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Abstract  

Background: Acute rheumatic fever (ARF) and rheumatic heart disease (RHD) cause significant 

burdens worldwide.  Control strategies depend on secondary prophylaxis (SP) – regular long-term 

antibiotics - but few studies have examined associations between adherence to SP and outcomes.  

This thesis aimed to: identify characteristics associated with adherence; determine relationships 

between adherence and clinical outcomes and recommend appropriate adherence measures.  

Methods: Five adherence measures - including percent adherence - were calculated for people 

living in Australia’s Northern Territory.  Clinical outcomes were: ARF recurrence, progression 

from ARF to RHD, progression to severe RHD, improvement of RHD and death.  Logistic 

regression was used to identify factors associated with adherence.  Associations between adherence 

and outcomes were explored using case-control and case-crossover designs; odds ratios (OR) and 

confidence intervals (CI) were estimated using logistic regression.  

Results: 1,610 people were included in the analysis of factors associated with adherence.  Being 

female, younger and living outside urban areas were associated with higher adherence.   Hazardous 

alcohol use and experience of assault were associated with lower adherence.   

Increased adherence reduced the likelihood of recurrent ARF: people receiving <80% doses were 

four times more likely to experience recurrence than those receiving ≥80% (OR: 4.00 [95%CI: 

1.72 to 9.29]; p=0.001).  People with higher adherence were less likely to progress from ARF to 

RHD, however results were statistically non-significant.  Small sample sizes for progression to 

severe RHD and improvement of RHD precluded statistical analysis.  Increased adherence 

reduced mortality:  people receiving <70% of doses were three times more likely to die than those 

receiving ≥70% (OR: 3.25 [95%CI: 1.58 to 6.68], p=0.001).   

Conclusions: These results show that increased adherence to SP is associated with reduced ARF 

recurrences and mortality, therefore adherence must be optimised.  Several adherence measures 
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predicted outcomes; monitoring percent adherence is valuable, and outcomes could be further 

improved using more accurate measures.   
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Thesis overview 

 

This thesis explores the provision of regular long-term antibiotics (referred to as secondary 

prophylaxis) to people with a history of acute rheumatic fever (ARF) and/or rheumatic heart 

disease (RHD) in the Northern Territory of Australia.   Adherence to secondary prophylaxis is 

reported, along with factors which may influence adherence.  The clinical outcomes associated 

with adherence to secondary prophylaxis are presented the thesis concludes with 

recommendations for strengthening the control of these conditions.  Each chapter commences 

with a short chapter summary and a list of acronyms, abbreviations and glossary relevant to the 

chapter.   

 

Chapter 1 includes a comprehensive literature review which provides the background and 

rationale for the thesis.  Acute rheumatic fever and rheumatic heart disease are briefly described 

and strategies used to manage these conditions are summarised.   The importance of adherence to 

medication is introduced, and the international and Australian literature on adherence rates 

relevant to ARF/RHD control is outlined.  The existing data on clinical outcomes associated with 

adherence are presented and the chapter concludes with the study rationale, aims and objectives.  

 

Chapter 2 is a published literature review on the control of ARF and RHD in developing countries 

which I undertook during my candidature.  This journal article provides additional background. 

 

Chapter 3 is a published systematic literature review of adherence to long-term medications in the 

Aboriginal population in Australia.  This journal article highlights the complexity of administering 

long-term medications in the context of the thesis’ setting and the reveals some of the perceptions 
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and presumptions of healthcare providers which may negatively affect the health of Aboriginal 

Australians.  

 

Chapter 4 describes the methodology used for the thesis, including the data validation processes 

and data analysis.  

 

Chapters 5, 6 and 7 detail the results of the thesis and each chapter ends with a short discussion 

of the findings.  Chapter 5 reports on the results of the data validation, and includes a published 

article (of which I’m first author) of the findings of a data validation exercise which I undertook 

as part of a related body of research.  The data validated for that project was from the same 

electronic database used for the analysis of this thesis, so the results are directly relevant to this 

work.   Chapter 6 reports the results of the analyses of the factors associated with adherence.  

Chapter 7 reports the results of the analysis of the clinical outcomes associated with adherence.  

 

Chapter 8 is the final chapter of the thesis.  It summarises the results chapters and discusses the 

implications of the findings.    Chapter 8 includes recommendations for strengthening the 

provision and monitoring of secondary prophylaxis, in the context of the study and more broadly.    

 

The appendices provide additional relevant information: 

 A published article on the long-term outcomes of ARF and RHD which I co-authored 

during my candidature 

 The adherence data validation protocol 

 A published article on secondary prophylaxis in older Australians which I co-authored 

during my candidature 
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Terms used in this thesis 

Patient: many people prescribed SP will not be symptomatic, especially those with a history of 

ARF and no diagnosis of RHD, and may not consider themselves as patients or as being sick; 

however, for consistency and ease of reading, I will use the term ‘patient’ when referring to 

someone who has been prescribed SP.  

Indigenous: in this thesis ‘Indigenous’ refers to people who identify as being Australian 

Aboriginal and/or Torres Strait Islander. 
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Chapter 1. Introduction 

1.1. Chapter summary 

The first sections of this chapter summarise the aetiology and manifestations of acute rheumatic 

fever (ARF) and rheumatic heart disease (RHD), the burden of disease globally and in Australia 

and strategies used to control both conditions.  The next sections discuss the measurement of 

adherence, provide an overview of rates of adherence to secondary prophylaxis (SP) against 

recurrent ARF and RHD, and summarise the literature on factors associated with adherence to SP 

and the clinical outcomes for people prescribed SP.  The chapter concludes with the study rationale 

and aims.   

ARF and RHD continue to cause significant morbidity and premature mortality in marginalised 

populations around the world.1, 2  In Australia, episodes of ARF are now extremely rare in the non-

Indigenous population and in non-Indigenous people, RHD is predominantly found in older age 

groups.3  This reduction in disease burden occurred during the 20th Century4 but has not been seen 

in the Indigenous population, which has some of the highest documented rates of ARF and RHD 

in the world.  Control of ARF and RHD in Australia depends largely on the provision of regular 

long-term antibiotics to people with a history of ARF or a diagnosis of RHD; referred to as 

secondary prophylaxis or secondary prevention.  In many populations better adherence to SP has 

been associated with a reduction in ARF recurrence,5 stability or improvement of rheumatic heart 

disease6-8 and reduced risk of death,9 however there is very limited evidence on appropriate 

adherence targets and correlates.   

To ensure the effectiveness of ARF and RHD control programs internationally, a robust analysis 

of the association between adherence to SP and clinical outcomes is required.  While high rates of 

ARF and RHD have been reported in many developing countries and marginalised populations 

globally,1, 2 reliable longitudinal adherence data for large cohorts are rare.   The RHD Control 
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Program in the Northern Territory (NT) of Australia (hereinafter referred to as ‘the Control 

Program’) maintains a Territory-wide electronic database which records key information relating 

the management of people with ARF and/or RHD, including the provision of secondary 

prophylaxis.  This valuable database can be interrogated to answer key questions.   

This study aims to use data from Australia’s NT to identify factors associated with adherence to 

SP and determine the association between adherence and clinical outcomes for people with a 

history of ARF or RHD.  

ACRONYMS, ABBREVIATIONS & GLOSSARY 

 

Adjusted percent adherence percent of prescribed doses that were administered, 
excluding doses given within 14 days of the previous dose 

 

ARF acute rheumatic fever 

 

BPG Benzathine penicillin G (a long-acting penicillin 
formulation which is the first line medication for secondary 
prophylaxis) 

 

Control Program the Northern Territory Rheumatic Heart Disease Control 
Program 

 

NT Northern Territory 

 

PDC      proportion of days covered  

PDC=
total days at risk

number of days SP prescribed
 

 

Percent adherence  percent of prescribed doses that were administered 
(number of prescribed doses calculated according to 4-
weekly BPG regimen) 

 

Register the Register of the Northern Territory Rheumatic Heart 
Disease Control Program 

 

RHD rheumatic heart disease 

         

SP     secondary prophylaxis 
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1.2. Acute rheumatic fever and rheumatic heart disease: 

manifestations and diagnosis  

Acute rheumatic fever (ARF) is the consequence of an abnormal immune response to an infection 

by β-haemolytic Group A streptococcus (GAS) bacteria.  Only some strains of GAS can cause ARF.  

The precise pathogenesis of ARF is unclear, but there are two popular hypotheses:  that 

autoimmunity is collagen mediated, and that molecular mimicry is responsible.10 

Manifestations of ARF may include fever, sore joints, carditis, Sydenham’s Chorea (characterised 

by uncoordinated jerky movements), subcutaneous nodules or a rash (called erythema 

marginatum).  Symptoms involving the brain, skin and joints are transient, however the damage to 

the heart valves can be permanent.  Residual scarring of the heart valves is called rheumatic heart 

disease (RHD).  People can experience multiple episodes of ARF and recurrent episodes usually 

result in RHD, though some individuals may develop RHD after their first episode of ARF (see 

Figure 1 for the stages of progression from GAS exposure to RHD). Rheumatic heart disease can 

be asymptomatic, but may manifest with classic heart failure symptoms, such as breathlessness 

during exercise, swelling of the legs and face and fatigue.  In its most severe form RHD can lead 

to heart failure, endocarditis, atrial fibrillation, stroke and death.11 

During the early stages of my research I prepared an article summarising recent developments in 

the control of ARF/RHD in developing countries.  Much of the content has international 

relevance, and provides a valuable summary of the conditions central to this thesis; therefore, the 

published manuscript is included in this thesis as a background chapter (see Chapter 2).   
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Figure 1. Progression from GAS infection to acute rheumatic fever and rheumatic heart 
disease 

There is no laboratory test to confirm an episode of ARF.  Diagnosis relies on the identification 

and subsequent categorisation of manifestations as major or minor, in accordance with the Jones 

criteria12 – diagnostic criteria for ARF which are used internationally.   The first Australian 

guidelines for the diagnosis and management of ARF and RHD (released in 2006) had two sets of 

diagnostic criteria: one for ‘high-risk’ groups and one for all other groups,13 the separate diagnostic 

pathway is retained in the current national guidelines.13  The delineation between high-risk groups 

and other populations was subsequently included in the 2015 revision of the Jones criteria.14 

Recurrence of acute 

rheumatic fever 
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Depending on which manifestations are identified, a diagnosis of ARF may be ‘definite’, ‘probable’ 

or ‘possible’. An ARF episode is also categorised as either the first episode or a recurrent episode.  

Accurate diagnosis of RHD requires echocardiography, with interpretation of results guided by 

the World Heart Federation criteria.15 

1.3. Epidemiology of acute rheumatic fever and 

rheumatic heart disease 

 Global burden  

Studies suggest approximately 3% of the general population is susceptible to ARF on the basis of 

host immune characteristics.16, 17 It is estimated that there are 470,000 new cases of ARF worldwide 

each year, though this is a conservative estimate and there are many countries without published 

incidence rates,18  so the true burden is likely to be much higher.   

In 2015 there were approximately 33.4 million people living with RHD worldwide, and an 

estimated 319,400 deaths due to RHD.1  The prevalence rate and mortality rate were highest in 

Oceania, the region which includes Australia.1    

 Burden in Australia 

There are limited national data on the mortality associated with ARF and RHD in Australia.  

Between 2007 and 2009 ARF was the underlying cause of death for 12 deaths and RHD was the 

underlying cause of death for 897 deaths.3    There are no published robust national data on the 

morbidity caused by ARF and RHD in Australia but it has been estimated that in 2015 almost 

6,000 Australians had a diagnosis of RHD or a history of ARF and the majority of these people 

were Indigenous.19  

Some state and territory level rates have been published and several studies have reported rates for 

specific regions and communities (Figure 2).  ARF is currently notifiable in the NT, Queensland 

(QLD), South Australia (SA), Western Australia (WA) and New South Wales (NSW).  RHD is 
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notifiable in QLD, SA, WA and NSW (cases under 35 years only).  Incidence and prevalence 

estimates are most reliable for periods since the condition became notifiable.    

1.3.2.1. Northern Territory 

The NT has a population of approximately 228,000; 25% are Indigenous, 49% of whom live in 

outside urban areas.  20, 21  The most comprehensive data on ARF/RHD epidemiology come from 

the NT, where active research and a jurisdictional control program have been underway for the 

longest period in comparison to other Australian jurisdictions.  The rates of ARF in Indigenous 

Australians in the NT are among the highest documented in the world and the rates of RHD are 

comparable with highly endemic places.3  Definite ARF has been a notifiable disease since 1995; a 

submission to make RHD and probable ARF notifiable in the NT was made in early 2018 and 

progress to date indicates that both conditions will become notifiable by the end of 2018.   

In 2010 the age standardised incidence of ARF (first and recurrent episodes) for all of the NT was 

22.4 per 100,000. It was higher in females (27.6 per 100,000) than in males (17.6 per 100,000).3  

The all-age ARF incidence for Indigenous Australians in the NT is much higher at 140 per 100,000 

(rate for 2011 - 2015).22 The rate of ARF is highest in children, with a study of cases diagnosed at 

12 Aboriginal communities between 1987 and 1996 finding the annual incidence for children aged 

5 - 14 years was 508 per 100,000.17  A more recent study investigated diagnoses across the NT 

between 1997 and 2010 and reported an overall ARF incidence rate of 194 per 100,000 for 5 - 14 

year old Indigenous children.23   

The first description of the epidemiology of ARF and RHD in the Top End of the Northern 

Territory was published in 1996 and reported extremely high rates of RHD, with an all-age point 

prevalence rate of 960 per 100,000 for Indigenous people.24  Since that time, more complete data 

have become available and it is now clear that approximately 2% of Indigenous Australians in the 

NT are affected by RHD.3, 22, 25  The RHD prevalence in the Indigenous population of the NT is 
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at least four times higher than the rates reported for Indigenous Australians in other states and 

territories.   

Between 1997 and 2013, Indigenous Australians in the NT diagnosed with RHD were at least six 

times more likely to die than non-Indigenous Australians with RHD.11Prognosis is dependant on 

the severity of disease at diagnosis; between 1999 and 2012, 0.5% of people diagnosed with mild 

RHD between the ages of 5 and 24 years died during the first five years after diagnosis.26  The 

outlook for young people with severe RHD at diagnosis was far more dire, with 7.5% dying within 

five years of their initial diagnosis.26 

1.3.2.2. Queensland 

ARF was made a notifiable disease in Queensland (Qld) in July 1999, (M. Anderson (Rheumatic 

Heart Disease Register and Control Program (Queensland)), personal communication, 6 October 

2017) RHD is not currently notifiable.  The ARF notification rate in Qld between 1999 and 2011 

was 1 per 100,000, with 90% of cases Indigenous people.3 The most recently published data are 

for 2011-2015, when the all-age ARF incidence rate for Indigenous Australians was 30 per 

100,000.22  In 2015 the prevalence of RHD in Qld’s Indigenous population was approximately 500 

per 100,000.22   

1.3.2.3. Western Australia 

ARF became a notifiable disease in Western Australia (WA) in 2007,3 RHD was made a notifiable 

disease in June 2015.27  In 2011 the ARF notification rate was 0.9 per 100,000 and all cases were 

Indigenous people.3   Rates for areas with a large proportion of Indigenous people are far higher, 

for example, in the Kimberley region of WA (a remote area where half the population are 

Indigenous), the all-age ARF incidence rate between 1982 and 1996 was 83 per 100,000 people.28  

The rate soars when calculated specifically for young Indigenous people: between 1988 and 1992, 

the annual ARF incidence rate for Indigenous people under 30 years living in the Kimberley was 
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241 per 100,000; when this rate was restricted to the 5 to 14 year old age group, it increased to 375 

per 100,000 people.29 28 

The all-age prevalence of RHD in the Kimberley was 440 per 100,000 between 1982 and 1996,28 

and in 2015, the state-wide rate for Indigenous people was slightly higher, at 500 per 100,000.22  

A review of Kimberley data from 2001 to 2010 investigated deaths of Indigenous people which 

were attributable to RHD.  Findings revealed that the age-standardised annual mortality rate was 

12.5 per 100,000 people.30  

1.3.2.4. South Australia 

ARF and RHD were declared notifiable diseases in South Australia (SA) in February 2016.31 

Between 2013 and mid 2015 the ARF incidence rate for Indigenous Australians was 33 per 

100,00032.  The reported prevalence of RHD is approximately 300 per 100,000 people.22 Between 

2006 and 2012 the crude mortality rate from ARF and RHD was 2 per 100,000 for Indigenous 

people.32 

1.3.2.5. New South Wales 

ARF and RHD were made notifiable in New South Wales (NSW) in 2015 (only cases in people 

younger than 35 years are notifiable).33  By mid-2018 there were approximately 90 people with 

either ARF and/or RHD in the NSW Register (unpublished data).  

1.3.2.6. Tasmania, the Australian Capital Territory and Victoria   

Tasmania, the Australian Capital Territory and Victoria have smaller Indigenous populations and 

state and territory level rates of ARF or RHD have not been reported.   In Victoria the majority 

of ARF cases referred to the tertiary reference centre are of Pacific Island background, and 

approximately half of these people were born in New Zealand or Oceania.  The remaining cases 

in Victoria are comprised of immigrants from Africa, Indigenous children and occasionally 
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Caucasian children (A. Steer, Royal Children’s Hospital, Melbourne, personal communication, 27 

November 2017).    

 

Figure 2. Acute rheumatic fever incidence in Australia 
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1.3.2.7. ARF and RHD are hallmarks of inequity and health 

system failures 

Indigenous Australians experience much higher rates of disease, disability and premature death 

than non-Indigenous Australians.34   While the life expectancy of Indigenous men in the NT has 

increased in recent years (63 years in 201135), non-Indigenous men in the NT are still likely to 

live14 years longer.36  Life expectancy for Indigenous women in the NT is 68,35 yet non-Indigenous 

women can expect to live 15 years longer.36 Though many more Indigenous Australians are 

affected by other conditions, such as type 2 diabetes and chronic kidney disease,34 the disparity 

between Indigenous and non-Indigenous Australians is most striking for ARF and RHD.  When 

the burden of cardiovascular diseases is compared, rheumatic heart disease accounts for the 

greatest inequality; the rate of disability-adjusted life years (DALYs) for Indigenous Australians is 

6.6 times higher than for non-Indigenous.37  Only kidney and urinary diseases have a greater 

disparity.37 Indigenous Australians are five times more likely to die from rheumatic heart disease, 

and in the NT, the prevalence of RHD is 37 times higher for Indigenous Australians.22  

 

1.4. Controlling ARF and RHD  

There are multiple opportunities during the development of ARF and RHD to implement 

prevention and control strategies, as indicated in Figure 3 below. 
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Figure 3. Opportunities for prevention activities during the development of ARF and RHD 

Primordial prevention aims to minimise exposure to GAS, and requires functioning health 

hardware in houses, schools and workplaces.  In addition, primordial prevention requires the 

adoption of appropriate hygiene behaviour, especially hand washing and adequate room in houses 

and other public spaces so that GAS transmission via contact and the airborne routes can be 

limited.  

Primary prevention seeks to prevent the development of ARF after infection by GAS through the 

timely administration of antibiotics.  Despite only a small proportion of patients reporting a sore 

throat prior to an episode of ARF 38, for a long time it was thought that only GAS strains associated 

with upper respiratory tract infections were ‘rheumatogenic’39.  More recently it has been suggested 

that GAS strains associated with skin infections may also contribute to the development of ARF, 
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particularly in settings where skin sores are prevalent, such as some remote communities in the 

NT of Australia and high risk populations in New Zealand.40-43 In most settings primary prevention 

involves the identification of GAS pharyngitis and the administration of oral or intramuscular 

penicillin.   Appropriate treatment of skin sores attributable to GAS (impetigo and pyoderma) may 

also contribute to the prevention of ARF and is recommended for rural and remote health services 

in Australia.44  There are some reports of successful primary prevention interventions at the 

community level, including findings from urban areas of New Zealand,45 but such strategies are 

highly resource intensive and only appear to be effective in communities where a large proportion 

of people are at very high risk.  Work is underway to develop a vaccine against GAS, and if 

successful would be a valuable addition to primary prevention efforts.  

The most cost effective option for ARF and RHD control is the provision of regular antibiotics 

(secondary prevention or SP) to people with a history of ARF or a diagnosis of RHD to prevent 

recurrent episodes of ARF.46   SP is the key component of many control programs around the 

world.   

 The evidence for secondary prophylaxis 

Acute rheumatic fever and rheumatic heart disease were first recognised in the late 18th century, 

and were referred to as ‘acute rheumatism’ and ‘rheumatism of the heart’.47  For most of the 19th 

century the cause of ARF and RHD remained a mystery, so strategies to prevent the diseases were 

largely ineffective.  Progress towards controlling ARF began to accelerate in the first two decades 

of the 20th century with the hypothesis of an association between preceding infections of the 

nasopharynx and the evolution of ARF.  Sore throat and tonsillitis were frequently observed prior 

to episodes of ARF and for some time tonsillectomy was recommended to prevent recurrences of 

ARF (though there was no evidence that it was effective).48  By the early 1930s it was becoming 

increasingly apparent that haemolytic streptococcal infections were involved and targeted 

investigations of effective prophylaxis agents were conducted.  In the 1940s sulfadiazine, a 
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sulphonamide antibiotic, was found to prevent streptococcal infections (and subsequent 

recurrence of ARF) in people with a history of RHD and was used widely by the United States 

(US) Air Force to control respiratory infections amongst recruits.48  One limitation of sulfadiazine 

in the context of ARF was that it was ineffective if taken once the streptococcal infection had 

already occurred.48   

The discovery of penicillin in the 1928 was a turning point for the treatment of infectious disease, 

yet it was not trialled in the prevention of ARF until the 1950s, when studies conducted with US 

Air Force recruits showed that the administration of penicillin shortly after symptoms of 

pharyngitis developed could prevent the development of ARF.49, 50  Further research found that 4-

weekly injections of benzathine penicillin G (BPG), a long acting formulation of penicillin, 

prevented ARF recurrences and were more effective than once daily oral penicillin or once daily 

oral sulfadiazine.51 

The aim of secondary prophylaxis is to ensure penicillin levels are above the minimum inhibitory 

concentration (MIC) for GAS (0.02ug/mL)52 at all times. The most effective medication for the 

prophylaxis of ARF is BPG and the recommended frequency is often monthly or 4-weekly.  This 

frequency is based on findings from two keys areas of research. The first of these is the 

pharmacokinetics of BPG.  Studies show that in most participants the MIC of penicillin is 

maintained for approximately 21 days after a dose of BPG 53-55, (though some studies suggest levels 

can drop more quickly 56-58).  The second area of research relates to the treatment of pharyngitis.  

There are some data which suggest that administering antibiotics within nine days of the onset of 

pharyngitis symptoms can prevent the development of ARF.  This finding was the result of a single 

study of US Air Force recruits admitted to hospital with tonsillitis or pharyngitis. Two hundred 

and twenty controls were given placebos and 420 received 900 000 units of penicillin at days 9, 11 

and 13 after the onset of GAS pharyngitis symptoms.50  ARF was diagnosed in 11 (5%) of the 

controls and 8 (2%) of the recruits administered penicillin and the authors concluded that penicillin 
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given on day 9 was effective at preventing ARF.  However, eight of the total of 19 cases were 

diagnosed before day 9, suggesting that up to 42% of ARF cases would not be prevented by 

penicillin given on day 9.  Two further investigations reported that a small proportion of people 

(3% to 15%) may develop ARF within four days of the recognised onset of a GAS infection.49, 50, 59  

The authors of these studies concluded that administration of penicillin to people with GAS 

pharyngitis could prevent the development of ARF.  They did not comment on the ideal timing 

of penicillin provision but Catanzaro et al. noted that since not all cases of ARF were prevented, 

continuous antibiotics were necessary once a person was diagnosed with ARF.59 Based on these 

later studies, I believe it is reasonable to recommend that antibiotics should be administered as 

soon as practicable after onset of pharyngitis symptoms.   

Adherence to monthly and 4-weekly BPG has been shown to be effective in preventing ARF 

recurrences in several settings, including New Zealand (4-weekly), Taiwan (monthly) and India 

(monthly).60-62  However, ARF recurrences have been observed in people who are ‘adherent’ to 

monthly or 4-weekly BPG. Three-weekly BPG has been shown to be effective in Turkey63 and 

there is some evidence from a study conducted in Taiwan that people on 3-weekly BPG are less 

likely to experience an ARF recurrence than people prescribed 4-weekly BPG53, however there is 

no conclusive evidence regarding the ideal regimen frequency and a variety of BPG regimen 

frequencies are used around the world, including 2-weekly, 3-weekly, 4-weekly and monthly.  In 

the absence of consensus on the most effective regimen frequency, it is possible that the choice of 

frequency may be influenced by the resources available to deliver SP and the acceptability of the 

more frequent regimens to the patient and their families.  The literature on the outcomes of 

adherence to SP is described in more detail in Table 2. 

1.4.1.1. Oral penicillin 

Twice daily oral penicillin has been shown to be inferior to BPG,51, 64 but may be recommended in 

the case of reactions to BPG or patient refusal to receive the intramuscular injections.   
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1.4.1.2. Alternatives to penicillin 

In some settings, fear of allergic reactions and anaphylaxis has meant health staff are reluctant to 

administer BPG65 and these concerns have led to the ban of BPG in some parts of India.66  

However, documented allergy to penicillin, and more specifically BPG, is rare.67  In the case of 

true allergy, twice daily oral erythromycin may be prescribed as an alternative to penicillin.13  

1.5. Adherence to medicine 

The new diagnosis of a condition is usually accompanied by a recommendation for medication, 

and possibly a change in lifestyle; in many cases this requires significant behaviour change on the 

part of the patient and their family.68     Adherence to the recommended regimen is required to 

achieve the maximum benefit.   

The World Health Organization (WHO) Adherence to Long-term Therapies Project (launched in 

2001) defined adherence as: ‘the extent to which a person's behaviour - taking medicine, following 

a diet, and/or executing lifestyle changes, corresponds with agreed recommendations from a 

health care provider’.69, p.3   Adherence can also include attending an appointment and taking 

medicine may refer to taking a one off or short-term medication regimen, or, as is the case for SP, 

taking a medication regularly for a long period of time.  For this study the term adherence is used 

to refer to the taking of medicine as part of a treatment plan that has been agreed upon by the 

patient and health professional. 

The literature shows that many people are unable to successfully implement and sustain the 

changes in behaviour required to maintain good adherence to medications.68  Non-adherence to 

medications can lead to negative health outcomes and often has financial implications (for the 

patient and/or the healthcare system).   A person’s health may not improve, and may even 

deteriorate, leading to reduced quality of life and productivity for that person and potentially their 

family.  When a person’s health does not improve, or worsens, this results in increased workload 
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for the health system and often increases the financial cost of managing the person’s condition69.  

Increased cost is especially relevant in countries without national health cover, where patients may 

not be able to afford to pay for the care they need.  Non-adherence also makes it difficult for 

health providers to determine the effectiveness of the recommended regimen.68  

A variety of factors influence a person’s ability and inclination to adhere to long term therapies 

and the World Health Organization (WHO) suggests these can be categorised into five interacting 

domains:  patient-related, therapy-related, condition- related, health care team- and health system 

related, and socio-economic.69  While patient-related factors are a key component of adherence, 

people with low adherence have been described as “victims of a healthcare system that…has not 

provided them with the support and communication they needed”.70(p85)   Adherence to medications 

needs to be optimised to provide the best outcomes for patients and to minimise the burden on 

the healthcare system.     

 Adherence at the individual level 

Adherence rates at an individual level can indicate a person’s likelihood to recover or avoid disease, 

consequently accurately quantifying adherence to medication is an important element of patient 

care.71  Inaccurate estimates of adherence can have serious consequences. If adherence is 

overestimated, which can happen if self-reported data are biased or when the method used to 

calculate adherence is not an accurate representation of adherence, then the effect of a medication 

may be underestimated.  Doses may be increased unnecessarily72 and this can lead to overdosing 

and negative side effects if a patient improves their adherence once the dosage is increased.71  In 

addition, an increased dosage may mean increased medication costs for the patient or the health 

system. If the medication is administered by a healthcare provider, an adjustment to the regimen 

might also increase the workload for the health system. 

If medication appears to be ineffective the healthcare provider may commence testing for 

alternative diagnoses,72 which can lead to further stress for the patient, the additional consumption 
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of resources71 and may result in deterioration of the patient’s health if the actual diagnosis is no 

longer being managed appropriately.   

If adherence is underestimated, the effect of a medication may be overestimated.  This can lead to 

a reduction in the dose/regimen, which may no longer be effective at preventing/managing the 

condition. The accuracy of individual level adherence rates has added importance when patient 

incentive schemes are in place or are being considered.  

 Adherence rates for groups of patients 

Adherence data accuracy also has implications at the health service, state or territory and national 

level, since aggregated adherence rates inform key decision-making such as resource allocation and 

the roll out of interventions.  Aggregated adherence rates are essential for accurate interpretation 

of the cause/s of a change in disease burden,69 and for the evaluation of interventions.  Adherence 

data may also be used to estimate the financial costs associated with preventing or managing 

specific conditions.  Regional and health service level adherence rates may be used as indicators of 

health service performance, which is especially relevant in settings where pay for performance 

measures are being used.  Aggregated rates are also essential for continuous quality improvement 

activities.  They identify areas/health services which might benefit from modifying their practices 

and can also pinpoint areas or health services with strong adherence, whose successful strategies 

could be identified and rolled out to areas where adherence is sub-optimal.  

 Measuring adherence to self-administered medicine 

For the purposes of this study, ‘self-administered medication’ refers to a medication which has 

been recommended by a healthcare provider for which the patient has assumed responsibility to 

take without direct supervision by a healthcare provider.  The vast majority of medicines are self-

administered and the literature on adherence to medicines is dominated by investigations of self-

administered medicines. Taking (or not taking) self-administered medications generally happens in 

the patient’s home without supervision and accurately measuring adherence in this context is 
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complex and there is no gold standard.71    Though BPG is not self-administered, it is valuable to 

review the methods applied to self-administered medicines to identify synergies with monitoring 

SP.   

Direct methods of measurement of adherence to self-administered medications include 

observation of the person taking the medication.  For practical and economic reasons, however, 

in most real-world studies indirect indicators need to be used, including detection of biomarkers, 

pill counts, using self-reported information or using administrative data, such as pharmacy 

records.73  The same data source can be used to calculate adherence in many different ways and 

medication records captured in administrative datasets have been used to calculate at least 12 

different adherence measures for self-administered medicines.  The different formulae used to 

calculate adherence to self-administered medicines result in a wide range of estimates; one study 

used simulated data and found estimated adherence for a specific patient could be as low as 63.5% 

or as high as 104.8%.74  The large variation in the results suggests the choice of measure could 

influence the conclusions made and therefore care must be taken to select the most appropriate 

measure.   

1.5.3.1. Measures used in a similar context to SP 

The only medication regimen with similarities to SP is long acting (depot) antipsychotic 

medications delivered via intramuscular injections which are generally prescribed to be 

administered every two to four weeks.75   There is a large volume of literature on adherence to 

antipsychotic depot injections with many studies collecting self-reported adherence data using 

validated tools, such as the Morisky Medication Adherence Scale76.    Studies with access to 

administrative records of injection administration have used different measures of adherence, 

including the medication possession ratio (MPR) (number of doses administered/number of doses 

prescribed)77  and the percent of prescribed doses that were administered over a 12-month period 

(this study calculated baseline percent adherence based on the four-months prior to study 
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commencement).78  The primary analysis included people prescribed depot injections for at least 

four months during the intervention period and all doses were included in the count of 

administered doses, regardless of the timing of the dose.78  A second study calculated the 

percentage of prescribed doses given in a 12-month period which were administered within 3 or 4 

days (depending on the medication) of the due date.79  One of the studies which used the MPR 

also calculated baseline adherence using data for the four months prior to study commencement.77 

The choice of adherence measure will depend on the context of the use of the measure, whether 

the timing of doses is relevant, the purpose of the measure and the resources available to collect, 

centralise and manipulate the data.73  The agreement between different measures of adherence 

varies depending on the condition and patient characteristics, and in the absence of a gold standard 

using multiple measures (at least one objective and one subjective measure for self-administered 

medications) may be the best approach.71, 80 

 Optimising adherence  

When non-adherence to a medication regimen is identified at an individual level, healthcare 

providers need to take steps to support the person to increase their adherence. Managing barriers 

to adherence is complex: there are numerous barriers which can contribute to poor adherence.  

Patients are likely to face different barriers and even when barriers are shared by patients, the 

impact of the barrier can vary from person to person.  Furthermore, the presence and magnitude 

of barriers in a person’s life are likely to vary over time.  Therefore healthcare providers need to: 

- be aware of the range of barriers which may impede adherence, 

- be able to identify barriers in a person’s life in an appropriate manner, 

- be familiar with effective approaches for enhancing adherence which are suitable for 

that person,  

- develop an individually tailored strategy which aims to address the key barriers to 

adherence, and  
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- regularly review the barriers and modify the strategy as needed.68  

 

 Measuring adherence to secondary prophylaxis 

1.5.5.1. Data sources 

Estimates of adherence to oral SP are primarily based on information provided by patients or their 

carer, while medication records are commonly used to measure adherence to BPG SP.  In the NT, 

health service databases and the NT RHD Register (hereinafter referred to as ‘the Register’) data 

are used to monitor the provision of SP.   Adherence estimates derived from the Register data are 

probably more reliable for people who have attended more than one health service for their BPG 

since health service databases usually only document the BPG doses administered by that 

particular service.  Healthcare providers involved in the clinical care or coordination of care of 

people with ARF or RHD can request access to the Register.  Once access is authorised, healthcare 

providers can login to the web-based database and view relevant clinical information including the 

date of the most recent BPG dose.  Access to this information facilitates appropriate patient care, 

especially the timely administration of BPG, however, as mentioned above, the accuracy of the 

adherence data is dependent on the information being shared with the Control Program and the 

availability of the Control Program staff to enter the data.   In the NT the administration of BPG 

is first documented at the health service where the dose is administered and the data are then 

shared with the Control Program and staff enter the data onto the Register.  Until a few years ago, 

health services used paper-based report templates issued by the Control Program to share 

information on BPG doses.  Dose dates were handwritten onto the reports and the reports were 

sent by fax to the Control Program, with reports due to be submitted at the end of each month.  

This process meant that some doses were not entered onto the Register until at least five weeks 

after the dose was administered.  More recently, electronic reports have been created for 

Government run and community controlled primary health services (which now all use electronic 



38 
 

databases to update and store patient records).  In most cases these reports run automatically and 

are sent by email to the Control Program (there is still a small number of clinics who submit 

handwritten reports by fax).   All dose dates are entered manually into the Register by staff at the 

Control Program. The automation of reports has ensured that the data are delivered to the Control 

Program on time, and has probably reduced the lag between the dose administration date and the 

entry of that dose onto the Register, although a change in the lag time has not been formally 

evaluated.  It is also likely that the introduction of electronic reports will have improved data 

accuracy as illegible handwriting is no longer an issue, but this too has not been formally 

investigated.  The automatic upload of SP data from the two major patient information systems 

used in the NT into the Register is being investigated and if achieved, will further enhance data 

quality and will result in close to live data on SP administration.   

The majority of patients on SP in the NT are prescribed BPG.  Since BPG is administered and 

documented by a healthcare provider, adherence estimates should be more reliable than adherence 

rates for self-administered medications, which are usually based on self-report.  The centralised 

electronic documentation of SP data for the NT also means a variety of calculations of adherence 

can be done relatively easily using the Register data.  

1.5.5.2. Measures 

Percent adherence 

Percent adherence is the proportion of recommended doses which are administered; it is the most 

widely reported measure of adherence to SP against ARF recurrences in the international literature. 

The measure is simple to calculate and may be the only feasible measure in some settings outside 

Australia where computerised databases are not always available. Percent adherence should be 

capped at 100% to prevent distortion of summary adherence measures when individual estimates 

are grouped together.  A widely available handbook guiding RHD control programs suggests that 

the median percent of doses delivered should be reported, as well as the proportion of patients 
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receiving  ≤80% of scheduled doses (at least 11 doses in a 12-month period for people prescribed 

4-weekly BPG) and the proportion of patients receiving ≤50% of scheduled doses (six doses or 

fewer in a 12-month period for people prescribed 4-weekly BPG).81 In Australia the national key 

performance indicator for adherence to SP includes the proportions of people who receive <50%, 

50-79% or ≥80% of scheduled doses.13 Percent adherence is also used to monitor adherence in 

the NT, at the territory, regional and health service level; all recorded doses are included in the 

calculation.  The overall proportion of doses administered at a health service, region and territory 

level is reported, as are the proportions of patients in these categories: 100% of doses, 80-99% of 

doses, 50-79% of doses, 1-49% of doses and 0% of doses.  Percent adherence has also been used 

to measure adherence to antipsychotic depot injections.  The medication possession ratio used by 

Noordraven, Wierdsma, Blanken, Bloemendaal and Mulder (2016)77 is equivalent to percent 

adherence divided by 100. 

Two or more doses given in close proximity will only minimally increase the duration that 

individual is protected from GAS infection, however the percent adherence will be inflated and 

will suggest a higher level of protection.  As a result, for this study percent adherence was calcluated 

using all recorded doses and adjusted percent adherence, which excluded doses given within 14 

days of the previous dose.  The exclusion of some doses based on incorrect timing has also been 

applied to measures of percent adherence to antipsychotic injections.  

Days at risk 

In 2013, Dr Keith Edwards, who was at the time the head of the NT RHD Control Program, 

noted recurrences occurring in people with very high levels of percent adherence.  On further 

investigation, he noted that some patients were getting doses of BPG irregularly; in some cases 

more than one dose was being administered within a 28-day period, but subsequent doses were 

considerably delayed.  He decided that a more refined measure of adherence was required and he 

proposed the concept of ‘days at risk’.   The calculation of days at risk is based on the most 
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commonly prescribed regimen in the NT, which is 4-weekly BPG.  If the BPG administration date 

is considered as day 1, the next BPG dose is due on day 29. If the next BPG dose is given late, the 

first day at risk is day 29 and all subsequent days before the next dose date are also days at risk.82  

Planned improvements to the NT RHD Register will calculate days at risk at the patient level; days 

at risk since the most recent dose, days at risk preceding each dose and cumulative days at risk for 

the year will be displayed.  Information will be reported back to healthcare centres on a quarterly 

and annual basis, although indicator/s have not been defined yet.   There is no consensus yet on 

how to calculate days at risk for people on a 3-weekly regimen, however the NT RHD Control 

Program intends to start counting from day 23 if a dose is delayed (C. Milne (Northern Territory 

Rheumatic Heart Disease Control Program), personal communication, 9 August 2017).   

Days at risk is being used as an indicator of adherence to SP by at least one remote outreach health 

service in the Northern Territory.  When a dose of BPG is administered at that health service, the 

number of days at risk since the previous dose is manually calculated and recorded by the 

healthcare provider, a process which provides an opportunity for the healthcare provider to reflect 

on the patient’s recent adherence.  Healthcare providers also discuss days at risk with their patients 

to acknowledge high adherence and encourage improved adherence.  Patients’ days at risk are used 

to schedule outreach services, so that people who have had more days at risk are prioritised.  

Finally, a quarterly report includes a graph depicting the total number of days at risk for the 

previous quarter for each patient and these results are discussed among the health service staff.   

The first article to report days at risk was published in 201382.  A review of the literature identified 

three additional papers which reported data from cohorts in Fiji,83 New Zealand84 and the NT in 

Australia.85 The researchers investigating adherence in New Zealand used a different definition of 

days at risk, with the first day at risk being day 34 after the BPG dose.  The authors explain that 

they decided on a more lenient definition because of the very low recurrence rate observed in a 
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New Zealand cohort who were adherent to a 4-weekly regimen.  For their study, the proportion 

of days in the year that were at risk is reported.   

Instead of counting the days when a person is at risk, another approach is to count the number of 

days that a person is protected.  For example, in American Samoa adherence is measured by 

calculating the proportion of days that a person has BPG in their system, based on the assumption 

that a dose of BPG remains in the system for 28 days, with the proportion reported as a 

percentage.86  

Three measures based on the NT definition of days at risk will be investigated in this study: 

proportion of days covered (PDC), total days at risk, and the maximum number of consecutive 

‘days at risk’.  PDC is one of the most commonly reported measures in studies of adherence to 

self-administered medications.74  The formula for calculating PDC is87: 

𝑡𝑜𝑡𝑎𝑙 𝑑𝑎𝑦𝑠 𝑤ℎ𝑒𝑛 𝑚𝑒𝑑𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑖𝑠 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒

𝑑𝑎𝑦𝑠 𝑖𝑛 𝑓𝑜𝑙𝑙𝑜𝑤 − 𝑢𝑝 𝑝𝑒𝑟𝑖𝑜𝑑
 

This formula has been recently adapted for use with SP data83 and that formula will be applied to 

this analysis. 

The calculation of PDC is not as simple as the calculation of percent adherence and one of the 

aims of this study is to identify measures that could be readily understood and implemented at the 

clinic level.  Consequently, the sum of days at risk (a much simpler concept and calculation) was 

also investigated for associations with clinical outcomes.   Finally, it is possible that the distribution 

of days at risk over time may be more clinically relevant than the total number. People with a 

longer stretch of continuous days at risk may be more likely to develop a recurrence of ARF than 

someone with just one or two days at risk between doses, therefore the maximum number of 

consecutive days at risk was also investigated.  The methods used to calculate each measure for 

this study are detailed in the Methodology chapter (commencing page 118).   
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 Adherence rates for secondary prophylaxis  

1.5.6.1. International literature 

Adherence to BPG SP varies greatly, with high rates in New Zealand88 and India89 (among others).  It is 

difficult to compare rates of adherence to SP between countries since many studies do not quantify 

adherence and those that do report quantified adherence rates often use different methods to calculate 

adherence, while some categorise patients into ‘good’ adherence and ‘poor’ adherence groups, without 

indicating the thresholds for these categories.    The terms ‘regular’ and ‘continuous’ SP are also often used 

to describe adherence, usually without any further detail on the level of adherence.  Examples of definitions 

of adherence (and non-adherence) which highlight the variation in the literature are provided in Box 1 and 

Box 2 below.  

 
Box 1. Definitions of adherence to BPG SP 

Definition of adherence (in decreasing order of strictness) 

‘fully compliant’: all BPG doses administered within 5 days of the due date88 

no missed BPG doses90, 91 

‘high adherence’: 12-13 BPG doses in 12 months92  
‘moderate adherence’: 9-11 BPG in 12 months92  

≥22 of 24 scheduled doses in 12 months (92%)93 

≥11 of 12 scheduled BPG doses in 12 months (92%)62 

‘adequate’ adherence: ≥0.8 proportion of days covered83 

‘good adherence’: > 80% of doses94 

≥80% of scheduled BPG doses 95-97 

‘optimal adherence’: >75% doses7, 98 
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Box 2. Definitions of non-adherence to BPG SP 

Definition of non-adherence  

Any missed or late doses99, 100 

Less than 80% scheduled BPG doses95-97 

‘low adherence’: 8 BPG or fewer in 12 months (61.5%)92  

‘very poor adherence’: > 0 – 0.39 proportion of days covered83 

‘extremely poor adherence’: ≤60% BPG doses95 

‘extremely poor adherence’: <50% BPG doses94 
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Dichotomised adherence 

In international studies, the proportion of patients deemed ‘adherent’ varies from 7%83 to 100%62 (Figure 4).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Proportion of patients who were 'adherent' to secondary prophylaxis  (according to each study’s definition)  

India 
84% - 100% 62 

91% 94 
42% 101 

Turkey 
89% 91 
89% 102 

Kuwait 
52% 103 

Jamaica 
49% 92 

Barbados 
89% 104 

Taiwan 
70% 105 

Egypt 
66% 98 

65% 9, 61, 90, 93, 102, 106 

Ethiopia 
89% 90 

Kiribati 
52% 86 

New Caledonia 
54% 97 

Uganda 
58% 96 

54% 88, 95 American Samoa 
66% 99 Brazil 

38% 107 
65% 100 

Australia 
See Figure 6 for details 

Fiji 
7%83 

New Zealand 
96%  88 
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Continuous measures of adherence 

A small number of studies have reported summary statistics for continuous measures of adherence.   

The highest reported rate was from a sample of 167 children in India, whose overall self-reported 

adherence (measured as the proportion of prescribed doses that were given) was 94%.94  The 

median number of annual BPG doses in a sample of 39 people from Jamaica was 12 (92% 

adherence based on their 4-weekly regimen).92 A second much smaller study from India involved 

ten people with ARF or RHD, their average ‘compliance’ was reported to be 90%.89  The mean 

adherence for the large multinational cohort in the REMEDY study (n=1761) was slightly lower 

at 79% (± 32.3%) (countries included: Ethiopia, Kenya, Malawi, Rwanda, Uganda, Zambia, Egypt, 

India, Mozambique, Nigeria, Sudan, Yemen, Namibia  and South Africa).108  A similar rate of 

adherence was reported for 70 patients in New Caledonia where the  mean adherence was 77% 

(median 82.2%).97  In Uganda 82 RHD patients had a mean adherence rate of 70%.95  In the 

Northern Mariana Islands the mean adherence for a cohort of 144 people was 58%.109 

 Controlling ARF and RHD in Australia 

In Australia the prevention and management of ARF and RHD is supported by national 

guidelines.13  The first guidelines were released in 2006, the second edition was published in 2012 

and the third review and revision is due to commence in early 2018 (Assoc Prof Anna Ralph, 

RHDAustralia, personal communication, 27 November 2018).  To facilitate case management, the 

current national guidelines use four classifications to indicate the severity of a person’s ARF or 

RHD: severe RHD is classified as priority 1; moderate RHD is priority 2; mild RHD or ARF 

without a diagnosis of RHD is priority 3; and when a person with a history of ARF but no diagnosis 

of RHD has completed their regimen of SP, they are classified as priority 4 (“inactive”). 

