 

health checks, more specifically, the 45-49 year old health check program in 

Australian general practice.   

The 45-49 year old health check is an Australian government (Medicare 

Australia) funded program for 45-49 year old population who are at risk of 

developing chronic disease.1 A comprehensive check-up and guideline-based 

follow-up interventions are applied to prevent or delay the onset of chronic 

disease. According to advice from Medicare Australia, the health check content 

should include: a comprehensive personal and family history recording; physical 

examinations and risk factor investigations; an overall health assessment; and 

health advice or intervention.1 Lifestyle counselling using the ‘5A’ approach 

(Ask, Assess, Advice, Assist and Arrange) is also recommended.2 The health 

check is undertaken by general practitioners who may have assistance from a 

practice nurse. All Australians aged 45-49 years with at least one of the following 

chronic disease risk factors are eligible:  
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• A family history of a chronic disease;  

• Lifestyle risk factors (e.g. smoking, poor nutrition, physical inactivity or 

excessive alcohol use);   

• Biomedical risk factors (e.g. high blood pressure, high cholesterol, 

impaired glucose metabolism or excess weight).  

General practitioners are encouraged to either systematically, using mailed 

invitations, or opportunistically, during a routine medical consultation, invite 

patients to a health check. However, since the introduction of this program in 

2006, it has not been comprehensively evaluated. Only a few studies have been 

undertaken with an  emphasis on identifying the practical challenges in 

performing a health check from the perspective of health care providers (general 

practitioners and practice nurses).3 

1.2 Thesis objectives 

There has been no assessment of the 45-49 year old health check program in 

Australia to examine: the determinants of patient’s attendance or the effectiveness 

and economic impact of the program on the health care system. To bridge this gap 

in knowledge the objectives of this thesis are: 

• To investigate the effectiveness of general practice-based health checks; 

• To understand patients’ perceptions about general health checks and the 

psychological determinants of attendance at a GP invited health check; 

• To compare the demographic characteristics and past health service use 

(including preventive health care) of attendees and non-attendees at the 

45-49 year old health check;  
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• To examine the long-term health effects of the 45-49 year old health check 

and to quantify its economic impact on the health care system. 

1.3 Research questions and hypotheses 

The research questions and study hypotheses were: 

• Do general practice-based health checks improve patients’ health 

outcomes (either surrogate or final outcomes)?  Are general practice-based 

health checks more effective than non-practice-based health checks? It 

was hypothesised that general health checks performed in conjunction 

with patients’ routine health care are more effective in improving patients’ 

risk profiles and reducing long-term morbidity and mortality than those 

performed in other settings.  

• What are patients’ perceptions about attending a general practice-based 

health check and how would these affect their intended and actual 

attendance at a practice-initiated health check? According to the Theory of 

Planned Behaviour, people’s attitudes, perceived social pressure and 

barriers are predictors of their behavioural intention as well as their 

behaviour.  

• What are the differences between attendees and non-attendees to a general 

practice-based health check in terms of their demographic characteristics 

and health service use in the past 12 months? It has been argued that health 

check attendees are likely to be socio-economically advanced and 

proactive about preventive health care. 
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• Is the 45-49 year old health check cost-effective from the perspective of 

Australian health care system? The effectiveness and cost-effectiveness of 

this health check program has not been assessed.   

1.4 Overview of thesis structure and content 

This thesis consists of four related studies as summarized in Table 1.  

Table 1: Thesis structure 
Chapter Research Question (Aim) Contents 
Chapter 1 Introduction General introduction to the thesis  
Chapter 2 Literature review Literature review of the development and 

research related to health checks 
Chapter 3 The effectiveness of general practice-

based health checks 
A systematic review of general practice-
based health checks studies 

Chapter 4 Cohort study design and methodology Descriptions of the cohort study design 
Chapter 5 Patients’ perceptions about a general 

health check and the psychological 
determinants of attendance 

A cross-sectional questionnaire survey 
with prospective follow-up 

Chapter 6 Demographic characteristics and health 
service use of attendees and non-
attendees at a 45-49 year old health 
check 

A medical record analysis study 

Chapter 7 The long-term health effects of the 45-
49 year old health check and its 
economic impact on the health care 
system 

An economic modelling study  

Chapter 8 General discussion and conclusion  
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2.1 The scope of health check 

Conceptually health checks are used to reduce the population incidence of 

preventable disease. Generally speaking, the content of a health checks is 

determined by nature of a disease or risk factor; prevalence of the disease; and 

effectiveness of the preventive measures. Therefore, health check procedures 

usually vary between target populations. 

In Australia for example, four government-funded health check programs are 

available to different age groups in general practice.4 They are: 

1) A healthy kids check for children aged 3-5 years; 

2) A health assessment for people aged 75 years and older 

3) A type 2 diabetes risk evaluation for high risk people aged 40-49 years  

4) A health assessment for people aged 45-49 years 

Besides these general practice-based health checks, there are others provided in 

community clinics or ancillary health providers as well. The content and 

procedures of health check programs vary considerably and reflect the prevalence 

of health conditions and medical needs in their target populations. In the main, 

evidence-based screening is performed in line with recommendations from the 

Guidelines for Preventive Activities in General Practice (the Red Book) 

developed by the Royal Australian College of General Practitioners (RACGP).2 

More specifically, the healthy kids check is an assessment of a child’s physical 

health, general well-being and development, with the aim of facilitating early 

medical intervention.5 It is usually delivered in conjunction with the four year old 

immunization schedule.5 Assessments of height and weight, eyesight, hearing, 
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oral health, toileting, allergies and immunization status are recommended for kids 

in this age group by the Red Book.2  

Given the increasing burden and the natural history of chronic disease, the 

majority of health check programs worldwide are for middle-aged and elderly 

populations. Correspondingly, in Australia, aside from the healthy kids check, 

other health check programs target the middle-aged and elderly.  

An annual health assessment program for the 75+ years was initiated as an 

important component of the Enhanced Primary Care (EPC) plan in 1999.6 

According to the descriptions of the 75+ health assessment program from 

Australia Department of Health (DoH)7, the following preventive assessments or 

tests are recommended: blood pressure; pulse rate and rhythm; continence status; 

immunization; physical, psychological and social functioning.  

The 40-49 years diabetes assessment program was initiated as part of the Council 

of Australian Governments (COAG) national reform agenda in 2007. As a disease 

specific health assessment program, the procedures are clearly defined, including 

the use of Australian Type 2 Diabetes Risk Assessment Tool (AUSDRISK) for 

overall risk evaluation, an assessment of other related risk factors and lifestyle 

counselling.8 

Finally, the 45-49 year old health check program was launched in late 2006.9 

Comprehensive risk factor assessment and lifestyle counselling should be 

included in this program. More detailed information is outlined in the following 

discussion (see section 2.8.3).  
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As mentioned in the introduction chapter, this thesis is about the 45-49 year old 

health check (a middle-aged health check program) in Australian general practice. 

Therefore, the literature review concentrates on chronic disease and related 

preventive health care.  

2.2 Chapter outline 

This literature review provides background information about chronic disease and 

preventive health care; outlines the conceptual development of health checks from 

a historical perspective; summarizes important research on health checks and its 

influence on the delivery of services; reviews the controversies associated with 

health checks; describes current health check programs; and summarizes the 

existing evidence for the 45-49 year old health check program in Australia.  

2.3 Background information  

2.3.1 Global burden of chronic disease 

Chronic disease (e.g. cardiovascular disease, diabetes mellitus and cancer) is the 

leading cause of morbidity and mortality worldwide and is projected to increase 

substantially in the next two decades.10 According to a World Health Organization 

(WHO) estimate, 35 million people died from chronic disease in 2005, accounting 

for 60% of all deaths. Among them, cardiovascular disease (CVD) alone 

accounted for 30% of all deaths; cancers, chronic respiratory disease and diabetes 

accounted for another 20%.11 Almost one quarter of chronic disease incidence 

occurred in people aged under 60 years.11 The rising demand for medical 

resources has imposed an unprecedented burden on health care systems 

worldwide.11  
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2.3.2 Natural history of chronic disease  

The causal links between demographic characteristics, socio-economic status, 

health behaviours and biomedical risk factors with chronic disease are well 

established.12 Epidemiological evidence has demonstrated that healthy lifestyles 

(e.g. sufficient physical activity, balanced nutrition, moderate alcohol 

consumption and abstinence from smoking) and controlled biomedical risk factors 

(e.g. blood pressure, serum lipids, blood glucose and body mass index) are 

associated with lower incidence of cardiovascular morbidity and mortality.13-15 

According to the WHO, 80% of premature heart disease, stroke and diabetes and 

40% cancers are preventable via early detection and management of risk factors.11  

2.4 Preventive health care (PHC) 

Preventive health care is an important component of primary health care. It 

encompasses the practice of individualized, evidence-based screening and health 

assessment of a target population.2, 16 Quality primary health care requires a 

holistic understanding of health and continuity of health service (primary, 

secondary and tertiary prevention).17 Correspondingly, preventive health care 

should adopt an integrated approach, focusing on multiple risk factors (both 

lifestyle and biomedical) and should be part of routine health care, especially 

when dealing with chronic conditions in the middle-aged and the elderly 

populations.18 Preventive health care should also be systematic and ongoing at a 

population level.2 Relevant guidelines and recommendations have been developed 

to improve the routine practice of preventive health care and the quality of 

government funded health check programs in Australia,2  the UK,19 and the US20 

respectively. 
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2.5 The conceptual development of health checks  

The concept of a ‘health check’ has been referred to under different names in 

different eras, including Periodic Health Examinations (PHE), multiphasic 

screening, health screening and health assessment. The concept has evolved 

alongside the development of evidence-based medicine. Departing from their 

beginning as an exhaustive list of bio-physical measurements for all participants, 

health checks today stress not only guideline-based preventive health care, but 

also the continuity of health care.     

2.5.1 A brief history of health checks and their purposes 

The conceptual roots of health checks can be traced back to as early as 1861, at 

which time they were described as PHE. A British physician Horace Dobell 

proposed PHE for apparently healthy persons to identify ‘pre-existent 

physiological states’ of ‘low health’.21 A few decades later, an American 

physician George Gould endorsed the practice of comprehensive PHE for the 

purpose of collecting extensive medical data to inform the course of disease.22 

The involvement of life insurance and corporate industry in the late-1800s and 

early-1900s, to a large extent, propelled the development of PHE. Some early 

evidence suggested reduced mortality among examined persons compared to the 

expected mortality, which was later translated to cost savings for private industry 

and insurance companies.23-25 The potential for profit further drove PHE to be 

exhaustively comprehensive. At the time, the aim of PHE was to identify 

conditions which were considered to be economic hazards to corporate industry, 

rather than to improve patients’ health outcomes or quality of life.24  
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By the mid-20th century, with the introduction of pre-paid health care plans, PHE 

in the name of multiphasic screening became exceedingly popular in local 

medical centres.26 From the perspective of health care providers, the more 

comprehensive PHE were, the more likely that patients’ medical needs would be 

determined and medical resources efficiently assigned.27 However, the increasing 

demand for, and practice of, multiphasic screening raised concerns from academic 

scholars. They started to question the value of PHE in terms of its impact on 

health outcomes.28 Thereafter, the emphasis of PHE started to shift from 

identifying the ‘economically hazardous’ health conditions to improving patients’ 

health outcomes (morbidity and mortality).28, 29 Two large randomized controlled 

trials were conducted in the 1960s to evaluate the health impact of exhaustive 

screening.30, 31 Neither found significant improvements in either morbidity or 

mortality. Therefore, both studies concluded that multiphasic screening was of 

limited value.30, 31  

By the 1970s, the lack of empirical evidence and calls for screening to be 

evidence-based triggered another round of comprehensive evaluations of 

multiphasic screening. Three reviews of existing clinical evidence on screening 

were conducted by health scientists from three organizations.32-34 The clinical 

recommendations from these reviews further transformed health screening from 

exhaustive examinations to case-finding, which advocated general assessments 

tailored to the need of a target population.35 Later in the 1970s, the WHO 

coordinated a CVD risk screening trial among blue collar workers in workplace 

clinics across five European countries.36 Reflective of the changes in concept, this 

trial adopted a less exhaustive screening protocol but incorporated certain follow-
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up interventions. The trial reported small improvement in risk factors after a 

health check.36  

Later in the 1980-1990s, as the growing demand for combining screening with 

routine health care and calls for continuity of health care, more screening was 

performed in general practice. The term ‘health check’ has been widely used since 

then. At the time, a number of clinical trials were conducted in European 

countries to evaluate the effectiveness of general practice-based health checks, 

emphasizing their effect on risk factor control and management. Significant 

surrogate outcome benefits were reported in these trials.37-39   

2.6 Important trials of health checks 

Since the 1960s, a number of Randomized Controlled Trials (RCTs) were 

conducted to evaluate the effectiveness of health checks. The results of these trials 

informed the conceptual development of health checks over the decades. These 

studies reflect three development phases: multiphasic screening in the 1960s, the 

multifactorial trial in the 1970s; and health checks in the 1990s. In the 1960s, the 

multiphasic screening trials focused solely on performing pathology tests; few 

addressed subsequent interventions for identified risk factors and most used 

mortality, morbidity and subsequent health service use as primary outcomes. In 

the 1970s, studies started to address subsequent management of screening 

detected risk factors. From the 1990s onwards, the focus of health checks shifted 

from screening to screening and intervention. These changes reflected the 

development of pharmacological and behavioural interventions and improvements 

in knowledge gained from trials.  
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2.6.1 Multiphasic screening trials in the 1960s 

Multiphasic screening is a combination of screening for multiple diseases and 

assessment of risk factors. In the early 1960s when it became widely accepted, 

people began to request multiphasic screening from local health care centres. At 

this stage, the focus of health screening was to predict morbidity and mortality 

rather than to control and manage risk factors. Furthermore, as it was treated as a 

separate clinical consultation at the time, very few patients with screening 

detected risk factors were referred to their regular health care provider for further 

intervention or treatment. 

Two large randomized controlled trials were conducted in the 1960s to assess the 

clinical effectiveness of multiphasic screening: the Kaiser Permanente 31 and the 

South-East London screening studies.30 The Kaiser Permanente study was an 

American study (California) conducted in 1965. Patients aged 35-54 years who 

were members of the Kaiser Permanente health plan (a plan for people in 

employment) were recruited. Participants in the intervention group (5138 patients) 

were urged to attend annual multiphasic screenings in community health centres 

for 16 years, while voluntary attendance was encouraged in the control group 

(5536 patients). A wide spectrum of pathology screening tests were 

implemented.31  

The South-East London study was a general practice-based multiphasic screening 

study in 1967. Patients aged 40-64 years registered with a general practice were 

recruited and randomized into screening and control groups, with each group 

having more than 3,000 participants. Only participants in the intervention group 

were invited to the initial screening. Five years later, a screening was offered to 



15 

 

participants in both groups. Altogether, this study followed participants for up to 

eight years.30 

Reflecting the purpose of screening at the time, these trials adopted morbidity 

(self-reported disability, chronic disease), health service use (GP consultation and 

hospitalization) and total or disease specific mortality as study outcomes. Neither 

reported changes in lifestyle or biomedical risk factors. Unsurprisingly in 

retrospect, both trials failed to prove that screening led to significant reductions in 

morbidity or mortality and both concluded that multiphasic screening was of 

limited effectiveness.30, 31  

2.6.2 The Multifactorial trial in the 1970s 

Coordinated by the WHO, the multifactorial trial of coronary heart disease 

prevention was a cluster randomized controlled trial, conducted in five European 

countries: Belgium, Italy, Poland, Spain, and the UK. This study was undertaken 

in the workplace and targeted male blue-collar workers.36 Altogether, around 

30,000 participants were recruited in the intervention and control factories 

respectively. Baseline screening was offered to all participants in the intervention 

factories and a 10% random sample from the control factories. The trial followed 

participants for 5-6 years.36  

Unlike studies from the 1960s, the screening procedures of the multifactorial trial 

were less exhaustive, and the trial protocol clearly outlined follow-up 

interventions for participants identified at high risk. Morbidity, mortality and 

surrogate outcomes (blood pressure, total cholesterol and smoking) were used to 

assess benefits of the intervention.36 These changes marked a shift towards risk 
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factor management in health screening programs. The trial demonstrated small but 

statistically significant improvements in risk factor control after a health check.40 

However, no differences were reported in either total or CVD related mortality.41      

2.6.3 Health checks in the 1990s 

Disputes about the effectiveness of health screening continued in the 1990s. 

Along with the development of evidence-based medicine and increased 

knowledge about the causal link between surrogate and final health outcomes, it 

was suggested that health screening should be tailored to the needs of a patient 

and that continuity of health care (management of lifestyle and biomedical risk 

factors) should be stressed.35 It was further argued that health screening should be 

performed in conjunction with routine health care in general practice, not only 

because people regularly visit GPs, but also because GPs are medical generalists, 

who are familiar with a patient’s physical and mental health and are able to 

deliver comprehensive and ongoing health services. Moreover, it was thought that 

the positive rapport between GP and patient could facilitate the implementation of 

such screening and intervention programs.42  

These conceptual changes led to the initiation of government funded regular 

health checks for the general population under the British general practice 

contract in 1990. The policy aroused academic and economic controversy. Two 

general practice-based health checks RCTs were conducted in the UK at the time: 

the OXCHECK study and the British Family Heart (BFH) study.37, 38 The 

OXCHECK recruited patients aged 35-64 years in participating practices. The 

study participants were randomized into intervention (2,760 patients) and control 

groups (2,783 patients). The initial health check was offered to participants in the 
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intervention group at years 1, 2 & 3 respectively. All participants were invited to 

an exit health check at year four.37 The BFH adopted a family intervention 

strategy by randomizing the 40-59 year old male patients in practices into 

intervention (2,373 patients) and control group (2,342 patients) and invited their 

partners along with them to participate. Participants in the intervention group were 

invited to an initial health check. One year later, all study participants and their 

partners were invited to an exit health check.38  

In these trials, the health checks only included limited routine measurements (e.g. 

blood pressure, total cholesterol, height and weight) and assessments of lifestyle 

factors (e.g. smoking and nutrition). Surrogate outcomes were used as primary 

outcome measures instead of morbidity and mortality. Both the OXCHECK and 

BFH studies reported improved control of risk factors after the health checks, 

which was equivalent to a 12-13% reduction in CHD events in the long-term.37, 38 

At about the same time, a smaller health check RCT was conducted in Denmark.39 

This study randomly recruited patients aged 30 to 50 years from family practices 

in a single district. Study participants were then randomized into intervention 

(1,006 patients) and control (501 patients) groups. The intervention constituted 

two sub-groups: screening only (502 patients) and screening with annual health 

discussions (504 patients) sub-groups. It was concluded that, even though no 

differences were observed between the two intervention sub-groups, at the end of 

5-years follow-up, the proportion of patients at elevated or high risk of CVD 

(CVD Risk Score (CRS)*>10 points)1 halved in the intervention group (as a 

                                                 
1 CRS is calculated based on individual’s pre-existing risk factors including gender, family history 
of premature CVD, smoking status, BMI, diastolic blood pressure and serum cholesterol level.  
Individuals were categorized into low-risk (0-5 points); moderate risk (6-9 points); elevated risk 
(10-15 points) and high risk (>15 points)  
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whole) compared to that in the control group.39 Mortality was reported as 

secondary outcomes in two of the three studies and no difference was found in 

either.37, 43 However, none of these trials were designed or powered to detect a 

difference in either morbidity or mortality. Even though these RCTs demonstrated 

improved risk profiles and decreased CVD risk after health checks, critics argued 

that the benefits, especially the improvement in blood pressure could be attributed 

to patients’ accommodation to the measurement, which were not clinically 

relevant.37, 38  

2.7 Debates about general health checks in the 21st century 

The controversy about general health checks have continued in the 21st century. 

The debate has centred on the effectiveness of general health checks, the potential 

harmful physical or psychological effects on participants, the settings, and also 

their cost-effectiveness.  

2.7.1 Effectiveness of health checks 

Krogsbøll and colleagues published a Cochrane review of general health checks in 

2012. It concluded that such programs failed to improve total and disease-specific 

mortality; and there was no strong evidence suggesting they would reduce either 

morbidity or subsequent health service use.44 Sixteen eligible trials were identified 

in this review and nine were included in the meta-analysis. The 16 included trials 

were published from the 1960s to the 2000s and conducted in different settings 

including general practice (5/16), community health centres (10/16) and the 

workplace (1/16).44 
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Despite the historical development in concept, the changing emphasis and 

application of health checks/screening, the authors did not perform subgroup 

analysis to differentiate study settings.44 More importantly, the authors dismissed 

the use of surrogate outcomes as indicators of health check effectiveness. They 

argued that surrogate outcomes have unreliable effects on morbidity and mortality 

and that using them might conceal other harmful effects of health checks. The 

authors further questioned the sustainability of surrogate outcome change after 

intervention.44  It is true that there are disadvantages with surrogate outcomes, 

especially when they are used as sole indicators in clinical trials.45 However, 

considering the well-established correlations between surrogate outcomes (e.g. 

blood pressure, total cholesterol, etc.) and chronic disease,4 the wide use of 

surrogate outcomes in routine medical practice, and also the conceptual 

development of health checks,46 the measurement of surrogate outcomes could 

have a place in gauging the effectiveness of a health check and the following 

management of risk factors. 

Another systematic review by Boulware and colleagues investigated the value of 

Periodic Health Examinations (PHE) in improving the provision of  guideline-

based preventive health care.47 Twenty-one controlled trials comparing PHE 

versus usual care were included in this review. A qualitative synthesis of study 

results demonstrated increasing uptake of recommended screening in the PHE 

group. The review also reported beneficial psychological effects of PHE on 

participants. Mixed results were found concerning the clinical (surrogate and 

final) and economic impact of PHE.47  
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2.7.2 Adverse outcomes of health checks 

The most commonly discussed adverse outcome of health checks is a negative 

psychological effect. It has been pointed out that patients who are not adequately 

prepared for risk labelling may suffer from short-term psychological distress.48, 49 

Some scholars have also argued that receiving an invitation for a health check 

could cause anxiety among some patients.50 However, further studies found no 

short-term harmful psychological effects among patients being labelled as ‘high 

risk’ in a health check,51-54 nor did the detection of early disease affect patients’ 

quality of life in the long-term.55-57 In addition, any negative  influences could 

potentially be minimized if the screening and follow-up interventions were carried 

out by a regular health care provider.58, 59  

No study has investigated the impact of false positive or false negative results on 

participants. Nevertheless, the health check procedures are guideline-oriented. For 

test-positive patients, confirmatory tests should be undertaken before diagnosis; 

while for test negative patients, appropriately timed regular re-checks can be 

scheduled. Therefore, the effects of false test results should be minimized. 

Moreover, general health checks differ somewhat from other targeted screening 

programs (e.g. cancer screening) because, in comparison: 1) the majority of tests 

in a health check are routinely available and familiar to participants; 2) the 

procedures are usually less invasive and 3) arguably, the results are usually less 

threatening to patients. However, it is possible that some GPs would use a health 

check program to perform screening tests that are not recommended by clinical 

guidelines (e.g. the prostate-specific antigen tests), especially for patients who are 

not frequent users of preventive health care. The possibility of over diagnosis 

under these circumstances should be considered as an adverse effect of a health 
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check program. No studies have investigated the possibility and impact of over 

diagnosis in general health check programs.   

2.7.3 Health checks in general practice   

Historically, general health checks have been offered variously in the workplace, 

community health centre, pharmacy and general practice (family practice). Ever 

since the effectiveness of multiphasic screening was questioned,35 there has been 

arguments about incorporating screening into routine medical practice to improve 

the continuity of health care.60 As the main providers of health services for people 

in the community, general practice (or its equivalent) is better placed to provide 

health checks because a patient’s overall health status is well known.2 

Additionally, a long-term clinical relationship is important in influencing patients’ 

health perceptions and encouraging treatment compliance.61 Lastly, general 

practitioners and practice nurses acknowledge their responsibility to provide 

preventive health care and agree that general practice is an ideal place for health 

checks.3, 62  

2.7.3.1 The role of the practice nurse in the health check 

Practice Nurses (PN) have emerged as important providers of health services 

including health assessment, lifestyle interventions and chronic disease 

management.63-65 Evidence has demonstrated that PNs are capable of providing 

high quality preventive health care.66 In addition, patients are generally confident 

about the clinical decisions and recommendations made by PNs,67 with the 

majority of them satisfied with their experiences.63, 67    
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Current health check programs generally allow PNs to take an important role in 

organizing or conducting assessment in general practice. Their contribution ranges 

across patient identification, risk measurement, overall risk evaluation, 

counselling, patient education and follow-up arrangement.68 For instance, the 

health check program in the Netherlands is entirely managed and conducted by 

PNs, with GPs only involved in the treatment of diagnosed or high risk patients.62    

2.7.4 Economic considerations  

The substantial professional resource burden and financial costs of health checks 

are important concerns.69 However, it has also been argued that an all-in-one 

health check could potentially be cost saving, considering the increasing practice 

of preventive health care in routine medical practice.70 Therefore, cost-

effectiveness analysis has been widely applied in the evaluation of health check 

programs and also in informing policy making. 

Three modelling studies have investigated the cost-effectiveness of regular (5-

yearly) health checks in middle-aged populations in six European countries and 

Australia.71-73 All of them simulated changes in population incidence of CVD and 

diabetes and concluded that regular health checks followed by guideline-oriented 

interventions for population aged 40 to 75 years are likely to be cost-effective in 

their respective settings (see 2.9.3 for detailed descriptions).   

2.7.5 Other objectives of health checks 

In the modern context, general health checks are not only part of preventive health 

care at an individual level, but also embody public health significance including 
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improving quality of preventive health care; tackling health inequalities; and 

promoting health knowledge (e.g. healthy lifestyles).74, 75 

2.7.5.1 Bridging gaps in preventive health care 

Guidelines for preventive health care recommend regular assessment of chronic 

disease risk factors (e.g. blood pressure, serum lipids and blood glucose) for all 

middle-aged individuals regardless of their risk profiles.2, 76 There are 

considerable gaps in the provision of guideline-based preventive health care 

worldwide, especially for the purpose of primary prevention.77-81 Thus, health 

checks for the general population may potentially improve the quality of 

preventive health care, especially among high risk patients.   

In Australia, gaps between guideline-based and routine practice of preventive 

health care have been identified in both the assessment and management of risk 

factors in general practice. The Bettering the Evaluation and Care of Health 

(BEACH) study in 2006, found that the recording of blood pressure and low-

density lipoprotein (LDL) cholesterol was missing for 13% and 53% 

(respectively) of all patients who should have been tested. Among patients for 

whom the calculation of absolute CVD risk was recommended, 26% had at least 

one risk factor missing from their records.78 Besides the documented provision of 

preventive tests, there were also gaps in prescriptions and treatment target 

attainment.78 Taking LDL as an example, not only was a prescription indicated for 

41% of patients who had not been medicated; among those who had been 

prescribed, 38% did not achieve target LDL levels.78 Moreover, GPs had general 

misconceptions about patients’ CVD conditions and overall risk.82 Furthermore, 

considerable gaps existed in routine assessment and management of lifestyle risk 
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factors in Australian general practice.83 Nevertheless it can be expected that 

structured and well-organized health check programs would potentially improve 

both the accessibility47 and the quality of preventive health care in a target 

population.74, 75 

2.7.5.2 Combating health inequalities   

Health inequalities refer to ‘differences in health status or in the distribution of 

health determinants between different populations’. When the differences are 

avoidable or unfair, they lead to inequities.84 Health inequalities are associated 

with gender, ethnicity, age (the elderly), socio-economic status and mental health 

status.85 The causes of health inequalities include social determinants of health 

(including education, income, occupation and SES) and access to quality health 

care.85   

Disappointingly, the improved clinical management of health conditions over the 

last few decades may have exacerbated the extent of health inequalities.86 

According to a report from the Australian Institute of Health and Welfare (AIHW) 

in 2006, significant health inequalities in morbidity, lifestyle, risk factors and 

health service use were observed between the least and the most socio-

economically advantaged groups.87 Similarly, in England it is estimated that in the 

past 10 years, health inequalities between social classes have increased by 4% and 

11% among males and females respectively,85 which is possibly associated with 

the observation that higher social class groups tend to respond better to health 

promotion programs than do lower social class groups.85 

Tackling health inequalities is a complex task involving collaboration between 

different sectors and departments. Primary health care providers are at the 
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frontline of this endeavour.85 Making quality preventive health care (e.g. standard 

health checks and subsequent intervention programs) both financially and 

geographically accessible to patients in need (low SES or vulnerable populations) 

would contribute to bridging the gap. In fact, one of the objectives of a recently 

initiated health check program in England was to reduce health inequalities.70 

2.7.5.3 Promoting healthy lifestyles 

Unhealthy lifestyles including physical inactivity, smoking, poor nutrition and 

excessive alcohol consumption contribute to chronic disease. As an important 

component of preventive health care, lifestyle counselling has been recommended 

and incorporated as part of routine medical practice.2  

As primary health care providers, GPs or PNs are accessible to the general 

population, and thus could potentially extend individualized lifestyle counselling 

to the majority of people in the community. However, there exist practical 

difficulties in systematically providing such services to everyone, due to limited 

resources. Organizational supports including improved infrastructure, training, 

guidelines and funding are required to facilitate such practice.65 Therefore, 

government funded health check programs, by providing remuneration or other 

incentives, are likely to be a starting point to address these practical challenges.   

2.8 Concurrent health check policies 

Despite the ongoing controversy about health checks in middle-aged populations, 

during the past 5 years, programs have been initiated in several countries 

(England, the Netherlands and Australia). The aims, target populations and 

protocols may differ, but generally, all programs target a middle-aged ‘well’ 
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population with no prior diagnosis of cardio-metabolic disease. Different 

reimbursement rates have been assigned to these health check programs, 

reflecting the complexity of the assessments and the involvement of various 

health professionals. 

2.8.1 England  

The National Health Service (NHS) health check program in England was 

initiated in 2010. It provides five yearly check-ups for 40-74 year old ‘well 

adults’. The clinical objective of this health check program is to lower the 

population risk of heart disease, stroke, diabetes, kidney disease and some forms 

of dementia.88 The other implied purposes of this program include: improving 

guideline-based quality health care and reducing health inequalities. According to 

the newly updated program guideline (April 2013), patients with existing chronic 

disease; already taking statins; or those who have already been fully checked and 

estimated to have high absolute risk of CVD (20%+) in the following 10 years are 

not eligible for further health checks.70 The standard procedures include: mailed 

invitations, systematic screening, CVD risk factor measurement, absolute risk 

assessment, risk communication and lifestyle counselling.88 Standard 

interventions and referral pathways are recommended for high risk patients. The 

health checks can be offered in general practice or local pharmacies.  

2.8.2 The Netherlands 

In the Netherlands, the cardio-metabolic risk (CMR) prevention consultation 

guideline was finalized in 2011. According to this protocol, all people aged 45-70 

years without a diagnosis of cardio-metabolic disease and not on medication for 

high blood pressure or lipid abnormality are eligible for a CMR health check.62  
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A stepwise patient screening procedure is outlined in the guideline. A pre-

screening questionnaire is used to identify relatively high risk individuals in the 

community, who are later invited to a CMR health check in general practice. In 

the first practice consultation, medical history, pathology tests and an overall 

assessment of CVD risk are performed by a PN. A second practice consultation is 

indicated if an individual is deemed at high risk of CVD in the initial assessment. 

