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Abstract  

Hypertension affects 6 million Australians and is the most common condition seen 

in primary care. In 2015, elevated blood pressure was responsible for 5.8% of 

Australia's total burden of disease and is one of the most prevalent risk factors for 

cardiovascular disease. In addition to lifestyle modification, effective 

antihypertensive therapy is available to manage hypertension. Rather than 

managing patients based on their blood pressure alone, guidelines recommend 

treating patients according to their absolute cardiovascular disease risk. However, 

international evidence indicates that adherence to guidelines and medication is 

poor. In Australia, there has been limited research conducted in general practice to 

understand the management of hypertension and alignment with guidelines. 

Four distinct projects contributed to the main aims of this research: to 

investigate the management of hypertension in primary care and to inform the 

design of cost-effective interventions for improving blood pressure control.  

The first two projects involved cross-sectional analyses of de-identified 

electronic health records of 1.2 million patients attending 650 general practices 

across Australia (MedicineInsight). The first analysis found that the prevalence of 

hypertension among adults was 39.8% (95% CI: 38.7–40.9), with prevalence 

increasing with age and greater in males than in females. Furthermore, only 54.9% 

(95% CI 54.2–55.5) of patients with a diagnosis of hypertension had controlled 

blood pressure (BP <140/90mmHg). According to guidelines, patients aged 45–74 

years are eligible for cardiovascular disease risk assessment. The second analysis 

found that only 51.0% (95% CI: 48.0–53.9) of these eligible patients had data 

recorded in their medical records to calculate their risk. Prescribing of 

antihypertensives was similar across all cardiovascular disease risk categories – 
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low risk=63.3% (95% CI: 61.9–64.8); moderate risk=61.8% (95% CI: 60.2–63.4); 

high risk=57.4% (95% CI: 55.4–59.4). 

An existing cost model was adapted to use population and electronic health 

record data to estimate the health and financial costs of uncontrolled hypertension 

through increased cardiovascular disease risk. Cost analysis demonstrated a 

potential reduction of 25,845 cardiovascular events over 5 years with an associated 

cost saving of AUD 179 (in 2019–20) million with improved BP control. 

Poor medication adherence is a critical contributing factor to inadequate blood 

pressure control. Therefore, a systematic scoping review of interventions using 

behavioural economic concepts to improve medication adherence in patients with 

chronic conditions was conducted. The review highlighted the importance of 

targeting non-adherent patients, understanding their reasons for non-adherence, 

and providing reminders and feedback to patients and physicians as critical factors 

in improving medication adherence. 

This thesis highlights that blood pressure control in primary care remains 

poor, and compliance with hypertension management guidelines is suboptimal. 

With substantial costs attributed to uncontrolled blood pressure, investments in 

interventions to address poor blood pressure control are essential. The findings 

from the systematic scoping review provide a foundation for designing 

interventions to improve adherence to blood pressure medications. In addition, the 

findings on prevalence and costs provide the basis for early economic evaluations 

to inform the expected value of alternative intervention options. 
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Chapter 1 

Background 

1.1 Hypertension 

Hypertension, or high blood pressure (BP), is defined as a BP greater than 

140/90mmHg in Australia and Europe, and a BP greater than 130/80mmHg in the 

United States [1-3]. In 2010, an estimated 1.4 billion people globally had 

hypertension [4], with the prevalence of hypertension increasing due to an aging 

population and increasing exposure to lifestyle risk factors [4]. These lifestyle risk 

factors, such as unhealthy diets and lack of exercise, lead to overweight and obesity 

which increase the risk of developing hypertension [5, 6]. In Australia, national 

surveys have estimated that approximately 31–44% of adults have hypertension [7-

10].  

Hypertension is one of the most prevalent risk factors for cardiovascular 

disease (CVD) [11]. A Global Burden of Disease study estimated that systolic BP 

levels of 140mmHg or higher were associated with 7.8 million deaths (14.0% of all 

deaths) and 143 million disability-adjusted life years (DALYs) in 2015 [12]. Of these 

deaths and DALYs associated with high BP, ischaemic heart disease accounted for 

3.6 million deaths (40.1% of all ischaemic heart disease deaths) and 62 million 

DALYs, haemorrhagic stroke for 1.4 million deaths (42.5% of haemorrhagic stroke 

deaths) and 30 million DALYs, ischaemic stroke for 1.1 million deaths (38.1% of 

ischaemic stroke deaths) and 18 million DALYs, and chronic kidney disease for 

550,000 deaths (44.8% of chronic kidney disease deaths) and 12 million DALYs 

[12]. Other CVDs such as rheumatic heart disease, hypertensive heart disease, 

cardiomyopathy and myocarditis, atrial fibrillation and flutter, aortic aneurysm, 
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peripheral vascular disease, endocarditis, and other cardiovascular and circulatory 

diseases accounted for the remaining deaths and DALYs associated with high BP 

[12].  

In Australia, elevated BP was responsible for 5.8% of the total burden of 

disease in 2015 [13]. In addition, high BP was associated with 38.0% of the burden 

of CVD, 34.1% of the burden of kidney disease, and 1.8% of the burden of 

neurological disease through high BP’s association with dementia [13].  

The global financial burden of poor BP control was estimated to be 

USD 372 billion in 2010, representing about 10% of the world’s overall health care 

expenditure [14]. Evidence on the cost of hypertension in Australia is limited. 

However, CVD cost the health system AUD 11.8 billion in 2018–19 [15], and as 

38.0% of CVD burden is attributed to high BP, the health system cost of hypertension 

can be estimated to be at least AUD 4.5 billion in 2018–19. Furthermore, a study on 

the productivity losses from hypertension over the working lifetime of the 

Australian population estimated the loss in gross domestic product to be 

AUD 137.2 billion [16]. 

1.1.1 Blood pressure control 

Hypertension can be treated with lifestyle modification such as improved diet, 

increased physical activity, smoking cessation and reduced alcohol consumption. If 

these lifestyle interventions are unsuccessful, efficacious medications are available 

to treat hypertension [17]. Despite this, BP control remains poor. In 2010, fewer 

than half (46.5%; 95% CI: 41.9–51.1) of adults with hypertension were aware of 

their condition, and only 36.9% (95% CI: 33.8–40.0) were treated with 

antihypertensive medication [4]. Among those who reported receiving treatment, 

only 37.1% (95% CI: 33.6–40.5) achieved BP control (defined as systolic 

BP <140mmHg and diastolic BP <90mmHg) [4].  

These findings are broadly aligned with the concept known as the "Rule of 

Halves," which originated in the 1970s and 1980s and revealed substantial gaps in 

hypertension management [18-20]. It highlighted that roughly half of the 

hypertensive population went undiagnosed, and among those diagnosed, only half 
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received appropriate treatment. Furthermore, even among those receiving 

treatment, only half achieved adequate BP control, and among those with controlled 

BP, only half maintained consistent control over time. While progress has been 

made in hypertension management, it is important to note that these improvements 

vary across countries, and significant global disparities persist [4]. In Australia, 

Carrington and colleagues found that 50% of participants who self-reported 

receiving antihypertensive medication had BP greater than 140/90mmHg [10], 

whereas Carnagarin and colleagues reported that 59.9% of adults who participated 

in the May Measurement Month 2017 survey had controlled BP [9]. Both these 

studies relied on convenience samples of self-selected participants. In contrast, the 

findings from the National Health Survey, using a representative sample of the 

Australian population, were considerably lower, with the Australian Institute of 

Health and Welfare reporting that only 32% of participants had their BP controlled 

[21].  

Poor BP control places patients at increased risk of CVD and all-cause and CVD 

mortality. A US cohort study of almost 14,000 individuals who participated in the 

Third National Examination and Nutritional Health Survey found that untreated 

patients had a 77% increase in CVD mortality risk compared with patients without 

hypertension (defined as patients not taking antihypertensive medication and with 

a BP <140mmHg) [22]. Furthermore, those who received antihypertensive 

treatment but whose BP remained uncontrolled were twice as likely to die from CVD 

as those without hypertension. In contrast, patients with treated and controlled BP 

had similar risks to patients without hypertension [22]. 

Even modest improvements in BP control have benefits for patients. For 

example, a meta-analysis of the main antihypertensive drug classes found that 

reducing systolic BP by 10mmHg or diastolic BP by 5mmHg reduced the incidence 

of stroke by a third and the number of coronary heart disease events by a quarter 

[23]. A recent meta-analysis of individual participant-level data for 345,000 patients 

supports this finding [24]. The meta-analysis found a 10% reduction in the risk of a 

major cardiovascular event for each 5mmHg reduction in systolic BP across all 

baseline systolic BP readings ranging from 120mmHg to above 170mmHg.    
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1.2 Hypertension in primary care 

Primary care is often the first point of contact for individuals in matters of personal 

health. Primary care provides a whole-of-person approach to health “along the 

continuum from health promotion and disease prevention to treatment, 

rehabilitation and palliative care” [25, p2]. In Australia, general practice is central to 

the provision of primary health care and the most-used component of the primary 

care system [26].  

Hypertension is the most common condition seen in primary care globally [27] 

and in Australia [28]. Although it could be expected that patients under the 

management of their general practitioner (GP) would have better rates of BP control 

than the general population, international studies in primary care, mainly from 

Europe, found that control rates varied considerably [29-37]. For example, 

Qvarnstrom and colleagues [34] assessed BP control in a Swedish primary care 

setting and found that only 27% of patients aged 30 years or older with a diagnosis 

of hypertension had a BP below 140/90mmHg. In contrast, an Italian study of almost 

1 million patients found that, of those patients with a diagnosis of hypertension, 

60.6% had achieved BP control [37]. This study was an update of an earlier analysis 

of the same database in 2005 in which only 43.2% of patients had achieved BP 

control [38], demonstrating the improvement that can be achieved from 

implementing a multidimensional program to improve BP control. This program, 

entitled “Objective 70%”, aimed to achieve BP control in 70% of treated patients, 

and included encouraging lifestyle changes through education and communication, 

promotion of home BP monitoring, actions to improve adherence to 

antihypertensive medication, and prescribing combination therapy, including 

single-pill options [37, 39].  

Studies on hypertension management in Australian general practice are 

limited. Previous studies in Australia have focused on the prevalence of isolated 

systolic hypertension in the elderly [40], trends in BP levels of all patients over time 

[41], management of severe hypertension in general practice [42], hypertension 

management among groups with specific conditions [43] and prescription of 
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physical activity for hypertension management [44]. A brief description of each 

study follows. 

In 1998, Howes and colleagues [40] investigated the prevalence of systolic 

hypertension in elderly patients by requesting GPs to screen 100 consecutive 

patients aged 60 years and older. Of the almost 39,000 patients screened, half of 

patients were normotensive (BP <140mmHg). Of those with elevated BP, a third had 

borderline isolated systolic hypertension, 8.6% had isolated systolic hypertension, 

8.2% had mild hypertension and 2.3% had moderate or severe hypertension [40]. 

Carrington and colleagues [41] sought to assess trends in average BP recorded 

across all adult patients and undertook a retrospective analysis of general practice 

electronic heath records from 2005 to 2010 for patients with a recorded BP. The 

analysis of approximately half a million patients found that average BP remained 

constant between 2005 and 2010, as did the proportion of patients with a recorded 

elevated BP (approximately 25%). Furthermore, the study found that of those 

patients on antihypertensive treatment, up to half had uncontrolled BP [41].  

Whereas Carrington and colleagues [41] analysed data for all patients with a 

recorded BP, Gallego et al [42] limited their investigation to patients with severe 

hypertension (BP ≥180/110mmHg). Analysis of electronic health records identified 

7,500 patients with at least one BP measurement of severe hypertension between 

March 2008 and March 2009. Despite a large proportion of patients having at least 

one follow-up visit, and three-quarters of patients either initiated on treatment or 

prescribed additional antihypertensive therapy, the study found that less than half 

of patients achieved BP control within 1 year (BP <140/90mmHg) [42]. 

As hypertension often co-exists with chronic kidney disease (CKD) and is 

associated with more rapid progression of CKD, Khanam and colleagues [43] 

investigated BP control among patients with CKD and hypertension and explored 

factors associated with BP control, particularly continuity of care in general practice. 

Using a large national dataset of electronic health records called MedicineInsight, 

the management of 37,000 patients was examined. Overall, 46.7% of patients had 

achieved a target BP. In this study, target BP was defined as a BP ≤130/80mmHg for 

patients with diabetes, CVD or albuminuria, and as a BP ≤140/90mmHg for others. 
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BP control was lower in those with diabetes, CVD or albuminuria (38.2%) than in 

those without these conditions (61.5%). Continuity of care was found to be 

positively associated with BP control - patients receiving care from the same GP 

increased their likelihood of achieving BP control by 22% [43].  

In addition to pharmacological therapy, guidelines recommend providing 

lifestyle advice for the prevention and management of hypertension [1]. 

Consequently, Smith et al. [44] examined the physical activity prescribing practices 

of GPs for patients with high BP and the characteristics of patients most likely to 

receive them. Participating GPs were requested to report their management of 10-

20 consecutive patients with high BP. The study found that only about 40% of 

patients received a prescription for physical activity, with a higher likelihood in 

younger patients (≤55 years), in patients with fasting glucose in the diabetes range 

and in those with a history of CVD. In contrast, more than half of patients received a 

prescription for antihypertensive medications alone [44].  

Australian studies that identify factors influencing BP control and prescribing 

patterns for hypertension management are limited. One Australian cohort study 

explored whether medication, clinical and lifestyle factors were associated with BP 

control in patients at risk of heart failure [45]. The cohort consisted of individuals 

aged 60 years or older with a history of CVD or renal impairment recruited between 

2007 and 2010. The study found that in those taking antihypertensive medication, 

age, male sex and waist circumference was associated with uncontrolled BP, 

whereas BP control was better in those with self-reported ischaemic heart disease, 

atrial fibrillation and eGFR ≤60mL/min/1.73 m2, an indication of CKD.  

      The international evidence investigating factors that may be associated 

with BP control is wide-ranging. A brief overview of some of these factors are 

presented.  

Most studies report that males are less likely to achieve BP control [46-55]. 

However, a study by Borghi and colleagues [56] including patients being treated for 

the primary prevention of CVD in 12 European countries found that female sex was 

associated with uncontrolled hypertension. The authors provide no discussion on 

these findings.  
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Moreover, the majority of studies found older age to be associated with poor 

BP control [46, 48, 49, 51, 54, 57-59]. Once again, Borghi and colleagues [56] found 

the opposite association, with age being negatively associated with uncontrolled 

hypertension. The authors suggest that this finding may be confounded by 

indication. For example, older patients may be receiving more aggressive treatment, 

resulting in better BP control [56].  

The association of socioeconomic status variables with BP control is mixed. 

Some studies have found a positive association with income [48, 54, 60-62], 

education [54, 61, 62], occupation [54, 62] or a composite of income and education 

[55], whereas others have found no association with education [60, 63] or 

occupation [63].  

Similarly, findings related to the number of prescribed antihypertensive 

medications is also mixed. Whereas some studies have found that the likelihood of 

achieving BP control increases with adding additional classes of antihypertensive 

drugs [48, 54, 64], others have found that patients prescribed more medications 

have poorer BP control [49, 57, 65], and others still have found no clear association 

[53]. These conflicting results may be due to confounding. Patients on more classes 

of medication may be those who have more difficult to treat hypertension.  

Identifying factors associated with BP control in Australia, such as patient 

characteristics or prescribing patterns, may provide opportunities to intervene, 

either by targeting interventions at population groups at higher risk, for example 

older males, or by changing practice in hypertension management, such as support 

for treatment intensification by GPs.  

1.2.1 Guideline-recommended management 

Traditionally, hypertension guidelines have relied exclusively on BP levels to guide 

treatment initiation and intensity [66]. However, epidemiological studies have 

established that multiple risk factors contribute to the overall risk of CVD and that 

small increases in several of these factors may have a greater effect on overall risk 

than the significant elevation of a single risk factor such as BP [67-70]. Furthermore, 

meta-analyses of individual patient data by the Blood Pressure Lowering Treatment 
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Trialists’ Collaboration confirmed that the absolute benefits of BP-lowering drugs 

are proportional to baseline cardiovascular risk [71]. Therefore, guidelines now 

recommend that the management of patients with hypertension should also 

consider the individual’s absolute CVD risk [1-3].  

In Australia, the Heart Foundation guidelines recommend calculating the 

absolute risk of a primary cardiovascular event over the next 5 years by applying 

the Australian National Vascular Disease Prevention Alliance (NVDPA) risk 

assessment and risk management algorithm [1]. This algorithm includes the 

Framingham CVD risk equation [72]. The risk assessment applies to adults aged 45–

74 years without a known history of CVD. In Aboriginal and Torres Strait Islander 

peoples, adults between 35 and 74 years are eligible [1, 73]. Risk assessment is not 

recommended in patients with existing CVD as CVD risk assessment is aimed at 

primary prevention [1].   

Once CVD risk has been assessed, guidelines recommend that 

antihypertensive therapy be started for patients at low CVD risk with persistent 

BP ≥160/100mmHg and for patients at moderate CVD risk with persistent 

BP ≥140/90mmHg or with a family history of CVD [1]. Patients at high risk of CVD 

should also receive antihypertensive treatment, irrespective of BP levels [1]. As 50-

70% of patients will not achieve BP targets with monotherapy, guidelines 

recommend the addition of a second medication from a different class of 

antihypertensives if target BP has not been reached after 3 months. A third drug 

class may be added once the maximum dose of both classes has been reached [1]. 

Lifestyle modification advice is recommended for all patients [1].  

In summary, hypertension is a highly prevalent condition, both globally and in 

Australia. Despite the availability of effective treatments, BP control remains poor, 

resulting in considerable health and financial impacts. Even though hypertension is 

largely managed in primary care, evidence on the management of hypertension in 

Australian general practice is limited. Gaps in current knowledge include:  

• the prevalence of BP control, which will provide an estimate of the capacity 

for improvement of interventions, an important determinant of cost-

effectiveness,  
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• the factors associated with BP control in patients attending general practice, 

which may identify areas for targeted interventions, potentially improving 

the cost-effectiveness of interventions over generic interventions, and  

• compliance with guideline-recommended management, which may also 

identify targets for interventions to support the design of cost-effective 

interventions. 

This thesis therefore aims to address these gaps and investigate the 

management of hypertension in primary care to inform interventions to improve BP 

control, thereby reducing the burden associated with uncontrolled hypertension. 
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Chapter 2 

Research aims and thesis outline 

This research aimed to investigate the management of hypertension in Australian 

general practice to inform the design of cost-effective interventions to improve 

blood pressure (BP) control. 

Specifically, four areas were explored: 

• the prevalence of diagnosed hypertension, BP control, and the factors 

associated with BP control (Chapter 3) 

• the use of cardiovascular disease (CVD) risk assessment in patients with a 

diagnosis of hypertension, and whether CVD risk is associated with 

prescribing of antihypertensive therapies (Chapter 4) 

• the health and financial cost of uncontrolled BP in general practice 

(Chapter 5) 

• potential interventions to improve BP control, specifically through improving 

medication adherence (Chapters 6 and 7). 

A description of the primary population of interest for the thesis is defined below, 

followed by details of the primary data source used in the studies presented in 

chapters 3, 4 and 5. Lastly, an overview of the thesis structure is outlined.  
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2.1 Population 

The population of interest for this thesis was patients with a diagnosis of 

hypertension who attend general practice. This population was selected to identify 

the population for which general practitioners (GPs) are aware of their patient’s 

condition. All adult patients (18 years and older) were included in the first study 

(Chapter 3).  

Guidelines recommend managing patients according to their absolute CVD risk 

rather than only using BP levels. Moreover, CVD risk assessment is recommended 

for adults aged between 45 and 74, and between 35 and 74 for Aboriginal and Torres 

Strait Islander adults. Therefore, for the second (Chapter 4) and third (Chapter 5) 

studies, the dataset was limited to patients with a diagnosis of hypertension aged 

between 45 and 74 years (between 35 and 74 for Aboriginal and Torres Strait 

Islander adults). Furthermore, patients with a history of CVD were excluded as the 

assessment of CVD risk is aimed at primary prevention.  

2.2 Electronic health records 

The first three studies used data from MedicineInsight, an extensive database of 

de-identified general practice electronic health records. MedicineInsight was 

created in 2011 and is managed by NPS MedicineWise, a not-for-profit organisation, 

with support from the Australian Government Department of Health and Aged Care. 

MedicineInsight aims to support quality improvement in Australian primary care 

and the post-market surveillance of medications [74]. As of October 2018, 

MedicineInsight included data from patients attending over 2,700 GPs and 660 

general practices across all states and territories (8.2% of all general practices in the 

country) [74]. All Australian states and territories are represented within 

MedicineInsight, and practices varying in size and type of services offered are 

included. Patients in the database are comparable but not representative of the 

general population as measured by sociodemographic variables and clinical 

conditions [74].  
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MedicineInsight collects patient demographics, provider information, 

diagnoses, reasons for encounters, medications prescribed and reasons for 

prescription, immunisations and allergies, laboratory test orders and results, and 

clinical measurements (e.g. weight, height, BP). Progress notes and information 

captured in the past medical history module are not extracted to ensure patient 

anonymity. However, patients within each practice receive a unique identifying 

number and are tracked over time, allowing the development of a longitudinal 

database to generate a partial clinical history [74].   

MedicineInsight applies selection criteria to maximise the suitability of the 

data for research purposes. Therefore, only general practices established for at least 

2 years before data extraction, with no gaps of more than 6 weeks in the previous 

2 years and a consistent number of transactions over the same period, were 

included [74]. MedicineInsight has been widely used to investigate the prevalence 

and management of diverse acute and chronic conditions, trends in prescribing and 

investigations, and health prevention activities [43, 75-87]. Recently, Havard and 

colleagues examined the validity of MedicineInsight extraction algorithms for five 

common chronic conditions – anxiety, asthma, depression, osteoporosis and type 2 

diabetes – against the original electronic health record in five general practices. All 

the evaluated algorithms had excellent positive predictive value, negative predictive 

value and specificity (above 0.9). The asthma and osteoporosis algorithms also had 

excellent sensitivity, while the algorithms for anxiety, depression and type 2 

diabetes yielded sensitivities of between 0.85 and 0.89 [88].  

 

Four research projects were conducted and are presented as follows: 

Part II comprises two studies focusing on managing hypertension in 

Australian general practice. Chapter 3 presents a study estimating the prevalence of 

hypertension and uncontrolled BP in general practice. Logistic regression was used 

to assess the association of hypertension control and patient sociodemographic 

variables, time since diagnosis or the number of prescribed antihypertensive 

medications. Guidelines recommend managing patients according to their CVD risk, 

and CVD risk assessment is recommended for patients aged between 45 and 74 
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years without a history of CVD. Therefore, the study described in Chapter 4 

evaluated whether a higher proportion of patients with diagnosed hypertension 

aged between 45 and 74 years with no history of CVD had sufficient data in their 

electronic health records to calculate their CVD risk compared with patients without 

a diagnosis of hypertension. Again, logistic regression was used to assess the 

proportions of patients prescribed antihypertensives according to CVD risk status 

(low, moderate, high, or high risk clinically) or those with insufficient data to 

calculate CVD risk.  

Part III estimates the cost of uncontrolled hypertension in patients attending 

general practice. Chapter 5 details the adaptation of an existing model, using 

population data and data from electronic health records (MedicineInsight) to 

estimate CVD risk. CVD risk was then used to determine the number of expected CVD 

events and associated costs for acute hospitalisation under current BP control levels 

and different levels of BP control to estimate potential savings from improved BP 

control.  

Part IV includes two chapters exploring interventions to improve BP control. 

Chapter 6 provides an overview of the factors contributing to inadequate BP control 

and summarises the evidence on medication adherence. Chapter 7 presents the 

systematic scoping review of the available evidence on behavioural economic 

interventions to improve medication adherence in high-income settings. As 

applying behavioural economic insights to health is a relatively new field, restricting 

the study inclusion criteria to hypertension would have limited the literature from 

which to draw conclusions. Therefore, the systematic scoping review was not 

limited to hypertension but included studies on all chronic conditions requiring 

long-term medication adherence. This chapter includes both the protocol and the 

review.  

