
EVALUATION OF ADHERENCE TO EVIDENCE-BASED 

PHARMACOTHERAPIES FROM ADMINISTRATIVE HEALTH DATA IN 

SENIOR HEART FAILURE PATIENTS IN WESTERN AUSTRALIA AND 

ASSOCIATIONS WITH OUTCOMES  

Dr Xiwen Qin 

BMed (GDPU), MPH (CUHK) 

This thesis is presented for the degree of 

Doctor of Philosophy 

The University of Western Australia 

School of Population and Global Health  

Cardiovascular Epidemiology 

2019 



PAGE | i 

THESIS DECLARATION 

I, Xiwen Qin, certify that:  

This thesis has been substantially accomplished during enrolment in this degree. 

This thesis does not contain material which has been submitted for the award of any 

other degree or diploma in my name, in any university or other tertiary institution. 

In the future, no part of this thesis will be used in a submission in my name, for any 

other degree or diploma in any university or other tertiary institution without the prior 

approval of The University of Western Australia and where applicable, any partner 

institution responsible for the joint award of this degree. 

This thesis does not contain any material previously published or written by another 

person, except where due reference has been made in the text and, where relevant, in 

the Authorship Declaration that follows.  

This thesis does not violate or infringe any copyright, trademark, patent, or other rights 

whatsoever of any person. 

The research involving human data reported in this thesis was assessed and approved 

by The University of Western Australia Human Research Ethics Committee. Approval 

#: RA/4/1/8065, Human Research Ethics Committees of the WA Department of Health 

(Ref 2014/11) and WA Aboriginal Health (Ref 572).  

This thesis contains published work and/or work prepared for publication, some of 

which has been co-authored.  

Signature: 

Date: 10 Sep 2019



PAGE | ii 

ABSTRACT 

BACKGROUND AND AIMS 

Heart failure (HF) is a progressive and chronic disease with multiple hospitalisations 

and high case fatality. Use of evidence-based medications (EBMs) is fundamental in 

managing HF patients. Randomised controlled trials and clinical guidelines have 

shown that angiotensin-converting enzyme (ACE) inhibitors, angiotensin II receptor 

blockers (ARB) and beta-blockers have significantly reduced the rates of 

hospitalisation and risk of death in HF patients with reduced ejection fraction. 

Adherence to EBMs is associated with improved survival. However, poor adherence 

to EBMs remains a significant limitation for enhancing the effectiveness of current 

drug treatment. Non-adherence to medications is an increasing concern leading to 

higher rates of HF readmissions, adverse cardiovascular outcomes and increased 

healthcare costs. Currently, there are limited data on adherence and persistence of 

EBMs following HF discharge in the Australian population. Understanding the 

patterns of short-term and long-term adherence to EBMs, and persistence, and its 

relationship with outcomes is important to achieve optimum medical care in HF.  

The overall aim of my thesis was to investigate long-term medication adherence and 

associations with outcomes following HF hospitalisations in Western Australia (WA). 

The specific aims were: 

1) To compare the most commonly used measures of adherence calculated from

administrative health data for ACE inhibitors/ARB and beta-blockers in

patients with HF.

2) To investigate the long-term adherence and discontinuation for ACE

inhibitors/ARB and beta-blockers following HF discharge, and determine the
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independent predictors associated with discontinuation and low adherence over 

the three-year study period.  

3) To determine the association between early dispensing of ACE inhibitors/ARB 

and beta-blockers post-discharge in patients hospitalised for HF and 

subsequent mortality and HF readmission. 

4) To evaluate the relationship of adherence to ACE inhibitors/ARB and beta-

blockers and subsequent outcomes in patients hospitalised for HF using 

restricted cubic splines.  