The recommended management plan is determined by the classification; each plan is summarised 

in Table 1 below.  Additional relevant guidelines include the Central Australian Rural Practitioners 
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Association Standard Treatment Manual44, the Australian Therapeutic Guidelines110 and the Tools 

for Implementing RHD Control Programmes (TIPS) Handbook81.  
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Table 1. Recommended management plans for people with ARF and RHD (content adapted from the national guidelines13) 

Australian 
guideline 
classification  

Priority 1 Priority 2 Priority 3 Priority 3 Priority 4 

Diagnosis Severe RHD Moderate RHD Mild RHD or 
Definite ARF (without 
RHD) or 
Probable ARF (without 
RHD) 

Possible ARF  History of ARF without 
RHD, once secondary 
prophylaxis is no longer 
required 
 

Secondary 
prophylaxis 
frequency 
(BPG) 

3 or 4-weekly 4-weekly 4-weekly 4-weekly n/a 

Secondary 
prophylaxis 
duration 

Until 40 years old  
(or longer) 

Until 35 years old For ten years or until 21 
years old, whichever is 
longer 

12 months, or until 
alternative diagnosis 
confirmed  

n/a 

Medical 
reviews 

○  Doctor review 3-6 monthly 
○  Dental review within 3 months 
of diagnosis, then 6-monthly 
○  Specialist review 3-6 monthly 
○  Echocardiogram 3-6 monthly 
 

○  Doctor review 3-6 
monthly 
○  Dental review within 3 
months of diagnosis, then 6-
monthly 
○  Specialist review yearly 
○  Echocardiogram yearly 

○  Doctor review yearly 
○  Dental review yearly 
○  Echocardiogram 2- 
yearly for children, 3- 
yearly for adults 

○  Specialist review 12  
months after initial 
diagnosis 
○  Echocardiogram 12 
months after initial 
diagnosis 

○  Doctor review yearly 
○  Dental review yearly 
○ Specialist review if new 
symptoms appear 

Vaccinations Influenza yearly 
Pneumococcal: as indicated 
 

Influenza yearly 
Pneumococcal: as indicated 

Routine vaccinations 
only 

Routine vaccinations 
only 

Routine vaccinations 
only 

Endocarditis 
prevention 

As required As required n/a n/a n/a 
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The first control program and RHD register in Australia was established in the Top End of the 

NT in 1997, and in 2000, an equivalent program was created for Central Australia.  An Australian 

national Rheumatic Fever Strategy was launched in 2008, consisting of funding for register-based 

control programs in NT, WA and Qld and the establishment of a national coordinating unit 

(RHDAustralia) in 2009.  Control programs have subsequently been established in SA (2012) and 

most recently NSW (2015), although NSW is not formally a part of the funding arrangement from 

the Commonwealth Government (known as the National Partnership Agreement).  To date, the 

control and management of ARF and RHD in Australia has focussed on the provision of 

secondary prophylaxis to prevent recurrent ARF and the key objective of the Rheumatic Fever 

Strategy is to facilitate patient recall systems.111 

1.5.7.1. Controlling ARF and RHD in the Northern Territory 

The primary responsibilities of the Control Program are: providing education to patients and their 

families; training healthcare providers; maintaining the database (called the RHD Register); and 

providing regular reports to clinics, the NT and Federal Governments and other stakeholders.  

The Control Program also supports approved research projects.  The Control Program currently 

has staff based in Darwin, Katherine and Alice Springs (see Figure 5).  
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Figure 5. Locations of Northern Territory Rheumatic Heart Disease Control Program 
teams 
The control of ARF and RHD in the NT has largely focused on the provision of secondary 

prophylaxis, although treatment of sore throat and skin sores is included in the guidelines.  The 

original recommendation for SP provision in the NT was monthly BPG.  However, this 

recommendation was changed in 2012-13 to 4-weekly BPG in response to the observation that 

some people who were adherent to the monthly regimen were experiencing recurrences.  (M. 

Fittock (Northern Territory Rheumatic Heart Disease Control Program), personal 

communication, 5 December 2016).  The scheduling of patient reminders has also been modified 

in an effort to increase the proportion of BPG doses given on or before the due date.  Standard 

protocol for primary health care databases had been to generate a reminder for BPG on the due 

date.  This meant that if patients did not receive their BPG injection prior to the due date, the 

process of contacting them and arranging for the dose to be given started on the due date.  In 

most instances this resulted in the dose being given late.  In recent years primary health care 

databases have been updated so that electronic reminders are generated one week before a dose is 

Darwin 

Katherine 

Alice Springs 
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due, which gives staff at health services five working days to deliver the injection before it would 

be considered late.   

In recognition of the importance of preventing first episodes of ARF (by reducing exposure to 

GAS) there is also increasing attention on the development and implementation of primordial 

prevention activities. 

1.5.7.2. Adherence to medications in Australia 

In Australia the vast majority of patients prescribed SP are Indigenous.  Poverty, disempowerment, 

limited educational and employment opportunities, domestic violence and substance misuse can 

all negatively impact adherence to any medication and many of these factors are present in the 

lives of Indigenous Australians.112  Many Indigenous Australians do not speak English as their first 

language.  At least 50% of Indigenous people living in the NT speak an Indigenous language at 

home and the proportion is as high as 96% in some remote communities.113  Many have 

comorbidities 11 and the majority live in remote and very remote locations. (81% of the Indigenous 

population in the Northern Territory live in remote or very remote areas 114).  The literature on 

adherence to medications in Australia reveals an underlying assumption by healthcare providers 

that Indigenous people are less likely to be adherent to medication.  In order to identify the 

evidence supporting this assumption of lower adherence, I conducted a systematic literature 

review. The review (included in Chapter 3) concluded that there is no compelling evidence that 

adherence by Indigenous Australians is any different to the general population.   

Secondary prophylaxis adherence rates in Australia 

Jurisdictional level data are available from published government reports and unpublished reports 

produced by the jurisdictional control programs, although interpreting these reports requires an 

understanding of the rigour and timeliness of data collection.  The overall NT adherence rate has 

increased in recent years from 56% in 2008 to 74% in 2016, with the proportion of patients 

receiving 80% or more of their injections increasing from 21.4% to 51% in the same period 
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(Northern Territory Rheumatic Heart Disease Control Program Steering Committee Report, 

November 2017, unpublished data).  In SA average adherence increased from 58% in 2012 to 80% 

in 201522 and the proportion of people receiving at least 80% of doses increased from 27% in 2013 

to 57% in 2015.32  Jurisdictional level data were not available for WA and Qld.   

Adherence rates for studies with small sample sizes participating in research studies throughout 

Australia have been reported (see Figure 6 for locations).  In the NT, the adherence rate for 59 

patients in the Katherine region between 2002 and 2004 was reported to be 56%, and 29% received 

>80% of their doses.115 An audit of medical records in a North East Arnhem Land community 

(n=27) for a similar timeframe (2002-2003) showed 59% of patients received >75% of their 

required injections.116  A third audit involved 52 patients living in a large remote community in the 

NT and found that the median adherence rate was 69%, and 42% of patients were receiving ≥80% 

of the required doses, although the timeframe for adherence estimates are not clearly described.117 

A report on the progress of the Central Australian RHD Control Program stated that overall 

adherence at four remote communities, being used as sentinel sites for monitoring adherence, was 

55% in 2000 and 68% in 2002.118 An evaluation of an intervention designed to enhance delivery 

of secondary prophylaxis also compiled adherence data from four remote communities in Central 

Australia, as well as the Alice Springs town camps.  According to the authors, overall adherence 

between mid-2004 and mid-2006 was 47%, and increased to 57% between mid-2006 and mid-

2008.119  The most recently published data from the NT are from ten primary health centres 

involving 304 participants.  At baseline, 46% had received at least 80% of their BPG doses.85    

In WA, medical records of 78 patients living in the Kimberley showed that median ‘compliance’ 

between 1996 and 1997 was 67%.28 Another study of patients in the Kimberley (n=136) was 

conducted almost ten years later and found much lower adherence rates: the median number of 

doses for the previous 12 months was 4 (31% of doses) and just 15% of patients received ≥80% 

of recommended doses.5  As part of the same study records for 157 patients attending primary 
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Central Australia  
(4 communities + town camp) 

Proportion of doses administered: 

55% in 2000
16

 

68% in 2002
16

 

47% 2004-06
29

 

57% 2006-08
29

  

north-east Arnhem Land community 

59% received >75% of doses 
13

 

Katherine region 

Overall adherence: 56% 
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Kimberley 
Median adherence  

67% in 1996
9
 

31% in 2006
28

 

Large remote NT community 

Median adherence 69% 
27

 

Cape York & Torres regions 

Median adherence: 54% 
28

 

health centres in the Cape York and Torres regions of Far North Queensland were audited and 

the median number of doses received in 2008 was 7 (54% of doses) and 20% of the patients 

received ≥80% of recommended doses.  A study of 23 people with a history of ARF or RHD who 

lived in the Townsville district (in northern Qld) used data from the North Queensland RHD 

Register to determine adherence and reported that 70% (n=16) received ≥75% of the 

recommended BPG doses in a 12-month period.7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Adherence rates reported by studies conducted in Australia  
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 Factors associated with adherence to secondary 

prophylaxis  

A recently published systematic literature review found factors from all five of the WHO domains 

may be associated with adherence to SP for ARF and RHD.120   The review reported that living 

outside urban areas was associated with lower adherence.  Poor relationships between patients and 

their health providers and inadequate reminder systems were also connected to lower adherence.  

Positive relationships between patients and health providers and flexible arrangements for the 

delivery of SP were associated with higher adherence.  The findings of the review were based on 

just twenty articles and additional relevant factors have been reported by studies which were not 

included, the findings of these studies are summarised below.  

1.5.8.1. International literature 

In the REMEDY study (a multi-national prospective cohort study of children and adults diagnosed 

with RHD) children were more adherent than adults (p<0.001).108  In Brazil, lack of provision of 

health education to patients, low socioeconomic status of patients and their family and low 

educational attainment of the patients and their family have been suggested as reasons for 

suboptimal adherence.107  A recent study of patients in Fiji found that adherence decreased as time 

since initial diagnosis increased (p<0.05).83 An analysis of 1504 people on the Ugandan RHD 

Registry found that older age was associated with poorer adherence (OR for 25 - 40 year olds 

versus 0 - 15 year olds: 0.47 [95% CI:0.25 to 0.86), p=0.015].  Patients who were employed, or 

whose caregiver was employed, were less likely to be adherent (OR: 0.54 [95% CI: 0.35 to 0.86], 

p=0.009) and people with limited education were more likely to be adherent compared with those 

with more advanced education (OR: 1.75 [95% CI: 0.12 to 2.74], p=0.013).121  In a second Ugandan 

study there were no variables significantly associated with adherence, and in contrast to the 

previous study, those with at least secondary level education were more likely to have received 

≥80% of their injections.95  Patients in that study reported pain as the most common reason for 

missing an injection; insufficient funds for transport to the clinic was the second most frequent 
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reason.   Forgetting to take medicine has been reported as a barrier to adherence to other 

medications,122 but was not cited by patients in the Ugandan study as a reason for missing an 

injection.  Finally, a follow up study of 269 people living in Nashville, USA, who were diagnosed 

with ARF between 1963 and 1969 reported that younger people were more likely to be adherent, 

but sex, race and socioeconomic status were not statistically associated with adherence.123  

1.5.8.2. Indigenous Australians 

All four studies which report on factors influencing adherence to SP in Australia were included in 

the review by Kevat et al.120 however a detailed description is warranted given the relevance to this 

study.  

Patients living in the Kimberley relied on being recalled by health staff, with family support leading 

to higher adherence.  Travelling interrupted the provision of SP to one patient.124  In that study, 

one patient indicated they did not trust the healthcare providers in their community and two other 

patients had negative experiences when seeking care for RHD, which resulted in one patient 

choosing to stop receiving SP.   

The second study was conducted in a community in north-east Arnhem Land.  Health service staff 

and patients and their families were asked about their opinions on the delivery of care for RHD.116  

Participants identified factors which they felt supported adherence to SP and these included: staff 

needed to be appropriately trained and culturally competent, the health service needed a recall 

system, and SP should be provided by outreach.  To be adherent, patients needed to believe their 

condition was serious, have confidence in the health service and the treatment and have the 

support of their family - a finding consistent with the Kimberley study.  The pain of the injection 

was not a major concern.   Some patients reported difficulty obtaining their injections when they 

were away from their home community.  Health system factors which acted as barriers to the 

delivery of SP included the absence of a strategy to follow up patients, other health priorities 
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competing for the time of the health staff and staff fatigue and frustration.  The authors noted that 

these findings should not be generalised to other Indigenous communities.   

A review of the medical records of people with RHD living in the Katherine Region of the NT 

(n= 59) found no significant associations between adherence (categorised as <50% and ≥50%) 

and age, sex, RHD severity or frequency of clinic attendance.115  They did identify trends towards 

better adherence in patients under 18 years and those who attended the clinic at least four times 

in the past 12 months for reasons other than receiving SP.  Patients with more severe RHD tended 

to receive fewer injections.   

The final study was also a medical record review of people living in a large Indigenous community 

in the NT (study n=52) and reported that females were more adherent than males (p=0.004).  

People with mild RHD received fewer annual doses than people with moderate or severe RHD 

(median doses: 8 vs 10).117  

While some of the barriers faced by Indigenous patients when trying to adhere to recommended 

treatment are well documented,125, 126 and appendix 1 there is still a lot to learn about the drivers of 

adherence and clinical outcomes for Indigenous patients.  

 

 Clinical outcomes of secondary prophylaxis 

To evaluate the success of secondary prophylaxis programs, it is useful to consider the outcomes 

for ARF and RHD patients prior to the discovery of penicillin, which approximates the natural 

history of the disease.  One of the largest pre-penicillin cohorts included 1,000 patients who were 

followed for twenty years.127  Nineteen percent had recurrences in the first five years after 

admission to hospital with ARF or RHD and 11% of patients who had established RHD at 

baseline had no residual valvular disease at the ten year follow up review.  One limitation of the 

study is that the authors did not describe the methods used for detection of disease.  The 
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devastating impact of ARF and RHD on children prior to the use of antibiotic SP is illustrated by 

a second study which followed 588 children for ten years after their initial episode of ARF.  The 

authors reported that 58% had a recurrence in the first five years, 23% progressed to RHD and 

24% died from ARF or bacterial endocarditis.128   

The prognosis for people diagnosed with ARF or RHD has improved dramatically since the 

introduction of penicillin as the first line medication for SP.  The majority of studies identified 

during the review of the literature for this study concluded that higher adherence to SP was 

associated with better clinical outcomes, including a reduced risk of ARF recurrence and a reduced 

likelihood of new or worse valve lesions.  It is important to note that twenty studies reported so-

called ‘breakthrough’ recurrences which occurred despite adherence to SP.  Accurate evaluation 

of the effect of SP on the development and severity of RHD is hampered by the fact that RHD 

diagnoses reported in older studies were made on the grounds of clinical findings, including cardiac 

auscultation rather than echocardiography, which is now the gold standard for RHD diagnosis15.  

However, newer studies report similar findings, with evidence of valve lesion regression on 

echocardiography occurring over time in some individuals treated with penicillin.6, 7  
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1.5.9.1. Results of literature review 

The key characteristics and findings of studies which reported on adherence to SP and clinical consequences are summarised in Table 2.  Thirty studies 

were identified.  Eleven studies reported on dichotomised adherence and provided detail on the definition of adherence.  Nineteen studies also 

dichotomised adherence, but did not report their definition of adherence.  Two studies also reported continuous measures of adherence. 

Table 2. Summary of studies reporting adherence and clinical outcomes (cont.d) 

           

Country Region 
Study 
design 

Participants Follow up 
SP type 
and 
frequency 

Definition 
of 
adherence 

Adherence 
data 
source 

Sample 
size for 
adherence 
data 

‘Break-
through’ 
ARF 
recurrences 
reported? 

Findings 

Australia129 Northern 
Territory 

Prospective 
cohort 

Children 
with RHD  

Mean: 10.6 
years 

Not stated Not stated 
 

 

 

 

 

 

Not stated 25 no - 11 recurrences 
(7 people)  

- 1 person had 4 
recurrences, all 4 
of these 
recurrences were 
due to ‘non-
adherence’  
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Table 2. Summary of studies reporting adherence and clinical outcomes (cont.d) 

           

Country Region 
Study 
design 

Participants Follow up 
SP type 
and 
frequency 

Definition 
of 
adherence 

Adherence 
data 
source 

Sample 
size for 
adherence 
data 

‘Break-
through’ 
ARF 
recurrences 
reported? 

Findings 

Australia5 Kimberley 
and Far 
North 
Queensland 

Retrospective 
record review 

People with 
ARF or 
RHD  

12 months  3 to 4-
weekly 
BPG 

Not stated 
 

 

 

 

Medical 
records 

293 no - 12 recurrences 

- none of the 
people who had 
a recurrence had 
‘adequate’ 
adherence in the 
two months 
prior to their 
recurrence 

Australia7 Townsville Prospective 
cohort 

Children 
with first 
episode of 
ARF or 
RHD 

Up to 4 years 4-weekly 
BPG 

≥75% 
doses 

Regional 
RHD 
Register 

23 (6 ARF 
only, 17 
RHD at 
baseline) 

no - 70% were 
‘compliant’ in 
2014 

- Four people 
progressed from 
ARF to RHD, 
two of them 
were adherent 

- RHD improved 
in 7 people, all 
were adherent 

- RHD progressed 
in 3 people, 1 
was adherent 



 

60 
 

Table 2. Summary of studies reporting adherence and clinical outcomes (cont.d) 

           

Country Region 
Study 
design 

Participants Follow up 
SP type 
and 
frequency 

Definition 
of 
adherence 

Adherence 
data 
source 

Sample 
size for 
adherence 
data 

‘Break-
through’ 
ARF 
recurrences 
reported? 

Findings 

Brazil107 Rio Branco, 
Acre 

Cross section  People with 
ARF  

Not reported BPG, 
frequency 
not stated 

Not stated Self-
reported 

99 yes - 38% of the 
participants 
were ‘regular’ 
with their SP 

- 71% of ARF 
recurrences 
were in people 
who were 
‘regular’ 

Brazil130 Sao Paulo Retrospective 
record review 

Children 
<16 who 
had chorea 
at their first 
ARF episode  

Mean:  
3.6 years 

3-weekly 
BPG  

Not stated Not stated 86 yes - 17 children had 
recurrences of 
chorea 

- 9 of the children 
who had ARF 
recurrences used 
‘regular’ SP 

Brazil100 Rio de 
Janeiro 

Retrospective 
record review 

People with 
ARF 

Not reported BPG, 
frequency 
not stated 

≤1 delayed 
or missed 
dose in 6 
months 

Medical 
records 

536 yes - 88 ARF 
recurrences 

- 40 ARF 
recurrences in 
people who 
were adherent 

- Being adherent 
was associated 
with a reduced 
risk of ARF 
recurrence 
(p<0.0001) 
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Table 2. Summary of studies reporting adherence and clinical outcomes (cont.d) 

           

Country Region 
Study 
design 

Participants Follow up 
SP type 
and 
frequency 

Definition 
of 
adherence 

Adherence 
data 
source 

Sample 
size for 
adherence 
data 

‘Break-
through’ 
ARF 
recurrences 
reported? 

Findings 

Chile131 Santiago Prospective 
cohort  

People 
diagnosed  
with 
Sydenham’s 
chorea  

Not stated Monthly 
BPG 

Not stated Not stated 31 yes - 17 ARF 
recurrences (10 
people) 

- 15 ARF 
recurrences in 
people who had 
received 
monthly BPG 
for at least the 7 
months prior to 
recurrence 

- 2 recurrences 
occurred 5 
months after the 
previous 
episode, SP had 
been given 
‘continuously’ 
between 
episodes 

- No doses were 
more than 4 
days late  
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Table 2. Summary of studies reporting adherence and clinical outcomes (cont.d) 

           

Country Region 
Study 
design 

Participants Follow up 
SP type 
and 
frequency 

Definition 
of 
adherence 

Adherence 
data 
source 

Sample 
size for 
adherence 
data 

‘Break-
through’ 
ARF 
recurrences 
reported? 

Findings 

China132 Guangzhou Prospective 
cohort 

People with 
ARF 

Range: 5 to 
10 years  

Not stated Not stated Not stated  35 yes - 30 ARF 
recurrences (22 
people)  

- 4 ARF 
recurrences in 
people on 
‘regular’ SP 

- ‘Regular’ 
adherence 
associated with 
reduced risk of a 
recurrence 
(p<0.05) 

Egypt93 Alexandria Cross section Children 
with RHD 

6 to 12 
months 

Oral, 2- 
and 4-
weekly 
BPG 

2-weekly 
BPG: ≥11 
doses in 6 
months or 
≥22 doses 
in 12 
months 
(4-weekly 
not stated) 

Medical 
records 

2-weekly 
BPG: 104 
4-weekly 
BPG: 14 

yes - 28% of 
‘compliant’ 
patients had an 
ARF recurrence 

- Being ‘irregular’ 
with SP 
increased the 
risk of a 
recurrence 
(AOR: 2.45 
[95% CI 1.04 to 
5.17]) (logistic 
regression 
included 9 
people on oral 
SP) 
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Table 2. Summary of studies reporting adherence and clinical outcomes (cont.d) 

           

Country Region 
Study 
design 

Participants Follow up 
SP type 
and 
frequency 

Definition 
of 
adherence 

Adherence 
data 
source 

Sample 
size for 
adherence 
data 

‘Break-
through’ 
ARF 
recurrences 
reported? 

Findings 

Ethiopia90 Addis Ababa Retrospective 
record review 

Children 
with RHD 

Range: 
7 months to 
126 months 

Monthly 
BPG 

No missed 
doses 

Medical 
records 

211 yes - 188 adherent 
people, 23 non-
adherent people 

- 22 ARF 
recurrences 

- 10 ARF 
recurrences in 
adherent people  

- 12 ARF 
recurrences in 
people who were 
not adherent 

- Non-adherent 
people were 
more likely to 
have a 
recurrence (OR: 
19.42 [95% CI: 
6.89 to 54.77], 
p<0.001)  

India133 Rural villages 
near Vellore 

Surveillance 
study 

Children 
diagnosed 
with ARF or 
RHD  

3.5 years 4-weekly 
BPG in 
1975,  
3-weekly 
BPG from 
1976  

Not stated Not stated 24 unclear - 22 were ‘regular’ 
with SP, none of 
them had 
‘rheumatic 
reactivation’ 

- No comment on 
outcomes for 
non-adherent 
children 
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Table 2. Summary of studies reporting adherence and clinical outcomes (cont.d) 

           

Country Region 
Study 
design 

Participants Follow up 
SP type 
and 
frequency 

Definition 
of 
adherence 

Adherence 
data 
source 

Sample 
size for 
adherence 
data 

‘Break-
through’ 
ARF 
recurrences 
reported? 

Findings 

India134 Haryana state Prospective 
cohort study 

People with 
ARF or 
RHD  

3 years Oral, 
monthly 
BPG 

≥11 doses 
per year  

Medical 
records and 
self-report 

110 no - 2 ARF 
recurrences (1 
person) 

- No recurrences 
in people on 
penicillin 
prophylaxis  

- Recurrences 
were in a boy 
who was not 
adherent to 
sulfadiazine 
(prescribed due 
to sensitivity to 
penicillin)  

- 4 deaths, none 
of these people 
were on ‘regular 
prophylaxis’  

India135 New Delhi Prospective 
cohort study  

Children 
with first 
episode ARF  

5 years Monthly 
BPG 

‘regular 
prophylaxis 
without 
omission’ 

Unclear 85 yes - 22 ARF 
recurrences 

- 2 recurrences in 
compliant 
patients 

- Recurrence rate: 
0.006/patient 
year 



 

65 
 

Table 2. Summary of studies reporting adherence and clinical outcomes (cont.d) 

           

Country Region 
Study 
design 

Participants Follow up 
SP type 
and 
frequency 

Definition 
of 
adherence 

Adherence 
data 
source 

Sample 
size for 
adherence 
data 

‘Break-
through’ 
ARF 
recurrences 
reported? 

Findings 

Kuwait103 Not stated Prospective 
cohort 

Children 
with a first 
episode of 
ARF 

Mean: 6.1 
years 

Monthly 
BPG 

Not stated Patient- 
held 
medical 
record 

126 yes - 66 people were 
‘regular’ with 
their SP; 60 
were ‘irregular’ 

- 73 ARF 
recurrences 

- 2 ARF 
recurrences in 
group on 
‘regular’ SP 
(recurrence rate: 
0.005/py) 

- 71 recurrences 
in ‘irregular’ SP 
group 
(recurrence rate: 
0.2/py) 

- At 6 year 
follow-up, 23% 
of regular SP 
group had 
RHD; 38% of 
irregular group 
had RHD 
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Table 2. Summary of studies reporting adherence and clinical outcomes (cont.d) 

           

Country Region 
Study 
design 

Participants Follow up 
SP type 
and 
frequency 

Definition 
of 
adherence 

Adherence 
data 
source 

Sample 
size for 
adherence 
data 

‘Break-
through’ 
ARF 
recurrences 
reported? 

Findings 

Kuwait136 Not stated Prospective 
cohort 

Children 
with a first 
episode of 
ARF who 
were ‘regular’ 
with SP 

Mean: 12.3 
years 

Monthly 
BPG 

Not stated Patient- 
held 
medical 
record 

64 yes - 2 ARF 
recurrences 

- Recurrence rate: 
0.003/person 
year 

- Carditis resolved 
at 12-year follow 
up in 51% of 
patients who 
had carditis at 
initial ARF 
episode  

- No patient 
developed aortic 
stenosis 

New 
Zealand60 

Auckland Retrospective 
record review 

People with 
ARF  

1428 person-
years for 
people with 
an ARF 
recurrence  

4-weekly 
BPG 

Non- 
adherence: 
missing >3 
months of 
BPG 

Rheumatic 
fever 
register 

360 yes - 20 ARF 
recurrences (19 
people) 

- 10 ARF 
recurrences due 
to non-
adherence 

- 1 ARF 
recurrence in a 
‘fully adherent’ 
person 

- 9 ARF 
recurrences 
occurred when 
people were not 
prescribed SP 
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Table 2. Summary of studies reporting adherence and clinical outcomes (cont.d) 

           

Country Region 
Study 
design 

Participants Follow up 
SP type 
and 
frequency 

Definition 
of 
adherence 

Adherence 
data 
source 

Sample 
size for 
adherence 
data 

‘Break-
through’ 
ARF 
recurrences 
reported? 

Findings 

New 
Zealand137 

Auckland Retrospective 
record review  

Children 
with ARF  

1062 person-
years 

Oral or 4- 
weekly 
BPG 

Not stated Medical 
records 

288 yes - 49 ARF 
recurrences (41 
people) 

- 43 ARF 
recurrences in 
people on oral 
SP 

- 3 ARF 
recurrences in 
people adherent 
to 4-weekly 
BPG 

- 1 ARF 
recurrence after 
improper 
storage of BPG 

- 1 ARF 
recurrence in a 
non-adherent 
person 

- 1 ARF 
recurrence after 
under-dosing of 
a child 



 

68 
 

Table 2. Summary of studies reporting adherence and clinical outcomes (cont.d) 

           

Country Region 
Study 
design 

Participants Follow up 
SP type 
and 
frequency 

Definition 
of 
adherence 

Adherence 
data 
source 

Sample 
size for 
adherence 
data 

‘Break-
through’ 
ARF 
recurrences 
reported? 

Findings 

Pakistan6 Rahimyar 
Khan Tehsil 

12-year 
follow up of 
survey 
participants 

People 
diagnosed 
with RHD 
during 
community 
survey 

12 years Not stated Not stated Not clearly 
described 

21 yes - 5 people had 
ARF 
recurrences 

- Recurrence rate 
for people on 
‘continuous’ SP: 
0.01/patient 
year 

- 6 people were 
prescribed SP, 
all had 
regression of 
mild lesions 

- 15 people were 
not prescribed 
SP, 6 had new 
lesions, 6 had 
more severe 
lesions 

Saudi 
Arabia138 

Al Baha Retrospective 
record review 

People 
diagnosed 
with a first 
episode of 
ARF or 
moderate or 
severe mitral 
stenosis 

Range:  
1 to >11 
years 

Not stated Not stated Medical 
records 

190 with 
ARF 

unclear - 44 of the 190 
people with 
ARF developed 
an ARF 
‘exacerbation’ 

- 46% of 
‘exacerbations’ 
occurred in 
people who 
were ‘not on 
antibiotic 
prophylaxis’ 
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Table 2. Summary of studies reporting adherence and clinical outcomes (cont.d) 

           

Country Region 
Study 
design 

Participants Follow up 
SP type 
and 
frequency 

Definition 
of 
adherence 

Adherence 
data 
source 

Sample 
size for 
adherence 
data 

‘Break-
through’ 
ARF 
recurrences 
reported? 

Findings 

Saudi 
Arabia139 

Riyadh Prospective 
cohort 

Children 
with ARF  

5 years Not stated Not stated Not stated 67 no - 22 recurrences 

- 14 recurrences 
in people who 
were not 
adherent to SP 

- 8 recurrences in 
people not 
prescribed SP 
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Table 2. Summary of studies reporting adherence and clinical outcomes (cont.d) 

           

Country Region 
Study 
design 

Participants Follow up 
SP type 
and 
frequency 

Definition 
of 
adherence 

Adherence 
data 
source 

Sample 
size for 
adherence 
data 

‘Break-
through’ 
ARF 
recurrences 
reported? 

Findings 

Taiwan105 Taipei Randomised 
controlled 
trial 

Children 
with ARF or 
RHD  

1569 person-
years 

3- and 4-
weekly 
BPG 

‘Stay in 
compliance’
:  missed 
≤1 dose 
per year 
‘Stay in non 
compliant’: 
missed 2-3 
doses per 
year.  
‘Drop out’: 
missed ≥4 
doses 

Patient- 
held 
medical 
record 

249 yes - 9 recurrences in 
3-weekly group 
(2 children were 
‘compliant’) 

- 16 recurrences 
in 4-weekly 
group (10 
children were 
‘compliant’) 

- Breakthroughs 
more common 
in 4-weekly 
group (risk ratio: 
5.15, 95% CI: 
1.13 to 23.49) 

- For the current 
analysis the 3-
weekly and 4-
weekly cohorts 
were combined 
and a χ2 was 
conducted.  
Being adherent 
was associated 
with a reduced 
risk of ARF 
recurrence: χ2 
8.71, p=0.0032.  
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Table 2. Summary of studies reporting adherence and clinical outcomes (cont.d) 

           

Country Region 
Study 
design 

Participants Follow up 
SP type 
and 
frequency 

Definition 
of 
adherence 

Adherence 
data 
source 

Sample 
size for 
adherence 
data 

‘Break-
through’ 
ARF 
recurrences 
reported? 

Findings 

Taiwan61 Taipei Prospective 
cohort 

Children 
with ARF or 
RHD  

Mean:  
4.4 years 
 
Total:  
462 person-
years 

Monthly 
BPG 

‘Stay in 
compliance’
:  missed 
≤1 dose 
per year 
‘Stay in non 
compliant’: 
missed 2-3 
doses per 
year.  
‘Drop out’: 
missed ≥4 
doses 

Medical 
records 

105 yes - 21 recurrences 
(19 people) 

- 3 recurrences in 
‘compliant’ 
patients 

- Recurrence rate 
in adherent 
patients was 
lowest when 
compared with 
other groups (χ2: 
19.109, 
p<0.001) 

Turkey140 Ankara Case study 13 year old 
girl 

n/a 3-weekly 
BPG 

Not stated Parent 
reported 

1 yes - 4 recurrences  

- ‘continuous 
regular BPG’ 
maintained from 
first episode  

- Authors 
recommend 2- 
weekly BPG for 
people with at 
least one ARF 
recurrence 
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Table 2. Summary of studies reporting adherence and clinical outcomes (cont.d) 

           

Country Region 
Study 
design 

Participants Follow up 
SP type 
and 
frequency 

Definition 
of 
adherence 

Adherence 
data 
source 

Sample 
size for 
adherence 
data 

‘Break-
through’ 
ARF 
recurrences 
reported? 

Findings 

Turkey102 Ankara Retrospective 
record review 

Children 
diagnosed 
with ARF 
and carditis  

Mean: 44 
months 

3-weekly 
BPG 
(lifelong) 

Not stated Not stated 74 yes - 9 recurrences 

- 5 recurrences in 
people who 
received SP 
‘regularly’ 

- For the current 
analysis a χ2 
was 
conducted.   
Being adherent 
was associated 
with a reduced 
risk of ARF 
recurrence:  
χ2 :12.09, 
p<0.001 
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Table 2. Summary of studies reporting adherence and clinical outcomes (cont.d) 

           

Country Region 
Study 
design 

Participants Follow up 
SP type 
and 
frequency 

Definition 
of 
adherence 

Adherence 
data 
source 

Sample 
size for 
adherence 
data 

‘Break-
through’ 
ARF 
recurrences 
reported? 

Findings 

Turkey91 Ankara Retrospective 
record review 

People with 
chorea 
during first 
ARF episode 

Range: 1 to 
10 years 

3-weekly 
BPG 
 

No missing 
or late 
doses 

Medical 
records 

63 yes - 17 recurrences 
(13 people) 

- 20% of adherent 
people had a 
recurrence (56 
people were 
adherent) 

- 29% of non-
adherent people 
had a recurrence 

- No significant 
difference in 
likelihood of 
recurrence 
between the 
adherent and 
non-adherent 
groups (p=0.44) 
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Table 2. Summary of studies reporting adherence and clinical outcomes (cont.d) 

           

Country Region 
Study 
design 

Participants Follow up 
SP type 
and 
frequency 

Definition 
of 
adherence 

Adherence 
data 
source 

Sample 
size for 
adherence 
data 

‘Break-
through’ 
ARF 
recurrences 
reported? 

Findings 

Turkey106 Ankara Retrospective 
chart review 

People with  
chorea 

Range: 6 
months to 9 
years 

3-weekly 
BPG 

Not stated Medical 
records 

85 yes - 14 people had 
ARF 
recurrences 

- 12% of adherent 
patients had a 
recurrence 

- 63% of non-
adherent 
patients had a 
recurrence. 

- Adherent 
patients were 
less likely to 
have a 
recurrence 
(p<0.001)  

Turkey63 Konya Prospective 
cohort 

People 
diagnosed 
with ARF 

3.0 ± 1.5 
years  

3-weekly 
BPG 

Not stated Not stated 236 no - 2 people had 
ARF 
recurrences, 
both were non-
adherent  
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Table 2. Summary of studies reporting adherence and clinical outcomes (cont.d) 

           

Country Region 
Study 
design 

Participants Follow up 
SP type 
and 
frequency 

Definition 
of 
adherence 

Adherence 
data 
source 

Sample 
size for 
adherence 
data 

‘Break-
through’ 
ARF 
recurrences 
reported? 

Findings 

Uganda9 Kampala Prospective 
cohort 

People with 
RHD 

12 months 4-weekly 
BPG 

≥80% 
doses 

‘patient 
adherence 
card’ 

331 not reported - 21 people had 
ARF 
recurrences 

- Non-adherent 
people were 
more likely to 
have a 
recurrence (OR: 
33.9 [95%CI 
7.58 to 151.3]; 
p=0.001) 

USA141 New York 
City, New 
York 

Retrospective 
record review 

People with 
ARF  

Not stated 4-weekly 
BPG 

Not stated Not stated 115 ARF 
episodes 

yes - 11 ARF 
recurrences (10 
people) 

- 9 people who 
had a recurrence 
were ‘totally 
noncompliant’ 
for several 
months prior to 
recurrence 

- 1 person had 
been adherent 
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Table 2. Summary of studies reporting adherence and clinical outcomes (cont.d) 

           

Country Region 
Study 
design 

Participants Follow up 
SP type 
and 
frequency 

Definition 
of 
adherence 

Adherence 
data 
source 

Sample 
size for 
adherence 
data 

‘Break-
through’ 
ARF 
recurrences 
reported? 

Findings 

USA123 Nashville, 
Tennessee 

Prospective 
cohort 

People with 
ARF 

Median: 55 
months 

Oral or 
injection 
(frequency 
not stated) 

Not stated Physician 
report and 
self-report 

269 yes (oral SP 
only) 

- 16 ARF 
recurrences  

- No recurrences 
in people 
adherent to SP 
injections 

- 6 recurrences in 
people adherent 
to oral SP 

- 10 recurrences 
in people who 
took SP 
irregularly 
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Table 2. Summary of studies reporting adherence and clinical outcomes (cont.d) 

           

Country Region 
Study 
design 

Participants Follow up 
SP type 
and 
frequency 

Definition 
of 
adherence 

Adherence 
data 
source 

Sample 
size for 
adherence 
data 

‘Break-
through’ 
ARF 
recurrences 
reported? 

Findings 

USA142 Cleveland, 
Ohio 

Retrospective 
record review 

Children 
with a first 
episode of 
ARF who 
maintained 
‘regular’ SP 

≥ 5 years 4-weekly 
BPG 

Not stated Not stated 115 yes 
 

- 1 recurrence, the 
patient was 
adherent 

- 70% with acute 
mitral 
regurgitation 
during their 
initial episode 
lost this murmur 

- no increase in 
mitral 
regurgitation 
severity 

- no development 
of aortic 
stenosis 

- no development 
of bacterial 
endocarditis 

- no deaths  

AOR, Adjusted odds ratio; CI, confidence interval; OR, odds ratio.
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In addition to the Australian studies referred to above, the discussion sections of two additional 

articles draw a link between higher adherence and better outcomes for people with a history of 

ARF or RHD in Australia.  Lawrence and colleagues analysed data from the NT RHD Register 

and found that recurrences were less likely in female patients – they suspected this may be due to 

a ‘willingness’ to receive SP.23  In the second study, a review of ARF notifications from 2004 to 

2009 in North Queensland identified 54 recurrences of ARF; the authors suggested that 30% of 

the recurrences could have occurred in patients with undiagnosed ARF or RHD (and were 

therefore not prescribed SP), but that the remainder were a result of ‘suboptimal ongoing 

management’.143   

1.5.9.2. Association between continuous measures of percent 

adherence and risk of ARF recurrence  

Only one study reported on the association between a continuous measure of adherence and a 

clinical outcome.  A retrospective chart review was conducted on a cohort of 144 people from the 

Northern Mariana Islands; participants were under 21 years of age and had been diagnosed with 

ARF between 1984 and 2006.109, 144  Fifty five recurrences were documented.  Mean percent 

adherence for people who did not have a recurrence was 59% and mean percent adherence for 

people who did have a recurrence was 57%.  The results indicate that increasing adherence reduced 

the likelihood of recurrences (odds ratio [OR]: 0.74), however the association was not statistically 

significant (p=0.5470) and the 95% confidence interval was wide (0.28 to 1.97).  The authors 

concluded that SP had ‘no demonstrable’ effect on the prevention of recurrent ARF.  Given the 

lack of statistical significance this conclusion could be considered an overstatement.  Furthermore, 

in a letter to the editor, physicians and researchers with extensive experience with ARF and RHD 

suggested that the study sample’s low adherence and very high recurrence rate make it ‘difficult to 
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draw conclusions’ and if anything, the data support the body of evidence which indicates that 

SP can prevent recurrent ARF.145      

As part of the current analysis, logistic regression was applied to the results of a study of ten Indian 

children with ARF or RHD which reported percent adherence as a continuous measure and the 

number of recurrences for each participant.89 Increasing annual adherence by 10 percentage points 

was associated with a non-significant decrease in the odds of having a recurrence (OR 0.73 [95% 

CI: 0.39 to 1.36], p=0.319).  The small sample size may account for the lack of a statistically 

significant association. 

1.5.9.3. Association between days at risk and risk of ARF 

recurrence 

Three studies have used days at risk to measure adherence and one of them has reported on the 

association between days at risk and clinical outcome.  The study included 21 Australian children 

who had had a recurrence of ARF; all of them had had at least one day at risk in the three months 

preceding their recurrence.82 The author counted days at risk from the 28th day after a dose of BPG 

was given (if the next scheduled dose was delayed). 

An unpublished analysis of data from the NT RHD Register compared individuals who had a 

recurrent episode of ARF with a matched sample of people with ARF/RHD who did not have a 

recurrence.  There were more days at risk in the group with recurrences (Dr Keith Edwards (NT 

RHD Control Program), personal communication 2014).   

1.6. Rationale for the study 

Acute rheumatic fever and rheumatic heart disease are an ongoing burden for many Indigenous 

Australians and their families.  Regular long-term antibiotics have been shown to reduce ARF 

recurrences in several populations outside Australia.  The literature review completed for this thesis 
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revealed that the measurement and definitions of adherence vary considerably, which mean it is 

difficult to conclude which SP regimen is most effective, and how much benefit can be expected.  

The rates of ARF and RHD in Australia’s NT are unacceptably high.  In the last two decades a 

variety of initiatives have been implemented in the NT to strengthen the management of ARF and 

RHD in Indigenous people; most significantly the Control Program was established, along with 

the Register.  In addition, ARF and RHD-specific quality improvement tools were developed by 

One21seventy (a non-profit entity which provided evidence-based tools and support to enhance 

continuous quality improvement in primary health care) and have been implemented by primary 

health services across the Territory.  The NT RHD Control Program concentrates its resources 

on the provision of secondary prophylaxis, and adherence to SP has steadily increased.  

Unfortunately the ARF recurrence rate remains unacceptably high.   

To date, efforts to control ARF and RHD in Australia have been informed by research conducted 

in distinctly different international settings.  Unfortunately, rates of ARF in Australia continue to 

rise, and it is possible that strategies adopted elsewhere are not effective here.  Concern about the 

extrapolation of research findings to dissimilar settings is not new: in 1975 Dr Richard Krause 

addressed the Infectious Diseases Society of America, using the situation in Egypt at the time as 

an example.  In Egypt high rates of recurrent ARF persisted despite provision of monthly penicillin 

and Dr Krause questioned  whether the recommended regimen of 1.2 million units of penicillin 

given monthly was ‘adequate’.  When postulating on the reasons for the recurrences in Cairo, Dr 

Krause said ‘we should have known better’ and that the medical profession should not have 

assumed that a regimen suitable for use in the US would be appropriate in an ‘entirely different 

environment’.p.600  Forty years on, we continue to assume that the SP regimens shown to be 

effective for US military recruits in the 1950s will be equally effective for Indigenous people in 

northern Australia, despite the vastly different settings.    
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There have been no studies of the effectiveness of SP conducted in the NT and to date efforts to 

control ARF and RHD have had limited success.  A rigorous assessment of the association 

between adherence to SP and clinical outcomes is required to ensure resources are allocated to the 

most effective prevention strategies. 

 

1.7. Study hypotheses and aims 

This study will test the following hypotheses: 

1. Demographic and disease characteristics are associated with adherence to secondary 

prophylaxis.   

2. Measures of adherence which account for dose timing and frequency are stronger 

predictors of clinical outcomes than measures which account for dose frequency alone.  

3. Higher rates of adherence are associated with greater reductions in the likelihood of 

adverse clinical outcomes. 

The hypotheses will be tested by achieving these aims:  

1. determine the validity of data on adherence and diagnoses in the RHD Register,  

2. determine the rate of adherence to secondary prophylaxis for ARF and RHD,  

3. identify factors associated with adherence to secondary prophylaxis for ARF and RHD, 

4. determine the clinical outcomes associated with secondary prophylaxis for ARF and RHD, 

and  

5. determine the most clinically meaningful and practical indicator/s of adherence to 

secondary prophylaxis for ARF and RHD. 
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Chapter 2. Background – Controlling ARF and RHD in 

developing countries  

2.1. Chapter summary 

This chapter contains the published manuscript of a literature review which I conducted as part of 

this study.  

While I was preparing the introductory chapter of this thesis my supervisor Prof. Jonathan 

Carapetis was approached by the journal Current Opinions in Pediatrics to submit an article 

summarising recent research on ARF and/or RHD relevant to the context of developing countries.  

Jonathan offered me the opportunity to lead the research and preparation of this article; I accepted 

and subsequently conducted the literature search, reviewed the resulting articles and drafted the 

manuscript.  Jonathan and Anna Ralph assisted with the interpretation of the findings and 

contributed to the finalisation of the manuscript and both are co-authors.  The article provides a 

description of the key issues pertaining to ARF and RHD management and serves as a useful 

background chapter for this thesis.   

  



83 
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de Dassel, JL, AP Ralph and JR Carapetis, Controlling acute rheumatic fever and 
rheumatic heart disease in developing countries: are we getting closer? Curr Opin 
Pediatr, 2015. 27(1): p. 116-23. https://doi.org/10.1097/MOP.0000000000000164 .

Please note that this article has been removed due to copyright restricition.
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Chapter 3. Background – Adherence to medications in 

Indigenous Australians  

3.1. Chapter summary 

This chapter contains the published manuscript of a systematic literature review which I conducted 

as part of this study.  

While reviewing the literature on adherence to medications in Indigenous Australians, it became 

clear that there was a growing number of anecdotal reports of low adherence in this population, 

which did not appear to be supported by rigorous research.  Given the focus of this study was 

adherence to secondary prophylaxis for ARF and/RHD, and these diseases primarily affect 

Indigenous Australians, I decided to conduct a systematic literature review.  The purpose of the 

literature review was to compile the existing literature, identify the factors which may influence the 

ability of Indigenous Australians to adhere to long term medication regimens and provide 

recommendations for future research and interventions which will support Indigenous Australians 

to take medications as prescribed.  I am the first author of the article; I designed the search strategy, 

conducted the literature search, reviewed the resulting articles for eligibility and extracted the data.  

My supervisors Anna Ralph and Alan Cass assisted with the interpretation of the findings and both 

are co-authors.   
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3.2. Published literature review 
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Chapter 4. Methodology 

4.1. Chapter summary 

In this chapter the thesis hypotheses and aims are restated, the origins of the linked dataset are 

described and the study period is defined. Details of the original ethics approval and subsequent 

amendments are provided.  The actions taken to validate the data are outlined and the inclusion 

and exclusion criteria for the study population are listed.  The calculation of adherence is explained 

and the investigation of factors associated with adherence is outlined, including a description of 

the demographic and disease characteristics included in the analysis.  Finally, the study design for 

the analysis of clinical outcomes is discussed, the outcomes are defined and the statistical analyses 

are detailed.   

ACRONYMS, ABBREVIATIONS & GLOSSARY 

 

ARF     acute rheumatic fever 

 

BPG     benzathine penicillin G 

 

Control Program  the Northern Territory Rheumatic Heart Disease Control 
Program 

 

ICD     International Classification of Disease 

 

NT     Northern Territory 

 

Register the Northern Territory Rheumatic Heart Disease Register  

 

RHD     rheumatic heart disease  

 

RHDSP study the ‘Improving Delivery of Secondary Prophylaxis for 
Rheumatic Heart Disease: A Stepped-wedge, Community-
randomised Trial’, funded by the National Health and 
Medical Research Council, project reference 1027040   

 

SP     secondary prophylaxis  
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4.2. Hypotheses and aims 

 Hypotheses 

1. Demographic and disease characteristics are associated with adherence to secondary 

prophylaxis.   

2. Measures of adherence which account for dose timing and frequency are stronger 

predictors of clinical outcomes than measures which account for dose frequency alone.  

3. Higher rates of adherence are associated with greater reductions in the likelihood of 

adverse clinical outcomes 

 

 Thesis aims  

1. Determine the validity of data on adherence and diagnoses in the RHD Register  

2. Determine the rate of adherence to secondary prophylaxis for ARF and RHD,  

3. Identify factors associated with adherence to secondary prophylaxis for ARF and 

RHD, 

4. Determine the clinical outcomes associated with secondary prophylaxis for ARF and 

RHD, and  

5. Determine the most clinically meaningful and practical indicator/s of adherence to 

secondary prophylaxis for ARF and RHD. 