The second practice consultation is also conducted by a PN, at which 

confirmatory tests are performed. Then the diagnosed patients are referred to their 

GP for further management.62   

2.8.3 Australia 

The 45-49 year old health check program was introduced to Australian general 

practice by Medicare Australia in 2006.9 Eligible patients are of 45-49 years old 

and are at risk of developing chronic disease with at least one identifiable risk 

factor including lifestyle or biomedical risk factors or family history of a chronic 

disease.1 As distinct from other health check programs, instead of excluding those 

with pre-existing biomedical risk factors (high blood pressure, high cholesterol or 

impaired glucose metabolism), an individual’s eligibility is left to the discretion of 

a GP. For instance, patients who have a chronic disease (e.g. diabetes, asthma or 

rheumatoid arthritis) are eligible for a government funded chronic disease 

management plan which allows referral to allied health professionals and can 

involve review visits. To complete a 45-49 year old health check, a 

comprehensive personal and family history examination; risk factor measurement; 

an overall health assessment; and health advice or intervention should be 

incorporated in the initial consultation.1 Lifestyle counselling is also 
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recommended.2 The health check can be operated by GPs or, under supervision, 

by PNs. However, Medicare does not provide specific details of follow-up 

procedures (e.g. the numbers of associated GP encounters or subsequent 

intervention plans). General practices are encouraged to either systematically, 

using mailed invitations, or opportunistically, during a routine consultation, invite 

patients to attend.  

2.9 Health check research 

Research about health checks in middle-aged populations has generally examined 

three aspects: attendance at health checks; the effects of health checks; and the 

economic impact of health check programs.  

2.9.1 Attendance at health checks 

There are concerns about unselectively inviting people to a health check.69 It is 

argued that screening relatively low risk individuals could increase the chance of 

false positives.69 However, given the increasing prevalence of risk factors (e.g. 

physical inactivity, poor nutrition and high BMI) and gaps in the provision and 

quality of preventive health care,77-81 it is possible that a number of these 

unlabelled patients may have never had a comprehensive check-up. A health 

check program could potentially bridge this gap. As indicated in a pilot study in 

England, of all participants eligible for the NHS health check, 10-22% had a high 

CVD risk (10 year CVD risk >=20%).89 Through the NHS health checks, a large 

number of unidentified high risk patients would be picked up.  

Most health check programs today target populations, usually based on age, who 

are at risk of developing chronic disease. Others recruit high risk participants 



29 

 

using pre-screening procedures. Studies have been undertaken to investigate the 

health check attendance rate in different settings; to compare patient recruitment 

strategies; and to examine the determinants of patients’ attendance at health 

checks using demographic, health status and psychological indicators, as 

discussed below.  

2.9.1.1 Invitation strategies  

There are two different classes of patient invitation strategies: [1] positive 

invitations using a systematic mail-out or alternatively an opportunistic approach 

during routine consultations; or [2] passive invitations using posters or leaflets in 

general practice. A pilot study of the CMR health check program in the 

Netherlands demonstrated that patients were more responsive to positive 

invitations with a personal letter (33% response rate) than to passive invitations by 

posters or leaflets (1% response rate).90 Of the positive invitation strategies, a 

systematic invitation was more effective by reaching nearly twice as many 

patients as opportunistic invitations in one study.91 Pragmatically a combined 

invitation strategy (both systematic and opportunistic invitation) could be used in 

general practice. 

In recent years, to encourage attendance, other positive invitation strategies have 

been trialled. For instance, the uses of monetary incentives and individualized pre-

consultation preventive health care reminders have been studied in Australian 

general practice.92, 93 The methods used have proven practical and the use of 

preventive health care reminder was well accepted by both patients and practice 

staff in a pilot study.93 Further research is required to investigate their effects on 

improving attendance at health checks in general practice. 
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2.9.1.2 Determinants of health check attendance 

Attendance at a general practice-based health check varied between 20-50% in 

recent studies.68, 90, 92, 94, 95 Even so, the usefulness of health checks is widely 

accepted and highly regarded by patients regardless of their attendance. Research 

showed that not only did 71-81% of attendees regard the experience as helpful 

and satisfactory, but around 80% of non-attendees agreed that health checks 

should not be confined to those with symptoms.96-99 On the other hand, a major 

concern about health checks is the ‘worried well’ effect,100 which refers to the 

belief that health check attendees are more likely to be healthier and more socio-

economically advantaged than non-attendees. A variety of factors have been 

shown to be associated with attendance at health checks including an individual’s 

demographic characteristics, health status and psychological determinants – as 

discussed below.   

2.9.1.2.1 Demographic characteristics 

A review of literature yielded mixed results regarding the demographic 

determinants of health check attendance. Compared to most contemporary studies 

(within 5 years), earlier studies were more likely to demonstrate significant 

demographic disparities (including age, gender, marital status and SES) between 

attendees and non-attendees. Generally, the elderly, females, married and high 

SES individuals were more likely to attend compared to others.101-106 Nowadays, 

with improved understanding and increasing accessibility to preventive health 

care, demographic differences have been less pronounced in more recent studies. 

A pilot study of the CMR health check in the Netherlands did not find any 

significant differences in age, gender, marital status, education and ethnic 

background.90 A cohort study in the UK (a pilot study of the NHS health check) 
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only found a lower attendance rate in the younger population (aged 35-54 

years).94 In Australia, national statistics seemed to suggest higher attendance at 

the 45-49 year old health check in lower SES groups.107  

2.9.1.2.2 Health status  

Two studies in the UK and the Netherlands investigated correlations between 

patients’ health conditions and their health check attendance. These studies 

reported increased attendance amongst patients with pre-existing biomedical risk 

factors (e.g. hypertension) or a family history of chronic disease.90, 94 However, 

those with either self-reported or recorded lifestyle risk factors (e.g. smoking, 

physical inactivity, excessive alcohol consumption, and overweight or obesity) 

were less likely to attend.90, 94 No study has examined the correlation between 

patients’ attendance at a health check and their past health service use including 

recent uptake of preventive health care. 

2.9.1.2.3 Psychological determinants 

Evidence indicates that patients today tend to be health conscious and rational 

when making decisions about health behaviours. A qualitative study of patients 

who had refused a health check found that the majority were fully aware of the 

potential benefits and limitations of health screening; they stressed their own 

responsibility to maintain good health and stated that they would actively pursue 

health care if they regarded it as necessary.108  

To better understand patients’ decisions and to promote health check attendance, a 

variety of Social Cognitive Models (e.g. the Health Belief Model, the Health 

Utilization Model and the Theory of Planned Behaviour) have been applied to 

analyse health-related decision making.109-114 Generally, the following aspects 
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have been found to be of relevance: 1) perceived necessity of performing a health 

behaviour; 2) perceived benefits/harm of doing it; 3) perceived social pressure to 

do it; and 4) perceived barriers to performing the behaviour.  

In the context of health checks, the most common reasons for refusal include: 

disinterest, perceived lack of necessity, already been checked; fear of positive 

results; time pressure on keeping an appointment and other practical reasons.106, 

115, 116  Specifically, for patients to attend a health check, they have to first 

acknowledge the necessity of having one (e.g. to overcome disinterest, perceived 

lack of necessity), which is influenced by their perceptions about their own health 

status and their recent uptake of preventive health care (e.g. already being 

checked). Furthermore, patients’ knowledge and emotional perceptions (e.g. fear 

of adverse results) about health check procedures and outcomes influence their 

decisions about attendance. In other words, if patients’ positive perceptions 

outweigh the negative ones, they are more likely to have positive attitudes and 

eventually attend a health check. Furthermore, perceived barriers are also 

important factors to consider (e.g. time pressure on keeping an appointment, cost 

and other practical reasons). To improve attendance requires an understanding of 

such influencing factors in the target population and implementing interventions 

to reinforce facilitating factors while reducing the inhibiting ones.   

2.9.2 Effects of health checks 

A considerable proportion of attendees are either diagnosed or treated after a 

health check. One of the pilot NHS health check studies in England reported that 

new treatments were initiated in 29.8% of all eligible patients after a health 

check.95 Two pilot studies of the CMR health check reported that, after the initial 
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questionnaire assessment, 64% and 75% respondents (respectively) were 

considered at higher risk and thus invited to a further practice consultation.68, 90 

Although the practice attendance rates varied in the two studies (36% vs 72%), 

both of them found that, among patients who attended the practice consultation, 

more than 20% were diagnosed with at least one condition that required further 

medical attention (e.g. hypertension, hypercholesterolemia or diabetes).68, 90 

Surrogate outcomes (e.g. blood pressure, serum lipids, smoking status etc.) and 

assessment of absolute CVD risks were widely used as outcome indicators in 

recent health check studies. A few cohort studies reported improvements in 

relevant risk factors leading to an approximate 10% decrease in absolute CVD 

risks among attendees.117, 118 However the effects of a health check on lifestyle 

modification remains uncertain. Although one study reported improved patients’ 

readiness to change their lifestyle after a health check,119 most studies concluded 

limited effectiveness of lifestyle interventions in general practice. The Health 

Improvement and Prevention Study (HIPS study) in Australian general practice 

reported that, except for an increase in self-reported physical activity, no 

significant changes in either behavioural or biomedical outcomes were observed 

one year after practice-based lifestyle counselling.120 Similarly, a RCT in the 

Netherlands did not demonstrate any beneficial effects of practice-based lifestyle 

interventions either.121, 122 These evidence inevitably casts doubt on the 

effectiveness of general health checks. Clearly, more effective lifestyle 

intervention approaches, for instance the ‘5A’ approach,2 need to be implemented 

and trialled in general practice. 
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2.9.3 Economic evaluations of health check programs 

Prior to the launch of the NHS health check in England, an economic model was 

constructed at the request of the Department of Health (DoH) to simulate the 

potential effectiveness and cost-effectiveness of the program.71 After extensive 

scenario analyses of different target populations and health check procedures,71 

the model concluded that regular (5 yearly) health checks to the 40-75 year 

population with no pre-existing chronic disease tend to be the most cost-effective 

scenario.71, 72 It concluded that, if an overall 75% uptake rate was achieved, this 

program would prevent at least 9,500 incident cases of heart attacks and strokes 

and 4,000 of type 2 diabetes a year, at a cost of £2,480 per QALY (approximately 

equivalent to $4500 AUD per QALY) in a lifelong projection.71  

Two other modelling studies of the NHS health check compared the effectiveness 

of different recruitment strategies.123, 124 Both studies concluded that the 

effectiveness of health checks would be improved if more selective recruitment 

strategies targeting high risk patients were adopted.123, 124 At a general practice 

level, a stepwise screening approach using routine medical records and risk scores 

was recommended.123 At a population level, targeting deprived communities or 

people with a family history of premature CVD could be more cost-effective.124 

Since the publication of the economic evaluation of NHS health checks in 

England, models have been constructed to evaluate the cost-effectiveness of 

similar health check programs in other counties, including Australia.72, 73 The 

Australian study concluded that, if the same screening and intervention protocols 

as the NHS health checks were applied in the local context, the program would be 

cost-effective (at a cost of $14,000 AUD per QALY) in a five-year projection.73  



35 

 

Another modelling study by Schuetz and colleagues simulated the cost-

effectiveness of health checks in six European countries (Denmark, France, 

Germany, Poland, Italy and the UK).72 By adopting screening and intervention 

procedures similar to the NHS health check, the author concluded that, in a 30-

year projection, the program was likely to be cost-effective or cost saving in all 

simulated countries.72  

Methodologically, all studies obtained representative individual level data either 

from general practice or a national survey. Guideline-oriented intervention 

programs were applied to individual patients with screening detected high risks. 

The effectiveness of health check programs were estimated by simulating the 

screening and intervention procedures, including detection rates, intervention 

rates, compliance rates and the effectiveness of intervention strategies (e.g. 

smoking cessation; medications of anti-hypertensive, statins and lifestyle 

interventions). However, the applicability of the model was limited to health 

check programs with well-organized and subsidized intervention strategies 

following the initial assessment. The 45-49 year old health check is a one-off visit 

in Australian general practice. No follow-up intervention protocols or funding 

have been specified by the Australian DoH in contrast to the NHS health checks. 

Therefore, this model and its results may not be applicable to the 45-49 year old 

health check program. Till now, the effectiveness and cost-effectiveness of the 45-

49 year old health check program remains unevaluated. 
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2.10 Australian context  

2.10.1 Burden of chronic disease in Australia 

Chronic disease in Australia has accounted for more than two thirds of the burden 

of all disease in recent years.125 CVD alone accounted for a third of all deaths in 

2007.125 In the 2011 Australian National Health Survey (ANHS), more than 16% 

of adult respondents self-reported suffering at least one circulatory system disease 

and 4% were diagnosed with Type 2 Diabetes Mellitus (T2DM).126 CVD and DM 

were also the most common reasons for health service use (i.e. GP consultation, 

hospitalization and medication).125  

2.10.1.1 Prevalence of risk factors  

The increasing prevalence of lifestyle and biomedical risk factors is probably the 

underlying cause for the rising chronic disease burden in Australia. According to 

the 2011 ANHS, 18.0% of Australian adults were current smokers; 62.8% were 

overweight or obese; 67.5% were sedentary or physical inactive; and 19.5% 

consumed an excessive amount of alcohol that would lead to long-term harmful 

effects.126 The 2011 National Health Measurement Survey (NHMS) reported the 

prevalence of high blood pressure and elevated total cholesterol and LDL to be 

21.5%, 32.8% and 33.2% respectively in adults.127 According to the estimates by 

Australian Institute of Health and Welfare (AIHW), 94% male and 89% female 

Australians aged between 45-54 years have at least one risk factor (lifestyle or 

biomedical) for cardio-metabolic diseases.128 

2.10.2 The 45-49 year old health check 

In 2006, the Council of Australian Governments (COAG) launched the Australian 

Better Health Initiative (ABHI). This initiative, for the first time, explicitly 



37 

 

stressed the importance of primary prevention in the context of general practice. 

Later that year, the 45-49 years ‘well person’ health check program was 

introduced in Australian general practice.9 Detailed procedures of this health 

check program were described earlier in this chapter under sub-heading 2.8.3. 

Since the initiation of this program in 2006, it has not been comprehensively 

evaluated. Limited studies have been undertaken with an emphasis on the practical 

challenges in performing a health check from the perspective of health care 

providers (GPs and PNs).3 

45-49 years is considered a critical age band for preventive health care. According 

to the 2011 ANHS, the population prevalence of preventable chronic diseases or 

conditions (including type 2 diabetes, cardiovascular disease, hypertension and 

kidney disease) increases dramatically from the 35-44 year age group (with 

prevalence rates of 1.7%, 1.6%, 14.9% and 0.6% respectively) to the 45-54 year 

old age group (with prevalence rates of 4.2%, 3.9%, 25.6% and 1.1% 

respectively).126 However, when compared to older population groups, 45-50 year 

olds were less conscious about preventive health care or regular check-ups. A 

cross-sectional study demonstrated that only 39%, 38% and 66% of middle-aged 

Australians (41-50 years) regularly monitored their cholesterol, blood glucose and 

blood pressure levels respectively, significantly lower than those aged above 50 

years.129 Additionally, only 8% of 41-50 year olds consulted a GP for a disease 

prevention plan compared to 21%, 25% and 30% among those aged 51-60, 61-70 

and 71-80 years respectively.129 On the other hand, the majority (94%) of 41-50 

year olds reported positive attitudes towards health and preventive health care and 

87% of them were willing to attend an annual health assessment.129 Furthermore, 

as an important component of the ABHI, the 45-49 year old health check not only 
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aims to facilitate early detection of chronic disease risk factors, but also to 

promote and support lifestyle change. Among 45-54 year old Australians, 22.9% 

were current smokers (21.2% were daily smokers); only 6.1% consumed adequate 

fruit and vegetables as recommended by the Australian dietary guidelines; and 

approximately 23.1% and 31.9% of 45-54 year olds were inactive or insufficiently 

active during any given week and 74.1% of the 45-49 year olds were overweight 

(39.1%) or obese (32.0%).126 Lifestyle interventions therefore need to be 

emphasized in this population.   

Even though advice for the 45-49 year old health check from the Australian DoH 

emphasizes the assessment of biomedical and lifestyle risk factors for CVD and 

behavioural interventions,1 other screening is encouraged.2 According to the Red 

Book,2  opportunistic screening for depression is recommended in general practice 

for Australian adults aged 18 years and above; opportunistic skin examination is 

recommended for high risk individuals aged 40 years and above; and a biannual 

pap test is to be performed for all sexually active females aged 18 years and 

above. Therefore in general practice, brief evaluations of depression and screening 

for cancer are often, but not universally incorporated into the 45-49 year health 

check. 

2.10.2.1.1 Policy changes  

At the time when the 45-49 year health check was introduced in 2006, Medicare 

Australia did not provide detailed descriptions on either the eligibility criteria or 

the health check procedures. Thus the processes were not fully understood by 

GPs.3 The length and depth (quality) of the health check varied between 



39 

 

providers. Generally speaking, 1-3 consultations were undertaken to complete the 

health check, depending on patient’s SES and GP’s availability.3 

 Later, in 2010, Medicare revoked the single reimbursement rate for this health 

check program and adopted a more flexible reimbursement mechanism by taking 

into account the length of the initial consultation. In the amended scheme, a health 

assessment lasting less than 30 minutes was reimbursed at $58.20 AUD (MBS 

item 701); a 30-45 minutes consultation at $135.20 AUD (MBS item 703); a 45-

60 minutes consultation at $186.55 AUD (MBS item 705); and a more than 60 

minutes consultation at $263.55 AUD (MBS item 707).1 Furthermore, detailed 

program templates were developed and recommended by the Australian DoH 

(Appendix 1). The involvement of PNs was described and encouraged.1 These 

changes not only clarified the priorities and emphasis of this health check 

program, but also simplified its procedures. More importantly, the flexible 

reimbursement rates seem to address the ‘worried well’ effect. For patients at low 

risk or those who had already had relevant preventive tests, only a short 

consultation is necessary, while for patients who have not been checked, a longer 

consultation would be required.   

2.10.2.1.2 GPs’ attitude towards the 45-49 year old health check  

GPs’ attitudes towards preventive health care, to a large extent, influence the 

provision and quality of a health check. A qualitative study of 13 GPs in Sydney 

reported that, although most GPs acknowledged their obligations to provide 

preventive health care, the majority of them did not regard this as their priority, 

especially when dealing with behavioural risk factors.3 They believed that, even 

though health professionals are responsible for providing lifestyle information and 
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counselling, the choice of behavioural change and further help seeking should be 

left to patients.3 Furthermore, GPs were generally concerned about the potential 

yields from the 45-49 year old health check and the effectiveness of lifestyle 

interventions.3 Other commonly expressed concerns about this health check were 

the extensive workload implications and the amount of reimbursement.3 However, 

the amended time-dependent reimbursement rates, the availability of procedure 

templates, together with the involvement of PNs in the process may, to some 

extent, relieve these concerns.  

Although it is well-recognized that continuity is essential in preventive health 

care, a responsive and effective chain of health services, especially for lifestyle 

interventions, has yet to be established in most states in Australia.65, 83 One of the 

most prominent issues identified for the 45-49 year old health check was GPs’ 

reluctance to refer patients to allied health professionals or community 

organizations.65 The following reasons have been suggested: [1] At-risk patients 

who have not developed chronic disease do not qualify for any subsidized health 

referral programs, therefore, referrals would impose financial burdens on patients; 

[2] Only loose connections exist between general practice and other health care 

services; [3] Many GPs are not convinced about the effectiveness of referral 

options or believe that they could provide the same services; and [4] GPs worry 

that referral suggestions would annoy patients.3 

2.10.2.1.3  Uptake rates  

Since the initiation of the 45-49 year old health check in 2006, its annual uptake 

has decreased. National rates have dropped from 7.2% in 2007/08 to 4.4% in 

2009/10. No gender disparities have been observed.130 In South Australia (SA), 
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the uptake rates have been consistently lower than the national average, at 5.9% 

and 3.3% in 2007/08 and 2009/10 respectively.107 Contrary to the ‘inverse care 

law’,131 in South Australia, people from the lowest SES quintile (4.0% attendance 

rate in 2009-10) areas were 54% more likely to attend this health check compared 

to those from the highest SES quintile (2.6% attendance rate in 2009-10).107 

Although no research has been undertaken to determine why this occurred, it may 

be that general practices located in relatively low SES areas were more actively 

promoting this health check to their patients.   

2.11 Research rationale 

Although Krogsbøll’s  review found no health benefits (morbidity and mortality) 

after general health checks in middle-aged population,44 the results should be 

interpreted with caution. Given the discussion about the unique role of general 

practice in preventive health care, it is expected that the effectiveness of general 

practice-based health checks could be different from those conducted in other 

settings. Additionally, surrogate outcomes should be used as indicators in the 

assessment of health check effects. Therefore, a review assessing the effectiveness 

of general practice-based health checks, using both surrogate and final outcome 

indicators would help inform the health check debate.   

There is a gap in knowledge about the performance, effectiveness and economic 

impact of the 45-49 year old health check program in Australian general practice. 

No evidence has been generated regarding the determinants of patients’ 

attendance, including their demographic characteristics, past health service use 

and psychological determinants. To bridge the knowledge gap, a cohort study 
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using a questionnaire survey and medical record analysis would provide necessary 

evidence to improve attendance and justify continuation of the program.  

Although the screening for cancer and depression is recommended among high 

risk participants, the 45-49 year old health check program is primarily a general 

assessment of CVD risks and relevant risk factors. Considering the possible 

variation in the performance of ‘recommended’ screening and the relatively low 

prevalence of cancer in this population, the investigation could be focused on 

CVD outcomes. An economic model simulating the potential health benefits 

(CVD morbidity and mortality) and the threshold costs for the 45-49 year old 

health check program would inform the cost-effectiveness of this program in the 

Australian context.   

The findings of this thesis should generate more evidence about the performance 

of the 45-49 year old health check and potentially inform further studies and 

policy change.  
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3 CHAPTER 3: The effectiveness of general practice-based 
health checks: a systematic review and meta-analysis 
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3.1 Preface 

This chapter presents a systematic review and meta-analysis of literature 

regarding general practice-based health checks. This paper has been published by 

the British Journal of General Practice.132 It presents an evaluation of the 

effectiveness of general practice-based health checks using both surrogate 

outcomes (risk factor changes) and final outcomes (mortality) as indicators. The 

article also compares the results of studies conducted in different settings (general 

practice-based and non-practice based). 

The surrogate outcome changes reported in this study were used as input data for 

the modelling study presented in Chapter 7.  Most importantly, by establishing the 

effectiveness of general practice-based health checks, it justifies the continuation 

of health check programs in Australian general practice.      
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4.1 Preface  

My systematic review (Chapter 3) demonstrated that general practice-based health 

checks were effective in managing surrogate outcomes, especially among high 

risk patients. To improve the performance of health checks, it is important to 

motivate attendance among patients who have the most to gain from a health 

check. The purpose of such programs should be identifying undiagnosed high risk 

patients and initiating follow-up interventions.  

To promote health check attendance in a target population, the first step is to 

understand patients’ perceptions about a general health check; and then to identify 

both the facilitating factors and barriers to their attendance. I conducted a 

questionnaire survey to answer these questions. A quantitative method was chosen 

because no study had been conducted in Australia investigating determinants of 

patients’ attendance at health checks. The results of such a questionnaire study 

could inform further qualitative research. Also, it is equally important to 

investigate whether a universal invitation leads to attendance by those who need 

preventive health care the most or merely by the ‘worried well’. I then compared 

the demographic characteristics and past health service use of attendees and non-

attendees at a health check in general practice. The results of these studies will 

inform effective patient recruitment strategies in general practice.  

4.2 Aims 

The aims of this cohort study include: 

• To understand patients’ perceptions about general health checks and the 

psychological determinants of attendance at a GP invited health check; 
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• To compare the demographic characteristics and past health service use 

(including preventive health care) of attendees and non-attendees at the 

45-49 year old health check.  

4.3 Outline  

This section comprises two related studies: a questionnaire survey and a medical 

record analysis. The collected data were analysed against participants’ subsequent 

attendance at a free general practice-initiated health check. The questionnaire 

collected information about self-reported demographic characteristics, medical 

history and perceptions about general health checks. Medical records of all 

participants including their demographic characteristics and health service use in 

the previous 12 months were extracted from the electronic medical record system 

in each practice. The two studies were approved by the Human Research Ethics 

Committee of the University of Adelaide (Appendix 15). 

4.4 Selection of study sites 

Study participants were recruited from general practices affiliated with the 

University of Adelaide. Only general practices that kept electronic medical 

records and had not systematically invited patients to the 45-49 year olds health 

check were eligible. Among the seven affiliated practices, two were eligible and 

chosen to represent general practices in the Adelaide metropolitan area. Practice 

1, located in a beachside suburb of Adelaide surrounded by a lower 

socioeconomic area, had two regular GPs and four practice staff. Practice 2, 

located in a busy outer suburb of Adelaide, had 13 regular GPs (6 Full Time 

Equivalent GPs) and three practice nurses.  
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4.5 Study process 

The study adopted a prospective cohort design. Eligible participants were 

identified from the two participating general practices. All participants were given 

a unique identifier by practice staff at enrolment. A questionnaire package was 

sent to all. Participants were instructed to fill and return the questionnaire to the 

principal researcher (SS). All questionnaires were de-identified using the unique 

identifier assigned to individual participants. Following the return of the study 

questionnaire, a health check invitation was sent to all from the two general 

practices. Attendance information was collected six months following the initial 

mailing of invitations. The medical records of all participants from one year prior 

to the invitation were extracted regardless of their response to the study 

questionnaire and their subsequent attendance at a health check. Individual 

medical records were also coded with their unique identifiers.   

4.5.1 Development of the study questionnaire 

A structured questionnaire was developed, in which three sections were included 

(Appendix 8). Section 1- Demographic characteristics; Section 2 – Medical 

history; and Section 3 –Perceptions about general health checks, relevant 

questions were developed based on the Theory of Planned Behaviour (TPB).   

4.5.1.1 Section 1: demographic characteristics 

Standard socio-demographic items of sex, age, residential postcode, marital status, 

ancestry, language, working status, and education were included in the 

questionnaire. All items were validated and used in Australia wide surveys. 151, 152  
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4.5.1.2 Section 2: Medical history 

Patients’ self-reported lifestyle and biomedical risk factors were assessed using 

established or adapted questions.  

• Lifestyle risk factors  

All lifestyle questions had been validated and recommended in the Guidelines for 

Preventive Activities in General Practice (the Red Book)2 for routine medical 

practice use.  

o Physical Activity (PA) 

A two-item PA assessment tool was used in this questionnaire. The two items 

assessed the weekly frequency of having no less than 30 minutes moderate and 20 

minutes of vigorous PA respectively. Descriptions about the PA intensity were 

provided with each question. Based on the responses to the two questions, 

respondents were categorized into either having sufficient or insufficient PA with 

regard to the WHO PA recommendations.153  

o Smoking status 

Respondents were asked to report their smoking status as either current smoker; 

daily smoker; ex-smoker or never smoker. 

o Nutrition  

The portions of daily consumption of vegetables and fruit were assessed in two 

separate questions. Descriptions of a single portion of fruit and vegetables were 

provided alongside the questions. Responses were quantified into either having 
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sufficient or insufficient consumption of fruit or vegetables with reference to the 

Australian national dietary guidelines.154  

o Alcohol consumption  

The three-item Alcohol Use Disorder Identification Test- Consumption (AUDIT-

C) questionnaire was used to quantify respondents’ alcohol consumption.2 

Descriptions and illustrations of standard drinks were attached with the 

questionnaire. High risk alcohol consumption (both in short- or long-term) were 

defined in line with the latest Australian national alcohol consumption 

guideline.155  

• Biomedical risk factors  

Questions about pre-existing biomedical risk factors, recent uptake of preventive 

health care and family medical history were included. Standard questions on 

weight and height were included for the calculation of Body Mass Index (BMI). 

Respondents were further asked if they have been told by a GP about having the 

following risk factors: high blood pressure, high cholesterol, high blood glucose 

levels or any other. Then respondents were asked to report if they had had any of 

the following test(s): blood pressure, serum lipids, blood glucose or any cancer 

screening in the past 12 months. Also, a question about family history of chronic 

disease was included. Respondents were instructed to choose from a list of chronic 

conditions that are common in Australia. Finally, two questions about their 

awareness of the 45-49 year old health check program and their self-reported prior 

attendance were included.  
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4.5.1.3 Section 3: Perceptions about general health checks  

A number of Social Cognitive Models have been applied to predict the uptake of 

preventive health care including health checks.111, 114 Among them, the Theory of 

Planned Behaviour (TPB) has several advantages: [1] it possesses relatively stable 

theoretical constructs and consistent associations;156 [2] it includes belief-based 

measures, which are informative for policy makers in designing and evaluating 

intervention strategies;156 and [3] systematic reviews of TPB studies have 

demonstrated reasonable correlations between TPB variables and health 

behaviours.157-159 Therefore, TPB was adopted as a theoretical framework in the 

investigation of patients’ perceptions about general health checks. 

Questions in this section were framed based on the TPB.160 According to the TPB, 

behavioural intention (BI), attitude (ATT), subjective norm (SN) and perceived 

behavioural control (PBC), to a large extent, explain an individual’s behaviour or 

behaviour change. Then, ATT, SN and PBC were further deconstructed into the 

expectations of behavioural outcomes (behavioural beliefs, BB), the perceptions 

of the opinion of important others (normative beliefs, NB) and the perceived 

control factors (control beliefs, CB).156 In this questionnaire, BI, BB, NB and CB 

were measured. All TPB items were rated on a 7-point likert scale anchored from 

‘strongly disagree’ to ‘strongly agree’ or from ‘highly unlikely’ to ‘highly 

likely’.161  

A key purpose of the TPB is to offer an explanation about the perception-

behaviour relationship. BI is the linkage in between.160 Two standard BI questions 

were used in the study questionnaire: ‘I intend to attend a health check if my GP 

invited me’ and ‘if my GP invited me I would be very likely to attend a health 
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check’.161 The mean score of the two items was used to represent attendance 

intention.   

Attitude is regarded as the core of the TPB, as it has been proven to be the best 

predictor of intention.156 BBs are respondents’ perceptions about outcomes of the 

behaviour and their feelings towards it. Since it is impossible to capture all BBs in 

a close-ended questionnaire, only the salient ones that were widely used in the 

literature were included.162 Several aspects have been repeatedly used in studies of 

health screening, such as reassurance about health, concerns about abnormal 

results, feeling embarrassed about the procedure, physical discomfort, early 

detection or diagnosis, early treatment, safety or side effects of screening tests, 

and the perceived efficacy of the screening.91, 115, 163, 164 Considering the objectives 

and procedures of the 45-49 year old health check program, nine BB items were 

retained in this questionnaire.   

SN represents the perceptions of social pressure for an individual to undertake a 

certain behaviour. The opinions of important others (NBs), to a certain extent, 

determine SN. Important others may vary according to the nature of the 

behaviours. In the context of health check, the opinions or suggestions of family 

members, a GP and friends were considered most relevant to an individual. 

Therefore, three NBs items were included in the questionnaire.   