METHODS 

Database and study cohort 

The study used linked administrative health data from the WA Data Linkage System 

to identify patients with hospitalisations for HF in WA from 2003 to 2008. These were 

linked to matching death records from the WA mortality register and pharmacy claims 

data from the national Pharmaceutical Benefits Scheme to identify matching records 

of medications dispensed from 1 June 2002 to 30 June 2011. The study cohort is 

patients aged 65–84 years who had an index (first in period) hospitalisation between 

2003 and 2008 for HF as principal discharge diagnosis, or HF as a secondary discharge 

diagnosis with ischaemic heart disease as the principal diagnosis, and who survived 30 

days following hospital discharge. Patients with a history of valvular heart disease or 

renal dialysis and non-concession card holders were excluded. The coding for HF 

admissions and myocardial infraction in administrative hospital morbidity data have 

been previously validated.  
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Statistical analysis 

Descriptive statistics were used to characterise the study cohort. In addition, I used the 

landmark analysis method and advanced statistical modelling in each of the aims:  

1) For Aim 1, the cohort included 4234 patients who survived 1-year following 

hospitalisation for HF. Three common adherence measures were calculated and 

compared for each drug group: medication possession ratio (MPR), MPR 

modified (MPRm) and proportion of days covered (PDC). Scatter plots were 

used to examine the correlations between the three adherence measures. 

Restricted cubic splines (RCS) were fitted in Cox proportional hazards 

regression models to assess the relationship between adherence measures and 

1-year all-cause death for each drug group.  

2) Aim 2 included 4488 patients who survived 60 days post-HF hospitalisation 

from 1 January 2003 to 30 June 2008. Generalised linear models with repeated 

measures were used to evaluate trends for long-term adherence during the 3-

year follow-up. Multivariable logistic regression models identified the 

predictors of low adherence to ACE inhibitors/ARB and beta-blockers. 

Multivariable Cox regression models were used to identify the predictors of the 

first discontinuation to each of the drug groups.  

3) In Aim 3, there were 4897 patients who survived 60 days post-HF 

hospitalisations from 1 January 2003 to 31 December 2008. I used a cumulative 

incidence function and Gray’s test as a method to account for competing risks 

when assessing 1-year outcomes (death, HF readmission and composite of 

death/HF readmission) between ACE inhibitors/ARB and beta-blocker groups. 

A propensity score with inverse probability treatment weights (IPTW) was 
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calculated to adjust for potential bias in the allocation of treatments. Cox 

regression models with IPTW were used to examine the associations between 

early dispensing of ACE inhibitors/ARB and beta-blockers and outcomes.  

4) In the final aim, I used 4234 patients who survived one year after HF 

hospitalisation from 1 January 2003 to 31 December 2008. Adherence to ACE 

inhibitors/ARB and beta-blockers was estimated from the PDC in the first-year 

post-discharge. RCS analysis was used to evaluate the shape of the adherence-

outcome association and determine whether there was an optimal cut-off for 

‘good’ adherence. Cox regression models with competing risk analysis and 

IPTW adjustment were used to investigate the association between good 

adherence to ACE inhibitors/ARB or beta-blockers groups and 1-year and 3-

year outcomes of death, HF readmission and composite of death/HF 

readmission.  

RESULTS 

This thesis is presented as a series of papers. Chapter 5 is the published protocol paper, 

while Chapters 6–9 contain the four study papers, one for each aim of the thesis. 

Chapters 6, 7 and 9 are the final versions of papers submitted to journals for review 

for Aims 1, 2 and 4. Chapter 8 is the published version of the paper on early dispensing 

of EBMs following HF discharge (Aim 3). 

Chapter 6 (Aim 1) describes a study to compare three common methods to measure 

adherence from administrative data in HF patients. I found that the PDC provided a 

more conservative estimate of medication adherence than the other two methods and 

was the most consistent predictor of subsequent mortality.  
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Chapter 7 (Aim 2) shows the long-term patterns of discontinuation and adherence to 

EBMs following HF hospitalisation and the potential predictors of low adherence. This 

study showed that 28% and 42% of patients discontinued treatment of ACE 

inhibitors/ARB and beta-blockers, respectively, over three years after discharge. There 

was a significant decrease in mean PDC (ACE inhibitors/ARB: from 82.2% to 77.5%, 

beta-blockers: from 73.6% to 69.0%) and median PDC (ACE inhibitors/ARB: from 

91.1% to 87.9%, beta-blockers: from 83.1% to 77.9%) for both drug groups over the 

3-year follow-up (p-value for trend <0.05). Older age and increasing Charlson 

Comorbidity Index were positively associated with low adherence to ACE/ARB drugs 

and beta-blockers; chronic kidney disease was associated with ACE/ARB only and 

chronic obstructive pulmonary disease was associated with beta-blockers. 