 

4.3. The dataset and ethics approval 

An existing research project: Serious complications of Rheumatic Heart Disease (RHD) in the Northern 

Territory (ethics approval granted by the Northern Territory (NT) Department of Health and 

Menzies School of Health Research Human Research Ethics Committee, reference: 13-2123, 

original approval provided 12 December 2013) had created a linked dataset which included 
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secondary prophylaxis (SP) adherence data from 1 January 2007 until mid-2014.  It was estimated 

that the process of gaining permission to access more recent data, having the data extracted and 

then linked, would take more than two years; a timeframe which was not feasible for this study.  It 

was therefore decided to use the existing dataset.  An ethics amendment was sought to add me 

and my primary supervisor, Assoc. Prof Anna Ralph, to the project team and store the dataset on 

the Menzies School of Health Research server (it was originally stored on the NT Department of 

Health server).  This amendment was approved on 12 June 2015. 

Data had been extracted from three databases: the NT Rheumatic Heart Disease Register 

(hereinafter ‘the Register’), the NT Hospital Admissions database and the Client Master Index, 

and had been linked by staff at the Health Gains branch (now called Health Analysis) in the NT 

Department of Health.  The Register contains demographic and pertinent medical information on 

people with confirmed or suspected acute rheumatic fever (ARF) or rheumatic heart disease 

(RHD) who are living or have lived in the NT.  The extracted data included information on patient 

demographics, secondary prophylaxis delivery, medical reviews relevant to ARF/RHD 

management, cardiac surgery and death.  The NT RHD Control Program (herein after ‘the Control 

Program’) was established in 1996, and two regional registers were created, one for the Top End 

and one for Central Australia.147  The two registers were combined into a web-based platform in 

2007, however some information was not transferred into the amalgamated register and therefore 

SP adherence data prior to 2007 are incomplete (Northern Territory Rheumatic Heart Disease 

Control Program (2018). Data quality statement. Unpublished document).  Date and cause of death 

are recorded in the Register but there can be a delay in data entry and the information may be 

incomplete.  The Client Master Index is a database which stores the demographic information for 

every individual who has had contact with an NT Department of Health service and is considered 

the most complete and accurate record of dates of death for people who died while in the NT (V 

He, Menzies School of Health Research, personal communication, 26 May 2015).  To improve the 
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reliability of the death data the Register data were linked to dates of death from the Client Master 

Index.    

The extracted hospital admissions data included all admissions to the five hospitals in the NT  

(Royal Darwin Hospital, Katherine District Hospital, Tenant Creek Hospital, Gove District 

Hospital and Alice Springs Hospital) for people who were on the Register at the time of data 

extraction (mid-August 2014).  Demographic information, admission and separation dates 

(September 1990 to 30 June 2013) and International Classification of Disease (ICD) codes for 

primary and secondary diagnoses were included.  Several versions of ICD codes were used during 

this period:  ICD-9-CM (clinical modification), ICD-9 Australian editions 1 and 2 and ICD-10-

AM (Australian modification) editions 1 to 7.  Details of the linkage are provided in the Methods 

section of the published article included as Appendix 1. 

4.4. Data timeframe 

The study analysed data from 1 February 2007 until 31 December 2013 inclusive.  These years 

cover the most recent and reliable data on SP available in the dataset.  To avoid the need to estimate 

adherence prior to an individual’s first dose in the study period, 1 February 2007 was nominated 

as the beginning of the period for adherence estimates for those prescribed SP prior to 1 February 

2007 and data for BPG administered in January 2007 were used to determine adherence prior to 

the first dose administered during the study period.  The Register data for 2014 were incomplete 

so 31 December 2013 was chosen as the study end date.   

4.5. Data validation  

Before analysis was commenced relevant data were validated (Thesis aim 1).  The ethics approval 

included permission to access identified data stored in the Register and other relevant databases 

specifically for the purpose of data validation.  The ethics documentation was sent to the relevant 

data custodians who granted access and provided the necessary login details.  
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When inconsistencies were identified, the Control Program were informed and the study dataset 

was updated where needed.  Staff at the Control Program were responsible for making revisions 

to the Register data.  

 Diagnosis information 

The previous analysis of this dataset, published by He et al. in 201611, identified some inaccuracies 

in the diagnosis data contained in the Register.  For example, 152 individuals had a review for 

rheumatic heart disease prior to the recorded RHD diagnosis date and 330 individuals had a 

hospital admission with an RHD diagnosis code prior to the Register’s diagnosis date. (In both 

instances the earlier date was used as the diagnosis date for analysis in that study).11  These findings 

indicated the need to validate the relevant diagnosis data for this study.   

4.5.1.1. ARF recurrences  

Diagnosis dates in the Register 

The validity of ARF recurrences recorded in the Register was assessed by calculating the time 

between the ARF recurrence diagnosis and the date of the previous ARF episode.  The Control 

Program defines an ARF recurrence as an episode of ARF with an onset date at least 90 days after 

the diagnosis date of a previous episode of ARF.148  The onset date is the date identified by the 

patient as the first time they noticed symptoms.  This date, however, can be affected by recall bias 

or inaccurate documentation by healthcare providers, and is not always available.  The timing 

between the onset dates of consecutive ARF episodes for an individual was determined and 

episodes that did not meet the standard definition of an ARF recurrence (i.e., they were less than 

90 days apart) were identified.  The Control Program was contacted for clarification and the study 

dataset was updated when required.    

In addition, ARF episode onset dates were compared with the diagnosis date for the same episode 

and cases whose onset date was after the diagnosis date were identified and discussed with the 
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Control Program.  The staff at the Control Program consulted the original medical records to 

confirm the correct onset date.   

Completeness of diagnoses in the Register 

ARF has been a notifiable condition in the Northern Territory since 1996147  and the Control 

Program investigates all possible ARF episodes.  The Control Program routinely monitors hospital 

admissions and primary health care databases for potential cases.26 While the Control Program 

uses several strategies in an effort to identify all possible episodes of ARF, a validation process was 

undertaken for this study to ensure the coverage of cases was as complete as possible.  All hospital 

admissions with an ARF diagnosis code (ICD 10-AM I00 – I02) during the study period were 

identified.  Admission dates were compared with onset and diagnosis dates from the Register data 

to identify episodes which may have been missing from the Register.  A sequence of events 

precedes the entry of a case in the Register: disease onset, patient presents to health service, 

suspicion of ARF, hospitalisation of patient (this is recommended but does not always occur), and 

confirmation of diagnosis.  The Control Program may become aware of the possible case at any 

point once ARF is suspected by a healthcare provider.  There is often a lag between admission to 

hospital and the diagnosis date recorded in the Register and there is added complexity in that an 

episode of ARF can persist for many months and individuals may be hospitalised several times 

during the same episode.  To account for these factors, a hospital admission with an ARF ICD 

code was deemed to have a corresponding Register record if there was an ARF episode 

documented in the Register either 12 months prior to or 12 months after the admission date.  Since 

the primary objective of this study was to examine the effect of SP (which is prescribed once an 

initial episode of ARF or RHD has been diagnosed), only hospital admissions which occurred 

while the person was prescribed SP were investigated.  The SP start date or first relevant dose of 

BPG (if it was prior to the SP start date) as recorded in the Register were used to determine 

whether the individual was prescribed SP at the time of admission to hospital.  
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Missing onset dates 

The median number of days between the onset and diagnosis dates was used to calculate an 

estimated onset date for episodes missing that information.  

4.5.1.2. RHD diagnoses  

Completeness of diagnoses in the Register 

Possible RHD diagnoses in the hospital admissions data (ICD 10-AM codes I05 – I09) were 

crosschecked against RHD diagnoses recorded in the Register.  Only admissions which could have 

indicated progression from ARF to RHD in the study period were investigated.   

Changes in severity of RHD  

The Australian guidelines propose three classifications for RHD: mild (priority 3/P3), moderate 

(priority 2/P2) and severe (priority 1/P1).13  These classifications are determined by a cardiologist 

based on the status of the heart valves (as indicated by an echocardiogram) and the presence of 

symptoms.  There is anecdotal evidence that the documentation of echocardiograms in the 

Register is incomplete and the paediatric cardiologist responsible for the care of the majority of 

children with RHD in the NT strongly advised against using the Register data to identify changes 

in disease severity (B. Remenyi, paediatric cardiologist, personal communication, 6 September 

2017).  Staff at the Control Program confirmed that while they actively seek echocardiogram results 

and letters from cardiologists, and currently have access to the NT Cardiac database to facilitate 

this, there can be a delay in obtaining the information and at times the information is never received 

(Northern Territory Rheumatic Heart Disease Control Program (2018). Data quality statement. 

Unpublished document).  This means there are gaps in the documentation of echocardiograms 

and cardiology reviews, particularly prior to 2012, when the Control Program staff did not have 

direct access to the NT Cardiac database.  In addition to missing reports and reviews, the quality 

of the recorded echocardiogram and cardiology review data may be compromised by errors in data 

entry or interpretation.  For example, if the echocardiogram report or cardiologist letter does not 
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specify the person’s RHD priority classification, clerical staff at the Control Program use the 

available information to assign the classification (in line with the national guidelines).  

Several steps were taken to assess the validity of the echocardiogram data in the Register.  First, 

the Register data were examined and the RHD classifications assigned to echocardiogram reports 

were compared with the recorded status of each valve (e.g., moderate mitral stenosis) and any text 

in the comments box.  Echocardiogram reports dated during the study period which had at least 

one severe lesion recorded but did not have a severe classification (P1) assigned were identified.  

If the person was prescribed SP at the time of the echocardiogram report, all relevant information 

recorded in the Register was consulted to determine whether the classification was possibly 

incorrect.  In addition, echocardiogram reports that were classified as severe RHD without any 

severe valve status recorded were identified and investigated.  

Secondly, approval to access the NT Cardiac electronic databases was sought and granted, and an 

ethics amendment was approved on 30 October 2017 to include a comparison of the Register data 

with the patient records held in the NT Cardiac databases.  People who, according to the Register, 

changed from mild RHD (P3) to severe RHD (P1), or vice versa, during the study period while 

prescribed SP were identified.  The NT Cardiac files for these people were located in the electronic 

databases and the echocardiogram reports, angiogram reports and cardiology letters for the 

relevant timeframes were examined.  When the severity of RHD was not clearly indicated, the 

classification was confirmed by a paediatric cardiologist who has extensive experience working 

with children and adults diagnosed with ARF and/or RHD.  Discrepancies between the Register 

data and the NT Cardiac files were documented in a Microsoft Excel spreadsheet and shared with 

NT Cardiac and the Register.   



 

113 
 

 Secondary prophylaxis information 

4.5.2.1. Secondary prophylaxis start and cease dates 

SP is usually commenced upon suspicion or diagnosis of ARF or RHD.  ARF is most common in 

children aged between 4 and 15 years149 and is rare after 40 years, so commencing SP outside this 

age range is unexpected.  In Australia the minimum duration of an SP regimen for people with 

confirmed ARF or RHD is ten years; people with suspected ARF may be prescribed SP for one 

year.13   

The age at the commencement of SP was calculated and people who were younger than three years 

old or over 50 years old were identified and their records investigated.  When necessary the Control 

Program was contacted for clarification and the study dataset was amended.  In addition to looking 

at the age when someone commenced SP, people who commenced SP prior to 1970 and were still 

prescribed it during the study period were identified.  These individuals would have been on SP 

for at least 37 years prior to the study period suggesting a lifelong prescription for SP.  Since only 

a small proportion of people are prescribed lifelong SP these records were investigated.    

A prescription for SP will be ceased by a health professional at the appropriate time based on the 

individual’s circumstances; this date is entered into the Register as the SP cease date.  If someone 

dies while prescribed SP, the death date is used for the SP cease date.  SP cease dates after a death 

date were identified and changed to the death date where necessary.  People whose SP cease date 

was less than one year after their SP start date were identified and their records were investigated.  

4.5.2.2. Penicillin injection dates 

As project manager on the RHDSP study I became aware that the validation of data (automated 

and manual) in the Register was limited and as a result some of the information was inaccurate or 

incomplete.  To enhance the validity of the findings of the RHDSP study, dose dates between 

2012 and 2014 were validated by comparing the Register data with the data recorded in the health 

centre databases.  The validation sample included 3133 dose dates, 353 (11.3%) of which could 
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not be investigated due to limited access to the databases where the original data are stored.  After 

validation and correction of the dose dates the mean proportion of people receiving at least 80% 

of the scheduled doses increased from 34.2% to 42.1% (p=0.06).  The timeframe for this validation 

overlaps with the timeframe of the data being analysed for this study (2007 – 2013) and 

subsequently are directly relevant.  This topic is discussed in chapter 5, which includes a published 

peer-reviewed article titled: Adherence to secondary prophylaxis for rheumatic heart disease is underestimated 

by register data of which I am the first author.  The article reports the procedure and findings of the 

RHDSP data validation.  

The findings of the RHDSP validation exercise indicated the value of determining the validity of 

dose dates prior to 2012.  As such, I undertook a similar investigation of earlier dose dates.  When 

deciding on the sample size I considered how the findings of the analysis would be applied, the 

sample size used in the RHDSP validation process and national data quality guidelines.  I also 

consulted guidelines on the use of registry data for evaluating outcomes to determine what the 

implications of inaccurate data might be.150 The initial aim of the RHDSP validation was to 

investigate doses for ten people from each of the ten participating sites (representing 23% of the 

RHDSP study population).  The final validation sample included 55% of the study population.  

The Australian Commission on Safety and Quality in Health Care (ACSQHC) guidelines for 

clinical quality registries recommend that at least 1 – 2% of cases should be audited each year.151 

As a compromise between the large representation in the RHDSP study and the much lower 

proportion recommended in the ACSQHC guidelines, 284 people (representing 16% of this 

study’s cohort) were chosen at random from the dataset.   

The aim was to validate dose dates from 2008 and 2009 (2,017 doses in total).  The name of the 

clinic where each dose was administered was extracted manually from the Register and then patient 

records in the relevant primary health care database were searched for information supporting the 

Register data.  Two primary health care database systems are used in the NT: PCIS (Primary Care 
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Information System) is used by government-run services and remote access is available for 

authorised individuals; and Communicare, which is predominantly used by Aboriginal Community 

Controlled Health Services (ACCHSs, also known as Aboriginal Medical Services).  For the latter, 

remote access is occasionally possible, but usually access is restricted to authorised individuals who 

are onsite.  Information on SP was investigated by accessing PCIS and the Communicare database 

at Danila Dilba Health Service (Danila Dilba provides health services to Indigenous people living 

in and visiting Darwin and was the most accessible ACCHS for this study).  Due to time constraints 

access to data at additional ACCHSs was not sought.  A protocol for the process of the PCIS 

investigation was developed (see Appendix 3).   Medical student Simon Lee at the NT Centre for 

Disease Control assisted with the investigation of PCIS data and I completed validation of the 

Danila Dilba dataset.  Results of the investigations were recorded in a spreadsheet.  Health 

providers are responsible for the documentation of all medications they administer, and the date 

recorded in the health service database is considered the most valid record.  If two different dose 

dates in the same month were recorded for an individual (one date in the Register and the other 

in the primary health care database), the date in the health centre data was considered to be the 

accurate one.  When the health centre database contained a dose that was not recorded in the 

Register, the dose was added to the study dataset.  When inconsistencies were identified the study 

dataset was corrected and the information was sent to relevant staff at the Control Program and 

Danila Dilba.  Percent adherence for the individuals in the validation sample was calculated, first 

using the raw and then using the corrected data.  The distribution of the differences between the 

calculations was determined and an appropriate test for paired observations selected (t-test or 

Wilcoxon signed-rank test).  The proportion of people receiving at least 80% of doses was 

calculated using the raw data and then using corrected data and the difference was tested using 

McNemar’s test.   
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The Register dataset contained many duplicate dose dates for the same individual, potentially 

indicating that the person had received two BPG doses on the same day.  In addition to being the 

first line antibiotic for secondary prophylaxis for ARF, in the Northern Territory BPG may be 

given to treat a number of indications including skin infections, pharyngitis and syphilis.44  So it is 

possible that these duplicate dates indicate that an individual with ARF or RHD has received two 

BPG doses on a given day due to an additional indication for the antibiotic.  It is also possible that 

the duplicates had been entered in error.  Staff from the Control Program reported that a bug in 

the Register was identified many years ago which results in some dose dates being automatically 

and accidentally duplicated.  It is therefore likely that some of the duplicates were incorrect.  I 

didn’t have the resources to investigate whether duplicates were accurate or not, and the additional 

protection provided by a second dose given on the same day would be minimal.  To manage this 

limitation, all duplicate dates for an individual were removed from the study dataset.  

Dose dates prior to 2004 and after 2014 were identified and investigated (the dataset should only 

have included doses from 2004 to 2014). 

When the investigation of data revealed that the Register data had been revised since the data were 

extracted, the study dataset was updated.  

4.6. Inclusion criteria 

 People in the Register with a prescription for BPG SP at any time during the study period  

People with a prescription for BPG SP who received no doses during the study period were 

included in the analysis.  

4.7. Exclusion criteria 

 People who were advised to cease SP during the study period and were subsequently 

advised to recommence SP (the start and stop dates for each prescription timeframe are 

unclear) 
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 People whose Register records indicated they had spent time interstate during the study 

period  

 People who had been removed from the Register after the data were extracted 

 People whose Register records indicated they were prescribed oral SP during the study 

period  

 People whose first diagnosis in the Register was an ARF recurrence  

 People who were prescribed SP for less than six months during the study period 

 Justification of exclusion criteria 

The adherence data for people who spent time interstate while prescribed SP are incomplete so 

reliable calculation of their adherence was not possible. 

People are removed from the Register when a health professional decides that there is no 

compelling evidence supporting a diagnosis of ARF or RHD. (C Chamberlain, NT RHD Control 

Program Register Coordinator, personal communication, 12 September 2016).  In these cases it is 

unlikely that these people were ever at risk of an ARF recurrence, and so they were not eligible to 

be included.  

The Register only allows the current antibiotic regimen to be recorded in the standard data entry 

fields.  If someone’s prescription changes to or from oral antibiotics, the start and end dates for 

each prescription are often unclear and so reliable estimates of BPG adherence are not possible.   

There are several possible explanations for a recurrence to be a person’s first recorded diagnosis 

in the Register.  For instance, the person may have previously been diagnosed with ARF and/or 

RHD but this information has not been recorded.  Alternatively, the person may have presented 

to health services during an episode of ARF and upon investigation it is revealed that the person 

also has RHD (which was previously undiagnosed).  When established RHD is detected during an 

ARF episode it is likely that the individual has experienced at least one previous ARF episode 
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(which has contributed to the RHD), and so the ARF episode at the time of presentation is then 

recorded as a recurrence.  Another possibility is that the so called ‘recurrence’ is actually a first 

episode of ARF and the data have been entered incorrectly.  For the analysis of factors associated 

with adherence and clinical outcomes it was important to have reliable diagnosis information.  

Verification of these possible recurrences would have required a clinical review of patient 

information covering a long data period (so that all possible previous diagnoses could be 

identified).  The information on relevant interactions with the health system in the NT is spread 

across multiple databases:  the Centre for Disease Control Disease Notifications database, the 

Register, the hospital inpatient records, and the NT Cardiac database (NT Cardiac is a private 

company which conducts echocardiograms in the NT and echocardiogram reports are saved on 

their secure database).  Information on health services provided interstate is also scattered across 

multiple systems.    As I didn’t have access to all the data, these individuals were removed from 

the cohort. 

The number of people excluded from the cohort and the reason for exclusion are presented in 

Figure 12 on page 171.  

 

4.8. Calculating adherence 

In the absence of a gold standard for measuring adherence to SP, a multi-measure approach was 

used.  Five measures of adherence were calculated: 

 Percent adherence (using all doses) 

 Adjusted percent adherence (excluding ‘extra’ doses) 

 Proportion of days covered (PDC) 

 Total days at risk (totalDAR) 

 Maximum number of consecutive days at risk (maxDAR) 
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Between them, these measures capture the key elements of adherence to SP including the number 

of doses, the timing of doses and the distribution of days when a dose is overdue.  

 Timeframe for calculations 

There is no agreed minimum timeframe for adherence calculations for BPG SP.  The Rheach 

organisation collates and disseminates information to support the implementation of RHD control 

programmes worldwide and their handbook recommends that adherence to SP be monitored 

using the proportion of scheduled doses administered over a 12-month period.81 A 12-month 

timeframe facilitates comparison with international literature and the data reported by the Control 

Program and the Northern Territory Aboriginal Health Key Performance Indicator program.  In 

the RHDSP study, adherence was calculated over a minimum 3-month period to maximise the 

sample size of the secondary outcomes analyses.152  

In the interest of statistical robustness and to maximise sample size, in this study adherence was 

calculated for each calendar year when an individual required at least six BPG doses (a period of 

at least 168 days based on the 4-weekly regimen).  For people who commenced or ceased SP during 

the year, the denominators were adjusted accordingly. 

 Start date for adherence calculations 

The Register has a data field called ‘Start Prophylaxis’ which is used to capture the date when SP 

was first administered or prescribed (whichever occurred first).  This date was used as the start 

date for adherence calculations.  If the ‘Start Prophylaxis’ date was prior to the study period, 1 

February 2007 was used as the study adherence start date.   

 End date for adherence calculations 

The end date for calculations was the last day of the study period (31 December 2013), or the 

earlier of the person’s SP cease date or death date if either of those occurred during the study 
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period.  Doses administered after the study adherence end date were excluded from adherence 

calculations.  

Based on the Australian guidelines, people without a diagnosis of RHD who no longer require 

secondary prophylaxis are classified as ‘inactive’ (priority 4/P4).   If a person’s ARF or RHD was 

classified as inactive and there was no corresponding SP cease date, the date when the person was 

classified as inactive was used as the end date for calculations. 

 Excluded doses 

Preliminary examination of the data revealed a small number of dose dates which occurred prior 

to the individual’s ‘Start Prophylaxis’ date.  These dose dates may have been inaccurate, or the 

BPG may have been administered for an indication other than ARF or RHD.  As such, dose dates 

prior to the SP start date were excluded from calculations.  

 Percent adherence calculations 

Two measures of adherence which account for dose number only were chosen: percent adherence 

and adjusted percent adherence.  The number of doses prescribed for each person in each calendar 

year was calculated using the same formula for both measures of percent adherence. 

𝐵𝑃𝐺 𝑑𝑜𝑠𝑒𝑠 𝑝𝑟𝑒𝑠𝑐𝑟𝑖𝑏𝑒𝑑 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓𝑑𝑎𝑦𝑠 𝑆𝑃 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑

28
 

The number of days of SP required was calculated using the study adherence start date, adherence 

end date and the dates of the first and last days of each year.  For people prescribed 4-weekly BPG, 

if a dose was administered after December 3rd, the next dose would be due in mid to late January 

and there would be a certain number of days at the beginning of January when SP was not required.  

In this circumstance the number of days in January prior to the due date of the first dose for that 

year was factored into the calculation.  



121 

The dataset included the regimen frequency on the day of data extraction and was either 3-weekly 

or 4-weekly BPG.  There was no record of an individual being on 2-weekly BPG), however, many 

people ceased SP during the study period and when SP is ceased the regimen frequency field in 

the Register is changed to ‘ceased’ and the detail of the regimen frequency is overwritten.  For 

those who ceased SP it is unclear what their previous regimen frequency, or combination of 

frequencies, was.  It is also possible that someone who was still on SP at the end of the study may 

have changed regimen frequencies during the study period.  In both these instances it is possible 

that the individual had been prescribed oral antibiotics at some point, but the likelihood of this is 

low, with approximately 2% of people requiring SP during the study period prescribed oral SP.  

For BPG SP, 2-weekly regimens are extremely rare in the NT (one person out of 1,843 people 

during the study period), and a very small proportion of people are prescribed 3-weekly (less than 

1% during the study period), so calculations of adherence for all individuals were based on the 4-

weekly regimen. 

4.8.5.1. Percent adherence 

Current practice in the Northern Territory is to include all documented BPG doses in the 

calculation of percent adherence.  To enable comparison of this study’s results to the international 

literature and data compiled by the Northern Territory RHD Control Program, percent adherence 

using all doses was calculated.   

𝐴𝑛𝑛𝑢𝑎𝑙 𝑝𝑒𝑟𝑐𝑒𝑛𝑡 𝑎𝑑ℎ𝑒𝑟𝑒𝑛𝑐𝑒 =
𝐴𝑙𝑙 𝐵𝑃𝐺 𝑑𝑜𝑠𝑒𝑠 𝑎𝑑𝑚𝑖𝑛𝑖𝑠𝑡𝑒𝑟𝑒𝑑

𝐵𝑃𝐺 𝑑𝑜𝑠𝑒𝑠 𝑝𝑟𝑒𝑠𝑐𝑟𝑖𝑏𝑒𝑑
 × 100 

Percent adherence was capped at 100% 

4.8.5.2. Adjusted percent adherence 

There has been only limited investigation of penicillin concentrations after administration of single 

doses greater than the standard adult dose of 1 200 000 U of BPG,55, 58 and no data on multiple 

doses given in close proximity to people with ARF/RHD could be located.  In the absence of 
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information on the duration of protective levels of penicillin following closely spaced doses, and 

in order to avoid possibly inflated estimates of percent adherence, if a dose was administered 

within 15 days of the previous dose, it was considered an ‘extra’ dose and was excluded and 

adjusted percent adherence was calculated.  This approach was also adopted by the RHDSP study.   

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑎𝑛𝑛𝑢𝑎𝑙 𝑝𝑒𝑟𝑐𝑒𝑛𝑡 𝑎𝑑ℎ𝑒𝑟𝑒𝑛𝑐𝑒 =  
𝐵𝑃𝐺 𝑑𝑜𝑠𝑒𝑠 ≥ 14 𝑑𝑎𝑦𝑠 𝑎𝑝𝑎𝑟𝑡

𝐵𝑃𝐺 𝑑𝑜𝑠𝑒𝑠 𝑝𝑟𝑒𝑠𝑐𝑟𝑖𝑏𝑒𝑑
 × 100 

Adjusted percent adherence was capped at 100%. 

 Definition of ‘days at risk’ 

Three measures (proportion of days covered, total days at risk and maximum consecutive days at 

risk) required calculating the number of ‘days at risk’ for each individual.  Days at risk (DAR) 

account for the number and timing of BPG doses; they are not yet widely used to monitor 

adherence to SP, and as yet there is no standard definition.  For the purpose of this analysis, the 

date the BPG dose was administered was considered day 1 and days at risk started on day 29 if 

another dose had not yet been administered.  The Control Program uses this formula to calculate 

DAR for people on a 4-weekly regimen.  For this study, this method was applied to all people on 

BPG SP, regardless of the frequency of their prescribed regimen.   

The study adherence start date was a possible day at risk.  The SP cease date and death dates were 

not possible days at risk, nor was the day that the BPG dose was administered.  

All doses were included in the calculation of days at risk.  

 Proportion of days covered  

𝐴𝑛𝑛𝑢𝑎𝑙 𝑃𝐷𝐶 =  1 −  
𝑇𝑜𝑡𝑎𝑙 𝐷𝐴𝑅 𝑖𝑛 𝑦𝑒𝑎𝑟

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒 𝐷𝐴𝑅 𝑖𝑛 𝑦𝑒𝑎𝑟
  

 Total days at risk  

Total days at risk was the sum of the days at risk per year.   
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 Maximum consecutive number of days at risk  

This measure was the longest period of consecutive days at risk for each individual in each year.   

 Correlation between measures 

To determine the correlation between the measures of adherence scatterplots were created 

comparing each measure with percent adherence, and Spearman’s rank correlation coefficients and 

p values were calculated for every pair of measures using Stata routine ‘spearman’. 

 

4.9. Factors associated with adherence  

 Study design 

A retrospective cohort design was used to investigate whether demographic or disease factors were 

associated with adherence (see Hypothesis 1, Thesis aim 3), and univariate and multivariable 

models were assessed.  People with missing demographic or disease status information were 

excluded from analyses.   
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 Factors  

Table 3 lists the factors investigated.  

Table 3. Factors potentially associated with adherence 

Factor Categories 

Patient demographics  

Age 

 

 

 

Sex 

 

Ethnicity*  

 

Residential area 

children (0 - 14 years)  

adolescents (15 - 21 years) 

adults (22 - 40 years) 

older people (41 years and older) 

male 

female 

Indigenous 

not Indigenous 

urban 

not urban 

Disease and treatment characteristics (ARF and RHD) 

Disease severity 

 

 

 

Regimen schedule  

 

Time since first diagnosis 

severe RHD 

moderate RHD 

mild RHD 

ARF only 

3-weekly 

4-weekly 

Less than 1 year 

At least 1 year 

Comorbidities  

Presence of a comorbidity† 

Hypercholesterolaemia 

Hypertension 

Obesity 

Hazardous alcohol use 

Other drug misuse 

Depression  

Intentional self-harm 

Experience of assault 

yes/no 

yes/no 

yes/no 

yes/no 

yes/no 

yes/no 

yes/no 

yes/no 

yes/no 

Calendar year  

*the Register data entry field for ethnicity uses the term ‘Aboriginal’ to refer to Aboriginal and/or 

Torres Strait Islander, ‘not Aboriginal’ includes all other ethnicities; † As indicated by the Charlson 

Comorbidity Index+ 
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4.9.2.1. Age 

Age at the end of each year was calculated and rounded down to the nearest year.  The population 

was categorised into four groups: children (0-14 years), adolescents (15-21 years), adults (22-40 

years) and older people (41 years and older).  These categories were selected to align with the 

reducing risk of ARF as people age and the typical durations of SP regimens (see Table 1 in 

Introduction): children includes the group at greatest risk of developing ARF;13 the adolescent 

group finishes at 21 years, when many people in Australia cease SP in accordance with guidelines13.  

The adult group finishes at 40 years of age, which is when the majority of people with severe RHD 

cease SP.   Despite the very low risk of ARF after people turn 40, individuals with particularly 

severe RHD may be prescribed lifelong SP, and this final group is captured in the older people 

group.   

4.9.2.2. Residential area 

The region of the person’s primary health service at the time of data extraction was used to classify 

them as living in an urban area or outside urban areas.   The location of the primary health service 

is a reasonable proxy for the person’s residential area.  The regions in the Register are:  Alice 

Springs rural, Alice Springs urban, Barkly, Darwin rural, Darwin urban, East Arnhem and 

Katherine (see Figure 7).  Alice Springs urban and Darwin urban were classified as ‘urban’ and all 

other regions were included in the ‘not urban’ category.   This categorisation was also used by He 

et al.,11 however the term ‘remote’ was used instead of ‘not urban’. 
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Figure 7. Map of the Northern Territory depicting the regions used in the NT RHD 
Register 
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4.9.2.3. Disease severity 

Four disease status categories were used: severe RHD, moderate RHD, mild RHD and ARF only.  

Severe RHD aligns with P1 in the Australian guidelines and the Register and moderate RHD aligns 

with P2 from the guidelines.  The Australian guidelines’ P3 includes people with mild RHD and 

people with a diagnosis of ARF without RHD.  After the resolution of their episode of ARF, 

people without RHD may be less symptomatic than people with mild RHD, and their apparent 

wellness may influence their adherence to secondary prophylaxis.  For this reason, people classified 

as ‘priority 3’ were divided into two groups based on the presence or absence of RHD (see Table 

1 in Introduction).   

Diagnosis information and medical review data were used to determine an individual’s disease 

status at their study adherence start date and at the beginning of each year.  RHD diagnosis dates 

were used to separate people into the mild RHD and ARF only groups.  If a person was diagnosed 

with RHD within six months of their study adherence start date, and both dates fell within the 

same calendar year, the person was classified as having RHD for that calendar year.   

4.9.2.4. SP regimen 

Previous studies have found that adherence can vary according to regimen frequency,120 so it was 

reasonable to assume that regimen frequency may also influence adherence in this cohort.  There 

are nine possible SP ‘types’ in the Register:  2-weekly BPG, 3-weekly BPG, 4-weekly BPG, oral 

(penicillin), oral (erythromycin), other, ceased, none and unknown.  Once a health professional 

recommends that SP is no longer required, the SP ‘type’ documented in the RHD Register is 

changed to ‘ceased’ and the regimen frequency can no longer be viewed.  The study dataset had 

the SP ‘type’ documented in the Register at the time of data extraction.  Only 1% of the study 

population were prescribed 3-weekly BPG during the study period, so all people whose SP type 

was ceased and for whom there was no indication that they had been prescribed oral SP, were 

included in the 4-weekly BPG group.  
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4.9.2.5. Time since first diagnosis 

Time since initial diagnosis (ARF or RHD) has been shown to influence adherence to SP.83 The 

time since first diagnosis was calculated for each person based on the middle of each calendar year.  

Annual adherence observations were divided into two categories: within one year of first diagnosis, 

and at least one year after first diagnosis.    

4.9.2.6. Comorbidities 

Comorbidities can negatively or positively affect adherence to other medications122 and may 

influence a person’s ability to adhere to SP.  Comorbidities may mean that the person has increased 

interaction with health services and there are more opportunities for SP to be delivered resulting 

in higher adherence, or they may negatively affect adherence to SP if the person’s attention is 

focussed on the management of their other condition/s, which might be especially likely if the 

other condition/s are more symptomatic than their ARF or RHD.   

One method of capturing comorbidity is to calculate the Charlson Comorbidity Index (CCI).  The 

index was developed in 1984 as part of an investigation into which comorbidities affected the risk 

of death in longitudinal studies,153 (see Box 3 for a list of the included comorbidities).  

Comorbidities are allocated a score depending on the level of morbidity associated with them and 

these scores are combined to obtain the CCI.  When the CCI was first proposed, the authors used 

12 months of hospital data to determine the presence of comorbidities, although no rationale was 

offered for the timeframe.153  People with comorbidities may not be hospitalised every year, for 

example, 31% of Australians with diabetes reported being admitted to hospital in the previous 12 

months,154 and a comorbidity may not be included in the hospital diagnosis codes,155 especially if 

the comorbidity was not directly related to the reason for admission or a primary diagnosis.  

Therefore, 12 months of data may underestimate the presence of comorbidities in this study’s 

population.  On the other hand, if the timeframe of included admissions is too long, the 

comorbidity may have resolved or become well managed and may no longer have the potential 
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influence an individual’s ability to adhere to SP.   The CCI has previously been calculated for 

people on the Register, using five years of hospital admissions.11  Accordingly, data relating to 

admissions during the five years prior to the study adherence start date were included.  

Comorbidities diagnosed while the person was on SP during the study period may also have 

influenced adherence to SP, consequently admissions during this timeframe were also included.  

Stata code developed by Quan et al., 2005, was adapted to calculate the CCI.156  

The comorbidities included in the CCI are significant (eg: dementia, AIDS) and on the whole are 

more relevant to older people.  The sample in this study were relatively young (median age: 24 

years) and so the CCI index for each person was converted to a yes/no variable and used as a 

coarse measure of the presence of severe comorbidities.  People who were not admitted to hospital 

in the five years prior to their study adherence start date or during the study period were 

categorised as having no CCI comorbidity.  

Box 3. Conditions included in the calculation of the Charlson Comorbidity Index 

 AIDS 

 cerebrovascular disease 

 chronic liver disease 

 chronic lung disease 

 congestive heart failure 

 connective tissue disease 

 dementia 

 diabetes with end organ damage 

 diabetes 

 hemiplegia 

 leukaemia 

 lymphoma 

 malignant tumour 

 metastasis 

 moderate or severe kidney disease 

 moderate or severe liver disease 
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 myocardial infarct 

 peripheral vascular disease 

 tumour 

 ulcer 

 

There are several other comorbidities – not captured by the CCI – which are relevant to the study 

population and may have influenced adherence so the following conditions (also used by He et al.) 

were included as separate variables to better capture the health and well-being of the study sample.   

alcohol use, alcohol abuse, alcohol dependence, alcohol related mental disorders, other 

drug use, depression, intentional self-harm, obesity, hypertension, hypercholesterolemia, 

and assault.11  

He provided the Stata code and this was adapted to identify individuals with hospital admissions 

with diagnoses for at least one of these conditions.  The four alcohol related comorbidities were 

combined into a single group called ‘hazardous alcohol use’. 

 Statistical analysis 

All analyses were conducted using Intercooled Stata 14.2 (StataCorp. 2015. Stata Statistical 

Software: Release 14. College Station, TX: StataCorp LP). Results were considered significant at 

p<0.05. 

 Statistical analysis: factors associated with receiving at 

least one dose 

People who had no documented doses during the study period (while prescribed SP) were 

identified and factors associated with receiving no doses were determined by univariate analyses 

and multivariable logistic regression.  For the univariate analyses, continuous factors were 

compared using ANOVA and categorical factors were compared by χ2 tests and p values are 

reported.  The multivariable logistic regression models included all variables which, based on 
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existing research on adherence to medications, might have influenced adherence to secondary 

prophylaxis.  Adjusted odds ratios (ORs) with 95% confidence intervals (CIs) and p values are 

reported.  

 Statistical analysis: continuous measures of adherence 

Histograms were used to determine the normality of the distribution of adherence measures.  For 

measures that were not normally distributed, Stata routine qladder was used to identify possible 

transformations. 

Summary measures for the entire cohort are reported (mean, median, interquartile range and 

range).  Mean and median adherence are reported for each group with the standard deviation and 

interquartile range.  The difference in means between groups was analysed using linear regression 

with generalised estimating equations to account for individuals with repeated measures.  Stata 

routine xi: qic was used to determine the appropriate correlation type for the univariate analyses.  

The results of the univariate analyses indicated that the exchangeable correlation structure was 

most appropriate for the data.  An exchangeable correlation structure was applied to the 

multivariable analyses using Stata routine xi: xtgee which enabled adjustment of the reference group.   

All variables under investigation might reasonably have been associated with adherence so all of 

them were included in the multivariable models.  The adjusted expected mean difference, 95% CIs 

and p values are reported.  

 Statistical analysis: dichotomised adherence  

4.9.6.1. Dichotomisation of percent adherence and adjusted 

percent adherence 

The two categories were: at least 80% doses (for percent adherence this equates to at least 11 doses 

in a 12-month period; for adjusted percent adherence this equates to at least 11 doses which were 

at least 14 days apart from eachother) and less than 80% doses, in alignment with the current target 

for SP delivery in Australia.13 
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4.9.6.2. Dichotomisation of PDC 

In addition to 80% of doses being the current Australian target for SP, 80% is the optimal 

medication adherence cut-point for some other chronic conditions and is widely used to define 

adherence.157  Therefore this threshold was applied to PDC, with the two categories being: at least 

0.8 PDC and less than 0.8 PDC.  The only previous study to publish PDC estimates for SP also 

used this cut-off.83 

4.9.6.3. Dichotomisation of total days at risk 

The 80% threshold was also applied to the measure of total DAR.  To be protected for at least 

80% of the year a person can have no more than 73 DAR, so the two categories were less than 74 

DAR and at least 74 DAR.  

4.9.6.4. Dichotomisation of maximum consecutive DAR 

It is not possible to apply an 80% threshold to maximum consecutive DAR — since there may be 

multiple other periods of DAR in the year — so this measure was not dichotomised.  

For each measure the proportion of people who were and were not adherent was calculated and 

the differences in proportions were analysed using logistic regression, again with generalised 

estimating equations to allow for repeated measures for each patient.  As with the continuous 

measures of adherence, Stata routines xi: qic and xi: xtgee were used, in this case to perform logistic 

regression.  ORs, 95% CIs and p values are reported.   

4.10. Clinical outcomes associated with adherence 

To determine the association between clinical outcomes and adherence (Hypotheses 2 and 3, 

Thesis aim 4), five outcomes were investigated: ARF recurrence, progression to RHD, progression 

from mild RHD to severe RHD, improvement from severe RHD to mild RHD, and death.  
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 Definitions of outcomes 

4.10.1.1. ARF Recurrence 

A recurrence of ARF was defined as a diagnosis of definite, probable or possible ARF more than 

90 days after the previous ARF diagnosis.  Diagnoses of recurrent ARF during the study period 

which occurred while the person was prescribed SP were eligible for inclusion.  

4.10.1.2. Progression from ARF to RHD 

Progression to RHD was defined as a first diagnosis of ARF (definite, query, probable or possible) 

with a subsequent diagnosis of RHD, with both diagnoses occurring during the study period.  In 

Australia confirmation of a diagnosis of RHD requires an echocardiogram which may take some 

time to arrange, therefore it is possible that RHD is present during an ARF episode yet the RHD 

diagnosis date is after the ARF diagnosis date.  Therefore the RHD diagnosis needed to be at least 

90 days after the previous ARF diagnosis and the person needed to have been prescribed SP for 

at least 90 days between diagnoses (a shorter period of SP is unlikely to have had the potential to 

influence the likelihood of RHD developing).   

4.10.1.3. Progression of RHD 

The determination of the priority classification for people with RHD is based on echocardiography 

and specialist clinical interpretation.  The few studies which have reported on the association 

between SP and progression of RHD have used different criteria to define progression.  Rizvi et 

al. reported on changes to valve lesions 12 years after RHD diagnosis, however the authors did 

not describe how they measured changes in lesion severity.6  Haran et al. defined RHD progression 

as any increase in valvular regurgitation.7 Regurgitation was quantified using Doppler 

echocardiography, in accordance with recommendations from the European Association of 

Echocardiography.  Detailed results of Doppler echocardiograms were not available for this 

study’s population and therefore it was not possible to apply the methodology used by Haran et al.  

In addition, valve stenosis, which was not measured by Haran et al., can contribute to the severity 
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of RHD15, so RHD classifications recorded in the Register (which in most cases had been assigned 

by a cardiologist) were used to identify progression and improvement of RHD.  The interpretation 

of echocardiograms has limited objectivity and repeatability15 and the separation of mild RHD 

from moderate RHD is a particularly grey area, as different specialists may assign different priority 

classifications using the same information.  This means a change from mild RHD to moderate 

RHD in the Register data may not indicate true deterioration of heart function.  Severe RHD, 

however, is more obvious and more reliably diagnosed, and so a change from mild RHD to severe 

RHD is likely to indicate genuine worsening of heart disease.  For this reason, progression of RHD 

was defined as a change from mild RHD (P3) to severe RHD (P1).  The most recent classification 

as mild RHD and the subsequent classification of severe RHD needed to occur during the study 

period and while the person was prescribed SP.  Only classifications assigned by a cardiologist, 

paediatric cardiologist or as a result of an angiogram, echocardiogram or transoesophageal 

echocardiogram, were included.    

4.10.1.4. Improvement of RHD 

As with progression of RHD, other studies have used a variety of methods to measure 

improvement in valvular disease.6, 136, 142  For this study, improvement of RHD was defined as a 

classification of severe RHD followed by a classification of mild RHD.  The most recent severe 

classification and the first mild classification needed to fall within the study period and both 

classifications needed to have been made while the person was prescribed SP.  

4.10.1.5. Death 

Deaths from all causes which occurred while the person was prescribed SP were considered for 

inclusion.  
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 Study designs 

4.10.2.1. Designs and data sources used by previous studies 

investigating the relationship between adherence and ARF 

or RHD outcome 

A review of the literature identified eight studies which reported the results of statistical tests of 

the association between adherence to SP and the risk of ARF recurrence.  Seven of these were 

cohort studies which used data collected during retrospective reviews of medical records.  One 

study was a randomised controlled trial designed to compare the efficacy of 3-weekly BPG with 

4-weekly BPG.105    

4.10.2.2. Designs and data sources used for this study  

Two study designs were selected to explore the association between adherence and clinical 

outcomes: a nested case-control and a case-crossover.  Given the limited statistical precedent, two 

study designs were chosen to enable measurement of internal validity and to determine the validity 

of methods which could be adopted by future studies.  Data were collected retrospectively from 

the three databases and then linked (see page 106 for detail on the dataset).  The use of existing 

administrative data meant no additional burden was placed on people with ARF or RHD or on 

healthcare providers and a long study period could be included.  The provision of BPG is routinely 

documented by the healthcare providers at the time of administration in the health services 

database and then this information is shared with the Register in a systematic way on a regular 

basis.  As a result, adherence estimates derived from Register data are not affected by recall bias 

which can reduce the validity of estimates based on self-reported/parent-reported information.  

Using the Register data was the most efficient and reliable method for estimating adherence for 

this study sample.   

Nested case-control analysis 

For all analyses cases could act as controls for other cases and people could be controls for multiple 

cases.  The potential repetition of individuals as controls is required to ensure independent 
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sampling of controls for each case.158  Percent adherence and adjusted percent adherence were 

only calculated for people who required at least six BPG doses during the period for adherence 

calculations.  

ARF recurrences 

Cases with at least 12 months of SP data prior to the onset of their ARF recurrence were included.  

If people experienced more than one ARF recurrence in the study period, each ARF recurrence 

was considered for inclusion as a separate case.  For the analysis of ARF recurrences, two controls 

were selected at random for each case, matched on ethnicity, sex, age group (based on their age at 

the end of the study period) and residential region.  Controls needed to have SP data for at least 

the same 12 months as their case.   

Progression from ARF to RHD 

Cases were people who were diagnosed with RHD at least 90 days after a previous diagnosis of 

ARF and were prescribed SP for at least the period between diagnoses.  Controls were people who 

had not been diagnosed with RHD prior to the case’s RHD diagnosis date and were prescribed 

SP for at least the same period as their case.  

Progression of RHD 

Cases were people who, during the study period, were classified with mild RHD and were 

subsequently classified as having severe RHD.  Cases must have been prescribed SP for at least 

the period between the most recent mild classification and the first severe classification.  Controls 

were people with a classification of mild RHD who had not been classified as having severe RHD 

prior to their case’s severe classification.  Controls needed to have been prescribed SP for at least 

the same period as their case.  
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Improvement of RHD 

Cases were people who, during the study period, were classified with severe RHD and were 

subsequently classified as having mild RHD.  Cases must have been prescribed SP for at least the 

period between the most recent severe classification and the first mild classification.  Controls 

were people with a classification of severe RHD who had not been classified as having mild RHD 

prior to their case’s mild classification.  Controls needed to have been prescribed SP for at least 

the same period as their case.  

Death 

Eligible cases were people who died after 1 February 2008 and had been prescribed SP for at least 

12 months prior to their death.  Controls where people who did not die during the study period 

or died after their case and were prescribed SP for at least the 12-month period prior to their case’s 

death.  Three randomly selected controls were matched to each case based on ethnicity, sex, age 

group and residential region.  Cause of death information was not available so the analysis could 

not be disaggregated.      

Case-crossover 

The case-crossover design was first used by Maclure in the early 1990s to identify predictors of 

myocardial infarction.159  Since then it has been widely used in air pollution studies and is becoming 

increasingly popular in pharmacoepidemiology studies.160 The case-crossover design can be applied 

to outcomes with a sudden onset where the exposure is transient.161 The design enables control 

for time independent confounders which are not captured in the available data (such as genetic 

vulnerability to ARF and exposure to GAS).  The analysis includes cases only, who act as their 

own controls.  Exposure to the variable of interest in the time period prior to the event (case 

window) is compared with exposure during multiple other periods when there were no events 

(control windows).  To facilitate comparison with the case-control analysis, the sample was 
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restricted to people who were prescribed SP during the case window and all control windows.  All 

five measures of adherence were calculated for each window.   