Part V concludes this thesis by summarising the main findings and providing 

recommendations for future research. 
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Reflections on the PhD journey 

When commencing this PhD, the initial research focus was on medication 

adherence, as international evidence highlighted that only half of patients adhered 

to their medication by the end of the first year. This led to the systematic scoping 

review on interventions informed by behavioural economics to address medication 

adherence. However, no accessible data sources were available to investigate 

medication adherence in Australia. Rather, general practice electronic health 

records allowed the investigation of prescribing practices, but not patient 

adherence. Given that patient adherence is not possible without prescribing, the 

research focus was modified to explore the management of hypertension in general 

practice. Consequently, rather than being part of the earlier chapters, the systematic 

scoping review concludes this thesis.  
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Part II 

Management of Hypertension 

in General Practice 
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Chapter 3 

Prevalence of blood pressure control 

3.1 Preface 

This chapter, published in the Journal of Hypertension, presents a cross-sectional 

analysis of MedicineInsight, an extensive general practice database, to investigate 

the prevalence of diagnosed hypertension, hypertension control and factors 

associated with hypertension control. Specifically, the study explored whether 

hypertension control is influenced by patients’ sociodemographic variables, time 

since diagnosis or the number of prescribed medications.  
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3.3 Publication 

3.3.1 Abstract  

Background  

Hypertension is mostly managed in primary care. This study investigated the 

prevalence of diagnosed hypertension in Australian general practice and whether 

hypertension control is influenced by sociodemographic characteristics, duration 

since diagnosis, or prescription of antihypertensive medications.   

Methods 

Cross-sectional study using a large national database of electronic medical records 

of patients attending general practice in 2017 (MedicineInsight).    

Results 

Of 1.2 million ‘regular’ patients (one or more consultations per year in every year 

from 2015-2017), 39.8% had a diagnosis of hypertension (95% CI 38.7–40.9). Of 

these, 85.3% had their blood pressure recorded in 2017, and 54.9% (95% CI 54.2–

55.5) had controlled hypertension (<140/90 mmHg). Blood pressure control was 

lower in females (54.1%) compared with males (55.7%) and in the oldest age group 

(52.0%), with no differences by socioeconomic status. Hypertension control was 

lower among ‘regular’ patients recently diagnosed (6-12 months = 48.6% 

controlled) relative to those >12 months since diagnosis (1-2 years = 53.6%; 3-

5 years 55.5%; >5 years = 55.0%). Among recently diagnosed ‘regular’ patients, 

59.2% had no record of being prescribed antihypertensive therapy in the last six 

months of the study, of which 44.3% had controlled hypertension. For those 

diagnosed >5 years ago, 37.4% had no record of being prescribed antihypertensives, 

and 56% had normal blood pressure levels.  

Conclusions 

Although the prevalence of hypertension varied by sociodemographics, there were 

no differences in blood pressure assessment or control by socioeconomic status. 
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Hypertension control remains a challenge in primary care, and electronic medical 

records provide an opportunity to assess hypertension management. 

Keywords 

Systolic pressure; diastolic pressure; blood pressure; computerized medical 

records; general practice; hypertension 

3.3.2 Introduction 

Hypertension is the most prevalent risk factor for cardiovascular disease and the 

largest contributor to morbidity and mortality globally [11]. In 2010, approximately 

1.4 billion people worldwide had hypertension, of which only 46.5% were aware of 

their condition, and 36.9% received treatment [4]. Nonetheless, it is estimated that 

only 37.1% of all patients treated for hypertension achieve blood pressure (BP) 

control. In Australia, national surveys have estimated that approximately 31-44% of 

adults have hypertension [7, 9, 10, 21], but more than half of those treated remain 

uncontrolled [4], with considerable health and economic consequences [16].  

As a highly prevalent chronic condition, hypertension is mostly managed in 

primary care and is the most common health condition seen by a general 

practitioner/primary care physician (GP) in Australia [28]. Multiple guidelines 

advise lifestyle modifications as the first-line strategy for the prevention and 

treatment of hypertension [1-3]. Pharmacological treatment is recommended for 

patients with diagnosed hypertension unable to achieve BP control through lifestyle 

modifications [1-3]. 

Studies on hypertension management and control in primary care are limited 

[29, 30, 32-38, 47, 89] with a majority of these studies undertaken in Europe. 

Previous studies in Australia have focused on trends in BP levels of all patients over 

time [41], management of severe hypertension in general practice [42], prescription 

of physical activity for hypertension management [44] and hypertension 

management among groups with specific conditions [43], Studies that identify 

factors influencing BP control, prescribing patterns for hypertension management, 

or if those with a recent or past diagnosis are managed differently, are lacking.  
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Answering these questions require longitudinal data with appropriate 

reporting of diagnosis, BP measurements and prescribed medications. Studies 

based on electronic medical records (EMRs) provide an opportunity to address 

these methodological issues [90]. MedicineInsight, a large general practice database, 

has been widely used for the investigation of diverse chronic and acute conditions, 

diagnostic procedures and management in Australia [76, 80, 81, 84, 91]. 

The first aim of this study was to investigate the prevalence of diagnosed 

hypertension and BP recording in Australian general practice and their distribution 

according to sociodemographic characteristics. The second aim was to explore 

whether, in a country with a universal health care system and profile similar to other 

high-income settings [92], hypertension control is influenced by the 

sociodemographic variables of patients, time since diagnosis, or the number of 

prescribed medications.   

3.3.3 Methods  

This is a cross-sectional analysis of a large Australian database including EMRs of all 

‘regular’ patients that visited a practice contributing data to MedicineInsight 

between 1st January and 31st December 2017. A ‘regular’ patient was defined as a 

patient with at least one consultation per year from 2015 to 2017 [93]. Regular 

patients, therefore, had at least three visits across three years (Figure 1). This study 

was reported according to REporting of studies Conducted using Observational 

Routinely-collected health Data (RECORD) Statement reporting guidelines [93].  
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BP: blood pressure 

Figure 1 Identification of ‘regular’ adult patients with hypertension with a blood 

pressure measure recorded in 2017.  
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Data source 

MedicineInsight was created in 2011 and is managed by NPS MedicineWise with 

support from the Australian Government Department of Health. De-identified EMRs 

from over 650 general practices across Australia (8.2% of all general practices in the 

country) and over 2700 GPs are included in the dataset [74]. All Australian states 

and territories are represented within MedicineInsight, and practices varying in size 

and type of services offered are included.  

Details of the data collection process have been published elsewhere [74, 81]. 

In summary, patients’ EMRs are extracted monthly from each practice, de-identified 

and securely transferred to NPS MedicineWise. Data collected by MedicineInsight 

include patient demographics, diagnoses, reasons for encounters, medicines 

prescribed and reasons for prescriptions, allergies and immunizations, pathology 

test orders and results, and clinical measurements (e.g. weight, height, BP). To 

ensure patient anonymity, progress notes and information captured in the past 

medical history module are not extracted. However, patients within each practice 

receive a unique identifying number and are tracked over time, allowing the 

development of a longitudinal database to generate a partial clinical history. 

Patients in the database are comparable, but not representative, to the general 

population as measured by sociodemographic variables and clinical conditions [74]. 

To improve data quality, only general practices established for at least two 

years before data extraction, with no gaps of more than six weeks in the previous 

two years and a consistent number of transactions over the same period were 

included (n=532 practices). The final sample consisted of 1,198,199 adults aged 18 

years or older in 2015, with at least one annual consultation between 2015 and 2017 

(Figure 1). 

Hypertension diagnosis 

Different sub-sets of the MedicineInsight database were used to identify either the 

diagnosis of hypertension (i.e. diagnosis, encounter, prescription), prescribed 

medications (script), or BP measurements (observation). As medical doctors can 

use either systematized medical coding vocabularies to report arterial hypertension 

(e.g. systolic, diastolic, essential hypertension) or free-text in the completion of the 
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diagnosis, synonyms and misspellings of ‘hypertension’ were considered. These 

terms were defined based on available literature [94, 95], previous algorithms used 

for extracting data from the same database [81] and in consultation with two 

clinicians (NS, DG). Conditions suggesting transient hypertension (e.g. white coat, 

gestational) or other types of hypertension (e.g. ocular, pulmonary, intracranial) 

were not classified as hypertension. The list of terms and algorithms for data 

extraction are available from the authors upon request.  

The full EMR of all eligible patients (i.e. 46% of individuals had EMR available 

going back further than the launch of MedicineInsight in 2011) [81] was searched 

to classify patients as having hypertension or not. Five variables were extracted 

from the database: 1) hypertension recorded as a condition in the diagnosis dataset; 

2) hypertension recorded as a reason for encounter in the encounter dataset; 3) 

hypertension recorded as the reason for a prescription in the prescription dataset; 

4) prescription of antihypertensive therapy according to the specific Anatomical 

Therapeutic Chemical Classification System codes (ATC C02, C03, C07, C08, C09) 

(see online-only data supplement for medicine names); and 5) elevated BPs (i.e. ≥ 

140/80 mmHg).  

Based on these variables, patients were considered to have hypertension if any 

of the following criteria were met using the entire medical record:  

i) hypertension was recorded on at least two different occasions either in the 

diagnosis, encounter reason or prescription reason datasets;  

ii) hypertension was recorded once in any of diagnosis, encounter reason or 

prescription reason datasets plus either:  

• two or more antihypertensive therapy scripts on different occasions, 

or  

• two or more elevated BPs on different occasions, or  

• one script preceded by an elevated BP;  

iii) one script preceded by an elevated BP plus either:  
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• one or more antihypertensive therapy scripts on different occasions.  

• one or more elevated BPs on different occasions, or 

The inclusion of an elevated BP reading preceding the prescription of 

antihypertensive therapy was performed to minimize false positives (i.e. patients 

taking antihypertensive medication for conditions other than hypertension) [94, 

95]. Patients with elevated BP but not any other indicator of hypertension (i.e. 

hypertension not recorded in the diagnosis, encounter reason or prescription 

reason datasets; no antihypertensive therapy scripts) were classified as not having 

hypertension, as they could represent ‘white coat’ hypertension [1]. The figure in 

the online-only data supplement presents the number of patients in each of the 

diagnosis criteria.  

Hypertension management 

The time since first recorded diagnosis was calculated from the first date of 

hypertension diagnosis (i.e. earliest recorded date of hypertension noted in the 

records or script for antihypertensive therapy) and the end of the study period.  This 

variable was categorized as <6 months, 6-12 months, 1-2 years, 3-5 years, or >5 

years. 

The prescription history of the last six months of the study was examined (July 

to December 2017) to calculate the number of classes of antihypertensive drugs 

recorded as having been prescribed in the past six months (none, 1, 2, or ≥3 classes 

of antihypertensives). This period was defined considering patients tend to receive 

written prescriptions that are sufficient for 6 months of treatment [1]. 

Antihypertensive medications included alpha-blockers (ATC C02), diuretics (ATC 

C03), beta-blockers (ATC C07), calcium channel blockers (ATC C08), angiotensin-

converting enzyme inhibitors and angiotensin receptor blockers (ATC C09).  

Hypertension control 

To determine the proportion of patients with controlled hypertension, we created a 

subset of patients including only those with: 1) a BP reading in 2017 (including both 

systolic and diastolic BP measures); and 2) time since diagnosis of at least six 



CHAPTER 3. PREVALENCE OF BLOOD PRESSURE CONTROL 

32 

months (i.e. guidelines recommend hypertension control should be achieved within 

six months of hypertension diagnosis) [1] (Figure 1).  

Systolic BP (SBP) recorded measurements lower than 60 or greater than 250 

mmHg, or diastolic BP (DBP) recorded measurements lower than 40 or greater than 

120 mmHg were considered clinically invalid and recoded as missing (n=11,888 or 

0.12% of all BP measures) [41]. The last available BP recorded was used to define 

hypertension control. Patients with hypertension were “controlled” when they had: 

1) a SBP below 140 mmHg; and 2) a DBP below 90 mmHg.  The same definition was 

used for patients with diabetes, following recommendations from the current 

Australian hypertension guidelines [1].  

Moreover, patients with uncontrolled hypertension were classified according 

to the severity of their blood pressure recordings: grade 1, SBP 140-159 mmHg or 

DBP 90-99 mmHg; grade 2 SBP 160-179 mmHg or DBP 100-109 mmHg; and grade 

3,  SBP ≥180 mmHg or DBP ≥110 mmHg [1].  

Covariates 

Patient sociodemographic characteristics included sex (male/female), age 

(categorized as 20-39, 40-59, 60-79 or ≥80 years), and socioeconomic status in 

quintiles, as measured by the Index of Relative Socioeconomic Advantage and 

Disadvantage (IRSAD). IRSAD is a macroeconomic measure of relative advantage 

and disadvantage developed by the Australian Bureau of Statistics that summarizes 

information about the social and economic conditions of households within an area 

(i.e. income, education, employment, occupation and housing characteristics) and is 

based on residential postcodes. A higher IRSAD score indicates a person resides in 

a more advantaged area (e.g. more families with high-income or people in highly-

skilled occupations, and few families with low incomes or in unskilled 

occupations) [96].  

Statistical analysis  

All analyses were performed in STATA 15.0 (StataCorp, College Station, Texas, USA), 

considering the clusters (general practices) and conditioned to the individual’s 

probability of being in the sample using the inverse of each individuals’ average 
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annual number of consultations (1/average number of consultations per year) [81, 

93]. 

The prevalence of ‘regular’ patients with hypertension and those with 

controlled hypertension were expressed as proportions (%) with their 

corresponding 95% confidence intervals (95% CI).  Differences in the proportion of 

controlled hypertension across categories of the investigated sociodemographic, 

time since diagnosis and number of classes of antihypertensive therapy prescribed 

were investigated using chi-squared tests for heterogeneity. Crude results are 

presented unless otherwise stated.  

The association of hypertension control and the number of classes of 

antihypertensive therapy prescribed in the last six months was assessed using 

multiple logistic regression adjusted for gender, age and IRSAD. The analysis was 

stratified by the time since diagnosis (6-12 months, 1-2 years, 3-5 years, and >5 

years). Marginal adjusted probabilities of hypertension control in each category 

were estimated and presented with their respective 95% CI.  

The Human Research Ethics Committee of the University of Adelaide 

exempted this study of an ethical review, as it used existing and non-identifiable 

data. Access to the data for this study was approved by the MedicineInsight Data 

Governance Committee (project 2016–007). 

3.3.4 Results  

Hypertension prevalence 

The mean age of the 1.2 million ‘regular’ adult patients attending a practice within 

MedicineInsight in 2017 was 54.3 years (SD 18.3), and 59.1% were females. Table 1 

shows the prevalence of hypertension was 39.8% (95% CI 38.7%–40.9%; 

n=476,942). Hypertension was more frequent in males (48.7%), increased with age, 

but showed an inverse-trend relationship with socioeconomic status (hypertension 

decreased with increasing socioeconomic status). Table 1 also shows that 85.3% of 

all adults with diagnosed hypertension (95% CI 84.4%–86.2%; n=406,812) had 
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their BP measured and recorded in 2017. BP recording was less frequent among 

those aged 20-39 years but did not vary according to sex or IRSAD quintiles. 

Blood pressure control 

Table 2 shows that patients with hypertension that had their BP recorded in 2017 

and were managed for at least six months (n=400,530) did not differ from the total 

sample with hypertension and BP recorded (n=406,812). Overall, of those patients 

with hypertension managed for at least six months, 54.9% had their BP controlled 

(95% CI 54.2%–55.5%). The mean SBP and DBP for patients with controlled 

hypertension were 125.1 [SD 9.9] and 73.7 [SD 9.0] mmHg, respectively. The 

corresponding values for those with uncontrolled hypertension were 149.3 [SD 

12.0] and 83.2 [SD 11.2] mmHg (data not shown). Of those with uncontrolled 

hypertension, 77.5% had grade 1 (140-159/90-99 mmHg), 19.4% grade 2 (160-

179/100-109 mmHg) and 3.1% grade 3 hypertension (≥180/110 mmHg).  

Table 2 presents the proportion of patients with controlled hypertension in 

patients with recorded hypertension in 2017 by sociodemographic characteristics 

and time since diagnosis. BP control was slightly lower in females compared with 

males or among those aged ≥80 years, but there were no differences by 

socioeconomic status. The average time since first hypertension diagnosis was 7.2 

years (SD=4.1), with over 90% of patients with a diagnosis of hypertension of three 

or more years and 2.4% for 6-12 months. Hypertension control was between 8% 

and 12% lower among patients recently diagnosed (6-12 months) relative to those 

with a longer time since diagnosis.  
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Table 1 Prevalence of diagnosed hypertension and blood pressure recording in 2017 according to sociodemographic variables 

  Total sample Adults with hypertension (n=476,942) 

    
BP recorded in 2017* (n=406,812) 

 
 

N (%) 

Yes  

N (%) 95% CI 

Yes 

N (%)  95% CI 

Overall 1,198,199 (100.0%) 476,942 (39.8%) [38.7-40.9] 406,812 (85.3%) [84.4-86.2] 

Sex      

Male 490,109 (40.9%) 232,533 (48.7%) [47.5-49.9] 198,092 (85.7%) [84.8-86.6] 

Female 708,090 (59.1%) 244,409 (33.8%) [32.7-34.9] 208,720 (84.9%) [83.9-85.8] 

Age group      

20-39 299,124 (25.0%) 15,510 (6.1%) [5.8-6.3] 11,516 (76.9%) [74.9-78.9] 

40-59 398,568 (33.3%) 117,165 (31.0%) [30.4-31.7] 96,500 (84.3%) [83.1-85.4] 

60-79 394,841 (33.0%) 255,310 (61.2%) [60.5-62.0] 221,989 (86.7%) [85.9-87.5] 

>=80 105,666 (8.8%) 88,957 (78.2%) [77.3-79.2] 76,807 (84.2%) [83.2-85.2] 

IRSAD Quintile     

Highest 284,656 (23.8%) 95,018 (35.6%) [34.1-37.1] 80,056 (85.0%) [83.6-86.4] 

2nd upper 218,496 (18.2%) 78,741 (36.6%) [34.9-38.2] 67,056 (85.3%) [83.9-86.7] 

Intermediate 267,958 (22.4%) 111,226 (40.9%) [39.2-42.6] 95,105 (85.4%) [84.1-86.6] 
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  Total sample Adults with hypertension (n=476,942) 

    
BP recorded in 2017* (n=406,812) 

 
 

N (%) 

Yes  

N (%) 95% CI 

Yes 

N (%)  95% CI 

2nd lower 212,938 (17.8%) 92,053 (41.9%) [40.1-43.8] 78,949 (85.5%) [83.7-87.3] 

Lowest 214,151 (17.9%) 99,904 (44.9%) [42.9-46.8] 85,646 (85.3%) [83.9-86.8] 

BP: blood pressure; CI: confidence interval 
*Adult patients with a diagnosis of hypertension who had their BP recorded in 2017 
Crude results presented. Absolute numbers (N) in each category represent ‘observed’ data (i.e. total number of patients in that category), while percentages and 
95% CI were estimated considering the clusters (general practices) and the individual’s probability of being in the sample 
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Table 2 Prevalence of hypertension control* according to sociodemographic characteristics and time since diagnosis 

 

Patients with hypertension 

and BP recorded in 2017 

Patients with hypertension, BP recorded in 2017 and hypertension 

management ≥ 6 months 

  

 

Yes 

N (%) 

Proportion with controlled blood 

pressure* (<140/90mmHg) 

  

N (%) Yes 

N (%) 95% CI 

Overall 406,812 (100.0%) 400,530 (100%) 219,725 (54.9%) [54.2-55.5] 

Sex     

Male 198,092 (48.7%) 195,159 (48.7%) 107,924 (55.7%) [55.0-56.4] 

Female 208,720 (51.3%) 205,371 (51.3%) 111,801 (54.1%) [53.4-54.8] 

Age categories     

20-39 11,516 (2.8%) 10,898 (2.7%) 5,927 (55.7%) [54.5-56.8] 

40-59 96,500 (23.7%) 94,041 (23.5%) 50,482 (55.0%) [54.3-55.7] 

60-79 221,989 (54.6%) 219,339 (54.8%) 122,501 (55.7%) [55.0-56.5] 

>=80 76,807 (18.9%) 76,252 (19.0%) 40,815 (52.0%) [51.1-52.9] 

IRSAD Quintile     

Highest 80,056 (19.7% 78,604 (19.6%) 43,565 (55.9%) [55.0-56.9] 

2nd upper 67,056 (16.5%) 65,910 (16.5%) 36,373 (55.3%) [54.0-56.5] 

Intermediate 95,105 (23.4%) 93,762 (23.4%) 50,950 (54.3%) [53.2-55.4] 
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Patients with hypertension 

and BP recorded in 2017 

Patients with hypertension, BP recorded in 2017 and hypertension 

management ≥ 6 months 

  

 

Yes 

N (%) 

Proportion with controlled blood 

pressure* (<140/90mmHg) 

  

N (%) Yes 

N (%) 95% CI 

2nd lower 78,949 (19.4%) 77,741 (19.4%) 42,422 (54.4%) [53.1-55.7] 

Lowest 85,645 (21.1%) 84,513 (21.1%) 46,415 (54.6%) [53.3-55.9] 

Time since first recorded diagnosis  

<6 months 6,282 (1.5%) - - - 

6-12 months 9,466 (2.3%) 9,466 (2.4%) 4,467 (48.6%) [47.4-49.8] 

1-2 years 26,321 (6.5%) 26,321 (6.6%) 13,936 (53.6%) [52.9-54.4] 

3-5 years 110,471 (27.2%) 110,471 (27.6%) 61,080 (55.5%) [54.7-56.2] 

>5 years 254,272 (62.5%) 254,272 (63.5%) 140,242 (55.0%) [54.2-55.7] 

BP - blood pressure; CI – confidence interval  
* The denominator is the total number of adult patients with a diagnosis of hypertension who had their BP recorded in 2017 and time since diagnosis ≥6 months 
(n=400,530 or 84.0% of all patients with hypertension). 
Crude results presented.  Absolute numbers (N) in each category represent ‘observed’ data (i.e. total number of patients in that category), while percentages and 
95% CI were estimated considering the clusters (general practices) and the individual’s probability of being in the sample. 
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Medications and hypertension control 

The proportion of patients with a record of being prescribed any antihypertensive 

medication increased from 40.8% among those with a hypertension diagnosis of 6-

12 months to 62.6% among those diagnosed more than five years ago (Figure 2). At 

the same time, having a record of being prescribed three or more classes of 

antihypertensive medications was seven times more likely among those with the 

longest duration since hypertension diagnosis (13.6%) compared to those with the 

shortest time since hypertension diagnosis (1.9%).  

 

Figure 2 Proportion of patients with a record of prescribed antihypertensive 

medication, stratified by the time since diagnosis.  

The denominator is the total number of adult patients with a diagnosis of hypertension who had 
their BP measured in 2017 and duration of HT management ≥6 months (n=400,530 or 84.0% of all 
patients with hypertension) 

 

Figure 3 presents hypertension control by the number of classes of 

antihypertensives recorded as having been prescribed, stratified according to the 

time since diagnosis. In general, the prevalence of hypertension control ranged 

between 50% and 56% independent of the time since diagnosis or the number of 

classes of antihypertensives prescribed.  Those with 6-12 months since diagnosis 

and no record of being prescribed antihypertensive medication were the only group 

of patients with a lower prevalence of hypertension control (44.3%). Table S2 in the 
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online-only data supplement presents the class of antihypertensive medications 

prescribed to patients.  

 

Figure 3 Prevalence of hypertension control according to the number of classes of 

antihypertensives recorded as having been prescribed, stratified by the time since 

diagnosis.  

The denominator is the total number of adult patients with a diagnosis of hypertension who had 
their BP measured in 2017 and duration of HT management ≥6 months (n=400,530 or 84.0% of all 
patients with hypertension). Error bars indicate the 95% confidence interval. Results adjusted for 
age, sex and socioeconomic status.  