Chapter 8 (Aim 3) describes the association between early dispensing of ACE 

inhibitors/ARB and beta-blockers following HF discharge and subsequent outcomes. 

This study showed that ACE inhibitors/ARB and beta-blockers dispensed within 60 

days post-discharge were independently associated with a reduced inverse probability 

treatment weighted hazard ratio for 1-year mortality (ACE inhibitors/ARB: HR 0.70, 

95% CI 0.61–0.81, beta-blockers: HR 0.79, 95% CI 0.68–0.92) and 1-year composite 

endpoint of death and HF readmission (ACE inhibitors/ARB: HR 0.81, 95% CI 0.72–

0.90, beta-blockers: HR 0.84, 95% CI 0.75–0.94). Use of beta-blockers was associated 

with a reduced hazard for HF readmission (0.83, 0.70–0.99) in the ischaemic HF 

subgroup only.  

Chapter 9 (Aim 4) shows that for ACE inhibitors/ARB and beta-blockers, a PDC≥90% 

(vs <90%) was associated with a lower adjusted hazard ratio for 1-year all-cause death 

(ACE inhibitors/ARB: HR 0.779, 95% CI 0.653–0.929, beta-blockers: HR 0.724, 

0.583–0.898) and death/HF readmission (ACE inhibitors/ARB: HR 0.845, 0.739–
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0.965, beta-blockers: HR 0.730: 0.621–0.858), and 3-year death (ACE inhibitors/ARB: 

HR 0.831, 0.744–0.928, beta-blockers: HR 0.840, 0.736–0.958) and death/HF 

readmission (ACE inhibitors/ARB: HR 0.864, 0.787–0.949, beta-blockers: HR 0.863, 

0.773–0.964). For each 10% increase in ACE inhibitors/ARB and beta-blockers 

adherence above PDC>60%, the adjusted HR for 1-year death fell by 6.3% and 4.5% 

respectively (trend p<0.02 for both), and risk of 1-year death/HF readmission fell by 

4.8% and 5.3% respectively (trend p=0.001 for both). The RCS analysis showed a 

curvilinear adherence-outcome relationship which was linear above a PDC of 60%. 

CONCLUSION  

The PDC method appeared to be the most robust for measuring medication adherence 

from administrative pharmacy claims data in HF patients. The evaluation of long-term 

medication adherence to EBMs following HF discharge highlighted potentially 

suboptimal adherence in the use of EBMs, particularly beta-blockers. However, early 

dispensing of these medications following HF discharge significantly reduced the 

short-term outcomes of death and the composite of death/HF readmission. High 

adherence to EBMs is associated with lower risks of death and death/HF readmission. 

However, my studies suggested that RCS analysis is far more informative for 

interpreting the adherence-outcome relationships than using categorical thresholds or 

the traditional 80% cut-off.  

Through the RCS curves, I showed that a change in the curvilinear relationship was 

seen at 60% adherence, with a linear relationship beyond this point. This implies there 

was no plateauing of risk reduction beyond this point. Hence, the higher the adherence 

beyond 60%, the better the outcomes. Future studies of adherence from electronic 

claims databases should use a standardised adherence measure, such as the PDC, and 

consider adherence as a continuous measure through RCS analysis, instead of limiting 
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its use to a binary variable with 80% cut-off to describe ‘good’ adherence. Since 

evidence-based treatment is fundamental in the management of HF patients, targeted 

programs for healthcare professionals and patients or family members to optimise 

medication adherence are of paramount importance. My PhD thesis suggests that 

further research should target methods to standardise the calculation of medication 

adherence from administrative data and determine interventions that improve 

adherence across various disease groups, socioeconomic levels and healthcare systems. 
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CHAPTER 1. INTRODUCTION 

1.1 OVERVIEW 

Heart failure (HF) is a chronic, debilitating and progressive disease associated with 

significant mortality and morbidity.1-3 The prevalence and incidence of HF are known 

to increase sharply with age.2 4-6 In Australia,5 and other developed countries,6-8 the 

ageing demographics coupled with an increase in survival from ischaemic heart 

disease (IHD),9 10 and high prevalence of hypertension5 11 and diabetes5, as major 

antecedents to HF, have compounded the growing burden of HF.  