ARF recurrences  

The case window was the 12-month period prior to the ARF recurrence onset date.  The duration 

and timing of the case window was decided in discussion with experts in ARF and RHD 

physiology.  Two control windows were selected: the 12-month period preceding the case window 

and the 12-month period immediately after the ARF recurrence onset (see Figure 8).  Additional 

control windows were not selected as this would have drastically limited the sample size.   If people 

experienced more than one ARF recurrence in the study period each recurrence was considered 

as a separate event.   

 

Figure 8. Case and control windows for ARF recurrence case-crossover analysis 

 

Deaths  

The case window was the 12 months prior to the death date.  Deaths due to any cause were 

included.  As with the ARF recurrence case window, the duration and timing of the case window 

was decided in discussion with experts in ARF and RHD physiology.  Two control windows were 

selected - the two consecutive 12-month periods preceding the case window (see Figure 9).  Again, 

the number of control windows was limited to two to maximise the sample size.   

Control window 1 Case window 

ARF recurrence onset 

12 months 12 months 

Control window 2 

12 months 
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Figure 9. Case and control windows for death case-crossover analysis  

 

Other outcomes 

The case-crossover design could not be applied to progression from ARF to RHD since there are 

no possible control windows.  The ideal case window is from the date of the first diagnosis of 

ARF until the date of RHD diagnosis.  A control window prior to the first diagnosis of ARF is 

not possible since the person would not have been prescribed SP at that time and control windows 

after the RHD diagnoses are not possible since the person is no longer at risk of RHD.  

For progression of RHD the case window is the time between most recent mild RHD classification 

and the first classification of severe RHD.   Control windows are two consecutive periods 

immediately prior to the mild classification, each the same duration as the time between the mild 

and severe classifications.  The same approach is applied to improvement of RHD - the case 

window is the period between the most recent severe classification and the first mild classification 

and the control windows are the two periods immediately prior to the case window, each the same 

duration as the case window.  

 Statistical analysis 

4.10.3.1. Approaches used by previous studies 

Many studies have described the adherence of people with ARF and/or RHD who have an adverse 

clinical outcome but very few have statistically analysed the association between adherence to SP 

and clinical outcomes (see Table 2 on page 58).  The randomised controlled trial referred to above 105 

Control window 2 Control window 1 Case window 

Death date 

12 months 12 months 12 months 



 

140 
 

categorised people as ‘stay in compliant’, ‘stay in partial’ or ‘dropout’ and compared the rates of ‘prophylaxis 

failure’ in the 3-weekly BPG and 4-weekly BPG groups using Fisher’s exact test.  Several other studies 

dichotomised adherence and used χ2 and Fisher’s exact tests to compare proportions of people who had a 

recurrence.91, 100, 105, 106, 132   Two studies used logistic regression with dichotomised adherence.90, 93  The 

literature review identified just one study which analysed the association between a continuous measure of 

adherence and ARF recurrences, a receiver operating characteristic (ROC) curve was presented and logistic 

regression was performed109 (the findings are discussed in Chapter 1 Introduction, page 78). 

4.10.3.2. Approaches used for this study  

The following methods were applied to the case-control and case-crossover analyses.   

Effects of different measures of adherence on recurrence and other outcomes were estimated 

using conditional logistic regression.   ORs, 95% CIs and p values are reported.  Population 

attributable fractions (PAF) were also estimated using the user-written Stata routine punafcc (Roger 

Newson, 2011. "PUNAFCC: Stata module to compute population attributable fractions for case-

control and survival studies," Statistical Software Components S457354, Boston College 

Department of Economics, revised 13 Jan 2017). 

4.10.3.3. Continuous measures of adherence 

Possible non-linear effects of the influence of adherence on clinical outcomes were estimated using 

fractional polynomials in regression models162 (Stata routine fracpoly).  Results were graphed using 

Microsoft Excel.  

ROC curves can be used to depict the performance of a diagnostic test and multiple curves may 

be used to compare different tests.  For this study ROC curves plotting sensitivity against 1-

specificity were generated for each measure of adherence to compare their ability to predict the 

outcome of interest (Hypothesis 2).  In the typical scenario depicted by a ROC curve, increased 

exposure represents increased risk and the resulting curves are above the reference line.  For 

percent adherence, adjusted percent adherence and PDC, an increased value represents a decreased 

https://ideas.repec.org/c/boc/bocode/s457354.html
https://ideas.repec.org/c/boc/bocode/s457354.html
https://ideas.repec.org/s/boc/bocode.html
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risk, so the inverse of these measures was plotted.  The area under the curve of the inversed 

measure represents the strength of the measure to predict the outcome.  

ROC analyses are commonly undertaken using data from cohort studies as the population 

prevalence of the condition can be estimated.   However, it is appropriate to generate ROC curves 

from the case-control and case-crossover data from this study because when the results of the 

conditional logistic regression (which accounts for the case-control structure of the population) 

were compared with unadjusted logistic regression and adjusted logistic regression (which both 

treat the population as a cohort), the results were very similar.  For the case-control analysis of 

ARF recurrences and percent adherence the ORs for the three regression types were the same to 

two decimal places and all p values were <0.05.  When the equivalent analyses were performed 

using the case-crossover dataset the odds ratios differed by 0.01 and the p values were all 

<0.05.  These results indicate that the populations in the case-control and case-crossover analyses 

have similar properties to a cohort and it is therefore reasonable to produce ROC curves using the 

data.    

The optimal cut point on the ROC curve was determined by identifying the adherence value/s 

with the maximum Youden’s index (the difference between the true positive rate and the false 

positive rate163).  

4.10.3.4. Dichotomised measures of adherence 

Despite the loss of detail which results from categorising data, SP adherence data are commonly 

categorised in studies and reports.  The NT Aboriginal Health Key Performance Indicator is based 

on the target of administering at least 80% of scheduled doses, effectively dividing individuals into 

two groups: adherent and not adherent.   Other reporting mechanisms have additional divisions.  

One21seventy produced a suite of continuous quality improvement audit tools which have been 

used throughout the NT to measure performance in delivery of primary care.164 The audit results 

are presented as graphs of the proportion of people receiving <40%, 40-59%, 60-79% and 80% 



 

142 
 

or more, while RHDAustralia has used <50%, 50-79%, 80-99%, 100% and >100% in reports for 

the Commonwealth Government (C Boardman, previous deputy director of RHDAustralia, 

personal communication, 11 August 2017). 

For the first set of analyses of dichotomised adherence, individuals were classified as adherent if 

they received at least 80% of scheduled doses (calculated using percent adherence and adjusted 

percent adherence), their PDC was at least 0.8 or they had no more than 73 total DAR in a year.  

As mentioned previously, the 80% threshold could not be applied to the maxDAR measure.  The 

number and proportion of adherent people was calculated and the benefit of being adherent was 

investigated using logistic regression as described above.   

To determine the benefit of reaching higher and lower degrees of adherence (Hypothesis 3), several 

additional cut-off points were analysed using the same methods.   All tested cut-offs are listed in 

Table 4.  
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Table 4. Adherence thresholds used in sensitivity analyses 

Percent adherence & adjusted percent adherence 

 At least 90% 

 At least 80% 

 At least 70% 

At least 60% 

 At least 50% 

Proportion of days covered 

 At least 0.9 

 At least 0.8 

 At least 0.7 

At least 0.6 

 At least 0.5 

Total days at risk* 

 No more than 30 days 

 No more than 50 days 

 No more than 60 days 

 No more than 90 days 

 No more than 100 days 

 No more than 120 days 

 No more than 150 days 

Maximum consecutive days at risk 

 No more than 14 days 

 No more than 28 days 

 No more than 42 days 

 No more than 168 days 

*For total days at risk I hoped to find a cohesive series of cut-offs based on round numbers.  I 

investigated two possible ‘sets’: 30, 60, 90 and 120 days and 50, 100, and 150 days.  

As with the 80% (or equivalent) thresholds, the number and proportion of people classified as 

adherent was calculated and the benefit of reaching each adherence threshold was determined as 

described above.  ORs and PAFs are reported with 95% CIs and p values.  
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Chapter 5. Results - data validation  

5.1. Chapter summary 

This chapter presents the results of the validation of relevant data from the Northern Territory 

Rheumatic Heart Disease Register (Thesis aim 1).  

Two separate validation exercises were undertaken to assess the accuracy of the secondary 

prophylaxis data.  The first validation was undertaken as part of the RHDSP study.  Dose dates 

between 2012 and 2014 were validated and the corrected data resulted in a significant increase in 

the mean percent adherence, and an increase in the proportion of people receiving ≥80% of BPG 

doses which neared significance.   I developed the protocol for the validation process, finalised the 

spreadsheets containing the results and consulted with a statistician regarding the analysis.  I 

drafted the manuscript and take responsibility for the content.  All other authors reviewed the 

manuscript and approved its submission.  The dose dates investigated are included in the study 

dataset and so the findings have direct relevance to this thesis.  The results of the RHDSP 

validation process were published and the article is included in this chapter commencing page 146.    

The findings of the RHDSP study validation indicated that it would also be important to determine 

the validity of older data which was being used for this study and the results of this process are 

included here.  A random sample of BPG dose dates from 2009 were investigated.  After correction 

of the data, the mean percent adherence changed from 61% to 62% the proportion of people 

receiving ≥80% of doses changed from 17% to 19%. 

The completeness of ARF recurrence and RHD diagnoses documented in the RHD Register was 

also examined.  Hospital admissions with a diagnosis of ARF or RHD were identified and 

compared with diagnosis data in the Register.  Inconsistencies in diagnoses occurring during the 

study period while someone was prescribed SP were investigated.  Finally, echocardiogram reports 
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and cardiologist letters in the Register were compared with data stored in NT Cardiac databases.  

The results and discussion are presented here.   

ACRONYMS, ABBREVIATIONS & GLOSSARY 

 

ARF acute rheumatic fever 

 

BPG benzathine penicillin G (a long-acting penicillin 
formulation which is the first line medication for secondary 
prophylaxis) 

 

Control Program the Northern Territory Rheumatic Heart Disease Control 
Program 

 

NT Cardiac the company contracted by the Northern Territory 
Government to conduct outpatient echocardiograms and 
cardiologist reviews in the Top End region of the Northern 
Territory 

 

NT Northern Territory 

 

PCIS  Primary Care Information System (the electronic database 
used by NT Government health services) 

 

Percent adherence  percent of prescribed doses that were administered 
(number of prescribed doses calculated according to 4-
weekly BPG regimen) 

 

Register the Register of the Northern Territory Rheumatic Heart 
Disease Control Program 

 

RHD rheumatic heart disease 

 

RHDSP study the ‘Improving Delivery of Secondary Prophylaxis for 
Rheumatic Heart Disease: A Stepped-wedge, Community-
randomised Trial’, funded by the National Health and 
Medical Research Council, project reference 1027040   

 

SP secondary prophylaxis 

 

 



 

146 
 

5.2. Validation of dose dates 

 Published article reporting on the data validation 

process undertaken for the RHDSP study 
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 Validation of the study dataset 

The data randomly selected for validation had dose date information for 284 people, including 

2,107 dose dates.  A medical student investigated data in the Primary Care Information System 

(PCIS) (PCIS documents the care provided by Northern Territory Government primary health 

centres).  I investigated the doses documented in Danila Dilba’s database (Danila Dilba is a 

community-controlled health service in Darwin).  Due to limited time, the records for 48 people 

were investigated.  Twenty doses (5.1%) could not be investigated as we didn’t have access to the 

databases with the original data.  We investigated 371 dose dates.   

In six cases (1.6%) the Register and health centre databases had two different dates for the same 

individual in the same month.  It is possible that two doses were given in the same month and one 

dose was only recorded in the Register and the second dose was only recorded in the primary 

health centre’s database.  This could have happened if the health provider recorded one of the 

doses on the paper ‘masterchart’ and forgot to document it in the health centre’s database.  A 

masterchart is list of all SP patients who are regular patients at the clinic and was used by health 

services to report dose dates to the Register.  Dose dates were handwritten onto a paper 

masterchart and a copy was faxed to the Register at the end of each month.  This process has been 

replaced in most health centres by an electronic report which is automatically emailed to the 

Register.  This is more likely to have occurred when BPG is provided as an outreach service and 

staff can’t access the database until they return to the clinic.  To explain the other mismatch, staff 

might have entered the second dose date in the health service’s database and then forgotten to 

copy it onto the masterchart.  It is more likely that one dose was administered that month and the 

Register dose date was incorrect.  The inaccuracy may have been caused by a typographical error 

during manual data entry, or could have been a result of a known Register bug which prevents the 

entry of dates which fall at the end of a ‘period’ – ‘periods’ were used to monitor adherence to SP 

in the NT in the past.  Each year was divided into 13 consecutive periods of 28 days and the 
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number of periods when a BPG dose was administered was calculated.) The alternative, and less 

likely, explanation is that two doses were administered and the Register was missing one of these 

dose dates.  

Information in the health centre database suggested that one dose recorded in the Register was 

not actually administered.  The information was inconclusive, so this dose date was retained in the 

dataset for analysis.  There was no supporting evidence in the health centre data for 106 doses 

(28.6%).  As mentioned above, it is possible that dose dates were recorded on the paper 

masterchart and sent to the Register but never entered onto the health centre’s database.   There 

was no conclusive evidence that the doses were not administered and so these dose dates were 

retained in the dataset for analysis.  There were eight doses in the health centre database which 

were not recorded in the Register and these were added to the study dataset.  

5.2.2.1. Impact on adherence 

Mean adherence increased significantly from 61% to 62% after validation (p=0.0321).  The 

proportion of people receiving at least 80% of scheduled doses increased from 17% to 19% after 

validation (McNemar’s Chi2=1.00, p=0.3173).  The investigation of adherence data conducted as 

part of the RHDSP study found that mean adherence increased from 63.5% to 67.3% (p<0.001) 

and the proportion of patients receiving at least 80% of doses increased from 34.2% to 42.1% 

(p=0.06).   

Table 5. Characteristics and findings of the two secondary prophylaxis data validation 
exercises 

  This study’s validation  

(2009 data) 

RHDSP study  

(2012-2014 data) 

Patients investigated 48 237 

Doses in random sample from Register  391 3133 

Doses investigated 371 (94.9%) 2780 (88.7%) 

Doses that could not be investigated 20 (5.1%) 353 (11.3%) 
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Given the change in percent adherence after validation of the 2009 dose dates was very minimal 

and the change in the proportion of people receiving at least 80% of doses was not significant 

after either validation process, the adherence estimates for this study were not adjusted.   

5.2.2.2. Duplicate dose dates 

One hundred and thirty two (132) duplicate dose dates were identified and deleted from the study 

dataset.  

5.2.2.3. Other dose date issues identified 

One woman had been administered a BPG dose during pregnancy without any indication of ARF 

or RHD (it may have been administered for skin sores or syphilis).  She later was diagnosed with 

ARF and SP was commenced.  The dose administered during pregnancy was removed from the 

study dataset. 

There were four impossible dose dates (years: 1900, 2015, 2101 and 3062) and three dose dates 

prior to the individual’s date of birth.  Nine dose dates were more than one year prior to the 

person’s first diagnosis.  One dose had been removed from the Register.  All 17 doses were 

removed from the study dataset.  There were no dose dates after a person’s date of death.  

5.3. Validation of diagnostic information 

There were three individuals with no diagnosis information in the dataset; the pertinent 

information was located in the Register and used to complete the study dataset.  The diagnosis was 

recorded as ‘pending’ for eight individuals; again, the Register was checked and the study dataset 

updated with the information from the Register.  

Mismatching dates 6 (1.6%) 102 (3.7%) 

Doses without supporting evidence in 

PHC data 
106 (28.6%) 66 (2.4%) 

Doses missing from Register 8 (0.17 per person) 196 (0.83 per person) 
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 ARF diagnoses 

5.3.1.1. Inconsistencies identified in the Register data 

During the investigation of ARF diagnoses one person had two ARF episodes with diagnosis dates 

only 20 days apart (diagnosis dates need to be at least 90 days apart to define the symptoms as a 

result of two distinct episodes of ARF).  The Control Program were notified and their investigation 

concluded that the second diagnosis was part of the initial episode.  As a result, the second 

diagnosis date was removed from the study dataset.  One individual had two ARF episodes 

documented with overlapping onset and diagnosis dates and the Control Program confirmed that 

only one ARF diagnosis should have been recorded.  The documented ARF onset date was after 

the diagnosis date for two people; again, these dates were clarified by the Control Program and the 

study dataset was revised.   

There were 21 individuals whose first diagnosis documented in the Register was a recurrence of 

ARF.  

5.3.1.2. Inconsistencies between the Register data and hospital 

admissions data  

There were seven people with an initial diagnosis of ARF during the study period who had a 

previous hospital admission with an ARF ICD-10AM code.  The records for these individuals 

were investigated in case their ‘first’ diagnosis (as documented in the Register) was actually a 

recurrence.  After consultation with the Control Program: 

 the Register diagnosis dates for two ARF episodes were revised to align with the hospital 

admission date, 

 two ARF episodes were added to the Register and the ‘first’ diagnoses in the Register were 

changed to recurrences.  These individuals were not on SP at the time of their recurrence, 

so there was no change to the number of recurrences in the study analysis.  
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 One person’s records had already been revised in the Register and indicated the ‘first’ 

diagnosis was in fact a recurrence.  This recurrence was added to the dataset for inclusion 

in the analysis. 

There were 39 admissions with an ARF ICD-10AM code during the study period without an 

episode within 12 months before or after the admission documented in the Register.  Of these, 17 

were possible recurrences and hospital records were investigated for evidence support an ARF 

diagnosis (see Figure 10).   The hospital records for four patients could not be located.  The 

hospital records for one admission had evidence supporting a diagnosis of ARF.  The Control 

Program was notified but the episode was not added to the study dataset because the individual 

was not on SP at the time.  There was no evidence supporting a diagnosis of ARF in the remaining 

12 admissions investigated.  It is possible that the use of acronyms in medical records may have 

led to ARF ICD codes being inappropriately assigned to some admissions.  On eight occasions 

the medical notes mentioned atrial fibrillation or ‘AF’ and these may have been misinterpreted as 

ARF, especially if the individual had a documented history of RHD.  There was also one instance 

where it appears the acronym ‘ARF’ was being used to refer to acute renal failure, which may have 

led to the inappropriate use of an ARF ICD code.  
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Figure 10. Results of validation of potential acute rheumatic fever recurrences 

 

39 hospital 
admissions with ARF 

without 
corresponding 

episode in Register 

1 person no longer in 
Register, removed from study 

dataset 

(1 admission) 

Investigation of  Register 
records 

1 person’s records updated to 
include a new ARF episode, 

diagnosis added to study 
dataset, not a recurrence. 

 (3 admissions for this 
episode) 

18 admissions could not have 
been recurrences, no further 

investigation 

17 admissions could have 
represented recurrences,  

evidence for ARF sought in 
hospital records 

4 patients’ records could not 
be located, these 4 

admissions could not be 
investigated 

Investigation of  hospital records 

Patient records for 13 
admissions were 

located and examined 

1 admission had supporting 
evidence for an ARF episode 

There was no evidence of  
ARF in the records for 12 

admissions  
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Investigation of the Register records for these individuals revealed that one person had been 

removed from the Register due to lack of evidence supporting an ARF diagnosis so this person 

was removed from the study dataset.  The records for one person had been updated to include the 

ARF admission and this episode was added to the dataset (this ARF diagnosis was not a recurrence 

as it was accompanied by an RHD diagnosis on the same day).  Eighteen admissions could not 

have been recurrences and no further action was taken.  

Seventeen of the remaining admissions were at least three months after a previous ARF or RHD 

diagnosis and may have been recurrences.  Upon investigation of these 17 cases, it was discovered 

one of these admissions with an ARF diagnosis occurred during the study period and had not been 

recorded in the Register (see Figure 10), however, the individual was not prescribed SP at the time 

and therefore this episode was excluded from the analysis.   

 RHD diagnoses 

There were 26 admissions with ICD codes which may have indicated RHD for people without a 

diagnosis of RHD in the Register.  Eight of these people were not on SP at the time of admission 

so these cases were not investigated.  Hospital records were consulted for the 18 remaining 

admissions, however the files for seven patients could not be located.  Six of the admissions which 

could be investigated had no evidence to support a diagnosis of RHD.  The medical records of 

the remaining five admissions contained the term ‘rheumatic heart disease’ or the acronym ‘RHD’.  

Information from the hospital records was considered in conjunction with data from the Register 

and evidence supporting RHD was found for two of these cases.   The Control Program were 

informed and the study dataset was updated.  Figure 11 summarises the validation outcomes. 
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Figure 11. Results of validation of rheumatic heart disease diagnoses
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Validation of disease classifications assigned during clinical reviews  

The investigation of progression from mild or moderate RHD to severe RHD revealed several 

data discrepancies.  There were many duplicate reviews entered in the Register, where all data fields 

were identical.  Staff at the Control Program confirmed that the duplicates had been entered in 

error and they were removed from the study dataset. 

During discussions with the Control Program staff clarified that changes in disease classification 

should only be recorded when a patient has been reviewed by a cardiologist, a paediatric 

cardiologist or when an angiogram, echocardiogram or transoesophageal echocardiogram has been 

conducted.  Despite this ‘rule’ (which is not documented in the data dictionary), a review of the 

data identified changes in classification had been recorded as part of a review by an ‘unauthorised’ 

health professional, for example, a dentist.  In these instances it is likely that the change in 

classification was a data entry error.    

Occasionally a change of classification was recorded when the review ‘type’ was a ‘did not attend’ 

record (which is entered to document when a review appointment had been scheduled but the 

patient did not attend).  The Control Program confirmed that when a patient did not attend, the 

record of this absence should have the classification from the previous medical review and any 

‘did not attend’ records which indicated a change in classification should be excluded from analysis.   

The analysis of progression from mild or moderate RHD to severe RHD was limited to the list of 

‘authorised’ review ‘types’. 

The investigation of medical reviews identified one patient whose RHD diagnosis date was after 

the date of an echocardiogram which indicated RHD.  After consultation with the Control 

Program, the RHD diagnosis date was replaced with the date of the echocardiogram.  

Fifteen people had medical reviews with an inactive classification assigned despite having a 

previous diagnosis of RHD.  According to the Australian guidelines, only people without a history 
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of RHD can be classified as ‘inactive’.13  The Register records for these 15 individuals were 

investigated.  Eleven patient records were unchanged and the classification had been revised in 

three cases - the records of these patients no longer contained an inactive classification.  The RHD 

diagnosis had been removed from the remaining patient’s records.  The study dataset was updated 

to reflect these changes.    

 Documentation of echocardiogram results 

5.3.3.1. Internal consistency of Register data 

The dataset had 956 echocardiogram reports with at least one severe lesion which were classified 

as severe RHD (P1).  The validation process identified 28 reports with at least one severe lesion 

which were not classified as severe.  Eight echocardiograms were conducted outside the study 

timeframe and were not investigated.  There were two instances where the accompanying 

information indicated that the classification should have been severe, however these people were 

not on SP at the time of the review and therefore no changes were made to the study dataset.  The 

classifications for remaining 18 reviews were either supported by the accompanying information 

or were for patients who had had surgery and whose classifications prior to 2012 had not been 

changed to align with the current guidelines which state that patients who have undergone heart 

valve surgery should be classified as severe from the surgery date onwards.    

5.3.3.2. Comparison with NT Cardiac databases  

Prior to validation against the NT Cardiac databases, the NT RHD Register data indicated that, 

based on echocardiograms, angiograms or cardiologist letters, eight people had progressed from 

mild RHD to severe RHD and six people had improved from severe RHD to mild RHD during 

the study timeframe while prescribed SP. 

There were 140 letters and reports recorded in the Register for these patients during the relevant 

timeframe.  Ninety one of these documents (65%) were located in the NT Cardiac databases, 43 

(31%) could not be located and an additional six potentially relevant documents were stored in the 
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NT Cardiac database but could not be viewed.  NT Cardiac databases contained an additional 34 

reports and review documents for these patients that were not captured by the Register.  In one 

case a missing echocardiogram report indicated that a patient had improved to mild RHD earlier 

than the date recorded in the Register; this echocardiogram was added to the dataset.  

In several cases the RHD classification recorded in the Register was not supported by the original 

documents: 

- the classification for one patient was recorded as moderate in the Register however the 

cardiologist letter indicated the patient’s disease was severe at the time, 

- the classification for one patient was recorded as severe in the Register however the 

cardiologist letter indicated the patient’s disease was mild at the time,   

- the classification for one patient was recorded as severe in the Register but after 

cardiologist review of the echocardiogram report was confirmed to be only moderate at 

the time, and  

- the classification for one patient was recorded as mild in the Register but after cardiologist 

review of the echocardiogram report was confirmed to be severe at the time. 

Investigation of the records revealed that one patient’s severe mitral regurgitation was most likely 

functional and not due to RHD (and therefore was unlikely to be associated with adherence to 

secondary prophylaxis), so this person was removed from the cohort.  The document review also 

found that one patient had lived interstate during their prescription for SP and therefore was likely 

to have incomplete data on adherence to SP; this person was removed from all analyses.  In 

addition, 17 BPG doses were identified (recorded in PCIS, the primary care database) which had 

not been recorded in the Register.  The Control Program was informed of all discrepancies.  In 

two instances the RHD classification in the Register had been revised after the study dataset had 

been extracted.  
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Once the dataset was corrected to reflect the findings of the data validation process, there were 

six patients who progressed from mild RHD to severe RHD, and five patients who improved from 

severe RHD to mild RHD.  

 Other findings 

One individual’s date of birth matched their diagnosis date.  The data could not be clarified and 

the person was removed from the study dataset.  

Investigation of unexpected SP start dates revealed the Register’s SP records for seven individuals 

had been revised therefore the study dataset was updated accordingly.  The start date for one 

individual could not be confirmed so they were removed from the study sample.  

The SP cease date for four individuals was after the date of death and in these instances, the SP 

cease date was replaced with the death date in the study dataset.  

There were 66 individuals who had died but did not have an SP cease date recorded.  For these 

records, the death date was used to fill in the cease date for the study dataset.  

 

5.4. Discussion 

To increase the validity of the analysis, several data validation processes were undertaken.  

Corrections made to the BPG dose date data as a result of the RHDSP study data validation 

process resulted in a small statistically non-significant increase in the proportion of people 

receiving at least 80% of doses, indicating that the raw Register data provided a reasonable estimate 

of percent adherence at the population level.  The identification of doses missing from the Register 

suggests that adherence estimates for some individuals are inaccurate, highlighting the value of 

instigating regular systematic data quality reviews.   
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The review of hospital admissions data resulted in the addition of just two ARF episodes and two 

RHD diagnoses, indicating the diagnoses recorded in the Register are relatively complete.  The 

only previous published comparison of hospital data and the diagnoses in the Register examined 

hospital admissions data from March 1998 to July 2004 and found 24% of people admitted with 

relevant ICD codes were not on the Register,165 indicating a substantial improvement in the 

documentation of diagnoses.  The Control Program has recently commenced regular surveillance 

of primary health and hospital data which will increase the capture of new diagnoses by the 

Register.  A submission to make RHD and probable ARF notifiable in the Northern Territory 

(NT) was made in early 2018 and progress to date indicates that both conditions will become 

notifiable by the end of 2018.  Once these conditions become notifiable, the legal requirement to 

report diagnoses and subsequent care should also increase the completeness of data in the Register.   

The Control Program has introduced regular reviews of diagnostic and other data in the Register 

which have enabled identification of potential issues which previously may only have been detected 

by research projects.  Comparison of the Register data with the NT Cardiac records revealed the 

disease severity and the timing of a change in disease severity documented in the Register was not 

always accurate.  In order to support appropriate patient follow-up, the Register must contain 

accurate information on disease severity and work to improve the capture of echocardiogram 

reports and cardiologist letters is underway.  
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Chapter 6. Results - Factors associated with adherence 

6.1. Chapter summary 

This chapter will present the findings of the historical cohort analysis which was conducted to 

identify factors associated with adherence to SP.  The chapter will conclude with a brief discussion 

of the interpretations of the findings and limitations of the dataset.  

This chapter addresses the following hypotheses and aims listed on page 81 in Chapter 1:  

Hypothesis 1. Demographic and disease characteristics are associated with adherence to 

secondary prophylaxis,  

Aim 2. determine the rate of adherence to secondary prophylaxis for ARF and RHD, and 

Aim 3. identify factors associated with adherence to secondary prophylaxis for ARF and RHD. 

Five continuous measures of adherence have been calculated: percent adherence, adjusted percent 

adherence (excluding ‘extra’ doses), proportion of days covered, total days at risk and maximum 

consecutive days at risk (see Chapter 4).  Values were calculated for each calendar year of the study 

period (2007 – 2013 inclusive).  The correlation between the measures is reported and the 

associations between each measure and clinical outcomes are presented in the following chapter.  

Descriptive statistics are provided to summarise the five measures.  Associations with continuous 

measures of adherence were identified by comparing the means of each group using linear 

regression with generalised estimating equations, the mean difference with 95% confidence 

intervals (CI) are reported with the corresponding p values.  

The cohort was then categorised into adherent and not adherent groups based on specified values 

for percent adherence, adjusted percent adherence, PDC and total DAR.  Differences in 

characteristics between the adherent and not adherent groups were explored using logistic 

regression with generalised estimating equations.  Multivariable models included all factors which 
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could feasibly be associated with adherence, regardless of the significance of the association.  For 

dichotomised adherence, proportions and odds ratios (OR) with 95% CI are reported.  The level 

of significance for all analyses was set at p<0.05. Limitations of the study are discussed in Chapter 

8 Discussion & Conclusions. 

ACRONYMS, ABBREVIATIONS & GLOSSARY 

     

Adjusted percent adherence percent of prescribed doses that were administered, 
excluding doses given within 14 days of the previous dose 

 

AOR adjusted odds ratio 

 

ARF acute rheumatic fever 

 

BPG Benzathine penicillin G (a long-acting penicillin 
formulation which is the first line medication for secondary 
prophylaxis) 

 

Control Program the Northern Territory Rheumatic Heart Disease Control 
Program 

 

DAR  days at risk. If the BPG dose date is day 1 and the next dose 
is not provided by day 28, days at risk commence on day 
29 and are accumulated until the next dose is administered.   

 

IQR interquartile range 

 

maxDAR  maximum number of consecutive days at risk in a specific 
period 

 

NT Northern Territory 

 

OR odds ratio 

 

PDC      proportion of days covered  

PDC=
total days at risk

number of days SP prescribed
 

 

Percent adherence  percent of prescribed doses that were administered 
(number of prescribed doses calculated according to 4-
weekly BPG regimen) 

 

Register the Register of the Northern Territory Rheumatic Heart 
Disease Control Program 
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RHD rheumatic heart disease 

 

SD     standard deviation 

 

SP     secondary prophylaxis 

 

total DAR     total number of days at risk in a specific period 

 

 

 

6.2. Summary of cohort 

At the beginning of the study (1 February 2007) the Register contained records for 2,619 people 

who were alive.  After exclusion criteria were applied (see Figure 12), 1,610 people remained in the 

cohort and altogether these people contributed 7,888 annual estimates of adherence.  There were 

7,536 years of follow-up, with a median follow up of 2,074 days per person.  See Table 6 for the 

demographic characteristics of the cohort.  
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Figure 12. Flow chart for selection of cohort 

People in the Register alive 
on 

1 Feb 2007

N=2,619

Not prescribed SP during study 

863

Prescribed oral SP during study

40

Lived interstate during study

9

Ceased and recommenced SP during the 
study

8

Prescribed SP for less than 6 mths during 
study

88

No longer in the Register (in May 2016) 

1

People in cohort for analysis 
of factors associated with  

adherence 

1,610
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Table 6. Sample characteristics 

 Individuals Observations % 

Sex    

    male 622 3010 38 

    female 988 4878 62 

Ethnicity    

    Indigenous 1,578 7,728 98 

    not Indigenous 32 160 2 

Residential area    

    urban 268 1,278 16 

    not urban 1,342 6,610 84 

Age (yrs)    

    range 3 - 79 

    mean 26 

    median 24 

Age group    

    children (0-14yrs) 1,347 17 

    adolescents (15-21yrs) 2,040 26 

    adults (22-40yrs) 3,521 45 

    older people (41yrs +) 980 12 

 

6.3. Summary of adherence  

Adherence rates for the entire cohort were calculated to achieve Thesis aim 2.  Mean percent 

adherence for the cohort was 53%, mean adjusted percent adherence was 53%, mean proportion 

of days covered (PDC) was 0.51, mean total days at risk (totalDAR) was 175 days and mean 

maximum consecutive days at risk (maxDAR) was 113 days (see Table 7 for further details).   
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Table 7. Summary of adherence - continuous measures 

Measure Range Mean Median (IQR) 

Percent adherence 

Adjusted percent adherence 

0 to 100 

0 to 100 

53 

53 

59 (31 to 78) 

56 (31 to 77) 

Proportion of days covered 0 to 1.00 0.51 0.55 (0.31 to 0.74) 

Total DAR (days) 0 to 366 175 158 (91 to 251) 

Maximum consecutive DAR 

(days) 

0 to 366 113 68 (34 to 148) 

 

Percent adherence was closely associated with each of the other measures (Figure 13 to Figure 16).  

Each adherence measure was significantly associated with every other adherence measure 

(Spearman rank correlation coefficients range: 0.94 to 0.99, p values <0.001, see Table 8).

 

Figure 13. Association between percent adherence and adjusted percent adherence 

Spearman correlation coefficient: 0.9944 
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Figure 14. Association between percent adherence and proportion of days covered 

 

Figure 15. Association between percent adherence and total days at risk 

Spearman correlation coefficient: -0.9812 

Spearman correlation coefficient: 0.9913 
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Figure 16. Association between percent adherence and maximum consecutive days at risk 

 

Spearman correlation coefficient: -0.9368 
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Table 8. Spearman's rank correlation coefficients and associated P values for each pair of adherence measures 

  Percent 

adherence 

Adjusted 

percent 

adherence 

Proportion 

of days 

covered 

Total days at 

risk 

Maximum 

consecutive 

days at risk 

Percent adherence 

Spearman’s rho  

P value 

  

0.9944 

<0.001 

 

0.9913 

<0.001 

 

-0.9812 

<0.001 

 

-0.9368 

<0.001 

Adjusted percent adherence 

Spearman’s rho 

P value 

 

0.9944 

<0.001 

 

0.9932 

<0.001 

 

-0.9832 

<0.001 

 

-0.9404 

<0.001 

Proportion of days covered 

Spearman’s rho 

P value 

 

0.9913 

<0.001 

 

0.9932 

<0.001 

  

-0.9885 

<0.001 

 

-0.9478 

<0.001 

Total days at risk 

Spearman’s rho 

P value 

 

-0.9812 

<0.001 

 

-0.9832 

<0.001 

 

-0.9885 

<0.001 

  

0.9439 

<0.001 

Maximum consecutive days at risk 

Spearman’s rho 

P value 

 

-0.9368 

<0.001 

 

-0.9404 

<0.001 

 

-0.9478 

<0.001 

 

0.9439 

<0.001 
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As expected, adjusted percent adherence was equivalent to or lower than percent adherence for 

each person.  When percent adherence was compared with the PDC for the same time period, the 

PDC was nearly always lower than the percent adherence (once percent was divided by 100).  

However the PDC for one person was much higher than their adjusted percent adherence, for 

example,  in 2009 the individual’s PDC was 0.97, but adjusted percent adherence was much lower 

at 77%.  This case was investigated and it was discovered that between 2007 and 2010 the 

individual had received BPG doses approximately every two weeks (2007: 21 doses, 2008: 16 doses, 

2009: 22 doses and in 2010: 20 doses).  Many of these doses were within two weeks of each other, 

so these ‘extra doses’ were thereafter excluded from the calculation of adjusted percent adherence.  

None of the continuous measures of adherence were normally distributed.  The distributions of 

percent adherence, adjusted percent adherence and PDC were zero-inflated, and the distributions 

of total DAR and maxDAR were inflated at the maximum end of their range.  A suitable 

transformation could not be identified for any of the measures. 

There were 98 people who were prescribed BPG SP and had no doses recorded for the study 

period.  Comparison of people who had no recorded doses with those with at least one recorded 

dose revealed that the odds of having at least one dose recorded were almost two times higher 

among females than males (adjusted odds ratio (AOR):1.88 [95% CI: 1.19 to 2.98], p=0.007).  The 

odds of having at least one dose recorded were more than eight times higher among Indigenous 

people compared with what was documented in the Register for people of other ethnicities (AOR: 

8.61 [95% CI: 3.53 to 21.03], p<0.001).  The odds of children having at least one dose recorded 

were greater than for all other age groups (compared with older people, AOR: 26.80 [95% CI: 8.27 

to 86.81], p<0.001).  The odds of people living outside urban areas having at least one dose 

recorded were two and half times greater than for people living in urban areas (AOR: 2.51 [95% 

CI: 1.54 to 4.11], p<0.001).  The odds of people with severe RHD having at least one recorded 

dose were highest when compared to people with mild RHD or ARF only (AOR: 3.06 [95% CI: 
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1.64 to 5.71], p<0.001).  People who had at least one recorded BPG dose had been diagnosed with 

ARF or RHD more recently than those who did not and the odds of having at least one recorded 

dose decreased with increasing time since first diagnosis (AOR for increase of one year since 

diagnosis: 0.97 [95% CI: 0.95 – 0.99], p=0.017).  See Table 9 for details of the univariate and 

multivariable analyses.  
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Table 9. Characteristics of people with no record of receipt of BPG dose and those with ≥one recorded BPG dose 
(cont.d) 

 

 
No doses 
recorded 

≥1 dose 
recorded 

p value for 
univariate 
analysis* 

Adjusted odds ratio 
of having ≥1 dose 

recorded  (95% CI) 

p value for 
multivariable 

analysis 

 
 n=98 n=1,512    

Sex       

male  51 (52%) 571 (38%) 0.005† ref  

female  47 (48%) 941 (62%)  1.88 (1.19 to 2.98) 0.007† 

Age (at entry to study) 
 

   

range  7 to 75 years 2 to 76 years    

mean  35 22 <0.001†   

median (IQR)  35 (23 to 44) 20 (13 to 30)    

Age category  
  

   

child (0 - 14 yrs)   4 (4%) 464 (31%) <0.001† 26.80 (8.27 to 86.81) <0.001† 

adolescent (15 – 21 yrs)  16 (16%) 364 (24%)  5.78 (2.66 to 12.58) <0.001† 

adult (22 – 40 yrs)  47 (48%) 543 (36%)  2.64 (1.49 to 4.68) 0.001 

older person (41 yrs +)  31 (32%) 141 (9%)  ref  

Ethnicity       

Indigenous  83 (85%) 1,495 (99%) <0.001† 8.61 (3.53 to 21.03)  

not Indigenous  15 (15%) 17 (1%)  ref <0.001† 

Time since first diagnosis (yrs)     

median (IQR)  10 (4 to 18) 3 (0 to 10) <0.001† 0.97 (0.95 to 0.99) 0.017† 
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Table 9. Characteristics of people with no record of receipt of BPG dose and those with ≥one recorded BPG dose 
(cont.d) 

 

 
No doses 
recorded 

≥1 dose 
recorded 

p value for 
univariate 
analysis* 

Adjusted odds ratio 
of having ≥1 dose 

recorded  (95% CI) 

p value for 
multivariable 

analysis 

 
 n=98 n=1,512    

Disease severity ‡ (at entry to study)  

severe RHD 19 (20%) 332 (22%) 0.395 3.06 (1.64 to 5.71) <0.001† 

moderate RHD 20 (21%) 371 (25%)  2.39 (1.31 to 4.35) 0.004† 

   mild RHD/ARF only 56 (58%) 797 (53%)  ref  

inactive 1 (1%) 4 (0.27%)  3.36 (0.18 to 62.62) 0.416 

Residential area      

urban 42 (43%) 226 (15%) <0.001† ref  

not urban 46 (57%) 1,286 (85%)  2.51 (1.54 to 4.11) <0.001† 
 

* Continuous variables were compared using ANOVA tests. Categorical variables were compared using χ2 tests.  † denotes statistically significant  

association at threshold of p<0.05. ‡ not available for 10 people.
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6.4. Factors associated with adherence  

To test Hypothesis 1 and achieve Thesis aim 3, the associations between adherence and ethnicity, 

sex, age, residential area, severity of ARF/RHD and time since first diagnosis of ARF/RHD were 

determined.  The effect of comorbidities on adherence was also examined.  Changes in adherence 

over time were identified by testing the association between adherence and calendar year.  

Adherence was not normally distributed, so regression with generalised estimating equations was 

used, which makes no assumptions about normality and accounts for multiple measures from the 

same person.   

 Ethnicity 

6.4.1.1. Continuous measures of adherence 

There were 7,728 observations for the Indigenous group and only 160 for people of other 

ethnicities.  The Register’s data suggest that Indigenous people were more adherent than non- 

Indigenous people across all measures of adherence (see Figure 17).  Mean percent adherence, 

mean adjusted percent adherence and mean PDC were higher for Aboriginal people (54% vs 21%, 

53% vs 21% and 0.51 vs 0.20).  Mean total days at risk and mean maximum consecutive days at 

risk were lower for Indigenous people (173 vs 285 and 109 vs 266, respectively) (see Table 10 and 

Table 11).  The difference between means was significant for all measures (see Table 12 and Table 

13 for the expected mean difference, 95% CIs and p values).
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Figure 17. Differences in adherence by ethnicity  
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Table 10. Mean and median adherence by ethnicity – percent adherence, adjusted percent adherence & proportion of days covered 

  
Percent adherence (%) 

Adjusted percent adherence 
(%) 

Proportion of days covered 

 Observations Mean (SD) Median (IQR) Mean (SD) Median (IQR) Mean (SD) Median (IQR) 

Ethnicity        

Not Indigenous  160 21 (34) 0 (0 to 36) 21 (34) 0 (0 to 36) 0.20 (0.31) 0.00 (0.00 to 0.35) 

Indigenous 7728 54 (30) 60 (31 to 78) 53 (30) 58 (31 to 77) 0.51 (0.28) 0.56 (0.31 to 0.75) 

 

 

Table 11. Mean and median adherence by ethnicity – total days at risk & maximum consecutive days at risk 

  TotalDAR MaxDAR 
 Observations Mean (SD) Median (IQR) Mean (SD) Median (IQR) 

Ethnicity      

Not Indigenous  160 285 (118) 365 (227 to 365) 266 (135) 365 (144 to 365) 

Indigenous 7728 173 (100) 155 (90 to 245) 109 (106) 667 (34 to 143) 
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Table 12. Mean difference in adherence by ethnicity – percent adherence, adjusted percent adherence & proportion of days covered 

 Percent adherence Adjusted percent adherence Proportion of days covered 
 

Mean 
diff.* 

95% CI for 
mean 

difference 

p value Mean 
diff.* 

95% CI for 
mean 

difference 

p 
value 

Mean 
diff.* 

95% CI for 
mean 

difference 

p value 

Ethnicity 
         

Not Indigenous  ref 
        

Indigenous 32 (23 to 40) <0.001† 31 (22 to 39) <0.001† 0.30 (0.22 to 0.38) <0.001† 

*Mean difference with adjustment for repeated measures. † Statistically significant difference between groups (p<0.05) 

 

Table 13. Mean difference in adherence by ethnicity – total days at risk & maximum consecutive days at risk 

 TotalDAR maxDAR 
 

Mea
n 

diff.* 

95% CI for 
mean 

difference 

p value Mean 
diff.* 

95% CI for 
mean 

difference 

p value 

Ethnicity 
      

Not Indigenous  
      

Indigenous -98 (-128 to -69) <0.001† -140 (-171 to -110) <0.001† 

*Mean difference with adjustment for repeated measures. † Statistically significant difference between groups (p<0.05) 
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6.4.1.2. Dichotomised measures of adherence  

After analysis of the continuous measures of adherence, people were classified as adherent or not adherent.   The definitions of adherence used for the 

analysis of factors associated with adherence were: percent adherence (and adjusted percent adherence) at least 80%, PDC at least 0.8 and no more than 

73 total days at risk.  The proportion of Indigenous people who were adherent was higher for all four dichotomised measures (percent adherence: 23% 

vs 12%; adjusted percent adherence: 22% vs 12%; PDC: 17% vs 12%, total DAR: 18% vs 12%), however none of these differences were statistically 

significant (see Table 14 and Table 15 for OR and p values).  

Table 14. Proportion of people who are adherent disaggregated by ethnicity – percent adherence & adjusted percent adherence 

  

Percent adherence  
Adherent = at least 80% 

Adjusted percent adherence 
Adherent = at least 80% 

Ethnicity  n  
Adherent  

% (n) 

Odds ratio of being 
adherent 
(95% CI) 

p 
value*  

Adherent  
% (n) 

Odds ratio of 
being adherent 

(95% CI) p value 

Not 
Indigenous 160 12 (19) ref 

 
12 (19) ref  

Indigenous 7,728 23 (1,798) 2.11 (0.84 to 5.36) 0.113 22 (1,673) 1.93 (0.76 to 4.90) 0.164 

Total 7,888 23 (1,817)   21 (1,692)   

*Difference in proportions tested using logistic regression with generalised estimating equations to account for repeated measures.  
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Table 15. Proportion of people who are adherent disaggregated by ethnicity – proportion of days covered & total days at risk 

  

Proportion of days covered 
Adherent = at least 0.8 

Total days at risk 
Adherent = no more than 73 DAR 

Ethnicity  n  
Adherent  

% (n) 

Odds ratio of 
being adherent  

(95% CI) 
p 

value* 

Adherent  
% (n) 

Odds ratio of 
being adherent  

(95% CI) p value 

Not Indigenous 160 12 (19) ref 
 

12 (19) ref 
 

Indigenous 7,728 17 (1,343) 1.48 (0.58 to 3.75) 0.413 18 (1,408) 1.59 (0.63 to 4.03) 0.331 

Total 7,888 17 (1,362)   18 (1,427) 
  

*Difference in proportions tested using logistic regression with generalised estimating equations to account for repeated measures.  
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The overarching aim of this project was to provide recommendations to strengthen care for people 

prescribed SP in the Northern Territory, the vast majority of whom are Indigenous (98%).  The 

non-Indigenous group was older than the Indigenous group (Pearson χ2=12.5134, p=0.006, see 

Figure 18) - as is the case in the general population166, were much more likely to live in urban areas 

(Pearson χ2=86.5104, p<0.001), and were more likely to access SP through private practice health 

professionals.  The differences between the two groups are likely to mean that Indigenous and 

non- Indigenous people face distinct challenges when attempting to adhere to SP.  To ensure the 

findings of this analysis were most relevant to Indigenous people, the non- Indigenous group were 

removed from subsequent analyses.  