PBC or CBs are the beliefs or barriers that hinder individuals from undertaking a 

certain behaviour. They can be either objective or subjective in nature. A literature 

review suggested that time constrains, schedule arrangement, screening 

preparation, lack of symptoms, transportation, costs or insurance coverage, and a 



74 

 

lack of motivation were the commonly mentioned barriers to health check 

attendance.91, 115, 164 In this questionnaire, six CBs items were included. 

4.5.2 Piloting and finalizing the questionnaire 

To assess the face and content validity of the questionnaire, it was firstly reviewed 

by a panel of GPs and colleagues. Then, a pilot study was conducted, in which 11 

middle-aged patients completed a pilot questionnaire. Revisions to the 

questionnaire were made based on the feedback obtained.   

The pilot study was conducted in the waiting room of a third general practice in 

Adelaide. Middle-aged patients (mainly within the age range of 45-49 years) who 

came to the practice for a routine medical consultation were approached by a 

practice nurse and inquired if they were willing to complete a pilot questionnaire. 

The practice nurse was instructed to briefly explain the purpose of the study to 

patients and to clarify that participation was completely voluntary and would not 

affect the quality of medical service they received from the practice. If consent 

was granted, the patient was instructed to fill out the pilot questionnaire and write 

down their feedback on an attached feedback sheet (Appendix 9). Both the pilot 

questionnaire and feedback form were collected and later faxed to the principal 

researcher (SS). Over a month, 11 patients completed the pilot questionnaire and 

feedback form. Minor refinements were made to the questionnaire based on their 

feedback, including adding instructions to each segment of the questionnaire; 

clarifying the expression of a few questions; and re-ordering a few questions in 

the TPB section. Hard copies of the finalized questionnaire were used in the 

formal study (Appendix 8). The formal questionnaire was approved by all 
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researchers and the Human Research Ethics Committee of the University of 

Adelaide (Appendix 15).  

4.5.3 Selection of study participants 

Patients from the two participating general practices who met the following 

selection criteria were recruited as participants in this study. 

4.5.3.1 Inclusion criteria 

Patients aged 45-49 years at the time of study, who were regular patients of the 

relevant practice, were eligible. We defined regular patients as those who had 

visited the practice at least once in the past 24 months. According to Medicare 

Australia, patients with at least one identifiable chronic disease risk factor 

(lifestyle or biomedical risk factors or family history) were eligible to participate. 

Given the high prevalence of risk factors in the Australian community, virtually 

everyone in the 45-49 year old age group would be eligible. 

4.5.3.2 Exclusion criteria  

Patients who were deemed to have left the practice by the practice manager were 

excluded. Patients who had been diagnosed with a chronic disease (e.g. 

cardiovascular disease, diabetes) or had had this health check prior to the study 

were also excluded. Other exclusions were made for practical reasons such as 

incorrect mailing address. The study flowchart is presented in Figure 14. 

By reviewing Medicare item number claims (chronic disease management items) 

and the prescription records (e.g. anti-diabetic medications), patients with pre-

existing chronic disease were excluded. Since no unique Medicare Benefits 

Schedule (MBS) item number has been available for this program since 2010 
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(shared MBS item numbers were used by several health check programs), it was 

impossible to identify patients who had had this health check prior to the study 

from the practice records. Therefore, we were only able to identify and exclude 

patients who self-reported having had this health check. Considering that both 

participating practices had not systematically invited patients to this health check, 

the number was not expected to be large. 
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      Figure 14: Study flowchart (cohort study) 

‘Regular patients’ aged 45-49 years identified from 
two general practices  

(n=616) 

Patients who had left the practice 
identified by practice managers (n=42) 
Wrong address (n=13) 
Self-reported uptake of the health check 
(n=13) 
Patients prescribed anti-diabetic 
medication or who had a chronic disease 
management plan (n=33) 

Eligible patients (n=515) 

Questionnaire returned 
(n=293) 

Health check 
non-attendees 

(n=200) 

Health check 
attendees 
(n=87) 

Incomplete 
questionnaires (n=6) 

Completed Questionnaires 
(n=287) 

Questionnaire not returned 
(n=222) 

Health check 
attendees 

(n=4) 

Health check 
non-attendees 

(n=2) 

Health check 
attendees 
(n=26) 

Health check 
non-attendees 

(n=196) 
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4.5.4 Study procedures  

In March 2012 (13-22/03/2012) study questionnaires inserted into standard A4 

envelopes with the logos of the general practice and the University of Adelaide 

were sent to all study participants. Enclosed with the questionnaire (Appendix 8), 

was an information sheet detailing the objectives of the study, the importance of 

participation and an assurance about confidentiality (Appendix 10), an 

endorsement statement from the general practice (Appendix 11) and a pre-paid 

reply envelope addressed to the principal researcher (SS). Participants were 

instructed to complete and return the questionnaire. It was made clear that 

participation was completely voluntary and would not affect the quality of 

medical care they received from practice. To encourage questionnaire response, 

participants were informed about a random prize draw in the information sheet. 

Shopping vouchers to the value of $150, $100 and $50 were available to three 

respondents from each of two practices. Two weeks later, a reminder (Appendix 

12) together with a replacement questionnaire was sent to all non-respondents at 

the time. Questionnaire collection was closed by the end of April 2012. The 

random prize draw was performed by the principal researcher (SS). The winners 

were randomly selected from a list of respondents using Excel 2010 at the date 

when questionnaire collection was censored (approximately 8 weeks after the 

initial mailing). The winners of the prize draw were contacted by their general 

practice and advised that their names would be posted in the practice if consent 

was granted. The shopping vouchers were then mailed to the winners.  

Later at the beginning of May 2012, a health check invitation from each general 

practice (Appendix 13) was sent to all study participants regardless of their 
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response to the study questionnaire. Approximately three months later (in August 

2012), an invitation reminder (Appendix 14) was sent to all non-attendees at the 

time. In the meantime, patients’ attendance at the health check was recorded by 

practice nurses. Data collection was completed in October 2012 (24/10/2012). 

Later in early 2013, relevant medical records of all participants were extracted. 

The study timeline is outlined in Figure 15. 

4.6 Ethics 

Ethics approvals for both studies were obtained from the Human Research Ethics 

Committee of the University of Adelaide (H-181-2011 and H-310-2011; see 

Appendix 15). The researchers were entirely blinded to participants’ identifying 

information by the use of uniquely generated identifiers by the practice staff at 

enrolment. In addition, in the information sheet, all participants were informed 

that study participation was completely voluntary and that returning the 

questionnaire constituted consent to participate. They were also informed about an 

opt-out option. If they did not want to be involved in the study, by informing the 

practice, they would be excluded from the study.  
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         Figure 15: Study timeline (cohort study) 

Participant recruitment criteria:  
a. Patients aged 45-49 years at the date of data extraction 
b. Patients who visited the general practice at least once in the past 

24 months 
c. Patients with no established chronic disease or mental 

impairment 

Questionnaire 
package Health check 

invitation 

May  Mar  Oct  

Data collection: 
Attendance 

Aug  

2nd invitation May 2011  

Medical Records: 
1) Demographic characteristics (gender; DOB; postcode) 
2) Number of GP visits (in-hours & after-hours) 
3) Preventive health care: BP; Lipids; Glucose tests 
4) Prescriptions: Anti-hypertensive; Lipid control; Anti-
depression; and Smoking cessation 

2012 
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4.7 Data management 

All returned questionnaires were stored in a secured cabinet at the University of 

Adelaide. Data collection and management was performed by SS (the PhD 

candidate). Data from each returned questionnaire were entered into an electronic 

database using Microsoft Excel 2007. Data extracted from practice electronic 

medical records were imported into Microsoft Access 2007. The datasets were 

saved on a personal, ID-protected university server site owned and operated by 

the University of Adelaide. The databases were later converted to STATA data 

files for analysis. Single-entry was performed for each of the data items entered 

into the database. Random verification was performed on 10% of entered data by 

SS.  

4.8 Data analysis 

Data analysis was performed with STATA version 12. Descriptive statistics were 

used to summarize information from the questionnaire and medical records using 

frequencies, measures of central tendency (mean, median), and measures of 

dispersion (standard deviation, skewness). Most of the variables were categorical.  

For inferential data analysis, variables were cross-tabulated with comparable 

groups. Student’s t test, Chi square/Fisher’s exact test and ANOVA were used to 

test the differences between/among groups (p<0.05). Univariable and 

multivariable logistic regressions were undertaken to identify the determinants of 

attendance intention and attendance at the 45-49 year old health check. The 

strengths of associations were reported using adjusted Odds Ratios. I also 
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examined the differences between questionnaire respondents and non-respondents 

in the medical record analysis. 
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5 CHAPTER 5: Factors influencing attendance at the 45-49 
year health check: a questionnaire survey 
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5.1 Preface 

This chapter presents the results of the analysis of the psychological determinants 

of a patient’s intended and their actual attendance at a health check at their regular 

general practice. This paper will be submitted to a national or international 

journal.  

The paper describes patients’ self-reported demographic characteristics, lifestyle 

risk factors, medical histories and also their perceptions about general health 

checks (developed based on the Theory of Planned Behaviour). All these variables 

were introduced as predictors in the analysis of patients’ self-reported attendance 

intention and their subsequent attendance at a health check in general practice.     
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5.2 Statement of Authorship 

The following manuscript will be submitted to a national or international journal: 

Si S, Moss JR, Giles LC, Stocks NP. Factors influencing attendance at the 45-

49 year health check: a questionnaire survey. 

By signing below, the authors declare that they give consent for this paper to be 

presented by Si Si towards examination for the Doctor of Philosophy. 

Si Si (Candidate) 

Developed the study questionnaire; performed the data collection and input; 

analyzed and interpreted data; drafted the manuscript and submitted to the journal. 

 

John Moss 

Assisted with the design of the study, reviewed the drafts of the manuscript and 

provided feedback. 

 

Lynne Giles 
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Nigel Stocks 

Assisted with the design of the study, established the cooperation with the general 

practices; reviewed the drafts of the manuscript; provided comments and 

feedback; and acted as the corresponding author for this manuscript.  

Signed:          Date:      
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5.3 Abstract 

Background: The 45-49 year old health check funded by the Australian 

government aims to detect and manage early onset chronic disease and risk 

factors. Understanding patients’ perceptions about general health checks is an 

important step in improving attendance. Aim: To characterize psychological 

factors influencing patients’ intended and actual attendance at a health check. 

Methods: A questionnaire survey was conducted in two general practices in 

Adelaide, South Australia. It included questions about demographic 

characteristics, health status information and patients’ perceptions about general 

health checks based on the Theory of Planned Behaviour (TPB). Subsequently all 

patients were invited to a health check at their general practice. Results: 515 

eligible participants were identified. 287 (55.7%) completed and returned the 

questionnaire and 87 (30.3%) of them attended the health check within 6 months. 

Strong attendance intention, an absence of self-reported pre-existing risk factors 

and less recent uptake of preventive health care tests were predictors of 

attendance; altogether explained 17.1% of the variance. Perceived barriers did not 

directly influence attendance. The majority of respondents demonstrated strong 

attendance intention. Age, smoking status, alcohol consumption and TPB 

constructs (attitude, subjective norm and perceived control) altogether explained 

47.5% of the variance in intention. Conclusions: Patients’ attendance is 

associated with their knowledge about pre-existing risk factors, recent preventive 

health care use and attendance intention. General practices may be able to 

facilitate attendance by providing tailored medical information to patients. 

Highlighting the benefits of health checks and a recommendation from GP may 

strengthen attendance intention.  
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Key words: Preventive health care; Health check; Attendance; General practice; 

Questionnaires; Theory of Planned Behaviour 

5.4 Introduction  

To prevent early onset of chronic disease and encourage preventive health care in 

general practice, Australian government initiated a general practice-based health 

check program for 45-49 year olds in 2006. The program encourages a 

comprehensive check-up and lifestyle counselling for all people who have at least 

one risk factor for chronic disease.1 It is funded by Medicare (Australia’s 

universal health insurance scheme) via a series of time-based health assessment 

items, with some GPs charging a co-payment. The national uptake of this program 

have been decreased from 7.2% in 2007/08 to 4.4% in 2009/10.165 No study has 

been conducted to investigate the determinants of patients’ attendance at this 

health check. This study aims to develop understanding of patients’ perceptions 

about general health checks, so that interventions can be developed, refined and 

implemented to improve attendance. 

5.4.1 Theoretical frameworks 

A number of Social Cognitive Models have been applied to predict the uptake of 

preventive health care including health checks.111, 114 Among them, the Theory of 

Planned Behaviour (TPB) has several advantages: [1] it possessed relatively stable 

theoretical constructs and consistent associations;156 [2] it include belief-based 

measures, which are informative for policy makers in designing and evaluating 

intervention strategies;156 and [3] systematic reviews of TPB studies have 
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demonstrated reasonable correlations between TPB variables and health 

behaviours.157-159  

TPB describes behavioural intention (BI) as the direct antecedent of behaviours, 

and the direct determinants of BI include attitudes, perceived social pressure 

(Subjective Norm) and perceived barriers (Perceived Behavioural Control). The 

model further specifies the antecedents of the three determinants as Behavioural 

Beliefs (BB; anticipated outcomes of the behaviour), Normative Beliefs (NB; 

perceptions about how others want one to behave) and Control Beliefs (CB; 

potential barriers when performing the behaviour). 

One of the most common criticisms of TPB is that it tends to undervalue the 

influence of emotional aspects of attitude by imposing measurements of the 

rational aspects.156 The assessment of both rational (instrumental BB) and 

emotional aspects (affective BB) of attitude should be included. Then, additional 

variables have also been recommended to improve the predictive values of TPB 

depending on the study purpose and the nature of the target behaviour.159, 166 In 

health service research, demographic characteristics and baseline health 

conditions are commonly used to predict the uptake of preventive health care.101, 

102, 167-170 

The aim of this study was to characterise factors influencing patients’ intended 

and actual attendance at a general practice-based health check, by adapting the 

Theory of Planned Behaviour.   
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5.5 Methods 

5.5.1 Study design and settings 

A cross-sectional postal questionnaire survey with prospective follow-up was 

conducted in two general practices affiliated with the University of Adelaide were 

recruited. Both practices used electronic medical records and had not 

systematically invited patients to the 45-49 year old health check. The practice 

populations were similar in composition to the general population in metropolitan 

Adelaide. 

5.5.2 Sample selection 

Eligible patients were aged 45-49 years at the date of participant recruitment 

(22/02/2012) and had visited the practice at least once in the previous 24 months. 

Patients were excluded if they had left the practice (as deemed by the practice 

managers); or the mail was returned due to incorrect address; or had had a 45-49 

year old health check prior to the study; or had been diagnosed with diabetes or 

cardiovascular disease, either having been prescribed with diabetic medication or 

having had a chronic disease management plan. Patients with high blood pressure 

or abnormal serum lipids were eligible for a health check and were therefore 

eligible for this study. Altogether, 515 eligible patients were identified (Figure 16). 
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      Figure 16: Identification of study participants (questionnaire survey) 

5.5.3 Study procedures  

The study questionnaire was sent to all 515 eligible study participants. A reminder 

letter and a replacement questionnaire were sent to non-respondents four weeks 

later. Then, all participants were invited to a health check by their general practice. 

A record of attendance was collected six months after the invitation.  

5.5.4 Measures  

The purpose-developed questionnaire included three sections: demographic 

characteristics (section A), medical history (section B) and TPB questions (section 

C). A short description of the health check was provided before section C.    

‘Regular patients’ aged 45-49 years 
identified from two general practices  

(n=616) 

(1) Patients who had left the practice 
identified by practice managers 
(n=42) 

(2) Wrong address (n=13) 
(3) Self-reported uptake of the health 

check (n=13) 
(4) Patients prescribed anti-diabetic 

medication or who had a chronic 
disease management plan (n=33) 

Eligible patients (n=515) 

Questionnaire returned 
(n=293) 

Health check 
non-attendees 

(n=200) 

Health check 
attendees 
(n=87) 

Incomplete questionnaires 
(n=6) 

Questionnaire respondents 
(n=287) 

Health check attendees 
(n=30) 

Excluded 

Questionnaire non-
respondents 

(n=228) 
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5.5.4.1 Section A: Demographic characteristics  

Age, sex, marital status, employment status, and highest education level were 

assessed in the questionnaire. Patients’ socio-economic status (SES) was inferred 

from their residential postcode using the 2011 Index of Relative Socioeconomic 

Advantage and Disadvantage (IRSD) deciles,171 and were categorized into low 

(deciles 1-4), medium (5-8) and high (9-10) SES groups. 

5.5.4.2 Section B: Medical history 

Questions about lifestyle (smoking status, vegetable and fruit consumption, 

alcohol consumption and physical activity) and biomedical risk factors (height, 

weight and pre-existing chronic conditions) were included. All questions had been 

validated in the Australian National Health Survey,172 or recommended by the 

Royal Australian College of General Practitioners for collection in routine 

medical practice.2 

Respondents were grouped into never; ex-; or current smoker. Consumption of 

fruit and vegetables was categorized as sufficient (≥2 fruit and ≥5 vegetable serves 

daily) or insufficient.154 Based on the self-reported frequency and the average 

amount of alcohol consumption, respondents were classified as high (exceeded 

guideline recommendations) or low risk (did not exceed guideline 

recommendations) consumers according to the latest Australian national alcohol 

consumption guideline, in which no more than 4 standard drinks on a single 

occasion were recommended to reduce short-term risk of alcohol-related injuries; 

and no more than 2 standard drinks per day on a weekly basis (less than 14 

standard drinks per week) were recommended to reduce long-term alcohol-related 

health risks.155 Respondents were also asked to quantify the amount of moderate 

and vigorous intensity physical activities undertaken per week respectively. No 
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less than 150 minutes of moderate-intensity or alternatively 75 minutes of 

vigorous-intensity physical activity in a week is recommend by the World Health 

Organization.153 

Body Mass Index (BMI=weight (kg)/height2(m2)) was calculated using self-

reported height and weight; with 25 and 30 kg/m2 being the cut-off points for 

overweight and obese respectively. Respondents were also asked to report any pre-

existing risk factors (e.g. high blood pressure, high total cholesterol; impaired 

glucose tolerance or other) and whether they had had relevant preventive health 

care in the past 12 months.  

5.5.4.3 Section C: Cognitive factors  

The TPB items were developed after a comprehensive literature review and 

discussion with a panel of GPs and colleagues. All items were rated on seven-

point Likert scales ranging from ‘strongly disagree’ to ‘strongly agree’ or from 

‘very unlikely’ to ‘very likely’. Before the formal study, the questionnaire was 

piloted on 11 middle-aged volunteer patients; revisions were made based on their 

feedback. Intention was assessed using two items: ‘I intend to have a health check 

if my GP invites me’; and ‘If my GP invited me, I would be very likely to attend a 

health check’. Mean scores were used as outcome indicators. Behavioural Beliefs, 

Normative Beliefs and Control Beliefs were measured using 9, 3 and 6 items 

respectively (Table 6).  
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Table 6: Factor analysis and internal consistency tests of beliefs items 
Instrumental Behavioural Beliefs (IBB)   
(29.9% variance explained / Cronbach’s alpha=0.84)   

• Detect unknown medical conditions 
• Receive lifestyle recommendation from GP 
• Receive health reassurance 
• Change lifestyle in the future 
• Better understand health status 

Affective Behavioural Beliefs (ABB)  
(7.2% variance explained / Cronbach’s alpha=0.64)    

• Feel in control over life 
• Feel disappointed if miss a health check 

Normative Beliefs (NB)  
(8.4% variance explained / Cronbach’s alpha=0.81)    

• My GP would want me to have a health check 
• My family would want me to have a health check 
• My friends would want me to have a health check 

Control Beliefs (CB)  
(18.9% variance explained / Cronbach’s alpha=0.85) 

• No health problem or symptom 
• Already had all the check-ups that I need 
• Already taken good care of myself   
• Rearrange daily schedule 
• Convenient appointment with my GP 
• Arrange transport 

Excluded items 
• Attending a health check would be the right thing to do 
• Attending a health check could make me feel anxious 

5.5.5 Statistical analysis  

Exploratory factor analysis (using Principal Component and direct oblique 

rotation) on belief-based items was performed. Items were eliminated if the 

Measure of Sampling Adequacy (MSA) coefficients were <0.6 or if items had 

strong loadings >0.4 on multiple factors. Cronbach’s alpha coefficients were 

obtained for the factors yielded. Factor scores were derived using a linear 

combination of the items loading on the factor of interest.173   

Initially, analysis of intention using linear regression had been used as 

recommended in the TPB.156  However, the distribution of intention scores was 

negatively skewed to the rating scales and not normally distributed. 

Transformations did not remedy this. An ordinal logistic regression model was 

then fitted with cut-off set at 5.5 and 6.5, but did not converge due to insufficient 
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observations within strata. Finally, binary logistic regression was applied with 

intention dichotomized at the median (6.5).  

Univariable logistic regressions were fitted to examine the determinants of 

intention and attendance (separately) at the health check. All variables with a P-

value less than 0.25 in the univariable regression model were sequentially 

introduced by blocks (i.e. demographic, medical history and TPB blocks) into a 

multivariable regression model (hierarchical regression).174 The multivariable 

model was then simplified using backward variable elimination with the least 

significant predictive variables eliminated one at a time using p= 0.05 (from the 

corresponding Likelihood ratio test) as criterion. A goodness of fit test was carried 

out for the final model. Cragg & Uhler’s R2 was used to determine the amount of 

variance explained by predictor variables. Since only two practices were involved 

in this study, it was not possible to perform multi-level analysis to adjust for a 

clustering effect. Instead, general practice was used as one of the predicting 

variables. All analyses were performed using STATA version 12. 

5.6 Results 

Overall, 293 of the 515 patients returned the questionnaire and 287 completed all 

three sections of the questionnaire. Only completed questionnaires were included 

in the analysis, representing a response rate of 55.7% (287/515). The overall 

health check attendance rate was 22.7% (117/515). In this study, we consider 

participants who returned a partial questionnaire as non-respondents. 

Comparisons between questionnaire respondents and non-respondents showed 

that females were more likely to respond to the questionnaire compared to males 

(p=0.02), and respondents were almost three times as likely to subsequently attend 
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the health check as non-respondents (30.3% vs 13.2%). No differences were 

found between respondents and non-respondents in age and SES. 

5.6.1 Characteristics of respondents 

Respondents’ mean age was 47.1 years and 61% were female. A majority of 

respondents were in a marital or de facto relationship (74%). More than half 

(57%) were employed full time and a similar proportion (57%) had undertaken 

some training after high school or were tertiary educated. The respondents were 

under-represented by low SES groups (23% of IRSD deciles 1-4). 

Among the 287 questionnaire respondents, 23% were current smokers. Around 

19% exceeded the short-term alcohol consumption recommendation while 21% 

exceeded the long-term recommendation. Only 36% consumed sufficient fruit, 

4% sufficient vegetables, and 38% met the physical activity recommendations. 

BMI was calculated for 278 respondents, with 68% being overweight or obese. 

63% of respondents reported never being told by a doctor about having elevated 

blood pressure, total cholesterol or blood glucose. 21% self-reported that they had 

not had any preventive health care tests (e.g. blood pressure, serum cholesterol, 

blood glucose and cancer screening) or did not remember having one in the past 

12 months.  

Factor analysis of belief-based TPB items yielded four meaningful factors which 

were labelled ‘instrumental behavioural beliefs (IBB)’, ‘affective behavioural 

beliefs (ABB)’, ‘normative beliefs (NB)’ and ‘control beliefs (CB)’ respectively. 

The results of the factor analysis and Cronbach’s alpha coefficients are presented 

in Table 6. 
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5.6.2 Predicting attendance intention 

The two BI items demonstrated satisfactory internal consistency (Cronbach’s 

alpha=0.83). The distribution of the attendance intention scores was negatively 

skewed with a median of 6.5 at which the intention scores were dichotomized. 

Respondents were labelled as having strong (intention score ≥6.5) and less strong 

intention (intention score ≤6). Respondents who demonstrated strong intention 

were significantly more likely to attend the health check (P=0.01).   

Results of univariable logistic regressions on intention are summarized in Table 7. 

Variables with P<0.25 (in bold) were sequentially introduced into a hierarchical 

multivariable logistic regression (Table 8). Three demographic variables 

explained 4.2% of the variance (Cragg & Uhler’s R2) in BI (Model 1). Medical 

history variables explained another 8.3% of the variance in Model 2, while the 

introduction of TPB variables in Model 3 accounted for another 38.2% of the 

variance. 

A final multivariable model was derived by variable elimination from Model 3, as 

described in the method. Age, smoking status, alcohol consumption (short-term 

risks), IBB, ABB, NB and CB were retained, explaining 47.5% of the variance in 

attendance intention. Statistical tests indicated adequate model fit (Pearson Chi2 

(278) =284.5, P=0.38).  
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Table 7: Univariable logistic regression on intention and attendance 

 
 

Variables 

Descriptive analysis (a)  Univariable logistic regression 
All respondents Attendance intention Attendance  

N (%) OR (95%CI) P value OR (95%CI) P value 
Demographic characteristics    
Age (Mean (SD)) 47.1 (1.41) 1.16 (0.98, 1.36) 0.09 1.11 (0.92, 1.32) 0.27 
Gender       

• Female 176 (61.3) 1.00 0.20 1.00 0.72 
• Male 111 (38.7) 0.73 (0.46, 1.18)  1.09 (0.66, 1.84)  

IRSD      
• Deciles 1-4 65 (22.7) 1.00 0.85 1.00 0.99 
• Deciles 5-8 141 (49.1) 1.17 (0.65, 2.11)  0.99 (0.52, 1.87)  
• Deciles 9-10 81 (28.2) 1.06 (0.55, 2.03)  0.95 (0.46, 1.93)  

Marital status      
• Married/ de facto 213 (74.2) 1.00 0.56 1.00 0.31 
• Single/divorced/widowed 74 (25.8) 0.85 (0.50, 1.45)  0.74 (0.41, 1.34)  

Employment status      
• Full time 164 (57.1) 1.00 0.02 1.00 0.05 
• Part time/not working 123 (42.9) 1.73 (1.08, 2.78)  1.67 (1.01, 2.78)  

Education      
• High school and below 123 (42.6) 1.00 0.46 1.00 0.12 
• Above high school 166 (57.4) 0.84 (0.52, 1.34)  0.67 (0.40, 1.11)  

General practice   0.75  0.25 
• 1 76 (26.5) 1.00  1.00  
• 2 211 (73.5)      1.09(0.64, 1.84)  0.72 (0.41, 1.26)  
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Table 7 (continues): Univariable logistic regression on intention and attendance 
 Descriptive analysis (a)  Univariable logistic regression 
 All respondents Attendance intention Attendance 

Variables N (%) OR (95%CI) P value OR (95%CI) P value 
Medical history   
Smoking status  

• Non-smoker 
• Current smoker  

 
221 (77.0) 
66 (23.0) 

 
1.00 

1.61 (0.92, 2.82) 

  
1.00 

1.43 (0.80, 2.56) 

 
0.10 0.22 

  
Alcohol (short-term risks) 

• Low risk 
• High risk 

 
232 (80.8) 
55 (19.2) 

 
1.00 

0.67 (0.37, 1.22) 

  
1.00 

1.15 (0.61, 2.16) 

 
0.19 0.67 

  
Alcohol (long-term risks) 

• Low risk 
• High risk 

 
228 (79.4) 
59 (20.6) 

 
1.00 

0.81 (0.46, 1.44) 

  
1.00 

1.01 (0.54, 1.88) 

 
0.48 0.97 

  
Fruit consumption 

• Insufficient  
• Sufficient 

 
184 (64.1) 
103 (35.9) 

 
1.00 

0.58 (0.36, 0.95) 

  
1.00 

0.88 (0.52, 1.48) 

 
0.03 0.63 

  
Vegetable consumption 

• Insufficient 
• Sufficient  

 
274 (95.5) 
13 (4.5) 

 
1.00 

0.65 (0.21, 2.05) 

  
1.00 

0.68 (0.22, 2.15) 

 
0.46 0.52 

  
Physical activity 

• Insufficient 
• Sufficient  

 
178 (62.0) 
109 (38.0) 

 
1.00 

1.28 (0.83,2.14) 

  
1.00 

0.66 (0.40,1.11) 

 
0.31 0.12 

  
BMI 

• Normal  
• Overweight/obese 

 
90 (32.4) 
188 (67.6) 

 
1.00 

1.09 (0.66,1.80) 

  
1.00 

0.85 (0.49,1.45) 

 
0.74 0.55 

  
Biomedical risk factors 

• No/don’t know 
• At least 1 risk factor 

 
183 (63.8) 
104 (36.2) 

 
1.00 

1.57 (1.08, 2.27) 

  
1.00 

0.45 (0.28, 0.73) 

 
0.02 <0.01 

  
Preventive health care tests 

• No/ don’t know  
• 1-2 tests 
• 3-4 tests  

 
59 (20.6) 
107 (37.3) 
121 (42.2) 

 
1.00 

0.73 (0.38,  1.38) 
1.42 (0.76, 2.66) 

  
1.00 

0.42 (0.22,  0.82) 
0.30 (0.15, 0.58) 

 
0.04 <0.01 

  

Self-report data; CI: confidence interval 
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5.6.3 Predicting health check attendance  

Univariable regressions on attendance yielded 2 demographic and 4 medical 

history variables with p<0.25 (Table 7). These variables together with intention 

and CB were sequentially introduced into a hierarchical logistic regression (Table 

8). Demographic characteristics (employment status and education) explained 

2.8% of the variance in attendance (Model 1). Medical history variables explained 

a further 10.6% of this variance (Model 2). When the TPB variables were added, 

Model 3 explained a total of 20.9% variance in attendance.    

After variable elimination, only three variables remained in the final model: 

intention, pre-existing biomedical risk factors and recent preventive health care 

use and these accounted for 17.1% of the variance in attendance. Model fit was 

again adequate (Pearson Chi2 (42) =42.8, P=0.44). Significant pathways predicting 

BI and attendance are summarized in Figure 17.  