3.3.5 Discussion  

Three findings can be highlighted in this study. First, the prevalence of hypertension 

among adults attending general practice was slightly higher than estimates from the 

community based National Health Survey (NHS) in Australia. Second, even though 

these patients visited a general practice every year, had regular BP checks, and 

59.0% had a record of having received a prescription for antihypertensive therapy, 

only a little more than half had their BP controlled according to Australian 

guidelines current at the time. Third, patients with a recent hypertension diagnosis 

(6-12 months) who had no record of being prescribed antihypertensive medication 

were less likely to have their BP controlled than those on antihypertensive 

medication, or than those with a longer duration since their hypertension diagnosis. 

Moreover, having received two or more classes of antihypertensive drugs in the last 
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six months did not provide any substantial benefit for hypertension control than 

those prescribed one class only.  

Almost 40% of adult patients in our study were identified as having 

hypertension. That number is slightly higher than the 34% reported in the NHS in 

2017-18. However, only 13.6% of adults investigated in that survey self-reported a 

medical diagnosis of hypertension, with the remaining estimated from BP measures, 

suggesting most people with hypertension in Australia are unaware of their 

condition or their diagnosis [7, 21]. Only a small number of Australian studies using 

general practice data are available for comparison. The Bettering the Evaluation and 

Care of Health (BEACH) study reported a prevalence of hypertension of 26.6% using 

actively collected data from 8,333 patients performed by 290 general practices 

across Australia during clinical encounters between 2008-09. BEACH provided a 

unique estimate for individuals of all ages (14% aged <15 years), hindering 

comparisons with our findings [97]. Nonetheless, the prevalence of hypertension in 

BEACH and our study is ~2.9 times more frequent than the estimated NHS self-

reported prevalence of hypertension in 2007 - which reported a prevalence of 

9.4%  - (compared to BEACH) and 2017 (compared to MedicineInsight) [7, 98]. 

Therefore, our findings based on MedicineInsight data seems an accurate 

representation of the burden of hypertension in Australian general practice 

compared with active data collection performed by general practitioners (GPs) 

during face-to-face clinical encounters (BEACH). International estimates of the 

prevalence of hypertension using primary care data range from 11% to 55%, and 

both, BEACH and MedicineInsight findings are within that range [34, 35, 37, 47]. 

Discrepancies between EMR data and survey estimates may be the 

consequence of disease-specific biases (e.g. recall bias in surveys), misclassification 

due to disease definitions, and the prevalence of the investigated condition [99, 

100]. When comparing administrative and survey data, the literature reports 

agreement of 74% for positive hypertension diagnosis with a Kappa of 0.66 [100]. 

People visiting a GP are more likely to have their BP checked, which could also 

explain these discrepancies. Furthermore, our denominator differs to that used in a 

population survey.  
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Australian guidelines recommend BP should be assessed at least every 2 years 

from the age of 18 years [1]. However, a recent study investigating a random sample 

of 2,384 adults in South Australia showed that 88% had their BP measured in the 

last 12 months during a consultation with their GP (up to 95% among those at risk 

or with CVD) [101]. These numbers are similar to our figures using MedicineInsight, 

as 85% of those with hypertension had their BP recorded in 2017, with a higher 

frequency among middle-aged or older adults. BP assessment did not vary according 

to sex nor socioeconomic status, suggesting this is a universal care procedure 

performed by GPs, which may support hypertension diagnosis and management.  

Our finding that just over half of patients with hypertension had their BP 

controlled lies within the range reported by other international studies using 

general practice data (27% to 65%) [29, 32-37]. In Australia, a study using BEACH 

data from 2006-07 (n=2,618 patients) reported 59% of patients who had been 

prescribed antihypertensive medication achieved BP control [102]. Some of these 

studies defined hypertension control using different definitions for diabetic patients 

and proteinuria status [29, 32-34, 36, 102]. Australian studies using our criteria for 

hypertension control (≤140/90 mmHg for all patients) reported BP control ranged 

between 50% and 55% [41, 44]. These figures are consistent with data from the 

Australian NHS, which found that 56% of females and 59% of males receiving 

medication for hypertension had their BP controlled [4].  

In our study, hypertension control was slightly lower in the oldest age group. 

This may reflect reluctance from GPs to achieve targets to avoid adverse events (e.g. 

hypotension, falls), acceptance that older people have higher BP levels or that it is 

more challenging to control, or because of the coexistence of other chronic 

conditions affecting BP control [32, 103]. In fact, we identified that the longer the 

diagnosis of hypertension, the more classes of antihypertensive therapy are 

prescribed to maintain the same level of control (i.e. GPs only added new 

medications to those who are not controlled), which is consistent with the 

literature [104].  

Hypertension guidelines recommend lifestyles changes as the primary non-

pharmacological measure to achieve BP control, especially among those with newly 
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diagnosed hypertension. This would explain why six out of ten patients with recent 

hypertension diagnosis but only a third of those diagnosed more than five years ago 

had no records of being prescribed antihypertensive therapy. However, our findings 

suggest that delaying pharmacological management among new cases appears to 

delay hypertension control which is consistent with findings from sub-studies of 

large clinical trials [105]. On the other hand, patients with a long history of 

hypertension diagnosis but not prescribed antihypertensive therapy in the last six 

months achieved similar rates of hypertension control to those prescribed 

antihypertensive therapy.   

In recent years there has been a growing interest in the use of two-drug 

combinations as the first step for antihypertensive treatment [106]. Although we 

did not explore whether different classes of antihypertensive therapy were 

prescribed sequentially or concomitantly, our data suggest there was no advantage 

related to the prescription of two classes of antihypertensive therapy compared to 

just one among recently diagnosed hypertension cases. In a recent British study 

using EMR and propensity score matching, the rate of BP control among those 

started on a two-drug therapy (n=2,807) was 17% higher than among those on 

monotherapy (n=5,614) [107]. However, despite a median duration of four months 

on these regimens, none of the two groups achieved more than 50% of hypertension 

control (40.4% and 35.4%, respectively).  

The main strengths of this study are the large sample of patients across 

Australian general practice, the use of multiple strategies to improve data quality 

and how the results reflect what is really happening in the community in terms of 

prescribing and BP control. However, the limitations and potential biases of using 

EMRs for research purposes need to be acknowledged [90, 108]. The accuracy and 

completeness of data in MedicineInsight may vary by clinician and clinical 

information system used in each general practice. This may have led to the 

underestimation of the prevalence of hypertension. However, the use of multiple 

criteria to identify patients with hypertension likely ameliorated the 

underestimation [90]. MedicineInsight patients are uniquely recorded within a 

practice but are recorded as a different patient if they move between practices. As 

hypertension is a chronic condition, we assumed that patients would mostly visit 
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the same general practice to manage their condition and to minimize bias we 

included only ‘regular’ patients (i.e. at least one consultation per year between 

2015-2017). Individual indicators of socioeconomic status (e.g. education level or 

household income) are unavailable in MedicineInsight, and IRSAD was used as a 

macro-economic indicator, which is susceptible to ecological fallacy [96]. In any 

case, it is unlikely that this limitation introduced bias in our results. Finally, we have 

not examined how different levels of high blood pressure influence decisions about 

medication use.  Conceivably those patients with very high blood pressures will be 

more likely to be commenced on antihypertensives and less likely to achieve control, 

at least initially. Furthermore, we have not been able to examine the interplay 

between side effects, patient compliance and therapeutic inertia.  

Despite the limitations, databases of EMRs such as MedicineInsight provide a 

new tool for monitoring hypertension prevalence and control in Australian general 

practice. This is particularly important since the largest Australian study of general 

practice (BEACH) was defunded in 2016 [109]. Italy implemented a multi-

dimensional strategy targeted at the general population, outpatients and high-risk 

individuals to improve BP control to 70%. Using EMR data, researchers were able to 

monitor the effectiveness of this strategy over time [37, 38]. MedicineInsight may 

provide a similar opportunity to monitor BP control rates in Australia.  

This large cross-sectional study, using electronic health records of patients 

attending general practice, highlights that hypertension control continues to be a 

challenge in Australian primary care. Despite hypertension being a condition that 

can be treated with lifestyle modifications and for which effective affordable 

medication is available, just over half had their BP controlled. Continued efforts are 

required to support doctors and patients in the management of hypertension and 

avoid the deleterious consequences of poor control.  
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3.3.6 Online supplementary material 

Table S1 Classes of Antihypertensive Therapy 

ATC C02: Alpha Blockers 

Methyldopa, Clonidine, Guanfacine, Moxonidine, Prazosin, Hydralazine, Minoxidil, 

Ambrisentan, Bosentan, Epoprostenol, Iloprost, Macitentan, Riociguat, Sildenafil, 

Tadalafil 

ATC C03: Diuretics 

Hydrochlorothiazide, Chlortalidone, Indapamide, Furosemide (Frusemide), 

Etacrynic Acid, Eplerenone, Spironolactone, Tolvaptan 

ATC C07: Beta Blockers 

Oxprenolol, Pindolol, Propranolol, Atenolol, Bisoprolol, Metoprolol, Nebivolol, 

Carvedilol, Labetalol 

ATC C08: Calcium Channel Blockers 

Amlodipine, Felodipinem, Lercanidipine, Nifedipine, Verapamil, Diltiazem 

ATC C09A: Angiotensin-converting enzyme (ACE) inhibitors 

Captopril, Enalapril, Fosinopril, Lisinopril, Perindopril, Quinapril, Ramipril, 

Trandolapril 

ATC C09B: Angiotensin Receptor Blockers 

Candesartan, Eprosartan, Irbesartan, Losartan, Olmesartan, Telmisartan, Valsartan 
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* 9,220 individuals did not meet the diagnosis criteria. The two top circles are mutually exclusive 
and therefore no overlap exists. 

Figure S1 Criteria for diagnosis of hypertension 

 

Table S2 Class of antihypertensive medication prescribed 

Class of antihypertensive therapy % of patients prescribed 

ACE inhibitors 33.6 

Angiotensin II receptor blockers 47.4 

Calcium channel blockers 35.2 

Diuretics 31.9 

Beta blockers 20.9 

Alpha blockers 8.7 
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Chapter 4 

Cardiovascular disease risk of patients 

with hypertension  

4.1 Preface 

As guidelines recommend that hypertension be managed in combination with an 

assessment of a patient’s absolute cardiovascular disease (CVD) risk, this chapter 

details the management of patients with hypertension according to their CVD risk, 

with findings published in the Journal of Human Hypertension. A cross-sectional 

analysis of MedicineInsight was conducted. Whereas the previous study (Chapter 3) 

included all adult patients, this study was limited to patients aged between 45 and 

74 years (between 35 and 74 years for Aboriginal and Torres Strait Islander adults) 

as this is the population for which CVD risk assessment is recommended and in 

which the CVD risk algorithm has been validated. Furthermore, patients with a 

history of CVD were excluded as the assessment of absolute CVD risk is aimed at 

primary prevention.  
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4.3 Publication 
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4.3.1 Online supplementary material   

Table S1 Terms used to identify a diagnosis of hypertension in the electronic 

health record 

Coded as diagnosis of hypertension if the diagnosis, reason for encounter or reason 

for prescription fields contained the following terms: 

HYPERTE* | HYPERTANSION | HYPETENSION | HPT | HTN | HIGH BLOOD PRESS* |  

BLOOD PRESSURE HIGH | HIGH DIASTOLIC BP | DIASTOLIC BP HIGH | ^ DIASTOLIC 

BP | HIGH DBP | HIGH SYSTOLIC BP | SYSTOLIC BP HIGH | ^ SYSTOLIC BP | HIGH 

SBP | HIGH SYS BP | BP HIGH | BP-HIGH | HIGHT BP | HBP | ^BP | HIGH BP | BP TOO 

HIGH  | BP TOOOO HIGH | BP CHECK - HIGH | BP CHECK - STILL HIGH | BP CHECK, 

HIGH | CHECK BP, HIGH | BP REVIEW - STILL HIGH  | BP STILL HIGH | BP STILL TOO 

HIGH | BP RETURNING UP HIGH  

Coded as diagnosis of hypertension if the diagnosis, reason for encounter or reason 

for prescription fields stated the following: 

HYPERT | HT 

Excluded if the diagnosis, reason for encounter or reason for prescription fields 

contained the following terms indicating hypertension other than essential or 

primary hypertension: 

OCULAR | OCCULAR | OPHTHALMIC | PORTAL | COAT | COLLAR | BORDER | HOUR 

| 24 HR | 24HR | HBPM | TIGHTNESS | PREGNANCY | GESTATIONAL | PARTUM | 

PULMONARY | PUMONARY | IDIOPATHIC | INTRACRANIAL | INTRA CRANIAL 

|INTRA-CRANIAL | INTRACANAL | INTRACRINIAL | CRANIAL | VENOUS HYPERT* | 

RENOVASCULAR  
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Excluded if the diagnosis, reason for encounter or reason for prescription fields 

contained the following terms indicating that hypertension referred to family 

history: 

FAMIL* & HISTORY | FAM HIST | FH | FHX | PARENT | MOTHER | MUM| FATHER | 

DAD | PATERNAL | MATERNAL | HUSBAND | WIFE | DAUGHTER | BROTHER | 

SISTER 

Excluded if the diagnosis, reason for encounter or reason for prescription fields 

contained the following terms indicating uncertainty around the diagnosis of 

hypertension: 

?HTN | ?HPT | ? HYPERTENSION | ?HYPERTENSION |FEAR (OF) | PREVENTIVE 

CARE – HYPERTENSION | HYPERTENSION - PREVENTIVE CARE | RISK OF 

HYPERTENSION | RULE OUT HYPERTENSION | SUSPECTED HYPERTENSION | 

POSSIBLE HYPERTENSION | POSSIBLE HTN | POSSIBLY HYPERTENSION | NO 

HYPERTENSION | POSSIBLE EARLY HY | HYPERTENSION FOR INVESTIG | PRE 

HYPERTEN | PRE-HYPERTEN | LABILE 

** Stata code is available from the first author upon request**  
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Table S2 Characteristics of patients with diagnosed hypertension and no history of cardiovascular disease aged between 45–74 by age 
group and sex (n=251,733) 

 Males 
 Age group (years) 

 45-49 
(n=11,191) 

50-54 
(n=11,460) 

55-59 
(n=24,152) 

60-64 
(n=24,045) 

65-69  
(n=26,023) 

70-74  
(n=25,566) 

Characteristic % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI 

IRSAD quintile             

Highest 23.1 [19.8-26.8] 23.1 [19.9-26.6] 22.1 [19.0-25.6] 21.8 [18.6-25.3] 20.9 [17.7-24.4] 20.7 [17.5-24.5] 

2nd upper 19.0 [16.6-21.6] 18.8 [16.5-21.2] 18.1 [16.0-20.4] 16.9 [14.9-19.1] 16.4 [14.4-18.6] 16.0 [13.9-18.3] 

Intermediate 23.7 [20.7-26.9] 22.9 [20.0-26.1] 23.3 [20.4-26.5] 24.0 [21.0-27.3] 23.2 [20.1-26.7] 23.9 [20.4-27.8] 

2nd lower 16.4 [14.0-19.1] 17.3 [14.8-20.2] 17.7 [15.2-20.6] 17.9 [15.4-20.8] 18.5 [15.8-21.5] 18.7 [15.9-21.9] 

Lowest 17.0 [14.0-20.6] 17.1 [14.2-20.5] 17.8 [14.8-21.2] 18.5 [15.4-22.1] 20.2 [16.9-24.0] 19.9 [16.5-23.9] 

Not recorded 0.8 [0.5-1.2] 0.8 [0.6-1.2] 0.9 [0.7-1.3] 0.9 [0.6-1.2] 0.8 [0.6-1.1] 0.8 [0.6-1.1] 

Remoteness             

Major Cities 62.0 [56.9-66.8] 60.1 [55.1-65.0] 57.7 [52.8-62.6] 55.8 [50.8-60.6] 53.8 [48.8-58.8] 53.4 [48.2-58.6] 

Inner Regional 23.3 [19.6-27.4] 24.5 [20.7-28.9] 26.7 [22.8-31.1] 28.2 [24.1-32.6] 30.1 [25.8-34.8] 30.9 [26.4-35.9] 
Outer Regional/ 
Remote/Very Remote 

14.2 [11.1-18.2] 14.9 [11.8-18.7] 15.0 [11.9-18.6] 15.5 [12.4-19.3] 15.6 [12.5-19.2] 15.1 [12.0-18.9] 

Not recorded 0.5 [0.3-0.8] 0.4 [0.3-0.6] 0.6 [0.4-0.8] 0.6 [0.4-0.8] 0.5 [0.4-0.7] 0.5 [0.4-0.7] 
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 Males 
 Age group (years) 

 45-49 
(n=11,191) 

50-54 
(n=11,460) 

55-59 
(n=24,152) 

60-64 
(n=24,045) 

65-69  
(n=26,023) 

70-74  
(n=25,566) 

Characteristic % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI 

Indigenous status             

Neither Aboriginal nor 
Torres Strait Islander 

77.0 [74.2-79.6] 79.2 [76.4-81.8] 79.8 [77.2-82.3] 80.0 [77.2-82.5] 81.7 [79.2-84.1] 82.7 [80.1-85.1] 

Aboriginal and/or Torres 
Strait Islander 6.0 [4.9-7.3] 2.5 [2.0-3.0] 2.0 [1.6-2.4] 1.8 [1.5-2.1] 1.2 [1.0-1.4] 0.8 [0.6-0.9] 

Not stated  17.0 [14.5-19.8] 18.3 [15.7-21.2] 18.2 [15.7-20.9] 18.2 [15.7-21.1] 17.1 [14.8-19.7] 16.5 [14.1-19.2] 

Smoking status              

Non smoker 47.3 [46.0-48.6] 46.8 [45.5-48.1] 44.9 [43.9-45.9] 44.5 [43.5-45.5] 45.5 [44.5-46.5] 44.8 [43.8-45.7] 

Smoker 21.1 [19.9-22.4] 19.6 [18.6-20.6] 17.0 [16.2-17.8] 13.6 [12.9-14.3] 9.4 [8.8-9.9] 6.8 [6.4-7.3] 

Ex smoker 27.4 [26.4-28.4] 29.4 [28.4-30.5] 33.5 [32.6-34.3] 37.3 [36.3-38.3] 39.4 [38.5-40.3] 42.7 [41.7-43.7] 

Not recorded 4.2 [3.6-5.0] 4.2 [3.6-4.9] 4.6 [4.0-5.3] 4.7 [4.1-5.3] 5.7 [5.0-6.5] 5.8 [5.0-6.6] 

Systolic blood pressure*             

<140mmHg (Controlled) 54.8 [53.7-55.9] 55.7 [54.4-56.9] 54.3 [53.4-55.2] 53.5 [52.6-54.5] 54.2 [53.3-55.1] 54.3 [53.4-55.3] 

140-159mmHg (Grade 1) 36.6 [35.6-37.6] 34.8 [33.7-35.9] 35.6 [34.9-36.4] 36.2 [35.4-37.0] 35.8 [35.1-36.5] 35.6 [34.9-36.4] 

160-179mmHg (Grade 2) 6.2 [5.7-6.8] 7.3 [6.7-7.9] 7.6 [7.2-8.0] 7.9 [7.4-8.3] 7.4 [7.0-7.8] 7.5 [7.1-8.0] 

≥180mmHg (Grade 3) 1.0 [0.8-1.3] 1.1 [0.9-1.3] 1.1 [1.0-1.3] 1.1 [1.0-1.2] 1.2 [1.1-1.4] 1.1 [1.0-1.3] 

Not recorded 1.3 [1.0-1.6] 1.2 [0.9-1.5] 1.3 [1.0-1.6] 1.3 [1.1-1.6] 1.4 [1.1-1.7] 1.4 [1.1-1.8] 
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 Males 
 Age group (years) 

 45-49 
(n=11,191) 

50-54 
(n=11,460) 

55-59 
(n=24,152) 

60-64 
(n=24,045) 

65-69  
(n=26,023) 

70-74  
(n=25,566) 

Characteristic % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI 

Diastolic blood pressure*             

<90mmHg (Controlled) 61.8 [60.6-62.9] 65.9 [64.7-67.0] 71.0 [70.1-71.9] 77.9 [77.1-78.7] 84.0 [83.3-84.7] 88.5 [87.8-89.1] 

90-99mmHg (Grade 1) 26.8 [25.9-27.7] 24.3 [23.3-25.2] 21.7 [21.0-22.4] 16.7 [16.0-17.4] 12.1 [11.6-12.7] 8.5 [8.0-9.0] 

100-140mmHg (Grade 2) 8.2 [7.6-8.8] 7.0 [6.4-7.6] 5.1 [4.8-5.5] 3.5 [3.2-3.8] 2.1 [1.9-2.4] 1.4 [1.2-1.5] 

>140mmHg (Grade 3) 1.9 [1.7-2.3] 1.7 [1.4-2.0] 0.9 [0.7-1.0] 0.6 [0.5-0.7] 0.4 [0.3-0.5] 0.3 [0.2-0.3] 

Not recorded 1.3 [1.0-1.6] 1.2 [0.9-1.5] 1.3 [1.0-1.6] 1.3 [1.1-1.6] 1.4 [1.1-1.7] 1.4 [1.1-1.8] 

Total cholesterol*             

<4.0mmol/L 5.5 [4.9-6.1] 6.7 [6.1-7.4] 8.1 [7.5-8.8] 9.9 [9.2-10.7] 12.3 [11.5-13.2] 14.6 [13.6-15.6] 

4.0-7.5 mmol/L  43.3 [40.5-46.2] 45.1 [42.3-47.9] 44.3 [41.7-47.0] 44.5 [41.9-47.1] 41.9 [39.4-44.5] 40.0 [37.4-42.6] 

>7.5 mmol/L 1.1 [0.9-1.4] 1.2 [1.0-1.5] 0.9 [0.7-1.0] 0.5 [0.4-0.7] 0.4 [0.4-0.5] 0.3 [0.2-0.3] 

Not recorded 50.1 [46.9-53.3] 47.0 [43.8-50.2] 46.7 [43.6-49.9] 45.0 [41.8-48.3] 45.3 [42.1-48.6] 45.2 [41.8-48.6] 
High density lipoprotein 
cholesterol* 

            

≥1.0 mmol/L  37.2 [34.8-39.6] 40.7 [38.2-43.3] 42.4 [39.9-44.9] 44.4 [41.8-47.0] 44.2 [41.6-46.9] 44.8 [42.0-47.6] 

<1.0 mmol/L 9.6 [8.7-10.5] 9.7 [9.0-10.6] 8.7 [8.0-9.4] 8.5 [7.8-9.1] 8.5 [7.9-9.3] 8.1 [7.5-8.8] 

Not recorded 53.3 [50.3-56.2] 49.5 [46.5-52.6] 49.0 [46.0-52.0] 47.2 [44.1-50.2] 47.3 [44.1-50.4] 47.1 [43.9-50.4] 
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 Males 
 Age group (years) 

 45-49 
(n=11,191) 

50-54 
(n=11,460) 

55-59 
(n=24,152) 

60-64 
(n=24,045) 

65-69  
(n=26,023) 

70-74  
(n=25,566) 

Characteristic % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI 

Diabetes 18.2 [17.3-19.2] 19.0 [18.0-20.0] 20.9 [20.2-21.7] 23.3 [22.5-24.1] 25.7 [24.9-26.4] 26.7 [25.9-27.5] 

Chronic kidney disease*† 1.6 [1.4-1.9] 1.7 [1.4-2.0] 1.9 [1.6-2.1] 2.3 [2.0-2.6] 3.4 [3.1-3.8] 4.9 [4.4-5.3] 
Familial 
hypercholesterolaemia 

0.3 [0.2-0.4] 0.2 [0.1-0.3] 0.1 [0.1-0.2] 0.1 [0.1-0.2] 0.1 [0.1-0.1] 0.0 [0.0-0.1] 
 

 Females 
 Age group (years) 

 45-49 
(n=10,692) 

50-54 
(n=11,288) 

55-59 
(n=23,927) 

60-64 
(n=24,399) 

65-69  
(n=28,752) 

70-74  
(n=30,238) 

Characteristic % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI 

IRSAD quintile             

Highest 21.7 [18.5-25.3] 21.6 [18.5-25.0] 21.0 [18.0-24.5] 20.6 [17.5-24.1] 20.6 [17.5-24.2] 21.0 [17.8-24.6] 

2nd upper 17.8 [15.6-20.3] 17.8 [15.7-20.1] 17.5 [15.4-19.8] 17.0 [15.0-19.2] 15.8 [13.8-18.1] 16.7 [14.5-19.2] 