 

 

Figure 18. Age distribution by ethnicity 
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 Other factors 

6.4.2.1. Continuous measures of adherence 

There were 7,728 observations of annual adherence for the Indigenous people in the cohort.  The 

prevalence of comorbidities is presented in Table 16.  Mean adherence for the Indigenous sample 

was: 54% percent adherence, 53% adjusted percent adherence, 0.51 PDC, 173 total days at risk 

and 109 maximum consecutive days at risk (see Table 17 for mean, standard deviation (SD), 

median and interquartile ranges (IQR)).  Females had significantly higher adherence (mean percent 

adherence: 57%,) than males (mean percent adherence: 50%), p<0.001 for all five measures (see 

Figure 19, Figure 21, and Table 19).  Children (0 to 14 years) had the highest adherence compared 

with all other age groups (mean percent adherence: 64%, p<0.001 for all five measures) (see Figure 

19  and Figure 22) and people living outside urban areas had higher adherence (mean percent 

adherence: 57%) than those living in urban areas (mean percent adherence: 40%, p<0.001 for all 

five measures) (see Figure 23).  People with severe RHD had the highest adherence (mean percent 

adherence: 60%) and people with ARF only (no diagnosis of RHD) had the lowest adherence 

(mean percent adherence: 52%, p<0.001 for all five measures) (see Figure 24).  Adherence 

decreased with increasing time since initial diagnosis, with people who were less than a year from 

their initial diagnosis more adherent than people at least one year from their initial diagnosis (63% 

vs 53%, p<0.001) (Figure 25).  There was a gradual improvement in adherence over time; in 2013 

mean percent adherence was 63%, compared with 46% in 2007 (p<0.001 for all five measures, 

reference year: 2007) (see Figure 27 and Figure 28).  The trend p value for year was <0.001. 
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Table 16. Prevalence of comorbidities - Indigenous people only 

Comorbidity  People with 

comorbidity (n (%)) 

Any morbidity in CCI 427 (27.06%) 

Hypercholesterolaemia 52 (3.30%) 

Hypertension 180 (11.41%) 

Intentional self-harm 54 (3.42%) 

Depression 36 (2.28%) 

Obesity 48 (3.04%) 

Experience of assault 223 (14.13%) 

Hazardous alcohol use 243 (15.40%) 

Other drug misuse  60 (3.80%) 

 

Hypertension and obesity were associated with slightly higher adherence (56% vs 55% [p=0.001] 

and 65% vs 54% [p<0.001], respectively).  However, only 48 people had documented obesity and 

180 had documented hypertension.  Fifty percent of the people with obesity also had hypertension.  

Documented experience of assault (223 people) was significantly associated with reduced 

adherence (45% vs 56% [p=0.003]), as was documented hazardous use of alcohol (243 people) 

(44% vs 56% [p=0.028]).  Sixty percent of people who experienced assault had also been admitted 

to hospital with hazardous use of alcohol and 55% of people who were admitted with hazardous 

use of alcohol were also admitted in connection to an experience of assault.  

Other comorbidities were associated with reduced adherence but the difference between groups 

were not significant (hypercholesterolaemia: 50% vs 54% [p=0.098]; intentional self-harm: 47% 

vs 54% [p=0.551]; depression: 43% vs 54% [p=0.088]; and other drug misuse: 47% vs 54% 

[p=0.984]).  People on a 3-weekly regimen had higher adherence (mean percent adherence: 71%) 

than those on a 4-weekly regimen (mean percent adherence: 59%) however the difference was not 

statistically significant (percent adherence: p=0.086) (see Figure 26; NB: the same formula was 

used to calculate adherence for 3-weekly and 4-weekly regimens, so these results indicate that 
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people on 3-weekly BPG received more doses than people on 4-weekly BPG).  There was no 

difference in adherence between people with no Charlson comorbidity and those with at least one 

(mean percent adherence 54% vs 53%, p=0.559).   Mean percent adherence for subgroups is 

presented in Figure 19 and Figure 20 and the mean difference and p values are presented in Table 

19.  When percent adherence was significantly different between groups, there was also a 

significant difference using the other measures of adherence, with the exception of maxDAR for 

hazardous alcohol use and totalDAR and maxDAR for the comparison between 2007 and 2009. 
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Figure 19. Mean percent adherence according to patient characteristics and year 
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* Indicates statistically significant difference between groups 

Figure 20. Mean percent adherence by presence of comorbidities  
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Figure 21. Differences in adherence to secondary prophylaxis by sex  
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Figure 22. Difference in adherence to secondary prophylaxis based on age group  
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Figure 23. Difference in adherence to secondary prophylaxis based on residential area  
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Figure 24. Difference in adherence to secondary prophylaxis by disease status  
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Figure 25. Difference in adherence to secondary prophylaxis based on time since initial diagnosis  
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Figure 26. Difference in adherence to secondary prophylaxis based on regimen frequency 
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Figure 27. Difference in adherence to secondary prophylaxis by calendar year (percent 
adherence, adjusted percent adherence, PDC and total DAR) 
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Figure 28. Difference in maximum consecutive days at risk by calendar year  
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Table 17. Mean & median adherence according to demographic and disease characteristics – percent adherence, adjusted percent 
adherence and proportion of days covered (cont.d) 

Percent adherence Adjusted percent adherence Proportion of days covered 
Observations Mean (SD) Median (IQR) Mean (SD) Median (IQR) Mean (SD) Median (IQR) 

Sex 
male 2,895 50 (31) 54 (23 to 77) 49 (31) 54 (23 to 77) 0.47 (0.29) 0.51 (0.23 to 0.72) 
female 4,833 57 (29) 61 (38 to 80) 56 (29) 61 (38 to 79) 0.54 (0.27) 0.59 (0.36 to 0.76) 

Age group 
children 1,336 64 (25) 69 (47 to 84) 63 (25) 69 (46 to 82) 0.60 (0.23) 0.64 (0.46 to 0.78) 
adolescents 2,008 51 (28) 54 (31 to 77) 50 (28) 54 (31 to 73) 0.49 (0.26) 0.51 (0.31 to 0.70) 
adults 3,444 53 (31) 57 (31 to 78) 52 (31) 55 (31 to 77) 0.50 (0.29) 0.54 (0.29 to 0.74) 
older people 940 50 (35) 61 (8 to 80) 49 (35) 57 (8 to 79) 0.47 (0.33) 0.56 (0.08 to 0.76) 

Residential area 
urban 1,151 40 (33) 38 (8 to 69) 39 (33) 38 (8 to 69) 0.38 (0.31) 0.36 (0.07 to 0.66) 
not urban 6,577 57 (29) 61 (38 to 80) 56 (29) 61 (38 to 78) 0.54 (0.27) 0.58 (0.36 to 0.75) 

SP Regimen 
3-weekly BPG 66 71 (25) 73 (54 to 98) 70 (25) 71 (54 to 93) 0.66 (0.23) 0.69 (0.52 to 0.83) 
4-weekly BPG 7,662 54 (30) 59 (31 to 78) 53 (30) 57 (31 to 77) 0.51 (0.28) 0.56 (0.31 to 0.75) 

Disease severity 
severe RHD 1,805 60 (29) 69 (41 to 84) 59 (29) 64 (40 to 83) 0.57 (0.27) 0.62 (0.4 to 0.78) 
moderate RHD 1,391 56 (30) 61 (38 to 79) 56 (29) 61 (38 to 78) 0.53 (0.27) 0.59 (0.36 to 0.75) 
mild RHD 1,804 54 (29) 57 (32 to 77) 53 (29) 56 (31 to 77) 0.51 (0.27) 0.55 (0.31 to 0.74) 
ARF only 2,728 49 (31) 52 (23 to 77) 48 (31) 50 (23 to 74) 0.46 (0.29) 0.5 (0.23 to 0.71) 

Time since first diagnosis 

< 1 year 581 63 (29) 70 (46 to 88) 63 (29) 69 (44 to 86) 0.59 (0.27) 0.65 (0.42 to 0.82) 
≥ 1 year 7,147 53 (30) 58 (31 to 78) 53 (30) 56 (31 to 77) 0.51 (0.28) 0.55 (0.31 to 0.74) 
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Table 17. Mean & median adherence according to demographic and disease characteristics – percent adherence, adjusted percent 
adherence and proportion of days covered (cont.d) 

  Percent adherence Adjusted percent adherence Proportion of days covered 

 Observations Mean (SD) Median (IQR) Mean (SD) Median (IQR) Mean (SD) Median (IQR) 

        

Comorbidities        

Any morbidity in CCI       

No  5,585 54 (30) 60 (32 to 78) 54 (29) 58 (31 to 77) 0.52 (0.28) 0.56 (0.31 to 0.74) 

Yes 2,143 53 (32) 60 (31 to 79) 52 (31) 57 (31 to 78) 0.50 (0.29) 0.55 (0.28 to 0.75) 

Hypercholesterolaemia       

No  7,487 54 (30) 60 (31 to 78) 53 (30) 58 (31 to 77) 0.51 (0.28) 0.56 (0.31 to 0.75) 

Yes 241 50 (34) 56 (16 to 80) 50 (34) 56 (16 to 78) 0.48 (0.32) 0.55 (0.16 to 0.76) 

Hypertension        

No  6,856 54 (30) 59 (31 to 78) 53 (30) 57 (31 to 77) 0.51 (0.28) 0.55 (0.31 to 0.74) 

Yes 872 56 (31) 61 (33 to 81) 55 (30) 61 (32 to 79) 0.53 (0.28) 0.59 (0.33 to 0.76) 

Intentional self-harm       

No  7,412 54 (30) 61 (31 to 79) 54 (30) 59 (31 to 77) 0.52 (0.28) 0.56 (0.31 to 0.75) 

Yes 316 47 (30) 46 (23 to 69) 46 (30) 46 (23 to 69) 0.44 (0.28) 0.46 (0.23 to 0.66) 

Depression        

No  7,533 54 (30) 61 (31 to 79) 54 (30) 59 (31 to 77) 0.52 (0.28) 0.56 (0.31 to 0.75) 

Yes 195 43 (30) 45 (16 to 65) 42 (30) 45 (16 to 62) 0.41 (0.28) 0.42 (0.17 to 0.62) 

Obesity        

No  7,469 54 (30) 59 (31 to 78) 53 (30) 57 (31 to 77) 0.51 (0.28) 0.55 (0.31 to 0.74) 

Yes 259 65 (27) 71 (46 to 87) 64 (27) 70 (46 to 84) 0.61 (0.25) 0.68 (0.46 to 0.81) 

Experience of assault       

No  6,544 56 (30) 61 (36 to 80) 55 (30) 61 (34 to 78) 0.53 (0.28) 0.58 (0.34 to 0.76) 

Yes 1,184 45 (31) 46 (17 to 69) 44 (30) 46 (16 to 69) 0.42 (0.28) 0.45 (0.17 to 0.65) 
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Table 17. Mean & median adherence according to demographic and disease characteristics – percent adherence, adjusted percent 
adherence and proportion of days covered (cont.d) 

  Percent adherence Adjusted percent adherence Proportion of days covered 

 Observations Mean (SD) Median (IQR) Mean (SD) Median (IQR) Mean (SD) Median (IQR) 

        

Hazardous alcohol use       

No  6,456 56 (30) 61 (38 to 80) 55 (29) 61 (35 to 79) 0.53 (0.28) 0.58 (0.35 to 0.76) 

Yes 1,272 44 (31) 46 (15 to 69) 43 (30) 46 (15 to 69) 0.42 (0.29) 0.44 (0.15 to 0.67) 

Other drug misuse       

No  7,392 54 (30) 61 (31 to 79) 54 (30) 59 (31 to 77) 0.52 (0.28) 0.56 (0.31 to 0.75) 

Yes 336 47 (32) 48 (17 to 74) 46 (32) 47 (17 to 71) 0.44 (0.30) 0.47 (0.17 to 0.68) 

Year        

2007 1,033 46 (32) 49 (17 to 75) 45 (32) 44 (17 to 71) 0.43 (0.30) 0.44 (0.17 to 0.69) 

2008 1,053 47 (32) 48 (15 to 72) 46 (32) 47 (15 to 71) 0.45 (0.30) 0.46 (0.16 to 0.70) 

2009 1,078 52 (31) 57 (31 to 77) 52 (30) 56 (31 to 77) 0.50 (0.28) 0.55 (0.31 to 0.73) 

2010 1,096 56 (30) 61 (38 to 80) 55 (29) 61 (38 to 79) 0.53 (0.28) 0.58 (0.36 to 0.77) 

2011 1,120 56 (28) 61 (38 to 78) 55 (28) 61 (38 to 77) 0.53 (0.26) 0.58 (0.37 to 0.74) 

2012 1,147 57 (28) 61 (38 to 80) 56 (28) 61 (38 to 78) 0.54 (0.26) 0.58 (0.37 to 0.76) 

2013 1,201 63 (28) 69 (46 to 84) 62 (27) 69 (46 to 84) 0.59 (0.25) 0.65 (0.44 to 0.79) 

Total 7,728 54 (30) 60 (31 to 78) 53 (30) 58 (31 to 77) 0.51 (0.28) 0.56 (0.31 to 0.75) 
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Table 18. Mean and median adherence according to demographic and disease characteristics – 
total days at risk and maximum consecutive days at risk (cont.d) 

  TotalDAR MaxDAR 

 Observations Mean (SD) Median (IQR) Mean (SD) Median (IQR) 

Sex      

male 2,895 189 (105) 173 (100 to 278) 126 (115) 80 (37 to 181) 

female 4,833 163 (96) 144 (86 to 226) 99 (99) 61 (33 to 127) 

Age group      

children 1,336 140 (83) 125 (77 to 188) 77 (77) 50 (29 to 94) 

adolescents 2,008 183 (94) 174 (106 to 253) 112 (98) 77 (39 to 149) 

adults 3,444 176 (103) 161 (91 to 253) 112 (109) 68 (34 to 148) 

older people 940 185 (116) 155 (85 to 306) 139 (131) 75 (34 to 256) 

Residential area     

urban 1,151 219 (111) 222 (118 to 334) 164 (129) 120 (49 to 309) 

not urban 6,577 165 (96) 147 (87 to 226) 100 (98) 62 (33 to 127) 

SP Regimen      

3-weekly BPG 66 118 (76) 112 (59 to 167) 54 (57) 41 (25 to 63) 

4-weekly BPG 7,662 173 (101) 155 (90 to 248) 110 (106) 67 (34 to 144) 

Disease severity     

severe RHD 1,805 156 (97) 135 (80 to 213) 92 (97) 55 (30 to 111) 

moderate RHD 1,391 169 (100) 148 (89 to 232) 104 (104) 63 (33 to 130) 

mild RHD 1,804 174 (100) 161 (92 to 244) 108 (104) 66 (34 to 142) 

ARF only 2,728 185 (102) 173 (101 to 272) 124 (111) 78 (39 to 179) 

Time since first diagnosis     
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Table 18. Mean and median adherence according to demographic and disease characteristics – 
total days at risk and maximum consecutive days at risk (cont.d) 

  TotalDAR MaxDAR 

 Observations Mean (SD) Median (IQR) Mean (SD) Median (IQR) 

< 1 year 581 129 (92) 111 (56 to 183) 83 (87) 52 (23 to 106) 

≥ 1 year 7,147 176 (100) 161 (94 to 251) 111 (107) 68 (35 to 146) 

      

Comorbidities      

Any morbidity in CCI     

No  5,585 172 (99) 155 (91 to 242) 107 (103) 66 (35 to 140) 

Yes 2,143 176 (105) 156 (88 to 253) 116 (113) 68 (33 to 160) 

Hypercholesterolaemia     

No  7,487 172 (100) 155 (90 to 244) 109 (105) 66 (34 to 142) 

Yes 241 181 (115) 145 (83 to 281) 134 (129) 72 (29 to 239) 

Hypertension      

No  6,856 174 (101) 157 (91 to 248) 110 (106) 67 (35 to 144) 

Yes 872 166 (99) 143 (85 to 231) 107 (106) 64 (32 to 140) 

Intentional self-harm     

No  7,412 172 (100) 153 (90 to 243) 108 (105) 66 (34 to 142) 

Yes 316 199 (100) 194 (120 to 281) 132 (113) 90 (44 to 195) 

Depression      

No  7,533 172 (100) 153 (90 to 244) 108 (105) 66 (34 to 142) 

Yes 195 209 (100) 198 (135 to 289) 143 (117) 103 (51 to 209) 

Obesity      

No  7,469 174 (101) 157 (92 to 250) 110 (106) 67 (35 to 146) 

Yes 259 137 (89) 112 (67 to 195) 77 (84) 45 (25 to 91) 

Experience of assault     
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Table 18. Mean and median adherence according to demographic and disease characteristics – 
total days at risk and maximum consecutive days at risk (cont.d) 

  TotalDAR MaxDAR 

 Observations Mean (SD) Median (IQR) Mean (SD) Median (IQR) 

No  6,544 167 (99) 147 (86 to 231) 104 (103) 63 (33 to 134) 

Yes 1,184 206 (101) 198 (123 to 283) 139 (116) 93 (47 to 205) 

      

Hazardous alcohol use     

No  6,456 166 (99) 147 (86 to 230) 103 (102) 63 (33 to 134) 

Yes 1,272 207 (103) 200 (118 to 296) 141 (118) 96 (46 to 213) 

Other drug misuse     

No  7,392 172 (100) 154 (90 to 242) 108 (105) 66 (34 to 142) 

Yes 336 199 (107) 190 (111 to 282) 137 (119) 89 (43 to 222) 

Year      

2007 1,033 187 (99) 179 (101 to 278) 133 (112) 92 (40 to 204) 

2008 1,053 200 (109) 190 (108 to 297) 140 (122) 93 (41 to 206) 

2009 1,078 182 (103) 163 (99 to 253) 115 (113) 68 (35 to 145) 

2010 1,096 168 (100) 150 (85 to 233) 105 (104) 64 (33 to 137) 

2011 1,120 169 (95) 151 (94 to 227) 100 (97) 63 (35 to 122) 

2012 1,147 164 (96) 151 (88 to 226) 95 (95) 62 (33 to 117) 

2013 1,201 146 (92) 122 (74 to 201) 83 (85) 52 (28 to 102) 

Total 7,728 173 (100) 155 (90 to 245) 109 (106) 66 (34 to 143) 
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Table 19. Mean difference in adherence according to demographic and disease characteristics – percent adherence, 
adjusted percent adherence and proportion of days covered (cont.d) 

 
Percent adherence Adjusted percent adherence Proportion of days covered 

 

Mean difference 
(95% CI) p value 

Mean difference 
(95% CI) p value 

Mean difference 
(95% CI) p value 

Sex 
      

male ref 
     

female 6 (3 to 8) <0.001* 6 (3 to 8) <0.001* 0.05 (0.03 to 0.08) <0.001* 

Age group 
      

children ref 
     

adolescents -9 (-11 to -7) <0.001* -9 (-11 to -7) <0.001* -0.08 (-0.10 to -0.06) <0.001* 

adults -9 (-11 to -6) <0.001* -9 (-11 to -6) <0.001* -0.08 (-0.11 to -0.06) <0.001* 

older people -13 (-17 to -10) <0.001* -13 (-17 to -9) <0.001* -0.13 (-0.16 to -0.09) <0.001* 

Residential area 
      

urban  ref 
     

not urban 12 (9 to 15) <0.001* 12 (9 to 16) <0.001* 0.12 (0.09 to 0.15) <0.001* 

Disease severity 
      

severe RHD ref 
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Table 19. Mean difference in adherence according to demographic and disease characteristics – percent adherence, 
adjusted percent adherence and proportion of days covered (cont.d) 

 
Percent adherence Adjusted percent adherence Proportion of days covered 

 

Mean difference 
(95% CI) p value 

Mean difference 
(95% CI) p value 

Mean difference 
(95% CI) p value 

moderate RHD -3 (-5 to -1) 0.012* -3 (-5 to -0) 0.021* -0.03 (-0.05 to -0.01) 0.013* 

mild RHD -5 (-8 to -3) <0.001* -5 (-7 to -3) <0.001* -0.05 (-0.07 to -0.03) <0.001* 

ARF only -7 (-10 to -5) <0.001* -7 (-9 to -5) <0.001* -0.07 (-0.09 to -0.04) <0.001* 

Time since first diagnosis  
     

< 1 year ref 
     

≥ 1 year -4 (-7 to -2) <0.001* -5 (-7 to -3) <0.001* -0.04. (-0.05 to -0.02) <0.001* 

 SP regimen 
      

3-weekly BPG ref 
     

4-weekly BPG -11 (-23 to 1) 0.086 -10 (-22 to 1) 0.084 -0.09 (-0.20 to 0.03) 0.137 

Comorbidities 
      

any comorbidity in CCI -1 (-3 to 2) 0.703 -1 (-3 to 2) 0.647 -0.01 (-0.03 to 0.02) 0.610 

hypercholesterolaemia -6 (-13 to 1) 0.100 -6 (-12 to 1) 0.121 -0.05 (-0.11 to 0.02) 0.147 

hypertension 7 (3 to 11) 0.001* 7 (3 to 11) 0.001* 0.07 (0.03 to 0.11) 0.001* 

intentional self-harm 2 (-4 to 8) 0.533 2 (-4 to 8) 0.511 0.02 (-0.04 to 0.08) 0.513 

depression -7 (-14 to 1) 0.101 -6 (-14 to 1) 0.097 -0.06 (-0.14 to 0.01) 0.092 

obesity 13 (7 to 20) <0.001* 13 (6 to 19) <0.001* 0.12 (0.06 to 0.18) <0.001* 
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Table 19. Mean difference in adherence according to demographic and disease characteristics – percent adherence, 
adjusted percent adherence and proportion of days covered (cont.d) 

Percent adherence Adjusted percent adherence Proportion of days covered 

Mean difference 
(95% CI) p value 

Mean difference 
(95% CI) p value 

Mean difference 
(95% CI) p value 

experience of assault -5 (-9 to -2) 0.003* -5 (-9 to -2) 0.003* -0.05 (-0.09 to -0.02) 0.003* 

hazardous alcohol use -5 (-9 to -1) 0.011* -5 (-9 to -1) 0.007* -0.05 (-0.08 to -0.01) 0.012* 

other drug misuse 0 (-6 to 6) 0.994 0 (-6 to 6) 0.989 0.00 (-0.06 to 0.06) 0.976 

Year 

2007 ref 

2008 -3 (-5 to 0) 0.026* -2 (-5 to 0) 0.046* -0.02 (-0.04 to 0.00) 0.068 

2009 3 (1 to 5) 0.017* 3 (1 to 5) 0.012* 0.03 (0.01 to 0.05) 0.013* 

2010 6 (4 to 8) <0.001* 6 (4 to 8) <0.001* 0.06 (0.04 to 0.08) <0.001* 

2011 6 (3 to 8) <0.001* 6 (4 to 8) <0.001* 0.06 (0.03 to 0.08) <0.001* 

2012 7 (4 to 9) <0.001* 7 (5 to 9) <0.001* 0.07 (0.05 to 0.09) <0.001* 

2013 12 (10 to 14) <0.001* 12 (10 to 14) <0.001* 0.11 (0.09 to 0.13) <0.001* 
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Table 20. Mean difference in adherence according to demographic and disease 
characteristics – total days at risk and maximum consecutive days at risk  (cont.d) 

TotalDAR MaxDAR 

Mean difference 
(95% CI) p value 

Mean difference 
(95% CI) p value 

Sex 

male ref 

female -19 (-27 to -12) <0.001* -22 (-30 to -14) <0.001* 

Age group 

children ref 

adolescents 29 (22 to 36) <0.001* 25 (17 to 32) <0.001* 

adults 28 (20 to 37) <0.001* 30 (21 to 39) <0.001* 

older people 41 (29 to 53) <0.001* 56 (43 to 69) <0.001* 

Residential area 

urban ref 

not urban -40 (-50 to -29) <0.001* -49 (-60 to -38) <0.001* 

Disease severity 

severe RHD ref 

moderate RHD 11 (4 to 19) 0.004* 12 (4 to 20) 0.004* 

mild RHD 17 (9 to 25) <0.001* 20 (11 to 28) <0.001* 

ARF only 24 (16 to 32) <0.001* 24 (15 to 33) <0.001* 

Time since diagnosis 

< 1 year ref 

≥ 1 year 28 (21 to 35) <0.001* 12 (4 to 19) 0.002* 

 SP regimen 

3-weekly BPG ref 

4-weekly BPG 32 (-8 to 72) 0.118 28 (-13 to 70) 0.181 
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TotalDAR MaxDAR 

Mean difference 
(95% CI) p value 

Mean difference 
(95% CI) p value 

Comorbidities 

any comorbidity in CCI 2 (-7 to 12) 0.603 5 (-5 to 15) 0.314 

hypercholesterolaemia 16 (-7 to 40) 0.173 25 (1 to 50) 0.044* 

hypertension -25 (-39 to -11) 0.001* -27 (-42 to -13) <0.001* 

intentional self-harm -6 (-28 to 15) 0.566 -9 (-31 to 13) 0.424 

depression 22 (-4 to 48) 0.104 20 (-6 to 47) 0.135 

obesity -41 (-63 to -19) <0.001* -45 (-68 to -22) <0.001* 

experience of assault 19 (7 to 32) 0.002* 13 (1 to 26) 0.039* 

hazardous alcohol use 16 (4 to 29) 0.012* 11 (-2 to 24) 0.110 

other drug misuse 0 (-20 to 20) 0.990 3 (-18 to 24) 0.783 

Year 

2007 ref 

2008 24 (17 to 32) <0.001* 18 (10 to 26) <0.001* 

2009 7 (0 to 15) 0.066 -6 (-14 to 2) 0.174 

2010 -5 (-12 to 3) 0.217 -14 (-22 to -6) 0.001* 

2011 -4 (-12 to 3) 0.288 -19 (-27 to -10) <0.001* 

2012 -9 (-17 to -1) 0.022* -23 (-31 to -15) <0.001* 

2013 -25 (-32 to -17) <0.001* -34 (-42 to -26) <0.001* 

Table 20. Mean difference in adherence according to demographic and disease 

characteristics – total days at risk and maximum consecutive days at risk (cont.d ) 
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6.4.2.2. Dichotomised measures of adherence 

The cohort was classified as adherent or not adherent, based on the current NT target of at least 

80% of doses.  Adherence was defined as ≥80% percent adherence, ≥80% adjusted percent 

adherence, 0.8 proportion of days covered and no more than 73 total DAR. (An equivalent 

threshold could not be calculated for maxDAR).   Twenty three percent of people were adherent 

based on percent adherence; 22% based on adjusted percent adherence; 17% based on PDC and 

18% based on total days at risk.  The proportions of people who were adherent based on percent 

adherence according to demographic and health characteristics are depicted in Figure 29 and 

Figure 30).  Sex, age group, residential area, disease severity, time since diagnosis, obesity, 

experience of assault and alcohol misuse were all significantly associated with the odds of being 

adherent (proportions, AORs (with 95% CIs) and p values are presented in Table 21 and Table 

22). 

The odds of women being more adherent (based on all four measures) were approximately 1.2 

times higher than for men (percent adherence AOR 1.21 [95% CI: 1.02 – 1.44], p=0.030), adjusted 

percent adherence AOR 1.22 [p=0.025], proportion of days covered AOR 1.20 [p=0.059], total 

days at risk AOR 1.23 [p=0.029]).  Children were the most adherent group and adolescents were 

the least adherent (percent adherence: 30% and 18% respectively).  Adolescents were less adherent 

than children across all four measures (p<0.001).  Children were more adherent than adults for all 

four measures, but the differences for PDC and totalDAR were not statistically significant, 

possibly because the definitions of adherence for these measures were stricter and so fewer people 

in both age groups were classified as adherent.  People living outside urban areas (i.e., rural or 

remote) were slightly more adherent than people living in urban areas (percent adherence AOR: 

1.46 [95% CI: 1.13 – 1.88], p=0.004); the difference was statistically significant for all measures.  

People with severe RHD were the most adherent group (30% adherent based on percent 

adherence), while people with ARF only were the least adherent (19% adherent based on percent 
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adherence); the difference between the severe RHD group and the ARF only group was significant 

for all measures.  Adherence decreased with increasing time since initial diagnosis.  35% of people 

who were within one year of their initial diagnosis were adherent, compared with 22% of people 

at least one year after initial diagnosis; the difference between groups was significant for all four 

measures (p<0.001).  The odds of being adherent were lower among people prescribed 4-weekly 

BPG than people prescribed 3-weekly BPG but the difference was not significant for any of the 

measures (percent adherence AOR: 0.53 [95% CI: 0.24 – 1.13], p=0.099).   

Alcohol misuse and experience of assault were associated with significantly reduced adherence; 

15% of people who misused alcohol were adherent, compared with 25% for people who did not 

misuse alcohol (based on percent adherence) (AOR: 0.72 [95% CI: 0.53 – 0.98], p=0.036).  The 

same proportions were observed for people who experienced assault, percent adherence AOR: 

0.62 (95% CI: 0.46 – 0.84), p=0.002.   People with depression were less adherent than those 

without (14% versus 24% based on percent adherence), yet the difference was not significant 

(percent adherence AOR: 0.66 [95% CI: 0.34 – 1.30], p=0.230). 

People with obesity had significantly greater odds of being adherent compared to those without 

obesity.   Based on percent adherence, 34% of people with obesity were adherent, versus 23% for 

those without (AOR: 1.77 [95% CI: 1.15 – 2.72], p=0.010). 

Drug misuse, hypercholesterolaemia, hypertension, intentional self-harm and the presence of at 

least one comorbidity included in the Charlson Comorbidity Index had minimal impact on the 

odds of being adherent.  There was a trend of improved adherence between 2007 and 2013, with 

the most notable improvement in 2013 (percent adherence AOR for 2013 compared with 2007: 

1.58 [95% CI: 1.27 – 1.96], p<0.001).  The analysis of PDC and maxDAR indicated that adherence 

in 2009 and 2011 was either equivalent to 2007 (PDC) or significantly lower (maxDAR), whereas 

adherence based on percent adherence and adjusted percent adherence was slightly (but not 



 

214 
 

significantly) higher.  This suggests that people were receiving more doses, but there were still 

prolonged periods when no doses were administered.   

 The results of the analysis of dichotomised adherence were closely aligned with the analysis of 

continuous measures of adherence.  There were a few exceptions and the factors that were 

significantly associated with continuous percent adherence but not with the dichotomised measure 

were:  the difference between children and older people; the difference between severe RHD and 

moderate RHD; the difference between people with and without hypertension; and the differences 

between 2007 and 2009 – 2012.    
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Figure 29. Proportion of people who were adherent based on percent adherence, according to patient characteristics and year 
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* Charlson comorbidity index ≥1 
Figure 30. Proportion of people who were adherent based on percent adherence, by presence of comorbidities  
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Table 21. Proportion of people who were adherent according to demographic and disease characteristics – percent adherence and adjusted 
percent adherence  (cont.d)  

 

 Percent adherence 
Adherent = ≥80% doses 

Adjusted percent adherence 
Adherent = ≥80% doses 

 

 

Observations Adherent 
% (n) 

AOR of being 
adherent 
 (95% CI) p value* 

Adherent 
% (n) 

AOR of being 
adherent 
 (95% CI) p value  

 

Sex         

male 2,895 20 (584) ref - 19 (538) ref -  

female 4,833 25 (1,214) 1.21 (1.02 to 1.44) 0.030† 24 (1,135) 1.22 (1.03 to 1.46) 0.025†  

Age group        

children 1,336 30 (394) ref - 27 (362) ref -  

adolescents 2,008 18 (365) 0.63 (0.52 to 0.76) <0.001† 17 (341) 0.66 (0.54 to 0.79) <0.001†  

adults 3,444 23 (801) 0.76 (0.62 to 0.93) 0.009† 22 (755) 0.81 (0.66 to 1.00) 0.049†  

older people 940 25 (238) 0.76 (0.57 to 1.02) 0.067 23 (215) 0.78 (0.58 to 1.06) 0.116  

Residential area        

urban  1,151 16 (188) ref - 15 (167) ref -  

not urban 6,577 25 (1610) 1.46 (1.13 to 1.88) 0.004† 23 (1506) 1.53 (1.17 to 2.00) 0.002†  

Disease severity        

severe RHD 1,805 30 (534) ref - 28 (500) ref -  

moderate RHD 1,391 25 (342) 0.84 (0.69 to 1.03) 0.088 23 (323) 0.83 (0.68 to 1.02) 0.082  

mild RHD 1,804 22 (395) 0.73 (0.59 to 0.89) 0.002† 20 (368) 0.70 (0.57 to 0.87) 0.001†  

ARF only 2,728 19 (527) 0.66 (0.54 to 0.82) <0.001† 18 (482) 0.63 (0.51 - 0.78) <0.001†  

Time since diagnosis        

< 1 year 581 35 (203) ref - 34 (197) ref -  

     ≥ 1 year 7,147 22 (1595) 0.62 (0.52 - 0.75) <0.001† 21 (1476) 0.57 (0.48 - 0.69) <0.001†  

SP regimen        

3-weekly BPG 66 41 (27) ref - 41 (27) ref -  

4-weekly BPG 7,662 23 (1,771) 0.53 (0.24 to 1.13) 0.099 22 (1,646) 0.48 (0.22 to 1.03) 0.058  
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Table 21. Proportion of people who were adherent according to demographic and disease characteristics – percent adherence and adjusted 
percent adherence  (cont.d)  

 

 Percent adherence 
Adherent = ≥80% doses 

Adjusted percent adherence 
Adherent = ≥80% doses 

 

 

Observations Adherent 
% (n) 

AOR of being 
adherent 
 (95% CI) p value* 

Adherent 
% (n) 

AOR of being 
adherent 
 (95% CI) p value  

 

Comorbidities       

Any comorbidity in CCI       

No 5,585 23 (1,279) ref  22 (1199) ref - 

Yes 2,143 24 (519) 1.06 (0.87 to 1.31) 0.557 22 (474) 1.02 (0.83 to 1.26) 0.828 

Hypercholesterolaemia       

No  7,487 23 (1,739) ref - 22 (1618) ref - 

Yes 241 25 (59) 0.84 (0.50 to 1.42) 0.520 23 (55) 0.89 (0.52 to 1.52) 0.661 

Hypertension       

No  6,856 23 (1,572) ref - 21 (1469) ref - 

Yes 872 26 (226) 1.25 (0.92 to 1.70) 0.157 23 (204) 1.20 (0.87 to 1.65) 0.259 

Intentional self-harm       

No 7,412 24 (1,742) ref - 22 (1622) ref - 

Yes 316 18 (56) 1.14 (0.69 to 1.89) 0.599 16 (51) 1.14 (0.68 to 1.91) 0.618 

Depression        

No 7,533 24 (1770) ref - 22 (1647) ref - 

Yes 195 14 (28) 0.66 (0.34 to 1.30) 0.230 13 (26) 0.69 (0.35 to 1.37) 0.292 

Obesity        

    No 7,469 23 (1,710) ref - 21 (1,589) ref - 

    Yes 259 34 (88) 1.77 (1.15 to 2.72) 0.010† 32 (84) 1.90 (1.23 to 2.94) 0.004† 
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Table 21. Proportion of people who were adherent according to demographic and disease characteristics – percent adherence and adjusted 
percent adherence  (cont.d)  

 

 Percent adherence 
Adherent = ≥80% doses 

Adjusted percent adherence 
Adherent = ≥80% doses 

 

 

Observations Adherent 
% (n) 

AOR of being 
adherent 
 (95% CI) p value* 

Adherent 
% (n) 

AOR of being 
adherent 
 (95% CI) p value  

 

Experience of assault       

    No  6,544 25 (1,626) ref - 23 (1,518) ref - 

    Yes 1,184 15 (172) 0.62 (0.46 to 0.84) 0.002† 13 (155) 0.62 (0.45 to 0.85) 0.003† 

Hazardous alcohol use        

    No 6,456 25 (1,602) ref - 23 (1,499) ref - 

    Yes 1,272 15 (196) 0.72 (0.53 to 0.98) 0.036† 14 (174) 0.69 (0.50 to 0.95) 0.022† 

Other drug misuse       

    No  7,392 23 (1,732) ref - 22 (1,611) ref - 

    Yes 336 20 (66) 1.20 (0.76 to 1.91) 0.430 19 (62) 1.25 (0.78 to 2.01) 0.350 

Year        

2007 1,033 19 (199) ref - 18 (181) ref - 

2008 1,053 18 (187) 0.74 (0.59 to 0.93) 0.009† 17 (183) 0.79 (0.62 to 0.99) 0.045† 

2009 1,078 21 (225) 0.91 (0.73 to 1.14) 0.412 19 (203) 0.88 (0.70 to 1.11) 0.266 

2010 1,096 25 (278) 1.17 (0.94 to 1.46) 0.154 23 (257) 1.16 (0.93 to 1.46) 0.196 

2011 1,120 22 (245) 0.96 (0.77 to 1.20) 0.708 20 (226) 0.95 (0.76 to 1.20) 0.679 

2012 1,147 25 (285) 1.16 (0.93 to 1.44) 0.189 23 (265) 1.16 (0.93 to 1.46) 0.197 

2013 1,201 32 (379) 1.58 (1.27 to 1.96) <0.001† 30 (358) 1.60 (1.28 to 2.00) <0.001† 

Total 7,728 23 (1,798)   22 (1,673)  
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Table 22. Proportion of people who were adherent according to demographic and disease characteristics – proportion of days 
covered and total days at risk (cont.d) 

 

 Proportion of days covered 
Adherent = ≥0.8 

Total days at risk 
Adherent = no more than 73 DAR 

 

Observations Adherent 
% (n) 

AOR of being 
adherent 
 (95% CI) p value*  

Adherent 
% (n) 

AOR of being 
adherent 
 (95% CI) p value 

Sex        

male 2,895 15 (431) ref - 16 (450) ref - 

female 4,833 19 (912) 1.20 (0.99 to 1.45) 0.059 20 (958) 1.23 (1.02 to 1.48) 0.029* 

Age group        

children 1,336 22 (290) ref - 23 (308) ref - 

adolescents 2,008 13 (254) 0.63 (0.51 to 0.77) <0.001* 13 (267) 0.63 (0.51 to 0.78) <0.001† 

adults 3,444 18 (624) 0.86 (0.69 to 1.08) 0.193 19 (649) 0.86 (0.69 to 1.07) 0.180 

older people 940 19 (175) 0.82 (0.60 to 1.14) 0.238 20 (184) 0.85 (0.62 to 1.17) 0.326 

Residential area       

urban  1,151 12 (136) ref - 13 (147) ref - 

not urban 6,577 18 (1207) 1.49 (1.12 to 1.98) 0.006* 19 (1261) 1.45 (1.10 to 1.92) 0.008* 

Disease severity       

severe RHD 1,805 22 (392) ref - 22 (402) ref - 

moderate 
RHD 

1,391 19 (263) 0.85 (0.68 to 1.05) 0.137 19 (268) 0.82 (0.66 to 1.02) 0.077 

mild RHD 1,804 16 (288) 0.72 (0.57 to 0.91) 0.005* 17 (302) 0.73 (0.58 to 0.91) 0.005* 

ARF only 2,728 15 (400) 0.68 (0.54 - 0.85) 0.001* 16 (436) 0.68 (0.54 - 0.85) 0.001* 

Time since diagnosis       

< 1 year 581 29 (166) ref - 33 (193) ref - 

≥ 1 year 7,147 17 (1177) 0.54 (0.45 - 0.66) <0.001* 17 (1215) 0.45 (0.37 - 0.54) <0.001† 
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Table 22. Proportion of people who were adherent according to demographic and disease characteristics – proportion of days 
covered and total days at risk (cont.d) 

 

 Proportion of days covered 
Adherent = ≥0.8 

Total days at risk 
Adherent = no more than 73 DAR 

 

Observations Adherent 
% (n) 

AOR of being 
adherent 
 (95% CI) p value*  

Adherent 
% (n) 

AOR of being 
adherent 
 (95% CI) p value 

SP regimen        

3-weekly BPG 66 30 (20) ref - 30 (20) ref - 

4-weekly BPG 7,662 17 (1,323) 0.63 (0.28 to 1.39) 0.250 18 (1,388) 0.68 (0.30 to 1.52) 0.347 

Comorbidities        

Any comorbidity in CCI       

No 5,585 17 (960) ref - 18 (1010) ref - 

Yes 2,143 18 (383) 1.01 (0.81 to 1.26) 0.939 19 (398) 1.00 (0.80 to 1.24) 0.993 

Hypercholesterolaemia       

No  7,487 17 (1297) ref - 18 (1359) ref - 

Yes 241 19 (46) 0.93 (0.53 to 1.63) 0.798 20 (49) 0.93 (0.54 to 1.62) 0.798 

Hypertension        

No  6,856 17 (1175) ref - 18 (1233) ref - 

Yes 872 19 (168) 1.18 (0.84 to 1.65) 0.337 20 (175) 1.18 (0.85 to 1.64) 0.336 

Intentional self-harm       

No 7,412 18 (1304) ref - 19 (1368) ref - 

Yes 316 12 (39) 1.10 (0.63 to 1.93) 0.728 13 (40) 1.05 (0.60 to 1.82) 0.864 

Depression        

No 7,533 18 (1322) ref - 18 (1387) ref - 

Yes 195 11 (21) 0.72 (0.35 to 1.51) 0.390 11 (21) 0.69 (0.33 to 1.43) 0.314 

Obesity        

No 7,469 17 (1,272) ref - 18 (1,333) ref - 

Yes 259 27 (71) 1.94 (1.24 to 3.04) 0.004† 29 (75) 2.01 (1.29 to 3.11) 0.002† 
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Table 22. Proportion of people who were adherent according to demographic and disease characteristics – proportion of days 
covered and total days at risk (cont.d) 

 

 Proportion of days covered 
Adherent = ≥0.8 

Total days at risk 
Adherent = no more than 73 DAR 

 

Observations Adherent 
% (n) 

AOR of being 
adherent 
 (95% CI) p value*  

Adherent 
% (n) 

AOR of being 
adherent 
 (95% CI) p value 

Experience of assault       

No  6,544 19 (1,215) ref - 20 (1,274) ref - 

Yes 1,184 11 (128) 0.66 (0.47 to 0.92) 0.014† 11 (134) 0.65 (0.47 to 0.91) 0.011† 

Hazardous alcohol use       

No 6,456 19 (1,207) ref - 20 (1,263) ref - 

Yes 1,272 11 (136) 0.67 (0.48 to 0.94) 0.021† 11 (145) 0.69 (0.50 to 0.96) 0.029† 

Other drug misuse       

No  7,392 18 (1,296) ref - 18 (1,357) ref - 

Yes 336 14 (47) 1.15 (0.69 to 1.92) 0.597 15 (51) 1.22 (0.74 to 2.01) 0.430 

Year        

2007 1,033 15 (153) ref - 17 (176) ref - 

2008 1,053 14 (149) 0.79 (0.61 to 1.02) 0.068 14 (151) 0.68 (0.53 to 0.88) 0.003† 

2009 1,078 15 (162) 0.86 (0.67 to 1.11) 0.257 16 (168) 0.77 (0.60 to 0.98) 0.037† 

2010 1,096 20 (216) 1.19 (0.93 to 1.52) 0.160 20 (218) 1.04 (0.82 to 1.32) 0.753 

2011 1,120 15 (167) 0.85 (0.66 to 1.09) 0.199 16 (174) 0.76 (0.60 to 0.98) 0.031† 

2012 1,147 19 (215) 1.14 (0.89 to 1.46) 0.290 20 (227) 1.04 (0.82 to 1.31) 0.755 

2013 1,201 23 (281) 1.46 (1.15 to 1.86) 0.002† 25 (294) 1.32 (1.05 to 1.66) 0.020† 

TOTAL 7,728 17 (1,343)   18 (1,408)   

AOR, adjusted odds ratio; CCI, Charlson Comorbidity Index. *P values are for logistic regression with generalised estimating equations to account for  

repeat measures; † indicates a significant difference compared with the reference group (p<0.05)
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 Prevalence of oral secondary prophylaxis  

While the primary aim of the study was to investigate the delivery and consequences of BPG for 

people with a history of ARF and/or RHD, it is important to comment on the use of oral 

antibiotics in the NT since oral antibiotics have been shown to be less effective than BPG at 

preventing ARF recurrences.123, 137  The decision to prescribe oral antibiotics must be made very 

carefully and patients need to be well supported to optimise adherence.13  Thirty six people were 

prescribed oral SP at the time of data extraction; 29 were on penicillin and seven on erythromycin.  

Notes in the Register indicated an additional four people were prescribed oral SP at some stage 

during the study period.  Three cases were purposively selected to represent the diversity of 

circumstances of patients prescribed oral SP; their situations are summarised in Box 4, Box 5 and 

Box 6.  

Box 4. Summary of person on oral secondary prophylaxis - patient A 

 

Patient A 

 65 years old (in mid-2017) 

Disease and treatment timeline 

o 1965: query* ARF episode 

o 1967: query ARF episode 

o 1975: query ARF episode 

o 1977: query ARF episode 

o 1992: query ARF episode 

o 1992: RHD diagnosis 

o 2004: valve surgery 

o 2010: oral penicillin prescribed (original start date of SP 

unclear) 

 No documented definite ARF episodes in Register 

 SP regimen duration: lifelong SP  

 Current disease status: severe RHD 

* ‘query’ ARF was used to describe probable and possible ARF episodes 

prior to the 2012 revision of the national guidelines. 
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Box 5. Summary of person on oral secondary prophylaxis - patient B 

 

Box 6. Summary of person on oral secondary prophylaxis - patient C 

 

Patients A and B were both over 40 years old when oral SP was prescribed and neither of them 

had a documented occurrence of definite ARF.  Patient C, who was 12 years old when oral SP was 

prescribed, was subsequently diagnosed with RHD, supporting the findings from other settings 

Patient B 

 44 years old (in mid-2017) 

Disease and treatment timeline 

o 1993: diagnosed with RHD, severity at time not recorded 

o 1998: valve replacement surgery 

o 2013: commenced oral penicillin after local reaction to BPG 

 No documented ARF recurrences in Register 

 Adverse reaction to BPG documented in primary health care database   

 SP regimen duration: lifelong SP 

 Current disease status: severe RHD 

Patient C 

 19 years old (in mid-2017) 

Disease and treatment timeline: 

o 2009: diagnosed with ARF, commenced on BPG 

o 2010: commenced oral erythromycin after two skin episodes 

of skin rash in response to BPG 

o 2014: diagnosed with moderate RHD 

 No documented ARF recurrences in Register 

 Allergy to penicillins and BPG documented in primary health care 

database 

 SP regimen duration: proposed cease date mid 2019 

 Current disease status: moderate RHD 
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that oral SP is not an effective regimen.  Based on the evidence from other studies and Patient C’s 

progression to RHD (referred to in Box 6 above), oral SP should be avoided whenever possible, 

especially for young people under 35 years who are at greatest risk of ARF recurrence and disease 

progression.   

6.5. Discussion 

 Adherence rates to SP  

Overall median adherence for this population was 59% however adherence varied during the study 

period.  A review of the literature found adherence to SP (measured by percent adherence) in other 

settings varied widely, from 58%109 to 94%94  (see Figure 4 on page 44 for further detail).  The  

rates observed in this study are not surprising given the challenges of SP delivery in the NT, which 

include high staff turnover167, high workloads in health services and cultural and linguistic 

disconnects between healthcare providers and patients168, 169. 