Evidence-based medicines (EBMs) are the foundation in the management of patients 

with HF, particularly in those with reduced ejection fraction (HFrEF).2 3 12 In patients 

with HFrEF, large clinical trials13-24 have shown EBMs to be associated with a 10–40% 

reduction in mortality and morbidity. International and national guidelines recommend 

the use of angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers 

(ACE inhibitors/ARB) and beta-blockers as first-line medications for patients with 

HFrEF.2 3 12 Few studies have investigated the benefits of these medications for HF 

patients with preserved ejection fraction (HFpEF).22 25 26  

Despite the availability of these medications, mortality and morbidity rates associated 

with HF remain high,1,5 possibly attributed to poor adherence and persistence of EBM 

for HF. Therefore, a better understanding of usage patterns, the extent of medication 

adherence and persistence and their associations with outcomes is required. Adherence 

to EBMs for HF is critically important, but there is no ‘gold’ standard to measure 

adherence using administrative claims databases (e.g. Pharmaceutical Benefits 

Scheme (PBS) Data Collection from Australia). 
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In Australia, little is known about the long-term trends of adherence to EBMs after HF 

admission. Understanding the long-term patterns of medication adherence and 

persistence in this group may allow doctors and pharmacists to develop better 

strategies to offset any variation in medication use.  

The early post-discharge phase (e.g. 60 days) after acute HF hospitalisation is often 

described as a ‘vulnerable’ period since initiation (or resumption),5-8 persistence and 

adherence to treatment regimens may be suboptimal without ongoing surveillance and 

multidisciplinary support. Therefore, investigating the association between early 

uptake and subsequent outcomes is important for post-discharge support programs to 

target ongoing EBM supplies from community pharmacies, and medication adherence 

and persistence. 

Given the lack of gold standards for measuring medication adherence, it is also 

important to advance the knowledge of what constitutes ‘good’ adherence. Good 

adherence to EBMs, usually expressed as a cut-off measure (e.g. ≥80% for a given 

drug), is associated with a decrease in rates of rehospitalisation and death.27-29 

However, researchers and clinicians currently choose an arbitrary cut-off to define 

‘good’ adherence, but this may not be appropriate for all drugs, and the cut-off value 

may be different for different drugs. Also, there is a paucity of studies in Australia that 

have examined adherence-outcome relationships in HF. Understanding these patterns 

is of importance to target a strategy to improve adherence in HF patients after hospital 

discharge. 

1.2 RESEARCH AIMS 

My PhD study aimed to explore the use of linked patient-level health data to assess 

long-term medication use, adherence and outcomes in patients with HF. This study 
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used inpatient and death records from Western Australia (WA) linked to PBS data. 

The hospital and death records were from the WA Data Linkage System and the PBS 

records were from the Commonwealth Government. Health data from HF patients 

living in WA and aged 65–84 years over the period 2003 to 2008 were used to explore 

the long-term dispensing patterns following hospitalisation for HF, initial and ongoing 

medication adherence and the association between adherence and both fatal and 

nonfatal cardiovascular outcomes.  

The primary objectives of my thesis were: 

1) To compare the most commonly used measures of adherence calculated from 

administrative health data for ACE inhibitors/ARB and beta-blockers in 

patients with HF. 

2) To investigate the long-term (3-year) adherence and discontinuation of ACE 

inhibitors/ARB and beta-blockers following HF discharge, and determine the 

independent predictors associated with discontinuation and low adherence over 

the 3-year study period.  

3) To determine the association between early dispensing post-discharge of ACE 

inhibitors/ARB and beta-blockers in patients hospitalised for HF and 

subsequent outcomes of all-cause death and HF readmission. 

4) To evaluate the relationship between adherence to ACE inhibitors/ARB and 

beta-blockers and subsequent outcomes in patients hospitalised for HF using 

restricted cubic splines.  