 
     Figure 17: Significant pathways predicting intention and attendance 
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Table 8: Hierarchical multivariable logistic regression on intention and attendance  
 Attendance intention 

Variables Model 1 (*R2=0.042) Model 2 (*R2=0.125) Model 3 (*R2=0.507) Final Model (*R2=0.475) 
OR (95% CI) P  OR (95%CI) P  OR (95% CI) P  *R2 OR (95% CI) P  

Age 1.18 (1.00, 1.40) 0.05 1.16 (0.97, 1.38) 0.10 1.29 (1.03, 1.61) 0.03 0.042 1.28 (1.03, 1.58) 0.02 
Gender  

• Female 
• Male 

 
1.00 
0.94 (0.55, 1.61) 

  
1.00 
0.97 (0.54, 1.75) 

  
1.00 
1.34 (0.65, 2.80) 

    
0.82 0.93 0.43 

   
Employment  status  

• Full time 
• Part time/not working 

 
1.00 
1.78 (1.05, 3.04) 

  
1.00 
1.80 (1.03, 3.14) 

  
1.00 
1.86 (0.91, 3.80) 

    
0.03 0.04 0.09 

   
Smoking status  

• Non-smoker 
• Current smoker  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
1.00 
2.04 (1.11, 3.78) 

  
1.00 
2.31 (1.06, 5.04) 

 0.083  
1.00 
2.16 (1.01, 4.62) 

 
0.02 0.03 0.05 

   
Alcohol (short-term risks) 

• Low risk 
• High risk 

 
1.00 
0.61 (0.31, 1.20) 

  
1.00 
0.38 (0.16, 0.88) 

   
1.00 
0.40 (0.18, 0.90) 

 
0.15 0.02 0.03 

   
Fruit consumption 

• Insufficient  
• Sufficient 

 
1.00 
0.55 (0.32, 0.92) 

  
1.00 
0.57 (0.29, 1.09) 

    
0.02 0.09 

  
Biomedical risk factors 

• No/don’t know 
• At least 1 risk factor 

 
1.00 
1.49 (0.88, 2.52) 

  
1.00 
1.64 (0.85, 3.17) 

    
0.07 0.14 

  
Preventive health care tests 

• No/ don’t know  
• 1-2 tests 
• 3-4 tests 

 
1.00 
0.76 (0.38, 1.50) 
1.46 (0.74, 2.89) 

  
1.00 
0.57 (0.24, 1.33) 
0.86 (0.37, 2.00) 

    
0.14 0.34 

  
  

Instrumental behavioural 
beliefs 

   2.05 (1.38, 3.05) <0.001 0.382 2.12 (1.46, 3.09) <0.01 

Affective behavioural beliefs    2.95 (2.02, 4.30) <0.001  2.79 (1.94, 4.02) <0.01 
Normative beliefs    1.52 (1.07, 2.16) 0.02  1.48 (1.06, 2.06) 0.02 
Control beliefs     0.69 (0.50, 0.96) 0.03  0.66 (0.48, 0.90) <0.01 
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Table 8 (continues): Hierarchical multivariable logistic regression on intention and attendance  

 Attendance at health check 
Variables Model 1 (*R2=0.028) Model 2 (R2=0.134)  Model 3 (R2=0.209) Final model (*R2=0.171) 

OR (95% CI) P OR (95%CI) P  OR (95% CI) P *R2 OR (95% CI) P 
Employment  status  

• Full time 
• Part time/not working  

 
1.00 
1.62 (0.97, 2.70) 

 
0.07 

 
1.00 
1.71 (0.99, 2.94) 

 
0.05 

 
1.00 
1.66 (0.94, 2.92) 

 
0.08 

0.028   

Education   
• High school (year 12) 
• Above high school 

 
1.00 
0.70 (0.42, 1.17) 

 
0.17 

 
1.00 
0.80 (0.46, 1.40) 

 
0.43 

 
1.00 
0.78 (0.44, 1.39) 

 
0.40 

   

Smoking status  
• Non-smoker 
• Current smoker  

 
 

 
 

 
1.00 
1.35 (0.72, 2.54) 

 
0.35 

 
1.00 
1.35 (0.69, 2.63) 

 
0.38 

0.106 
 

  

Physical activity 
• Sufficient 
• Insufficient 

  
 

 
1.00 
0.63 (0.36, 1.09) 

 
0.10 

 
1.00 
0.61 (0.34, 1.08) 

 
0.09 

   

Biomedical risk factors 
• No/don’t know 
• At least 1 risk factor 

  
 

 
1.00 
0.43 (0.23, 0.78) 

 
<0.01 

 
1.00 
0.39 (0.21, 0.73) 

 
<0.01 

 
 

 
1.00 
0.39 (0.21, 0.73) 

 
<0.01 

Preventive tests 
• No/ don’t know  
• 1-2 tests 
• 3-4 tests 

  
 

 
1.00 
0.52 (0.26, 1.03) 
0.41 (0.20, 0.83) 

 
0.04 

 
1.00 
0.42 (0.20, 0.88) 
0.30 (0.14, 0.65) 

 
<0.01 

 
 

 
1.00 
0.40 (0.20, 0.82) 
0.26 (0.13, 0.54) 

 
<0.01 

Intention     1.78 (1.31, 2.41) <0.001 0.075 1.74 (1.30, 2.33) <0.01 
Control beliefs      0.99 (0.74, 1.32) 0.95    

* Cragg & Uhler’s R2/ Nagelkerke R2: variance explained by the model; CI: confidence interval



102 

 

5.7 Discussion  

Our study demonstrated that health check attendance was associated with the 

absence of self-reported recent uptake of preventive health care, fewer known pre-

existing risk factors and strong attendance intention. CB did not emerge as direct 

predictor of attendance as proposed in the TPB. As a one-off behaviour, attending 

a health check at a regular general practice seemed less subject to the influence of 

perceived barriers compared to participating in long-term behavioural 

modification programs. Importantly, respondents appeared to make conscious 

decisions about attendance. They are less likely to attend a health check if they 

have had recent preventive health care tests or have been aware of pre-existing 

risk factors.  

The negatively skewed intention scores suggest that the idea of a general practice-

based health check is highly acceptable.158 Strong intention is associated with age, 

smoking status, alcohol consumption (short-term risks) and all TPB variables. 

Even within the narrow age band, older respondents indicated a stronger intention. 

It is possible that younger respondents might be less motivated at this stage 

because they still have several years to attend. Current smokers were more likely 

to demonstrate a strong intention which perhaps reflects community knowledge of 

smoking risks. However, respondents with high risk alcohol consumption (short-

term risk) were less likely to report strong intention. Unlike smokers, high risk 

drinkers may not have been aware that their level of alcohol consumption was 

hazardous, indicating a need for better community education and individual 

advice. The results also demonstrated that more positive perceptions about BBs 

and NBs and fewer concerns about the influence of CBs were associated with 
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strong intention. Therefore, to strengthen intention, patients should be informed 

about all potential benefits of a health check including risk factor identification, 

lifestyle counselling and better health communication. Moreover, 

recommendations from GP, family or friends (NBs) would enhance attendance 

intention. 

In our analysis of actual attendance, intention and CB accounted for 7.7% of the 

variance in attendance, which is comparable to other studies using TPB to predict 

attendance at health screening.175-177 There are several reasons for this result. First, 

the questions on intention did not specify a time frame for the behaviour, and 

since the health check is available for all patients within the 45-49 years age band, 

some may want to wait a few years. Second, the applicability of TPB in predicting 

attendance at a one-off health check might be questioned. TPB has been claimed 

to represent a cognitive process that applies to novel situations or decisions that 

would have a considerable influence and usually require long-term compliance or 

repetitive applications.156 Compared to these behaviours, attending a one-off 

health check requires less effort. Therefore the decision-making process could be 

simpler. Third, the performance of one-off behaviours is highly subject to the 

influence of a variety of idiosyncratic factors which may be hard to capture.156, 159 

Fourth, the stability of intention was subject to the influence of time and other 

events (e.g. the receipt of the invitation).159, 176 A systematic review of TPB 

studies further suggested that the prospective and prolonged temporal distance 

between the measurements of BI and behaviour tended to undermine the 

predictive value of BI.159 In our study, there was a six-week gap between the 

assessment of intention and patients’ receipt of the health check invitation, and up 

to another six months before attendance for some patients. It is possible that a 
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patient’s attendance intention and other cognitive factors may have changed over 

time. 

The mailed survey achieved a 55.7% response rate, with females being more 

likely to respond. This result is consistent with previous findings in relevant 

studies.178 The overall health check attendance rate was 22.5%, which is 

comparable to similar studies in Australia that report rates ranging from 15.9% to 

27.4%,92, 119 but considerably lower than the average 44% reported in UK 

studies.94, 95 The self-reported prevalence of biomedical and lifestyle risk factors 

was generally high, suggesting scope for preventive screening and interventions in 

the two general practices. However, the high self-reported recent uptake of 

preventive health care suggested that the recruitment of patients could be more 

selective and any subsequent interventions should be strengthened.      

5.7.1 Limitations   

The major limitations of this study include its reliance on self-report data and the 

limited information about non-respondents. Also, despite our best efforts, we 

managed to obtain a 55.7% response rate, which is lower than the average of 68% 

in mailed surveys published in medical journals.179 In addition, due to the time 

and resource constrains, we managed to recruit only two eligible general 

practices. Therefore, in the analysis we were unable to perform adjustment for 

clustering effects. However, the univariable regressions on both intention and 

attendance did not suggest significant variance in the two general practices. 

Furthermore, the respondents were over-represented by female and higher SES 

group participants compared to the general 45-49 year old Australian population. 

However, this may not have affected the results, because neither gender nor SES 
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emerged as direct predictors of either intention or attendance in the subsequent 

analyses. Moreover, a few studies investigating the potential bias introduced by 

survey non-response concluded that, although differences between respondents 

and non-respondents may influence the estimation of health status, such 

differences did not bias the examination of associations between demographic 

characteristics and health indicators.180 

5.7.2 Implications   

Our study showed that study patients’ attendance at a health check is associated 

with their health status (pre-existing risk factors), recent uptake of preventive 

health care and their attendance intention. General practices could potentially 

facilitate patients’ decision making by providing tailored medical information to 

individuals using the practice medical records. In addition, attendance could 

potentially be improved by measures that would strengthen attendance intention, 

including promoting benefits of health checks, health check/screening 

recommendation from health professionals, and removing barriers to attendance.   
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6.1 Preface  

This chapter presents the results of the analysis of patients’ medical records with 

regard to their attendance at a general practice-based health check program. This 

paper will be submitted a national or international journal.  

The paper describes all study participants’ basic demographic characteristics 

(gender, age and socio-economic status), past health service use (number of 

practice visits and pre-existing prescriptions) and recent uptake of preventive 

health care. The comparisons of health check attendees versus non-attendees and 

respondents versus non-respondents to a pre-visit questionnaire further allowed 

the identification of patients ‘in need’ and informed tailored invitation strategies.      
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6.3 Abstract 

Background: The 45-49 year health check is funded by the Australian 

government and aims to detect and manage early onset chronic disease and risk 

factors. General practitioners are encouraged to systematically invite patients to 

this health check. Aim: To investigate whether past health service use, patient’s 

demographic characteristics or response to a pre-visit questionnaire predict 

attendance at a health check. Method: An observational cohort study was 

conducted in two general practices in Adelaide, South Australia. After receiving a 

health questionnaire, patients were invited to a free health check at their general 

practice. Six months later, their attendance together with relevant medical records 

one year prior to the invitation was extracted from the electronic medical record 

system in each practice. Results: 515 eligible participants were recruited, 117 of 

them attended a health check (23%). No significant differences in age, gender or 

socio-economic status were observed between attendees and non-attendees. 

Questionnaire respondents were almost 3 times as likely to attend as non-

respondents (31% vs 12%). Among questionnaire respondents, those with more 

pre-existing prescriptions and recent preventive health care were slightly less 

likely to attend. Conversely, among non-respondents, those with two or more 

types of pre-existing prescriptions were significantly more likely to attend than 

those without (p=0.03). Conclusion: Overall no differences were found between 

attendees and non-attendees. However, the characteristics associated with 

attendance were different depending on patient’s respond to a pre-visit health 

questionnaire. There appears to be scope to selectively invite patients who would 

most benefit from a health check. Such methods should be trialled in future 

studies.   
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6.4 Introduction  

Despite the ongoing debate about the effectiveness of health checks,44, 132 new, 

government funded, middle-aged health check programs have been introduced in 

developed countries in recent years.1, 70 A few European studies have investigated 

the characteristics of health check attendees. The results demonstrated 

inconsistent associations between health check attendance and demographic 

characteristics (i.e. gender, age, ethnicity, education, marital status and socio-

economic status)62, 94, 95, 181 or pre-existing medical conditions.94 No studies have 

investigated the relationship between health check attendance and past health 

service use in general practice (e.g. frequency of general practice visits and pre-

existing prescriptions) including recent uptake of preventive health care (e.g. 

measurements of blood pressure (BP), serum lipids and blood glucose). 

In Australia a health check for individuals aged 45-49 years, at risk of developing 

chronic disease, was initiated in 2006. It is funded by Medicare, a universal health 

scheme for all Australians.1 General practitioners are encouraged to either 

systematically, using mailed invitations, or opportunistically, during routine 

medical consultations, invite eligible patients to have a health check. Since the 

initiation in 2006, the national uptake rates have dropped from 7.2% in 2007/08 to 

4.4% in 2009/10.130 Despite the decline in the number of health checks being 

done, there is still great interest in preventive health care in general practice. 

Increasingly, self-administrated health questionnaires about lifestyle risk factors 

have been recommended and used as part of preventive health care in general 

practice, either for the purpose of medical information collection2 or as a pre-

screening procedure for health checks.62 Acknowledging there may be differences 

between respondents and non-respondents to a pre-visit health questionnaire, no 
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study has investigated whether these groups differentially attend after receiving a 

health check invitation.  

Given these gaps in the existing literature, this study aims to investigate whether 

past health service use, including preventive health care, demographic 

characteristics (i.e. gender, age and socio-economic status (SES)) or response to a 

pre-visit questionnaire predict attendance at a 45-49 year old health check.  

6.5 Methods 

6.5.1 Study design and settings  

A prospective cohort design was adopted. Participants were recruited from two 

general practices affiliated with the University of Adelaide. Both had electronic 

medical records and had not systematically invited patients to a health check. 

Practice 1 was located in a beachside suburb of Adelaide, with two regular 

General Practitioners (GPs) and four practice staff members. Practice 2 was 

located in a busy outer suburb of Adelaide, with 13 regular GPs (6 full time 

equivalent GPs) and three practice nurses.  

6.5.2 Sample selection 

Inclusion criteria for the study participants were: 

a. Patients aged 45-49 years at the date of participant recruitment 

(22/02/2012);  

b. Patients had visited the general practice at least once in the last 24 months. 
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Patients who were being treated for risk factors such as high blood pressure, high 

cholesterol, smoking or depression were included because they were eligible, 

under Medicare rules, for the 45-49 year old health check.  

Patients were excluded if: they were deemed to have left the practice by the 

practice manager; their mail was returned due to an incorrect or old address; they 

self-reported having had this health check before; they had been prescribed anti-

diabetic medication or had received a chronic disease management plan from a 

GP.  

6.5.3 Study process 

A self-administrated health questionnaire was sent to all study participants. 

Questions about lifestyle and biomedical risk factors were included. The 

questionnaire details are reported elsewhere. A health check invitation was later 

mailed to all participants, with an invitation reminder 3 months after that. A 

record of health check attendance was collected six months after the first 

invitation.  

6.5.4 Data collection  

Medical data were extracted from the electronic medical record system in each 

practice. Participants’ demographic characteristics (i.e. gender, date of birth, and 

residential postcode) and relevant medical records of health service use including 

total number of practice visits (in-hours and after-hours visits), existing 

prescriptions and uptake of preventive health care (measurements of blood 

pressure, serum lipids and blood glucose) from 12 months prior to the health 

check were extracted. The prescriptions were coded into one of the following four 
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categories based on their indications: anti-hypertensive (e.g. diuretic, beta-

blockers or ACEI), lipid control, anti-depressive, and smoking cessation. 

Participants were then grouped into having 0, 1 or 2+ of the four prescription 

categories. Similarly, participants’ recent uptake of preventive health care was 

categorized into having had 0, 1 or 2+ types of relevant tests (BP, serum lipids 

and blood glucose test). Participants’ SES was inferred from the Index of Relative 

Socioeconomic Advantage and Disadvantage (IRSD) decile, using their 

residential postcode.171  

6.5.5 Statistical analysis 

Participants’ demographic characteristics and past health service use were 

examined using descriptive statistics. Chi-square tests, t tests and ANOVA were 

used, as appropriate, to test associations of health check attendance with 

predictive variables. Multivariable logistic regression models were fitted to 

examine how demographic characteristics and health service use jointly affected 

health check attendance and questionnaire response. Regressions on attendance 

were performed separately when subgroup analysis was indicated. Results from 

these models are reported as Odds Ratios (OR) and 95% Confidence Intervals 

(CI). Since there were only two practices involved in this study, practice was 

included as a fixed effect variable in the statistical models. All analyses were 

carried out using Stata version 12.  

6.6 Results 

A total of 616 patients aged 45-49 years were identified from the two general 

practices; 515 were eligible for this health check. Among all eligible patients, 293 
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(57%) returned the pre-visit health questionnaire (including both completed and 

partially completed questionnaires) and 117 (23%) attended the health check 

(Figure 18).  

 
  Figure 18: Study flow chart (medical record analysis) 

Of the 515 study participants, 56% were female, the mean age was 47.6 years (SD 

1.44) and 60% were from the upper socio-economic groups (IRSD decile 7-10). 
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the past 12 months. The median number of practice visits was 3 (range from 0 to 

30). Almost a quarter of them (24%) were prescribed medicines for at least one of 
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identified by practice managers (n=42) 
Wrong address (n=13) 
Self-reported uptake of the health check 
(n=13) 
Patients prescribed anti-diabetic 
medication or who had a chronic disease 
management plan (n=33) 

Eligible patients (n=515) 

Questionnaire respondents 
(n=293) 

Questionnaire non-respondents 
(n=222) 

Health check 
Non-attendees 

(n=202) 

Health check 
attendees 
(n=91) 

Health check 
attendees 
(n=26) 

Health check 
Non-attendees 

(n=196) 
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glucose respectively. The characteristics of study participants with regard to their 

attendance at health check are summarized in Table 9 (in bold). Comparisons 

between attendees and non-attendees yielded no significant differences in any of 

the demographic or health service use variables (p value in bold).   
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Table 9: Characteristics of health-check attendees and non-attendees  
Study variables  Non-attendees Attendees  

P* 
 

P**  Non-respondents 
(n=196) 

Respondents 
(n=202) 

Sum 
(n=398) 

Non-respondents 
(n=26) 

Respondents 
(n=91) 

Sum 
(n=117) 

Demographics          
Gender        0.813 0.194 

• Females 100 (51.0) 123 (60.9) 223 (56.0) 13 (50.0) 54 (59.3) 67 (57.3)   
• Males 96 (49.0) 79 (39.1) 175 (44.0) 13 (50.0) 37 (40.7) 50 (42.7)   

Age (SD) 47.6 (1.40) 47.6 (1.47) 47.6 (1.43) 47.8 (1.39) 47.8 (1.46) 47.8 (1.44) 0.185 0.625 
IRSD (SES)       0.660 0.913 

• 1 (deprived) 18 (9.2) 16 (7.9) 34 (8.5) 3 (11.5) 8 (8.8) 11 (9.4)   
• 2 3 (1.5) 3 (1.5) 6 (1.5) 0 1 (1.1) 1 (0.8)   
• 3 8 (4.1) 11 (5.5) 19 (4.8) 1 (3.8) 3 (3.3) 4 (3.4)   
• 4 18 (9.2) 15 (7.4) 33 (8.3) 2 (7.7) 11 (12.1) 13 (11.1)   
• 5 11 (5.6) 11 (5.4) 22 (5.5) 0 5 (5.5) 5 (4.3)   
• 6 28 (14.3) 23 (11.4) 51 (12.8) 2 (7.7) 7 (7.7) 9 (7.7)   
• 7 44 (22.5) 32 (15.8) 76 (19.1) 5 (19.2) 21 (23.1) 26 (22.2)   
• 8 24 (12.2) 31 (15.3) 55 (13.8) 5 (19.2) 10 (11.0) 15 (12.8)   
• 9 41 (20.9) 56 (27.7) 97 (24.4) 7 (26.9) 22 (24.2) 29 (24.8)   
• 10 (affluent) 1 (0.51) 4 (2.0) 5 (1.3) 1 (3.8) 3 (3.3) 4 (3.4)   

General Practice        0.616 0.151 
• 1 53 (27.0) 50 (24.8) 103 (25.9) 3 (11.5) 30 (33.0) 33 (28.2)   
• 2 143 (73.0) 152 (75.2) 295 (74.1) 23 (88.5) 61 (67.0) 84 (71.8)   
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Table 9 (continues): Characteristics of health-check attendees and non-attendees  
Study variables  Non-attendees Attendees P* P** 
 Non-respondents 

(n=196) 
Respondents 

(n=202) 
Sum 

(n=398) 
Non-respondents 

(n=26) 
Respondents 

(n=91) 
Sum 

(n=117) 
  

Past health service use         
No. of GP visits (SD) 3.7 (4.5) 3.7 (3.8) 3.7 (4.12) 3.9 (3.4) 3.8 (5.1) 3.8 (4.8) 0.703 0.985 
Prescriptions       0.868 0.111 

• Hypertension  12 (6.1) 24 (11.9) 36 (9.1) 4 (15.4) 6 (6.6) 10 (8.5)   
• Abnormal lipids  12 (6.1) 16 (7.9) 28 (7.0) 5 (11.5) 3 (3.3) 6 (5.1)   
• Depression 20 (10.2) 28 (13.9) 48 (12.1) 6 (23.1) 11 (12.1) 17 (14.5)   
• Smoking  5 (2.6) 2 (1.0) 7 (1.8) 1 (3.8) 2 (2.2) 3 (2.6)   

No. of pre-existing 
Prescriptions** 

      0.950 0.018 

• 0 157 (80.1) 146 (72.3) 303 (76.1) 18 (69.2) 71 (78.0) 89 (76.1)   
• 1 31 (15.8) 43 (21.3) 74 (18.6) 3 (11.5) 18 (19.8) 21 (17.9)   
• 2+ 8 (4.1) 13 (6.4) 21 (5.3) 5 (19.2) 2 (2.2) 7 (6.0)   

Preventive health care         
Blood Pressure 52 (26.5) 68 (33.7) 120 (30.1) 9 (34.6) 30 (33.0) 39 (33.3) 0.512 0.419 
Lipids test** 44 (22.4) 80 (39.6) 124 (31.2) 8 (30.8) 25 (27.5) 33 (28.2) 0.542 0.003 
Glucose test** 32 (16.3) 66 (32.7) 98 (24.6) 8 (30.8) 21 (23.1) 29 (24.8) 0.971 0.002 
No. of preventive health 
care**   

      0.936 0.005 

• 0 117 (59.7) 90 (44.5) 207 (52.0) 12 (46.2) 48 (52.7) 60 (51.3)   
• 1 47 (24.0) 42 (20.8) 89 (22.4) 7 (26.9) 21 (23.1) 28 (23.9)   
• 2+ 32 (16.3) 70 (34.7) 102 (25.6) 7 (26.9) 22 (24.2) 29 (24.8)   

*Chi2 test or ANOVA of attendees and non-attendees; ** Chi2 test or ANOVA of 4 subgroups 

  

  



118 

 

6.6.1 Health check attendance  

In the multivariable regression model, no significant differences were found 

between attendees and non-attendees in any demographic or health service use 

variable (Table 10; column 1). Only the attendance rate was significantly higher 

among questionnaire respondents than non-respondents (p<0.01). 

Table 10: Multiple logistic regression on health-check attendance  
Variables All participants 

(n=515) 
Questionnaire non-
respondents(n=222) 

Questionnaire 
respondents (n=293) 

OR (95%CI) P OR (95%CI) P OR (95%CI) P 
Age 1.11 (0.95, 1.28) 0.189 1.15 (0.85, 1.57) 0.365 1.10 (0.92, 1.31) 0.280 
Gender  0.630  0.720  0.722 

• Female 1.00  1.00  1.00  
• Male 1.11 (0.72, 1.73)  1.17 (0.49, 2.82)  1.10 (0.65, 1.85)  

IRSD (SES) 1.02 (0.92, 1.13) 0.672 1.08 (0.86, 1.36) 0.516 1.03 (0.91, 1.16) 0.648 
General practice    0.911  0.227  0.296 

• 1 1.00  1.00  1.00  
• 2 0.97 (0.54, 1.72)  2.48 (0.57, 10.82)  0.70 (0.35, 1.37)  

GP Visits 1.03 (0.98, 1.08) 0.322 0.99 (0.88, 1.11) 0.871 1.04 (0.98, 1.10) 0.236 
No. of Pre-existing 
prescriptions 

 0.701  0.033  0.274 

• 0 1.00  1.00  1.00  
• 1 0.80 (0.45, 1.45) 0.467 0.88 (0.23, 3.39) 0.856 0.77 (0.39, 1.52) 0.456 
• 2+ 1.15 (0.44, 3.01) 0770 7.01 (1.52, 32.27) 0.012 0.30 (0.07, 1.43) 0.131 

No. of preventive 
health care 

 0.448  0.952  0.284 

• 0 1.00  1.00  1.00  
• 1 1.05 (0.60, 1.81) 0.874 1.16 (0.38, 3.47) 0.796 0.95 (0.49, 1.84) 0.872 
• 2+ 0.73 (0.41, 1.27) 0.263 1.17 (0.36, 3.79) 0.790 0.61 (0.32, 1.15) 0.125 

Q response  0.000 N/A  N/A  
• No 1.00      
• Yes 3.63 (2.22, 5.93)      

CI: confidence interval 

6.6.2  Questionnaire response 

A multivariable logistic regression was performed to investigate the potential 

differences between questionnaire respondents and non-respondents in terms of 

their demographic characteristics and past health service use (Table 11). 

Compared to non-respondents, questionnaire respondents were more likely to be 

female (p=0.01) and to have had more recent preventive health care tests 

(p<0.01).  
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Table 11: Multiple logistic regression on questionnaire response  
Variables Odds Ratio (95% CI) P 
Age 0.99 (0.88, 1.13) 0.931 
Gender  0.013 

• Male 1.00  
• Female 1.59 (1.09, 2.33)  

IRSD (SES) 1.06 (0.97, 1.15) 0.179 
General practice  0.055 

• 1 1.00  
• 2 0.62 (0.38, 1.01)  

GP Visits 0.98 (0.93, 1.02) 0.231 
No. of pre-existing prescriptions  0.284 

• 0 1.00  
• 1 1.38 (0.84, 2.27) 0.204 
• 2+ 0.74 (0.32, 1.71) 0.481 

No. of preventive health care  <0.001 
• 0 1.00  
• 1 1.09 (0.69, 1.72) 0.715 
• 2+ 2.53 (1.56, 4.10) <0.001 

CI: confidence interval 

  
To examine the difference in attendance between respondents and non-

respondents to a pre-visit health questionnaire, multivariate logistic regressions 

were fitted to the two sub-groups of patients separately (Table 10; columns 2,3). 

Among questionnaire respondents, those who had more pre-existing prescriptions 

or preventive health care tests were slightly less likely to attend the health check, 

although the comparison was not statistically significant. In contrast, among 

questionnaire non-respondents, those who had more pre-existing prescriptions 

were significantly more likely to attend the health check than those without 

(p=0.03). However, the wide confidence intervals (CIs) in the subgroup analyses 

suggested considerable uncertainty. 

6.7 Discussion 

In this study, 117 (23%) of invited patients attended a health check. Past health 

service use including uptake of preventive health care, gender, age or SES did not 

predict overall attendance. Questionnaire respondents were almost 3 times as 

likely to attend as non-respondents (31% vs 12%). Subgroup analysis of 
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attendance suggested that the characteristics associated with attendance were 

different in questionnaire respondents and non-respondents. Among respondents, 

those with more pre-existing prescriptions and preventive health care tests were 

slightly less likely to attend. Conversely, among non-respondents, the ones with 

two or more types of pre-existing prescriptions were significantly more likely to 

attend than those with no pre-existing prescriptions.  

The overall health check attendance rate in our study is comparable to other 

relevant studies in Australia (ranging from 15.9% to 27.4%).92, 119 However, it is 

considerably lower than the average 44% attendance rate reported in the UK 

studies.94, 95, 182 The difference may reflect the wider age band (40-74 years) 

targeted in England. According to the medical records from the participating 

practices, 85% of the 45-49 year olds visited their practice at least once in the past 

12 month. This is close to the 83% estimate from the national Bettering the 

Evaluation and Care of Health study.183 The overall uptake of blood pressure, 

serum lipids, and blood glucose measurements were around 30% in 12 months. 

However, the recording of lifestyle risk factors (except smoking status) was 

generally low. This does not necessarily mean that lifestyle risk factors were not 

routinely assessed, but at the very least they were not often being documented. 

Similar findings suggesting gaps in preventive health care, especially the 

recording of lifestyle risk factors have been reported in other countries.77, 81 

No difference was found between attendees and non-attendees in any of the 

potential predictive variables including past health service use (number of visits 

and pre-existing prescriptions), uptake of preventive health care, gender age or 

SES.  
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Our study suggests that a pre-visit health questionnaire can help to identify those 

who might attend a health check and who might be most likely to benefit. Not 

only were respondents almost three times as likely to attend the health check as 

non-respondents, they were significantly more likely to have had more preventive 

health care than non-respondents, despite an equivalent number of practice visits 

in the past 12 months and similar pre-existing prescription rates. This suggests 

that questionnaire respondents tend to be more conscious and proactive about 

their health. Nevertheless, there is also a possibility that responding to a health 

questionnaire may have, to a certain extent, promoted health check attendance. A 

small randomized controlled trial investigated whether introducing a pre-

invitation questionnaire (asking simple questions about attendance) would 

promote health check attendance.184  The study reported a significantly higher 

attendance rate in the intervention group than that in the control group.184 Further 

studies are required to confirm this effects and its applicability in the context of a 

general practice-based health check.  

The subgroup analysis of attendance highlighted the differences in characteristics 

associated with attendance in respondents and non-respondents to the pre-visit 

questionnaire. Among respondents, those who had had more preventive health 

care, and thus probably did not need any more in the short-term, seemed less 

likely to attend the health check. Arguably, this suggests that some of these 

patients are making conscious choices about selective uptake of preventive health 

care. Therefore, it is likely that a medical information sheet from general practice 

summarizing health conditions and past health service use could facilitate decision 

making among these patients. A pilot study has demonstrated the feasibility and 

acceptability of using pre-consultation prevention summaries in Australian 
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general practice.93 However, further evidence is required to confirm its use in 

improving health check attendance among target patients.  

Conversely, among non-respondents, the non-attendees were least likely to have 

preventive health care, while attendees were more likely to have already had risk 

factors identified and treated. This may imply that a group of patients who could 

benefit most from a health check are missing out whilst those who have already 

been diagnosed and managed (with prescriptions) may be attending unnecessarily. 

We suggest that targeted invitations should be tested among those patients who 

are missing out.  

6.7.1 Strengths and limitations 

This study has several strengths. First, all data were extracted from the electronic 

medical record system in each practice. Compared to self-reported data, practice 

records are subject to less bias. Second, equivalent medical record information 

was obtained from all study participants regardless of their response to a pre-visit 

questionnaire or attendance at the health check. To our knowledge, this is the first 

study in Australian general practice investigating the association between 

patients’ past health service use and their health check attendance.  

Like any other research using medical records, the quality of this study is subject 

to the accuracy and comprehensiveness of the electronic medical records in the 

participating general practices. Since lifestyle risk factors were not consistently 

documented in the two practices, they could not be included in the analysis. 

Second, Australians are not exclusively registered with one general practice. 

Therefore, our study may have underestimated patients’ past health service use. 
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We tried to minimise its influence by recruiting regular patients to the general 

practices and by asking the practice managers to review the list of potential 

participants and delete those known to have moved from the practices. Another 

limitation is that patients were given only 6 months to participate in the health 

check. It is possible that some patients would undergo a health check at a later 

date. Additionally, the relatively wide confidence intervals in the subgroup 

analysis suggested uncertainty in the magnitude of effects. It is therefore possible 

that our study was underpowered to detect some effects as statistically significant. 

Finally, this study recruited two general practices located in the Adelaide 

metropolitan area. Furthermore, our sample is over-represented with females and 

higher socio-economic groups. Thus, the results may not be generalizable to all 

patients across Australia. 