 Factors associated with adherence 

The results indicate several factors are associated with adherence, including ethnicity, sex, age 

group, disease severity and comorbidities.  A widely held view is that Indigenous Australians are 

less adherent to medicines than Australians of other ethnicities, however a recent systematic review 

I conducted found there is insufficient data to support this claim.170 (see page 92)   Indeed, in this 

present study, Indigenous people had much higher adherence than people of other ethnicities 

(percent adherence 54% [IQR: 31% to 78%] vs 21% [IQR: 0% to 36%]).   Most Indigenous people 

in the NT visit NT Government-run or Aboriginal community- controlled primary health services, 

and these services regularly share data on BPG administration with the NT RHD Control Program.  

Non-Indigenous people are more likely to live in urban areas and visit private practitioners.  Private 

practitioners in urban areas have very small numbers of patients with ARF or RHD and may not 

be aware of the Control Program or that they should be providing information on BPG 

administration on a regular basis, so it is possible that the data in the Register for this group are 
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incomplete.  As a result adherence may have been underestimated and the difference between 

ethnicities may not be so pronounced.  It is also possible that private practitioners may not have 

effective reminder systems for secondary prophylaxis in place and that adherence really is lower.  

Regardless of whether adherence rates are truly different, it is important to consider the challenges 

faced by many Indigenous Australians which can make it particularly difficult to take medicines 

when scheduled.  

In this study females were more adherent than males.  A possible explanation for this finding is 

that women are often the primary caregivers for young children (who are frequently unwell in their 

early years) and have increased interactions with health services, providing more opportunities for 

healthcare providers to remind women when doses are due, as well as more opportunities to 

administer BPG.  There may also be stronger relationships between women and healthcare 

providers since primary care staff are predominantly women171 and this may also facilitate 

adherence.  Another Australian study also found that females were more adherent to SP,117 

however the RHDSP study, which investigated ways to support ten primary healthcare services in 

the NT to strengthen adherence to SP, found no association between sex and adherence.152  That 

result is surprising since the ten communities which participated in the RHDSP study are included 

in the cohort analysed for this thesis, however the RHDSP sample was much smaller (304 

participants) which may account for the lack of statistical association between sex and adherence.  

I managed the RHDSP and am a co-author on the published study protocol 172 and two of the 

publications which report the study’s results152, 173.  

There are several other Australian and international studies which have reported no significant 

association between sex and adherence to SP.90, 115, 174  The association between sex and adherence 

to medication regimens beyond the context of SP is not clear, for example, a systematic review 

found that males were frequently reported to be less adherent, but the meta-analysis found the 

association was not significant.175  
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In this cohort, children had the highest adherence, consistent with the findings of one other study 

reporting a higher adherence for children.108  First episodes of ARF occur predominantly in 

children aged between five and 14 years and the Australian guidelines recommend all suspected 

cases of ARF should be hospitalised.  It is reasonable to deduce that the experience of a lengthy 

hospital stay, which can often be stressful and result in considerable disruption to the lives of the 

entire family, drives caregivers to ensure their child is adherent.  It is also likely that children are 

supported by their family and other carers to remember when a dose is due and to travel to the 

health service, and this support decreases as the child reaches adolescence and relative 

independence, potentially contributing to the reduced adherence observed in adolescents in this 

cohort.  Two small studies found no significant association with age92, 115.  Many studies of 

adherence to SP are restricted to a paediatric sample and comparison of adherence between 

different age groups has not been widely reported.   The lower adherence rates for adolescents 

found in this study have been reported for a range for medicines.176  A recently published study of 

Australian Indigenous young people with ARF and RHD reported that the transition of patients 

through the health system as they become teenagers is poorly managed and patients are not well 

prepared for the time when they move out of the paediatric care system.177  The inadequacies of 

this process may contribute to the decline in adherence in this age group.   Findings from an 

international review of barriers reported by adolescents with chronic disease may also be relevant.  

Key factors which impeded adherence were a sense of stigma and not wanting to be different from 

peers and conflict at home which often stemmed from a tension between the adolescent striving 

for autonomy and the reluctance of parents to delegate responsibility for obtaining treatment.178  

The review reported that some adolescents indicated that their healthcare provider’s manner was 

impersonal and cold or that they treated them like a child.  These barriers compounded the 

negative effect of other aspects of adherence which are common to all patient groups: forgetting, 

being busy with other activities, and financial barriers.  
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In this study people living outside urban areas had higher adherence to SP compared with those 

in urban areas, however the opposite has been found in other studies, including one Australian 

study.120 It has been suggested that in other settings access to health services is limited outside 

metropolitan areas, however in the NT, the majority of remote communities have access to 

primary healthcare.  There is often a single health clinic, which is frequently within walking distance 

of people’s homes, and in many communities the health service has a bus which collects people 

for appointments.  In these communities the vast majority of residents would know where the 

health clinic was located and transport to the health centre would be reasonably straightforward 

to arrange.  The relative accessibility of healthcare services in remote areas may contribute to 

increased adherence.  However, in the urban areas of the NT, there are multiple health services 

and clinics which may be Government run, controlled by an Aboriginal health organisation or 

private operations.  The clinics are spread over a large geographic area and transport provided by 

health services is limited or may not be available at all.  The health services in urban areas often 

have many more patients in their catchment area compared with remote communities, which can 

mean there are less resources available for patient recall processes.  It is reasonable to assume that 

these factors could contribute to reduced adherence to SP.   

In this study people with more severe disease were more adherent.  Disease severity was based on 

the severity at the beginning of the year and at the commencement of SP if their prescription 

started during the study period.  Therefore it is likely that adherence rates are a result of the disease 

severity, and not a contributing factor.   People with more severe RHD are more likely to be 

symptomatic, for instance, they may become breathless after minimal exercise and these symptoms 

provide a constant reminder to the patient, their family and their friends of the seriousness of their 

disease, motivating adherence to BPG.  It is also possible that the more frequent follow up for 

medical review (as recommended in the national guidelines for more severe RHD) provides more 

opportunities for reminders, adherence counselling and general health education, which may lead 
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to better adherence.  Another Australian study reported a similar trend.  The authors found that 

the median number of doses for the previous 12 months was ten for people with severe disease 

and eight for people with mild RHD, however there was no indication of whether this difference 

is statistically significant.117  However a second Australian study found 38% of the group with more 

severe disease (priority 1 or 2) were adherent, compared with 68% for the group with less severe 

disease (priority 3) (the difference was not statistically significant, however the authors suggest this 

may be due to the small sample size of 21 people with more severe disease and 38 people with less 

severe disease.115  The authors do not describe the timeframe of the data used to determine disease 

severity, so it is unclear whether adherence was the determinant or the outcome of disease severity.  

Outside Australia, lower adherence has been reported for Fijian patients with asymptomatic RHD 

detected by screening echocardiography (compared with patients with symptomatic RHD), 

supporting the findings from this study that people with more severe disease are more likely to be 

adherent.  A New Zealand study found that people with a history of symptomatic ARF were more 

likely to be adherent than people with RHD detected by echocardiography,84 consistent with the 

idea that patients with a symptomatic condition are more adherent than those with subclinical 

disease.  Two further studies found no significant association between disease severity and 

adherence.95, 97  

In this study increasing time since diagnosis was associated with reduced adherence; a trend 

observed in Fiji.83  For patients admitted to hospital the education provided while admitted, 

combined with a strong desire not to return to hospital, may contribute to higher adherence 

immediately after initial diagnosis.  Adherence decreased one and half years after initial diagnosis 

and it is possible that once the symptoms of ARF resolved, the risk of ARF recurrence seemed 

more remote (and indeed actual risk had decreased) and people no longer felt it was necessary to 

receive BPG.   A decline in adherence when people are feeling well has been frequently reported 

in the wider adherence literature.122  
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People prescribed 3-weekly BPG were more adherent than those prescribed 4-weekly BPG – the 

difference was not statistically significant, but this was expected given the very small number of 

people in the 3-weekly group (n=13).  If the difference between regimens is real (which might be 

revealed by a larger sample prescribed 3-weekly), changing the standard regimen to 3-weekly BPG 

might increase the number of doses received and reduce the number of days at risk.  This potential 

improvement in adherence has already been recognised by healthcare providers working in the 

NT, who will change the regimen from 4-weekly to 3-weekly when a person experiences a 

recurrence of ARF as a result of low adherence.  In recognition of the importance of the timing 

of the dose, electronic databases at most health services in the NT now remind healthcare 

providers to start contacting the patient one week before the due date.  This gives the healthcare 

providers five working days to locate the patient and administer the dose before it is considered 

late.  The impact of the change in recall practices on adherence in the NT has not been directly 

measured, but it has been part of a suite of adherence-related activities implemented in recent 

years, during which time adherence across the NT has increased.152 Few studies have investigated 

the difference between 3-weekly and 4-weekly regimens.  A Taiwanese study found that children 

on 3-weekly BPG were less adherent than those on 4-weekly, but in that study the definition of 

adherence for the 3-weekly regimen was more strict than for the 4-weekly regimen.105  

The data indicate that adherence has gradually improved since 2007.  This may be a result of a 

range of activities, including the introduction of ARF/RHD specific continuous quality 

improvement tools in 2008, the release of the 2nd edition of the national ARF and RHD 

management guidelines in 2012 and the ongoing support of the NT RHD Control Program, which 

provides quarterly and annual adherence feedback reports to health services as part of their support 

for ARF/RHD management in the NT.  The influence of interventions on adherence in the NT 

will be explored by a research project led by Prof Judith Katzenellenbogen (NHRMC grant 

reference: 1146525).  I am an associate investigator on the project team. 
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Comorbidities had a mixed effect on adherence.  Adherence for people with obesity was 11 

percentage points higher than those without (the difference between groups remained significant 

when adherence was dichotomised) and warrants exploration.  Some healthcare providers in the 

NT have suggested that people with a low BMI may experience more pain when BPG is 

administered, since there is less gluteal muscle to inject into.  The converse might then be expected, 

with people with a high BMI likely to experience less pain, and therefore be more inclined to 

receive BPG doses.  This suggestion has not been tested in our setting (or elsewhere), however, 

findings of an anthropological study of Indigenous Australians’ experiences of ARF and RHD care 

in the NT indicate that pain is not considered a major barrier.179 Given this, it is perhaps unlikely 

that reduced pain is the sole explanation for increased adherence in people with obesity.  In other 

studies international classification of disease (ICD) codes have vastly underestimated obesity 

(when compared with using the standard measure of body mass index),180 so it is also possible that 

the apparent association with obesity was affected by misclassification.    

Alcohol misuse and experience of assault were associated with reduced adherence.  These 

comorbidities suggest an insecure living environment, where attending health services for regular 

BPG may not be a priority, or may be very difficult to manage.  The World Health Organization’s 

report on adherence to long-term therapies also states that ‘unstable living conditions’ have a 

significant negative effect on adherence to medications.69 Alcohol use has been widely reported as 

a barrier to medication adherence,181, 182 however the impact of exposure to domestic violence or 

assault has been less widely investigated.  

  



 

232 
 

Chapter 7. Results - Adherence and clinical outcomes 

7.1. Chapter summary 

To test the hypotheses that:  

 measures of adherence which account for dose timing and frequency are stronger 

predictors of clinical outcomes than measures which account for dose frequency alone 

(Hypothesis 2), and  

 higher rates of adherence are associated with greater reductions in the likelihood of adverse 

clinical outcomes,  

this chapter investigates the following aims:  

 determine the clinical outcomes associated with secondary prophylaxis for ARF and RHD 

(Thesis aim 4), and  

 determine the most clinically meaningful and practical indicator/s of adherence to 

secondary prophylaxis for ARF and RHD (Thesis aim 5). 

This chapter provides analyses for four outcomes, testing the five adherence measures for each; 

the results are summarised in Table 23. 
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Table 23. Summary of associations between adherence and clinical outcomes 

Outcome Associated with 
adherence?* 

Which adherence measure was 
best?†  

ARF recurrences Yes (increased adherence 
decreased recurrent ARF) 

total days at risk and proportion of 
days covered ‡  

Progression from ARF 
to RHD 

No adjusted percent adherence§  

Change in RHD 
severity 

Unable to test  
(sample size too small) 

n/a 

All-cause mortality Yes (increased 
adherence decreased all-
cause mortality) 

adjusted percent adherence§ 

*association between continuous or dichotomised measure/s of adherence was statistically 

significant (p<0.05), †based on the area under the receiver operating characteristics curve, ‡ the 

receiver operating curves for these two measures were identical since the denominator for 

proportion of days covered was the same for everyone, § difference between predictive power of 

each measure was not statistically significant. 

 

This chapter presents the associations between adherence to secondary prophylaxis (SP) for acute 

rheumatic fever (ARF) and rheumatic heart disease (RHD) and clinical outcomes: ARF recurrence, 

progression from ARF to RHD, progression of RHD, improvement of RHD and all-cause 

mortality.  The characteristics of the cases and controls in the case-control and case-crossover 

analyses are described.  For each outcome the linearity of the association with continuous measures 

of adherence is discussed and graphs of receiver operating characteristics curves indicate the 

relative strength of each measure of adherence at predicting the outcome.  The results of logistic 

regressions of continuous and dichotomised measures of adherence are reported using odds ratios, 

95% confidence intervals and p values.  Finally, population attributable fractions are presented, 

indicating the proportion of outcomes which could have been prevented if all study subjects had 

reached different thresholds of adherence.  The chapter concludes with interpretation of the 

findings.  Implications of the results and limitations of the study are discussed in Chapter 8 on 

page 306.   

https://en.wikipedia.org/wiki/Double_dagger_(typography)
https://en.wikipedia.org/wiki/Section_sign
https://en.wikipedia.org/wiki/Section_sign
https://en.wikipedia.org/wiki/Dagger_(typography)
https://en.wikipedia.org/wiki/Double_dagger_(typography)
https://en.wikipedia.org/wiki/Section_sign
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ACRONYMS, ABBREVIATIONS & GLOSSARY 

 

Adjusted percent adherence percent of prescribed doses that were administered, 
excluding doses given within 14 days of the previous dose 

 

ARF acute rheumatic fever 

 

BPG Benzathine penicillin G (a long-acting penicillin 
formulation which is the first line medication for secondary 
prophylaxis) 

 

DAR  days at risk. If the BPG dose date is day 1 and the next dose 
is not provided by day 28, days at risk commence on day 
29 and are accumulated until the next dose is administered.   

 

maxDAR  maximum number of consecutive days at risk in a specific 
period 

 

p values statistically significant p values (<0.05) are indicated with 
an asterisk (*) in tables 

 

PDC      proportion of days covered  

 

PDC=1 - 
total days at risk

maximum possible days at risk
 

 

Percent adherence  percent of prescribed doses that were administered 
(number of prescribed doses calculated according to 4-
weekly BPG regimen) 

 

Priority 1/P1 severe rheumatic heart disease according to Australian 
guidelines 

 

Priority 2/P2 moderate rheumatic heart disease according to Australian 
guidelines 

 

Priority 3/P3 mild rheumatic heart disease or acute rheumatic fever in 
the absence of rheumatic heart disease according to 
Australian guidelines 

 

RHD rheumatic heart disease 

 

ROC receiver operating characteristics 

            

SP     secondary prophylaxis 

     

total DAR     total number of days at risk in a specific period 
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7.2. Acute rheumatic fever recurrences 

One hundred and twenty eight (128) ARF recurrences occurred during the study period while the 

individual was prescribed SP.   

 Characteristics of case-control study subjects 

Cases were people who had been diagnosed with a recurrence of definite acute rheumatic fever 

while prescribed Benzathine penicillin G (BPG) SP.  Cases needed to have at least 12 months of 

data on adherence to SP prior to their recurrence to be included.  Controls were people who had 

been prescribed BPG SP for at least the same 12 months prior to the case’s recurrence, and for 

whom data on adherence to SP for those 12 months were available, and who did not have a 

recurrence during those 12 months.   Of the 128 recurrences, 97 recurrences were eligible for 

inclusion and were matched with 2 controls each.  Cases and controls were matched on sex, 

ethnicity, age group, and region (Table 24).  There were similar numbers of males and females, the 

recurrences were relatively evenly distributed across the children, adolescents and adults, and the 

largest number of diagnoses were for people living in Darwin rural and Katherine.  
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Table 24. Characteristics of sample for ARF recurrence: case-control analysis 

 Cases Controls  

 n (%) n (%)  

Total number 97 194  

Characteristic    

Sex    

male 45 (46) 90 (46)  

female 52 (54) 104 (54)  

Ethnicity    

Indigenous 97 (100) 194 (100)  

Age group (at time of recurrence)   

child 31 (32) 54 (28)  

adolescent 35 (36) 70 (36)  

adult 30 (31) 69 (35)  

older person 1 (1) 1 (1)  

Region    

Alice Springs rural 12 (12) 24 (12)  

Alice Springs urban 6 (6) 12 (6)  

Barkly 10 (10) 20 (10)  

Darwin rural 24 (25) 48 (25)  

Darwin urban 6 (6) 12 (6)  

East Arnhem 16 (17) 32 (17)  

Katherine 23 (24) 46 (24)  

Number of eligible recurrences per person (n)  

1 78 n/a  

2 8 n/a  

3 1 n/a  

Year of ARF onset (n(%))  

2008 4 (4) n/a  

2009 10 (10) n/a  

2010 11 (11) n/a  

2011 21 (22) n/a  

2012 31 (32) n/a  

2013 20 (21) n/a  
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 Characteristics of case-crossover study subjects 

To be eligible for the case-crossover analysis, the person needed to have been diagnosed with a 

recurrence of definite ARF during the study period, and have adherence data available for at least 

24 months prior to the recurrence (the 12-month case window and the first 12-month control 

window) and at least 12 months after the ARF recurrence (the second 12-month control window) 

(Figure 8 on page 138).  Fifty eight (58) recurrences were eligible for inclusion in the case-crossover 

analysis.  There was an equal number of males and females, the majority of recurrences occurred 

in people under 21 years of age and 46% of recurrences were diagnosed in people who lived in 

Darwin rural or Katherine regions (see Table 25 for further details). 
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Table 25. Characteristics of sample for ARF recurrences: case-crossover analysis 

Characteristic 

Case-crossover 
subjects 

n=58 

Total population  

(in analysis of factors 
associated with adherence) 

n=1610 

Sex (n (%))   

male 29 (50) 622 (39) 

female 29 (50) 988 (61) 

Ethnicity   

Indigenous 58 (100) 1610 (100) 

Age*   

age in years (mean (SD)) 

age group (n (%)) 

children 

adolescents 

adults 

older people 

19.67 (7.67) 

 

12 (21) 

24 (41) 

21 (36) 

1 (2) 

23.64 (12.60) 

 

443 (28) 

379 (23) 

609 (38) 

179 (11) 

Region (n (%))   

Alice Springs rural 5 (9) 211 (13) 

Alice Springs urban 5 (9) 113 (7) 

Barkly 7 (12) 77 (5) 

Darwin rural 15 (26) 421 (26) 

Darwin urban 2 (3) 155 (10) 

East Arnhem 11 (19) 339 (21) 

Katherine 13 (22) 294 (18) 

Number of eligible recurrences per subject (n)  

1 56 n/a 

2 1 n/a 

Year of recurrence onset (n (%))  

2009 8 (14) n/a 

2010 9 (16) n/a 

2011 20 (34) n/a 

2012 21 (36) n/a 

*Age at recurrence for case-crossover subjects and age at entry to study for total population 
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 Summary of adherence 

In the case-control analysis, median adherence was lower for cases than controls for all five 

adherence measures, see Table 26 below for details.   

Table 26. Summary of adherence rates for ARF recurrence case-control analysis 

 Cases Controls 

Measure of adherence Median Range Median Range 

Percent adherence 46% 0% to 95% 61% 0% to 100% 

Adjusted percent adherence 46% 0% to 95% 57% 0% to 100% 

Proportion of days covered 0.44 0 to 0.88 0.56 0 to 0.97 

Total days at risk 203 44 to 365 161 10 to 365 

Maximum consecutive days at risk 94 12 to 365 67 5 to 365 
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In the case-crossover analysis, adherence was poorest in the 12 months preceding the recurrence (case window) and highest in the 12 months following 

the recurrence (control window 2), see Table 27 and Figure 31 for details. 

Table 27.  Summary of adherence in case-crossover windows 

 Control window 1 

(12-month period 
before case window) 

 

Case window 

(12-month period 
leading up to ARF 

recurrence) 

Control window 2 

(12-month period after ARF 
recurrence) 

 Median Range Median Range Median Range 

Percent adherence 51% 0 to 99% 46% 0 to 87% 69% 0 to 99% 

Adjusted percent adherence 51% 0 to 90% 44% 0 to 84% 62% 0 to 99% 

Proportion of days covered 0.49 0 to 0.92 0.41 0 to 0.82 0.59 0 to 0.97 

Total days at risk 185 29 to 365 217 66 to 365 149 11 to 365 

Maximum consecutive days at risk 90 7 to 365 116 23 to 365 60 3 to 365 
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*The days at risk axis is inverted, so the top of the graph represents higher adherence for both 

measures. 

Figure 31. Adherence for subjects in the case-crossover analysis of ARF recurrences 

 

 Association between continuous measures of 

adherence and ARF recurrences 

Adherence to SP was significantly associated with the odds of having an ARF recurrence for all 

measures except the case-crossover analysis of maximum number of consecutive days at risk.   

 Increasing percent adherence by ten (10) percentage points was associated with a 

significant decrease in the odds of having a recurrence (case-control: odds ratio (OR): 0.83 

[95% confidence interval (CI): 0.75 to 0.92], p<0.001; case-crossover: OR: 0.79 [95% CI: 

0.67 to 0.94], p=0.006).  
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 Increasing adjusted percent adherence by ten (10) percentage points was associated with 

very similar decreases in the odds of having a recurrence (case-control: OR: 0.83 [95% CI: 

0.74 to 0.92], p<0.001; case-crossover: OR: 0.80 [95% CI: 0.67 to 0.95], p=0.009). 

 Increasing PDC by 0.1 was associated with a decrease in the odds of having a recurrence 

(case-control: OR: 0.80 [95% CI: 0.72 to 0.90], p<0.001; case-crossover: OR: 0.73 [95% 

CI: 0.59 to 0.89], p=0.002) 

 Increasing the total days at risk by ten (10) days was associated with a small increase in the 

odds of having a recurrence (case-control: OR: 1.06 [95% CI: 1.03 to 1.10], p<0.001; case-

crossover: OR: 1.09 [95% CI: 1.03 to 1.15], p=0.002). 

 Increasing the maximum consecutive days at risk by ten (10) days was associated with a 

small increase in the odds of having a recurrence (case-control: OR: 1.04 [95% CI: 1.01 to 

1.07], p=0.005; case-crossover: OR: 1.04 [95% CI: 1.00 to 1.08], p=0.052). 

 

Episodes of ARF are most common in 5 – 14 year olds, and are unusual in people over 35 years 

of age.  In the case-control analysis there were four cases who were over 35 at the time of their 

recurrence and in the case-crossover analysis two of the 58 recurrences occurred in people over 

35 years old.  Since adherence is associated with age and recurrences >35 years are uncommon, 

the effect of excluding people aged >35 years was tested.  For the case-control and case-crossover 

analyses, no effect was seen either when people aged >35 years were excluded or when an 

age*adherence interaction term was included in the model.    

The best fitting models of continuous measures of adherence and ARF recurrence were found 

using fractional polynomials, although the improvements in fit when compared with the linear 

models were not statistically significant.  The fractional polynomial models are depicted in Figures 

32 to 36. In each of these plots, the y axes depict the modelled increasing log relative risk of ARF 
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recurrence.  Because there is no baseline level at which to fix the risk, no numeric values have been 

assigned to the y-axes.  The range of the adherence rates depicted in the graphs is restricted to the 

minimum and maximum rates observed for the cases in the case-control analysis and the minimum 

and maximum rates for the case window in the case-crossover analysis; estimates for adherence 

rates outside these ranges are not reliable.  The overall trend for percent adherence, adjusted 

percent adherence and PDC was that once a particular level of adherence was obtained, increasing 

adherence was associated with continued decrease in the risk of ARF recurrence, however this was 

not reflected in the overall odds ratios resulting from the sensitivity analysis (see Table 31). 

The graphs for the case-control analysis of percent adherence, adjusted percent adherence and 

PDC, indicate that the risk of ARF recurrences remained relatively unchanged as adherence 

increased from 0 to approximately 40% (0.4 PDC), and then began to progressively reduce until 

the maximum adherence rate for the cohort, which was associated with the greatest reduction in 

risk.  In the case-crossover analysis (indicated by the red lines in Figures 32 to 36. ) the risk of 

recurrence began to decrease at a slightly lower adherence rate when compared with the case-

control results.  
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Figure 32. Association between percent adherence and risk of ARF recurrence 

 

Figure 33. Association between adjusted percent adherence and risk of ARF recurrence 
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Figure 34. Association between proportion of days covered and risk of ARF recurrence 

 

The graph of total days at risk (Figure 35) shows that in the case-control analysis the risk of ARF 

recurrence increased sharply from the minimum number of 44 days at risk, until approximately 

100 days at risk, when the increase in risk began to plateau.  The curve depicting the case-crossover 

results has a slightly different shape: the increase in risk of ARF recurrence increases steadily from 

the minimum value of 66 days at risk until approximately 300 days at risk, and then the risk of 

recurrence appears to decrease slightly after approximately 340 days at risk.  The graph of 

maximum consecutive days at risk (Figure 36), indicates that the risk of ARF recurrence increased 

sharply as the number of days increased from the respective minimum value to approximately 50 

consecutive days at risk, at which point the increase in risk continued more gradually.   
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Figure 35. Association between total days at risk and risk of ARF recurrence 

 

Figure 36. Association between maximum consecutive days at risk and risk of ARF 
recurrence 
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 Are any measures of adherence predictors of ARF 

recurrence? 

The receiver operating characteristic (ROC) curves for each adherence measure in predicting ARF 

recurrence in the case-control analysis are presented in Figure 37 below.  The curve for total days 

at risk had the highest area under the curve (0.64) indicating this measure was the strongest 

predictor of ARF recurrence; maximum consecutive days at risk had the lowest area under the 

curve (0.62).  When all five curves were compared using Stata routine roccomp there was a significant 

difference between the areas under the curve (χ2: 15.21, p=0.0043).  When individual measures 

were compared against percent adherence, there was no significant difference between percent 

adherence and adjusted percent adherence (χ2: 0.19, p=0.6666) or maximum number of 

consecutive days at risk (χ2: 0.23, p=0.6316).  Proportion of days covered (χ2: 7.75, p=0.0054) and 

total days at risk (χ2: 7.76, p=0.0053) were both significantly stronger predictors of ARF recurrence 

than percent adherence.  
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Figure 37. Receiver operating characteristics curves for continuous measures of adherence 
– ARF recurrences case-control analysis 

Table 28. Areas under the ROC curves for measures of adherence - ARF recurrences case-
control analysis 

Adherence measure Area under the ROC curves  

(95% CI) 
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Adjusted percent adherence 0.62 (0.56 to 0.69) 
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In the case-crossover analysis the curve for total days at risk had the highest area under the curve 

(0.63), and maximum consecutive days at risk had the lowest area under the curve (0.60), as was 

found in the case-control results.  The total days at risk and PDC values for each individual were 

identical, since the denominator for the PDC calculation was 12 months, resulting in identical 

ROC curves.  When all five curves were compared using Stata routine roccomp there was a 

significant difference between the areas under the curve (χ2: 13.82, p=0.0032).  When individual 

measures were compared with percent adherence, there was no significant difference between 

percent adherence and adjusted percent adherence (χ2: 0.72, p=0.3957) or maximum consecutive 

days at risk (χ2: 0.76, p=0.3841).  Total days at risk and PDC were the strongest predictors of ARF 

recurrence (χ2 for comparison with percent adherence: 4.87, p=0.0273).  

 
Figure 38. Receiver operating characteristics curves for continuous measures of adherence 
– ARF recurrences case-crossover analysis 
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Table 29. Areas under the ROC curves for measures of adherence – ARF recurrences case-
crossover analysis 

Adherence measure Area under the ROC curves  

(95% CI) 

Percent adherence 0.61 (0.53 to 0.70) 

Adjusted percent adherence 0.61 (0.52 to 0.70) 

Proportion of days covered 0.63 (0.54 to 0.71) 

Total days at risk 0.63 (0.54 to 0.71) 

Maximum consecutive days at risk 0.60 (0.51 to 0.68) 

 

The areas under the curve for the case-control and the case-crossover analyses were very similar 

in magnitude, and showed similar patterns when the measures were compared.  Though the ROC 

curves crossed, the shape of each curve was very similar, so it was considered reasonable to 

compare complete areas under the curve as opposed to partial areas under the curve.  While there 

were significant differences between the areas under the curve for the five adherence measures in 

both analyses, the areas under the curve were all less than 0.65 (range: 0.60 to 0.64), indicating that 

none of the continuous measures of adherence are particularly strong predictors of having an ARF 

recurrence.189  

 What is the ‘optimal’ adherence rate? 

Optimal cutpoints were identified using the maximum Youden index (see Chapter 4, Section 

4.10.3.3); the case-control results were similar to the case-crossover results for all measures except 

maximum consecutive days at risk (see Table 30 below).  The optimal cutpoints for percent 

adherence were 66% and 69% for the case-control analysis and 66% for the case-crossover; the 

optimal adjusted percent adherence was much lower, at 48% for both analyses (Table 30).   
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Table 30. Optimal cutpoints of adherence for predicting an ARF recurrence 

Measure Optimal cutpoint/s 

 Case-control Case-crossover 

Percent adherence 66%, 69%  66% 

Adjusted percent adherence 48%, 49% 48%, 63% 

Proportion of days covered 0.48 0.48 

Total days at risk 192 193 

Maximum consecutive days at risk 88 115 

 

 Association between dichotomised adherence and ARF 

recurrences 

7.2.7.1. Reaching 80% adherence or equivalent 

The case-control analysis indicated that receiving less than the current minimum target of 80% of 

BPG doses (fewer than 11 doses in a 12-month period for people prescribed 4-weekly BPG) is 

associated with statistically significant four-fold increase in the odds of having a recurrence (OR: 

4.00 [95% CI: 1.72 to 9.29]; p=0.001).  The risk for people in the case- crossover analysis was also 

elevated: OR 3.31 (95% CI: 1.09 to 10.07); p=0.035.  

The effect sizes for receiving <80% based on adjusted percent were similar: case-control analysis 

OR: 4.00 [95% CI: 1.61 to 9.91], p=0.003 and for the case-crossover analysis OR:  3.82 [95% CI: 

1.08 to 13.47], p=0.037.  

People whose PDC was less than 0.8 had much higher odds of having a recurrence (case-control 

OR: 8.05 [95% CI: 1.87 to 34.71], p=0.005; case-crossover OR: 5.61 [95% CI: 0.69 to 45.81], 

p=0.108).  The 80% threshold was not applied to total days at risk or maximum consecutive days 

at risk.   
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Other definitions of adherence 

In the sensitivity analysis the strictest definitions of non-adherence tested for percent adherence 

(90%), adjusted percent adherence (90%), PDC (0.9) and maximum consecutive days at risk (no 

more than 14 days) were each associated with the greatest increase in risk of ARF recurrence (see 

Table 31), but few people achieved adherence above these thresholds.  The analysis of total days 

at risk thresholds indicated that as the number of DAR increases (i.e., adherence decreases) the 

odds of having an ARF recurrence gradually increase until 90 DAR, at which point the increase in 

risk plateaus and then drops slightly for people who have more than 150 DAR.  However the odds 

of ARF recurrence did not progressively increase with each decrease in the threshold of adherence.  

For maxDAR, all definitions of non-adherence: <14 days, <28 days, <42 days and <168s days, (I 

felt these periods would be memorable for healthcare providers and patients, as they are based on 

round numbers of weeks - see Table 4 on page 143) were associated with increased risk of ARF 

recurrence, however the statistical associations were less evident than for the other measures.  

The effect sizes in the case-crossover analysis were slightly larger compared with the case-control 

analysis. 
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Table 31. Association between acute rheumatic fever recurrences and different thresholds of adherence (cont.d) 

 

Case-control analysis 

97 cases; 194 controls 

Case-crossover analysis 

58 cases 

Definition of non-adherence 

OR of non-adherent 
people having a 

recurrence versus 
adherent people  

(95% CI) 

p value 
Adherent 
cases (n) 

Adherent 
controls 

(n) 

OR of non-adherent 
people having a 

recurrence versus 
adherent people  

(95% CI) 

p 
value 

Adherent 
people in 

case 
window (n) 

Percent adherence         

Percent <90% 12.9 (1.68 to 99.11) 0.014* 1 21 - - 0 

Percent <80% 4.00 (1.72 to 9.29) 0.001* 8 47 3.31 (1.09 to 10.07) 0.035* 5 

Percent <70% 2.42 (1.29 to 4.52) 0.006* 19 66 5.02 (1.68 to 15.03) 0.004* 12 

Percent <60% 2.76 (1.55 to 4.92) 0.001* 30 99 3.89 (1.44 to 10.49) 0.007* 16 

Percent <50% 2.35 (1.36 to 4.07) 0.002* 42 119 2.68 (1.16 to 6.20) 0.021* 23 

Adjusted percent adherence         

Adjusted percent <90% 10.00 (1.29 to 77.8) 0.028* 1 17 - - 0 

Adjusted percent <80% 4.00 (1.61 to 9.91) 0.003* 6 39 3.82 (1.08 to 13.47) 0.037* 4 

Adjusted percent <70% 2.72 (1.42 to 5.24) 0.003* 17 64 2.77 (1.07 to 7.12) 0.035* 11 

Adjusted percent <60% 2.42 (1.38 to 4.24) 0.002* 30 95 3.55 (1.31 to 9.62) 0.013* 16 

Adjusted percent <50% 2.47 (1.43 to 4.25) 0.001* 40 118 2.91 (1.20 to 7.05) 0.018* 22 

Proportion of days covered     
   

Proportion of days covered <0.9 - - 0 10 - - 0 

Proportion of days covered <0.8 8.05 (1.87 to 34.71) 0.005* 2 28 5.61 (0.69 to 45.81) 0.108 1 

Proportion of days covered <0.7 3.80 (1.77 to 8.14) 0.001* 11 56 4.43 (1.47 to 13.40) 0.008* 7 
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Table 31. Association between acute rheumatic fever recurrences and different thresholds of adherence (cont.d) 

 

Case-control analysis 

97 cases; 194 controls 

Case-crossover analysis 

58 cases 

Definition of non-adherence 

OR of non-adherent 
people having a 

recurrence versus 
adherent people  

(95% CI) 

p value 
Adherent 
cases (n) 

Adherent 
controls 

(n) 

OR of non-adherent 
people having a 

recurrence versus 
adherent people  

(95% CI) 

p 
value 

Adherent 
people in 

case 
window (n) 

Proportion of days covered <0.6 2.97 (1.63 to 5.41) <0.001* 23 86 6.46 (1.89 to 22.03) 0.003* 13 

Proportion of days covered <0.5 2.84 (1.64 to 4.92) <0.001* 36 116 3.90 (1.55 to 9.85) 0.004* 20 

Total days at risk            

More than 30 DAR* - - 0 7 - - 0 

More than 50 DAR 7.69 (0.98 to 60.08) 0.052 1 14 - - 0 

More than 60 DAR 12.9 (1.68 to 99.11) 0.014* 1 21 - - 0 

More than 90 DAR 4.29 (1.74 to 10.60) 0.002* 6 41 6.91 (1.53 to 31.22) 0.012* 3 

More than 100 DAR 4.00 (1.80 to 8.90) 0.001* 9 51 2.95 (1.04 to 8.36) 0.042* 6 

More than 120 DAR 2.71 (1.43 to 5.16) 0.002* 17 66 2.74 (1.12 to 6.71) 0.027* 10 

More than 150 DAR 3.08 (1.69 to 5.60) <0.001* 24 90 4.70 (1.59 to 13.94) 0.005* 14 

Max. consecutive days at risk      
   

More than 14 consecutive DAR 6.65 (0.84 to 52.95) 0.073 1 12 - - 0 

More than 28 consecutive DAR 2.53 (0.99 to 6.44) 0.051 6 27 2.75 (0.76 to 9.96) 0.125 3 

More than 42 consecutive DAR 2.62 (1.34 to 5.11) 0.005* 16 60 2.08 (0.85 to 5.11) 0.108 10 

More than 168 consecutive DAR 1.52 (0.81 to 2.84) 0.193 75 162 2.50 (0.98 to 6.40) 0.056 40 
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Population attributable risks were calculated to determine the proportion of ARF recurrences 

which could have been prevented if everyone in the cohort had met the various definitions of 

adherence.  In the case-control analysis, if everyone had achieved the current target of ≥80% of 

BPG doses, 69% of the recurrences could have been prevented; the proportion prevented in the 

case-crossover analysis was slightly lower, at 64% (see Figure 39, note, the small numbers of people 

with very high adherence are reflected in the wide confidence intervals.  When adherence was 

measured by adjusted percent adherence, the effect of receiving ≥80% of doses was very similar 

for the two analyses: the case-control analysis estimated that 70% of recurrences would have been 

prevented, the case-crossover results indicated that 69% of recurrences could have been prevented 

(see Figure 40).  Obtaining a PDC of ≥0.8 resulted in greater reductions of recurrences: 86% in 

the case-control and 81% in the case-crossover (the case-crossover result was not statistically 

significant) (see Figure 41).  

The ≥80% threshold for total days at risk is equivalent to no more than 73 days at risk in a 12-

month period (for a non-leap year); it was felt that this number was unlikely to be particularly 

memorable or acceptable for use by healthcare providers, patients and their families, and so was 

not investigated.  An 80% equivalent threshold could not be readily applied to maximum 

consecutive days at risk.  If no one had more than 90 total days at risk in a year, between 72% 

(case-control estimate) and 81% (case-crossover estimate) of recurrences could have been 

prevented (Figure 42); estimates at higher adherence thresholds were not possible for the case-

crossover analysis.  If no one had more than 28 days at risk in a row, approximately 60% of ARF 

recurrences could have been prevented (case-control estimate: 57%, case-crossover estimate: 60%) 

(Figure 43).  The definitions of adherence based on maximum consecutive DAR were the least 

likely to have statistically significant population attributable fractions.  

Figures 39 to 43 also show that there would still have been significant reductions in ARF 

recurrences at lower levels of adherence, for example, based on the case-control analysis, if 
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everyone had received at least 50% of their doses, 33% of ARF recurrence could have been 

prevented (Figure 39).  
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Figure 39. Proportion of acute rheumatic fever recurrences which could have been prevented if all people reached percent adherence 
thresholds 
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Figure 40. Proportion of acute rheumatic fever recurrences which could have been prevented if all people reached adjusted percent 
adherence thresholds 
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Figure 41. Proportion of acute rheumatic fever recurrences which could have been prevented if all people reached proportion of days covered 
thresholds 
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Figure 42. Proportion of acute rheumatic fever recurrences which could have been prevented if all people were under total days at risk 
thresholds 
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Figure 43. Proportion of acute rheumatic fever recurrences which could have been prevented if all people were under maximum consecutive 
days at risk thresholds
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7.3. Progression from ARF to RHD 

Three hundred and fifty (350) people were diagnosed with a first episode of ARF (definite, query 

[diagnosis pre 2012], probable or possible) during the study period; eligible cases were those who 

were diagnosed with RHD at least 90 days after the initial diagnosis of ARF, and who were 

prescribed SP for at least 90 days prior to RHD diagnosis.  It was considered unlikely that SP could 

have prevented RHD diagnoses less than 90 days after the initial ARF episode, or after less than 

90 days prescription of SP, and so these cases were excluded.  After exclusion criteria were applied, 

19 cases were eligible for inclusion (see Figure 44). 

Figure 44. Selection of cases who progressed from ARF to RHD

People subsequently 
diagnosed with RHD during 

study period 

n=74 

People who met the SP 
prescription criteria 

n=53 
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Nine of the 19 cases were male, 14 were 14 years or younger at the time of their RHD diagnosis and seven had a documented recurrence of ARF prior 

to or at the time of their RHD diagnosis.  Four cases had carditis recorded as a manifestation during their first ARF episode, none of the remaining 

cases had carditis recorded for their first or recurrent episodes of ARF.   Three cases required fewer than six doses prior to their RHD diagnosis and so 

were excluded from the percent adherence and adjusted percent adherence analyses (see Table 32 for more detail and individual adherence rates).   

Table 32. Characteristics of people who progressed from acute rheumatic fever to rheumatic heart disease (cont.d) 

Patient 

number 

Sex Carditis 

at first 

ARF 

episode

? 

Age at 

RHD 

diagnosis 

(yrs) 

Time 

from ARF 

to RHD 

diagnosis 

(mths) 

Intervening  

or 

concurrent 

documented 

ARF 

recurrence? 

Percent 

adherence 

(%) 

Adjusted 

percent 

adherence 

(%) 

PDC Total 

DAR 

maxDAR 

1 male Yes 11 25 Yes 22 22 0.19 610 352 

2 female No 14 10 No 25 25 0.25 248 166 

3* female No 42 16 No 31 31 0.31 314 100 

4 female No 21 40 No 38 38 0.37 610 277 

5 female Yes 15 23 No 39 39 0.38 445 196 

6 female No 18 28 No 54 51 0.51 408 186 

7 female No 9 15 Yes 57 57 0.52 212 140 

8 male No 8 26 No 60 60 0.56 344 117 

9 male No 11 30 Yes (two) 61 61 0.56 406 77 

10 male No 11 11 No 66 66 0.66 101 79 
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Table 32. Characteristics of people who progressed from acute rheumatic fever to rheumatic heart disease (cont.d) 

Patient 

number 

Sex Carditis 

at first 

ARF 

episode

? 

Age at 

RHD 

diagnosis 

(yrs) 

Time 

from ARF 

to RHD 

diagnosis 

(mths) 

Intervening  

or 

concurrent 

documented 

ARF 

recurrence? 

Percent 

adherence 

(%) 

Adjusted 

percent 

adherence 

(%) 

PDC Total 

DAR 

maxDAR 

11 male No 14 6 Yes 77 77 0.77 42 22 

12 female Yes 12 20 No 78 74 0.74 160 66 

13 male No 11 20 Yes 83 83 0.74 158 43 

14 male No 6 26 No 83 83 0.79 161 26 

15* female No 12 28 Yes 83 83 0.82 148 75 

16 male No 7 11 Yes 84 84 0.81 63 30 

17 female No 27 3 No n/a n/a 0.62 34 18 

18 male No 8 5 No n/a n/a 0.63 62 49 

19 female Yes 10 4 No n/a n/a 0.96 5 5 

*Initial ARF diagnosis was probable or possible ARF
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7.3.1.1. Case-control  

Cases were people who had been diagnosed with a first episode of ARF during the study period, 

commenced SP no more than 90 days after the ARF diagnosis, and subsequently were diagnosed 

with rheumatic heart disease at least 90 days after their ARF diagnosis while prescribed SP.  

Controls were people who were diagnosed with a first episode of ARF during the study period, 

were prescribed SP for at least the same period as their matched case, and had not been diagnosed 

with RHD at the time of the case’s diagnosis of RHD.  There were 19 cases; cases were matched 

to controls based on ethnicity, sex, and age group (based on their age on 1 February 2007).  

Fourteen cases were matched to two controls each, five cases could only be matched to one control 

each.   For cases adherence was calculated for the period between the first ARF episode and the 

RHD diagnosis, for controls adherence was calculated for the same period as their case.  

Median adherence was lower for cases for all measures except PDC, where there was very minimal 

difference (0.62 versus 0.61) (Table 33). 

Table 33. Summary of adherence rates for progression to RHD - case-control analysis 

 Cases Controls 

Measure of adherence Median Range Median Range 

Percent adherence (%) 60 22 - 84 66 39 - 90 

Adjusted percent adherence (%) 60 22 - 84 64 39 - 90  

Proportion of days covered 0.62 0.19 to 0.96 0.61 0 to 0.93 

Total days at risk 161 5 - 610 169 6 - 458 

Maximum consecutive days at risk 77 5 - 352 63 6 - 324 

 



 

266 
 

 Association between continuous measures of 

adherence and progression from acute rheumatic fever 

and rheumatic heart disease  

Similar analyses were performed to test associations between measures of adherence and 

progression from ARF to RHD as were undertaken to test associations between measures of 

adherence and risk of ARF recurrence.  The investigation of continuous measures of adherence 

showed that increasing adherence was associated with a reduction in the risk of progressing from 

ARF to RHD, however none of the associations were statistically significant:   

 Increasing percent adherence by 10 percentage points was associated with a decrease in 

the odds of progressing to RHD (OR: 0.79 [95% CI: 0.53 to 1.17], p=0.238).  

 Increasing adjusted percent adherence by 10 percentage points was associated with a 

decrease in the odds of progressing to RHD (OR: 0.80 [95% CI: 0.54 to 1.18], p=0.259).  

 Increasing PDC by 0.1 was associated with a small decrease in the odds of progressing to 

RHD (OR: 0.94 [95% CI: 0.71 to 1.27], p=0.705).  

 Increasing the total days at risk by ten days was associated with a minimal increase in the 

odds of progressing to RHD (OR: 1.03 [95% CI: 0.97 to 1.09], p=0.334).  

 Increasing the maximum consecutive days at risk by ten days was associated with a minimal 

increase in the odds of progressing to RHD (OR: 1.02 [95% CI: 0.95 to 1.10], p=0.593).  

Fractional polynomial models did not fit the data significantly better than the linear models for all 

measures of adherence.  

 Are any measures of adherence predictors of 

progression from ARF to RHD?  

Areas under ROC curves were used to test whether there were any differences between the power 

of the measures of adherence to predict progression from ARF to RHD.  All five adherence 

measures were poor at predicting progression to RHD, and AUC was almost identical for each 
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measure: adjusted percent adherence 0.61; percent adherence, proportion of days covered and 

maximum consecutive DAR all 0.60, and total days at risk 0.58 (see Table 34).  When the five 

measures were compared (see Figure 45) there was no significant difference between their abilities 

to predict progression from ARF to RHD (p=0.9960).  

Table 34. Areas under the ROC curves for measures of adherence: progression from acute 
rheumatic fever to rheumatic heart disease - case-control analysis 

Adherence measure Area under the ROC curve 

(95% CI) 

Percent adherence 0.60 (0.41 to 0.79) 

Adjusted percent adherence 0.61 (0.42 to 0.80) 

Proportion of days covered 0.60 (0.41 to 0.80) 

Total days at risk 0.58 (0.39 to 0.77) 

Maximum consecutive days at risk 0.60 (0.42 to 0.79) 
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Figure 45. Receiver operating characteristic curves for continuous measures of adherence 
– progression from acute rheumatic fever to rheumatic heart disease - case-control analysis 
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whereas the maximum possible values for total DAR and maxDAR vary widely depending on the 

timeframe for adherence.  