The secondary objectives of this project, limited to sub-studies conducted within the 

HF cohort, were to:  
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1) Examine adherence to EBMs for patients with HF stratified by different 

comorbidities (e.g. ischaemic heart disease, chronic kidney diseases, and 

chronic obstructive pulmonary disease). 

2) Determine the threshold of ‘good’ vs ‘poor’ adherence for HF EBMs by 

applying the restricted cubic spline methodology. 

3) Investigate the association between comorbidities and the Charlson comorbidity 

score with long-term outcomes using a landmark analysis post-HF discharge.  

1.3 ETHICS APPROVAL 

The study protocol was approved by the Human Research Ethics Committees of the 

WA Department of Health (Ref 2014/11), WA Aboriginal Health (Ref 572) and The 

University of Western Australia (RA/4/1/8065). Each ethics committee granted a 

waiver of informed consent in the conduct of the study. Copies of the ethics committee 

approval documents are provided in Appendix 1. 

1.4 THESIS STRUCTURE  

This thesis comprises eleven chapters. Chapter 1 introduces the work completed during 

the PhD candidature, providing an overview of the research topic and specifying the 

aims and objectives of the study. Chapter 2 provides an overview of the clinical 

background of HF. This chapter defines and characterises the disease of HF, including 

the aetiology, classification type, pathophysiology, pharmacotherapies and disease 

burden. Chapter 3 provides a critical review of the relevant literature on research 

studies relating to treatments of HF encompassing clinical trials and observational 

studies, medication adherence and associated measures, and outcomes. Chapters 4 and 

5 describe the general methods and data sources: the WA Data Linkage System, 

Hospital Morbidity Data Collection, Death Registrations and PBS database. Also, I 
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describe the cohort selection and definition of HF (that was identified from the data 

sources), the inclusion and exclusion criteria, and flowchart of the patient selection 

process. Furthermore, I provide details of the calculation of drug duration and 

medication adherence from PBS data. I also describe the general statistical methods 

used for the epidemiological studies. Chapter 5 includes a copy of the published 

protocol paper that describes the general methods and datasets used in the thesis. 

Chapters 6–9 contain the results from this thesis addressing the objectives in the order 

outlined above. Each chapter contains the manuscript (published, accepted or under 

review) that addressed the corresponding objective. 

Chapter 10 is a discussion of the study findings, clinical significance and implications 

of the results, and study limitations. The main part of the thesis concludes with Chapter 

11 that outlines potential future research to address the gaps uncovered by my PhD 

work, and the conclusions from my work. References and Appendices follow the last 

chapter and complete the thesis. 
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CHAPTER 2. BACKGROUND 

This thesis examines the pharmacoepidemiology of heart failure (HF), looking at the 

application of medication adherence and outcomes using HF as a chronic disease 

model. This background chapter provides an overview of the definition, classification, 

aetiology, pathophysiology, epidemiology, pharmacotherapies and non-

pharmacotherapies of HF.  

2.1 DEFINING HEART FAILURE 

The European Task Force on Heart Failure (2016)3, defines HF as ‘a clinical syndrome 

characterised by typical symptoms that may be accompanied by signs caused by a 

structural and/or functional cardiac abnormality, resulting in reduced cardiac output 

and/or elevated intracardiac pressure at rest or during stress’.  

This definition of HF was developed from clinical criteria collected from the 1960s 

until the present day. Typical symptoms include breathlessness, paroxysmal nocturnal 

dyspnoea, orthopnoea, and fatigue, caused by ventricular dysfunction resulting from a 

myocardial abnormality.1-3 Relatively specific signs include elevated jugular venous 

pressure, hepatojugular reflux, third heart sound and displacement of apical impulse,30 

31 but these are difficult to detect and also have poor reproducibility.2 3  

As HF is a complex clinical syndrome, different criteria based methods in the absence 

of a gold standard have been used for its diagnosis, particularly the Framingham 

criteria32 and the Boston diagnostic criteria33 which can be used to validate the 

diagnosis of HF in hospitalisation records34. An objective method to diagnosis HF is 

using echocardiography to define the type of HF, which will be detailed in section 