6.7.2 Implications  

Gaps exist in the provision of preventive health care in general practice. Lifestyle 

risk factors are not being recorded comprehensively for all. Health checks are 

potentially a good opportunity to bridge this gap. Overall, no significant 

differences were found between attendees and non-attendees in either 

demographic or past health service use. However, the characteristics associated 

with attendance were different in respondents and non-respondents to a pre-visit 

health questionnaire. Based on the preliminary results, we suggest a stepwise 

invitation strategy. First, pre-visit questionnaires assessing lifestyle and 

biomedical risk factors would be distributed to a target population. Their response 

to the questionnaire would not only facilitate the collection of health information, 

also automatically separate non-respondents from respondents. Then, by 
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providing more accurate health information to respondents and opportunistically 

inviting non-respondents who are due for preventive health care, the effectiveness 

of health checks could be improved.   
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7 CHAPTER 7: Effectiveness and cost estimates for the 45-49 
year old health check in Australian general practice: a 
modelling study  
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7.1 Preface  

This chapter presents the results of an economic modelling study of the 

effectiveness and cost estimates of the 45-49 year old health check program in 

Australia. This paper was submitted to Applied Health Economics and Health 

Policy in July 2014 and is currently under review.  

The model simulated the effectiveness and costs for a health check program on a 

hypothetic cohort of 45-49 year old Australians. The health check effects on 

surrogate outcomes reported in the systematic review (Chapter 3) were translated 

and extrapolated into life-course Life Years and QALYs gained in the cohort 

simulation. Then, by applying the cost-effective threshold of $50,000 per QALY, 

we calculated the threshold costs for this health check program for it to be 

considered cost-effective in the Australian context. Deterministic and probabilistic 

sensitivity analyses were applied to quantify parameter uncertainty. Furthermore, 

to validate the hypothetical cohort simulation and to evaluate structural 

uncertainty, an alternative model was constructed and the relevant results are 

presented in Appendix 16.      
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7.3 Abstract 

Background: A 45-49 year old health check is funded by the Australian 

government. It aims to detect and manage early onset of chronic disease and risk 

factors. No trials or modelling studies have assessed its effectiveness and 

economic impact.   

Aims and rationale: To evaluate health outcomes and threshold costs for this 

health check program.   

Methods: A Markov chain model was constructed. Risk factor profiles were 

generated for a hypothetical cohort of 10,000 Australians using data from the 

Australian National Health Survey. Intervention effects were based on a published 

meta-analysis that reported changes in risk factors due to health checks over a 

five-year time horizon. The Framingham Risk Equation was applied to estimate 

cardiovascular disease incidence in the control and intervention groups, from 

which health care costs and Quality Adjusted Life Years (QALYs) were 

extrapolated over the cohorts’ remaining lifetime. The threshold costs for the 

health check, including the initial consultation and subsequent interventions were 

calculated using a cost-effective threshold of $50,000 per QALY.  

Findings: Compared to usual care, the health check reduced cardiovascular 

disease events for both males (RR=0.87) and females (RR=0.91) in a five year 

projection. In a lifetime projection, it led to 0.86% and 0.26% QALYs gained per 

male and female, respectively. The threshold costs for the program to be 

considered cost-effective were $465 for males and $140 for females in base-case 

scenario.    
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Implications: A 45-49 year old health check for Australian males is likely to be a 

cost-effective use of resources. Women of the same age are at lower 

cardiovascular risk, and so it may be more efficient to delay the health check in 

women to an older age group. 

7.4 Introduction 

Government funded health check programs have recently been initiated in several 

countries including England70 and Australia1, but the effectiveness of such 

programs has been questioned. Two recently published systematic reviews 

reported no significant benefits in total mortality after health checks.44, 132 

However, one of them reported significant improvements in surrogate outcomes 

(i.e. blood pressure, total cholesterol BMI and smoking cessation) after general 

practice-based health checks.132 Even though it is biologically plausible that 

improved control of risk factors should prevent or delay the onset of chronic 

disease and improve patient’s Quality of Life (QOL), very few studies have 

reported morbidity and QOL changes after health checks.132 Therefore, modelling 

studies have been widely used to bridge the gap and to predict the cost-

effectiveness of such programs.71-73 

In Australia, a 45-49 year old health check was introduced in 2006. This Medicare 

funded ‘well person’ check-up targets patients with at least one identifiable risk 

factor (lifestyle, biomedical or family history).1 The objective was to detect early 

stage chronic disease or risk factors and promote healthy lifestyles. Unlike other 

government funded health checks, this program is a one-off check-up. No further 

subsidized follow-up or intervention programs are specified by Medicare, except 

for the routine care of identified risk factors and medications. Pathology tests are 
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ordered if deemed necessary by General Practitioners (GPs). Completion a health 

check usually takes another 1-2 practice visit(s) depending on the identified risk 

factors and whether pathology results need to be reviewed.3 Follow-up 

interventions including further consultations, medications or referrals are 

indicated if risk factors are detected. Currently, Medicare Australia employs a 

time-dependent payment mechanism to reimburse this health check program.  

There has been a lack of evidence on the effectiveness of this health check 

program and its economic impact on the health care system. The cost-

effectiveness is one of the crucial criteria in health service assessment and 

decision making. The National Institute for Health and Clinical Excellence 

(NICE) in the UK has set a threshold of £20,000 per QALY for health service to 

be considered cost-effective, which is equivalent to $50,000 AUD per QALY.185 

Even though there has not been an official statement about the threshold value of 

the incremental cost-effectiveness ratio for health services in Australia, a number 

of Australian policy reviews have suggested that medications 186, 187 and 

preventive health services188 with estimated costs under $50,000 AUD per QALY 

were more likely to be approved and funded. Alternatively, a lower threshold 

value of $25,000 AUD per QALY is recommended for more conservative 

estimates in the Australian context.186, 187 The aim of this study was to use 

secondary data sources, to provide a novel evaluation of the 45-49 year old health 

check in Australian general practice, and to inform the need for primary data 

collection to (re-)evaluate this program.  
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7.5 Methods 

In the absence of secondary data describing the use and uptake of risk prevention 

strategies following health assessment, there was too much uncertainty regarding 

the associated costs. We estimate the cost savings associated with health 

assessment to inform a threshold total health assessment cost (assessment and 

management of risk factors), above which health assessment would not be 

considered cost-effective. The threshold cost is estimated as the largest cost, 

which when combined with any cost savings and incremental health benefits 

(quality adjusted life years (QALYs)), would result in an acceptable incremental 

cost-effectiveness ratio. The threshold cost informs the need for further, primary, 

research to obtain more accurate estimates of the cost-effectiveness of the health 

assessment MBS item. A detailed description of methods is provided in Appendix 

16. Here a summary is provided.  

7.5.1 Procedures 

A decision analytic model was developed, including a short-term (5 years) 

decision tree (Figure19), to represent the direct intervention effects (changes in 

CVD incidence), and a lifetime (50 years) Markov model (Figure 20), to 

extrapolate the intervention effects over individuals’ remaining lifetime. The 

analysis was undertaken from the perspective of the Australian health care system 

(both federal and state government), and a discount rate of 5% per annum was 

applied. 

The model simulated health outcomes (cardiovascular disease) of a hypothetical 

cohort of 10,000 Australians aged 45-49 years (5,000 males and 5,000 females). 

Risk factor values (age, gender, systolic blood pressure, total cholesterol, HDL 
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and smoking status) were derived from the stratified population distributions 

reported in the 2011Australian National Health Survey (ANHS) (Table 12).172 For 

instance, population age and gender specific SBP distributions were reported in 9 

categories (<100; 100-110; 110-120; 120-130; 130-140; 140-150; 150-160; 160-

170 and >170 mmHg). For each simulated individual, he/she was firstly 

proportionally allocated into one of the nine SBP risk categories. Then, a SBP 

reading was randomly selected (from the range of the risk category) and assigned 

to the individual. The allocation was repeated to assign everyone in the cohort a 

SPB reading. The same process was repeated with TC and HDL. Co-existence of 

risk factors (i.e. smoking, TC and HDL) was represented using conditional 

prevalence data reported in the 2011 ANHS (see Appendix 16).172 In the 2011 

ANHS, a threshold level of 5.5mmol/L was used to define high TC; while 

1.0mmol/L and 1.3mmol/L were adopted to categorize abnormal HDL in males 

and females respectively. 

Using data from a recently published meta-analysis of general practice-based 

health check studies,132 intervention effects were modelled by applying Relative 

Risk (RR) of patients remaining at high risk after intervention to the following 

risk factors: systolic blood pressure (SBP>140mmHg), total cholesterol 

(TC>6mmol/L) and smoking (Table 12). A new set of proportional distributions 

of risk factors was generated by applying RR to high risk categories of each 

baseline risk factor distribution. Two different assumptions were made with 

regard to the re-allocation of high risk patients to normal risk:  

Assumption 1 (base-case): same proportional distributions of patients 

across the normal risk categories as in the baseline distribution;  
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Assumption 2 (alternative-case): all reduced high risk patients moved to 

the highest category within the normal range (e.g. the 130-140mmHg 

category). 

With the generated risk factor profiles, individual five-year CVD incidence rates 

were calculated using the Framingham Risk Equation (FRE).189 By averaging the 

individual CVD risks, aggregate CVD incidence rates in the control and 

intervention arms were calculated, which were validated against CVD 

hospitalization data from the National Hospitalization Morbidity Database 

(NHMD).190 Two study scenarios (base-case and alternative-case scenario) were 

generated based on the two assumptions made to estimate the intervention effects.  

The simulated annual CVD incidence in the cohort were then allocated to the 

three Coronary Heart Disease (CHD) sub-states: Myocardial Infarction (MI), 

Unstable Angina (UA) and Stable Angina (SA) and two Cerebral Vascular 

Abnormality (CVA) sub-states: Transient Ischemia Attack (TIA) and stroke using 

data from the NHMD.190   

 
      Figure 19: Decision tree (short-term model) 

A Markov model was then constructed for a lifetime projection (Figure 20). 

Because we assumed a 5-year health benefit period after the initial health check, 
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outputs (annual CVD incidence) from the short-term model were applied to the 

first five annual cycles of the Markov model. From year six onwards, the same 

transition probabilities were applied to both intervention and control arms. Age 

and gender specific CVD free mortality rates were derived from the 2011 national 

cause of death report.191 Standardized Mortality Ratios (SMRs) were 

multiplicatively applied to the population mortality data to estimate transition 

probabilities to death from the CVD sub-states.192-196 Quality of life weights for 

the seven health states (acute events)197, 198 were applied to generate total QALY 

estimates in both arms. We also assumed a 50% reduction in the utility decrement 

of CVD states beyond year one (post-CVD states) in the model.  

To simulate the economic impact of averted CVD events after a health check, 

subsequent hospitalization costs for CVD events were estimated in the lifetime 

projection in both arms. The cost differences were incorporated in the calculation 

of threshold costs of this health check program. The hospitalization costs were 

extracted from the National Hospital Cost Data Collection (NHCDC) database.199 

The average costs of post-CVD states were estimated by applying a coefficient of 

15% to the acute event costs.192, 200 The maximum costs for the health check and 

short-term subsequent medical intervention was then calculated by applying a 

cost-effectiveness threshold of $50,000 per QALY to the estimated QALYs 

gained attributed to the intervention. Further adjustments were made with regard 

to the cost differences in the lifelong projection of CVD related hospitalization 

and medical costs. Relevant model inputs are summarized in Table 12.  
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Figure 20:  Health states (Markov model) 

 

Table 12: Markov model inputs 
Variable Subgroups Value Distributions 
  Males Females  
Population risk factor distributions 
SBP <100 mmHg 1.90% 7.40% Fixed 
 ≥100 to <110 mmHg 12.80% 19.10%  
 ≥110 to <120 mmHg 22.60% 24.30%  
 ≥120 to <130 mmHg 25.80% 22.10%  
 ≥130 to <140 mmHg 16.50% 12.60%  
 ≥140 to <150 mmHg 11.40% 7.50%  
 ≥150 to <160 mmHg 5.70% 3.50%  
 ≥160 to <170 mmHg 2.20% 2.40%  
 ≥170 mmHg 1.10% 1.10%  
TC <4.0 mmol/L 11.94% 9.63% Fixed 
 ≥4.0 to <4.5 mmol/L 11.94% 12.47%  
 ≥4.5 to <5.0 mmol/L 15.90% 16.66%  
 ≥5.0 to <5.5 mmol/L 16.06% 15.99%  
 ≥5.5 to <6.0 mmol/L 19.22% 20.23%  
 ≥6.0 to <6.5 mmol/L 12.67% 12.30%  
 ≥6.5 to <7.0 mmol/L 7.22% 6.56%  
 ≥7.0 mmol/L 5.04% 6.15%  
HDL <1.0 mmol/L 19.1% 4.86% Fixed 
 ≥1.0 to <1.3 mmol/L 41.7% 22.69%  
 ≥1.3 to <1.5 mmol/L 21.3% 23.17%  
 ≥1.5 to <2.0 mmol/L 16.0% 38.92%  
 ≥2.0 to <2.5 mmol/L 1.5% 9.55%  
 ≥2.5 mmol/L 0.3% 0.81%  
Smoking  Current smoker 24.0% 18.9% Fixed  

 

 

CVD free 

Unstable 
Angina 

Death CVD  

Stable 
Angina 

MI Stroke TIA 
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Table 12 (continues): Markov model inputs 
Variable Subgroups Value Distributions 
Health check effects (up to 5 years)   
High TC (RR) TC>6mmol/L 0.63 (0.50, 0.79) Lognormal 
High SBP (RR) SBP>140mmHg  0.71 (0.55, 0.9)  
Smoking (RR) Current smoker 0.90( 0.84,0.97)  
Mortality                    
Population 
mortality rates 

45-54 years M: 0.277%;  F: 0.176% Fixed 
55-64 years M: 0.658%;  F: 0.378%  

 65-74 years M: 1.628%;  F: 0.990%  
 75-84 years M: 5.004%;  F: 3.292%  
 85-94 years M: 11.803%; F: 11.257%  
SMR 
Mean(95% CI) 

UA 2.19 (2.05; 2.33) Lognormal 
SA 1.95 (1.65; 2.31) 
MI M: 2.28 (2.12; 2.46) 

F: 3.07 (2.70; 3.48) 
Stroke M: 2.58 (2.43; 2.75) 

F: 2.85 (2.66; 3.05) 
TIA 1.4 (1.1; 1.8) 

Utility weights   
CVD free 
Mean(SD) 

40-49 years M: 0.84 (0.19);   
F: 0.86 (0.17) 

Beta 

50-59 years M: 0.82 (0.20);   
F: 0.79 (0.23) 

 

 60-69 years M: 0.80 (0.18);  
F: 0.77 (0.21) 

 

 70-79 years M: 0.79 (0.22);   
F: 0.72 (0.26) 

 

 80+ years M: 0.71 (0.30);   
F: 0.63 (0.28) 

 

Acute CVD events 
(utility decrement) 
Mean(SE) 

UA 0.770 (0.038) Beta 
SA 0.808 (0.038)  

 MI 0.760 (0.018)  
 Stroke 0.629 (0.04)  
 TIA 1  
Hospitalization Cost    
Acute event costs UA $2,682 Fixed 

SA $2,146  
 MI $5,572  
 Stroke $6,496  
 TIA $3,128  
CVD incidence*  %  
Annual incidence 
Mean(2.5 & 97.5 
percentile) 

Control group M:0.762 (0.746, 0.777) 
F: 0.295 (0.288, 0.302) 

Fixed 

Intervention group 
(base-case) 

M:0.663 (0.642, 0.687) 
F:0.267 (0.258, 0.276) 

Random 
selection from 
1,000 cohort 
simulations 

 Intervention group 
(alternative-case) 

M:0.721 (0.701, 0.740) 
F:0.276 (0.269, 0.285) 

*data from 1,000 cohort simulations in the short-term model 
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7.5.2 Sensitivity analysis 

Both deterministic and probabilistic sensitivity analysis were performed in this 

study.  

7.5.2.1 Deterministic sensitivity analysis (DSA) 

DSAs were applied to the following input parameters: 

• Alternative utility decrements of 0%, 25%, 75% and 100% were applied to 

the acute event utility weights to generate alternative sets of utilities for 

post-CVD states.   

• Alternative weights of 10% and 20% were applied to the acute event costs 

to generate the costs of post-CVD states. 

• A 3.5% annual discount rate was applied. 

• A cost-effectiveness threshold of $25,000 per QALY was used.   

7.5.2.2 Probabilistic sensitivity analysis (PSA) 

Probability distributions were constructed to represent the uncertainty around 

input variables, including the intervention effects (RR of risk factor changes), 

SMRs, utility weights and utility decrements of post-CVD states (ranging from 

25% to 75%). To represent the uncertainties associated with the simulation of the 

risk factor profiles in the hypothetic cohort, we repeated the cohort simulation 

(short-term model) 1,000 times. A PSA was undertaken to represent the combined 

effects of uncertainties across all input parameters in the model. We ran the 

Markov model 1,000 times, each time randomly drawing values of input variables 

from their respective distributions (Table 12). A 5% annual discount rate was 

applied in the PSA. The mean values and 2.5th and 97.5th percentiles values were 

summarized for LYs and QALYs. 
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7.6 Results 

7.6.1 Short-term outcomes 

The short-term model simulated 5-year CVD incidence in 10,000 individuals 

(5,000 males and females respectively) aged 45-49 years. The application of the 

short-term model on the middle-aged Australian population has been validated 

against the national CVD incidence statistics (Appendix 16, Table 28). The results 

of 1,000 cohort simulation repetitions are summarized in Table 13.  

Table 13: CVD incidence prevented in 5 years (FRE 5-year risks) 
CVD risks  Control Intervention Diff.* RR** 

Base-case Mean% (2.5, 97.5 percentile) (%)  
Males 3.752 (3.675, 3.826) 3.273 (3.169,3.386) 0.479 0.872 

Females 1.466 (1.431, 1.501) 1.328 (1.284, 1.372) 0.138 0.906 
Alternative-case    

Males 3.752 (3.675, 3.826) 3.553 (3.454, 3.646) 0.199 0.947 
Females 1.466 (1.431, 1.501) 1.374 (1.336, 1.417) 0.092 0.937 

*Diff.= CVD incidenceintervention -CVD incidencecontrol; **RR= CVD incidenceintervention /CVD incidencecontrol 
Alternative-case: all reduced high risk patients were allocated to the highest risk category within the normal 
range 

Under the base-case scenario, the CVD event rates would decrease 0.48% in five 

years after the health check (with RR=0.87); the estimate dropped to 0.20% (with 

RR=0.95) assuming a lower level of reduction in the risk factor (alternative-case 

scenario). The health check was less effective among female attendees due to their 

low baseline risks. Among female attendees, 0.14% CVD events would 

potentially be avoided in five years (RR=0.91) in the base-case scenario. The 

alternative-case scenario yielded 0.09% event prevented (RR=0.94). 

7.6.2 Long-term costs and QALYs  

Under the base-case scenario, assuming a 50% reduction in the utility decrement 

and a 15% reduction in the cost weights for the post-CVD states, the health check 

resulted in 1.93% LYs or 0.86% QALYs gained per male attendees over 50 years. 
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For every female attendee, the estimated LYs and QALYs gained were 0.67% 

LYs and 0.26% QALYs. Under the alternative-case scenario (assumption 2 was 

applied to simulate intervention effects), the estimated LYs or QALYs gained 

dropped to 0.80% LYs or 0.36% QALYs per male attendee, and 0.45% LYs or 

0.17% QALYs gained per female attendee. Correspondingly, the threshold costs 

for the health check (using $50,000 per QALY gained as cost-effective threshold) 

were AUD$465 for male and AUD$140 for female patients under the base-case 

scenario; and AUD$193 and $94 for male and female patients, respectively under 

the alternative-case scenario (Table 14).  

Table 14: The effectiveness and cost of the 45-49 year old health check 
 Control Intervention Gained 

(%) 
Threshold cost 

$50,000/QALY  $25,000/QALY  
Base-case   
Male LYs 33.364 33.384 1.926  

QALYs 12.409 12.417 0.856 $465 $251 
Female LYs 37.423 37.430 0.667  

QALYs 12.759 12.762 0.257 $140 $76 
Alternative-case 
Male LYs 33.364 33.372 0.801  

QALYs 12.409 12.412 0.356 $193 $104 
Female LYs 37.423 37.427 0.445  

QALYs 12.759 12.761 0.172 $94 $51 
Assumptions: 50% utility decrement of acute events applied for post-CVD states; 15% of acute event costs for 
post-CVD states 

7.6.3 Deterministic Sensitivity Analysis (DSA) 

The results associated with different post-CVD utility decrements (0%, 25%, 

50%, 75% and 100%) are summarized in Table 15. The estimated QALY gains 

among males ranged from 0.40% to 1.31% per attendee. For a female attendee, 

the estimates ranged from 0.11% to 0.40% QALYs gained. The corresponding 

threshold costs for the health check varied between $238 to $692 for male and $68 

to $213 for female patients using a cost-effective threshold of $50,000 per QALY. 

The estimates halved when using the threshold of $25,000 per QALY.    
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Compared to the base-case, the alternative-case scenario presented relatively 

robust results in the DSA. The QALYs gained among males varied between 

0.17% to 0.55% per attendee and 0.08% to 0.27% per female attendee. When 

using $50,000 per QALY, the average threshold costs varied between $99 and 

$288 for male and $45 to $142 for female patients. Again, the costs estimates 

were sensitive to the cost-effective threshold adopted. The estimated program 

costs ranged between $57 to $152 for male and $27 to $75 for female patients if 

using $25,000 per QALY gained as threshold. When 3.5% annual discount rate 

was applied, the estimated QALYs gained and threshold costs increased under 

both scenarios (Table 15).  
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Table 15: Deterministic Sensitivity Analysis (DSA) 
QALYs Control 

(QALYs) 
Intervention 
(QALYs) 

Gained (%) 
(QALYs) 

Threshold costs(AUD) 
$50,000 per QALY gained 

Threshold costs(AUD) 
$25,000 per QALY gained 

Base-case 10%* 15%* 20%* 10%* 15%* 20%*  
M 50% Utility decrement 12.409 12.417 0.856 $455 $465 $475 $241 $251 $261 
 100% utility decrement 12.216 12.229 1.311 $682 $692 $703 $355 $365 $375 
 75% utility decrement 12.312 12.323 1.083 $569 $579 $589 $298 $308 $318 
 25% utility decrement 12.505 12.511 0.629 $341 $351 $362 $184 $194 $204 
 0% utility decrement 12.601 12.605 0.401 $228 $238 $248 $127 $137 $148 
 **Discount rate 3.5% 15.026 15.037 1.120 $ $603 $ $ $323 $ 

F 50% Utility decrement 12.759 12.762 0.257 $137 $140 $144 $73 $76 $79 
 100% utility decrement 12.657 12.661 0.402 $210 $213 $216 $109 $112 $116 
 75% utility decrement 12.708 12.701 0.330 $173 $177 $180 $91 $94 $97 

 25% utility decrement 12.810 12.812 0.184 $101 $104 $107 $55 $58 $61 
 0% utility decrement 12.861 12.862 0.112 $64 $68 $71 $37 $40 $43 
 **Discount rate 3.5% 15.582 15.585 0.342 $ $185 $ $ $99 $ 
Alternative-case           
M 50% Utility decrement 12.409 12.412 0.356 $189 $193 $198 $100 $104 $109 
 100% utility decrement 12.216 12.222 0.545 $284 $288 $292 $147 $152 $156 
 75% utility decrement 12.312 12.317 0.450 $236 $241 $245 $124 $128 $132 
 25% utility decrement 12.505 12.508 0.261 $142 $146 $150 $77 $81 $85 
 0% utility decrement 12.601 12.603 0.167 $95 $99 $103 $53 $57 $61 
 **Discount rate 3.5% 15.026 15.031 0.465 $ $251 $ $ $134 $ 

F 50% Utility decrement 12.759 12.761 0.172 $92 $94 $96 $49 $51 $53 
 100% utility decrement 12.657 12.660 0.269 $140 $142 $144 $73 $75 $77 
 75% utility decrement 12.708 12.710 0.220 $116 $118 $120 $61 $63 $65 

 25% utility decrement 12.810 12.811 0.123 $67 $69 $72 $37 $39 $41 
 0% utility decrement 12.861 12.862 0.075 $43 $45 $47 $24 $27 $29 
 **Discount rate 3.5% 15.582 15.584 0.228  $124   $66  

* Cost weights for post-CVD states applied to the acute event costs; **50% utility decrement applied to simulate post-CVD states utilities 
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7.6.4 Probabilistic Sensitivity Analysis (PSA) 

The PSA suggested relatively robust estimates of LYs and QALYs gained for 

both male and female patients (Table 16). For every male attendee, 0.009 (95% 

CI: 0.006 to 0.012) QALYs were gained over 50 years and 0.003 (95% CI: 0.002 

to 0.004) per female attendee. The estimated threshold health check costs (using a 

threshold of $50,000 per QALY) were $476 (95% CI: 338 to 643) for a male and 

$144 (95% CI: 97 to 210) for a female patient. In the alternative-case scenario, the 

estimated QALY gains were 0.004 (95% CI: 0.002 to 0.006) and 0.002 (95% CI: 

0.001 to 0.003) per for male and female attendee respectively, with threshold 

costs estimates (for a threshold of $50,000 per QALY gained) of $198 (95% CI: 

112 to 305) for a male and $109 (95% CI: 71 to 157) for a female patient. 

Table 16: Probabilistic Sensitivity Analysis (PSA) 
  LYs Gained QALYs Gained Threshold costs Threshold costs 
  Mean (2.5, 97.5 percentiles) ($50,000/QALY) ($25,000/QALY) 
Base-case  

All 
variables  

M 0.019  
(0.014, 0.024) 

0.009  
(0.006, 0.012) 

$476 
($338, $643) 

$262 
($198, $339) 

 F 0.007  
(0.004, 0.009) 

0.003  
(0.002, 0.004) 

$144 
($97, $210) 

$79 
($59, $110) 

Alternative-case  
All 

variables  
M 0.008  

(0.004, 0.012) 
0.004  

(0.002, 0.006) 
$198 

($112, $305) 
$98 

($57, $151) 
 F 0.004  

(0.002, 0.007) 
0.002  

(0.001, 0.003) 
$109 

($71, $157) 
$55 

($37, $78) 

7.7 Discussion 

Due to the time-dependent reimbursement schemes and the relatively poorly 

defined management guidelines for follow-up, it is difficult to estimate the direct 

costs associated with this Australian health check program. Rather than a cost-

effectiveness analysis, we estimated the threshold costs of this program including 

the initial consultation and subsequent interventions, at which it would be 

considered cost-effective, using threshold values of $50,000 AUD per QALY. 
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The estimated average costs for the health check ranged from $95 AUD to $703 

AUD for a male and $43 AUD to $216 AUD for a female patient in the DSA. 

When a threshold of $25,000 per QALY was used, the estimates ranged from $53 

AUD to $375 AUD for a male and $24 AUD to $116 AUD for a female patient. 

The health check program is less likely to be cost-effective among females 

compared to males, because the estimated threshold costs for a female patient is 

close to the Medicare reimbursement rate for the initial consultation.  

In this study, we applied the RR of patients remaining at high risk after 

intervention to simulate the health check effects.132 Two alternative assumptions 

were tested concerning the distributions of risk factors post-intervention: (1) 

patients moving from high risk BP and TC had the same distributions to that of 

the normal risk population (base-case); (2) patients experienced a risk reduction to 

their BP and TC categories just below the high risk threshold (alternative-case). 

Under the base-case scenario, the 5-year CVD events decreased by 13% among 

males (RRmales=0.87) and 9% among females (RRfemales=0.91) after the health 

check, which is comparable to relevant cohort studies that reported a RR of CVD 

around 0.9 after a health check.117, 118 In the alternative-case scenario, a 5% 

(RRmales=0.95) and 4% (RRfemales=0.94) decrease in CVD events was predicted in 

males and females respectively. 

Previous studies have assessed the cost-effectiveness of middle-aged health check 

programs in six European countries 71, 72, 123, 124 and one in Australia73. These 

studies simulated regular health checks (5 yearly) for patients aged 40-75 years 

with no pre-existing diagnosis of CVD or diabetes; subsequent interventions were 

specified to manage detected risk factors.70 Three of these modelling studies 
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adopted Cost-Effectiveness Analysis (CEA),71-73 and the other two were Cost-

Consequence Analysis (CCA).123, 124 All of them used micro-simulation to predict 

individual risk of chronic disease based on their medical records. Effectiveness of 

the health checks was estimated by simulating the screening and intervention 

procedures incorporating detection rates; intervention rates; compliance rates and 

the effectiveness of intervention strategies (e.g. smoking cessation; prescriptions 

for anti-hypertensive, statins and lifestyle interventions). Three CEA studies 

concluded that the five yearly health checks for 40-75 year olds were likely to be 

cost-effective or cost saving in six European countries (the UK, Denmark, France, 

Germany, Poland and Italy) 71, 72 and in Australia73. Furthermore, both CCA 

studies concluded that targeted screening of high risk or socio-economically 

deprived patients would be more effective than universal screening.123, 124  

In comparison to these studies, our model was designed to investigate the 

effectiveness and threshold costs for the one-off 45-49 year old health check 

program in Australian general practice. Methodologically, we adopted a cohort 

simulation technique to estimate CVD incidence and mortality; and a Markov 

model to extrapolate health outcomes over an individual’s life time. Furthermore, 

given the lack of details about subsequent interventions following the 45-49 year 

old health check program, rather than simulating the screening and intervention 

processes, we directly applied risk factor changes (derived from a systematic 

review) to the baseline population distributions to simulate the intervention effects 

of a health check.  

To simulate baseline cohort CVD incidence, the Framingham risk equation (FRE) 

was applied to individuals in the hypothetical cohort. Acknowledging concerns 
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about the generalizability of the FRE, and its applicability to all CVD 

outcomes,201 we carefully considered its application to the current study. Firstly, 

the application of the FRE to Australian cohorts has been validated and 

recommended in medical practice.2, 202 Secondly, the target population of this 

health check was healthy persons with no pre-existing chronic disease, which is 

consistent with the Framingham cohort. Furthermore, the model outputs were 

validated against national CVD hospitalization data. However, although the model 

presented reasonable estimates of CHD incidence, it consistently underestimated 

CVA incidence. It has been argued that the FRE was initially developed to predict 

CHD risks but not other forms of CVD.201 However, the influence was not 

substantial given the generally low CVA incidence in the 45-49 year old 

Australian population (0.12% among males and 0.10% among females). Therefore, 

when the incidence of CHD and CVA were combined, the model presented 

reasonable estimates of overall CVD incidence to the national estimates (within 

the 95% confidence interval of CVD estimates). These results validated the 

simulation of cohort CVD incidence using the FRE and population-based risk 

factors distributions.  

7.7.1 Assumptions and Limitations 

Since it is biologically plausible to prevent or delay the onset of chronic disease 

through early detection and management of risk factors, we assumed the improved 

control of risk factors would translate into morbidity and mortality benefits in 

subsequent years.  

It is likely that our model may have underestimated the effects of the 45-49 year 

old health check program due to conservative assumptions adopted in the 
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simulation regarding the magnitude and longevity of the intervention effects. 

Firstly, the reported risk factor changes in the systematic review are likely to be 

underestimates, since most of the included trials were conducted in the 1990s, 

when preventive health care guidelines were relatively conservative and clinical 

management of risk factors was less effective because the available 

pharmacotherapy was limited (e.g. statins and anti-hypertensive drugs). Secondly, 

we assumed a duration of intervention effects of five years, because most trials 

followed up for less than 5 years. It is likely that the benefits could persist beyond 

5 years. Thirdly, we did not simulate repeat CVD events in the Markov model. 