 

Table 35. Optimal cutpoints of adherence for predicting progression to rheumatic heart 
disease  

Measure of adherence Optimal cutpoint 

  

Percent adherence 46% 

Adjusted percent adherence 43% 

Proportion of days covered 0.42 

Total days at risk 65 

Maximum consecutive days at risk 33 

 

 Association between dichotomised adherence and 

progression from acute rheumatic fever to rheumatic 

heart disease 

Associations between dichotomised measures of adherence and progression from ARF to RHD 

are shown in Table 36 revealing that samples sizes were very small and no statistically significant 

associations were evident.  Receiving <80% of doses was associated with a small, statistically non-

significant increase in the odds of progressing from ARF to RHD (OR: 1.16 [95% CI: 0.31 to 

4.31], p=0.825); the results for percent adherence were identical to the result for adjusted percent 

adherence since the proportions of people receiving <80% were the same for both measures.  

Receiving <0.8PDC was associated with a statistically non-significant increase in the odds of 

progressing to RHD (OR: 1.55 [95% CI: 0.30 to 8.16], p=0.602).   

The analysis of multiple percent adherence thresholds indicated that the odds of progressing to 

RHD increased with decreasing adherence and there was a marked increase in risk when fewer 

than 50% of doses were received: OR: 4.23 (95% CI: 0.46 to 39.14), p=0.204 (Table 36).  There 
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was no obvious trend between decreasing adherence and increased risk of progression for 

proportion of days covered and total days at risk, and in some instances it appeared that being 

non-adherent was protective against progression to RHD.  People whose maxDAR was greater 

than 28 appeared to be half as likely to progress to RHD than those who were more adherent, OR: 

0.49 (95% CI: 0.08 to 3.08), p=0.443, however when the threshold for non-adherence was raised, 

the non-adherent groups for both definitions were more likely to progress to RHD.  None of the 

associations between dichotomised adherence and progression to RHD were statistically 

significant.  
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Table 36. Association between different thresholds of adherence and progression to rheumatic heart disease (cont.d)  

 

Case-control analysis 
19 cases; 33 controls 

  

 

OR of non-adherent 
people progressing to 
RHD compared with 

adherent people (95% CI) 

P value 
Adherent 
cases (n) 

Adherent 
controls (n) 

 

Definition of non-adherence      

Percent adherence*      

Percent < 90% n/a  n/a 0 0  

Percent < 80% 1.16 (0.31 to 4.31) 0.825 4 8  

Percent < 70% 1.22 (0.35 to 4.31) 0.753 6 12  

Percent < 60% 1.24 (0.34 to 4.48) 0.742 9 18  

Percent < 50% 4.23 (0.46 to 39.14) 0.204 11 25  

Adjusted percent adherence*      

Adjusted percent <90% n/a n/a 0 0  

Adjusted percent <80% 1.16 (0.31 to 4.31) 0.825 4 8  

Adjusted percent <70% 0.88 (0.26 to 3.00) 0.833 6 10  

Adjusted percent <60% 1.24 (0.34 to 4.48) 0.742 9 18  

Adjusted percent <50% 4.23 (0.46 to 39.14) 0.204 11 25  

Proportion of days covered      

Proportion of days covered <0.9 0.71 (0.04 to 11.79) 0.809 1 1  

Proportion of days covered <0.8 1.55 (0.30 to 8.16) 0.602 3 6  

Proportion of days covered <0.7 1.00 (0.30 to 3.28) 1.000 7 12  

Proportion of days covered <0.6 1.06 (0.33 to 3.46) 0.920 10 18  

Proportion of days covered <0.5 1.09 (0.26 to 4.59) 0.903 14 26  
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Table 36. Association between different thresholds of adherence and progression to rheumatic heart disease (cont.d)  

 

Case-control analysis 
19 cases; 33 controls 

  

 

OR of non-adherent 
people progressing to 
RHD compared with 

adherent people (95% CI) 

P value 
Adherent 
cases (n) 

Adherent 
controls (n) 

 

Total days at risk       

More than 30 DAR† - - 1 2  

More than 50 DAR 0.71 (0.04 to 11.79) 0.809 3 4  

More than 60 DAR 1.41 (0.08 to 23.57) 0.809 3 5  

More than 90 DAR 0.64 (0.10 to 4.16) 0.641 5 7  

More than 100 DAR 1.28 (0.11 to 14.56) 0.842 5 9  

More than 120 DAR 1.16 (0.18 to 7.43) 0.876 6 11  

More than 150 DAR 0.87 (0.14 to 5.27) 0.876 7 12  

Maximum consecutive DAR      

More than 14 consecutive DAR‡ - - 1 3  

More than 28 consecutive DAR 0.49 (0.08 to 3.08) 0.443 4 4  

More than 42 consecutive DAR 1.89 (0.43 to 8.28) 0.399 5 11  

More than 168 consecutive DAR 2.30 (0.38 to 14.12) 0.367 15 30  

* 16 cases and 28 controls were included in the percent adherence and adjusted percent adherence analysis since three cases had fewer than 

 90 days between their ARF and RHD diagnoses; †convergence not achieved; ‡ there were no discordant sets so odds ratios were not estimable. 
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The potential impact on the rate of progression to RHD if adherence was increased at the 

population level is unclear given the very wide confidence intervals for the population attributable 

fractions (Figure 46 to Figure 50).  The only statistically significant result was for ≥50% (percent 

adherence and adjusted percent adherence): if everyone had received at least 50% of their doses, 

24% of RHD diagnoses might have been prevented (Figure 46 and Figure 47). 

  

 

 

Figure 46: Proportion of progressions to RHD which could have been prevented if all 
people reached percent adherence thresholds 

 

●    estimate  
—  95% confidence  
      interval 
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Figure 47: Proportion of progressions to RHD which could have been prevented if all 
people reached adjusted percent adherence thresholds 

 

Figure 48: Proportion of progressions to RHD which could have been prevented if all 
people reached proportion of days covered thresholds 

●    estimate  
—  95% confidence  
      interval 

●    estimate  
—  95% confidence  
      interval 
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Figure 49: Proportion of progressions to RHD which could have been prevented if all 
people were under total days at risk thresholds 

 

Figure 50: Proportion of progressions to RHD which could have been prevented if all 
people were under maximum consecutive days at risk threshold

●    estimate  
—  95% confidence  
      interval 

●    estimate  
—  95% confidence  
      interval 
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7.4. Progression of rheumatic heart disease 

There were 1,304 people who had an echocardiogram, angiogram, or cardiologist review during the study period while prescribed SP.  Four hundred 

and sixty one (461) people were classified as having mild RHD at least once during the study period.  Six of these people (1%) progressed from mild 

RHD to severe RHD while prescribed SP; three of these people had a documented recurrence of ARF in the intervening period, three did not.  The 

time for progression ranged from four months to 54 months.  Percent adherence for the interval between most recent mild RHD classification and first 

severe RHD classification ranged from 53% to 100% (see Table 37 below for the details of all five adherence measures).  Case 26 with 100% adherence 

may have had rheumatic carditis that evolved from mild to severe over a 4-month period; and therefore adherence to secondary prophylaxis would not 

have been able to change this clinical course.  Comparison of adherence rates between individuals must be done cautiously given the different timeframes 

for the adherence calculations.   Analyses were not undertaken due to the small sample size.  
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Table 37. Characteristics of people who progressed from mild rheumatic heart disease to severe rheumatic heart disease  

Patient 

number 

Sex Age at first 

severe RHD 

classification 

(yrs) 

Time 

between 

mild 

and 

severe 

RHD 

(mths) 

Documented 

ARF 

recurrence 

between 

mild and 

severe 

RHD? 

Percent 

adherence 

(%) 

Adjusted 

percent 

adherence 

(%) 

PDC Total 

DAR 

maxDAR 

21 female 25 54 No 53 53 0.53 769 147 

22 male 19 44 Yes 55 55 0.53 624 140 

23 female 16 47 Yes 56 50 0.51 693 140 

24 female 15 36 Yes 69 69 0.65 382 66 

25 male 11 45 Yes 73 68 0.68 428 70 

26 male 13 4 No 100 100 1.00 0 0 

 

7.5. Improvement of rheumatic heart disease 

There were 260 individuals who were classified as having severe RHD at least once during the study period while they were prescribed SP; five (2%) of 

them improved to mild RHD.  The time between the most recent severe RHD classification and first mild RHD classification ranged from 19 months 

to 51 months; none of the cases had recurrent ARF during this period.  Percent adherence for the period between the severe and mild classifications 

ranged from 56% to 85% and three of the five people received at least 80% of their doses (see Table 38 below for details of all five adherence measures).  
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Comparison of adherence rates between individuals must be done cautiously given the different timeframes for the adherence calculations.  As with 

progression of RHD, comparison of adherence rates must be done with care given the varying timeframes for calculations, and analyses were not 

undertaken due to the small sample size. 

 

Table 38. Characteristics of people who improved from severe rheumatic heart disease to mild rheumatic heart disease  

Patient 

number 

Sex Age at 

first mild 

RHD (yrs) 

Time 

between 

severe and 

mild RHD 

(mths) 

Percent 

adherence 

(%) 

Adjusted 

percent 

adherence 

(%) 

PDC Total 

DAR 

maxDAR 

27 female 5 19 56 51 0.46 315 121 

28 female 38 27 66 66 0.63 302 64 

29 male 23 22 81 81 0.81 128 41 

30 female 15 51 83 81 0.79 312 59 

32 female 12 22 85 85 0.81 122 33 
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7.6. Death 

One hundred and two (102) people died during the study period; 101 were Indigenous and one 

was not Indigenous.  Eighty two (82) of these people were prescribed SP at the time of death, all 

were Indigenous.  

Table 39. Characteristics of people who died while prescribed SP (cont.d) 

 

All deaths during 
study period while 

prescribed SP 

Case-control 
deaths 

Case-crossover 
deaths 

Total deaths 82 69 43 

Characteristic n (%) n (%) n (%) 

Sex 
   

Male 31 (38) 25 (36) 18 (42) 

Female 51 (62) 44 (64) 25 (58) 

Age at death 

Median (yrs) 40 39 39 

Age range (yrs) 5 - 76 16 - 69 20 - 69 

Age category 
   

Children 1 (1) 0 (0) 0 (0) 

Adolescents 4 (5) 3 (4) 2 (5) 

Adults 38 (46) 36 (52) 24 (56) 

Older people 39 (48) 30 (44) 17 (39) 

Ethnicity 
   

Indigenous 82 (100) 69 (100) 43 (100) 

Region 
   

Alice Springs rural 7 (8) 6 (9) 5 (12) 

Alice Springs urban 12 (15) 8 (12) 3 (7) 

Barkly 2 (2) 2 (3) 1 (2) 

Darwin rural 10 (12) 7 (10) 2 (5) 

Darwin urban 12 (15) 12 (17) 8 (19) 

East Arnhem 17 (21) 14 (20) 7 (16) 

Katherine 21 (26) 20 (29) 17 (39) 

Unknown 1 (1) 0 (0) 0 (0) 
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Table 39. Characteristics of people who died while prescribed SP (cont.d) 

 

All deaths during 
study period while 

prescribed SP 

Case-control 
deaths 

Case-crossover 
deaths 

Disease severity at death 
  

P1 64 (78) 58 (84) 38 (88) 

P2 12 (15) 6 (9) 3 (7) 

P3 (RHD) 5 (6) 4 (6) 2 (5) 

P3 (ARF only) 1 (1) 1 (1) 0 (0) 

Received at least one 
dose of BPG during 
study       

Yes 65 (79) 59 (86) 37 (86) 

No 17 (21) 10 (14) 6 (14) 

 

7.6.1.1. Case-control study subjects 

Cases were people who died while prescribed SP with data on adherence to SP available for at least 

the 12 months prior to their death; there were 69 people eligible for inclusion.   Controls were 

people who: did not die during the study period, or who died after the case; were prescribed SP 

for at least the 12-month period prior to the case’s death and for whom adherence data were 

available for this period.  Stata routine sttocc was used to randomly select three controls for each 

case, matched on ethnicity, sex, region and age group (based on the person’s age on 1 February 

2007).  One case could only be matched to two controls and two cases could only be matched to 

one control each.  There was no difference in distribution of ethnicity, age group, sex or region 

between the cases and controls (p for χ2=1.000 for all variables) (Table 40). 
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Table 40. Characteristics of sample for death case-control analysis 

 Cases Controls 

Characteristic n (%) n (%) 

Ethnicity   

Indigenous 69 (100) 202 (100) 

Sex   

Male 25 (36) 72 (36) 

Female 44 (64) 130 (64) 

Age group (on 1 February 2007)  

Child 1 (1) 3 (1) 

Adolescent 9 (13) 27 (13) 

Adult 38 (55) 114 (57) 

Older person 21 (31) 58 (29) 

Region   

Alice Springs rural 6 (9) 18 (9) 

Alice Springs urban 8 (12) 24 (12) 

Barkly 2 (3) 4 (2) 

Darwin rural 7 (10) 21 (10) 

Darwin urban 12 (17) 33 (16) 

East Arnhem 14 (20) 42 (21) 

Katherine 20 (29) 60 (30) 
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 Characteristics of case-crossover study subjects 

Forty-three (43) of the 82 people who died while prescribed SP were included in the case-crossover 

analysis.  Adherence during the 12 months prior to death (case window) was compared with 

adherence in the two consecutive 12-month periods immediately prior to the case window.  The 

characteristics of the case-crossover study subjects were similar to those of the case-control 

subjects (Table 40): 42% were male, age at death ranged from 20 to 69 years and the vast majority 

of people had severe RHD (priority 1) when they died.    

 Summary of adherence 

In the case-control analysis the range of adherence rates for cases who died and controls was 

similar, but median adherence was worse for cases compared with controls, for example: 38% 

percent adherence vs 60% (Table 41). 

Table 41. Summary of adherence rates for death case-control analysis 

 Cases Controls 

Measure of adherence Median Range Median Range 

Percent adherence 38% 0% - 100% 60% 0% - 100% 

Adjusted percent adherence 38% 0% - 94% 56% 0% - 100% 

Proportion of days covered 0.38 0 to 0.92 0.56 0 to 0.95 

Total days at risk 225 30 - 365 161 18 - 365 

Maximum consecutive days at risk 120 8 - 365 77 7 - 365 

 

In the case-crossover analysis the lowest adherence rates (for all but maximum consecutive days 

at risk) were in the 12 months immediately prior to death (Figure 52).    
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Figure 51. Case and control windows for death case-crossover analysis  

 

 

Figure 52. Adherence rates for deaths case-crossover analysis 

 

 Association between continuous measures of 

adherence and death  

Increased adherence was associated with a decreased risk of dying for all measures; the results for 

the case-control analysis were all statistically significant while none of the case-crossover results 

were.   
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 Increasing percent adherence by ten percentage points was associated with a small decrease 

in the odds of dying (case-control: OR: 0.88 [95% CI: 0.80 to 0.97], p=0.009; case-

crossover: OR: 0.91 [95% CI: 0.74 to 1.11], p=0.348). 

 Increasing adjusted percent adherence by ten percentage points was associated with a 

similar decrease in the odds of dying (case-control: OR: 0.87 [95% CI: 0.79 to 0.96], 

p=0.006; case-crossover: OR: 0.90 [95% CI: 0.72 to 1.12], p=0.324). 

 Increasing PDC by 0.1 was also associated with a small reduction in the odds of dying 

(case-control: OR: 0.88 [95% CI: 0.79 to 0.97], p=0.012; case-crossover: OR: 0.91 [95% 

CI: 0.72 to 1.15], p=0.422) 

 Increasing the total days at risk by ten days was associated with a minimal increase in the 

odds of dying (case-control: OR: 1.04 [95% CI: 1.01 to 1.07], p=0.012; case-crossover: 

OR: 1.03 [95% CI: 0.93 to 1.09], p=0.422). 

 Increasing the maximum number of consecutive days at risk by ten days was also associated 

with a minimal increase in the odds of dying (case-control: OR: 1.03 [95% CI: 1.00 to 1.05], 

p=0.033; case-crossover: OR: 1.01 [95% CI: 0.96 to 1.06], p=0.743). 

The fractional polynomial model fitted the case-control data for maximum consecutive days at risk 

significantly better than the linear association (Figure 53): as maxDAR increased, the risk of death 

increased exponentially until approximately 275 days at risk, then the risk of death declined until 

the maximum number of days at risk.  The reason for the decreased risk of death at the lowest 

levels of adherence is unclear and probably due to fractional polynomial models being more 

sensitive to values at either end of the predictor variable distribution.  For the other four measures 

of adherence in the case-control analysis the linear models for the association between risk of 

death and adherence were better fits than the fractional polynomials.  In the case-crossover 

analysis, the fractional polynomials did not fit significantly better than the linear model for any of 

the measures of adherence.  
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Figure 53. Association between maximum consecutive days at risk and risk of death (case-
control analysis) 

 

 Are any measures of adherence predictors of death 

from any cause? 

The ROC curves for each adherence measure in the case-control analysis are presented in Figure 

54 below.  The curve for adjusted percent adherence had the highest area under the curve (0.61) 

indicating this measure was the strongest predictor of death from any cause; maximum consecutive 

days at risk had the lowest area under the curve (0.58) (Table 42).  When all five curves were 

compared using Stata routine roccomp there was no significant difference between the areas under 

the curve (χ2: 6.36, p=0.0953). 
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Figure 54. Receiver operating characteristic curves for continuous measures of adherence 
– deaths case-control analysis 

 

Table 42. Areas under the curve for measures of adherence: deaths case-control analysis 

Adherence measure Area under the curve (95% CI) 

Percent adherence 0.60 (0.53 to 0.68) 

Adjusted percent adherence 0.61 (0.53 to 0.68) 

Proportion of days covered 0.60 (0.53 to 0.67) 

Total days at risk 0.60 (0.53 to 0.67) 

Maximum consecutive days at risk 0.58 (0.51 to 0.66) 
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The ROC curves for each adherence measure in the case-crossover analysis are presented in Figure 

55 below, and show that these measures were poor predictors of death (AUC <0.6).  There was 

minimal difference between the areas under the curve: percent adherence and adjusted percent 

adherence were 0.53 while the area under the curve for the remaining three measures was 0.52 

(Table 43).  When all five curves were compared using Stata routine roccomp there was no significant 

difference between the areas under the curve (χ2: 0.33, p=0.9546). 

 

 

Figure 55. Receiver operating characteristic curves for continuous measures of adherence 
– deaths case-crossover analysis 
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Table 43. Areas under the curve for measures of adherence: deaths case-crossover analysis 

Adherence measure Area under the curve (95% CI) 

Percent adherence 0.53 (0.42 to 0.63) 

Adjusted percent adherence 0.53 (0.42 to 0.63) 

Proportion of days covered 0.52 (0.42 to 0.62) 

Total days at risk 0.52 (0.42 to 0.62) 

Maximum consecutive days at risk 0.52 (0.42 to 0.62) 

 

 What is the ‘optimal’ adherence rate? 

The optimal cutpoints for the case-control analysis were similar to the case-crossover results for 

percent adherence, adjusted percent adherence and maximum consecutive days at risk, but there 

was substantial variation for proportion of days covered and total days at risk (Table 44).  The 

optimal cutpoints for percent adherence and adjusted percent adherence were 70% for the case-

control analysis and 81% for the case-crossover.   

Table 44. Optimal cutpoints of adherence for predicting death from any cause 

Measure Optimal cutpoint 

 Case-control Case-crossover 

Percent adherence 70%  81% 

Adjusted percent adherence 70% 81% 

Proportion of days covered 0.69 0.40 

Total days at risk 18 150, 159, 281, 365 

Maximum consecutive days at risk 366* 313 

   *due to leap year in study period 

 Association between dichotomised adherence 

measures and death from any cause 

Not being adherent was associated with an increased risk of death for all measures and all 

definitions of adherence in the case-control analysis.  The association between adherence and risk 

of death was less consistent in the case-crossover results.  
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Receiving <80% of doses (based on percent adherence and adjusted percent adherence) almost 

doubled the odds of dying from any cause, but this was statistically non-significant (percent 

adherence case-control OR: 1.90, p=0.099; case-crossover OR:1.91, p=0.334 – see Table 45 for 

95% CIs and adjusted percent adherence results). 

Though the case-control and case-crossover results were similar for 80% percent adherence, the 

case-crossover effect sizes were generally larger for the other measures and definitions of 

adherence.  Two obvious exceptions are the results of PDC <0.6 and more than 150 total DAR.  

The case-control results indicate that having a PDC <0.6 or having more than 150 total DAR 

more than doubles the risk of dying (PDC OR: 2.29, p=0.011; total DAR OR: 2.07, p=0.021) 

however the case-crossover results for these thresholds suggest not being adherent decreased the 

odds of dying (PDC OR: 0.91, p=0.855; total DAR OR: 0.82, p=0.715).  The statistical significance 

of the case-control results and the very large p values in the case-crossover results suggest that the 

case-control results are more likely to represent the true risk of dying associated with non-

adherence.  There was no clear trend between decreasing adherence thresholds and increasing risk 

of dying for any of the measures of adherence.  None of the case-crossover results were statistically 

significant.  
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Table 45. Association between different thresholds of adherence and death from any cause (cont.d) 

 
Case-control analysis 
69 cases; 202 controls 

Case-crossover analysis 
n=43 

 

OR of non-adherent 
people dying 
compared with 
adherent people  
(95% CI) 

p value 
Adherent 
cases (n) 

Adherent 
controls 

(n) 

OR of non-adherent 
people dying 
compared with 
adherent people  
(95% CI) 

p value 

Adherent 
people in 

case 
window (n) 

Definition of non-adherence        

Percent adherence    
 

     

Percent < 90% 1.58 (0.58 to 4.27) 0.369 5 23 5.16 (0.58 to 45.87) 0.141 4 

Percent < 80% 1.90 (0.89 to 4.06) 0.099 10 49 1.91 (0.51 to 7.12) 0.334 8 

Percent < 70% 3.25 (1.58 to 6.68) 0.001* 12 78 2.00 (0.56 to 7.09) 0.170 10 

Percent < 60% 2.20 (1.16 to 4.16) 0.016* 23 101 1.33 (0.46 to 3.87) 0.394 15 

Percent < 50% 1.92 (1.03 to 3.56) 0.039* 29 114 1.19 (0.43 to 3.27) 0.732 18 

Adjusted percent adherence         

Adjusted percent < 90% 1.60 (0.54 to 4.77) 0.397 4 19 2.17 (0.36 to 12.94) 0.395 4 

Adjusted percent < 80% 2.24 (0.99 to 5.08) 0.053 8 46 2.68 (0.56 to 12.80) 0.217 7 

Adjusted percent < 70% 3.40 (1.62 to 7.16) 0.001* 11 75 1.67 (0.46 to 6.06) 0.438 10 

Adjusted percent < 60% 2.28 (1.18 to 4.39) 0.014* 22 98 1.33 (0.46 to 3.87) 0.597 15 

Adjusted percent < 50% 1.89 (1.02 to 3.52) 0.045* 29 113 1.19 (0.43 to 3.27) 0.732 18 

Proportion of days covered 
   

       

Proportion of days covered < 0.9 2.67 (0.33 to 21.32) 0.355 1 8 3.45 (0.38 to 31.5) 0.273 1 

Proportion of days covered < 0.8 1.71 (0.73 to 3.99) 0.218 7 34 2.00 (0.46 to 8.62) 0.352 5 

Proportion of days covered < 0.7 3.46 (1.60 to 7.51) 0.002* 10 70 3.21 (0.69 to 14.88) 0.136 8 
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Table 45. Association between different thresholds of adherence and death from any cause (cont.d) 

 
Case-control analysis 
69 cases; 202 controls 

Case-crossover analysis 
n=43 

 

OR of non-adherent 
people dying 
compared with 
adherent people  
(95% CI) 

p value 
Adherent 
cases (n) 

Adherent 
controls 

(n) 

OR of non-adherent 
people dying 
compared with 
adherent people  
(95% CI) 

p value 

Adherent 
people in 

case 
window (n) 

Proportion of days covered < 0.6 2.29 (1.21 to 4.33) 0.011* 20 94 0.91 (0.31 to 2.64) 0.855 14 

Proportion of days covered < 0.5 1.91 (1.02 to 3.59) 0.043* 29 113 1.33 (0.47 to 3.78) 0.597 18 

Total days at risk  
   

       

More than 30 DAR 1.33 (0.15 to 11.93) 0.797 1 4 1.69 (0.13 to 21.13) 0.685 1 

More than 50 DAR 1.78 (0.52 to 6.10) 0.360 3 16 2.82 (0.53 to 15.04) 0.226 2 

More than 60 DAR 2.23 (0.77 to 6.49) 0.141 4 26 2.12 (0.47 to 9.48) 0.326 3 

More than 90 DAR 2.84 (1.24 to 6.49) 0.013* 8 53 3.12 (0.61 to 16.09) 0.174 6 

More than 100 DAR 2.57 (1.21 to 5.47) 0.014* 10 60 2.00 (0.52 to 7.73) 0.315 8 

More than 120 DAR 2.74 (1.37 to 5.49) 0.004* 13 77 2.27 (0.63 to 8.20) 0.213 9 

More than 150 DAR 2.07 (1.12 to 3.84) 0.021* 22 97 0.82 (0.28 to 2.40) 0.715 15 

Maximum consec. DAR           

More than 14 consecutive DAR 2.17 (0.49 to 9.60) 0.309 2 13 2.30 (0.22 to 24.44) 0.489 1 

More than 28 consecutive DAR 1.34 (0.59 to 3.06) 0.487 8 31 1.55 (0.40 to 6.02) 0.525 6 

More than 42 consecutive DAR 2.87 (1.36 to 6.06) 0.006* 10 65 1.78 (0.53 to 5.96) 0.350 8 

More than 168 consecutive DAR 1.90 (1.04 to 3.49) 0.038* 40 145 1.41 (0.45 to 4.45) 0.558 26 
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Overall, the population attributable fractions (presented in Figure 56 to Figure 60) indicate that, according to these models, if adherence during the 

study period had been higher, some deaths could have been prevented.   For example, according to the case-control results, if everyone had received at 

least 50% of their doses, an estimated 19 deaths could have been prevented (Figure 56).  

 
Figure 56. Proportion of deaths (all causes) which could have been prevented if all people reached percent adherence thresholds 
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Figure 57. Proportion of deaths (all causes) which could have been prevented if all people reached adjusted percent adherence thresholds 
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Figure 58. Proportion of deaths (all causes) which could have been prevented if all people reached proportion of days covered thresholds  
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Figure 59: Proportion of deaths (all causes) which could have been prevented if all people were under total days at risk thresholds 
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Figure 60: Proportion of deaths (all causes) which could have been prevented if all people were under maximum consecutive days at risk 
thresholds
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7.7. Discussion 

 

 Acute rheumatic fever recurrences 

The results show that increased adherence prevented ARF recurrence and in the case-control 

analyses all five measures of adherence were significantly associated with the odds of ARF 

recurrence.  For the case-crossover analyses the association between maximum consecutive days 

at risk (DAR) and ARF recurrence was just beyond the threshold of significance (p=0.052); the 

associations with all other measures were statistically significant.  At the individual level, there was 

a threshold effect at 40% of injections delivered.  Above this level, the message is clear: every dose 

counts.  Indeed, for every 10% increase in adherence, the odds of ARF recurrence reduced by 

17%.  The percent adherence results provide evidence to support the programmatic use of ≥80% 

as an adherence target, since greatest benefit was achieved at this level of adherence.  It appeared 

that higher levels of protection occurred at ≥90% adherence, and this is a logical assumption, but 

too few individuals were in this category for robust assessment, and the ≥80% target (≥11 annual 

injections for people prescribed 4-weekly BPG) is programmatically more feasible in the NT.   

The benefit of being adherent has been reported by many previous studies in a variety of settings 

(refer to Table 2 on page 58 which summarises the literature).  This is the first analysis of multiple 

definitions of adherence and the results demonstrate a benefit at lower levels of adherence than 

might have been expected.  The only other published study to investigate the association between 

a continuous measure of adherence and ARF recurrence did not find a significant association.109 

Direct comparison with the results of this thesis is not possible due to the slightly different method 

for calculating adherence: the recommended dose schedule for that study was 4-weekly BPG, 

however adherence was calculated by dividing the total number of doses administered in the year 

by 12 (M. Seckeler (Assoc Prof of Pediatrics, University of Arizona), personal communication,  

2019).  Furthermore, the findings of that study and the authors’ presentation of results have been 
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questioned by physicians and researchers with considerable experience in this field.145, 190  In one 

letter to the editor, the authors suggest that the study findings in fact support the body of evidence 

that low adherence to SP leads to recurrent ARF.145   

In this study all of the measures of adherence were statistically associated with ARF recurrences, 

however the areas under the ROC curves were relatively small (range: 0.62 to 0.64).  The small 

AUCs indicate that adherence measurement alone did not accurately predict the odds of ARF 

recurrence.  Information on other relevant factors such as exposure to GAS, and genetic 

predisposition to ARF would be required to improve the ability to predict recurrent ARF. 

 

 Progression from acute rheumatic fever to rheumatic 

heart disease 

Increasing adherence to SP appeared to reduce the likelihood of progressing from ARF to RHD, 

as would be expected, however, none of the associations were statistically significant and unlike 

the results for ARF recurrences, there was less consensus between the different measures of 

adherence.  Note, these analyses were conducted using longitudinal data, censored when the 

diagnosis of interest (in this case, RHD) occurred, to ensure that a causal relationship between 

adherence and subsequent disease could be identified.  Increasing percent adherence and adjusted 

percent adherence was associated with a reduced likelihood of progressing from ARF to RHD 

however there was no clear association with the other three measures, and in fact the most 

adherent groups based on PDC, total DAR and maxDAR were more likely to progress to RHD 

compared with the non-adherent groups.  Examining the chronology of events preceding diagnosis 

of RHD - based on our current understanding of the pathophysiology of ARF (Figure 61) – 

provides some clues to the lack of statistical association.  
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Figure 61: Chronology of events prior to diagnosis of rheumatic heart disease 

 

The dataset used in this study enabled an analysis of adherence between first ARF episode (event 

A in Figure 61) and RHD diagnosis (event C), however the diagnosis of RHD is dependent on, 

among other things, the performance of an echocardiogram and cardiologist review of the results.  

In the NT, where many people at risk of RHD live outside urban areas, and limited resources are 

available to provide outreach echocardiography, the diagnosis of RHD may occur many months 

to many years after the valve damage first met the diagnostic criteria for RHD (event B).  

Adherence between events B and C may differ from adherence between A and B, and could not 

have affected the outcome; therefore its inclusion may have masked the true association between 

adherence and progression to RHD.   

Just three studies have reported on the effect of adherence on the development of RHD: the first 

was a study in the United States of America which followed children who maintained ‘regular’ SP 

for at least five years after their first episode of ARF; none of the 115 had worsening of mitral 

valve disease based on cardiac auscultation.142  That study was conducted prior to the introduction 

of echocardiography for diagnosis or evaluation of RHD so comparison with more recent studies, 

including this one, is difficult.  The second study was conducted in Northern Australia and 

reported that of six people with ARF and no RHD at baseline, four were subsequently diagnosed 

with RHD (based on echocardiography).7  None of the people who progressed to RHD had a 
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documented ARF recurrence preceding the RHD diagnosis.  Two of those who developed RHD 

received at least 75% of doses in the year they were diagnosed, however the timeframe for 

adherence included a period after the RHD diagnosis, so it is difficult to draw conclusions about 

the influence of adherence on the development of RHD in that sample.  

The third study was conducted in Kuwait and followed 126 children diagnosed with ARF for six 

years; 30% of the participants had RHD at follow up.103  Twenty three (23) percent of children 

who were ‘regular’ with their SP had RHD compared with 38% for the group who were ‘irregular’; 

the association between adherence and the diagnosis of RHD was not statistically significant.  

However, when the study population was disaggregated by symptoms at first ARF episode, the 

contribution of adherence became apparent: for those who had mild carditis at first episode, 32% 

of the regular group went on to develop RHD compared with 70% of the irregular group (p<0.02).  

Interestingly being adherent did not affect the chances of developing RHD for those with severe 

carditis or no carditis at first episode (p>0.4).  In the Kuwaiti cohort, 89% of those diagnosed with 

RHD had carditis at first ARF episode, a much larger proportion than was observed in this study.   

The ‘regular’ group from the Kuwaiti study was followed for a further six years; RHD had resolved 

in two people at the final follow-up visit, neither of whom had carditis at first ARF episode.136  The 

findings from the Kuwait cohort study strongly suggest that SP prevented the development of 

RHD in those with mild carditis at first ARF episode.  Data on the severity of carditis were not 

available for the present study’s population, preventing a sub-analysis.   

It is important to note that in out setting the majority of people who were diagnosed with RHD 

had no documented history of ARF when they were diagnosed with RHD, so the eligible sample 

for this analysis was small.  The absence of previously documented ARF also means that to date, 

there has been very limited opportunity for secondary prophylaxis to prevent RHD diagnoses in 

the NT.  



 

301 
 

 Progression of rheumatic heart disease 

In consultation with specialist clinicians, I applied strict definitions to analyses of progression or 

improvement of RHD, because of the subjective nature of ultrasound (echocardiography) 

interpretation.  Only people who moved across two severity categories (from mild to severe, or 

severe to mild, but not from mild to moderate, or moderate to severe) were eligible and very few 

people could be included.  Six individuals progressed from mild to severe RHD.  Five of the six 

cases received less than 80% of doses and had more than 300 total DAR each, and four of these 

individuals had documented ARF recurrences prior to being classified with severe RHD.  The 

small number of cases precluded statistical analysis, however it is reasonable to presume that if 

these cases had higher adherence, the intervening recurrences of ARF would have been prevented, 

and the function of their heart valves may not have deteriorated to such a severe degree.  The 

recurrences experienced by these cases support the widely held view that repeated ARF episodes 

lead to cumulative damage to the heart valves.   

The sixth case developed severe RHD just four months after being diagnosed with mild RHD; 

this person received all prescribed doses of BPG, had no DAR and no documented ARF 

recurrence.  Although in the NT 90 days has been decided on as the usual upper limit of a single 

ARF episode (Northern Territory Rheumatic Heart Disease Control Program (2018) NT RHD 

Register Data Dictionary Version 1.6. Unpublished document), ARF can have a more protracted 

course than this.191  In the case of this patient, there was likely evolution of carditis over four 

months as part of a single ARF episode, which could not have been mitigated by adherence to 

penicillin.  Rapid development of severe disease during an episode of carditis in not uncommon.  

This scenario highlights the limitations of SP, the need to develop new immunomodulatory agents 

that can mitigate the autoimmune pathology driving carditis, and prevent exposure to GAS in the 

first place through primordial prevention strategies.    
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The review of the literature identified two studies which reported on adherence in the context of 

progression of RHD; sample sizes for both were small but the results suggest that SP can mitigate 

the progression of RHD.  A study conducted in Pakistan recruited 21 people with RHD and 

measured valvular changes at 12 years follow-up; six people were prescribed SP and 15 were not.6  

None of the people prescribed SP had more severe RHD at follow-up while 12 of the 15 

participants who were not prescribed SP had either new valve lesions or more severe lesions.  The 

second study - conducted in Northern Australia (mentioned in section 7.7.2 above) - found that 

of the 16 people with RHD at baseline, RHD severity improved in seven, was unchanged in seven, 

and worsened in three.7  Two of the three people whose RHD got worse received <75% of doses 

during the final year of follow up and the other person was adherent.  It is reasonable to attribute 

worsening of RHD seen in these studies at least in part to adherence, however the timing of RHD 

progression in relation to the adherence timeframe is unclear, and there was no statistical analysis, 

so definitive conclusions are not possible.   

 Improvement of RHD 

It is heartening to report that while six people progressed to severe RHD, five individuals 

improved from severe to mild RHD.  Again, the small sample size precluded statistical analysis, 

however, three of the five people received at least 80% of their doses, suggesting that high 

adherence contributed to the repair of their heart valves.  In contrast to the cases who progressed 

to severe RHD, the majority of whom had a recorded episode of recurrent ARF; none of the 

people who improved to mild RHD had recurrent ARF after their most recent severe classification.  

The two cohort studies referred to in section 7.7.3 above also reported on improvement of RHD 

for people prescribed SP and the findings suggest that valve lesions only improve in people 

adherent to SP.  The Pakistani study reported that mild valve lesions improved in all six individuals 

‘taking’ SP (adherence was not quantified); there was no improvement in the 15 individuals not 

taking SP.6  ‘Regular’ SP was statistically associated with improvement of RHD (details of the 
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analysis and p values are not reported).  The Australian study found that all seven people with 

improved RHD (including five with no residual disease) received at least 75% of doses in the final 

year of follow-up.7 The large proportion of people whose RHD resolved is somewhat surprising 

given the short follow up period (mean time between baseline and follow-up echocardiograms was 

27 months).  During an episode of carditis the mitral valve (and occasionally the aortic valve) may 

be thickened,15 so it can be difficult to distinguish between carditis and established RHD.  

Resolution of carditis does occur, especially with high adherence to SP, and is most likely in the 

12 months after the ARF diagnosis.  It is possible that some of the people diagnosed as having 

RHD at baseline actually had carditis, which could explain the high rate of ‘RHD’ resolution.  

 All-cause mortality 

It is sobering to report that despite universal health cover for Indigenous Australians, which 

includes surgical interventions, people with ARF and or RHD are dying very young: the median 

age at death was 39 years, far younger than the median age at death for all Indigenous Australians 

in the NT (females: 57.5 years, males: 53.4 years).192  

The results indicate that increased adherence to SP prevented all-cause mortality in this setting 

(NB: analyses were univariate).  Cause of death was not available in the dataset used; unpublished 

data from a project which linked the National Death Index to NT RHD Register data indicate that 

of deaths occurring among people in the Register, 3% were attributable to ARF, 18% to RHD and 

65% to other causes, based on ICD10-AM coded principal and underlying causes of death.  

In this study, being non-adherent was associated with an increased risk of dying for all definitions 

of non-adherence for all measures of adherence.  Receiving less than 70% of doses (based on 

percent adherence and adjusted percent adherence) or <0.7 PDC more than tripled the odds of 

dying, and more than 50% of deaths could have been prevented if everyone had received at least 

70% of doses.  Having more than 42 consecutive DAR or more than 90 total DAR almost tripled 

the odds of dying.  While information on cause of death was not available, the protective effect of 
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SP in preventing death demonstrated by the statistical analyses and the preponderance of severe 

RHD in the group who died (78% of the people who died while prescribed SP had severe RHD, 

compared with 22% in the whole cohort) suggest that RHD was likely a contributing factor.   

It is reasonable to presume that when ARF recurrences are prevented by the provision of SP, and 

as a result the development and progression of RHD is limited, the likelihood of death directly 

related to ARF and RHD will be reduced.  It is also feasible that regular interactions with the 

primary healthcare system over a prolonged period of time, which would occur whenever high 

adherence to BPG SP is sustained, provided multiple opportunities for early detection and 

intervention for other conditions, and indicate greater adherence to other health-related 

behaviours (e.g., adherence to other medication, avoidance of hazardous alcohol and tobacco use, 

better nutrition) and therefore increased adherence to SP contributed to reduced chances of dying 

from other medical conditions.  Also, it is likely that penicillin prevented other susceptible 

infections independent of RHD (e.g., invasive streptococcal infections, pneumonia and 

meningitis).  No studies have been undertaken to specifically address any wider benefits of SP 

beyond ARF and RHD prevention in this population, but the findings reported here suggest a 

possible benefit in this environment where high rates of severe, invasive penicillin-susceptible 

bacterial infections occur.193-195  The majority of studies which report on the association between 

adherence to SP and mortality suggest that increased adherence to SP can reduce the risk of death.  

A study of 449 Ugandan participants with RHD investigated outcomes 12 months after the initial 

diagnosis and found that increased adherence to SP reduced the risk of RHD-related death 9; while 

this is feasible, in that study the timeframe for adherence calculations was less than three months 

for many participants, so it is possible that adherence to SP was a proxy for adherence to other 

medications or health-related behaviours which contributed to reduced mortality.  In a cohort of 

Taiwanese people with either ARF and/or RHD, 29% of the group ‘without chemoprophylaxis’ 

died during the follow up period (mean follow up 8.4 years), compared with just 3% of the group 
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‘with chemoprophylaxis’ (mean follow up 5.5 years).196  Another study followed  115 children who 

maintained ‘regular’ SP for at least five years after their first episode of ARF and reported no 

deaths during the follow-up period.142  A study conducted in India involved 110 people with ARF 

or RHD prescribed oral antibiotics or monthly BPG; there were four deaths during the three-year 

follow-up and none of these people were on ‘regular prophylaxis’.134  There were also no reported 

deaths for a cohort of 69 Thai people who were classified as ‘with chemoprophylaxis’ (follow up: 

one to 12 years).196  The final study involved 2,960 children and adults from 14 countries; having 

a prescription for SP at baseline was associated with a reduction in the odds of dying at two year 

follow up (hazard ratio 0.86, [95% confidence interval 0.70 to 1.09], p=0.17).197   In that study 

having severe RHD was the strongest predictor of mortality (hazard ratio: 2.36 [95% confidence 

interval: 1.80 to 3.11], p<0.01).   

The implications of these findings are discussed further in Chapter 8.   
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Chapter 8. Discussion & Conclusions 

8.1. Chapter summary 

This final chapter summarises the key findings of the study and discusses the practical implications 

of the results.  The chapter includes recommendations on which adherence measures may be 

effective and practical, and targets for adherence indicators are proposed.  Unexpected results and 

the study’s limitations are discussed followed by suggested directions for future research.  The 

chapter finishes with concluding remarks.  

ACRONYMS, ABBREVIATIONS & GLOSSARY 

 

Adjusted percent adherence percent of prescribed doses that were administered, 
excluding doses given within 14 days of the previous dose 

 

ARF acute rheumatic fever 

 

BPG Benzathine penicillin G (a long-acting penicillin 
formulation which is the first line medication for secondary 
prophylaxis) 

 

Control Program the Northern Territory Rheumatic Heart Disease Control 
Program 

 

DAR  days at risk. If the BPG dose date is day 1 and the next dose 
is not provided by day 28, days at risk commence on day 
29 and are accumulated until the next dose is administered.   

 

maxDAR  maximum number of consecutive days at risk in a specific 
period 

 

NT Northern Territory 

 

PDC      proportion of days covered  

PDC=
total days at risk

number of days SP prescribed
 

 

Percent adherence  percent of prescribed doses that were administered 
(number of prescribed doses calculated according to 4-
weekly BPG regimen) 
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Register the Register of the Northern Territory Rheumatic Heart 
Disease Control Program 

 

RHD rheumatic heart disease 

 

RHDSP study the ‘Improving Delivery of Secondary Prophylaxis for 
Rheumatic Heart Disease: A Stepped-wedge, Community-
randomised Trial’, funded by the National Health and 
Medical Research Council, project reference 1027040   

         

SP     secondary prophylaxis 

     

total DAR     total number of days at risk in a specific period 

 

 

 

8.2. Overview of thesis hypotheses and aims 

The hypotheses tested by this study and presented in this thesis are: 

1. Demographic and disease characteristics are associated with adherence to secondary 

prophylaxis.   

2. Measures of adherence which account for dose timing and frequency are stronger 

predictors of clinical outcomes than measures which account for dose frequency alone.  

3. Higher rates of adherence are associated with greater reductions in the likelihood of 

adverse clinical outcomes. 

The aims of this study have been to: 

1. determine the validity of data on adherence and diagnoses in the RHD Register,  

2. determine the rate of adherence to secondary prophylaxis for ARF and RHD,  

3. identify factors associated with adherence to secondary prophylaxis for ARF and RHD, 

4. determine the clinical outcomes associated with secondary prophylaxis for ARF and RHD, 

and  
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5. determine the most clinically meaningful and practical indicator/s of adherence to 

secondary prophylaxis for ARF and RHD. 

Box 7. Key findings 

 

8.3.   Aim 1: Data validation 

The data validation undertaken for this study (and also and as part of the RHDSP study) 

highlighted inaccuracies in the Register’s data on BPG dose dates, diagnoses and the 

documentation of disease severity.  Overall the quality of the data was good and the inconsistencies 

 Adherence to secondary prophylaxis was higher in people who are 

female, younger, were first diagnosed in the past year, live outside 

urban areas and those who have more severe disease.  

 Hazardous misuse of alcohol and experience of assault were 

associated with lower adherence to SP.  

 Increased adherence to SP significantly reduced the likelihood of 

having a recurrence of ARF. 

 Increased adherence to SP significantly reduced the likelihood of all-

cause mortality. 

 Monitoring percent adherence - the most commonly used measure of 

adherence – could reduce negative clinical outcomes. 

 Implementation of more detailed measures of adherence, such as days 

at risk, may further reduce negative clinical outcomes. 

 In the Northern Territory, SP can improve outcomes for people with 

ARF and/or RHD, and efforts to optimise adherence must continue. 
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identified are unlikely to have negatively affected patient care and coordination.  However, the 

results show there are opportunities for improving the Register’s completeness and validity.  Over 

the duration of this study, the Control Program implemented a variety of strategies to enhance 

case ascertainment and BPG dose data completeness.  The strategies were directly informed and 

supported by the findings of this study. 

 

8.4.   Aim 2: Determine the rate of adherence to 

secondary prophylaxis for acute rheumatic fever 

and rheumatic heart disease 

The results show that median adherence to SP gradually increased from 49% in 2007 to 69% in 

2013.  During the study period the proportion of people receiving at least 80% increased from 

19% to 32%.  These findings are heartening, however, as discussed later in this chapter, given the 

significant clinical benefit associated with receiving at least 80% of BPG doses, efforts to increase 

the adherence of all patients to at least 80% must continue.  Of concern, there were almost 100 

people with no documented doses.  It is possible that some of these people did receive one or 

more doses and that these doses were not recorded.  However, a third of this group had no 

documented medical reviews during the study period, suggesting chronic disengagement from the 

health system.  It would be valuable to examine hospital records for this group to understand the 

outcomes for this group.  

 Use of oral antibiotics for secondary prophylaxis 

While adherence to oral secondary prophylaxis (SP) is not well documented in the Register and 

there was no attempt to quantify it for this study, given the reported inferiority of oral SP at 

preventing ARF recurrence (compared with BPG)64, it is relevant to consider the proportion of 

patients prescribed oral SP in this study.  In this sample, of the 1,756 people prescribed SP at any 

time during the study period, 40 (2%) were prescribed oral SP.  This proportion compares very 
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favourably with the two published rates of oral SP prescription in Australian populations identified 

in the literature.  A 2013 audit of medical records for 407 people with ARF or RHD living in 

northern Australia found that oral SP was recommended for 11% of patients in Far North 

Queensland, while none of the patients in the Kimberly were prescribed oral SP.5 An audit of the 

medical records of children admitted to Westmead Children’s Hospital (in New South Wales) with 

ARF or RHD showed much higher use of oral SP, with oral antibiotics recommended in 13 of the 

26 children (50%) who were prescribed SP at discharge.184 The relatively low use of oral SP in the 

NT is likely a reflection of the widespread awareness amongst healthcare providers that BPG is 

the most effective choice for SP.   