Intermediate 23.4 [20.4-26.7] 23.7 [20.8-26.9] 23.8 [20.8-27.1] 23.6 [20.5-26.9] 23.9 [20.8-27.4] 24.1 [20.7-28.0] 

2nd lower 18.0 [15.3-21.0] 17.0 [14.6-19.8] 17.8 [15.2-20.6] 18.1 [15.5-21.0] 18.3 [15.6-21.3] 18.0 [15.3-21.2] 

Lowest 18.4 [15.2-22.0] 19.0 [15.8-22.7] 19.1 [16.1-22.6] 20.0 [16.8-23.7] 20.5 [17.2-24.4] 19.6 [16.2-23.4] 

Not recorded 0.7 [0.6-1.0] 0.9 [0.7-1.3] 0.8 [0.6-1.0] 0.6 [0.5-0.9] 0.8 [0.6-1.0] 0.6 [0.4-0.8] 
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 Females 
 Age group (years) 

 45-49 
(n=10,692) 

50-54 
(n=11,288) 

55-59 
(n=23,927) 

60-64 
(n=24,399) 

65-69  
(n=28,752) 

70-74  
(n=30,238) 

Characteristic % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI 
Remoteness             

Major Cities 59.8 [54.7-64.7] 59.4 [54.3-64.3] 57.7 [52.7-62.6] 56.7 [51.7-61.6] 55.2 [50.1-60.2] 56.2 [50.9-61.3] 

Inner Regional 25.6 [21.7-30.0] 26.1 [22.1-30.5] 27.6 [23.5-32.1] 28.7 [24.5-33.3] 30.2 [25.8-35.0] 30.3 [25.7-35.3] 
Outer Regional/Remote/ 
Very Remote 

14.1 [11.0-17.8] 13.9 [10.9-17.6] 14.3 [11.3-17.8] 14.2 [11.3-17.8] 14.0 [11.1-17.5] 13.2 [10.4-16.5] 

Not recorded 0.5 [0.4-0.7] 0.5 [0.4-0.8] 0.5 [0.4-0.6] 0.4 [0.3-0.6] 0.5 [0.4-0.7] 0.4 [0.3-0.6] 

Indigenous status             

Neither Aboriginal nor 
Torres Strait Islander 

78.0 [75.4-80.5] 81.1 [78.4-83.5] 81.4 [78.9-83.7] 82.0 [79.5-84.2] 82.9 [80.4-85.2] 83.8 [81.1-86.1] 

Aboriginal and/or Torres 
Strait Islander 

6.9 [5.8-8.2] 3.1 [2.5-3.8] 2.5 [2.1-3.0] 1.8 [1.5-2.1] 1.4 [1.2-1.6] 0.9 [0.7-1.1] 

Not stated  15.1 [12.7-17.8] 15.8 [13.4-18.6] 16.1 [13.8-18.6] 16.2 [14.0-18.7] 15.7 [13.4-18.3] 15.3 [13.0-18.0] 

Smoking status              

Non smoker 54.1 [52.7-55.6] 53.1 [51.7-54.5] 53.1 [51.9-54.2] 56.0 [54.9-57.0] 59.9 [58.9-60.9] 59.6 [58.6-60.5] 

Smoker 16.9 [15.8-18.0] 16.6 [15.6-17.7] 14.7 [13.9-15.5] 11.1 [10.5-11.8] 8.1 [7.7-8.6] 6.2 [5.8-6.5] 

Ex smoker 24.3 [23.3-25.4] 26.0 [25.0-27.1] 27.3 [26.5-28.2] 27.9 [27.0-28.7] 26.7 [25.9-27.6] 28.3 [27.5-29.2] 

Not recorded 4.6 [4.0-5.4] 4.2 [3.6-4.9] 5.0 [4.3-5.7] 5.0 [4.4-5.7] 5.2 [4.6-5.9] 6.0 [5.3-6.7] 



CHAPTER 4. CARDIOVASCULAR DISEASE RISK OF PATIENTS WITH HYPERTENSION 

69 

 Females 
 Age group (years) 

 45-49 
(n=10,692) 

50-54 
(n=11,288) 

55-59 
(n=23,927) 

60-64 
(n=24,399) 

65-69  
(n=28,752) 

70-74  
(n=30,238) 

Characteristic % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI 
Systolic blood pressure*             

<140mmHg (Controlled) 65.1 [63.9-66.2] 63.5 [62.4-64.6] 61.4 [60.6-62.3] 59.1 [58.3-60.0] 56.7 [55.8-57.6] 54.7 [53.8-55.6] 

140-159mmHg (Grade 1) 27.0 [26.0-28.0] 28.1 [27.1-29.1] 29.7 [29.0-30.4] 31.0 [30.3-31.7] 32.9 [32.2-33.6] 33.9 [33.2-34.6] 

160-179mmHg (Grade 2) 6.1 [5.6-6.6] 6.5 [6.0-7.0] 6.7 [6.3-7.1] 7.5 [7.1-8.0] 8.0 [7.6-8.4] 8.5 [8.1-8.9] 

≥180mmHg (Grade 3) 0.8 [0.7-1.1] 1.0 [0.8-1.2] 1.0 [0.9-1.2] 1.2 [1.1-1.4] 1.3 [1.2-1.5] 1.5 [1.4-1.7] 

Not recorded 1.0 [0.8-1.3] 1.0 [0.8-1.3] 1.1 [0.9-1.4] 1.1 [0.9-1.3] 1.0 [0.8-1.3] 1.3 [1.1-1.7] 

Diastolic blood pressure*             

<90mmHg (Controlled) 62.2 [61.0-63.4] 67.0 [65.8-68.2] 72.2 [71.2-73.1] 79.1 [78.3-79.8] 83.8 [83.1-84.5] 87.0 [86.4-87.6] 

90-99mmHg (Grade 1) 26.9 [25.9-27.9] 24.1 [23.1-25.1] 21.0 [20.3-21.8] 16.0 [15.4-16.6] 12.4 [11.9-13.0] 9.8 [9.3-10.2] 

100-140mmHg (Grade 2) 8.1 [7.5-8.7] 6.5 [5.9-7.1] 4.8 [4.4-5.1] 3.3 [3.0-3.6] 2.3 [2.1-2.5] 1.5 [1.4-1.7] 

>140mmHg (Grade 3) 1.8 [1.6-2.2] 1.5 [1.2-1.7] 0.9 [0.8-1.1] 0.6 [0.5-0.7] 0.4 [0.3-0.5] 0.3 [0.3-0.4] 

Not recorded 1.0 [0.8-1.3] 1.0 [0.8-1.3] 1.1 [0.9-1.4] 1.1 [0.9-1.3] 1.0 [0.8-1.3] 1.3 [1.1-1.7] 
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 Females 
 Age group (years) 

 45-49 
(n=10,692) 

50-54 
(n=11,288) 

55-59 
(n=23,927) 

60-64 
(n=24,399) 

65-69  
(n=28,752) 

70-74  
(n=30,238) 

Characteristic % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI 
Total cholesterol*             

<4.0mmol/L 4.4 [3.9-4.9] 4.1 [3.7-4.6] 4.1 [3.7-4.5] 5.2 [4.7-5.7] 6.4 [5.8-6.9] 7.4 [6.9-8.0] 

4.0-7.5 mmol/L  45.2 [42.3-48.1] 46.0 [43.1-48.9] 46.6 [43.8-49.4] 46.7 [43.9-49.5] 46.3 [43.6-49.0] 45.1 [42.3-47.9] 

>7.5 mmol/L 1.0 [0.8-1.2] 1.2 [1.0-1.5] 1.6 [1.5-1.9] 1.4 [1.2-1.5] 1.4 [1.2-1.6] 1.0 [0.8-1.1] 

Not recorded 49.4 [46.2-52.6] 48.6 [45.5-51.8] 47.7 [44.5-50.8] 46.8 [43.6-50.0] 46.0 [42.8-49.2] 46.6 [43.3-49.8] 
High density lipoprotein 
cholesterol* 

            

≥1.0 mmol/L  42.1 [39.5-44.8] 45.1 [42.3-48.0] 47.1 [44.3-50.0] 48.9 [45.9-51.8] 49.8 [46.8-52.8] 49.1 [46.0-52.1] 

<1.0 mmol/L 4.1 [3.5-4.8] 3.1 [2.6-3.5] 2.4 [2.1-2.7] 2.0 [1.7-2.2] 2.0 [1.8-2.3] 1.9 [1.7-2.1] 

Not recorded 53.8 [50.8-56.7] 51.8 [48.8-54.8] 50.5 [47.5-53.5] 49.2 [46.1-52.2] 48.1 [45.1-51.3] 49.0 [45.9-52.2] 

Diabetes 17.6 [16.6-18.6] 17.2 [16.3-18.2] 18.2 [17.5-19.0] 19.6 [18.8-20.4] 21.1 [20.3-21.9] 21.3 [20.5-22.1] 

Chronic kidney disease*† 1.3 [1.1-1.7] 1.3 [1.1-1.5] 1.5 [1.3-1.7] 2.0 [1.8-2.3] 3.0 [2.7-3.3] 4.6 [4.2-5.1] 
Familial 
hypercholesterolaemia 

0.1 [0.1-0.2] 0.2 [0.1-0.3] 0.2 [0.1-0.3] 0.2 [0.1-0.2] 0.2 [0.1-0.3] 0.1 [0.1-0.2] 

Crude results presented. Percentages and 95% CI were estimated considering the clusters (general practices) and the individual’s probability of being in the sample. 
*Only measures recorded between 2015 and 2018 were used. †Patients with record of a diagnosis of chronic kidney disease or an estimated glomerular filtration 
rate <45 ml/min/1.73 m2 or persistent proteinuria. 
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Cost of Hypertension 

in General Practice 
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Chapter 5 

Cost of uncontrolled hypertension in 

general practice 

5.1 Preface 

This chapter, published in PharmacoEconomics, describes the evaluation of the 

health and financial costs of uncontrolled blood pressure (BP) in all Australians aged 

between 45 and 74 years without a history of cardiovascular disease (CVD) 

attending general practice. As the CVD risk algorithm estimates the risk of 

experiencing a CVD event over the next 5 years, the model estimates the costs of 

uncontrolled BP and potential savings from improved BP control over a 5-year 

period. Financial costs were restricted to costs associated with acute hospitalisation 

for primary CVD events.  
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5.3 Publication 

5.3.1 Abstract  

Background  

Hypertension is the most common condition seen in Australian general practice. 

Despite hypertension being amenable to lifestyle modifications and 

pharmacological treatment, only around half of these patients have controlled blood 

pressure levels (BP <140/90mmHg), placing them at increased risk of 

cardiovascular disease (CVD).  

Objective  

To estimate the health and acute hospitalisation costs of uncontrolled hypertension 

among patients attending general practice.  

Methods 

We used population data and electronic health records from 634,000 patients aged 

45–74 years who regularly attended an Australian general practice between 2016 

and 2018 (MedicineInsight database). An existing worksheet-based costing model 

was adapted to calculate the potential cost savings for acute hospitalisation of 

primary CVD events by reducing the risk of a cardiovascular event over the next 

5 years through improved systolic blood pressure (SBP) control. The model 

estimated the number of expected CVD events and associated acute hospital costs 

under current levels of SBP and compared this estimate with the expected number 

of CVD events and costs under different levels of SBP control.  

Results 

The model estimated that across all Australians aged 45-74 years who visit their general 

practitioner (n=8.67 million), 261,858 CVD events can be expected over the next five 

years at current SBP levels (mean 137.8mmHg, SD=12.3mmHg), with a cost of AUD 

1,813 million (in 2019-2020). By reducing the SBP of all patients with a SBP greater 

than 139mmHg to 139 mmHg, 25,845 CVD events could be avoided with an associated 
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reduction in acute hospital costs of AUD 179 million. If SBP is lowered further to 

129mmHg for all those with SBP greater than 129 mmHg, 56,169 CVD events could be 

avoided with potential cost savings of AUD 389 million. Sensitivity analyses indicate 

that potential cost savings range from AUD 46 million to AUD 1,406 million and AUD 

117 million to AUD 2,009 million for the two scenarios, respectively. Cost savings by 

practice range from AUD 16,479 for small practices to AUD 82,493 for large practices. 

Conclusions 

The aggregate cost effects of poor BP control in primary care are high, but cost 

implications at the individual practice level are modest. The potential cost savings 

improve the potential to design cost-effective interventions, but such interventions 

may be best targeted at a population-level rather than at individual practices.  

Key points 

• Only half of patients with hypertension have their blood pressure controlled, 

increasing their risk of cardiovascular disease.  

• In this study, we estimated the health and financial costs of uncontrolled 

hypertension among Australians aged 45–74 who visit their general 

practitioner.  

• By improving blood pressure control, 25,845 cardiovascular events, costing 

AUD 179 million in acute hospitalisation, can be avoided over the next 

5 years.  

5.3.2 Introduction 

Globally, approximately one-third of adults aged 30–79 years have hypertension 

[110]. These adults are at increased risk of cardiovascular disease (CVD), with 

hypertension responsible for over 10 million deaths in 2019 [111]. The global 

financial burden of suboptimal blood pressure (BP) control was estimated to be 

USD 372 billion in 2010, representing about 10% of the world’s overall health care 

expenditure [14]. 

In Australia, elevated BP accounted for 5.8% of the total burden of disease in 

2015 [13], and CVD cost the health system AUD 11.8 billion in 2018–19 [15]. 
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Furthermore, the loss in gross domestic product from hypertension over the 

working lifetime of the Australian population was estimated to be AUD 137.2 billion 

[16]. 

Hypertension is largely managed in primary care and is the most common 

condition seen by a general practitioner (GP) in Australia [28]. Despite hypertension 

being amenable to lifestyle modifications and pharmacological treatment, only 

around half of the patients attending general practice have controlled hypertension 

(BP <140/90mmHg) [112]. Poor BP control puts patients at increased risk of CVD 

and all-cause and CVD mortality. A US cohort study found that patients who received 

antihypertensive treatment but remained uncontrolled were twice as likely to die 

from CVD than those without hypertension. In contrast, treated and controlled 

patients had similar risks to patients without hypertension [22].  

Primary care workers, particularly GPs, have a vital role in supporting patients 

to achieve recommended BP targets [113]. There has been a recognition that 

hypertension management according to CVD risk is more effective and cost-effective 

than relying exclusively on BP levels [114, 115]. Therefore, Australian guidelines 

recommend that GPs conduct a CVD risk assessment for patients aged between 45 

and 74 years without a history of CVD. Subsequently, management decisions to treat 

hypertension should be guided by a patient’s risk of a primary CVD event over the 

next 5 years [1, 73].  

A range of possible interventions could improve BP management in primary 

care. However, with constraints on health care budgets, decision-makers need 

information on the potential impact interventions may have on patients and the 

health system. These include the health costs experienced by patients due to the 

morbidity and mortality from CVD events and the associated financial costs borne 

by the health system. Therefore, this study aimed to estimate the financial and 

health costs of uncontrolled hypertension for patients attending general practice.  

5.3.3 Methods  

This study used population data and data from MedicineInsight [74], a large and 

comprehensive Australian general practice electronic health record (EHR) database, 
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to populate a model and calculate the potential cost savings for acute hospitalisation 

from improved BP control in patients diagnosed with hypertension. 

Model structure 

We adapted an existing model [116] to calculate the potential cost savings for acute 

hospitalisation by reducing the risk of a cardiovascular event over the next 5 years 

through improved systolic blood pressure (SBP) control. The model estimated the 

number of expected CVD events and associated costs under current levels of BP 

control. Next, the model estimated the number of expected CVD events and 

associated costs under different levels of BP control. Comparing these estimates, the 

model estimated the potential reduction in CVD events and associated costs from 

improving BP control. The structure of the model is shown in Figure 1.  

We modelled two scenarios in all patients diagnosed with hypertension 

attending general practice. We assumed all patients above a specified BP target 

achieved the target BP level as follows: 1) for patients with an SBP ≥140mmHg, we 

recalculated their CVD risk assuming an SBP of 139mmHg, and 2) for patients with 

an SBP ≥130mmHg, we recalculated their CVD risk assuming an SBP of 129mmHg:  

1. Potential risk reduction (SBP=139mmHg) = CVDRiskUncontrolled – 

CVDRiskControlled(139mmHg) 

2. Potential risk reduction (SBP=129mmHg) = CVDRiskUncontrolled – 

CVDRiskControlled(129mmHg) 

In addition, we estimated the costs of uncontrolled BP at the practice level by 

practice size (i.e. the number of regular patients attending the practice). Practices 

were divided into quartiles based on practice size. 
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CVD: cardiovascular disease; GP: general practitioner 

Figure 1 Model structure  
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Model population  

As the Australian National Vascular Disease Prevention Alliance (NVDPA) risk 

assessment algorithm assesses a patient’s risk of developing CVD [73], this study 

focused on Australian individuals aged between 45 and 74 years without a history 

of CVD. In addition, we only included those patients who visit their GP in the model. 

This criterion was used to represent a population who already have contact with 

their primary care providers, thereby providing opportunities for GPs and primary 

care nurses to engage patients in lifestyle and pharmacological interventions to 

reduce BP and CVD risk. 

Model inputs 

Population statistics and estimates using individual patient data from 

MedicineInsight were used to derive model inputs. Separate sex and age (in 5-year 

age groups) cohorts of the Australian population aged 45–74 years were 

constructed based on the 2021 Australian population data [117]. Data on the 

proportion of patients who visit their GP by age and sex were drawn from the Patient 

Experiences in Australia survey [118]. We used the results of the 2018–2019 survey, 

as data from 2019–2020 and 2020–2021 reflect changes in attendance due to the 

Covid-19 pandemic.  

As of October 2018, MedicineInsight included de-identified data from patients 

attending over 2,700 GPs and 660 general practices across all states and territories 

(8.2% of all Australian practices) [74]. Patients in the database are comparable to 

but not representative of the general population as measured by sociodemographic 

variables and clinical conditions [74]. Details of the data collection process are 

published elsewhere [74]. In summary, data from patients’ EHRs are collected 

monthly and include diagnoses, reasons for encounters, prescriptions, 

immunisations, clinical measurements (e.g. BP, pulse, weight), laboratory test 

orders and results, and patient sociodemographic information. Patients within each 

practice receive a unique identification number that allows the patient to be 

followed over time. We identified 634,000 patients aged 45–74 years who attended 

an Australian general practice at least three times in any two consecutive years 

between 2016 and 2018 [119] and almost 70% of patients had data available since 
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2011. Extraction algorithms for identifying chronic condition diagnoses have been 

validated [88]. 

Prevalence of existing CVD and hypertension 

Using MedicineInsight, we then estimated the proportion of patients without a 

history of CVD by identifying patients without CVD recorded in their EHR 

(i.e. ischaemic heart disease, heart failure, stroke, peripheral artery disease or aortic 

disease). All available data in the patient’s EHR was reviewed to identify those 

without a history of CVD.  

We then identified patients with a diagnosis of hypertension. The methods 

used to identify patients diagnosed with hypertension are described in detail 

elsewhere [112, 120]. Briefly, patients were considered to have hypertension if 

1) the condition was recorded as a diagnosis, reason for encounter or reason for 

prescription, or 2) if the patient received a prescription for antihypertensive 

therapy preceded by an elevated BP (i.e. BP higher than 140/90mmHg). By 

including an elevated BP, we aimed to reduce the misclassification of patients taking 

antihypertensive therapy for conditions other than hypertension (e.g. heart failure, 

myocardial infarction) [95]. Antihypertensive medications included angiotensin-

converting enzyme inhibitors and angiotensin II receptor blockers (Anatomical 

Therapeutic Chemical [ATC] C09), beta-blockers (ATC C07), calcium channel 

blockers (ATC C08), diuretics (ATC C03) and alpha-blockers (ATC C02).    

CVD risk 

First, we determined whether patients had recorded information available on the 

different risk factors required to calculate their CVD risk. For SBP, we only 

considered values recorded between 2017 and 2018 and calculated the mean of the 

measures in this period. For patients with only one SBP recorded, this value was 

used (7.0% of sample). The mean number of SBP values recorded was 6.1 (SD 5.0) 

and the median was 5 with an interquartile range of 3-8. As cholesterol tests are 

performed less frequently than BP readings, we included the most recent reported 

result for total and HDL cholesterol between 2015 and 2018. Where smoking status 

was not recorded, patients were assumed to be non-smokers (3.7% of sample)  

[120]. As left ventricular hypertrophy is challenging to identify in the EHR, we 
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assumed left ventricular hypertrophy was absent for all patients. Patients were 

considered to have diabetes when the patient record had “diabetes” as a diagnosis, 

encounter reason or prescription reason, or were prescribed antidiabetic 

medications (ATC A10; except for those with a diagnosis of polycystic ovarian 

syndrome). 

Thereafter, for those patients with diagnosed hypertension and with enough 

information available in their EHR to calculate CVD risk, we calculated the risk of a 

primary CVD event over the next 5 years by applying the Australian NVDPA risk 

assessment and risk management algorithm (Table 1) [1, 73].  

Next, we recalculated the risk of a primary CVD event over the next 5 years 

under the two scenarios described above: 1) for patients with an SBP ≥140mmHg, 

we recalculated their CVD risk assuming an SBP of 139mmHg, and 2) for patients 

with an SBP ≥130mmHg, we recalculated their CVD risk assuming an SBP of 

129mmHg. We assumed a relative risk reduction of 0.80 (95% CI 0.77-0.83) in CVD 

events for every 10mmHg reduction in SBP based on a meta-analysis of 613,815 

patients enrolled in randomised controlled trials [121]. 