Since patients with history of CVD events are more likely to suffer another CVD 

event, the single event assumption is likely to underestimate the cost savings and 

quality of life benefits of the health check program. Fourthly, we only simulated 

potential benefits of averted CVD in this study. However, the 45-49 year old 

health check program can also incorporate assessments of depression and 

selective screening for cancers (e.g. skin cancer; cervical and colorectal etc.) 

among high risk participants.1 Therefore, this health check could potentially lead 

to other health benefits beyond CVD morbidity and mortality. 

On the other hand, we did not consider the potential harmful effects of medical 

treatment on participants’ quality of life. However, in medical practice, 

medications are not usually the first choice for the majority patients with elevated 

risk factors, especially for the young and otherwise healthy patients. Lifestyle 

modification is often the first recommendation. As reported in a few health check 

trials, no significant increase in prescription rates were observed in the 

intervention arms compared to the control.37, 39 Furthermore, the side-effects of 

anti-hypertensive or lipid lowering medications are generally uncommon and 
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there are multiple alternative medicines if this does occur. Therefore, the 

influence of omitting such effects would not be substantial.  

7.7.2 Strengths 

Given the limitations, this study provides conservative estimates of the threshold 

costs for the 45-49 year old health check program in Australian general practice. 

This is also the first study to investigate the economic impact of this Medicare 

funded program.  

7.7.3 Future studies 

To better inform the cost-effectiveness of this health check program, further 

research should examine both the direct and subsequent costs associated with it, 

including the length of the initial consultation, number of related follow-up 

practice visits, pathology tests, referrals and prescriptions. Methodologically, 

studies could also be conducted to compare the estimates from cohort simulation 

model and micro-simulation model using individual level data.  

7.7.4 Implications 

The results suggest that under the current Medicare scheme, the 45-49 year old 

health check program is unlikely to be cost-effective in females. For females, 

delaying the health check by 5 -10 years or targeting those at high risk (e.g. those 

with a family history of premature heart disease) may improve the cost-

effectiveness of this program. Furthermore, the lack of definable intervention 

protocols after the initial check-up imposes considerable uncertainties on both the 

effectiveness and cost estimates for this program. Guideline oriented intervention 
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strategies for at-risk patients may improve the performance and cost-effectiveness 

of the 45-49 year old health check program.   
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8 CHAPTER 8: Discussion and conclusion
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This thesis has examined several aspects of the 45-49 year old health check 

program in Australian general practice, including patients’ attendance; potential 

clinical effectiveness; and the economic impact on the Australian health care 

system. This evidence would potentially inform policy changes or improve the 

performance of this health check in general practice. Different research methods 

were used to generate the best evidence given the resources available to the 

researcher. 

A systematic review and meta-analysis evaluated the effectiveness of general 

practice-based health checks using both surrogate (biomedical risk factors) and 

final (mortality) outcome indicators. Then, a prospective cohort study was 

conducted to inform the determinants of patients’ attendance at a health check. 

Information from a study questionnaire and participants’ past medical records was 

used to predict their attendance. Finally, a model (Markov model on a hypothetic 

cohort) was constructed to inform the long-term effectiveness (Life-Years gained 

and QALY gained) and the threshold costs for the 45-49 year old health check. 

This concluding chapter outlines the key findings of this thesis, comments on the 

strengths as well as limitations of this research and describes implications and 

future studies.          

8.1 Key findings and contributions  

8.1.1 The effectiveness of general practice-based health checks 

The aim of the systematic review and meta-analysis was to investigate the health 

impact of general practice-based health checks on middle-aged population. In the 

literature review chapter (Chapter 2), a summary of the history of general health 



151 

 

checks outlined the persisting controversies on this topic. As controversial as the 

issues were, no definitive evidence had been generated regarding the effectiveness 

of general health checks prior to the publication of a systematic review by 

Krogsbøll et al. in 2012.44 This review concluded that health checks did not 

reduce morbidity or mortality.44 In my systematic review (Chapter 3), a critical 

appraisal of Krogsbøll’s review raised some concerns and questions regarding the 

interpretation of their analysis. First, they did not differentiate study settings, for 

instance, separating general practice-based studies from the other settings. In 

addition, the authors dismissed the use of surrogate outcomes. My systematic 

review focused on general practice-based health checks. Both surrogate and final 

outcomes were examined (as presented in Chapter 3). It demonstrated that, even 

though general practice-based health checks did not reduce total mortality, they 

were effective in improving patients’ cardiovascular risk factor profiles (surrogate 

outcomes) for at least 5 years, especially among high risk patients. The magnitude 

of improvement in surrogate outcomes was associated with the characteristics of 

the recruited participants; the screening protocols; and follow-up interventions 

adopted in each study. A supplementary analysis of non-practice based studies 

demonstrated no significant differences in either surrogate or final outcomes. 

However, due to the limited number of studies in the literature, further meta-

regression did not yield significant differences in any investigated outcome 

between practice-based and non-practice based studies. It was worth noting that 

the majority of general practice-based studies were not originally designed to 

investigate mortality. Therefore, almost all of them introduced a bias against 

health checks. Additionally, the influence of health checks on morbidity (the 

incidence of chronic disease) was not consistently reported in the general practice-
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based studies. In conclusion, this study suggested that for health checks to be most 

effective, they should be delivered in general practice.    

8.1.2 Determinants of attendance 

A prospective cohort study was conducted to investigate the determinants of 

patients’ attendance at the 45-49 year old health check, in which a questionnaire 

survey and an analysis of medical records were included. Chapters 5 and 6 present 

the results of the two studies respectively.   

A study questionnaire was developed to investigate patients’ demographic 

characteristics, medical history and psychological determinants of health check 

attendance. An attendance rate of 30.3% (87/287) among questionnaire 

respondents was attained. The majority of respondents reported strong attendance 

intention (median score of 6.5 on a 1-7 scale). The analysis further demonstrated 

that patients’ perceptions about the potential outcomes of a health check, the 

recommendation from GP and the perceived barriers to attendance influenced 

their attendance intention. Three significant predictors of health check attendance 

emerged: stronger attendance intention, a lack of self-reported pre-existing risk 

factors, and less recent uptake of preventive health care. The perceived barriers 

did not directly influence attendance. The results suggested that the questionnaire 

respondents were making decisions about attendance by considering medical 

information relevant to their health.   

Comparison of questionnaire respondents and non-respondents found a higher 

proportion of females in the former group (61% vs 51%). No other differences in 

demographic characteristics were found, including age and SES. Analysis of the 
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medical records yielded a higher recent uptake of preventive health care among 

questionnaire respondents (OR: 2.53, 95%CI: 1.56, 4.10), despite a similar 

number of GP visits in the past 12 months and comparable pre-existing 

prescriptions between the respondents and non-respondents. This suggested that 

questionnaire respondents were more conscious and proactive about preventive 

health care than non-respondents.   

In chapter 6, selected data from the electronic medical records (one year prior to 

the health check invitation) of all participants were analysed against their 

subsequent attendance at a health check. An overall 22.7% (117/515) attendance 

rate was attained, which was consistent with similar studies conducted in 

Australian general practice.92, 119 No significant differences in any of the 

demographic or past health service use variables were observed between attendees 

and non-attendees. However, the analysis suggested that the characteristics 

associated with attendance were different in respondents (31.1%) and non-

respondents (11.7%).  

Consistent with the questionnaire study (Chapter 5), respondents were more likely 

to attend the health check if they had no pre-existing prescriptions and less recent 

uptake of preventive health care. However, unlike the questionnaire study, this 

trend, in the medical record study, was not statistically significant. The 

discrepancies could potentially be explained by patients’ inaccurate recollections 

about their preventive health care use. Therefore, it is possible that a pre-

consultation summary of medical conditions and recent preventive health care use 

would facilitate the decision making process among these patients. This idea has 
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been piloted in Australian practices and was regarded positively by most 

patients.93  

Conversely, among questionnaire non-respondents, only 11.7% attended the 

health check and the attendees were likely to be those who had already been 

recently checked and managed (with prescription). In addition, those 

questionnaire non-respondents and non-attendees had the lowest recent preventive 

health care use of all study participants. Thus, these patients, who may be most at 

need of preventive health care, appeared to be missing out. Alternative invitation 

strategies should be developed and trialled to motivate attendance among these 

patients. Monetary incentives have been tried with limited success,92 but 

opportunistic invitations may be a sensible option given that these patients seemed 

to visit their general practice as regularly as the other patients. 

8.1.3 Economic impact of the 45-49 year old health check 

A Markov model was constructed to simulate the lifelong effectiveness and the 

threshold costs for the 45-49 year health check program. The base-case model 

yielded 19.3 LYs gained among 1,000 male participants, equivalent to 8.6 QALYs 

gained. The average costs, including the initial consultation and subsequent costs 

(in the following 5 years) should not exceed $465 AUD for a male patient using a 

cost-effectiveness threshold of $50,000 per QALY. Correspondingly, among 

female patients, the health check was associated with 6.7 LYs and 2.6 QALYs 

gained per 1,000 attendees. The threshold average costs were $140 AUD. The 

estimates were relatively robust with regard to the variance of input variables 

(parameter uncertainty).  
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Under the current Medical reimbursement scheme ($58.20 AUD for a less than 30 

minutes consultation; $135.20 AUD for a 30-45 minutes consultation; $186.55 

AUD for a 45-60 minutes consultation), the 45-49 year old health check for males 

is likely to be a cost-effective use of resources. Since women of the same age are 

at lower CVD risk, it may be more efficient to delay the check in woman to an 

older age group or to target those at high risk.   

8.2 Strengths 

This is the first study evaluating the performance, potential effectiveness and costs 

for the 45-49 year old health check program. The systematic review differentiated 

general practice-based health checks from those performed in other settings (e.g. 

workplace, community clinic, pharmacy) by demonstrating surrogate outcome 

benefits only in the former. The medical record study acquired equivalent 

demographic and past health service use information from all study participants 

regardless of their response to the study questionnaire and attendance at a health 

check to allow further subgroup analysis of health check attendance. Furthermore, 

to the best of our knowledge, this is the first study examining the association 

between patients’ recent uptake of preventive health care and their attendance at a 

health check. Finally, a Markov model was constructed to simulate cohort CVD 

incidence using public accessible national survey data (aggregated data). The 

results of the cohort CVD incidence simulation were validated against national 

estimates. This technique could be used as a methodological alternative when 

individual level medical records of a representative sample are unavailable. 
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8.3 Limitations  

Detailed descriptions of study limitations have been discussed in relevant 

chapters. This section summarizes the overall limitations and their influence on 

the thesis conclusions.   

8.3.1 Cohort study  

Generally speaking, the findings of the cohort study may not be generalizable to 

the entire 45-49 year old population in Australia, because only two general 

practices were recruited and the study sample was slightly over-represented with 

females (56.3%) and upper SES groups (IRSD deciles 6-10: 71.3%) . However, 

the influence may not be substantial because none of the demographic 

characteristics emerged as significant predictors of either attendance intention or 

the actual attendance at a health check. Moreover, even though our study obtained 

a comparable questionnaire response (56%) and health check attendance rates 

(22%) to relevant studies in Australia, the reliability of the study results could 

have been improved if a higher questionnaire response rate had been achieved. 

Due to budget and time constraints, medical records were extracted from one year 

prior to the health check. According to the Red Book, regular blood pressure 

measurements, and serum lipids and blood glucose tests are recommended at 

intervals of 2, 5 and 3 years respectively for the general population (low risk 

patients) aged 45 years and over.2 Therefore, I was unable to further examine the 

gaps between guideline-based and the real practice of preventive health care in the 

two general practices and how a health check program would potentially bridge 

the gap. However, these were not the main objectives of this thesis.   
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8.3.2 Modelling study  

Due to the budget and time constrains, I was unable to obtain individual-level 

medical records from a representative sample of 45-49 year old Australian 

population to construct the micro-simulation model. Instead, I simulated the risk 

profiles of 10,000 participants in a hypothetical cohort using aggregated national 

survey data, which inevitably gave rise to uncertainty. To control the associated 

uncertainties, the cohort simulation was repeated 1,000 times and the mean of the 

1,000 simulations was used to represent the cohort incidence. In addition, the 

results of the cohort simulation were validated against the national CVD incidence 

estimates.  

Surrogate outcome changes reported in the meta-analysis (Chapter 3) were used to 

estimate health check benefits in this model. It is further assumed that the duration 

of intervention effects was five years. It is likely that the model underestimated 

the health check effects because most studies included in the systematic review 

were conducted in the 1990s, when clinical guidelines and the management of risk 

factors were more conservative than current medical practice and that most of 

them followed participants for less than five years. However, this is by far the best 

available evidence to inform the effectiveness of general practice-based health 

check. Furthermore, both scenario and sensitivity analysis were performed in this 

study to evaluate the uncertainty associated with the estimates of health check 

effect. 

Finally, due to the lack of evidence on subsequent medical resource use after the 

initial consultation, I was unable to obtain data on subsequent costs for this health 
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check to enable a cost-effectiveness analysis. Instead, I estimated the threshold 

costs for this program for it to be cost-effective in the Australian context.           

8.4 Future studies  

Despite the best efforts in participant recruitment (by waiving gap fees for 

participants and repeated mailing invitations) the cohort study achieved a 

relatively low attendance rate (22%), especially among questionnaire non-

respondents (11.7%). A group of patients who were not responding to either the 

study questionnaire or the health check invitations were the least frequent users of 

preventive health care in routine health care. Further research is required to 

investigate their perceptions and understandings about preventive health care and 

health checks. This will inform effective recruitment strategies for these patients. 

A prospective cohort study or preferably a randomized controlled trial should be 

carried out to examine the effectiveness (in terms of risk factor control) and costs 

of the 45-49 year old health check program in general practice. The trial data 

could be further used to construct a micro-simulation model to inform the cost-

effectiveness of this program.        

8.5 Implications and recommendations 

My research suggested that health checks should preferably be performed in 

conjunction with a patient’s routine health care in general practice. Selective 

patient invitation strategies should be adopted with a focus on patients who would 

have otherwise missed preventive health care opportunities. As primary health 

care providers, general practice has the advantage of identifying target patients 

using electronic medical records. However, research needs to be conducted to 
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inform tailored intervention strategies to motivate attendance among different 

patient groups.    

To optimize clinical benefits, health check procedures should be further clarified. 

Although templates for the 45-49 year old health check have been developed by 

the Australian Department of Health, unlike other established health check 

programs, no standardized intervention procedures or referral pathways have been 

suggested or subsidized by Medicare. The lack of organizational and financial 

support for subsequent interventions inevitably introduces variations in the quality 

of this health check program across general practices. A comprehensive and 

continuous program protocol needs to be developed and endorsed by health 

professionals and policy makers. 

Finally, as indicated in the systematic review (Chapter 3), high risk patients are 

more likely to benefit from health checks. This is further justified in the modelling 

study (Chapter 7), which demonstrated that a health check in 45-49 year old 

female population (with relatively low baseline risks of CVD) was unlikely to be 

cost-effective compared to males. Therefore, to improve the effectiveness and 

cost-effectiveness of this health check program, especially among female patients, 

potential policy change to be considered include delaying the health check by 5-

10 years; introducing pre-screening procedures to identify high risk individuals or 

those who are less likely to use preventive health care; or targeting the vulnerable 

groups with low socio-economic backgrounds or less access to health services.     

In conclusion, this thesis provided a preliminary evaluation of the 45-49 year old 

health check in Australian general practice. A group of patients who were missing 
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out on preventive health care has been identified and should be the subject of 

further study. Additionally, policy changes may be required to improve the 

effectiveness and cost-effectiveness of the existing program.   
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10 Appendices 

Appendix 1: Checklist for 45-49 year old health check 

  
                                               NOTE:   
   This appendix is included on page 175 of the print copy  
       of the thesis held in the University of Adelaide Library.
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Appendix 2: Search strategy (Chapter 3) 

Search Strategies (PubMed) 
Participants  General Practice  Health check  Outcomes  Study types 
Adult[mh:noexp] 
OR middle 
aged[mh] OR 
adult*[tiab] OR 
middle age*[tiab] 
 

General practice[mh] OR General 
practitioners[mh] OR Physicians, 
primary care[mh] OR family 
practice[mh] OR Physicians, 
family[mh] OR nursing 
care[mh:noexp] OR primary care 
nursing[mh] OR General 
practice[tiab] OR General 
practitioner*[tiab] OR Family 
practice[tiab] OR Family 
physician*[tiab] OR Family 
doctor*[tiab] OR family 
practitioner*[tiab] OR practice 
nurse*[tiab] OR nurse 
practitioner*[tiab] OR primary 
health provider*[tiab] OR primary 
health care provider*[tiab] OR 
primary care provider*[tiab] OR 
primary health care 
professional*[tiab] OR primary 
health professional*[tiab] OR 
primary care professional*[tiab] OR 
primary care physician*[tiab] OR 
primary health care physician*[tiab] 
OR primary health physician*[tiab] 
 

Preventive Health 
Services[mh:noexp] 
OR Mass 
screening[mh:noexp] 
OR Multiphasic 
Screening[mh] OR 
Health 
promotion[mh:noexp] 
OR preventive 
medicine[mh] OR 
Preventive Health 
Service*[tiab] OR 
Mass screen*[tiab] 
OR Multiphasic 
screen*[tiab] OR 
Health 
promotion[tiab] OR 
Health check*[tiab] 
OR preventive 
medicine*[tiab] OR 
physical 
examination[mh:noex
p] OR physical 
exam*[tiab] OR 
checkup* [tiab] OR 
check-up*[tiab] 
 

treatment outcome[mh:noexp]OR treatment 
outcome*[tiab] OR treatment effectiveness[tiab] 
OR treatment efficacy[tiab] OR outcome 
assessment OR health care[mh:noexp] OR outcome 
assessment*[tiab] OR outcome stud*[tiab] OR 
patient* outcome*[tiab] OR outcome 
measure*[tiab] OR research outcome*[tiab]  OR 
health behaviour[mh:noexp] OR life 
style[mh:noexp] OR diet[mh] OR exercise[mh] OR 
smoking[mh:noexp] OR body mass index[mh] OR 
health status[mh:noexp] OR risk factors[mh] OR 
blood pressure[mh:noexp] OR 
cholesterol/blood[mh] OR cardiovascular 
disease/diagnosis[mh:noexp] OR coronary 
disease/diagnosis[mh] OR health behaviour*[tiab] 
OR lifestyle*[tiab] OR life style*[tiab] OR 
diet*[tiab] OR exercise*[tiab] OR physical 
activit*[tiab] OR smoking[tiab] OR cigarette*[tiab] 
OR tobacco*[tiab] OR BMI[tiab] OR body mass 
index[tiab] OR health stat*[tiab] OR risk 
factor*[tiab] OR blood pressure[tiab] OR BP[tiab] 
OR cholesterol[tiab] OR blood lipid*[tiab] OR 
cardiovascular disease*[tiab] OR CVD[All Fields] 
OR coronary heart disease*[tiab] 

clinical trial[pt] OR clinical trial*[tw] OR "phase 
1 trial"[tw] OR "phase 1 trials"[tw] OR "phase i 
trial"[tw] OR "phase i trials"[tw] OR "phase 2 
trial"[tw] OR "phase 2 trials"[tw] OR "phase ii 
trial"[tw] OR "phase ii trials"[tw] OR "phase 3 
trial"[tw] OR "phase 3 trials"[tw] OR "phase iii 
trial"[tw] OR "phase iii trials"[tw] OR "phase 4 
trial"[tw] OR "phase 4 trials"[tw] OR "phase iv 
trial"[tw] OR "phase iv trials"[tw] OR multicentre 
stud*[tw] OR multicenter stud*[tw] OR 
multicentre trial*[tw] OR multicenter trial*[tw] 
OR randomised controlled trial*[tw] OR 
randomised controlled trial*[tw] OR randomised 
controlled screening trial*[tw] OR randomised 
clinical trial*[tw] OR randomised clinical 
trial*[tw] OR randomised controlled clinical 
trial*[tw] OR randomised controlled clinical 
trial*[tw] OR double blind[tw] OR placebo[tw] 
OR rct[tw] OR random allocation[mh] OR 
random allocation*[tw] 

Participants + GP+ Health Check+ Outcome+ Study type: n=468 
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Search Strategies (EMBASE) 
Participants  General Practice  Health check  Outcomes  Study types 
'adult'/exp OR 
'adult' OR 
'middle 
aged'/exp OR 
'middle aged' 
OR (middle 
NEXT/1 
age*):ab,ti 
 

'general practice'/exp 
OR 'general practice' 
OR 'general 
practitioner'/exp OR 
'general practitioner' OR 
'nursing care'/exp OR 
'nursing care' OR 
(general NEXT/1 
practi*):ab,ti OR 
(family NEAR/1 
(practi* OR physician* 
OR doctor*)):ab,ti OR 
(primary NEXT/3 
(provider* OR 
professional* OR 
physician*)):ab,ti OR 
(practi* NEAR/1 
nurse*):ab,ti OR 
gp:ab,ti OR gps:ab,ti 
 

'preventive health service'/exp OR 
'preventive health service' OR 
'mass screening'/exp OR 'mass 
screening' OR 'health 
promotion'/exp OR 'health 
promotion' OR 'preventive 
medicine'/exp OR 'preventive 
medicine' OR (preventive 
NEXT/2 service*):ab,ti OR 'mass 
screening':ab,ti OR 'mass 
screenings':ab,ti OR 'multiphasic 
screening':ab,ti OR 'health 
promotion':ab,ti OR 'health 
check':ab,ti OR 'health 
checks':ab,ti OR 'preventive 
medicines':ab,ti OR 'preventive 
medicine':ab,ti OR checkup*:ab,ti 
 
 

'health behavior'/exp OR 'health behavior' OR 'behavioral risk 
factor surveillance system'/exp OR 'behavioral risk factor 
surveillance system' OR 'high risk behavior'/exp OR 'high risk 
behavior' OR 'risk reduction'/exp OR 'risk reduction' OR 
'lifestyle'/exp OR 'lifestyle' OR 'blood pressure'/exp OR 'blood 
pressure' OR 'diastolic blood pressure'/exp OR 'diastolic blood 
pressure' OR 'systolic blood pressure'/exp OR 'systolic blood 
pressure' OR 'cholesterol blood level'/exp OR 'cholesterol blood 
level' OR 'cardiovascular risk'/exp OR 'cardiovascular risk' OR 
'coronary risk'/exp OR 'coronary risk' OR 'heart disease'/exp OR 
'heart disease' OR 'ischemic heart disease'/exp OR 'ischemic heart 
disease' OR 'health status'/exp OR 'health status' OR 'diet'/exp OR 
'diet' OR 'exercise'/exp OR 'exercise' OR 'smoking habit'/exp OR 
'smoking habit' OR 'weight'/exp OR 'weight' OR (health NEXT/1 
behavio*):ab,ti OR lifestyle*:ab,ti OR (life NEAR/1 style*):ab,ti 
OR diet*:ab,ti OR exercise*:ab,ti OR (physical NEXT/1 
activit*):ab,ti OR smok*:ab,ti OR cigarette*:ab,ti OR 
tobacco*:ab,ti OR 'bmi':ab,ti OR 'body mass index':ab,ti OR 'blood 
pressure':ab,ti OR 'bp':ab,ti OR cholesterol:ab,ti OR (blood 
NEXT/1 lipid*):ab,ti OR (cardiovascular NEXT/1 disease*):ab,ti 
OR 'cvd':ab,ti OR (coronary NEXT/2 disease*):ab,ti OR (health 
NEXT/1 stat*):ab,ti OR 'risk factor':ab,ti OR 'risk factors':ab,ti OR 
'treatment outcome'/exp OR 'treatment outcome' OR outcome:ab,ti 

'clinical trial'/exp OR 'clinical trial' 
OR (clinical NEXT/1 trial*):ab,ti OR 
('phase 1' NEXT/1 trial*):ab,ti OR 
('phase i' NEXT/1 trial*):ab,ti OR 
('phase 2' NEXT/1 trial*):ab,ti OR 
('phase ii' NEXT/1 trial*):ab,ti OR 
('phase 3' NEXT/1 trial*):ab,ti OR 
('phase iii' NEXT/1 trial*):ab,ti OR 
('phase 4' NEXT/1 trial*):ab,ti OR 
('phase iv' NEXT/1 trial*):ab,ti OR 
(multicent* NEXT/1 stud*):ab,ti OR 
(multicent* NEXT/1 trial*):ab,ti OR 
('randomised controlled' NEXT/2 
trial*):de,ab,ti OR ('randomised 
controlled' NEXT/2 trial*):ab,ti OR 
('randomised clinical' NEXT/1 
trial*):ab,ti OR ('randomised clinical' 
NEXT/1 trial*):ab,ti OR 'double 
blind':ab,ti OR placebo:ab,ti OR 
rct*:ab,ti 
 

Participants + GP+ Health Check+ Outcome+ Study type: n=533 
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Search Strategies (Central) 
Participants  General Practice  Health check  Outcomes  Study type  
adult [mh:noexp] 
OR middle 
aged[mh] OR 
(middle NEXT/1 
age*): ab,ti 
 

General practice[mh] OR 
General practitioners[mh] OR 
Physicians, primary care[mh] 
OR family practice[mh] OR 
Physicians, family[mh] OR 
nursing care[mh:noexp] OR 
primary care nursing[mh] OR 
(general NEXT/1 practi*):ab,ti 
OR (family NEAR/1 (practi* 
OR physician* OR 
doctor*)):ab,ti OR (primary 
NEXT/3 (provider* OR 
professional* OR 
physician*)):ab,ti OR (practi* 
NEAR/1 nurse*):ab,ti OR 
gp:ab,ti OR gps:ab,ti 

Preventive Health 
Services[mh:noexp] OR 
Mass screening[mh:noexp] 
OR Multiphasic 
Screening[mh] OR Health 
promotion[mh:noexp] OR 
preventive medicine[mh] 
OR (preventive NEXT/2 
service*) OR (mass 
screening) OR (mass 
screenings) OR 
(multiphasic screening) OR 
(health promotion) OR 
(health check) OR (health 
checks) OR (preventive 
medicines) OR (preventive 
medicine) OR checkup* 

treatment outcome[mh:noexp] OR outcome assessment (health 
care)[mh:noexp] OR health behaviour[mh:noexp] OR life 
style[mh:noexp] OR diet[mh] OR exercise[mh] OR 
smoking[mh:noexp] OR body mass index[mh] OR health 
status[mh:noexp] OR risk factors[mh] OR blood 
pressure[mh:noexp] OR cholesterol/blood[mh] OR 
cardiovascular disease/diagnosis[mh:noexp] OR coronary 
disease/diagnosis[mh] OR (health NEXT/1 behavio*) OR 
lifestyle* OR (life NEAR/1 style*) OR diet* OR exercise* OR 
(physical NEXT/1 activit*) OR smok* OR cigarette* OR 
tobacco* OR bmi OR (body mass index) OR (blood pressure) 
OR bp OR cholesterol OR (blood NEXT/1 lipid*) OR 
(cardiovascular NEXT/1 disease*) OR cvd OR (coronary 
NEXT/2 disease*) OR (health NEXT/1 stat*) OR (risk factor) 
OR (risk factors) OR (treatment outcome*) OR (treatment 
effective*) OR (treatment efficacy) OR (outcome assessment*) 
OR (outcome stud*) OR (patient* outcome*) OR (outcome 
measure*) OR (research outcome*) 

'clinical trial'/exp OR 'clinical trial' OR 
(clinical NEXT/1 trial*):ab,ti OR ('phase 1' 
NEXT/1 trial*):ab,ti OR ('phase i' NEXT/1 
trial*):ab,ti OR ('phase 2' NEXT/1 
trial*):ab,ti OR ('phase ii' NEXT/1 
trial*):ab,ti OR ('phase 3' NEXT/1 
trial*):ab,ti OR ('phase iii' NEXT/1 
trial*):ab,ti OR ('phase 4' NEXT/1 
trial*):ab,ti OR ('phase iv' NEXT/1 
trial*):ab,ti OR (multicent* NEXT/1 
stud*):ab,ti OR (multicent* NEXT/1 
trial*):ab,ti OR ('randomised controlled' 
NEXT/2 trial*):de,ab,ti OR ('randomised 
controlled' NEXT/2 trial*):ab,ti OR 
('randomised clinical' NEXT/1 trial*):ab,ti 
OR ('randomised clinical' NEXT/1 
trial*):ab,ti OR 'double blind':ab,ti OR 
placebo:ab,ti OR rct*:ab,ti 

Participants + GP+ Health Check+ Outcome+ Study type: n=957  
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Appendix 3: Characteristics of included studies (Chapter 3) 

Study country 
year of study 
conducted 

Study 
design 

Follow-up Sample size 
(recruited 
/responded) 

Sampling frame Settings Intervention Comparison Outcomes 

OXCHECK, UK, 
1989 
 
(25, 29, 38) 

RCT Surrogate 
outcomes: 
3 years 
 
Mortality: 
4 years  

I: 2,776 
C: 2,783 

Patients aged 35-64 
years registered with 2 
cooperating general 
practices and returned 
the initial health 
questionnaire (80% of 
the identified patients)   

PN-led practice-
based health 
check with 
subsequent  
intervention plans  
 
GPs were aware 
of the allocation  
 
 

Health check  (subgroup: 
annual recheck) risk factor 
intervention 4th year re-
check (attendees of the 1st 
initial check-up) 
uptake rate: 
1st round: 82.2% (of all 
randomised patients) 
final round: 81.7% (of all 
patients who attended the 1st 
health check) 

Health check at the 
4th year 
 
 
 
uptake rate: 
final round: 81.3%  
(of all randomised 
patients) 

Mean levels of TC, BP and BMI  
Self-report saturated fat intake; 
Proportion of patients with elevated TC 
, BP and BMI  
Prevalence of smoking and alcohol use 
Numbers of GP, PN visits 
Total and CVD mortality 

I: 2,205 
C: 1,916 

BFH, UK, 1990  
 
(30, 31) 

Cluster 
RCT 

Surrogate 
outcomes: 
1 year  

 All male patients aged 
40-59 years registered 
with general practices 
were identified and 
randomised. 
The male patient and 
their families were 
invited for a health 
check 

PN-led practice-
based health 
check with 
intensive 
subsequent 
intervention plans 
 
Unclear if GPs 
were aware of the 
allocation 
 

Health check  intensive 
intervention  (man & 
partner)1st  year recheck 
(attendees of the 1st initial 
check-up) 
uptake rate: 
1st round: 68% of 
(households) 
(of all randomised 
households) 
final round: 88% (M); 85% 
(F) 
(of all patients who attended 
the 1st health check) 

Health check at 1st 
year 
 
 
uptake rate: 
73% of households 
(of all randomised 
households) 

Absolute CVD risk score;  
Mean levels of BP, TC, weight and 
glucose 
Prevalence of smoking, high BP and 
cholesterol 

I: 2,984  
C: 3,576 

I: 724 
C: 369 
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Study country 
year of study 
conducted 

Study 
design 

Follow-up Sample size 
(recruited 
/responded) 

Sampling frame Settings Intervention Comparison Outcomes 

Denmark, 
Denmark, 1992 
 
(8,  26, 32) 

RCT Surrogate 
outcomes: 
5 years  
 
Mortality: 
8 years 

I: 1,006 
C: 501 

All patients aged 30-49 
years registered with 
local general practices 
were approached 
(n=2,000);  
75% of the approached 
patients (n=1,507) 
agreed to participant   

Practice-based 
health check with 
subsequent  
intervention plans 
Both GPs and 
patients were 
aware of the 
allocation 
 

Baseline questionnaire  
Health check (subgroup:  
health check + regular health 
discussion)1st & 5th  year 
re-check (attendees of the 1st 
initial check-up) 
uptake rate: (of all 
randomised patients) 
1st round: 89.9% 
final round: 71.9% 

Baseline 
questionnaire 
Heath check at 5th  
year follow-up 
 
 
uptake rate: 73.7% 
(of all randomised 
patients) 

Absolute CVD risk score;  
Mean levels of BP, TC and BMI  
Proportion of patients with elevated 
absolute CVD score, BMI, BP and TC 
Total mortality 
Medical service use   

Euroaction,  
Denmark, Italy, 
Poland, Spain, the 
Netherlands, the 
UK, 
2003  
 
(16) 

Cluster 
RCT 

Surrogate 
outcomes: 
1 year  

Patients: 
I: 1,189 
C: 1,128 
 
Partners: 
I: 356 
C:542 

Consecutive patients 
aged 50-80 years 
registered with general 
practices 
1) At high risk of CVD; 
2) Newly diagnosed 
high BP or TC patients 
with no history of DM;  
3) Newly diagnosed 
DM patients within 3 
years;4) NO other 
severe chronic 
conditions   
Both patients and their 
partners were identified 
(1,257+805); patients 
and partners who agree 
to participate were 
invited for a health 
check (1,154+365) 

PN-led practice-
based health 
check with 
subsequent  
intervention plans 
 
Cluster RCT, 
 
GPs were aware 
of their allocation 
 

Health check  intensive 
intervention on high risk 
patients (nurse-lead 
multidisciplinary family-
based 16 weeks intervention) 
 1st year re-check (all 
eligible patients in 
intervention practice 
regardless of attendance at the 
initial screening) 
uptake rate: 
1st round: (of all randomised 
patients) 
Patients: 94% 
Partners: 71% 
Final round: (of all 
randomised patients)  
Patients: 86% 
Partners: 63% 

Subsample of 
patients received 
health check at 
baseline 
Health check at 1st 
year follow-up on 
all patients and their 
partners 
 
 
uptake rate: (of all 
randomised 
patients) 
Patients: 89% 
Partners: 67% 
 

Self-reported lifestyle change; 
Proportion of patients attaining BP, TC 
treatment goal;  
Prescription rates of anti-hypertensive 
drug & statins 

Patients: 
I: 1,019 
C: 1,005 
 
Partners: 
I: 225 
C:363 
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Study country 
year of study 
conducted 

Study 
design 

Follow-up Sample size 
(recruited 
/responded) 

Sampling frame Settings Intervention Comparison Outcomes 

Ely Cohort, UK, 
1990 
 
(17, 28) 

RCT Surrogate 
outcomes: 
13 years 
 
Mortality: 
18 years 

first round: 
I: 1,705 
C: 3,231 

Participants were 
randomly selected from 
all patients aged 40-65 
years registered with a 
single practice in Ely 
and with no prior 
diagnosis of DM.  