In some settings severe reactions and occasional deaths after administration of BPG have led to 

recommendations for oral SP, however a meta-analysis of 13 studies involving 3,466,780 patients 

administered BPG found that the risk of death across studies was 0 and the absolute risk of serious 

adverse events including anaphylaxis was 0.17%.198  The small number of documented severe 

adverse reactions are thought to be a result of cardiovascular compromise in people with severe 

RHD,199 for whom BPG is unlikely to provide substantial benefit.  In the context of the NT, where 

very few adverse reactions have been documented and most people have mild or moderate RHD, 

the ongoing focus on BPG is warranted.  The small proportion of people prescribed oral SP in 

this study’s cohort (2%) indicate the rate of adverse reactions to BPG in our setting is also very 

low.   

Oral penicillin (phenoxymethylpenicillin) may also be considered convenient, especially in 

individuals taking other regular oral medications, such as warfarin or other agents for co-morbid 

conditions, since all tablets can be provided in a dose dispensing aid, such as a ‘Webster pack’.  

However even if adherence is assured, concerns persist about the effectiveness of oral penicillin 

compared with BPG, since the serum half-life of phenoxymethylpenicillin at prophylactic dosing 

is substantially lower than that obtained with BPG.186  Furthermore, a study of the 
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pharmacokinetics of oral penicillin V in people with a history of ARF and/or RHD found that 

penicillin was undetectable in the majority of participants between doses four and five (participants 

took five doses of penicillin V, one dose twice a day).187 

The benefits of BPG in the context of ARF and RHD far outweigh the possibility of adverse 

reactions though all healthcare providers responsible for administering BPG should have 

appropriate training and resources to manage anaphylaxis and other adverse reactions.  Ideally all 

patients should be screened for the potential risk of adverse reactions and at the very least, when 

medical records refer to side effects or patients report adverse reactions after the administration 

of BPG, efforts should be made to confirm the nature of the reaction.  When there is no evidence 

of true allergy, patients should be carefully counselled on the reduced effectiveness of oral SP200 

and BPG should be strongly encouraged.   

For individuals with penicillin allergy, oral erythromycin (a macrolide antibiotic) is the 

recommended first line agent.  Information on patient allergies was not available so it was not 

possible to determine whether prescriptions for erythromycin in the NT RHD Register complied 

with national guidelines.  Only seven out of 1,756 individuals were prescribed erythromycin, 

providing an estimated rate of allergy to penicillin of 0.4%.  These data provide a reassuring 

contrast to some international reports which indicated substantial rates of dangerous anaphylaxis 

to penicillin.  In those instances, poor penicillin quality is a more likely explanation, with reactions 

being attributable to impurities present in the product, rather than genuine allergy to penicillin.185  

No published research on the effectiveness of oral erythromycin in preventing ARF recurrence 

was found, however, a proportion of Group A streptococcal isolates harbour resistance to 

macrolide antibiotics and resistance rates up to 30% have been documented.188 The 

pharmacokinetic study mentioned above found that a greater proportion of patients had 

undetectable levels of erythromycin prior to the fifth dose compared with oral penicillin V,187 so it 

is likely that oral erythromycin is less effective than penicillin.  Conducting a study of the 
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effectiveness of oral erythromycin using data from the NT would be limited by small case numbers 

and poor documentation of adherence.  A comparison of ARF recurrence rates among matched 

individuals receiving oral erythromycin and oral penicillin could be undertaken, assuming 

comparable adherence, with such a study requiring multi-centre data collection to obtain adequate 

case numbers. 

 

8.5.   Aim 3:  Identify factors associated with adherence 

to secondary prophylaxis  for acute rheumatic fever 

and rheumatic heart disease  

This study found that several patient factors are associated with adherence, including sex, age, 

disease severity, hazardous use of alcohol and experience of assault.  At the commencement of SP, 

modifiable risk factors for low adherence should be identified, and tailored, culturally acceptable 

adherence support strategies should be provided.201   The Medicare Health Assessment for 

Aboriginal and Torres Strait Islander People – Adult Health Assessment (available from: 

http://bit.ly/2EpB8wA) is embedded in primary health care services in the NT could be used to 

collect information on risk factors for low adherence.   The factors influencing an individual’s 

adherence should be regularly reviewed and addressed, as people’s living situations are likely to 

change over the ten-year period (or longer) of SP.  Healthcare providers should have access to 

reliable up to date adherence rates, so that good adherence can be praised and low adherence 

detected.  The review of adherence to medications by Indigenous Australians with chronic 

conditions (see page 92) found that increased involvement of Aboriginal Health Practitioners, 

family- and community-centred approaches and culturally appropriate educational resources could 

enhance adherence.170  Multidisciplinary teams, including nurses, pharmacists and social workers 

may be most effective at increasing adherence.201  This may be particularly relevant for Indigenous 

Australians, many of whom experience disadvantage as a result of limited education and 
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employment opportunities, food insecurity, family violence and substance misuse.202 A 

multidisciplinary team would also relieve some of the burden on primary healthcare providers who 

often work in a stressful environment strained by high workloads and limited resources.203  

Telehealth and case conferencing may be required to facilitate multidisciplinary care in settings 

where not all team members are available on site.  Scheduled outreach visits by relevant specialists 

should strengthen the delivery of multidisciplinary care, and health services need to be allocated 

sufficient specialist visits to meet their community’s needs.  Strengthening transition care may also 

improve adherence for adolescents.177  

Modifying patient behaviour, however, should be just one element of efforts to enhance 

adherence.  Though pain has not been reported as a significant barrier in the Australian context179, 

there is evidence from international settings that the pain of BPG injections hinders adherence to 

SP,92, 94, 96 and healthcare providers should be familiar with the range of recommended pain 

minimisation strategies,204 and available options should be offered to patients and their carers at 

the commencement of SP and revisited throughout the duration of the SP prescription.   

‘Self-management’ refers to the ‘decisions and behaviours that patients with chronic illness engage 

in that affect their health’205 and self-management support describes the support that can be 

provided by the healthcare system, other organisations and the wider community, to enhance the 

management of chronic conditions206.  Self-management support is widely advocated as a critical 

part of achieving adherence to medications.207  Current self-management support approaches focus 

on the individual patient and their actions and how health can be achieved through medical 

interventions.  Self-management support tools often assume a reasonable degree of English literacy 

and an understanding and acceptance of Western biomedical explanations of disease.  However, 

the Aboriginal concept of health is far broader than an individual’s physical and mental wellbeing; 

it may encompass the social, emotional and cultural well-being of their community.208  

Furthermore, in many Aboriginal communities, English and health literacy are limited,209 therefore 
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culturally competent models of self-management support are needed to improve chronic condition 

management in Aboriginal communities.210  RHDAustralia, a federally funded organisation 

responsible for the development of educational resources on ARF and RHD for patients and 

healthcare providers, is compiling a self-management toolkit tailored to the needs of Aboriginal 

patients and their communities, which may prove to be a valuable resource for strengthening 

adherence to SP.      

Adherence may be improved if the duration of SP prescription was shorter; and the duration of 

SP in the NT is being reconsidered by clinicians and researchers involved in the revision of the 

national guideline for the management of ARF and RHD, with the hope that the duration for at 

least some patients could be reduced.  Regardless of the duration of SP prescriptions, changes 

must also be made at the health system level.  The work already underway to improve the 

formulation of BPG and develop a vaccine against GAS should continue to be prioritised.  

 

8.6.   Aim 4: Determine the clinical outcomes associated 

with secondary prophylaxis for acute rheumatic 

fever and rheumatic heart disease  

 Acute rheumatic fever recurrences 

The findings clearly indicate that increased adherence led to a reduction in ARF recurrences, 

regardless of which adherence measure was used.   

8.6.1.1. Explanations for ‘breakthrough’ ARF recurrences 

While the results indicate that increased adherence did prevent ARF recurrences, there were eight 

individuals in the case-control analysis who experienced a recurrence despite receiving ≥80% of 

doses in the preceding year.  It is possible that in this study some of the recurrences observed in 

adherent people were a result of a period/s of lower adherence not captured by the measures of 
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adherence used and/or the timeframe applied to calculations.  Percent adherence (and adjusted 

percent adherence) does not provide an accurate indication of vulnerability to GAS infection, since 

a person can receive 100% of prescribed doses but if any doses were given late, then the person 

would have been at risk of GAS infection (and subsequently an ARF recurrence) for a period of 

time.  Indeed, all of the cases in the case-control analysis had at least 44 DAR in the year preceding 

the ARF recurrence.  Furthermore, adherence was measured for the 12-month period prior to 

ARF onset, however, on average, symptoms of ARF (excluding chorea) appear within three weeks 

of a GAS infection.13 To determine whether adherence contributed to these breakthrough 

recurrences, an examination of adherence over a much shorter period of time would be required. 

(I am involved in a project which has examined cases of ARF recurrences occurring despite very 

few DAR in the eight weeks preceding ARF onset.  The study will shed more light on this issue 

and will be reported independently of this thesis).   

It is also possible that ‘perfect’ adherence to the recommended regimen did not result in the 

required concentration of penicillin for the entire period between doses.  A meta-analysis of studies 

which reported on the pharmacokinetics of BPG found that just three weeks after administration, 

53% of subjects had a serum concentration of penicillin below 0.02 μg/mL (the mid-point of the 

range of minimum inhibitory concentrations most frequently reported).  211  The findings of a small 

study conducted in Aboriginal communities in the NT – which was not included in the meta-

analysis mentioned above - were very similar: just 50% of participants had protective levels of 

penicillin three weeks after a dose of BPG.55 The possibility of ARF recurrence despite adherence 

to 4-weekly BPG has led to the adoption of 3-weekly regimens and in some settings 2-weekly 

BPG, and indeed, in the NT, 3-weekly BPG is recommended for individuals who experience an 

ARF recurrence ‘despite full adherence to 4-weekly BPG’.13, p57   

Another possible explanation for inadequate penicillin levels despite high adherence is that the 

BPG needle was not inserted deeply enough and as a result, the penicillin was injected into 
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subcutaneous tissue and not muscle, leading to less penicillin being absorbed.212 A study comparing 

the concentration of penicillin after subcutaneous and intramuscular administration will 

commence in Australia shortly and will provide much needed evidence on the effect of the method 

of injection.   

 The recommended dose and dosing interval for BPG is currently based on studies of blood 

concentrations achieved, but adequate concentrations are likely to be required in saliva and tissues 

to inhibit growth of GAS in the pharynx (and possibly the skin).  A systematic review on the 

pharmacodynamics of antibiotics reported that most β-lactam antibiotics, (BPG was not 

mentioned specifically), achieve very low concentrations in the saliva, with levels as low as 10% of 

the serum concentration.213 A review of the literature did not identify any studies reporting saliva 

concentrations of BPG after intramuscular administration.  It is possible that current dosing 

recommendations do not achieve inhibitory concentrations at the relevant sites in the body, which 

could also explain ‘breakthrough’ ARF recurrences.    

National guidelines on the recommended dose of BPG for children vary214 as there is some 

uncertainty on the ideal dose.211  In Australia 450 mg of BPG is recommended for children until 

they weight 20kg, after which point they receive the full adult 900mg dose.215 Weight is not 

recorded in the Register, nor is the specific dose, so it was not possible to determine whether 

prescribed doses were appropriate and it is possible that underdosing of some children weighing 

at least 20kg may have contributed to ARF recurrences. 

In addition to pharmacokinetic considerations, there are several other proposed explanations for 

penicillin failure, including:  the internalisation of GAS into epithelial cells where they may reside 

in compartments (e.g., endosomes) which BPG can not penetrate216; and the degradation of the 

product due to inappropriate storage conditions212 (which is unlikely in well-resourced health 

systems, such as Australia’s).  Co-pathogenicity - the presence of other pathogens, especially β-

lactamase secreting species, such as Staphylococcus aureus and some strains of Haemophilus spp. - may 
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also reduce the effectiveness of BPG.217, 218 It is also possible that in cases with a very high bacterial 

load, penicillin is not as effective.219  

8.6.1.2. Implications of findings 

The results of this study provide strong evidence that increasing adherence to SP reduced the risk 

of ARF recurrence.  This study shows for the first time that approximately 40% of doses are 

required before the odds of recurrence are reduced, with each additional dose beyond that further 

reducing the risk.  The results also provide strong evidence that the widely used target of delivering 

≥80% of doses should significantly reduce the number of ARF recurrences.  Clearly SP has an 

important role to play for people with a history of ARF or RHD and these results should encourage 

patients and healthcare providers to receive/administer as many prescribed doses as possible, even 

if ≥80% is not considered achievable.   

Unfortunately, some individuals experienced recurrences despite high adherence.  A better 

understanding of the pharmacokinetics of BPG in our population should lead to the prevention 

of some of these cases and a study is underway in the NT and Western Australia which will provide 

updated data on the pharmacokinetics of BPG in a sample of Aboriginal people prescribed SP for 

ARF/RHD.  The variability in processing of penicillin could be managed by tailoring regimens to 

the individual.  For instance, a pharmacokinetic test could be conducted for every person when 

they receive their first BPG dose, with the results informing the regimen frequency.   While feasible 

– in part because of the development of a dried blood spot method for measuring penicillin 

concentration220 - this approach would only be practicable and  accepted if the number of regimens 

was limited.  There may be some resistance from people who are recommended very frequent 

doses; and health promotion messages would need to be carefully devised to convey the need for 

different regimens.  The challenges faced by those prescribed and administering antibiotics for the 

prevention and treatment of GAS infections, combined with the multitude of possible reasons 

behind penicillin failure, mean we can not rely solely on primary prevention and secondary 
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prevention, and efforts to prevent exposure to GAS through primordial interventions must be 

expanded.  

 Progression from acute rheumatic fever to rheumatic 

heart disease 

The study results suggest that increased adherence reduced the likelihood of progressing from 

ARF to RHD.  Given the finding that SP reduced ARF recurrences and also reduced death, and 

the relationship between ARF recurrences and death is usually via RHD, this further suggests that 

the lack of statistical significance in the relationship between adherence and RHD was due to 

inadequate sample size.  The investigation of the role of adherence in any setting is inherently 

limited by undiagnosed and/or unreported episodes of ARF and the lag in the diagnosis of RHD.  

As a result, there is still little conclusive evidence of the effectiveness of SP in the prevention of 

progression to RHD. 

 Progression of rheumatic heart disease 

Only six people met the strict definition of progression of RHD used by this study and five of 

these people received less than 80% of their prescribed BPG doses, suggesting that low adherence 

contributed to the worsening of their RHD.  Given SP has been shown to prevent ARF 

recurrences and recurrences can result in cumulative damage to heart valves, it is reasonable to 

conclude that increased adherence to SP should limit the progression of RHD to more severe 

disease.  However, as is the case for progression from ARF to RHD, the investigation of the role 

of adherence in the progression of RHD, in this and other studies, has been limited by very small 

sample sizes.  Data from a larger cohort with longer follow-up are required to better understand 

the contribution of adherence to progression of RHD.  Despite the absence of compelling clinical 

and cost-effectiveness data for this outcome, improved adherence to SP should always be 

encouraged and supported by proven, adequately resourced interventions.   
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 Improvement of rheumatic heart disease 

Based on the findings of this study and the limited number of other published studies, and evidence 

of the negative effect of ARF recurrences on the severity of RHD, it is reasonable to conclude that 

high adherence could lead to resolution of mild valvular damage, and valvular repair is unlikely to 

occur in individuals with very low adherence.  Resolution of valvular damage is less likely for 

people with moderate or severe RHD, irrespective of adherence to SP.  The potential for SP to 

improve heart function and possibly reduce the need for surgical intervention for people with 

RHD lends further support for the need to optimise adherence in every individual prescribed SP.  

 All-cause mortality  

The results of this study add to the growing evidence that higher adherence to SP reduces the 

likelihood of death.  If the undeniable benefit of adherence to SP in reducing recurrent ARF does 

not sufficiently motivate healthcare providers, patients and their families to get as many prescribed 

BPG doses as possible, an explanation of the potential for SP to directly and indirectly reduce the 

likelihood of dying may resolve any ambivalence.  The possibility of wider antimicrobial benefits 

of SP beyond ARF and RHD prevention alone is an important finding and further studies which 

examine the association between adherence to BPG SP and cause/s of death would clarify the 

extent of the benefits of SP.    

 

8.7.   Aim 5: Determine the most clinically meaningful 

and practicable indicator/s of adherence to 

secondary prophylaxis for acute rheumatic fever 

and rheumatic heart disease  

This study has shown that increased adherence to SP is associated with reduced ARF recurrences, 

progression to RHD and deaths.  To ensure people get the greatest benefit from SP, adherence 

should be maximised, and this requires accurate measurement of adherence.  The most commonly 
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used measure of adherence to SP is percent adherence.  This measure is simple to calculate and 

can be an accurate indication of adherence if the timing between each dose is appropriate and if 

information on every dose given is centralised.  While the simplicity of percent adherence is 

appealing, many studies have reported ‘breakthrough’ recurrences in people who, based on their 

percent adherence, have been adherent.   

This study sought to identify measures of adherence which were associated with clinical outcomes 

and could be easily implemented in a variety of settings.  The advantages and disadvantages of 

each measure are outlined below.  

 Percent adherence 

Percent adherence was significantly associated with ARF recurrences (all five adherence 

thresholds) and death (three of the five thresholds).  Percent adherence is already used in many 

settings and is the simplest to calculate.  It does not require a computer for calculation, however a 

centralised information system is needed for accurate measurement, since people may receive BPG 

doses at different health services.  Another advantage of this measure is that it is a positive 

indicator, which is easier to comprehend, i.e., an increase in percent adherence is a good thing.    

The main limitation of percent adherence is that spacing between doses is not accounted for: 

closely spaced BPG doses can result in 100% adherence despite prolonged periods of vulnerability 

to GAS infection.  In the NT it is common for clients to receive multiple BPG doses at less than 

28-day intervals to treat pharyngitis, skin and soft tissue infections, syphilis, pneumonia and other 

indications.  Also, a BPG dose may be administered for RHD prophylaxis at one health service 

and another dose administered for the same purpose one week later at another health service if 

that health service is not aware of the recently administered dose.  Patients often do not have the 

high level health literacy and English language skills required to communicate their adherence to 

healthcare providers.  Another limitation of percent adherence is the limited validity when applied 

for short timeframes, e.g., there are just four possible rates over a three-month period, making it 
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difficult to identify patients with particularly low or high adherence.  A further limitation is that 

when percent adherence is calculated for a longer period of time, prolonged periods of 

vulnerability to GAS infection may be masked.214   

 Adjusted percent adherence 

Adjusted percent adherence was significantly associated with ARF recurrences (all five adherence 

thresholds) and death (three of the five thresholds).  In this population, there was minimal 

difference between estimates of percent adherence and adjusted percent adherence, with one 

exception – an individual received doses nearly every two weeks and so the majority of their doses 

were removed prior to calculation of the adjusted percent adherence.  The person’s adjusted 

percent adherence was much lower than their PDC multiplied by 100, and was not a reasonable 

representation of their adherence.  This scenario indicates that this study’s formula for adjusted 

percent adherence should not be used for people prescribed 2-weekly BPG (the individual referred 

to above may have been prescribed 2-weekly BPG but SP had been ceased at the time of data 

extraction so the regimen frequency could not be confirmed).   

To calculate adjusted percent adherence the interval between doses must be determined and 

certain doses need to be excluded based on the intervals, and then the proportion of doses is 

calculated.  Given the added complexity of the calculation and the minimal difference in estimates 

(in this population) when compared with percent adherence, this indicator has limited additional 

value over percent adherence and is therefore not supported for implementation in the NT.  It is 

also unlikely to be beneficial or practicable in other settings.    

 Proportion of days covered 

In this study PDC was significantly associated with ARF recurrences (all four of the adherence 

thresholds which could be analysed) and death (three of the five thresholds).  PDC is based on 

total days at risk (which capture the number and timing of doses) and could be considered the 

most accurate measure of adherence to SP.  The indicator is widely used in research on self-
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administered medications but is not well known to healthcare providers and has only very recently 

been applied to the context of SP.  As with percent adherence, PDC is a positive indicator whereby 

increasing values indicate higher adherence.  One advantage of PDC over percent adherence is 

that it can be used over shorter time periods.  However, a computer is needed for efficient and 

reliable calculation of PDC so implementation would be restricted to health services with 

electronic patient records.  Even when adequate resources are available for data storage and 

manipulation, the concept and calculation of PDC is more complex than percent adherence and 

total days at risk, and may be difficult to explain to patients and families, especially where the 

healthcare provider and the patient (and their family) do not share a fluent language and health 

literacy is low (as is the case for most people prescribed SP in the NT).  While PDC did predict 

ARF recurrence and death, the relative complexity of the concept and calculation of PDC 

compared with percent adherence and total days at risk mean this measure is unlikely to be 

appropriate for monitoring adherence to SP outside a research setting.    

 Total days at risk 

In this study, total days at risk were significantly associated with ARF recurrences and death (four 

of the seven thresholds for both outcomes).  The ROC curves for predicting ARF recurrences 

revealed that total days at risk had the highest AUC, and the AUC was significantly greater than 

the AUCs for all other measures, suggesting that total DAR is the best predictor of recurrent ARF.  

However, given the small differences between AUCs, it is unlikely that the statistical ‘superiority’ 

of total days at risk would translate into a meaningful difference at a practical level.  Total days at 

risk accounts for both the number and timing of BPG doses and as a result is a more accurate 

representation of adherence than percent adherence.  Once the definition of days at risk for each 

BPG regimen is decided, calculation of days at risk would be straightforward when electronic 

systems are available.214  In settings with limited access to computers, calendar print-outs or other 

paper-based tools may facilitate calculations.  Unlike percent adherence, continuous estimates of 
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total days at risk could be calculated for periods as short as three months, which enhances their 

value for continuous quality improvement activities.  In the NT, these activities are facilitated by 

quarterly health service level adherence reports provided by the Control Program.  The relatively 

simple concept (every day that a dose is late is a day at risk) should also increase the likelihood that 

this measure could be effectively used in patient adherence counselling, however the acceptability 

and effectiveness would need to be tested with a mixed group of patients from a variety of 

community contexts.  The introduction of an appropriate adherence target based on total DAR 

could also further reduce the number of ARF recurrences, for example, based on this study’s data, 

if no one had more than 60 total DAR in a year, 52% of ARF recurrences could have been 

prevented, an increase on the 40% which would have been prevented if everyone had received at 

least 80% of their doses.  One limitation of using total DAR to measure adherence is that an 

increase is detrimental and it is possible that once a certain number of DAR is reached, the patient 

and/or the healthcare provider may feel further efforts to receive/deliver SP are pointless since 

the opportunity for positive outcomes might be considered passed.  One strategy which could 

mitigate this possibility is to monitor adherence on a quarterly basis: the patient would start each 

quarter with 0 DAR and would be encouraged to get fewer total DAR than they had in the previous 

quarter.   

 Maximum consecutive days at risk 

MaxDAR was significantly associated with ARF recurrences (one of the four adherence 

thresholds) and death (two of the four thresholds only), indicating that the number and 

distribution of days at risk over time are relevant.  This is an important finding and should be 

communicated to healthcare providers, however, the calculation of this indicator is the most 

complex of all the measures used in this study and measuring maxDAR would not be feasible 

without electronic patient records.  Furthermore, the review of the literature found that maxDAR 

has not been previously applied to the context of SP in a research or operational setting, and as 
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such, the introduction of this indicator would involve comprehensive education packages for 

healthcare providers and patients.  As with PDC, the complexity of the calculation and the current 

lack of awareness of the indicator in the context of SP mean that introduction of maxDAR as a 

routine measure of adherence is unlikely to be feasible or practicable. 

 Additional possible measures 

The recently released second edition of the TIPs handbook (Tools for Implementing Rheumatic 

Heart Disease Control Programmes) describes the benefits and disadvantages of two measures 

examined in this study, percent adherence and days at risk, and a third measure - the number of 

doses missed.  The authors note that the number of doses missed is the simplest measure of 

adherence to calculate but that its usefulness is limited when more than one regimen frequency is 

prescribed in an individual over time, or within a population.214  The number of doses missed is 

the least accurate representation of adherence and is not used in the NT and therefore was not 

included in this study. 

 Recommendations for measures and targets   

8.7.7.1. Measures and targets for the Northern Territory 

In the Northern Territory, both percent adherence and total DAR should be used to monitor 

individual adherence.   

An appropriate target must be achievable and there needs to be consultation and agreement that 

this target is possible for all health services given their specific circumstances and the resources 

allocated to them.  This study has demonstrated the clinical benefit of receiving at least 80% of 

doses (at least in this population); a target widely used nationally and internationally.  It is 

reasonable to propose the ongoing use of at least 80% in this jurisdiction and more broadly.  When 

there are individuals, health services or regions which consistently reach or exceed at least 80%, or 

in the case of ARF recurrences occurring in adherent individuals, a higher percent adherence target 
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should be considered.  It is not possible to propose a specific target for total DAR since there were 

no adherent cases at the definition equivalent to 80%.   

‘Safe days’ 

An additional measure for consideration in the NT is ‘safe days’.  This measure is the inverse of 

total days at risk (i.e., the total number of days in the time period minus the number of days at 

risk) and is equally associated with clinical outcomes.  As a positive indicator, healthcare providers 

and patients can aim to increase the number of ‘safe days’ rather than reduce the number of days 

at risk.  For people on a 4-weekly regimen, a dose of BPG would provide that person with 28 safe 

days (people on 3-weekly and 2-weekly would be granted 21 safe days and 14 safe days respectively 

after a dose).  If the next dose was given before the due date, overlapping safe days would be 

counted as one safe day.  Health services could track individuals’ safe days on a poster in the 

waiting room/consultation room, or in settings where this is not appropriate, tracking could be 

done on a patient-held certificate or calendar.  The target should be for all days in the 

monitoring/reporting period to be safe days.   

Introduction of a new measure/s 

The introduction of a new measure/s of adherence should be carefully planned; the concept and 

calculation of the measure must be explained to healthcare providers and patients and their families 

and feedback from all relevant stakeholders should be obtained.  The NT Control Program plans 

to include total DAR in feedback reports to clinics and will be seeking feedback from healthcare 

providers.  Total DAR should also be incorporated into the quarterly reports provided to the NT 

RHD Steering Committee and input from that group of stakeholders should be obtained.   
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8.7.7.2. For use outside the NT 

In other settings, the choice of adherence indicator will be influenced by the nature of the patient 

information system (e.g., paper-based versus electronic, local versus centralised or desktop 

software versus web-based application).   

It would be reasonable to use percent adherence at the individual level in settings where GAS 

exposure is considered low, primordial and primary prevention strategies are in place and few 

breakthrough recurrences have been reported in adherent people.   

When percent adherence is selected to monitor individual adherence, it may also be used for 

continuous quality improvement activities.  Calculations should be done for a minimum period of 

six months and reporting and interpretation of the data should occur on a bi-annual basis to enable 

timely responses to any identified opportunities to improve delivery of SP.  

In all settings, percent adherence could be used as an indicator of health service performance at 

the health centre, regional and state/territory level.  Six-monthly and/or annual adherence could 

be reported and should be categorised into several groups: 0%, 1-39%, 40-79%, 80-99% and 100%.  

Given the results of this and previous studies, it is likely that the target of at least 80% remains 

appropriate outside the NT and the categories proposed above are aligned with the existing 80% 

threshold and the perhaps equally important threshold of 40%.  Control programs should aim to 

not only increase the proportion of people receiving at least 80%, but also to decrease the 

proportion of people receiving less than 40% of doses.  One limitation of the 80% and 40% targets 

is that they do not correspond to a round number of doses for either an annual or six-month 

timeframe and a simpler target based on the minimum number of doses could be preferable in 

some settings.   

For settings with high risk populations and electronic patient records a more refined measure of 

adherence is recommended.  This could be monitored in addition to percent adherence (if that is 
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currently in place) to enable healthcare providers, patients and their families to appreciate the 

difference between the measures.  In settings where calculation of total DAR is feasible, health 

service performance reports could also include total DAR for six-month or 12-month periods.  

Monitoring of total DAR could also be done at a regional level, with patients grouped into several 

categories based on their total annual DAR, such as: <50 DAR, 50-99 DAR, 100-149 DAR and 

≥150 DAR (for annual reports).  Given the relative newness of this measure, it may be preferable 

to report both percent adherence and total DAR while awareness of total DAR is raised.   

Adherence rates (which are process indicators) should be always reported in conjunction with an 

outcome indicator, such as the rate of ARF recurrences amongst people prescribed SP to ensure 

that the effectiveness of SP delivery can be determined. 

8.7.7.3. Data sources and data quality 

Data can only positively influence adherence and outcomes when they are high quality and trusted.  

To achieve high quality data, SP administration should be documented in a standard way that is 

simple and practical.  The recommended process for recording SP should be clearly documented 

and procedure documents should be easily accessible to all relevant staff and reviewed on a regular 

basis.  Paper-based and electronic patient records should be stored in a secure location with 

appropriate backup procedures in place.  Data quality should be reviewed on a regular basis using 

standardised systematic procedures.  When there are limited resources available for data validation, 

research projects may be able to support these activities.  Wherever possible, adherence rates 

should be based on all BPG doses administered to patients, not just those given at a particular 

health service.   

In the NT health services have standard procedures for recording BPG administration, however 

these are not always used consistently, especially when staff are not familiar with the database, and 

this means the information on some doses is not conveyed to the Control Program.  Standard 
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documentation practices should be communicated to all staff at health services and regular data 

reviews should be conducted to identify the degree to which standards are being followed.   

Currently, health service databases are used for the NT Aboriginal Health Key Performance 

Indicators (NTAHKPIs), which means adherence rates are likely to be underestimated since health 

services rarely record BPG doses given elsewhere and many people in the NT receive BPG from 

multiple primary health services.  The accuracy of the NTAHKPIs would be enhanced if the 

Register data were used.  

Outside the NT, in settings with local patient information systems, patient-held records - which 

facilitate the capture of all doses given – may be a more accurate data source for adherence 

calculations.  For settings where the health system record of BPG administration is 

known/suspected to be incomplete and patient-held records are not used, it may be valuable to 

include a self-reported measure which could be considered in conjunction with health service 

records.  Several tools have been validated for collecting self-reported adherence in low literacy 

settings.221  Calculating regional level adherence rates is unlikely to be feasible in these settings.   

8.7.7.4. Sharing adherence data 

Measures of adherence can only influence service delivery if reliable data are provided to the 

relevant people, in a meaningful format, on a timely basis.  Data on individual adherence rates 

should be available no more than three weeks after the most recent BPG dose was given and 

should be shared with: the staff who administer SP, health service managers, those involved with 

continuous quality improvement, and the patients themselves and their caregivers.  Brief reports 

with clear tables and graphs, accompanied by relevant explanations of the data, should be provided 

to health services on a regular basis.  Time should be allocated to engage in a discussion of the 

data by relevant healthcare providers, managers and continuous quality improvement staff to 

enable the development and/or refinement of activities to enhance adherence.  Patients and their 

carers should be given information on their adherence in a supportive and positive way, in a 
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culturally relevant format.  Care should be taken to use appropriate language and visual aids.  

Healthcare providers should work with patients to identify factors that may have led to lower 

adherence and devise and implement strategies to address them.  When positive influences are 

identified, efforts should be made to sustain them.  Health service and regional level adherence 

data should also be reported to relevant stakeholders to enable identification of successful practices 

and areas which may benefit from additional support.  All these activities are current practice in 

the Northern Territory and efforts to improve their effectiveness are ongoing.  

 

8.8. Internal validity 

Given the very limited number of studies which have investigated the association between 

quantified measures of adherence to SP and clinical outcomes, two study designs were used in this 

present investigation – case-control and case-crossover – to provide an indication of internal 

validity.   Small sample sizes and the inability to apply the case-crossover control design to some 

outcomes meant that only ARF recurrences and deaths could be analysed using both designs.  

Overall there was reasonable agreement between the results, with comparable odds ratios and 

population attributable fractions for several definitions of non-adherence.  The case-crossover 

analysis accounts for unmeasured non-time-varying confounders, such as genetic predisposition 

to ARF, and therefore could be considered the more accurate representation of the association 

between adherence and clinical outcome.  However, the smaller sample sizes in the case-crossover 

analyses often contributed to p values greater than 0.05, and there is limited familiarity with the 

case-crossover design in the broader research community, so the case-control results may be more 

readily accepted.     
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8.9. Unexpected results 

The data analyses revealed some unexpected results, specifically: low rates of carditis at initial ARF 

episode in cases who progressed to RHD; low optimal cutpoints for adherence; the apparent 

reduced risk of recurrence even at very low adherence; and the absence of increasing risk of death 

at progressively lower levels of adherence.  Only four of the 19 cases who progressed to RHD had 

carditis recorded as a manifestation of their first ARF episode.  The remaining 15 cases had no 

carditis recorded for their first episode or subsequent ARF recurrences.  Since carditis is the only 

manifestation of ARF which affects the heart, the absence of documented carditis for the majority 

of cases who were subsequently diagnosed with RHD is surprising.  It is possible that some of 

these cases did not have an echocardiogram performed during their ARF episode/s, and so carditis 

was not confirmed, or that these cases had unreported/undiagnosed recurrences of ARF which 

did involve carditis.  It is also possible that the presence of carditis was not recorded accurately in 

the Register.  Finally, it is possible that carditis during the initial ARF was diagnosed as RHD and 

these individuals would therefore have been excluded from this analysis.  

The second unexpected finding was the results of the optimal cutpoints analyses (these were 

calculated using data from the receiver operating characteristic curves of continuous measures of 

adherence).  SP regimens are designed to maintain penicillin levels above the minimum inhibitory 

concentration with the lowest number of doses, with the assumption that ideal adherence is 100% 

of doses.  It was thought that ‘actual’ ideal adherence could be determined by calculating the 

statistical optimal cutpoints but the very low optimal cutpoints (e.g., ‘ideal’ percent adherence was 

66% and ‘ideal’ PDC was 0.48) and inconsistencies between the five measures were unexpected.  

The findings conflicted with the results of the logistic regression which indicate increasing benefit 

with increasing adherence, and are counterintuitive, suggesting statistically determined cutpoints 

are not an appropriate method for quantifying the optimal level of adherence to SP.  
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8.10. Limitations of thesis 

 Data quality 

The main data source for this study was an administrative database designed for the primary 

purpose of supporting health service provision.  The database has not been designed specifically 

to meet the needs of research projects and researchers have no influence over data collection 

practices or the oversight of data quality.  The validity of the Register’s data has been investigated 

and mean adherence reported in this study may be underestimated due to missing dose dates.222 

However, it is reasonable to assume that data quality issues are evenly distributed across the 

Register patients, so the mean difference is likely to be a reasonable representation of the difference 

between groups.  It is possible that the record of ARF recurrences in the Register is incomplete.  

The widely held view is that the development of RHD occurs as a result of cumulative damage to 

heart valves during discreet episodes of ARF, however only seven of the 16 cases in this study who 

progressed to RHD had a documented ARF recurrence prior to their diagnosis with RHD, 

suggesting a considerable proportion of recurrences are going undiagnosed or undocumented.  It 

is important to note that the majority of people diagnosed with RHD in the NT have no 

documented history of ARF (unpublished data), so the number who actually progressed from ARF 

to RHD is far greater than indicated by the data.  Missing ARF recurrences would mean that there 

may have been more individuals eligible for inclusion in the cohort for the recurrent ARF analyses.  

However, it is unlikely that the association between adherence and recurrent ARF would have 

been different in this group of individuals, and so missing ARF recurrences are unlikely to have 

influenced the results.  

Definite ARF episodes are notifiable in the NT and the Control Program staff employ several 

strategies to identify additional cases.  Furthermore, the investigation of hospital admissions data 

conducted as part of this study identified just one ARF recurrence which had not been 

documented in the Register.  Therefore the coverage of ARF recurrences by the Register is as 
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complete as can be reasonably expected, and the Register is probably the most reliable record of 

ARF episodes at a state or territory level in Australia, if not internationally, making it the most 

appropriate data with which to investigate the objectives of this study, as set out in this thesis.   

It is possible that some people in the dataset had undiagnosed RHD (i.e., were documented as 

having ARF only) and therefore may have been eligible for inclusion in the progression to RHD 

analysis.   It is also possible that some RHD diagnoses were not recorded on the Register.  

Undiagnosed RHD and missing RHD diagnoses would have led to misclassification of disease 

severity in the analysis of factors associated with adherence and the difference in adherence 

between those with ARF only and those with RHD may not be as pronounced as suggested by 

the results.  Missing and undiagnosed RHD would also have meant additional people may have 

been eligible for inclusion in the analysis of the association between adherence and progression to 

RHD and the increase in sample size may have led to statistically significant results.  

For those with a diagnosis of RHD documented in the Register, the diagnosis date is in part a 

reflection of access to echocardiography services and cardiologist appointments and not 

necessarily an accurate indication of the time when the impaired function of the valves first met 

the requirements for a diagnosis of RHD.  These limitations in the completeness and timing of 

RHD diagnoses are inherent in any real world setting.   

Missing echocardiogram reports and cardiologist letters may mean that the dates when disease 

severity changed are inaccurate: disease progression or improvement may have occurred earlier 

than indicated by the data in the Register.   Inaccurate dates of progression/improvement will 

mean that the timeframes of adherence used for those individuals were inappropriate and may 

have distorted the results.   

It is also possible that some people in the cohort died during the study period unbeknownst to the 

Control Program, however the Control Program regularly reviews data from the NT 
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Government’s Births, Deaths and Marriages database which captures all deaths registered in the 

NT, limiting the number of missed deaths.   

In this study comorbidities were determined using hospital admissions data.  There may have been 

people with a certain comorbidity admitted to hospital for whom an ICD code relating to that 

comorbidity was not recorded and there are likely to have been people with comorbidities who 

were not admitted to hospital, leading to a misclassification.  Furthermore, hospital admission data 

for the second half of 2013 were not available, so the prevalence of some comorbidities may have 

been slightly underestimated.  

 Eligibility of participants for inclusion in analysis was 

not  verified  

One of the key inclusion criteria for this study was having a prescription for secondary prophylaxis 

and the NT RHD Register data were used to determine if someone had a relevant prescription.  

For this thesis, it was assumed that the prescription for SP was appropriate and complied with 

national guidelines.  It was beyond the scope of this work to assess compliance with national 

guidelines, however a subsequent study used more recent data from the NT RHD Register to 

determine whether prescriptions for people over 35 were appropriate.  The results indicated that 

up to 32% of the cohort may not have required SP anymore.183  I was a co-author on the resulting 

publication, see page 357. We concluded that increased access to echocardiography and specialist 

review could lead to the cessation of SP for many older patients, reducing the burden on patients 

and the primary healthcare system.  The results of that study suggest that some of the people 

included in the analysis for this thesis (12% of whom were over 40 years old) may no longer have 

required SP and therefore would not have been eligible for inclusion.  
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 Study design limitations 

Cannon et al. 26 reported that 4.4% of people with mild RHD at diagnosis progressed to severe 

RHD within five years and this increased to 6.3% at ten year follow up.  The proportion of people 

who died increased from 0.5% at five year follow up to 1.0% at ten year follow up.  This suggests 

that the seven year follow-up period for this study may not have been sufficient to capture all 

clinical outcomes for this cohort 

There were some limitations when applying the case-crossover design.  The design is based on 

comparison of windows with discordant adherence, so could not explore the role of adherence for 

people whose adherence did not change between the three adherence windows.  In addition, the 

ideal case window and control window have not been defined (there are no published applications 

of case-crossover to the context of SP for ARF/RHD) and different durations and timings of 

windows may produce different results.  Finally, many of the case-crossover results had p values 

>0.05; a larger number of control windows may have increased the power and precision of 

estimates223, but this was not possible given the timeframe of data available.  

 

8.11. Future research 

The findings of this study have highlighted a few areas for further research.  The acceptability of 

adherence measures to healthcare providers and patients has not been well explored in the context 

of SP and efforts to increase adherence could be improved by a study seeking feedback on which 

measures are most meaningful.   The lack of statistical significance at very high levels of adherence 

in this study may be a reflection of the small number of people achieving such high degrees of 

adherence rather than an absence of a meaningful association; the added value of receiving at least 

90% could be explored in populations whose reported adherence is higher than in our setting (for 

example India or New Zealand).  The role of SP in the progression and improvement of RHD 
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could be better understood by analysing a larger cohort if reliable adherence data were available.  

The effectiveness of other forms of RHD prevention (e.g., oral regimens in penicillin-allergic 

patients and new formulations of penicillin – such as implants- which are in development) needs 

exploration and further exploration of how SP is reducing mortality by including cause of death, 

would be highly valuable.  

 

8.12. Concluding remarks 

This study provides critical evidence that BPG effectively prevents adverse clinical outcomes for 

people in the NT with a history of ARF and RHD.  Health services must be adequately resourced 

to continue providing SP and strategies should be targeted to enhance delivery to those who need 

it most.  Work to minimise cultural and language barriers between healthcare providers and 

patients and their families must continue.  

A large proportion of people in the NT have been diagnosed with RHD without a preceding 

documented episode of ARF.11  For this group there has been no opportunity for SP to prevent 

the development of RHD so we must include primary and primordial prevention strategies in 

efforts to control ARF and RHD.  A vaccine against group A streptococcus would be an invaluable 

addition to primary prevention strategies and while progress is promising, it will be several years 

before safety and efficacy trials are complete.  In the meantime, community members need to be 

encouraged to attend a health service for treatment of skin sores and sore throat and healthcare 

providers must provide the appropriate treatment at first presentation.  Primary prevention is 

important, but given the small proportion of Indigenous Australians who have reported sore throat 

preceding an episode of ARF, the benefits may be limited.  Therefore the focus in the NT must 

be on primordial prevention.  Housing stock must be improved to ensure there are adequate 

sleeping spaces for residents and visitors, and health hardware needs to be appropriately 

maintained and repaired.  Health literacy must be increased so people are better equipped to make 
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decisions that keep themselves and their families healthy and are empowered to be more active 

participants during interactions with the health system.  Improvements in education and 

subsequent engagement in the workforce are also likely to reduce exposure to GAS and therefore 

reduce initial episodes of ARF. 

The devastating burden of ARF and RHD, experienced predominantly by disadvantaged 

populations around the world, can be reduced if adequate resources are committed to primordial, 

primary and secondary prevention initiatives.  A Global Resolution on Rheumatic Fever and 

Rheumatic Heart Disease was unanimously adopted by Member States of the World Health 

Organization in May 2018 and there is optimism that this will lead to increased government 

leadership, accountability and resourcing in Australia and internationally, which are critical for the 

elimination of these diseases.  
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Appendices
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Appendix 1: Published article of results of an analysis of 

long term outcomes for people in the Northern Territory 

with a history of ARF/RHD 

 This article was published during my candidature and I was involved as a co-author. 
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Appendix 2: Adherence data validation protocol - Version 1.3 (31 May 2017) 
 
Sample eligibility 

 People requiring BPG for the duration of 2009 and 2010  

 Total people in dataset requiring BPG for the duration of 2009 and 2010: 1004 

Sample size: 306 randomly selected from eligible population  

Procedure 

NB: Commence with 2009 data first, 2010 data will be done if time permits 

Step 1: Crosscheck dates in Register and record dose clinic 

NB: Complete Step 1 for 20 patients, then move to Step 2. Once Step 2 is completed for the first group of patients, return to Step 1 

and complete for the next 20 patients.  
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1. Use HRN 
to identify 

patient record 
in Register

2. Confirm 
HRN and 

date of  birth 
match

3. Click on patient 
name

4. Select 
Prophyalxis from 
menu

5. Select  2009 
from Yearly Dose 
Information table

6. Compare 
dose dates 

Dose dates 
match

● Record 'match' in Register 
dosedate column

● Record dose clinic in 
Register doseclinic column

Dose dates 
don't match

● Record Register dose date

● Record dose clinic

● Record 'no match' in the 
row with the dose from the 

original dataset

● Create new row in 
spreadsheet

● Fill in patient info

● Record dose date in 
Register dosedate column

● Record dose clinic in 
Register doseclinic column

Compare 
‘Given’ doses 

only  
NB: The 
Register 

requires a 7 
digit HRN – 
add leading 
zeros where 
necessary 
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Step 2. Compare raw data with primary health care data  

PCIS 
Remote access to PCIS through the LAN login page: https://external.health.nt.gov.au/my.policy  

NB: Review patients with a DoH PCIS clinic recorded first, then move on to patients without a DoH clinic recorded (or with no dose 
recorded)

 

 

Use HRN to identify 
patient record in 

PCIS

Confirm HRN and 
date of birth match

Identify all BPG 
doses recorded in 

PCIS and 
crosscheck dates 
with Register data 

Dose dates match
Record 'match' in PCIS 

dosedate column

Dose dates don't 
match

Record PCIS dose date in 
PCIS dosedate column

● Record 'no match' in the row 
with the dose from the original 

dataset

● Create new row in spreadsheet

● Fill in patient info

● Record dose date in Register 
dosedate column

● Record dose clinic in Register 
doseclinic column

1. Search Events for Service Items for 2009:  

a. Benzathine Penicillin 0.9g (Rheumatic 

Prophylaxis) 

b. Penicillin (Benzathine) Injection 

(Rheumatic Prophylaxis) 

c. Administer medication 

2. Search Progress Notes to identify additional 

relevant information 

Select ‘Clients’ 

Select ‘Quick Search’ 

Enter 7 digit  HRN 

at ‘Client id’ 

https://external.health.nt.gov.au/my.policy


 

353 
 

To search for Service Items 

1. Select ‘Events’ tab from Person window 

2. Enter ‘Date from’ 

3. Enter ‘Date to’ 

4. Select ‘Service items’ from ‘Item set’ 

5. Select little blue box next to ‘Item’ 
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6. Type ‘benz’ into ‘Name’, press ‘Enter’ 

7. Double click on relevant service item in Search results window 

8. Select ‘Search’ 

9. Repeat steps 6-8 using ‘administer medication’ 

10. Type ‘benz’ into ‘Name’, press ‘Enter’ 

11. Double click on relevant service item in Search results window 

12. Select ‘Search’ 

13. Repeat steps 6-8 using ‘administer medication’ 
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How to search progress notes:  

1. Select Notes icon from top of window 

2. Select Search tab 

 

 

3. Enter ‘Date taken from:’ 

4. Enter ‘Date taken to’ 

5. Select search 
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NB: If there are too many results to review individually, search for specific terms within results: 

6. Enter ‘BPG’  in ‘Containing text’ 

7. Select ‘Search’ 

8. Enter ‘penicillin’ in ‘Containing text’ 

9. Select ‘Search’ 

10. Enter ‘LAB’ in ‘Containing text’ 

11. Select ‘Search’ 

12. Enter ‘bicillin in ‘Containing text’ 

13. Select ‘Search’ 
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Appendix 3: Published article on secondary prophylaxis for 

older Australians in the Northern Territory with ARF/RHD  

This article was published during my candidature and I was involved as a co-author.  
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