The calculated CVD risk was then allocated to the following conditions to 

reflect the conditions included in the Framingham risk score: unstable angina (UA), 

myocardial infarction (MI), stroke, transient ischaemic attack (TIA), heart failure 

(HF), peripheral artery disease (PAD) and coronary heart disease (CHD) death 

[122]. After that, using data from the National Hospital Morbidity Database [123] 

and CHD deaths reported by the Australian Institute of Health and Welfare [124], 

we calculated the proportions of UA, MI, stroke, TIA, HF, PAD and CHD deaths out of 

all CVD hospitalisation episodes and CHD deaths in a year using the following 

formula, as illustrated for UA as a proportion of all events – P(UA) [125]:  

𝑃𝑃(𝑈𝑈𝑈𝑈) =  
𝑁𝑁𝑁𝑁.𝑈𝑈𝑈𝑈

𝑁𝑁𝑁𝑁. (𝑈𝑈𝑈𝑈 + 𝑀𝑀𝑀𝑀 + 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝑇𝑇𝑇𝑇𝑇𝑇 + 𝐻𝐻𝐻𝐻 + 𝑃𝑃𝑃𝑃𝑃𝑃 + 𝐶𝐶𝐶𝐶𝐶𝐶 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑ℎ)
 

The ICD-10 codes used for each condition are presented in Table 2.  
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Costs 

The costs associated with a CVD event include hospital costs for each condition 

specified above. These were estimated using the Australian Refined Diagnosis 

Related Groups (AR-DRG) and 2018–2019 Independent Hospital Pricing Authority 

(IHPA) data (Table 2) [126]. We calculated a weighted average cost for each 

condition using the number of separations for each complexity level to account for 

different complexity levels. In the base case, we assumed CHD death did not incur 

costs. Costs were adjusted to reflect 2019–2020 costs using the consumer price 

index for health (Table 1) [127].  
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Table 1 Model inputs 

Variable Description Values Source 

Population  45-49 
years 

 

Male: 813,286; Female: 831,373 ABS 
[117] 

50-54 
years 

 

Male: 782,401; Female: 822,505 

 

55-59 
years 

 

Male: 752,387; Female: 786,368 

60-64 
years 

 

Male: 708,837; Female: 750,995 

65-69 
years 

 

Male: 617,423; Female: 660,622 

 

70-74 
years 

 

Male: 554,506; Female: 583,878 

 

Proportion 
of patients 
who visited 
their GP at 
least once in 
a year 

45-49 
years 

 

Male: 77.6%; Female: 87.1% ABS 
[118] 

50-54 
years 

 

Male: 77.6%; Female: 87.1% 

55-59 
years 

 

Male: 86.7%; Female: 90.1% 

60-64 
years 

 

Male: 86.7%; Female: 90.1% 

65-69 
years 

 

Male: 92.7%; Female: 94.2% 

 

70-74 
years 

 

Male: 92.7%; Female: 94.2% 

 

Proportion 
of patients 
without a 
history of 
CVD 

45-49 
years 

 
Male: 96.1%; Female: 98.3%  

SA: Male: 92.2%; Female: 94.3% 
Medicine

Insight 

50-54 
years 

 
Male: 93.3%; Female: 97.5%  

SA: Male: 89.5%; Female: 93.6% 

 

55-59 
years 

 
Male: 89.9%; Female: 95.7%  

SA: Male: 85.4%; Female: 90.9% 

 

60-64 
years 

 
Male: 85.1%; Female: 93.7%  

SA: Male: 80.8%; Female: 89.1% 

 

65-69 
years 

 
Male: 79.7%; Female: 90.8%  

SA: Male: 74.9%; Female: 85.3% 

 

70-74 
years 

 
Male: 74.0%; Female: 86.1%  

SA: Male: 69.6%; Female: 80.9% 

 

Proportion 
of patients 

45-49 
years 

 
Male: 29.4%; Female: 17.7%  

SA: Male: 31.8%; Female: 19.9% 
Medicine

Insight 
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Variable Description Values Source 
with a 
diagnosis of 
hypertension 
in those 
without a 
history of 
CVD 

50-54 
years 

 
Male: 38.5%; Female: 25.5%  

SA: Male: 41.0%; Female: 28.1% 

 

55-59 
years 

 
Male: 48.0%; Female: 34.1%  

SA: Male: 50.6%; Female: 36.9% 

 

60-64 
years 

 
Male: 57.4%; Female: 43.7%  

SA: Male: 60.0%; Female: 47.0% 

 

65-69 
years 

 
Male: 64.0%; Female: 52.6%  

SA: Male: 66.6%; Female: 56.5% 

 

70-74 
years 

 
Male: 69.1%; Female: 62.4%  

SA: Male: 71.7%; Female: 66.4% 

 

Relative risk per 10mmHg SBP 
reduction 0.80 (0.77-0.83) [121] 

Mean 5-year 
CVD risk  

45-49 
years 

Male Current SBP: 5.6%; SBP=139mmHg: 5.0%; 
SBP=129mmHg: 4.4% 

Medicine
Insight  

Female Current SBP: 3.4%; SBP=139mmHg: 3.1%; 
SBP=129mmHg: 2.7% 

 

50-54 
years 

Male Current SBP: 7.4%; SBP=139mmHg: 6.6%; 
SBP=129mmHg: 5.7% 

 

 
Female Current SBP: 4.3%; SBP=139mmHg: 3.9%; 

SBP=129mmHg: 3.5% 

 

55-59 
years 

Male Current SBP: 9.4%; SBP=139mmHg: 8.4%; 
SBP=129mmHg: 7.3% 

 

 
Female Current SBP: 5.4%; SBP=139mmHg: 5.0%; 

SBP=129mmHg: 4.4% 

 

60-64 
years 

Male Current SBP: 11.6%; SBP=139mmHg: 10.4%; 
SBP=129mmHg: 9.0% 

 

 
Female Current SBP: 6.7%; SBP=139mmHg: 6.0%; 

SBP=129mmHg: 5.3% 

 

65-69 
years 

Male Current SBP: 13.7%; SBP=139mmHg: 12.4%; 
SBP=129mmHg: 10.7% 

 

 
Female Current SBP: 7.9%; SBP=139mmHg: 7.1%; 

SBP=129mmHg: 6.2% 

 

70-74 
years 

Male Current SBP: 15.7%; SBP=139mmHg: 14.2%; 
SBP=129mmHg: 12.4% 

 

 
Female Current SBP: 9.1%; SBP=139mmHg: 8.1%; 

SBP=129mmHg: 7.0% 
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Variable Description Values Source 

CVD events 
allocation 

45-49 
years 

Male UA: 8.3%; MI: 40.4%; Stroke: 22.7%; TIA: 5.0%; 
HF: 11.2%; PAD: 8.3%; CHD Death: 4.1% 

AIHW 
[123, 
124] 

 
Female UA: 7.6%; MI: 23.6%; Stroke: 37.2%; TIA: 7.5%; 

HF: 11.8%; PAD: 10.7%; CHD Death: 1.6% 

50-54 
years 

Male UA: 9.8%; MI: 38.2%; Stroke: 22.9%; TIA: 4.5%; 
HF: 10.2%; PAD: 10.4%; CHD Death: 4.1%  

Female UA: 9.4%; MI: 25.6%; Stroke: 32.8%; TIA: 9.1%; 
HF: 11.2%; PAD: 10.0%; CHD Death: 1.8% 

55-59 
years 

Male UA: 9.5%; MI: 35.6%; Stroke: 22.3%; TIA: 5.3%; 
HF: 10.2%; PAD: 12.3%; CHD Death: 4.9%  

Female UA: 9.4%; MI: 27.3%; Stroke: 29.2%; TIA: 9.3%; 
HF: 11.7%; PAD: 10.3%; CHD Death: 2.7% 

60-64 
years 

Male UA: 8.8%; MI: 31.7%; Stroke: 23.6%; TIA: 5.4%; 
HF: 11.8%; PAD: 14.3%; CHD Death: 4.4%  

Female UA: 9.0%; MI: 25.7%; Stroke: 25.5%; TIA: 9.6%; 
HF: 15.6%; PAD: 12.1%; CHD Death: 2.5% 

65-69 
years 

Male UA: 8.6%; MI: 26.9%; Stroke: 24.1%; TIA: 5.3%; 
HF: 14.2%; PAD: 15.6%; CHD Death: 5.3% 

 

 
Female UA: 8.4%; MI: 22.0%; Stroke: 27.8%; TIA: 9.2%; 

HF: 17.5%; PAD: 12.0%; CHD Death: 3.1% 

 

70-74 
years 

Male UA: 7.3%; MI: 22.3%; Stroke: 25.1%; TIA: 5.7%; 
HF: 18.5%; PAD: 16.7%; CHD Death: 4.4% 

 

 
Female UA: 6.9%; MI: 19.5%; Stroke: 28.3%; TIA: 8.0%; 

HF: 22.5%; PAD: 12.2%; CHD Death: 2.7% 

 

Hospitalis-
ation cost 
per event 

Base Case UA: $2,964; MI: $9,762; Stroke: $10,118; 
TIA: $3,408; HF: $3,244; PAD: $5,317; 

CHD death: $0 

IHPA 
[126] 

Sensitivity 
Analysis 

UA: $9,155; MI: $16,410; Stroke: $12,754; 
TIA: $4,992; HF: $15,520; PAD: $13,827; 

CHD death: $16,410 

[128-
130] 

ABS: Australian Bureau of Statistics; AIHW: Australian Institute of Health and Welfare; CHD: 

coronary heart disease; CVD: cardiovascular disease; GP: general practitioner; HF: heart failure; 

IHPA: Independent Hospital Pricing Authority; MI: myocardial infarction; PAD: peripheral artery 

disease; SA: sensitivity analysis; SBP: systolic blood pressure; TIA: transient ischaemic attack; UA: 

unstable angina  
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Table 2 ICD-10 codes and AR-DRG codes used to calculate the event allocation and 

costs for each condition 

Condition ICD-10 codes AR-DRG codes  

Unstable 
angina 

I20.0 - Unstable angina 
 

F72A - Unstable Angina, Major Complexity 
F72B - Unstable Angina, Minor Complexity  

Myocardial 
infarction 

I21 - Acute myocardial 
infarction 
 

F10A - Interventional Coronary Procedures, 
Admitted for AMI, Major Complexity 
F10B - Interventional Coronary Procedures, 
Admitted for AMI, Minor Complexity 
F41A - Circulatory Disorders, Adm for AMI 
W Invasive Cardiac Inves Int, Major Comp 
F41B - Circulatory Disorders, Adm for AMI 
W Invasive Cardiac Inves Int, Minor Comp 
F60A - Circulatory Dsrd, Adm for AMI W/O 
Invas Card Inves Intervention 
F60B - Circulatory Dsrd, Adm for AMI W/O 
Invas Card Inves Intervention, Transf <5 
Days 

Stroke I60 - Subarachnoid 
haemorrhage 
I61 - Intracerebral 
haemorrhage 
I62 - Other nontraumatic 
intracranial haemorrhage 
I63 - Cerebral infarction 
I64 - Stroke, not specified 
as haemorrhage or 
infarction 

B70A - Stroke and Other Cerebrovascular 
Disorders, Major Complexity 
B70B - Stroke and Other Cerebrovascular 
Disorders, Intermediate Complexity 
B70C - Stroke and Other Cerebrovascular 
Disorders, Minor Complexity 
B70D - Stroke and Other Cerebrovascular 
Disorders, Transferred <5 Days 

Transient 
ischaemic 
attack 

G45 - Transient cerebral 
ischaemic attacks and 
related syndromes 

B69A - TIA and Precerebral Occlusion, 
Major Complexity 
B69B - TIA and Precerebral Occlusion, 
Minor Complexity 

Heart Failure I50 - Heart failure F62A - Heart Failure and Shock, Major 
Complexity 
F62B - Heart Failure and Shock, Minor 
Complexity 
F62C - Heart Failure and Shock, Transferred 
<5 Days 

Peripheral 
Artery 
Disease 

I70 - Atherosclerosis 
I71 - Aortic aneurysm and 
dissection 
I72 - Other aneurysm and 
dissection 

F65A - Peripheral Vascular Disorders, Major 
Complexity 
F65B - Peripheral Vascular Disorders, 
Minor Complexity 
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Condition ICD-10 codes AR-DRG codes  
I74 - Arterial embolism and 
thrombosis 

W: with; W/O: without; Adm: admitted; AMI: acute myocardial infarction; Card: cardiac; 
Dsrd: disorder; Int: intervention; Invas: invasive; Inves: investigative; TIA: transient ischaemic 
attack; Transf: transferred 

 

Statistical methods  

Analyses of MedicineInsight data to describe the patient population (prevalence of 

CVD, prevalence of hypertension and proportion with enough information for CVD 

risk calculation) were performed in STATA 16.1 (StataCorp, College Station, Texas, 

USA) using practices as clusters and conditioned on the number of consultations to 

minimise selection bias (i.e. the likelihood of receiving medical treatments or 

diagnosis increase with the number of visits to the practice) [131]. Excel was used 

for the costing model.  

The Human Research Ethics Committee of the University of Adelaide 

exempted this study from ethical review as it used existing and non-identifiable 

data. Access to the data for this study was approved by the MedicineInsight Data 

Governance Committee (project 2016-007). 

Sensitivity analysis 

We undertook univariate and multivariate sensitivity analyses. In the univariate 

sensitivity analyses, rather than using the mean of all BPs recorded between 2017 

and 2018, we used the lowest BP and the highest BP recorded between 2017 and 

2018. We also applied the upper and lower confidence intervals for the relative risk 

reduction. The proportion of patients without a history of CVD may have been 

overestimated and the proportion of patients with a diagnosis of hypertension may 

have been underestimate if these conditions were not recorded in the electronic 

health record. We therefore also undertook a sensitivity analysis where we 

decreased the proportion of patients without a history of CVD based on data 

published by the Australian Institute of Health and Welfare [124] (i.e. decrease of 

4%, 5% and 6% in age groups 45-54, 55-64 and 65-74 respectively). In the base case, 

we assumed that patients with an uncertain hypertension status did not have a 
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diagnosis of hypertension, whereas in the sensitivity analysis, these patients were 

assumed to have a diagnosis of hypertension (see Table 1). In the multivariate 

sensitivity analyses, we combined the two univariate sensitivity analyses for the BP 

and relative risk reduction to generate best- and worst-case scenarios.  

Furthermore, we searched the literature for Australian cost estimates for each 

condition to determine the possible range of potential cost savings. Then, we re-ran 

the model using these cost estimates. To account for the underestimated costs 

related to CHD death in the base case, we also assumed that CHD deaths attracted 

the same cost as a myocardial infarction (Table 1).  

5.3.4 Results  

MedicineInsight sample 

The original sample included 634,000 patients aged 45–74 years (mean age 59.3 

years, SD 8.6; 55.7% female). Of these, 94.4% (95% CI: 94.2–94.6) of women and 

87.1% (95% CI: 86.7–87.4) of men did not have a history of CVD recorded. 

Confidence intervals are narrow due to the large sample size. The proportion of 

patients considered to have a diagnosis of hypertension amongst those without a 

history of CVD was 35.6% (95% CI: 34.8–36.3) for women and 47.4% (95% CI: 46.6–

48.2) for men. The sample of patients with hypertension without a history of CVD 

consisted of 251,733 individuals (mean SBP 138.0mmHg, SD=12.5mmHg; 44.3% 

with an SBP above 139mmHg in males, 40.0% in females; 76.2% with an SBP above 

129mmHg in males, 71.1% in females). Of these, 48.3% (95% CI: 45.5–51.2) of 

women and 49.5% (95% CI: 46.6–52.3) of men had enough data to calculate their 

CVD risk (mean SBP 137.8mmHg, SD=12.3mmHg; 45.7% with an SBP above 

139mmHg in males, 41.0% in females; 79.6% with an SBP above 129mmHg in males, 

73.8% in females). Figure 2 shows the number of patients used to estimate each 

variable.  

CVD events and costs 

The results for the expected number of CVD events and related costs over a 5-year 

period across Australians aged 45–74 years who visit their GP (N=8.7 million 
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people) using the baseline (current) SBP levels and the two SBP control scenarios 

are presented in Table 3. At current SBP levels, 261,858 CVD events are expected to 

occur over a 5-year period (i.e. incidence of CVD among Australians aged 45–

74 years visiting a GP of 3.0%), with a cost of AUD 1,813 million for acute 

hospitalisation. Under a scenario where SBP is lowered to 139mmHg for all patients 

with an SBP above 139mmHg, 25,845 CVD events could be avoided (i.e. incidence of 

CVD of 2.7%), with an associated reduction in costs of AUD 179 million. If SBP is 

lowered further to 129mmHg for all patients with an SBP above 129mmHg, 56,169 

CVD events could be avoided (i.e. incidence of CVD of 2.4%), with potential cost 

savings of AUD 389 million.  

In the sensitivity analyses, applying the lowest and highest recorded baseline 

BP levels decreased and increased the expected costs by 20.4% (to AUD 1.443 

million) and 23.4% (to AUD 2,238 million), respectively. Applying the upper and 

lower 95% confidence intervals around the mean relative risk decreased and 

increased the expected costs savings in the scenario where SBP is lowered to 

139mmHg for patients with an SBP above 139mmHg by 13.8% (to AUD 154 million) 

and 13.4% (to AUD 203 million), respectively. Combining the two univariate 

sensitivity analyses to generate best- and worst-case scenarios resulted in cost 

savings of AUD 46 million and AUD 714 million, respectively. 

In the scenario where SBP is lowered to 129mmHg for patients with an SBP 

above 129mmHg, applying the upper and lower 95% confidence intervals around 

the mean relative risk decreased and increased the expected cost savings by 13.4% 

(to AUD 337 million) and 12.8% (to AUD 439 million), respectively. Combining the 

two univariate sensitivity analyses to generate best- and worst-case scenarios 

resulted in cost savings of AUD 117 million and AUD 1,020 million, respectively. 

In the sensitivity analysis of the alternative costs estimates, the potential cost 

savings could increase to AUD 353 million and AUD 767 million for the two base 

case scenarios, respectively. Combining the alternative costs and the best-case 

scenario resulted in cost savings of AUD 1,406 million and AUD 2,009 million for the 

139mmHg and 129mmHg SBP control scenarios, respectively. The results from 

additional sensitivity analyses are presented in Table 4. 
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Results by age and sex for the principal analyses are presented in Table 5. The 

potential reduction in CVD events increases with age as the proportion of patients 

with SBP above target levels also increases. As the proportion of men aged 70–74 

with SBP above target is slightly lower than those aged 65–69 (45.6% vs 46.2%), the 

expected reduction in CVD events and costs is also lower.  

Table 6 presents the potential reduction in CVD events and costs by practice 

size. Under a scenario where SBP is lowered to 139mmHg for all patients with an 

SBP above 139mmHg, small practices with an average of 705 (interquartile range 

[IQR]: 539–881) patients could avoid two CVD events over a 5-year period with a 

cost reduction of AUD 16,479, whereas a large practice with an average of 2,921 

(IQR: 2,589–3,735) patients could avoid 12 CVD events with a cost saving of 

AUD 82,493. These cost savings increase to AUD 32,492 and AUD 162,657, 

respectively, in the sensitivity analysis using the alternative costs. 

 
*Regular attendance defined as at least three visits in any two consecutive years between 2016 and 
2018. 

Figure 2 Flow diagram of patients used to estimate model parameters 
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Table 3 Potential reduction in the number of CVD events and costs under two BP 

control scenarios over a 5-year period in patients with a diagnosis of hypertension 

Scenario Expected CVD 
Events 

Expected 
Reduction in 
CVD Events  

Expected CVD 
Costs  

Base Case  
AUD Million 

Expected 
Reduction in 

CVD Costs  
Base Case  

AUD Million 

Current SBP 261,858  - 1,813 - 

SBP control to 
139mmHg 236,013 25,845 1,634 179 

SBP control to 
129mmHg 205,689 56,169 1,424 389 
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Table 4 Sensitivity analyses of results under two BP control scenarios over a 

5-year period in patients with a diagnosis of hypertension 

  

Expected Reduction in CVD 
Costs  

AUD Million 

 

SBP control to 
139mmHg 

SBP control to 
129mmHg 

Base case using mean SBP 179 389 

Univariate sensitivity analyses   

Lower proportion of patients without CVD 169 368 

Higher proportion of patients with hypertension 
diagnosis 189 411 

Applying the lower 95% CI relative risk 203 439 

Applying the upper 95% CI relative risk 154 337 

Using the lowest recorded SBP  53 135 

Using the highest recorded SBP  639 920 

Alternative costs 353 767 

Multivariate sensitivity analysis   

Lowest SBP + applying the upper 95% CI relative risk 46 117 

Highest SBP + applying the lower 95% CI relative risk 713 1,020 

Highest SBP + applying the lower 95% CI relative risk + 
alternative costs 1,406 2,009 
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Table 5 Potential reduction in the number of CVD events and costs under two BP control scenarios over a 5-year period by age and sex 

in patients with a diagnosis of hypertension 

 
Expected CVD events 

at baseline 

Expected reduction in CVD events  
Expected CVD 

costs at baseline 
AUD million 

Expected reduction in CVD costs  
AUD million 

  
SBP control to 

139mmHg 
SBP control to 

129mmHg 
 SBP control to 

139mmHg 
SBP control to 

129mmHg 

Males       

45-49 9,918 952 2,126 74 7 16 

50-54 16,021 1,626 3,527 118 12 26 

55-59 26,388 2,721 5,864 189 19 42 

60-64 34,843 3,558 7,730 246 25 54 

65-69 40,121 4,038 8,749 272 27 59 

70-74 41,380 3,961 8,813 274 26 58 

Females       

45-49 4,233 353 777 32 3 6 

50-54 7,680 660 1,466 56 5 11 

55-59 12,578 1,094 2,419 90 8 17 

60-64 18,466 1,754 3,777 126 12 26 

65-69 23,467 2,327 4,989 158 16 34 

70-74 26,762 2,799 5,930 177 18 39 
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Table 6 Potential reduction in the number of CVD events and costs under two BP control scenarios over a 5-year period by practice size 

in patients with a diagnosis of hypertension 

Practice 
size 

Average number 
of patients seen 

by practice  
median (IQR) 

Expected 
CVD events at 

baseline  

Expected reduction in 
CVD events  Expected 

CVD costs 
at baseline 

AUD 

Expected reduction in 
CVD costs  

AUD Base case 

Expected reduction in 
CVD costs  

AUD Sensitivity 
analysis* 

SBP 
control to 
139mmHg 

SBP 
control to 
129mmHg 

SBP 
control to 
139mmHg 

SBP 
control to 
129mmHg 

SBP 
control to 
139mmHg 

SBP 
control to 
129mmHg 

Quartile 1 705  
(539-881) 26  2 5 179,473 16,479 36,751 32,492 72,465 

Quartile 2 1,248  
(1,121-1,416) 

45 5 10 314,423 31,455 67,628 62,022 133,345 

Quartile 3 1,979  
(1,700-2,105) 

70 7 15 482,647 49,737 106,281 98,069 209,561 

Quartile 4 2,921  
(2,589-3,735) 

117 12 26 811,717 82,493 178,850 162,657 352,650 

*In the sensitivity analysis, alternative cost estimates from the literature were used to estimate the potential reduction in costs. 
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5.3.5 Discussion  

This study estimated that failure to achieve BP targets of 139mmHg results in 

25,845 unnecessary CVD events over a 5-year period and excess costs of 

AUD 179 million across those patients aged 45–74 years attending general practice. 

Almost two-thirds of the excess costs occurred in males. Compared with females, the 

prevalence of hypertension was higher in males, and males had a higher mean 

5-year CVD risk. Furthermore, approximately 50% of the excess costs occurred in 

those aged between 65 and 74 years, as a greater proportion of older patients have 

a hypertension diagnosis than younger patients. These findings suggest that these 

patient groups may be appropriate targets for interventions to improve BP control.  

The estimated cost savings almost doubled to AUD 353 million over 5 years 

when using the alternative cost data in the sensitivity analysis. Even under the 

alternative scenario, these estimates underestimate the financial burden of CVD as 

they only include the costs incurred during the hospitalisation of the primary event. 

Approximately 15% of acute myocardial infarction survivors will experience a 

second myocardial infarction within 7 years [132], and 12% of patients will develop 

heart failure within 1 year [133]. Post-care and rehabilitation costs also contribute 

substantially to the financial burden of CVD. In addition to these health system costs, 

patients, their families and carers incur substantial costs related to productivity 

losses, out-of-pocket expenses and informal care costs [16, 134]. On the other hand, 

those patients who avoid a CVD death will incur additional health costs. Using the 

annual average per person cost of AUD 109 reported by the Australian Institute for 

Health and Welfare [135], the patients who avoid a CVD death will incur hospital 

costs of AUD 557,006 over 5 years; equal to 0.3% of the potential costs savings from 

controlling SBP to 139mmHg. 

Comparisons with other data sources such as national data reported by the 

Australian Institute for Health and Welfare and Global Burden of Disease studies are 

difficult as these sources include costs related to all CVD events, including secondary 

CVD. Furthermore, not all patients with CVD have a hypertension diagnosis. Our 

study was specifically aimed at estimating the costs incurred by patients with a 

diagnosis of hypertension, attending general practice and with no history of CVD. 
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However, we have attempted to compare our findings and present these 

comparisons in the supplementary material. Our findings are more consistent with 

AIHW estimates than with GBD estimates as our methods aligned more closely with 

those used by AIHW. 

Given the potential to improve care and reduce the health system costs 

associated with uncontrolled BP, a range of actions, such as pay-for-performance 

(P4P), practice facilitation and multifaceted interventions, may be feasible and 

effective at a practice level.   

Pay-for-performance schemes are widespread in health care. However, the 

evidence on the effectiveness of these schemes remains inconclusive [136-138]. The 

evidence suggests that pay-for-performance schemes with the following design 

features are more effective: 1) measuring process indicators that are easy to track, 

2) targeting incentives at individual clinicians or small groups, 3) payments 

conditional on providers’ absolute performance rather than relative to other 

providers’ performance, 4) designing the program collaboratively with providers, 

and 5) incentives that are sufficiently large [136, 137]. In addition, when 

implementing pay-for-performance schemes, it is essential to consider whether 

pay-for-performance will reduce or exacerbate inequalities and have unintended 

consequences such as risk selection, spill-over effects, negative impacts on intrinsic 

motivation and gaming [136, 139, 140]. Australia implemented an opt-in program 

(Practice Incentives Program [PIP]) to encourage quality improvement in general 

practice through the Quality Improvement (QI) Incentive in August 2019 [141]. The 

program consists of 10 measures, one of which reports on the proportion of patients 

aged 45–74 years without a CVD diagnosis with risk factors recorded to enable CVD 

risk assessment. The first annual report monitoring the program found that 

between October 2020 and July 2021, the proportion of patients with necessary risk 

factors recorded increased from 44.9% to 48.5% [142]. Identifying patients at 

increased CVD risk allows for risk stratification, leading to greater efficiency by 

targeting those individuals at highest risk [143]. A systematic review of evaluations 

of the Quality and Outcomes Framework implemented in the United Kingdom (UK) 

found that performance increased in the first year following the implementation of 

the Quality and Outcomes Framework but returned to pre-intervention rates in 
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subsequent years [144]. Future monitoring is required to determine whether 

increases found in the first year will be sustained in Australia.  