Screening was 
conducted at a 
local screening 
clinic. 
GPs were 
informed of the 
results and 
advised to 
undertake further 
interventions 

Heath check (DM)  4.5 and 
10th year re-check  
(patients without diagnosis of 
DM at the time of 10th year) 
uptake rate: 
1st round: 68% (of all 
randomised patients) 
final round: 43.1%  
(of all randomised patients 
without DM registered at the 
practice) 

Health check at 10th 
year follow-up 
 
 
uptake rate: 
42.0%  
(of all randomised 
patients without DM 
registered at the 
practice) 

Mean levels of BP; TC and BMI  
Total and CVD mortality 

final round 
I: 1,696 
C: 1,694 

I: 731 
C: 711 

South-East 
London, UK, 
1967 
 
(27) 

RCT Mortality: 9 
years  

I: 3,876 
C: 3,353 

Patients aged between 
40-64 years registered 
with cooperating 
general practices  

General practice-
based screening 
 
GPs were aware 
of the allocation 
 

Health check2nd year re-
checkhealth survey at the 
4th year follow-up 
 
uptake rate:  
1st round: 73.4% (of all 
invited  patients) 
2nd round : 65.5% (of all 
invited  patients) 
final survey response 
rate:51.0% (of all 
randomised patients) 
 
note: inconsistent reporting of 
sample size within the report  

Health survey at 4 
years follow-up 
 
final survey 
response rate:  
58.2% (of all 
randomised 
patients) 
 
note: inconsistent 
reporting of sample 
size within the 
report 

Consultation and hospital admission 
rates; 
 
Total and CVD mortality 

smoking:  
I: 1,978 
C: 1,950 
mortality: 
I: 3,292 
C: 3,132 

I: intervention; C: control; PN: practice nurse; GP: general practitioner; BMI: body mass index; DM: diabetes mellitus  
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Appendix 4: Study quality assessment (Chapter 3)  

Table a: Quality assessment of studies reporting surrogate outcome changes (mean levels of BP, TC)  
Study Study 

design 
Selection bias Performance bias Notes 

Random 
sequence 
generation 

Notes Allocation 
concealment  

Notes 

BFH RCT Unclear risk  ‘in the intervention practices 
each five year age band was 
randomly divided into two 
equal size groups’  

Low risk  
 
Two groups were 
identified at the same 
time 
 

Unclear risk The study was conducted by 
practice nurses. Unclear 
whether GPs were blinded to 
group allocation  

OXCHECK RCT  Low risk  Randomization was generated 
by a third party  

Low risk High risk HCs were conducted by 
practice staff or GPs were 
informed about HC results. 
Even though GPs were 
aware of the trial and group 
allocation, it was unlikely 
that they would treat a 
patient differently in their 
routine practice.   
 

Denmark RCT Low risk  Low risk High risk 
Euroaction  Cluster 

RCT 
Unclear  risk  “consecutive patients were 

prospectively identified ” 
Comments: patients were 
identified prior to the 
allocation of intervention 

Low risk  “A matched, paired 
cluster RCT was 
conducted in 12 
practices” 

High risk 

Ely cohort RCT Unclear risk  unclear description   Low risk  
Two groups were 
identified at the same 
time  

High risk 
South-East London  RCT Unclear risk  ‘individuals in the screening 

group…along with a control 
individual of the same sex and 
registered with the same GP’ 

Low risk High risk 
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Continue: Quality assessment of studies reporting surrogate outcome changes (mean levels of BP, TC, BMI)  
Study Detection 

bias 
Notes  Attrition 

bias 
Notes Reporting 

bias 
Notes Other 

bias 
Notes 

BFH  Low risk  
 
 
 
 
 
 
 
 
 
These 
outcomes 
were 
objective, 
based on 
the 
readings of 
test results  

Unclear 
risk 

ITT applied 
Analysis conducted using 
data from attendees of final 
health check 
 
Non-returners had slightly 
higher smoking rate and 
BMI, but lower self-reported 
morbidity compared to 
returners 

Low risk   
 
 
 
 
 
 
 
 
 
No  evidence 
indicating 
reporting 
bias 
regarding  
investigated 
outcomes 

Low 
risk 

Baseline comparison: 
"the mean ages of the men and women were almost identical 
between groups” 
External validity:  
'the entire list of men aged 40-59 in each of the intervention 
and comparison practices was randomly ordered within five 
year age bands' 
In addition, the study used an external control group as 
quality control. 
 
Comparison between attendees and non-attendees indicated 
differences in smoking rate, but not other risk factors. (25) 

OXCHECK  Low risk Unclear 
risk 

ITT applied Low risk  Unclear 
risk 

Baseline comparability: 
'the trial did not differ significantly in the distribution of age, 
sex, marital status or social class' 
External validity: 
The entire sample was chosen from patients who responded 
to an initial questionnaire (response rate: 80.3%). 
No comparison between attendees and non-attendees 

Denmark 
 

Low risk Unclear 
risk 

ITT applied : ‘participants 
received  follow-
up…according to their group 
of randomization’ 
Analysis conducted using 
data from attendees of final 
health check  
 
No comparison between 
returners and non-returners 

Low risk  High  
risk 

Baseline comparison: 
'no significant differences between groups were found in the 
distribution of SES and CVD risk factors' 
External validity:  
The entire sample was chosen from patients who responded 
to an initial questionnaire (response rate: 75%). More 
females (80%) than males (71%) participated.  
 
 

Continue: Quality assessment of studies reporting surrogate outcome changes (mean levels of BP, TC, BMI)  
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Study Detection 
bias 

Notes  Attrition 
bias 

Notes Reporting 
bias 

Notes Other 
bias 

Notes 

Euroaction Low risk   Unclear 
risk 

ITT applied by inviting all 
patients to the final check-up 
regardless of their 
attendance at the 1st check. 
Analysis conducted using 
data from attendees of final 
health check 
However, the attrition rates 
in patients were low  
 

Low risk  High 
risk  

Baseline comparison: 
‘initial assessment revealed some unexpected differences in 
patient’s characteristics in both directions’ 
External validity: 
'consecutive patients were prospectively identified' 
Comment: Consecutive patients in general practices were 
recruited prior to the intervention allocation of general 
practices 
No comparison was made between those selected and the 
remaining patients in the practice. 

Ely cohort 
 
 

Low risk  High risk Non-ITT: Only patients 
without the diagnosis of DM 
were invited to the final 
check-up  
Analysis conducted using 
data from attendees of final 
health check 
‘in the 2nd screening, 45% 
accept the invitation. 
attendees were significantly 
younger and lived in less 
deprived areas’ 

Unclear 
risk  

The study 
was 
originally 
designed to 
investigate 
aetiology of  
DM; only 
health check 
relevant 
reports were 
reviewed 

High 
risk 

Inconsistent description of sample size and group study 
design (fact sheets): ‘Of the initial 1100 participants, over 
900 agreed to be re-tested…We also recruited a similar 
group of new volunteers in 2000’  
This review used the information reported in the formal 
study report  
Baseline comparison: 
‘participants who were offered screening were older at 
baseline, lived in more deprived areas and included a 
smaller proportion of men’ 
External validity: 
‘all men and women aged 40-65 without known DM were 
randomised’ 
Comments: The sampling frame was the target population 

Study Detection 
bias 

Notes  Attrition 
bias 

Notes Reporting 
bias 

Notes Other 
bias 

Notes 

Study Detection 
bias 

Notes  Attrition 
bias 

Notes Reporting 
bias 

Notes Other 
bias 

Notes 
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Continue: Quality assessment of studies reporting surrogate outcome changes (mean levels of BP, TC, BMI)  
Study Detection 

bias 
Notes  Attrition 

bias 
Notes Reporting 

bias 
Notes Other 

bias 
Notes 

South-East 
London  

N/A  N/A  High risk  No report 
was found 
on 
prescription, 
referral and 
investigation
s ordered  

Unclear 
risk 

Inconsistent report of sample size and group study design  
Baseline comparison: 
No differences in age and SES status between intervention 
and control group 
External validity: 
'all persons aged 40-64 years in 1967 were randomly 
allocated by family within GP list into intervention and 
control group' 
Comments: The sampling frame was the target population 

Note: ‘Other bias’ includes the assessment of baseline comparability and external validity  
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Table b: Quality assessment of studies reporting smoking cessation  
Study Detection bias Notes Attrition bias Notes 

BFH  High risk Self-reported smoking rate 
Comments: more self-reported ex-smokers had 
high CO level than controls 

High risk  

OXCHECK  High risk Self-reported smoking rate High risk analysis conducted among 
attendees at the final screening 
or survey 

Denmark High risk Self-reported smoking rate High risk 
Euroaction High risk Self-reported smoking rate High risk 
South-East London High risk Self-reported smoking rate High risk 
Ely cohort High risk Self-reported smoking rate High risk 
 

Table c: Quality assessment of studies reporting mortality   
Study Detection bias Notes Attrition bias Notes 
OXCHECK  Low risk mortality information was derived 

from national registration 
Low risk attrition rates were low in national registry 

Denmark Low risk Low risk 
South-East London Low risk Low risk 
Ely cohort Low risk Low risk 
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Appendix 5: Subgroup analyses of recruitment strategy (Chapter 3) 

 

 
Figure a: Outcome: Mean difference in TC (by recruitment strategy) 

 

 

 
Figure b: Outcome: Mean difference in SBP (by recruitment strategy) 
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Figure c: Outcome: Mean difference in DBP (by recruitment strategy) 

 

 

 
Figure d: Outcome: High TC (by recruitment strategy) 
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Figure e: Outcome: High DBP (by recruitment strategy) 

 

 

 

 
Figure f: Outcome: High BMI (by recruitment strategy) 
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Appendix 6: Subgroup analysis of length of follow-up (Chapter 3) 

 

 
Figure a: Outcome: Mean difference in TC (by length of follow-up) 

 

 

 

 
Figure b: Outcome: Mean difference in SBP (by length of follow-up) 
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Figure c: Outcome: Mean difference in DBP (by length of follow-up) 

 

 

 

 
Figure d: Outcome: Mean difference BMI (by length of follow-up) 
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Figure e: Outcome: Smoking status (by length of follow-up) 

 

 

 

 
Figure f: Outcome: Total mortality (by length of follow-up) 
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Figure g: Outcome: CVD mortality (by length of follow-up) 
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Appendix 7: Funnel plots (Chapter 3) 

 

 
Figure a: Funnel plot of comparison: Mean difference in TC 

 

 

 
Figure b: Funnel plot of comparison: Mean difference in SBP.  
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Figure c: Funnel plot of comparison: Mean difference in DBP 

 

 

 

 
Figure d: Funnel plot of comparison: Mean difference in BMI. 
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Figure e: Funnel plot of comparison: Smoking status 

 

 

 

 
Figure f: Funnel plot of comparison: High TC 
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Figure g: Funnel plot of comparison: High SBP 

 

 

 

 

 
Figure h: Funnel plot of comparison: High DBP 
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Figure i: Funnel plot of comparison: High BMI 

 

 

 
Figure j: Funnel plot of comparison: Total mortality 
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Figure k: Funnel plot of comparison: CVD mortality 
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Appendix 8: Study questionnaire (Chapter 5) 

The 45-49 Years Health Check Survey Questionnaire 
 

Study ID   1002    [office use only] 
Date received  / /   [office use only] 

 

• This questionnaire seeks to obtain information about your lifestyle and your view on  
preventive health care provided by your regular GP.  

•  It will take you 10-15 minutes to complete the questionnaire 
• Please answer the questions below as best as you can, by placing a ✔ in the box that best  
describes you. 
• All information will remain confidential. Answers to questions will be combined from all 

participants and described in a report. No individual answers will be presented.
A. Background information  

 
       Q1. Are you   
             Female               Male    
 
       Q2. What was your age last birthday?      

    years 
 

       Q3. What is your postcode where you have  
       lived most of the time in the last 12 months?    
                                                     
 

         Q4. What best describes your marital status? 
 

               Married or Living with a partner  
              Separated or Divorced  
              Widowed  
              Single or Never married      
 
       Q5. What is your ancestry?  
       (Tick up to 2 boxes)          

   Caucasian/ European  
   Aboriginal or Torres Strait Islander  
  Asian  
  African  
  Other, please specify___________   

 
 
       Q6. Do you speak a language other than  
       English at home?       
               No 
               Yes, please specify__________  
 
 

Q7. Which of these best describes your 
current work status? (Tick one only) 

   Working full-time  
   Working part-time  
   Not working   
   Home duties   
   Studying  
   Others, please specify___________       

 
Q8. What is the highest level of education 
you have completed? (Tick one box only) 

 Never attend school  
 Some primary school  
 Completed primary school 
 Some high school  
 Completed high school  
 (Year 12; Form 6; HSC)  
 TAFE or trade certificate or diploma 
 University, CAE or other tertiary degree 

 
B. General health information  

 
  Q9. In general, how would you rate your 
health? 

 

             Excellent  
             Very good  
             Good  
             Fair  
             Poor  

 
Q10. Which of the following best describes      
your smoking status? 

     I’ve never smoked (Go to Q11) 
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    I don’t smoke now but I used to  
    I smoke occasionally  
    I smoke daily  
If you are a current or an ex-smoker,  
 

10.1. How many years have you been 
smoking/ did you smoke                     
years  
 

10.2. On average, how many cigarette(s) 
do/did you smoke per day? 
  
                                Cigarette per day 

Q11. How often do you have a drink 
containing alcohol? 

    Never (Go to Q14)  
    Monthly or less  
    2-4 times a month  
    2-3 times a week    
    4 or more times a week 

 
Q12. How many standard drinks do you 
usually have on a typical drinking session?  

 

(A Standard Drink is equivalent to a 
schooner or midi of full strength beer, a 
glass of wine or a nip of spirits;  
 

OR please refer to the “standard drinks 
guide” attached with the questionnaire)  
    1 or 2  
    3 or 4  
    4 to 6  
    7 to 9    
    10 or more  

Q13. How often do you have six or more 
standard drinks at one time? 

 

    Never  
    Monthly or less  
    Monthly  
    Weekly  
    Daily or almost daily  
 
 

Q14. How many serves of fruits do you 
usually eat each day?      

Examples of a single serve of Fruits 
 1 medium size apple, banana, orange or  

A quarter rockmelon or 8 strawberries or  
20 grapes or 20 cherries or 2 kiwi fruit 

 Half a cup of fruit juice 

 4 dried apricots or 1.5 tablespoons of 
sultanas 

 1 cup of canned or fresh fruit salad 
      

    Less than one serve per day  
    1 serve per day    
    2 serves per day   
    3 or more serves per day  
 
 

 
Q15. How many serves of vegetables do you 
usually eat each day? 

 

Examples of a single serve of Vegetables 
 Half a cup of cooked vegetables (75g) 
 1 cup of salad vegetables 
 
 

    Less than one serve per day   
    1-2 serves per day  
    3-4 serves per day  
    5-6 serves per day  
    7 or more serves per day   
 

Q16. How many times a week do you do 30 
minutes or more (all together or in shorter 
amounts) of moderate-intensity physical 
activities that increase your heart rates or make 
you breathe harder than normal? (e.g. brisk 
walking, carrying light loads, cycling at a regular pace, 
golf  or doubles tennis) 

   

    5 or more times a week  
    3-4 times a week  
    1-2 times a week  
    Less than once a week     
 

Q17. How many times a week do you do 20 
minutes or more of vigorous-intensity 
physical activity that makes you sweat or puff 
and pant? (e.g. heavy lifting, digging, jogging, 
aerobics, or fast cycling)   

    3 or more times a week  
    1 to 2 times a week  
    Less than once a week    

 
 
Q18. How much do you weigh? 

 

      ___________ kilograms OR 
 

      _________ stone ___________ pounds 
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Q19. How tall are you without shoes? 
 
       ___________ Centimetres OR 
 
       _________feet ___________inches 
 

 
Q20. Has your father, mother, brother(s) or sister(s) 
 ever had any of these chronic conditions?  

(Tick all that apply)  
 Heart disease  Stroke 
 High blood pressure    Diabetes 
 Parkinson’s disease  Cancer 
 Severe arthritis                                Hip fracture 
 Severe depression  Osteoporosis  
 Dementia/Alzheimer’s    Don’t know   

 
Q21. Have you ever been told by a doctor 
that you have the following conditions?     

          High blood pressure  
          High cholesterol (fats in blood)  
          High glucose (blood sugar)  
          Not sure  
          Others, specify_________ 
 
 
C.  Preventive health care  

 
Q22. How important is preventive health care to 
you? (e.g. check-ups, lifestyle advice) 

 

    Very important   
    Fairly important  
    Neutral  
    Not so important   
    Not at all important    
 

Q23. Did you receive any check-ups in the last 
12 months? (Tick all that apply) 

   

   Not at all  
  Blood pressure 
  Cholesterol (Fats in the blood)  

   Blood sugar 

   Cancer screening (e.g. colon/skin/prostate 
cancer; Pap smear; mammography) 

       Not sure 
   Others, please specify _______________ 

  

 
 
Q24. Have you ever heard of the 45-49 year 
health check before? 
Yes   ▼       No        Not sure  
 

If Yes, 
 
Have you ever received an invitation to the 
45-49 year health check before? 
 

Yes            No         Not sure   
 
 

Have you ever attended for the 45-49 year 
health check before?  
 

Yes           No         Not sure                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
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D.  Perceptions about attendance at a health check  

The “health check” mentioned here refers to general health check-ups including 
lifestyle consultation, physical examinations and relevant tests (e.g. blood pressure, 
blood lipids and blood sugar). The health check will be performed by your regular GP 
with the cooperation of practice nurses . 
 

All questions in this section make use of rating scales with seven options; please 
circle one number that best describes your opinion.  
e.g.  The 7-point scale should be interpreted as:   
        Very unlikely:    1     :     2     :     3     :    4       :    5       :      6    :   7     : Very 
likely   
                               very   quite    slightly   neutral  slightly   quite     very 
 

Some of the items may seem similar,  but they are important for this research.  
We highly appreciate your patience and cooperation.   

The following questions are about your beliefs on attending a health check  
 
NO 

 
Statement 

Very  
unlikely  

  
Neutral 

  Very 
likely 

1 Attending a health check could 
lead to detection of previously 
unknown  medical conditions  

1 2  3 4 5 6 7 

2 If I attend a health check, I 
would receive lifestyle 
recommendations from my GP  

1 2  3 4 5 6 7 

3 Attending a health check would 
reassure me that everything is 
all right 

1 2  3 4 5 6 7 

4 Attending a health check could 
lead me to change my lifestyle in 
the future  

1 2  3 4 5 6 7 

5 Attending a health check would 
help me better understand my 
health status  

1 2  3 4 5 6 7 

 

 

 
NO 

 
Statement 

Extremely 
undesirable 

  
Neutral 

 Extremely 
desirable 

6 For me, detection of unknown 
medical conditions would be  

       1 2 3       4 5 6       7 

7 For me, receiving lifestyle 
recommendations from my GP 
would be  

       1 2 3       4 5 6       7 

8 For me, being reassured that 
everything is all right would be   

       1 2 3       4 5 6       7 

9 For me, changing lifestyle in the 
future would be   

       1 2 3       4 5 6       7 

10 For me, having better 
understanding of my health 
status would be  

       1 2 3       4 5 6       7 
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The following questions are about your perceived social support for attending a health check 
 
NO 

 
Statement 

Very  
unlikely 

  
Neutral  

  Very  
likely 

11 I believe my GP would want 
me to have a health check 

1 2 3 4 5 6 7 

12 I believe members of my 
immediate family would want 
me to have a health check 

1 2 3 4 5 6 7 

13 I believe my friends would 
want me to have a health 
check 

1 2 3 4 5 6 7 

 
14 

When it comes to matters of 
health, I want to do what my 
GP suggests 

1 2 3 4 5 6 7 

15 When it comes to matters of 
health, I want to do what my 
family suggests 

1 2 3 4 5 6 7 

16 When it comes to matters of 
health, I want to do what my 
friends suggest 

1 2 3 4 5 6 7 

 
The following questions are about your general ideas on attending a health check  
 
NO 

 
Statement 

Strongly  
disagree 

  
Neutral  

  Strongly 
agree 

17  I intend to have  a health check 
if my  GP invites me 

1 2 3 4 5 6 7 

18  Most people who are 
important to me would want 
me to attend a health check 

1 2 3 4 5 6 7 

19 Attending a health check 
would be easy if I wanted to  

1 2 3 4 5 6 7 

20 Attending a health check 
would be the right thing to do 

1 2 3 4 5 6 7 

21 Most people of my age would 
attend a health check   

1 2 3 4 5 6 7 

22 Whether I attend a health check 
or not is completely up to me  

1 2 3 4 5 6 7 

23 Attending a health check could 
make me feel anxious  

1 2 3 4 5 6 7 

24 if my GP invited me, I would 
be very likely to attend a health 
check  

1 2 3 4 5 6 7 

25 Attending a health check could 
make me feel more in control 
over my life 

1 2 3 4 5 6 7 

26 If I missed a health check, I 
would feel disappointed  

1 2 3 4 5 6 7 
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The following questions are about your obstacles for attending a health check  
 
NO 

 
Statement 

 
Never  

   
Neutral  

  
Frequently 

27 I find it hard to rearrange my 
daily schedule 

1 2    3    4   5    6 7 

28 I think I have no health 
problems or symptoms 

1 2    3    4   5    6 7 

29 I find it hard to get a 
convenient  appointment with 
my GP  

1 2    3    4   5    6 7 

30 I think I have already had 
health checks that I need  

1 2    3    4   5    6 7 

31 I find it hard to arrange 
transport to get to my general 
practice  

1 2    3    4   5    6 7 

32 I think I have already taken 
good care of my health 

1 2    3    4   5    6 7 

 

 
NO 

 
Statement 

Strongly 
disagree 

  
Neutral  

  Strongly 
agree 

33 If I had to rearrange my daily 
schedule, I would be less 
likely to attend a health check 

1 2 3 4 5 6 7 

 

34 If I had no health problems or 
symptoms, I would be less 
likely to attend a health check 

1 2 3 4 5 6 7 

 

35 If it was hard to get a 
convenient appointment, I 
would be less likely to attend a 
health check  

1 2 3 4 5 6 7 

 

36 If I have already had all the 
check-ups that I need, I would 
be less likely to attend a health 
check  

1 2 3 4 5 6 7 

 

37 If I had to arrange transport, I 
would be less likely to attend a 
health check  

1 2 3 4 5 6 7 

38 If I have already taken good 
care of my own health, I 
would be less likely to attend a 
health check  

1 2 3 4 5 6 7 

 

END OF QUESTIONNAIRE!! 
 

Please return the questionnaire in the pre-paid reply envelope provided, if the reply 
envelope is damaged, please address any envelop to the following address: 

    Ms  Si Si 
    Discipline of general practice   
    The University of Adelaide 
    Reply paid 498 
    Adelaide  SA  5005 

Thank you again for your time and efforts  
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Appendix 9: Pilot study questionnaire feedback sheet (Chapter 5) 

Questionnaire feedback: 

1. How long did it take you to finish the questionnaire?  _______minutes 

2. Are the instructions clear enough for you? What else would you expect to be informed 
by the instructions? 
_________________________________________ 
_________________________________________ 
 

3. Do you think some of the questions are repetitive?   Yes     No 
 

If YES, Please specify:_____________________________________ 
________________________________________________________ 
4. Are any questions ambiguous or difficult to answer?  Yes    No 

If YES, Please specify _______________________________________ 
__________________________________________________________ 
5. Are there sensitive questions to which you did not want to respond?   
         Yes      No 

If YES, Please specify:________________________________________ 

6. Are there any annoying features of the wording or formatting?  
__________________________________________________________ 
___________________________________________________ 
7. Is the questionnaire easy to follow/respond?   Yes     No 
 
If NO please specify (length, logic…)__________________________ 
_________________________________________________________ 
_________________________________________________________ 

8. Are there any comments you have on the questionnaire? 
____________________________________________ 
____________________________________________ 

Thank you again for your patience and cooperation 
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Appendix 10: Study information sheet (Chapter 5) 

The 45-49 Years Health Check Survey study 

We write to ask for your help in a study being conducted by the Discipline of General 

Practice at the University of Adelaide. The study is about the 45-49 year health check  a 

program that is funded by the Australian Government Department of Health and Ageing 

through Medicare to help prevent chronic medical conditions such as diabetes, heart and 

lung disease. You have been asked to help in this study because your GP is among the 

relatively few who currently conduct this health check in South Australia and you are one 

of their patient’s who are eligible.   

The study aims to understand the factors influencing attendance at the 45-49 year health 

check and what people think about it. We are very interested in your thoughts and opinions 

about prevention.  We would also like to understand better the range of health behaviours, 

such as smoking, eating, exercise and alcohol consumption in the community.  

Your participation is completely voluntary and will not affect your medical care at your 

general practice. By returning the completed questionnaire you will be consenting to 

be part of the study. The questions will take you about 15 minutes to complete although 

sometimes it does take a little longer. After completing the questionnaire please enclose 

and send it to us using the reply-paid envelope.   

Your confidentiality will be maintained at all times. The questionnaire will be de-

identified using a study identification number. Your name will never be placed on the 

questionnaire.  

The results will be compiled and submitted to the University of Adelaide as a PhD thesis. 

Results of the study may also be published in scientific journals and presented at 

conferences. There will be no way to identify you in any documents produced. 

By taking a few minutes to share your thoughts and opinions, you will be helping us 

provide important information for health professionals and policy makers to improve the 

delivery of health services to all Australians. In appreciation of your time, all participants 

who respond to the questionnaire will be entered into a prize draw to win a Foodland 
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shopping voucher to the value of either $50, $100 or $150. The three winners will be 

notified by mail and with permission their names displayed at the Clinic. 

We would be most happy to answer any questions you might have. Please write or call. 

Many Thanks, 

 

Si Si, PhD candidate, Discipline of General Practice, The University of Adelaide  

Tel: (08) 8313 0617; E-mail: si.si@adelaide.edu.au  

 

Prof.  Nigel Stocks, Head of Discipline of General Practice, Deputy Head, School of 
Population Health and Clinical Practice, The University of Adelaide 

Tel:  (08) 8313 3460; E-mail: nigel.stocks@adelaide.edu.au 

 

Assoc Prof. John Moss, Postgraduate Research Coordinator of the Discipline of Public 
Health, The University of Adelaide  

Tel:  (08) 8313 4620; E-mail: john.moss@adelaide.edu.au  
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Appendix 11: General practice endorsement statement (Chapter 5) 

 

Dear______, 

Our practice is participating in a research project conducted by the Discipline of General 
Practice at the University of Adelaide.  

This research wishes to understand your opinion about attending the 45-49 years health check. 
A program that is funded by the Australian Government Department of Health and Ageing 
through Medicare to help prevent chronic medical conditions such as diabetes, heart and lung 
disease.  We are very interested in the potential results of this study to help improve the 
preventive health care services we offer you. 

We have sent you this questionnaire on behalf of the researchers. If you are willing to 
participate in this research, please complete and return the questionnaire in the reply pre-paid 
envelope provided. Participants will enter a luck draw to win Foodland shopping vouchers. 
Your participation and cooperation would be greatly appreciated. 

With kindest regards 

Signature (of practice manager): 
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Appendix 12: Questionnaire reminder letter (Chapter 5) 

Reminder: The 45-49 Years Health Check Survey study 

In early April the Clinic sent you a questionnaire asking about your attitude towards 

general health checkups. 

We are writing to you again in case you did not receive or have misplaced the previous 

letter. Your answers will be very helpful in improving the delivery of health care services 

to all Australians.  

As mentioned before, the questions will take you about 15 minutes to complete. After 

completing the questionnaire please enclose and send it to us using the reply-paid 

envelope.  Your participation is completely voluntary and will not affect your medical care 

at the Clinic.  

In appreciation of your time, all participants who respond to the questionnaire will be 

entered into a prize draw to win a Foodland shopping voucher to the value of either $50, 

$100 or $150. The three winners will be notified by mail and with permission their names 

displayed at the Clinic. 

Your privacy will be maintained at all times. The questionnaire will have a study 

identification number but will otherwise be de-identified. Your name will never be placed 

on the questionnaire. The study has been reviewed and approved by the University of 

Adelaide human research ethics committee.  