A systematic review of facilitation interventions found that primary care 

practices are almost three times more likely to adopt evidence-based guidelines 

through practice facilitation [145]. Facilitation entails visits by someone external to 

the practice to help implement changes, for example, using techniques such as audit 

and feedback, goal setting and consensus building [145]. Interventions with greater 

effects had fewer practices per facilitator, higher intensity interventions and 

interventions tailored to the practice context [145]. A more recent review found that 

implementing practice facilitation increased BP control by an average of 9.0% [146]. 

Facilitation is often a critical component of multifaceted interventions [147]. 

This is because the successful translation of research evidence into health systems 

depends on the evidence’s veracity, the context or environment in which the 

research is to be implemented, and how the research is implemented [148]. 

Therefore, the implementation of interventions must address multiple factors 

simultaneously to be successful [149]. For example, in the case of improving BP 

control, change needs to occur at both the clinician level (e.g. initiating or 

intensifying antihypertensive therapy, providing patient support) and at the patient 

level (e.g. medication adherence and self-management strategies). A systematic 

review of 100 articles reporting 121 comparisons concluded that “multilevel, 

multicomponent implementation strategies with and without team-based care are 

most effective for BP control among patients with hypertension” [150, p.118]. For 

example, through developing and implementing a system-level, multifaceted quality 

improvement program for hypertension, the Kaiser Permanente Northern 

California integrated managed care consortium improved BP control rates from 

44% to 80% over 8 years [151]. 

Even when interventions are effective, investment to implement interventions 

depends on economic considerations. The evidence on the cost-effectiveness of 

primary care interventions to improve hypertension in Australia is limited [152, 

153]. The potential cost savings identified in our study from improving BP control 

makes it worthwhile investigating the effectiveness and cost-effectiveness of 

primary care interventions to improve BP control and the feasibility and 
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sustainability of these interventions. Exploring these interventions in the Australian 

system is crucial, which differs from other contexts. For example, in contrast to the 

UK health system where patients register with a practice, in Australia, patients can 

move between practices at any time.  

Despite the significant health and financial burden of uncontrolled BP across 

all patients aged 45–74 attending general practice, the cost savings for the health 

system by practice are modest. Potential cost savings range from an average of 

AUD 16,479 for a small practice to AUD 82,493 for a large practice over 5 years. 

Furthermore, these saving are based on all patients achieving BP control, which is 

an unlikely achievement. Consequently, the cost-effectiveness of interventions will 

likely differ by practice size. For example, low-resource interventions such as 

treatment intensification [154] may be feasible for smaller practices. In contrast, 

resource-intensive interventions, for example, those delivered by nurses [155], may 

not be feasible for small practices. Primary Health Networks (PHN), independent 

organisations that coordinate primary health care in a region, could support the 

implementation of more resource-intensive facilitation-based interventions across 

multiple practices, improving the cost-effectiveness through economies of scale 

[156]. Furthermore, these health system cost savings will need to be invested into 

general practice to compensate GPs for the additional time and resources required 

to improve BP control levels in an environment of competing demands.  

Strengths and limitations 

Our study is one of the first to estimate the acute hospital costs of uncontrolled BP 

using an extensive and comprehensive EHR database. In contrast to other studies 

where values for risk prediction were assumed, the large number of patients with 

available data in this study enabled a more accurate estimation of the risk of 

experiencing a cardiovascular event. However, this study has several limitations. 

First, only half of the patients with a hypertension diagnosis had enough data to 

calculate their CVD risk. However, the mean SBP and proportion of patients with 

uncontrolled SBP were similar when comparing patients with and without enough 

information recorded for CVD risk calculation. Second, CVD risk should be assessed 

prior to the initiation of treatment. As we used the most recent measures for 

patients, we likely underestimated the CVD risk of patients who had initiated 
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treatment and, therefore, the associated costs. We did account for this in terms of 

BP measures by using the maximum BP recorded between 2017 and 2018 in the 

sensitivity analysis, although were unable to do so for cholesterol measures. 

Moreover, for patients considered to be at high risk clinically (e.g. those over 60 

years with diabetes), we used the calculated CVD risk with no adjustment for 

additional risk, thereby underestimating their CVD risk. However, as we were 

interested in the reduction in risk from improved BP control, this should not have a 

material impact on our findings. Third, our model did not account for competing 

risks where some of the baseline population will die of other causes in the five years, 

thereby reducing CVD expenditure. This is likely to only have a minor effect on the 

results. Fourth, this study only considered the costs of acute hospitalisation for 

primary cardiovascular events. Despite hospital costs accounting for the majority of 

health spending [135], it does not represent the total cost of uncontrolled BP. 

However, taken together with existing evidence on the productivity losses 

experienced by patients [16], our study provides an estimate of the magnitude of 

the costs associated with uncontrolled BP.  

5.3.6 Conclusion 

There has been a call to action by the High Blood Pressure Research Council of 

Australia (HBPRCA) for a national commitment to improve BP control, with a focus 

on “the implementation and scaling up of proven strategies to improve BP 

management and control across the life course” [113, p.62]. The Australian 

Department of Health and Aged Care is investing AUD 229 million over 10 years to 

improve heart health and reduce stroke in Australia through the Medical Research 

Future Fund (MRFF) Cardiovascular Health Mission Roadmap [157]. This analysis 

should help decision-makers better understand the clinical and economic 

importance of improving BP control in primary care and provides a starting point to 

investigate further the potential impacts of interventions targeted at improving BP 

control and reducing CVD risk.  
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5.3.7 Online supplementary material 

Comparison of predicted event rates with independent data 

We have compared our findings with those reported for incident ischaemic heart 

disease (IHD) reported by the Global Burden of Disease (GBD) study [158]. We have 

also compared our findings with those reported by the Australian Institute of Health 

and Welfare (AIHW) who report data for myocardial infarction and unstable angina 

[159]. To calculate the burden of cardiovascular disease (CVD) attributable to 

hypertension, we have used the estimate from AIHW that 38.0% of the burden of 

CVD is attributable to hypertension [13]. Table 1 shows the comparisons of our data 

with the hypertension attributable CVD events using GBD and AIHW data.  

Table 1: Comparison of predicted event rates with GBD and AIHW data 

 
Point 

estimate 
Lower 

estimate 
Upper 

estimate 
GBD for 45-74 both sexes for incident 
IHD* in 2019 84,856 62,223 110,065 

For 5 years 424,279 311,117 550,327 

HTN burden 38% 161,226 118,225 209,124 

    

AIHW for 25+ both sexes in 2018^ 58,700   

For 5 years 293,500   

HTN burden 38% 111,530   

    

Costing study - all Australians 81,729 65,307 100,560 

*IHD includes ICD10 codes I20-I25.9. ^This estimate reflects acute coronary events which include 
myocardial infarction and unstable angina. No data presented on the split between the two 
conditions. AIHW: Australian Institute of Health and Welfare; GBD: Global Burden of Disease; IHD: 
ischaemic heart disease. 

 

GBD estimates are double the costing study estimates. The AIHW estimates are 

36% higher than the costing study. However, AIHW estimates include all patients 

aged 25 and older and includes unstable angina - no information is provided on the 

split between the two conditions - so it is not unreasonable that the AIHW estimates 

are higher than the costing study. The GBD estimates for IHD include ICD10 codes 
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I20 to I25.9 [160], whereas the codes used for this study only included acute 

myocardial infarction (ICD10 code I21). We would therefore argue that 

comparisons with AIHW are more meaningful, than those with GBD.  
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Part IV 

Improving Blood Pressure Control 
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Chapter 6 

Factors contributing to inadequate blood 

pressure control   

There are several reasons for poor blood pressure (BP) control, including health 

system barriers and provider-related and patient-related factors. Health system 

barriers include the availability, accessibility and acceptability of care, and 

affordability of medications [161-163], whereas provider-related barriers include 

competing interests, information overload, lack of knowledge of treatment 

guidelines and clinical inertia [162, 164]. In contrast, patient factors include poor 

medication adherence, patients’ beliefs about hypertension and its treatment, 

stress, anxiety and depression, low health literacy, comorbidities, patient 

motivation, coping, and lack of social support [161, 162, 164]. The most critical 

factors are clinical inertia and poor medication adherence [162, 165].  

Chapter 4 showed that clinical inertia related to treatment initiation might 

play less of a role in poor BP control in Australia, as most patients 

(approximately 90%) were prescribed antihypertensive medication in the past 

2 years. However, only about 60% of patients had received a prescription for 

antihypertensive therapy in the last 6 months of the study period. This suggests that 

prescribing practices may be influenced by factors other than clinical inertia, such 

as patient factors and, specifically, medication adherence [162, 166-168]. 
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6.1 Medication adherence  

The World Health Organization has defined adherence as the “extent to which a 

person’s behaviour – taking medication, following a diet, and/or executing lifestyle 

changes, corresponds with agreed recommendations from a health care provider” 

[169, p.3]. Medication adherence can be measured through either direct or indirect 

methods. Direct methods include direct observation of patients ingesting 

medication, as is often used in tuberculosis treatment [170], or measuring either the 

drug or a metabolite in patient urine or blood specimens. Indirect methods include 

self-administered questionnaires, pill counts, electronic medication monitoring 

systems and pharmacy databases [171], with pharmacy databases the most widely 

used method. Several methods exist to measure adherence using pharmacy 

dispensing records, with the most frequently used being the medication possession 

ratio (MPR) and proportion of days covered (PDC) [172]. The MPR is calculated by 

dividing the number of days of supplied medication by either a refill interval or a 

fixed period (e.g. 1 year). The limitation of MPR is that when patients fill their 

prescriptions early, this “extra” fill during the measurement period may result in an 

MPR exceeding 100% if not capped [173]. PDC calculations adjust the numerator 

using time arrays to adjust for any time overlaps and can, therefore, not exceed 

100% [172, 173]. In the case of hypertension, an MPR of greater than 80% is 

considered good adherence [174].  

Non-adherence may exist at different stages of the treatment continuum. 

Patients may not initiate treatment by failing to fill their prescription (initiation 

stage), they may fail to implement the correct dose by either missing doses or taking 

more or less than the prescribed dose (implementation stage), or they may 

discontinue treatment early (discontinuation stage) [175]. Persistence describes the 

time between initiation of the treatment and the last dose before discontinuation 

[175]. Non-adherence behaviour can be intentional or unintentional [176, 177]. 

Intentional non-adherence involves an active decision by the patient to either alter 

doses or not take the medication at all. In contrast, unintentional non-adherence 

includes more passive actions such as forgetfulness or the inability to follow 

instructions due to cognitive or physical limitations [176, 177]. Patients can exhibit 
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both intentional and unintentional behaviours simultaneously, and unintentional 

non-adherence may lead to future intentional non-adherence [178]. 

Rates of primary non-adherence for antihypertensive therapy, defined as the 

failure to initiate treatment, were estimated at 12.4% (95% CI: 9.5–15.3) in a meta-

analysis of 24 studies [179]. The rates for individual studies ranged from 

2.0% to 33.5%, meaning that one-third of patients may not fill their first 

prescription. Even for those who initiate treatment, adherence is poor. Using 

dispensing records to assess adherence, a meta-analysis of 26 studies with a total 

sample size of 1,522,203 patients, found that only 48.5% (95% CI: 47.7-49.2) of 

patients were adherent to antihypertensive medications at 1 year of follow-up 

[180]. Vrijens and colleagues [181] used an alternative measure, namely 

electronically compiled dosing histories measured by a medication event monitor, 

to evaluate medication persistence at 12 months. The monitors automatically record 

the date and time of each opening of the medication container. The study, which 

included 4783 patients who had participated in phase IV clinical studies in 

Switzerland between 1989-2006, also found that almost half of patients had stopped 

taking their medication by the end of one year. Patients who do not adhere to their 

prescribed therapy have poorer outcomes than those who adhere [182]. Increasing 

adherence by only one additional tablet per week could reduce the risk of stroke by 

approximately 8% and the risk of death by 7% [183].  

6.2 Barriers to medication adherence 

Many studies have attempted to identify factors associated with medication 

non-adherence, which is a complex issue. To reflect this complexity and to dispel the 

common belief that patients are predominantly responsible for non-adherence, the 

World Health Organization developed the Multidimensional Adherence Model to 

organise barriers to medication adherence into five dimensions, all of which 

contribute to non-adherence. These dimensions are the health care team and 

system-related factors, social and economic factors, and condition-, therapy- and 

patient-related factors [169].  
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Health care team and system factors include out-of-pocket costs for 

medication [184-186], insufficient financial reimbursement or incentives for health 

care providers to provide recommended care [161], the quality of the patient–

provider relationship [184, 185, 187], inconsistency in treatment guidelines [188] 

and disagreement with clinical recommendations [161], lack of resources such as 

insufficient consultation time and staff shortages [161], and lack of social support. 

Social support was defined as routine contact between the patient and the health 

care provider through follow-up appointments, text messages or phone calls [179]. 

In Australia, 6% of patients indicated that they either delayed or avoided filling a 

prescription due to cost [189].  

Social and economic factors include demographic characteristics of patients 

such as sex, age and race [180, 184] as well as socioeconomic factors such as income, 

education, employment and family structure [190]. Health lifestyles theory posits 

that health behaviours are a consequence of the interplay between life choices 

(agency) and life chances (structure). Both life choices and life chances are 

influenced by structural variables, such as social class, age, sex, ethnicity/race, living 

conditions and personal safety. An individual’s agency may either be constrained or 

expanded by life chances, the structurally determined chances available to 

individuals conferred by their social position [191, 192]. A recent systematic review 

of systematic reviews identified that belonging to a minority ethnic group had a 

negative impact on adherence, whereas higher socioeconomic position was 

associated with better adherence [193]. The evidence on the effect of employment 

and education is less certain [193].  

Therapy-related factors include the complexity of the medical regimen [187], 

drug side effects [161, 185, 186] and the class of prescribed medication [180, 184, 

194]. The association with the class of medication could be due to the properties of 

the drug class, or the cost or market availability of the drug [194, 195]. However, 

none of these factors were found to have a strong effect on adherence in a systematic 

review of systematic reviews [193].       

Condition-related factors include the severity of the disease [184] and 

comorbidities such as depression [180, 193, 196, 197]. Robust evidence exists for 

the negative impact of depression on adherence [193]. Furthermore, low physical 
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and mental health-related quality of life in older adults is associated with low 

medication adherence [198].  

Patient-related factors include the patient’s knowledge, beliefs, attitudes, 

perceptions and expectations about their disease and treatment [169]. Concern 

about potential adverse effects rather than actual effects has been reported as a 

reason for non-adherence [197]. A systematic review on patient and health care 

provider barriers to hypertension control found that forgetfulness was the most 

commonly reported patient barrier to medication adherence [161]. Self-efficacy, 

defined as a person’s belief in their ability to achieve a particular behaviour [199], 

has also been found to influence medication adherence [200, 201].  

6.3 Interventions to improve medication adherence  

Several systematic reviews in recent years have investigated interventions to 

improve medication adherence more generally [202-206] and specifically for 

patients with hypertension [150, 207-211]. The most effective strategies were 

multilevel, multicomponent strategies [206], often involving team-based care [150, 

207]. Effective patient-level strategies involved health coaching, home BP 

monitoring or special packaging of medications [150, 207, 210]. These interventions 

require health care personnel to monitor and coach patients closely or need 

equipment such as home-based BP machines. These resource requirements may not 

be feasible at a population level in terms of cost-effectiveness or scalability [212], 

especially as the effects of interventions on medication adherence are moderate 

[207].  

This raises the question of whether less resource-intensive interventions can 

be identified to improve medication adherence. Nudges, a type of intervention 

informed by behavioural economics, have been found to be cost-effective tools in 

several policy areas, including improving college enrolment, energy conservation 

and vaccination rates [213].    
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6.4 Behavioural economics in health care 

Behavioural economics is a relatively new field that aims to understand and affect 

human behaviour [214]. Whereas neoclassical economics assumes that individuals 

are rational and make decisions based on consistent preferences and sufficient 

information, behavioural economics, which combines psychology with economics, 

identifies several systematic cognitive biases that influence individual decision-

making and behaviours [215]. One such bias, present bias, disproportionately 

weights present costs and benefits relative to future costs and benefits [216]. 

Present bias can be illustrated in patients with asymptomatic disorders, such as 

hypertension, requiring long-term adherence to medication. The cost of taking 

medication is in the present and is weighted more than the potential benefits of the 

medication, which are often far in the future [215]. Interventions using financial 

incentives to offset the immediate costs of inconvenient or onerous behaviours have 

increased medication adherence [217]. However, these interventions are costly, 

especially for highly prevalent conditions such as hypertension.  

Drawing on additional behavioural economic insights, lottery-based 

interventions have been used to increase physical activity in overweight and obese 

adults [218] and improve medication adherence to warfarin in the United States 

[219, 220]. Two behavioural economic concepts were used in these interventions. 

In the first concept, regret aversion, individuals incorporate the anticipated regret 

they may feel from a particular uncertain outcome into the decision-making process 

to avoid regret [221]. In the second concept, the certainty effect, people tend to 

overestimate small probabilities and underestimate large probabilities [222]. In the 

medication intervention, instead of each participant receiving a daily financial 

incentive for taking their medication, participants were entered into a lottery with 

a 2 in 5 chance to win a small amount and a 1 in 100 chance to win a larger amount 

if they took their medication as prescribed. Participants who won the lottery but had 

not taken their medication were informed that they would have been paid had they 

taken their medication. A lottery-based intervention costs considerably less than the 

payment of financial incentives to all participants.  
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Several other behavioural economic insights have been used to encourage 

healthy behaviours. One such concept is loss aversion, where the psychological pain 

of a loss is larger than the pleasure of a gain of equal value [222]. This concept has 

been used in commitment contracts to improve smoking cessation rates [223] and 

weight loss [224]. These interventions involve participants depositing their own 

funds into an account that can only be accessed once the specified goal has been 

reached, for instance, a urine test at 6 months which is negative for nicotine. If the 

goal is not reached, the funds are forfeited, for example, donated to a charity.  

In summary, medication adherence is an important factor contributing to poor 

BP control, with almost 50% of patients with hypertension no longer adhering to 

their treatment within 1 year. Extensive literature on interventions to improve 

medication adherence concludes that the most effective strategies are multilevel, 

multicomponent strategies. However, the effects of these resource-intensive 

interventions on medication adherence are modest. The relatively new field of 

behavioural economics may provide new, less resource-intensive opportunities to 

improve medication adherence, thereby reducing the burden of uncontrolled 

hypertension. Chapter 7 therefore evaluates the evidence for interventions 

informed by insights from behavioural economics to improve medication 

adherence.  
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Chapter 7 

Behavioural economic interventions to 

improve medication adherence 

7.1 Preface 

This chapter presents the scoping review of the available evidence on behavioural 

economic interventions to improve medication adherence in high-income settings. 

Both the protocol for the review, published in JBI Database of Systematic Reviews 

and Implementation Reports, and the final review, published in The Patient – Patient-

Centered Outcomes Research, are included in this chapter. As applying behavioural 

economic insights to health is a relatively new field, restricting the study inclusion 

criteria to hypertension would have limited the literature from which to draw 

conclusions. Therefore, this review was not limited to hypertension but included 

studies on all chronic conditions requiring long-term medication adherence. 

This study summarises the range of behavioural economic interventions 

evaluated in various conditions, including financial and non-financial interventions. 

It also highlights the variation in outcomes for different interventions and 

population groups, illustrating the complexity of addressing medication adherence.  

This is the first systematic scoping review of interventions informed by 

behavioural economics to improve medication adherence.  
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7.3 Publication: protocol 

7.3.1 Abstract  

Objective  

The objective of this review is to map the evidence on the use of behavioral economic 

insights to improve medication adherence in adults with chronic conditions. 

Introduction  

Medication non-adherence is a barrier to effectively managing chronic conditions, 

leading to poorer patient outcomes and placing an additional financial burden on 

healthcare systems. As the population ages and the prevalence of chronic disease 

increases, new ways to influence patient behavior are needed. Approaches that use 

insights from behavioral economics may help improve medication adherence, thus 

reducing morbidity, mortality and financial costs of unmanaged chronic diseases. 

Inclusion criteria  

Eligible studies will include adults taking medication for a chronic condition. All 

interventions relevant to high-income settings using insights from behavioral 

economics to improve medication adherence in adults will be considered. Contexts 

may include, but are not limited to, primary health care, corporate wellness 

programs and health insurance schemes. Any study design published in English will 

be considered. Studies in facilities where medication is administered to patients will 

be excluded. 

Methods  

PubMed, Embase, Scopus, PsycINFO, EconLit and CINAHL will be searched from 

database inception to present. Gray literature will be searched using Google Scholar, 

OpenGrey and the Grey Literature Report. One reviewer will review titles, and then 

two reviewers will independently review abstracts to identify eligible studies. One 

reviewer will extract data on study characteristics, study design and study 

outcomes. A second reviewer will validate 25% of the extracted information. The 
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results of the data extraction will be presented in a table, and a narrative summary 

will be presented. 

Keywords  

Behavioral economics; chronic conditions; medication adherence 

7.3.2 Introduction 

Medication non-adherence has been identified as a major barrier to effectively 

managing chronic conditions [169]. The consequences of non-adherence include 

poorer outcomes for patients [182], higher rates of hospitalization [225, 226] and 

increased mortality [227], even for patients only taking placebos [228], This 

increase in morbidity and mortality due to non-adherence places an additional 

financial burden on healthcare systems [229].  

Nonadherence may exist at different stages of the treatment continuum. 

Patients may not initiate treatment by failing to fill their prescription; they may fail 

to implement the correct dose by either missing doses or taking more or less than 

the prescribed dose; or they may discontinue treatment early [175]. Non-adherence 

behavior can be intentional or unintentional [176, 177]. Intentional non-adherence 

involves an active decision by the patient to either alter doses or not take the 

medication at all whereas unintentional non-adherence includes more passive 

actions such as forgetfulness or the inability to follow instructions due to cognitive 

or physical limitations [176, 177]. Patients can exhibit both intentional and 

unintentional behaviors simultaneously [178].  

Rates of primary non-adherence, defined as the failure to initiate treatment, is 

estimated at between 6% and 35% [230-237]. This means that up to one third of 

patients do not fill their first prescription. Primary reasons for lack of initiation 

include perceptions around need, affordability and concerns about the risks and 

benefits of medication [238]. Even if patients fill their first prescription, a Canadian 

study found that between 6 and 14% of patients taking statins fail to fill their second 

prescription [239]. Within one year, approximately 50% of patients prescribed 

antihypertensive therapy were non-adherent [181] and by 24 months 43% of 

patients with cardiovascular disease were non-adherent [240].  
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A number of reviews have investigated barriers to medication adherence 

including at the patient, provider, and health system levels [184, 185, 197, 241-243]. 

In addition, there exists extensive review literature on interventions to improve 

medication adherence in general [202, 204, 205], for specific diseases or risk factors, 

such as hypertension [207-211], diabetes [244-247], and cardiovascular disease 

[248-252], and for specific target groups, such as older adults [253-255], patients 

with adherence problems [256] and underrepresented adults [257, 258]. A 

systematic review in 2013 on the cost-effectiveness of medication adherence 

interventions was only able to identify 14 eligible studies [259]. The findings from 

these studies were mixed, with only four studies showing incremental cost-

effectiveness ratios below stated willingness-to-pay thresholds. The authors also 

found that the reason many of the studies were unable to show cost-effectiveness, 

was that the interventions themselves were ineffective at improving medication 

adherence.  

A potentially cost-effective addition to medication adherence interventions 

could come from behavioral economic insights. Whereas neoclassical economics 

assumes that individuals are rational and make decisions based on consistent 

preferences and sufficient information, behavioral economics identifies a number of 

systematic cognitive biases that influence individual decision making and behaviors 

[215]. One such bias, present-bias, disproportionately weights present costs and 

benefits relative to future costs and benefits [216]. This can be illustrated in patients 

with asymptomatic disorders, such as hypertension, requiring long-term adherence 

to medication. The financial costs and the inconvenience of taking medication is in 

the present and is weighted more than the potential benefits of the medication, 

which are often far in the future [215]. Interventions using financial incentives to 

offset the immediate costs of inconvenient or onerous behaviors have been used to 

increase physical activity [218, 260-263] and improve medication adherence [220, 

264]. One study aimed to increase physical activity by offering financial incentives 

though a lottery system [218]. The financial incentives offset the immediate costs of 

exercising, and the lottery system takes advantage of another behavioral economic 

concept, prospect theory, to improve the impact of the financial incentives. Prospect 

theory states that people tend to overweigh small probabilities when deciding 

between alternative options that involve uncertainty and risk [222]. Another bias 
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associated with prospect theory, loss aversion, describes the concept where 

individuals experience greater pain when losing something, than pleasure from 

gaining the same thing [265]. Recognition of this bias has been used in interventions 

to increase weight loss, at least in the short-term [224, 263]. One study included a 

deposit contract as one of the three weight loss plans being tested [224]. The deposit 

contract required participants to invest their own money, which was forfeited if they 

failed to meet their weight loss goals.  

Many of the therapies for managing chronic diseases are highly effective. For 

these therapies to achieve their potential impact, especially as the population ages 

and the prevalence of chronic disease increases, exploring new ways to influence 

patient behavior is needed [200, 266]. Approaches using insights from behavioral 

economics may provide new opportunities to improve medication adherence, 

thereby reducing the burden, both in terms of morbidity and mortality and 

additional healthcare costs, of unmanaged chronic diseases. A scoping review on the 

use of behavioral economic interventions for the prevention and treatment of type 

II diabetes found 15 studies that used one of three types of behavioral economic 

interventions – financial incentives, choice architecture adjustments and 

commitments devices [267]. The authors concluded that these studies showed some 

potential for improving patient behaviors in relation to diabetes. A broader 

perspective will be taken in this study, including additional behavioral economic 

concepts and a wider range of chronic conditions requiring long-term medication 

adherence. The objective of this review therefore is to map the available evidence to 

provide an overview of the use of behavioral economic insights to improve 

medication adherence in adults with chronic conditions in a high-income setting.  

A preliminary search was conducted in August 2018 for scoping and 

systematic reviews on this topic in the following databases: JBI Database of 

Systematic Reviews and Implementation Reports, Cochrane Database of Systematic 

Reviews, PubMed, Epistemonikos and The Cumulative Index to Nursing and Allied 

Health Literature (CINAHL). No similar studies were found.  
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Review questions 

The following are our four research questions, which will be used to inform the 

development of an intervention in a high-income setting: 

i. Which behavioral economic insights have been investigated to improve 

medication adherence for adult patients with chronic conditions? 

ii. Which patient populations, outcomes and diseases have been studied?  

iii. Which research methods have been used in the studies on this subject? 

iv. How effective are interventions that draw on behavioral economic 

insights in improving medication adherence for adult patients with 

chronic conditions? 

 Inclusion criteria 

As a scoping review takes a broader view of an issue, the Population, Concept and 

Context (PCC) framework has been used [268].  

Population  

All adults taking medication for the treatment of a chronic condition will be included 

in this scoping review. Studies in hospitals, prisons, aged-care homes and other 

facilities where medication is administered to patients will be excluded. Chronic 

conditions will include both diseases and risk factors requiring long-term 

medication adherence, including cardiovascular diseases, hypertension, type II 

diabetes mellitus, HIV and chronic kidney disease. Mental health conditions will also 

be included. 

Concept  

All interventions relevant to high income settings using insights from behavioral 

economics to improve medication adherence in adults will be included, such as 

interventions to address decision errors relating to present-bias, prospect theory 

(poor understanding of probabilities), loss aversion and social influences/norms. All 

study designs published in English, including experimental, quasi-experimental and 

non-experimental studies will be included. No limits will be placed on the source of 
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evidence as this approach will lead to greater sensitivity in the search, which is 

preferred for scoping reviews [269].  

Context  

All relevant high-income contexts will be considered for inclusion. These may 

include but not limited to primary health care (general practice facilities, 

community clinics, pharmacies), companies with corporate wellness programs and 

health insurance schemes.  

Types of studies  

As this is a scoping review, all study types including observational studies, pilot 

studies and randomized trials will be included. Opinion papers and letters will be 

excluded.  

7.3.3 Methods  

Study design 

A scoping review will be undertaken for this study to provide a synthesis of the 

current available evidence on the use of interventions that draw on insights from 

behavioral economics to improve medication adherence in adults with chronic 

conditions. The purpose of scoping reviews is to provide a broad overview of a 

particular area of interest, identifying the key concepts, research gaps and 

summarizing and disseminating research findings [270]. As this study aims to 

describe a broad range of patients, diseases, research methodologies and behavioral 

economic interventions to improve medication adherence for chronic conditions, a 

scoping review is an appropriate methodology [268]. The Joanna Briggs Institute of 

Reviewers’ Manual will be used to conduct this study [269]. As the development of 

the PRISMA statement for scoping reviews (PRISMA-ScR) is still underway, the 

PRISMA statement for reporting health care interventions will be used [271, 272].   

Information sources and search strategy 

The research team includes a general practice expert (NS) who provided advice on 

the chronic conditions to be included. Thereafter, a three-step search strategy was 
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undertaken [273]. After an initial search of two databases, the text words and index 

terms of relevant articles were identified and included in the final search strategy. 

This search strategy was peer reviewed by an information specialist using the Peer 

Review of Electronic Search Strategies (PRESS) checklist [274]. The following 

databases will be searched for citations published in English: PubMed, EMBASE, 

SCOPUS, PsycINFO, EconLit and the Cumulative Index to Nursing and Allied Health 

Literature (CINAHL) from database inception to present. Grey literature will be 

searched using Google Scholar, Open-Grey (www.opengrey.eu) and the Grey 

Literature Report (www.greylit.org). Forward and backward citation searching of 

relevant articles will be done. No time limit will be placed on the search strategy. 

The final search strategy for PubMed is presented in Appendix I. Search strategies 

for the other databases used are available from the corresponding author.   

Study selection 

The citations will be imported into Endnote V8.2 (Clarivate Analytics, PA, USA), 

where duplicates will be removed. Duplicates not detected by EndNote will be 

removed manually. The remaining citations will be imported into Rayyan [275]. As 

many of the behavioral economic terms have multiple uses in other research areas 

and a large number of results is expected, one reviewer will review titles only. 

Thereafter, two reviewers will independently review abstracts using a 

questionnaire with inclusion criteria to identify eligible studies. The full-text articles 

will be reviewed by two reviewers for articles where the title and abstract contain 

insufficient information to determine eligibility. If the full-text article is still unclear 

on the study eligibility criteria, study authors will be contacted for further 

information. Where disagreements exist among reviewers, the article will be 

discussed between the two reviewers to reach consensus. If there is continued 

disagreement, a third reviewer will be requested to make a final decision. The 

reasons for excluding studies at the full-text level will be recorded and reported in 

the review.  

Data extraction 

One reviewer will extract data on study characteristics, study design and study 

outcomes using Microsoft Excel (2013). The extraction form will be trialed on a 

http://www.opengrey.eu/
http://www.greylit.org/
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sample of five studies to ensure all relevant details are captured. Study 

characteristics will include authorship, year study was conducted, year and journal 

of publication, funding source, geographical region and type of article. Study design 

will include type of study, aim of the study, type of behavioral economic insight used, 

intervention, comparator, study population, sample size, patient care setting, 

patient characteristics, disease, type of medication, duration of the intervention, 

follow-up period and statistical methods used. Study outcomes will include how 

medication adherence was measured, and the key findings of the study. A second 

reviewer will validate 25% of the extracted information. Any disagreements will be 

resolved through discussion until consensus is reached.  

Methodological quality appraisal 

Methodological quality assessment and risk of bias will not be undertaken for this 

study, which is consistent with scoping review guidance [268]. 

Data synthesis 

The results of the data extraction will be presented in a table that outlines the first 

author, geographical location, year of publication, study population, study design, 

type(s) of interventions, comparator(s), participant characteristics (average age, 

race, ethnicity and gender) and characteristics of the intervention (strategy, details 

of the intervention, duration and primary outcomes). Descriptive statistics will be 

used to provide a summary of the characteristics of the studies, including the year 

of publication, geographical locations, funding sources, duration of the study, 

disease and setting of the study. These categorical data will be summarized using 

percentages and frequencies. A narrative summary of the studies will be prepared 

considering the nature of the intervention, the population, study design features and 

the study results. In addition, the narrative summary will also consider the nature 

of the disease area targeted, i.e. is the condition a physical or a mental condition, is 

the disease symptomatic or asymptomatic and the proximity or risk of adverse 

consequences.  
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7.3.4 Appendix  

PubMed search strategy 

# TERM SEARCH TERMS 

1 Adherence "Medication Adherence"[Mesh] OR (adherence[Title/Abstract] 
OR complian*[Title/Abstract] OR 
nonadherence[Title/Abstract] OR non-adherence 
[Title/Abstract] OR adherent[Title/Abstract] OR non-
adherent[Title/Abstract] OR nonadherent[Title/Abstract] OR 
non-complian*[Title/Abstract] OR 
noncomplian*[Title/Abstract] OR  concordan*[Title/Abstract] 
OR nonconcordan*[Title/Abstract] OR persistence 
[Title/Abstract] OR non-persistence[Title/Abstract] OR "Self-
Management"[Mesh] OR  self-management[Title/Abstract] or 
self-care[Title/Abstract]) 

2 Medication "Prescription Drugs"[Mesh] OR medicine*[Title/Abstract] OR 
medication*[Title/Abstract] OR drug*[Title/Abstract] OR 
therap*[Title/Abstract] OR treatment*[Title/Abstract] OR 
pharmaceutical*[Title/Abstract] OR pill*[Title/Abstract] OR 
tablet*[Title/Abstract] 

3 Medication 
Adherence 

#1 AND #2 

4 Behavioral 
Economics 

"Economics, Behavioral"[Mesh] OR behavioral economic*[Text 
Word] OR behavioural economic*[Text Word] OR behavioural 
economic*[Title/Abstract] OR behavioral 
economic*[Title/Abstract] OR anchor*[Title/Abstract] OR 
choice architecture[Title/Abstract] OR confirmation 
bias*[Title/Abstract] OR default*[Title/Abstract] OR 
framing[Title/Abstract] OR framed[Title/Abstract] OR 
priming[Title/Abstract] OR intertemporal 
choice[Title/Abstract] OR inter-temporal 
choice[Title/Abstract] OR messenger*[Title/Abstract] OR 
present bias*[Title/Abstract] OR incentive*[Title/Abstract] OR 
loss aversion[Title/Abstract] OR endowment 
effect*[Title/Abstract] OR regret aversion[Title/Abstract] OR 
reference dependence[Title/Abstract] OR mental 
accounting[Title/Abstract] OR nudg*[Title/Abstract] OR 
partitioning[Title/Abstract] OR social norm*[Title/Abstract] 
OR social proof[Title/Abstract] OR social 
preference*[Title/Abstract] OR status quo 
bias*[Title/Abstract] OR inertia[Title/Abstract] OR choice 
overload[Title/Abstract] OR decision fatigue[Title/Abstract] 
OR time discount*[Title/Abstract] OR hyperbolic 
discount*[Title/Abstract] OR time inconsistent 
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# TERM SEARCH TERMS 
preference*[Title/Abstract] OR time 
inconsistency[Title/Abstract] OR commitment 
device*[Title/Abstract] OR commitment 
contract*[Title/Abstract] OR commitment 
consistency[Title/Abstract] OR 
precommitment*[Title/Abstract] OR ego effect[Title/Abstract] 
OR temptation bundl*[Title/Abstract] OR 
reinforcement*[Title/Abstract] OR 
gamification[Title/Abstract] OR gaming[Title/Abstract] OR 
game-based[Title/Abstract] OR libertarian 
paternalism[Title/Abstract] OR prospect 
theory[Title/Abstract] OR bounded selfishness[Title/Abstract] 
OR unbounded selfishness[Title/Abstract] OR bounded 
rational*[Title/Abstract] OR unbounded 
rational*[Title/Abstract] OR limited rational*[Title/Abstract] 
OR bounded willpower[Title/Abstract] OR unbounded 
willpower[Title/Abstract] OR affect heuristic*[Title/Abstract] 
OR representativeness heuristic*[Title/Abstract] OR 
availability heuristic*[Title/Abstract] OR 
overconfidence[Title/Abstract] OR optimism 
bias*[Title/Abstract] OR limited attention[Title/Abstract] OR 
mere-measurement[Title/Abstract] OR question-behaviour 
effect[Title/Abstract] OR hindsight bias*[Title/Abstract] OR 
knew-it-all-along effect[Title/Abstract] OR 
salience[Title/Abstract] 

5 Medication 
Adherence AND 
Behavioral 
Economics 

#3 AND #4 

6 Cardiovascular 
disease 

"Cardiovascular Diseases"[Mesh:noexp] OR cardiovascular 
disease*[Title/Abstract] OR CVD[Title/Abstract] OR "Heart 
Diseases"[Mesh] OR heart disease*[Title/Abstract] OR 
“coronary artery disease*”[Title/Abstract] OR 
"Dyslipidemias"[Mesh] OR dyslipidemia*[Title/Abstract] OR 
dyslipidaemia*[Title/Abstract] OR 
hyperlipidemia*[Title/Abstract] OR 
hyperlipidaemia*[Title/Abstract] OR 
hypercholesterolemia*[Title/Abstract] OR 
hypercholesterolaemia*[Title/Abstract] OR 
"Arteriosclerosis"[Mesh] OR arteriosclerosis[Title/Abstract] 
OR arterioscleroses[Title/Abstract] OR 
atherosclerosis[Title/Abstract] OR 
atheroscleroses[Title/Abstract] 

7 Hypertension "Hypertension"[Mesh] OR hypertension[Title/Abstract] OR 
blood pressure*[Title/Abstract] OR diastolic[Title/Abstract] 
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# TERM SEARCH TERMS 
OR systolic[Title/Abstract] OR hypertensive[Title/Abstract] 
OR antihypertensive[Title/Abstract] OR anti-
hypertensive[Title/Abstract] 

8 Diabetes Type 2 "Diabetes Mellitus, Type 2"[Mesh] OR diabetes[Title/Abstract] 
OR diabetic*[Title/Abstract] OR "Hyperglycemia"[Mesh] OR 
hyperglycemia*[Title/Abstract] OR 
hyperglycaemia*[Title/Abstract] OR glucose 
intolerance*[Title/Abstract] OR glucose 
tolerance*[Title/Abstract] 

9 HIV "HIV"[Mesh] OR Human Immunodeficiency 
Virus*[Title/Abstract] OR Human Immuno-deficiency 
Virus*[Title/Abstract] OR HIV[Title/Abstract] OR 
AIDS[Title/Abstract] OR Acquired Immune Deficiency 
Syndrome*[Title/Abstract] 

10 Chronic Kidney 
Disease 

"Renal Insufficiency, Chronic"[Mesh] OR (chronic kidney 
disease*[Title/Abstract] OR chronic kidney 
disorder*[Title/Abstract] OR chronic kidney 
insufficienc*[Title/Abstract] OR chronic 
nephropathy*[Title/Abstract] OR chronic renal 
disease*[Title/Abstract] OR chronic renal 
failure*[Title/Abstract] OR chronic renal 
insufficienc*[Title/Abstract] OR kidney chronic 
failure*[Title/Abstract]) 

11 Chronic Diseases "Chronic Disease"[Mesh] OR chronic[Text Word] OR 
chronic[Title/Abstract] 

12 All Diseases #6 OR #7 OR #8 OR #9 OR #10 OR #11 

13 Medication 
Adherence AND 
Behavioral 
Economics AND 
Chronic Diseases 

#5 AND #12 
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7.5.1 Online supplementary material   

Table S1 PubMed search strategy 

# TERM SEARCH TERMS 

1 Adherence "Medication Adherence"[Mesh] OR (adherence[Title/Abstract] 
OR complian*[Title/Abstract] OR 
nonadherence[Title/Abstract] OR non-adherence 
[Title/Abstract] OR adherent[Title/Abstract] OR non-
adherent[Title/Abstract] OR nonadherent[Title/Abstract] OR 
non-complian*[Title/Abstract] OR 
noncomplian*[Title/Abstract] OR  concordan*[Title/Abstract] 
OR nonconcordan*[Title/Abstract] OR persistence 
[Title/Abstract] OR non-persistence[Title/Abstract] OR "Self-
Management"[Mesh] OR  self-management[Title/Abstract] or 
self-care[Title/Abstract]) 

2 Medication "Prescription Drugs"[Mesh] OR medicine*[Title/Abstract] OR 
medication*[Title/Abstract] OR drug*[Title/Abstract] OR 
therap*[Title/Abstract] OR treatment*[Title/Abstract] OR 
pharmaceutical*[Title/Abstract] OR pill*[Title/Abstract] OR 
tablet*[Title/Abstract] 

3 Medication 
Adherence 

#1 AND #2 

4 Behavioral 
Economics 

"Economics, Behavioral"[Mesh] OR behavioral economic*[Text 
Word] OR behavioural economic*[Text Word] OR behavioural 
economic*[Title/Abstract] OR behavioral 
economic*[Title/Abstract] OR anchor*[Title/Abstract] OR 
choice architecture[Title/Abstract] OR confirmation 
bias*[Title/Abstract] OR default*[Title/Abstract] OR 
framing[Title/Abstract] OR framed[Title/Abstract] OR 
priming[Title/Abstract] OR intertemporal 
choice[Title/Abstract] OR inter-temporal 
choice[Title/Abstract] OR messenger*[Title/Abstract] OR 
present bias*[Title/Abstract] OR incentive*[Title/Abstract] OR 
loss aversion[Title/Abstract] OR endowment 
effect*[Title/Abstract] OR regret aversion[Title/Abstract] OR 
reference dependence[Title/Abstract] OR mental 
accounting[Title/Abstract] OR nudg*[Title/Abstract] OR 
partitioning[Title/Abstract] OR social norm*[Title/Abstract] 
OR social proof[Title/Abstract] OR social 
preference*[Title/Abstract] OR status quo 
bias*[Title/Abstract] OR inertia[Title/Abstract] OR choice 
overload[Title/Abstract] OR decision fatigue[Title/Abstract] 
OR time discount*[Title/Abstract] OR hyperbolic 
discount*[Title/Abstract] OR time inconsistent 
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# TERM SEARCH TERMS 
preference*[Title/Abstract] OR time 
inconsistency[Title/Abstract] OR commitment 
device*[Title/Abstract] OR commitment 
contract*[Title/Abstract] OR commitment 
consistency[Title/Abstract] OR 
precommitment*[Title/Abstract] OR ego effect[Title/Abstract] 
OR temptation bundl*[Title/Abstract] OR 
reinforcement*[Title/Abstract] OR 
gamification[Title/Abstract] OR gaming[Title/Abstract] OR 
game-based[Title/Abstract] OR libertarian 
paternalism[Title/Abstract] OR prospect 
theory[Title/Abstract] OR bounded selfishness[Title/Abstract] 
OR unbounded selfishness[Title/Abstract] OR bounded 
rational*[Title/Abstract] OR unbounded 
rational*[Title/Abstract] OR limited rational*[Title/Abstract] 
OR bounded willpower[Title/Abstract] OR unbounded 
willpower[Title/Abstract] OR affect heuristic*[Title/Abstract] 
OR representativeness heuristic*[Title/Abstract] OR 
availability heuristic*[Title/Abstract] OR 
overconfidence[Title/Abstract] OR optimism 
bias*[Title/Abstract] OR limited attention[Title/Abstract] OR 
mere-measurement[Title/Abstract] OR question-behaviour 
effect[Title/Abstract] OR hindsight bias*[Title/Abstract] OR 
knew-it-all-along effect[Title/Abstract] OR 
salience[Title/Abstract] 

5 Medication 
Adherence AND 
Behavioral 
Economics 

#3 AND #4 

6 Cardiovascular 
disease 

"Cardiovascular Diseases"[Mesh:noexp] OR cardiovascular 
disease*[Title/Abstract] OR CVD[Title/Abstract] OR "Heart 
Diseases"[Mesh] OR heart disease*[Title/Abstract] OR 
“coronary artery disease*”[Title/Abstract] OR 
"Dyslipidemias"[Mesh] OR dyslipidemia*[Title/Abstract] OR 
dyslipidaemia*[Title/Abstract] OR 
hyperlipidemia*[Title/Abstract] OR 
hyperlipidaemia*[Title/Abstract] OR 
hypercholesterolemia*[Title/Abstract] OR 
hypercholesterolaemia*[Title/Abstract] OR 
"Arteriosclerosis"[Mesh] OR arteriosclerosis[Title/Abstract] 
OR arterioscleroses[Title/Abstract] OR 
atherosclerosis[Title/Abstract] OR 
atheroscleroses[Title/Abstract] 

7 Hypertension "Hypertension"[Mesh] OR hypertension[Title/Abstract] OR 
blood pressure*[Title/Abstract] OR diastolic[Title/Abstract] 
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# TERM SEARCH TERMS 
OR systolic[Title/Abstract] OR hypertensive[Title/Abstract] 
OR antihypertensive[Title/Abstract] OR anti-
hypertensive[Title/Abstract] 

8 Diabetes Type 2 "Diabetes Mellitus, Type 2"[Mesh] OR diabetes[Title/Abstract] 
OR diabetic*[Title/Abstract] OR "Hyperglycemia"[Mesh] OR 
hyperglycemia*[Title/Abstract] OR 
hyperglycaemia*[Title/Abstract] OR glucose 
intolerance*[Title/Abstract] OR glucose 
tolerance*[Title/Abstract] 

9 HIV "HIV"[Mesh] OR Human Immunodeficiency 
Virus*[Title/Abstract] OR Human Immuno-deficiency 
Virus*[Title/Abstract] OR HIV[Title/Abstract] OR 
AIDS[Title/Abstract] OR Acquired Immune Deficiency 
Syndrome*[Title/Abstract] 

10 Chronic Kidney 
Disease 

"Renal Insufficiency, Chronic"[Mesh] OR (chronic kidney 
disease*[Title/Abstract] OR chronic kidney 
disorder*[Title/Abstract] OR chronic kidney 
insufficienc*[Title/Abstract] OR chronic 
nephropathy*[Title/Abstract] OR chronic renal 
disease*[Title/Abstract] OR chronic renal 
failure*[Title/Abstract] OR chronic renal 
insufficienc*[Title/Abstract] OR kidney chronic 
failure*[Title/Abstract]) 

11 Chronic Diseases "Chronic Disease"[Mesh] OR chronic[Text Word] OR 
chronic[Title/Abstract] 

12 All Diseases #6 OR #7 OR #8 OR #9 OR #10 OR #11 

13 Medication 
Adherence AND 
Behavioral 
Economics AND 
Chronic Diseases 

#5 AND #12 
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Chapter 8 

Conclusions and recommendations 

This research investigated the management of hypertension in general practice, the 

costs associated with current hypertension control and the evidence on 

interventions informed by behavioural economics to address medication adherence. 

The principal findings, contributions and recommendations for further research are 

presented in this concluding chapter. 

The findings from this thesis are expected to inform the design of cost-effective 

interventions to improve blood pressure (BP) control in Australia by identifying 

target patient groups for intervention and providing data for early economic 

evaluations, thereby contributing to improved health outcomes for patients and 

better efficiency for the health care system. 