If you have any questions about this survey, we will be happy to help. Please write or call. 

Many Thanks, 
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Si Si, PhD candidate, Discipline of General Practice, The University of Adelaide  

Tel: (08) 8313 0617; E-mail: si.si@adelaide.edu.au  

 

Prof.  Nigel Stocks, Head of Discipline of General Practice, Deputy Head, School of 
Population Health and Clinical Practice, The University of Adelaide 

Tel:  (08) 8313 3460; E-mail: nigel.stocks@adelaide.edu.au 

 

Assoc Prof. John Moss, Postgraduate Research Coordinator of the Discipline of Public 
Health, The University of Adelaide  

Tel:  (08) 8313 4620; E-mail: john.moss@adelaide.edu.au 
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Appendix 13: Health check invitation letter (Chapter 5) 

 

Dear______, 

The federal government has introduced a health check for everyone aged between 45 and 
49 who may be at risk of developing a health complaint, like diabetes or heart problems.  

The aim of the health check is to help find, prevent or lessen the effect of disease - it is 
better to avoid disease than to treat it. This health check will give us the opportunity to 
look at your lifestyle and medical/family history to find out if you are at risk. 

The health check would involve:  

• updating your medical history and looking at your health issues 
• doing tests (such as blood pressure tests), if required 
• follow up of any problems identified 
• advice and information, for example on how to make lifestyle changes to improve 

your health 

Our records show that you are within the age range for the health check. If you also have a 
‘risk factor’, meaning anything that increases your chance of developing a disease, then 
you are entitled to a health check. Risk factors include: 

• High blood pressure • Lack of physical activity 
• Extra weight • Poor diet 
• High cholesterol • Family history of disease (eg. cancer) 
• Smoking   

• The health check will be FREE to you.  

If you would like to have a health check, please phone the practice  for an appointment. 
Also, if you have any friends or family members that would be entitled, talk to them about 
it and encourage them to visit their usual doctor. 

Yours sincerely 
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Appendix 14: Invitation reminder (Chapter 5) 

 

Dear _____, 

Recently we sent you an invitation to attend our practice and have a 45-49 year old 
health check. We understand that you may be very busy or have had a recent blood 
pressure or even cholesterol check. You may be very healthy and think a check-up 
is not required but we believe everyone can benefit from discussing risk factors for 
heart disease and cancer. Our check-up is very comprehensive and will cover all the 
preventive activities for your age group. Importantly there is no cost to you except 
the 30-40 minutes that it takes to see the nurse and doctor. 

 

The health check will involve:  

• updating your medical history and looking at your health issues 
• a relevant physical examination (e.g. for skin cancers such as melanoma) 
• doing tests (such as blood pressure and blood tests), if required 
• follow up of any problems identified 
• advice and information, for example on how to make lifestyle changes to 

improve your health 

 

We encourage you to consider again the value of having a health check. Please 
phone the practice for an appointment.  

 

Yours sincerely 
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Appendix 16: Technical details of the modelling study 

1. Methods 
Analysis was undertaken to examine the threshold costs for the 45-49 year health check 

program (and associated treatments) such that it would be cost-effective (using a threshold 

of $50,000 per QALY) in the Australian context. The study adopted the perspective of the 

Australian health system (Medicare Australia). An annual discount rate of 5% was applied. 

This model simulated the cardiovascular outcomes of a hypothetical cohort of 10,000 

Australians aged 45-49 years (5,000 males and 5,000 females) with no prior diagnosis of 

cardiovascular disease (CVD) or diabetes. Comparisons were made between the health 

check (intervention) arm and the routine health care (usual care) arm (Figures 21). The 

model comprised a short-term (5 years) decision analytic model and a long-term (50 years) 

Markov model. The model streamline is outlined in Figure 21.  
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Figure 21: Model streamline 

1.1. Short-term model 

The short-term model simulated cohort CVD incidence in both intervention and control 

arms within 5 years of the health check. The Framingham Risk Equation (FRE) was used 

to simulate individual 5-year CVD incidence rates,189 which were later converted to annual 

incidence rates. The average incidence rates of 10,000 individuals were calculated to 

represent the cohort CVD incidence. The use of the FRE in the Australian population has 

been validated in cohort studies2, 202 and was recommended by the Royal Australian 

College of General Practitioners (RACGP) in routine medical practice.2 In this study, we 

adopted two FRE formulas for Coronary Heart Disease (CHD) and Cerebral Vascular 

Abnormality (CVA) to form an overall estimate of CVD incidence for each individual in 

the cohort. According to the definitions, FRE of CHD incidence comprises new events of 

angina pectoris, coronary insufficiency, Myocardial Infarction (MI) and CHD death; while 

Demographics 
• Age 
• Sex 

Baseline risk 
factors  

(ANHS/NHMS 11-
12) 

• Smoking rates 
• TC/HDL  
• SBP 
• DM (for model 

validation) 

Risk factors 
after HC 

• Smoking 
rates 

• TC/HDL  
• SBP 

Risk factor 
changes after 
intervention  

Framingham risk equation (5yrs risk) 

Baseline 
CVD risk 

(short-term 
 

CVD risk 
after HC 

(Short-term 
model) 

Lifetime extrapolation  
(Long-term model) 

Health check 
(HC) 
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CVA incidence includes new events of stroke and TIA (Transient Ischemia Attack). The 

following FRE formula and procedures were applied to the calculation. The relevant 

coefficients in the FRE formulas are listed in Table 17:  

1) μ = β0- β1*female+ β2*ln(age)+ β3*ln(age)*female+ β4* [ln(age)]2*female+ 
β5*ln(SBP)+ β6*cigarettes+ β7* ln(TC/HDL)+ β8*DM+ β9*DM*female 

 
2) Ϭ = exp(Ѳ0+ (Ѳ1*μ)) 

 
3) u = (ln(5)- μ) / Ϭ 

 
4) P(5 years)=1- exp(-exp(u))  

 

Table 17: FRE coefficients for CHD and CVA incidence 
Coefficients CHD CVA 

Ѳ0 0.9145 -0.4312 
Ѳ1 -0.2784  - 
β0 15.5305 26.5116 
Female (β1) 28.4441 0.2019 
ln (age) (β2) -1.4792 -2.3741 
ln(age)*female (β3) -14.4588  - 
ln(age)2*female (β4) 1.8515  - 
ln(SBP) (β5) -0.9119 -2.4643 
Cigarettes (y/n) (β6) -0.2767 -0.3914 
ln(TC/HDL) (β7) -0.7181 -0.0229 
DM (β8) -0.1759 -0.3087 
DM*Female (β9) -0.1999 -0.2627 

Two arms were simulated in the model: the health check and the usual care arm (Figure 

19). Three health states were defined in the short-term model: CVD free, CVD and death. 

CVD incidence was derived from the application of FRE with risk factor inputs of the 

intervention and control arm respectively. The same all-cause mortality rates (from CVD 

free to death) derived from the Australian life tables191 were applied to both arms.  

1.1.1. Baseline CVD incidence estimates (control arm) 

Individual risk factor profiles were generated using population distributions of risk factors. 

Adjustments were made for co-existence of relevant risk factors. FRE was applied to 
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individual risk profiles to calculate the 5-year CVD incidence, which was later converted 

to annual incidence rate. 

1.1.1.1. Baseline risk factor inputs 

Model inputs were derived from the latest 2011 Australian National Health Survey 

(ANHS) and the National Health Measurement Survey (NHMS).172 The proportional 

distributions of relevant risk factors were used in the reference model (Table 18). For each 

simulated individual, one was firstly proportionally allocated into one of the risk categories 

of individual risk factors. Then, a specific reading of each risk factor was randomly 

generated (from the range of the risk category) and assigned to the individual. The 

allocation was repeated till everyone in the cohort was assigned a SPB, TC and HDL 

reading.  
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Table 18: Age and sex specific proportional distribution of risk factors 
Variables Categories Males Females 

SBP <100 mmHg 1.90% 7.40% 
 ≥100 to <110 mmHg 12.80% 19.10% 
 ≥110 to <120 mmHg 22.60% 24.30% 
 ≥120 to <130 mmHg 25.80% 22.10% 
 ≥130 to <140 mmHg 16.50% 12.60% 
 ≥140 to <150 mmHg 11.40% 7.50% 
 ≥150 to <160 mmHg 5.70% 3.50% 
 ≥160 to <170 mmHg 2.20% 2.40% 
 ≥170 mmHg 1.10% 1.10% 

TC <4.0 mmol/L 11.94% 9.63% 
 ≥4.0 to <4.5 mmol/L 11.94% 12.47% 
 ≥4.5 to <5.0 mmol/L 15.90% 16.66% 
 ≥5.0 to <5.5 mmol/L 16.06% 15.99% 
 ≥5.5 to <6.0 mmol/L 19.22% 20.23% 
 ≥6.0 to <6.5 mmol/L 12.67% 12.30% 
 ≥6.5 to <7.0 mmol/L 7.22% 6.56% 
 ≥7.0 mmol/L 5.04% 6.15% 

HDL <1.0 mmol/L 19.1% 4.86% 
 ≥1.0 to <1.3 mmol/L 41.7% 22.69% 
 ≥1.3 to <1.5 mmol/L 21.3% 23.17% 
 ≥1.5 to <2.0 mmol/L 16.0% 38.92% 
 ≥2.0 to <2.5 mmol/L 1.5% 9.55% 
 ≥2.5 mmol/L 0.3% 0.81% 

Smoking Current smoker 24.0% 18.9% 

Co-existence of risk factors (i.e. smoking; TC>5.5mmol/L; and HDL <1.0mmol/L for 

males and 1.3mmol/L for females) was represented in the simulation of individual risk 

profiles. The conditional prevalence of smoking versus high TC; and high TC versus low 

HDL was reported in the NHMS.172 To account for the co-existence of the three risk 

factors (smoking, high TC and low HDL), the following procedures were applied:    

1) Relative Risks (RR) of conditional prevalence of risk factor (reported at a 

population level) were calculated using the following formula: 

RR(b|a) =
P(a⋂b)

P(a)  

2) RRs were applied to the age and gender specific risk factor prevalence (P′):  

P′(a⋂b) = RR(b|a) ∗ P′(a) 

3) The conditional prevalence of multiple risk factors was calculated using the 

formula:  
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A stepwise random drawing of risk factors was performed. The drawing of subsequent risk 

factor was conditioned on the existence of previously drawn risk factor(s) (step 2 and 3). 

The correlations of SBP with other risk factors were not accounted because it was not 

reported in the 2011 NHMS. 

1.1.1.2. Estimation of annual CVD incidence rate 

By applying the FRE to the randomly generated risk factor sets (5,000 sets for males and 

females respectively), individual 5-year CHD and CVA incidence rates were calculated 

and combined; then converted to annual CVD incidence using the formula: 

Instantaneous rate = −(LN(1− ′5_year probability′))/60 

Probability over 12 months = 1 − EXP(−rate ∗ 12) 

The average of 10,000 CVD incidence rates per annum was used as estimates of cohort 

CVD incidence in the Markov model.  

1.1.2. CVD incidence after health check (intervention arm) 

CVD incidence in the intervention arm was estimated using similar simulation procedures 

as described for the control arm. FRE was applied to a revised set of risk factor inputs.  

Risk factor distributions after the health check (intervention arm) were generated by 

applying health check effects data132 to the baseline distributions of risk factors. 

1.1.2.1. Estimates of health check effect  

To estimate the intervention effects, RRs of patients remaining at high risk (>140mmHg 

for SBP; >6mmol/L for TC, and smoking) after a health check,132 were applied to high risk 
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patients (regardless of severity) from the baseline distributions. Relevant inputs of health 

check effects are summarized in Table 19. We further assumed intervention benefit 

duration of 5 years. For each risk factor, the proportions of patients who were estimated to 

reduce their risk to within the normal range were re-allocated. Two assumptions were 

made with regard to the risk re-allocations:  

Assumption 1 (base-case): same proportional distributions of patients across the 

normal risk categories as observed in the baseline data;  

Assumption 2 (alternative-case): all reduced high risk patients moved to the 

highest category within the normal range (e.g. for SBP, the 130-140mmHg 

category).  

Table 19: Health check effects (surrogate outcome changes)  
Subgroup 
(Mean/RR (95%CI)) 

Effect size 
Total Up to 5 years 

High TC (>6mmol/L) (RR) 0.63 (0.50, 0.79) 0.63 (0.50, 0.79) 
High SBP(>140mmHg)* (RR) 0.63 (0.5, 0.79) 0.71 (0.55, 0.9) 
Smoking (RR) 0.93  (0.86,1.02) 0.90( 0.84,0.97) 
SBP (Mean) -3.65 (-6.50, -0.81) -4.58(-7.37, -1.79) 
TC (Mean) -0.13 ( -0.19,-0.07 ) -0.16( -0.20,-0.11 ) 

*fixed effect model in meta-analysis 

1.1.2.2. CVD incidence allocation 

CVD incidence in both arms was allocated to five CVD sub-states (MI, UA, SA, TIA and 

stroke). Data from the National Hospital Morbidity Database (NHMD) were used to 

calculate the allocation rates.190 The NHMD summarized episodes of health care from 

private and public hospitals in Australia. All major diagnoses were coded with the 

International Classification of Diseases Version 10 (ICD-10). The following ICD-10 codes 

were used to define CVD episodes in this model: 

Unstable Angina (UA): ICD-10 codes I20.0 (Unstable Angina) and I20.1 (Angina 

with documented spasm) 
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Stable Angina (SA): ICD-10 code I20.8 (other form of angina) and I20.9 

(unspecified angina)  

MI: ICD-10 code I21(Myocardial infarction), I23 (current complication after AMI) 

and I24 (other acute IHD) 

Stroke: ICD-10 code I60 (Subarachnoid haemorrhage), I61(intracerebral 

haemorrhage), I62 (other nontraumatic inteacranial haemorrhage), I63 (cerebral 

infarction), I64 (stroke not specified) and I66 (occlussion and stenosis of cerebral 

arteries bit resulting in cerebral infarction) 

TIA: ICD-10 code I65 (occlusion and stenosis of precerebral arteries not resulting 

in cerebral infarction), and I67 (other cerebrovascular diseases).  

To calculate the allocation rates of the five CVD sub-states, the number of hospitalization 

episodes of UA, SA, MI, stroke, TIA, and CHD death in a year were extracted from the 

NHMD. The allocation of CVD incidence was calculated using formula: 

P(UA) =
No. (UA)

No. (UA + SA + MI + stroke + TIA + CHD death)
 

CHD death was included in the calculation because the FRE of CHD incidence includes 

this sub-state. The incidence allocations of the five CVD sub-states are summarized in 

Table 20.  

Table 20: Allocation of CVD events (Australia, 2010) 
45-54 Yrs UA SA MI Stroke TIA 

Males 22.19% 17.05% 42.87% 11.37% 1.91% 
Females 26.47% 16.89% 26.73% 20.39% 6.99% 

NHMD: age & gender specific hospitalization episodes; updated to 2009-2010  

1.1.3. Long-term model 

A cohort Markov model was constructed for a life-course projection (50 yearly cycles), in 

which seven health states, including five CVD sub-states were defined (Figure 20). All 
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patients entered from CVD-free state. After experiencing a non-fatal CVD event, patients 

remained in the same CVD sub-state until death. Since we assumed health check benefits 

of 5 years, the annual CVD incidences from the short-term model were applied to the first 

five cycles of the Markov model. From the sixth cycle onwards, we assumed no 

differences in CVD incidence between the intervention and control arms. An annual 

discount rate of 5% was applied to both the effectiveness and costs simulation in the 

model. 

1.1.3.1. Input variables 

1.1.3.1.1. Age and gender specific CVD incidence 

The age and gender specific CVD incidence of patients aged 50 years and above were 

calculated using data from the NHMD190 and Australian National Census.171 The number 

of disease specific hospitalization episodes and the population at risk were used in the 

calculation: 

CVD incidence =
episodes of CVD related hospitalization

popualtion at risk
  

The results are summarized in Table 21 and were used in the Markov model as transition 

probabilities from the sixth cycle onward.   
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Table 21: Age and gender specific CVD incidence 
 

% 
Males Females 

UA SA MI Stroke TIA UA SA MI Stroke TIA 
45-54 0.205 0.157 0.395 0.105 0.018 0.101 0.064 0.102 0.078 0.027 
55-64 0.448 0.407 0.703 0.241 0.052 0.193 0.156 0.219 0.130 0.042 
65-74 0.750 0.776 1.044 0.555 0.133 0.375 0.345 0.461 0.328 0.074 
75-84 1.038 0.953 1.659 1.292 0.206 0.670 0.581 1.068 1.013 0.095 
85+ 0.992 0.813 2.503 2.093 0.162 0.631 0.587 1.719 1.996 0.083 

Incidence =disease specific hospitalization episodes (NHMD)/population (national census, ABS)  

1.1.3.1.2. Mortality rates 

All-cause mortality was derived from the 2011 cause of death report.191 Age and gender 

specific mortality rates were used as transition probabilities from CVD free to death in the 

model (Table 22).  

Table 22: Age and gender specific annual mortality rates (all-cause mortality) 
 45-54 years 55-64 years 65-74 years 75-84 years 85-94 years 
Males 0.277% 0.658% 1.638% 5.004% 11.803% 
Females 0.176% 0.378% 0.990% 3.292% 11.257% 

Cause of death report 2011, ABS 

Standardised Mortality Ratios (SMRs) were multiplicatively applied to the all-cause 

mortality to simulate death rates of CVD patients. The SMRs of CVD sub-states were 

derived from a literature review (Table 23).  

Table 23: Standard Mortality Ratio (SMR) for CVD states 
  Male Female Source 

UA 2.19 (2.05; 2.33) Calculated using the NICE guideline on UA 
and NSTEMI192 

SA 1.95 (1.65; 2.31)* 
 
 

 Sweden cohort193 
16 years follow-up of 51-59 years old men 
with uncomplicated angina  

MI 2.28 (2.12; 2.46) 
 

3.07 (2.70; 3.48) Danish MONICA195 
15 years follow-up of patients 30-74 years  

Stroke 2.58 (2.43; 2.75) 2.85 (2.66; 3.05) 
 

Danish MONICA194 
15 years follow-up of patients 25+ years old 

TIA 1.4 (1.1; 1.8) Oxfordshire Community Stroke Project196 
5-year program of all patients  

* Age-adjusted RR of total mortality 

1.1.3.1.3. Utility weights 

The age and gender specific QALYs of healthy individuals (CVD free) were derived from 

a state survey in South Australia (Table 24), in which the Assessment of Quality of Life 
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(AQoL) instrument was used.197 Utility (or quality of life) weights of acute CVD events 

relative to a value of 1 for perfect health were derived from a systematic review (Table 

25).198 The CVD utility weights were multiplicatively applied to the utility of healthy 

individuals to generate utility values of CVD sub-states. Considering the potential 

improvements in utilities after an acute CVD event, a 50% utility decrement was applied to 

the respective post-CVD states from the second year/cycle onwards.  

Table 24: Age and gender specific utility of healthy individuals 
 40-49 years 50-59 years 60-69 years 70-79 years 80+ years 
 Mean (SD) 
Females 0.86 (0.17) 0.79 (0.23) 0.77 (0.21) 0.72 (0.26) 0.63 (0.28) 
Males 0.84 (0.19) 0.82 (0.20) 0.80 (0.18) 0.79 (0.22)   0.71 (0.30) 
All  0.85 (0.18) 0.80 (0.22) 0.79 (0.19) 0.75 (0.25) 0.66 (0.29) 

Utility scores were obtained using the Assessment of Quality of Life (AQoL) instrument. 

Table 25: Utility weights for acute CVD events 
CVD states Utility coefficients 

Mean SE 
UA 0.770 0.038 
SA 0.808 0.038* 
MI 0.760 0.018 

Stroke 0.629 0.04 
TIA 1  

*SE assumed to be equal to UA 

1.1.3.1.4. Cost estimates 

Average hospitalization costs for CVD events were derived from the National Hospital 

Cost Data Collection (NHCDC) database using the Australian Refined Diagnosis-Related 

Group (AR-DRG) 6.0x coding system. Data in the 2009-10 round (round 14, public sector) 

were used (Table 26).199 We assumed the post-event annual costs (from the second year of 

acute CVD events) were 15% of the acute event costs in the base-case model.192, 200  
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Table 26: Cost of acute CVD events and post-CVD states 
CVD states AR-DRG code Costs Descriptions 

MI event F66A $5,572 Coronary atherosclerosis W catastrophic or 
severe Cc 

UA event F72B $2,682 Unstable Angina W/O catastrophic or severe 
Cc 

SA event F66B $2,146 Coronary atherosclerosis W/O catastrophic 
or severe Cc 

Stroke event B70B $6,496 Stroke and Other Cerebrovascular Disorders 
W/O Catastrophic or severe Cc 

TIA event B69A $3,128 TIA & Precerebral occlusion+CSCC 
Cost weight*  15% 10% 20% 
Post-MI  

 
N/A 

$836 $557 $1,114 
Post-UA $402 $268 $536 
Post-SA $322 $215 $429 
Post-stroke $974 $650 $1,299 
Post-TIA $469 $313 $626 

* Application of weight to acute event costs 

1.1.4. Threshold costs for the 45-49 year health check  

To estimate the threshold costs for the 45-49 year health check for it to be cost-effective, a 

threshold of $50,000 per QALY were used. After accounting for the costs for acute events 

and post-CVD states in both intervention and control arms, the threshold costs of this 

health check program were calculated by applying a cost-effectiveness threshold value 

($50,000 AUD per QALY) to the estimated QALY gained in the intervention arm. 

1.1.5. Sensitivity analysis 

In the reference case model, parameter uncertainties were associated with the individual 

risk profile generation in the hypothetical cohort; the estimates of health check effects; and 

other input variables in the Markov model (e.g. SMRs, costs, and utility values). To 

quantify the parameter uncertainty, both deterministic and probabilistic sensitivity analysis 

were applied in the reference model.  

1.1.5.1. Deterministic sensitivity analysis (DSA) 

Deterministic sensitivity analyses were applied to the following input parameters in the 

reference model: 
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• Alternative utility decrements of 0%, 25%, 75% and 100% were applied to the 

acute event utility weights to simulate utilities for post-CVD states.   

• Alternative coefficients of 10% and 20% were applied to the acute event costs to 

estimate the costs for post-CVD states. 

• A 3.5% annual discount rate was applied. 

• A cost-effective threshold of $25,000 per QALY  

1.1.5.2. Probabilistic sensitivity analysis (PSA) 

To represent uncertainty raised from the individual risk profile generation, in the reference 

model we repeated the cohort simulation (10,000 sets of individual risk profiles) 1,000 

times in both control and intervention arms using deterministic inputs. The mean of 1,000 

sample means was used to represent CVD incidence in the cohort and later, as input in the 

Markov model.  

The parameter uncertainty was also associated with estimates of intervention effects (RRs 

of risk factor changes) in the short-term model and other variables in the Markov model 

(i.e. SMRs, utility for healthy individuals; the utility weights for acute events and post-

CVD states). Probability distributions were assigned to relevant input variables in the 

reference model: Log normal distributions to RRs and SMRs; beta distributions to the 

utility estimates (baseline utility for the CVD free individuals and utility weights for CVD 

sub-states). Random draws between 25% and 75% (i.e. from a uniform distribution) were 

performed to generate utility decrements for post-CVD states. For each set of randomly 

drawn RRs (representing intervention effects), a hypothetical cohort was generated and the 

cohort CVD incidence (males and females separately) was calculated and recorded. We ran 

the PSA model 1,000 times. The mean and 2.5th and 97.5th percentiles of the LYs and 

QALYs were summarized. 
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1.1.5.3. Structural uncertainty (alternative model) 

Structural uncertainty was further assessed in this study. An alternative model was 

constructed using different assumptions to simulate individual risk profiles and health 

check effects.  

The structural uncertainty in this model was associated with the short-term model 

constructed to simulate CVD incidence in the cohort. In the reference model, proportional 

distribution of risk factors and RR of risk factor changes after intervention were used to 

simulate individual risk profiles in the control and intervention arm. An alternative model 

was constructed using different assumptions about risk factor distributions and estimates of 

intervention effects as opposed to the reference model. 

In the alternative model, normal distributions were assigned to risk factors of continuous 

nature (i.e. SBP, TC and HDL). The means and Standard Deviations (SD) of their 

distributions were derived or calculated using data from the 2011 ANHS and NHMS.172 

We repeated the risk profile simulation 20 times in both control and intervention arms to 

control uncertainty associated with the simulation procedures.  

1.1.5.3.1. Alternative model inputs  

o SBP 

Age and gender specific mean of SBP and the prevalence rate of high SBP (above 140 

mmHg) were derived from the 2011ANHS.172 Assuming normal distribution, SDs 

calculated using the formula:  

  𝑆𝑆 = 140−Mean
𝑍

 
z value: normal distribution table and prevalence rates 

o Lipids 



 

230 

 

The NHMS reported age and gender specific prevalence of abnormal lipids; and the 

categorical distributions of TC (4.0-4.5; 4.5-5.0; 5.0-5.5; 5.5-6.0; 6.0-6.5; 6.5-7.0; and >7.0 

mmol/L) and HDL (1.0-1.3; 1.3-1.5; 1.5-2.0; 2.0-2.5; >2.5 mmol/L) in the Australian 

population (not age and gender specific).172 By applying the population categorical 

distributions to the age and gender specific (45-54 males and females respectively) 

prevalence of abnormal TC and HDL, age and gender specific categorical distributions 

were generated. Then, Monte Carlo Simulation was applied to transform the categorical 

distributions into normal distributions. To do so, the TC and HDL readings of 5,000 males 

and females (respectively) were simulated using the age and gender specific categorical 

distributions of TC and HDL. The means and SDs of TC and HDL from 5,000 random 

draws were then calculated and summarized. We assumed normal distributions of TC and 

HDL in the subsequent cohort simulation. The parameters of risk factor distributions are 

summarized in Table 27. 

Table 27: Age and gender specific risk factor distributions 
 Age N BP TC**  HDL**  DM# Smoking 

  Mean SD* Mean SD Mean SD %  % 
M 45-54 5,000 126.0    16.9 5.29 1.08 1.24 0.37 6.2 24.0 
F 45-54 5,000 120.9    18.0 5.33 1.07 1.54 0.41 3.9 18.9  

*calculated using population mean and prevalence rates; ** Monte Carlo Simulation using NHMS data; #Diabetes 
Mellitus (type1&2) 
 

1.1.5.3.2. Baseline CVD incidence estimates 

Same method was applied to estimate 5-year cohort incidence of CHD and CVA as 

described in the reference model. Instead of the proportional distributions, the FRE inputs 

were derived from normal distributions of relevant risk factors. Co-existence of risk factors 

(smoking status, abnormal TC and HDL) were adjusted using the same technique as 

described above. 
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1.1.5.3.3. CVD incidence after health check 

In the alternative model, the Mean Differences (MDs) of risk factors change (SBP, TC and 

HDL) were applied to simulate the health check effects (Table 19). We assume the 

intervention would shift the distributions to the left by the amount of MDs without 

changing the shapes (same SDs). For categorical variables, RRs of patients remaining at 

high risk were applied.  

As mentioned before, the simulation of individual risk profiles was repeated 20 times in 

the alternative model (both control and intervention arms). The results of the 20 

simulations are summarized with mean and 2.5th and 97.5th percentiles.   

1.2. Results and discussion  

1.2.1. Model validation 

To compare and validate the reference and alternative models, the estimated CVD 

incidence rates (of the 45-54 year old Australian population) are summarized in Table 28. 

The two models presented comparable estimates of CHD and CVA incidence in the cohort. 

However, when compared with the national estimates (hospitalization data from NHMD), 

both of them underestimated the incidence of CVA. When the risks of CHD and CVA 

were combined, the alternative model appeared to slightly underestimate CVD incidence in 

males.  
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Table 28: Model validation — Annual CVD incidence (45-54 year old Australians)  
% (%, %) CHD CVA CVD 
Male Mean (2.5, 97.5 percentiles) 
Observed* 0.80 0.12 0.92 
Reference model** 0.810 (0.793, 0.827) 0.096 (0.094, 0.097) 0.905 (0.887, 0.923) 
Alternative model** 0.789 (0.771, 0.809) 0.095 (0.093, 0.097) 0.884 (0.865, 0.904) 
Female Mean (2.5, 97.5 percentiles) 
Observed* 0.28 0.10 0.38 
Reference model** 0.320 (0.312, 0.329) 0.060 (0.059, 0.061) 0.380 (0.371, 0.389) 
Alternative model** 0.323 (0.314, 0.332) 0.059 (0.058, 0.060) 0.382 (0.373, 0.392) 

*hospitalization episodes in the 45-54 years old Australian population (NHMD); **estimates from 1,000 runs of cohort 
simulations  

1.2.2. Parameter uncertainty 

The results of both DSA and PSA in the reference model are presented in chapter 7.  

1.2.3. Structural uncertainty  

1.2.3.1. Short-term model 

The alternative model yielded comparable estimates of short-term benefits after a health 

check (CVD incidence and events averted in 5 years) in males to the reference model; 

whereas, it seemed to overestimate the intervention effects in female patients (Table 29). 

Table 29: Comparisons of reference and alternative model estimates 
 Reference model* Alternative model** Ref / Alt  

Males % %  
Baseline CVD incidence  0.762  0.747 1.020 
CVD averted annually  0.098 0.102 0.961 
LYs Gained 1.927 1.990 0.968 
QALYs Gained 0.858 0.885 0.969 

Females % %  
Baseline CVD incidence 0.295 0.299 0.987 
CVD averted annually  0.028 0.045 0.622 
LYs Gained 0.667 1.078 0.619 
QALYs Gained 0.258 0.415 0.622 

*Base-case scenario in the reference model & mean of 1,000 runs of cohort simulation; 
**mean of 20 runs of cohort simulation;  

Applying the same MDs of risk factors changes to a low risk population (females in this 

study) would overestimated the intervention effects. On the contrary, the influence was 

minimized in the reference model by applying RR of patients remaining at high risk after 

intervention, because rather than shifting the entire risk factor distributions to the left, the 
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application of RR implies intervention benefits solely to those high risk patients in a 

cohort. 

1.2.3.2. Long-term Markov model  

Correspondingly, the alternative model yielded similar health check benefits (LYs and 

QALYs gained) and threshold costs to the reference model (base-case scenario) in males; 

but a more aggressive estimate of intervention benefits and threshold costs in females 

(Tables 29,30).  

Table 30: Threshold costs of the 45-49 year old health check program  
Outcomes Threshold costs(AUD) 

$50,000 per QALY gained 
Threshold costs(AUD) 

$25,000 per QALY gained 
Reference model (Base-case) 10%* 15%* 20%* 10%* 15%* 20%* 
Male QALYs** $455 $465 $475 $241 $251 $261 
Female QALYs** $137 $140 $144 $73 $76 $79 
Alternative model   
Male QALYs**  $483   $262  
Female QALYs**  $231   $127  

* Post-event state costs weight applied on acute event costs; **50% QALY decrements of post-CVD states 
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Appendix 17:  Publication 

A 
Si, S., Moss, J.R., Sullivan, T.R., Newton, S.S. & Stocks, N.P. (2014) Effectiveness of general 
practice-based health checks: a systematic review and meta-analysis. 
British Journal of General Practice, v. 64(618), pp. e47-e53 
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