8.1 Principal findings 

Blood pressure control in Australian general practice  

Of the approximately 40% of patients diagnosed with hypertension, only 55% had 

their BP controlled, despite 59% of patients having been prescribed 

antihypertensive therapy. BP control was slightly lower in females compared with 

males, and among those aged at least 80 years, but there were no differences by 

socioeconomic status. In general, the prevalence of hypertension control ranged 

between 50% and 56% across all groups, independent of the time since diagnosis or 

the number of classes of antihypertensive medications prescribed. However, 

patients with a recent hypertension diagnosis (6-12 months) with no record of 
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being prescribed antihypertensive medications were less likely to have their BP 

controlled (44% of patients) than those on antihypertensive medication 

(51%-53%). Patients with a recent diagnosis were also less likely to have controlled 

BP than those with a longer duration since their hypertension diagnosis.  

Management of hypertension in Australian general practice 

An assessment of the information recorded in patient electronic health records 

found that only half of the patients diagnosed with hypertension had enough 

information recorded to enable absolute cardiovascular disease (CVD) risk 

calculation. This finding was not influenced by age, sex, smoking status or BP grade. 

However, the proportion of patients with sufficient recorded data available to 

calculate CVD risk was higher for patients diagnosed with hypertension than for 

patients without a diagnosis of hypertension (51% vs 39%). An exploration of 

prescribing found that prescribing of antihypertensive therapy by general 

practitioners (GPs) was not guided solely by absolute CVD risk. In patients with a 

calculated high or moderate CVD risk, 40% were not prescribed antihypertensive 

therapies, despite three-quarters of them having BP levels above the threshold of 

140/90mmHg. 

Cost of uncontrolled blood pressure in Australian general practice 

Modelling estimated that across all 8.7 million Australians aged between 45 and 74 

years who visit their GP, 261,858 CVD events can be expected over the next 5 years 

at current systolic blood pressure (SBP) levels (mean 137.8mmHg, SD=12.3mmHg), 

with a cost of AUD 1,813 million. By reducing the SBP of all patients with an SBP 

greater than 139 mmHg to 139mmHg, 25,845 CVD events could be avoided with an 

associated reduction in acute hospital costs of AUD 179 million. If SBP is lowered 

further to 129mmHg for all those with SBP greater than 129 mmHg, 56,169 CVD 

events could be avoided with potential cost savings of AUD 389 million. The 

sensitivity analyses indicate that potential cost savings range from AUD 46 million 

to AUD 1,406 million and AUD 117 million to AUD 2,009 million for the two 

scenarios, respectively. Despite these significant costs, the cost savings for the 

health system by practice are modest. Potential cost savings range from an average 

of AUD 16,479 for a small practice to AUD 82,493 for a large practice over 5 years. 
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Nevertheless, the limitations of the cost estimates in this study need to be 

acknowledged. On the one hand, the potential cost savings from improving BP 

control are underestimated as they only include the acute hospital costs of the 

primary CVD event. Including the costs related to rehabilitation and secondary CVD 

events would increase the potential savings, as would including the costs associated 

with other conditions, such as renal disease and dementia, that are associated with 

uncontrolled BP. On the other hand, the model assumed that BP control could be 

achieved for all patients, an unlikely achievement due to the complexity of achieving 

BP control. Despite these limitations, these estimates highlight the deleterious 

health and financial consequences of current levels of BP control and the magnitude 

of the potential gains from improving management of hypertension in general 

practice.  

Interventions for improving medication adherence 

A scoping review of the literature found that interventions informed by 

behavioural economics have demonstrated mostly positive effects and show 

promise when applied to improving medication adherence. However, no single 

simple solution exists. Instead, the findings suggest that multifaceted interventions 

tailored to patient needs are required. At the same time, the review highlights the 

importance of targeting non-adherent patients, understanding their reasons for 

non-adherence by using questionnaires or counselling methods which allowed 

tailoring of interventions to address their individual barriers, providing reminders 

and feedback to patients and physicians, and measuring clinical outcomes in 

addition to medication adherence as part of the evaluation of the intervention. 

Furthermore, as most studies were conducted in the United States, research in 

different health systems is needed.  

8.2 Translation and impact 

Chapter 3 has been cited by the High Blood Pressure Research Council of Australia  

in their call to action published in the Medical Journal of Australia [113]. The call to 

action appealed for a national commitment to improve BP control and used the 
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findings from the study presented in Chapter 3 to demonstrate that BP control 

remains poor.  

Other work stemming from this thesis includes the use of machine learning to 

improve the identification of patients at risk of hypertension by using electronic 

medical records. Preliminary findings were presented by Jacqueline Roseleur at the 

World Congress of Epidemiology held in September 2021 where she was awarded 

the early career researcher best oral presentation [276].  

Furthermore, the findings from this thesis have informed a proposed body of 

work by the Discipline of General Practice at the University of Adelaide on improving 

BP control in general practice through clinical decision support systems. 

All the published manuscripts have been cited, with the scoping review 

presented in Chapter 7 receiving 10 citations at the time of writing.  

8.3 Contributions to public health and medicine 

The thesis has made contributions with respect to policy and research methods. 

These contributions are discussed in the next sections.  

8.3.1 Policy contributions 

This research represents the first in-depth exploration of the management of 

patients with a diagnosis of hypertension in Australian general practice. The 

evidence presented in this thesis on the prevalence of BP control, the current 

management of hypertension, the health and financial costs of uncontrolled BP, and 

an exploration of potential solutions to improve medication adherence could inform 

actions to respond to the recent call to action to address uncontrolled hypertension 

in Australia [113]. The call to action by the High Blood Pressure Research Council of 

Australia argues that “not only has Australia fallen behind on the number of people 

with high BP who are aware, treated and controlled, but we also feel that a 

significant degree of complacency has arisen in both cardiovascular research and 

the public health agenda regarding the need to improve BP control” [113 p.61]. The 

authors maintain that the current funding in Australia focuses on the management 
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of existing CVD rather than on the prevention of CVD by improving awareness, 

treatment and control of elevated BP [113]. The assertions regarding treatment and 

control are supported by the findings presented in Chapter 3, which found that BP 

control rates were low, and Chapter 4, which found that half of patients did not have 

enough information available to conduct a CVD risk assessment, nor was prescribing 

guided by CVD risk, thus constraining efforts to improve primary prevention of CVD.    

Australian hypertension guidelines have recommended CVD risk assessment 

since at least 2008 [1, 277]. Despite this recommendation, only half of patients had 

enough data available to calculate their CVD risk. Furthermore, these findings 

suggest that there has been little improvement in the past decade [102, 278]. On a 

positive note, patients with a hypertension diagnosis were more likely to have data 

available for CVD risk assessment than those without a hypertension diagnosis, 

suggesting that some GPs are aware of the need to assess CVD risk in patients with 

hypertension. 

Even in patients for whom CVD risk measurement is possible, CVD risk does 

not appear to influence treatment. The study presented in Chapter 4 found that 

approximately the same proportion of patients received a prescription for 

antihypertensive therapy, irrespective of CVD risk. This is particularly concerning in 

those patients with a calculated high or moderate CVD risk as these patients miss 

out on guideline-promoted treatments that minimise BP complications and reduce 

the risk of future CVD events. These patients represent a target population in which 

better management would have considerable benefits.  

The findings from the costing study also provide evidence on the magnitude of 

the cost of uncontrolled hypertension that can be used as the basis for early 

economic evaluations to inform the expected value of alternative intervention 

options. Furthermore, despite the significant health and financial burden of 

uncontrolled BP across all patients, the costing study has demonstrated that cost 

savings for the health system by practice is modest. Consequently, practice-level 

interventions may not be cost-effective in smaller practices, particularly 

interventions that are resource-intensive, for example, those delivered by nurses. 

This aligns with a report by the Australian Health Policy Collaboration, which 

emphasizes the need for national funding to be established and allocated to each 
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Primary Health Network (PHN) to strengthen the capabilities of general practices. 

By providing dedicated funding, PHNs can effectively build the necessary 

infrastructure, resources, and expertise within general practices to deliver high-

quality healthcare interventions [279]. 

The scoping review of interventions informed by behavioural economics to 

address medication adherence supports the current evidence that no easy solutions 

exist and that multifaceted interventions tailored to patient needs are required 

instead. Despite this, behavioural economic interventions continue to draw interest 

from researchers [280-285] particularly as interventions such as reminders and 

feedback using framing are potentially low cost [286].  

8.3.2 Methodological contributions 

From a methodological perspective, this research demonstrates the benefits of using 

electronic health records in assessing the prevalence of hypertension, BP control 

and management of hypertension. The findings on the prevalence of hypertension 

and BP control were similar to health surveys, indicating that electronic health 

records are a reliable alternative to surveys. Therefore, electronic health records 

provide an efficient evaluation method with larger cohorts of patients at potentially 

lower cost. Moreover, analysis of electronic health records provides insights into the 

management of hypertension, such as prescribing practices, that are more 

challenging to determine using surveys. Previous Australian studies on the 

management of hypertension only reported on whether patients had been 

prescribed antihypertensive medication, but did not report on the number of 

antihypertensive medications or the classes of antihypertensive therapy prescribed 

[7, 21, 102] as has been done in the studies presented in Chapters 3 and 4 of this 

thesis.  

Furthermore, rather than relying on either assumed values or data from small 

surveys in other populations to populate models, electronic health records provide 

actual values for variables of interest. For example, the original model that was 

adapted for the study in Chapter 5 used a national health survey for prevalence, and 

several other studies for the cardiovascular event rates [116]. In the validation 
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process, the Framingham risk score was used for comparison. However, as no data 

was available for many of the parameters used in the Framingham risk score 

(i.e. diabetes, smoking, total and HDL cholesterol), the authors used the same values 

for all patients. Another study by Mennini and colleagues [287] estimated the total 

cost of CVD related to hypertension for five European countries. This study also used 

health survey data to estimate the prevalence of hypertension and only used age, 

sex and BP to calculate the Framingham risk score due to the unavailability of data. 

Using electronic health records for 125,369 patients, the study in Chapter 5 was able 

to estimate the prevalence of patients with a diagnosis of hypertension in the 

population of interest and calculate their Framingham risk score using their 

recorded values with fewer assumptions than previous studies. This enabled a more 

accurate estimate of the health and financial costs of uncontrolled BP, with reduced 

uncertainty.   

In addition, the findings from this thesis can be used as a baseline to use 

electronic health records to monitor progress over time. For instance, Italy was able 

to monitor the progress of their “Objective 70%” program through repeated 

analyses of the same database of electronic health records [37, 38]. In addition to 

measuring the prevalence of hypertension and BP control, CVD risk measurement 

should also be monitored. To address the underuse of CVD risk assessment, the 

Australian Government introduced additional funding in 2019 to fund CVD risk 

assessment and ongoing management for all patients aged 30 years and older [288]. 

The data used in this thesis preceded this time and further studies are necessary to 

investigate the impact of this measure.  

The study presented in Chapter 5 demonstrated how risk algorithms and 

average costs may be used to estimate the cost of uncontrolled BP with only general 

practice electronic health record datasets. Ideally, for conditions where clinical 

events require hospitalisation or other services outside of primary care, datasets 

need to be linked to different sources of electronic health records and other 

routinely collected data to estimate the resource use and costs associated with 

clinical events [289]. An example of such a data platform is CALIBER 

(CArdiovascular disease research using LInked Bespoke studies and Electronic 

health Records). CALIBER combines primary care data from the UK Clinical Practice 
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Research Datalink (CPRD), secondary care data from Hospital Episode Statistics, 

disease registry data from the Myocardial Ischaemia National Audit Project and 

mortality data from the Office for National Statistics, and has been used to predict 

lifetime costs of stable coronary artery disease [290]. In the absence of linked 

datasets such as CALIBER, conditions for which risk prediction scores are available 

using only data from primary care electronic health records, such as CVD and stroke, 

can be used to estimate the probability of an event occurring but not costs related 

to the event. Future investments in creating Australian datasets like CALIBER could 

improve the modelling of the cost-effectiveness of interventions.  

However, despite the use of electronic health records to inform policy and 

practice in several countries [291-293], the limitations and potential biases of using 

electronic health records for research must be carefully considered as electronic 

health records are designed for patient management and not specifically for 

research purposes [90, 108]. In the case of MedicineInsight, progress notes are not 

extracted because these data may contain identifiable information. GPs may record 

information on diagnoses or other relevant information related to CVD risk factors 

in the progress notes, which may have resulted in an underestimation of CVD risk 

when using MedicineInsight data. However, it is unlikely that this limitation would 

change the results. A recent validation study found accuracy close to 90% when 

algorithms for chronic conditions using the same fields as this thesis were compared 

with the original electronic health record, which included the progress notes [88]. 

Moreover, as the electronic health records imported into MedicineInsight allow for 

free text data entry in most fields, cleaning the database took many months. The free 

text nature of the data also required assumptions to be made. The availability of 

clinicians on the research team allowed the assumptions to be informed by clinical 

practice.  

8.4 Recommendations for future research  

The studies in this thesis conducted cross-sectional analyses to explore 

hypertension management. The findings that BP control was not associated with 

time since diagnosis and the number of classes of antihypertensive medications 

prescribed suggest that other factors could be associated with poor BP control. 
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Several recommendations for future research are proposed in the following 

sections.  

8.4.1 Understanding prescribing practices  

An exploration of long-term prescribing patterns through longitudinal analysis may 

provide a better understanding of factors associated with treatment initiation and 

intensification. For example, how long does it take GPs to intensify treatment by 

adding additional classes of antihypertensive therapy in patients who are not 

achieving BP control? These prescribing patterns may be related to patient 

characteristics, for example, comorbidities, or the prescribed classes and doses of 

antihypertensive medication. Characteristics of the patient–provider relationship, 

such as continuity of care [294], may also be an important factor, and the general 

practice size and funding model may influence this relationship. For example, 

private practices that charge a gap payment may be able to spend more time with 

patients. Other factors, such as communication and patient health literacy, may also 

affect the patient-provider relationship and a patient’s willingness to accept lifestyle 

modification advice and treatment initiation and intensification. However, analysis 

of electronic health records will need to be supplemented with surveys and 

interviews to capture these factors.  

Although not the primary aim of this thesis, the study in Chapter 4 found that 

most patients with hypertension (approximately 90%) were prescribed 

antihypertensive medication in the past 2 years. However, only about 60% of 

patients had received a prescription for antihypertensive therapy in the last 

6 months of the study period. Understanding why GPs stop prescribing is another 

critical component of improving BP control. Reasons may include patient non-

attendance, patients receiving scripts from other health care practitioners or 

pharmacists dispensing medication without a current prescription. Patient non-

attendance can be assessed using MedicineInsight. However, MedicineInsight is 

unable to track patients who visit other general practices. Alternative data sources 

are needed to determine whether patients receive prescriptions from other health 

care providers, such as specialists or GPs at other general practices. One potential 

source is data from the Pharmaceutical Benefits Scheme (PBS) that captures the 
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dispensing of medications by all pharmacies and public and private hospitals [295]. 

For those patients who continue to attend their GP and are not receiving 

prescriptions from other health care providers, other factors may influence GP 

prescribing, or lack thereof, such as reducing pill burden in patients with 

multimorbidity or the elderly [296], responding to or preventing medication side 

effects experienced by patients [297], aligning health care with an individual's 

health priorities [298] or medication affordability [103]. Interviews with GPs and 

patients will be essential to develop an understanding of these reasons. Exploration 

of this kind may identify the barriers experienced by GPs in the management of 

hypertension and provide insights into which specific treatment trajectory 

optimises BP control in patients with hypertension. For example, particular 

combinations of medications in certain patient populations may be more likely to 

result in discontinuation. These optimal treatment trajectories could be 

incorporated into clinical decision support systems to guide management decisions 

and provide personalised medication advice.   

8.4.2 Supporting hypertension management  

With the challenges of competing demands in general practice, exploring ways to 

support hypertension management, including improving CVD risk assessment in 

eligible patients, requires further attention. The electronic health record is an 

important tool in general practice and the design of electronic health records can 

impact clinical decision-making. This creates an opportunity to apply interventions 

to support decision-making [299]. For example, the electronic health record could 

be loaded with updated clinical guidelines and include evidence-based prompts and 

reminders to support patient management and optimise selection of medication 

[300]. Australian GPs have previously highlighted a preference for intermittent 

reminders of existing guidelines and protocols [301], and single page summaries on 

the management of particular groups of patients [302]. Furthermore, the inclusion 

of prompts and reminders can be informed by behavioural economics through 

framing or defaults, which have been found to be effective in a recent systematic 

review on physician behaviour change [303]. For example, single-pill combination 

therapy could be displayed first when listing antihypertensive medications in the 
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prescribing module of the electronic health record [304]. Other possible areas to 

explore include using electronic health records to remind GPs to measure CVD risk 

factors in eligible patients with missing or outdated information [305], 

automatically generating pathology requests for these patients or integrating CVD 

risk assessment in pathology services [306, 307]. PHNs can support the evaluation 

of these interventions by monitoring established funding mechanisms like the 

Practice Incentives Program - Quality Improvement (PIP-QI) initiative [279]. For 

instance, one PIP-QI metric tracks the percentage of patients aged 45-74 without a 

CVD diagnosis who have recorded risk factors for CVD risk assessment [141]. PHNs 

can utilize these results not only to monitor the impact of interventions on this 

metric but also to provide performance feedback to GPs relative to peer groups 

through social norms feedback. Effective feedback to GPs regarding their 

performance compared to peers has been shown to improve prescribing practices 

and may also prove beneficial for CVD risk assessment, especially when the potential 

consequences of inaction are clearly outlined [308]. 

In addition to informing treatment decisions by GPs, CVD risk scores can also 

be useful tools for engaging patients in strategies to reduce their CVD risk, 

particularly as hypertension is often an asymptomatic condition. A recent 

randomised trial in an Australian chest pain clinic demonstrated the effectiveness 

using CVD risk scores to educate and engage patients [309]. Patients presenting to 

the chest pain clinic without coronary ischaemia were randomised to either usual 

care or received counselling about their CVD risk score and recommendations to 

reduce the risk score. After 12 months, patients in the intervention had significantly 

improved CVD risk scores compared to those receiving usual care [309]. As this 

intervention was conducted with patients who had experienced chest pain and were 

likely more motivated to change behaviour and adhere to medications, further 

research is required to determine the effectiveness within a general practice 

population. A 2010 systematic review found that providing patients with their CVD 

risk score can be effective if provided regularly, rather than only at one point in time 

[310].  
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8.4.3 Understanding medication adherence in patients 

Chapter 7's findings highlighted the complexity of addressing adherence and 

emphasized the need for multi-faceted interventions that cater to individual patient 

needs. Therefore, it is crucial for GPs to assess medication adherence in patients and 

gain a thorough understanding of the reasons behind poor adherence. This 

knowledge would enable GPs to provide more targeted and effective support to their 

patients. For example, one option would be to identify patients with uncontrolled 

BP and an existing prescription for antihypertensive medication in the electronic 

health records and then send them a link to a medication adherence questionnaire 

before their next appointment [311, 312]. The GP would then be able to engage with 

the patient more meaningfully to address concerns or barriers the patient may be 

experiencing. Challenges relating to pill burden could be addressed through use of 

single-pill combination therapy [113, 313] whereas patients who forget to take their 

medication could be referred to smartphone applications that provide reminders 

[314, 315].  

Asking patients about their adherence may also identify preferences for non-

pharmacological interventions, as illustrated by a recent Australian study exploring 

patients’ needs and preferences for managing high BP. The study found that 

common concerns identified by patients pertained to managing high BP without 

medication, including through exercise and diet [302]. Previous research found that 

despite GPs reporting that they feel qualified to provide education on lifestyle 

modifications to manage hypertension, time was identified as a barrier [103]. One 

possible approach to address the barrier of time would be to use team care 

arrangements (TCA), which along with GP management plans (GPMP) form part of 

Medicare’s Chronic Disease Management (CDM) program. TCAs allow GPs to refer 

patients to allied health practitioners (such as dieticians and exercise physiologists) 

to provide specific and tailored advice on lifestyle changes. However, in most 

instances, the CDM programme considers hypertension to be a risk factor rather 

than a chronic condition, despite calls for care planning provisions to be extended 

to patients at high risk of CVD [279]. This limits the ability of GPs to refer patients to 

allied health services unless patients have co-existing chronic conditions (for 

example diabetes, asthma or arthritis) [316]. Economic evaluation of GPs referring 
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patients to TCAs for hypertension alone could support policy change if found to be 

cost-effective. 

8.4.4 Early economic evaluation 

Even small changes will require effort from practices, with activities and 

implementation strategies needing resources. It is important to consider the funding 

mechanisms for these interventions. Current activity in general practice is funded 

through MBS reimbursement. However, the MBS rates have not increased in line 

with inflation over the past decades, resulting in GPs either charging a gap to 

patients, or favouring high-volume, low-value care [317, 318]. A recent review of the 

MBS has recommended that existing fee-for-service models be complemented by a 

block or blended payment model to support longitudinal, coordinated care for 

patients with chronic disease [319]. Early economic evaluation could inform the 

most appropriate funding mechanisms for alternative interventions to improve BP 

control. Positive developments in funding comprise the inclusion of an MBS item for 

CVD risk assessment in 2019 [288], and for home BP monitoring to support the 

diagnosis and management of hypertension in 2021 [320]. Further studies are 

necessary to investigate the impact of these measures.  

Early economic modelling can also be used to support the development and 

tailoring of interventions; as general practice is a complex system in which to 

implement interventions [167, 168], the iterative and ongoing process of modelling 

could be used to represent the complexities of the setting and, where relevant, the 

intervention. This iterative modelling process can enhance the understanding of the 

expected effects of interventions and their potential cost-effectiveness [321]. For 

example, decisions on whether an intervention should be delivered by a GP or nurse 

could be informed through modelling existing care pathways to determine capacity 

constraints and inform the design of new models of care [321]. Furthermore, 

existing funding mechanisms, for example, Medicare Benefits Schedule (MBS) items 

and other incentives such as the Practice Incentives Program - Quality Improvement 

(PIP-QI), can be included in the modelling process to gain insight into potential cost-

effectiveness of the interventions.  
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Moreover, as interventions addressing adherence should be targeted at non-

adherent patients, as demonstrated in the review presented in Chapter 7, the costs 

associated with identifying non-adherent patients and further still, the costs 

associated with identifying barriers to adherence and adapting interventions to 

respond to these barriers could also be included in the modelling process to 

determine the impact on cost-effectiveness of these additional resource 

requirements.  

The identification of potential intervention options relevant to Australian 

general practice could be conducted through stakeholder engagement. The findings 

from the scoping review using insights from behavioural economics (Chapter 7) can 

be presented alongside other potential interventions to relevant stakeholders, such 

as GPs, patients and primary health networks. With input from the stakeholders, the 

intervention and implementation costs and effects can be estimated and applied to 

the cost and health effect estimates presented in the costing study (Chapter 5), 

providing the basis for estimating quality-adjusted life years gained (QALYs).  

8.5 Concluding remarks 

As the population ages and the prevalence of hypertension continues to increase 

both globally and in Australia, the financial and health burden associated with 

uncontrolled hypertension will also continue to increase, further burdening an 

already resource-constrained health system. Although effective lifestyle and 

pharmacological interventions are available to reduce elevated BP, analysis of 

electronic health records have identified that only a little more than half of patients 

in general practice had their BP controlled according to Australian guidelines. 

Furthermore, even though guidelines recommend the use of absolute CVD risk in 

the management of hypertension, only half of patients had sufficient data recorded 

to calculate CVD risk. Moreover, of those patients with a calculated high or moderate 

CVD risk, 40% were not prescribed antihypertensive therapies, despite three-

quarters of them having uncontrolled BP.  

Areas requiring further investigation include the exploration of long-term 

prescribing patterns through longitudinal analysis to provide a better 
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understanding of factors associated with treatment initiation and intensification, 

analysis of alternative data sources to understand why GPs stop prescribing, 

exploring ways to support hypertension management, including improving CVD risk 

assessment in eligible patients and assessing medication adherence and reasons for 

poor adherence to allow GPs to support patients in more specific ways. 

With substantial costs attributed to uncontrolled BP, cost-effective 

investments in interventions to address BP control are essential. The findings from 

the scoping review provide a foundation for designing interventions to improve 

adherence to BP medications. In addition, the findings on prevalence and costs 

provide the basis for early economic evaluations to inform the expected value of 

alternative intervention options. As evidenced in other settings, better hypertension 

control is possible [37, 151, 322]. However, this will require a national commitment 

focused on better awareness and treatment of raised BP [113].  
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