2.2.2. 
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2.2  CLASSIFICATION OF HEART FAILURE 

2.2.1 FUNCTIONAL CLASSIFICATION 

Various approaches have been developed to quantify the degree of functional 

limitation imposed by HF.2 3 Currently, the New York Heart Association (NYHA) 

functional classification provides the most contemporary and useful information about 

the presence and severity of HF.2 The NYHA classification, with focus on exercise 

capacity and symptomatic status of the disease, has four categories based on the 

severity of symptoms in HF patients with structural heart disease (Table 2.1).2 3 This 

assessment is subjective by physicians and can frequently change over short periods.35 

Despite problems with validation and reliability, the NYHA classification is an 

independent predictor of mortality,36 and is widely used in clinical practice and 

epidemiological studies as a marker of HF severity, including in clinical trials.3 

 

TABLE 2.1 THE NYHA FUNCTIONAL CLASSIFICATION FOR HEART FAILURE BASED ON PHYSICAL ACTIVITY 

AND SYMPTOMS OF HF, MODIFIED BY AUSTRALIAN1, EUROPEAN3 AND US GUIDELINES2. 

Class I  • No limitation of physical activity  

• Ordinary physical activity does not cause symptoms of HF  

Class II  • Slight limitation of physical activity  

• Comfortable at rest, but ordinary physical activity results in 

symptoms of HF  

Class III  • Marked limitation of physical activity 

• Comfortable at rest, but less than ordinary physical activity causes 

symptoms of HF 

Class IV  • Unable to carry on any physical activity without symptoms of HF or 

symptoms of HF at rest  
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2.2.2 CLASSIFICATION BASED ON LEFT VENTRICULAR EJECTION FRACTION (LVEF) 

HF is usually associated clinically with impaired left ventricular (LV) myocardial 

function.3 30 The LV dysfunction demonstrates the structural and functional reasons 

for the development of HF.30 HF may be associated with a wide spectrum of LV 

dysfunction, which may range from patients with normal LV size or preserved ejection 

fraction (HFpEF) to those with severe dilatation or with significantly reduced ejection 

fraction (HFrEF).37 Ejection fraction (EF) is an important classification for patients 

with HF because it differentiates patient characteristics, comorbidity conditions and 

treatments. Also, most clinical trials and observational studies on medications select 

the patients based on ejection fraction. However, using EF to differentiate HF patients 

is arbitrary, and there have been inconclusive cut-offs for EF since 2016. The European 

Task Force on Heart Failure (2016)3 cut-offs for HFrEF is defined as EF<40% and 

HFpEF is defined as EF≥50%. Patients with ejection fraction 40–49% represent a 

‘grey area’ of HF with mid-range EF (HFmrEF).3  

The 2018 Australian heart failure guideline1 defines HFrEF as the clinical symptoms 

with or without signs of HF and a measure of left ventricular ejection fraction (LVEF) 

<50%. HFpEF has proven much more difficult to define because of the LVEF is by 

definition preserved, leaving only clinical symptoms and signs, which are largely non-

specific. Hence, the Australian guideline suggests that patients with HFpEF are those 

with or without signs of HF and LVEF≥50% with objective evidence of relevant 

structural heart disease and/or diastolic dysfunction, with high filling pressure. HF 

with mid-range ejection fraction (HFmrEF) with LVEF between 40–49% is 

controversial between Australian1 and European3 guidelines. In European guideline,3 

identifying HFmrEF is done to stimulate research into the underlying characteristics, 

pathophysiology and treatment of this group. In contrast, the Australian guideline1 
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does not recommend a separate HFmrEF category because: (i) there are no clear 

pathophysiological mechanisms for this group, (ii) the EF range of only 10% is too 

narrow to confidently ascribe a new and separate group with current diagnostic test 

accuracy; and (iii) the clinical management for this new group is unclear. The 

Australian guidelines recommend the classification of HFmrEF as HFrEF even when 

the LVEF has improved to 40–49% (recovered HFrEF). This should generally follow 

the treatment of HFrEF because the pathophysiology is not believed to be changed in 

most cases. Therefore, this background section will mainly discuss HFrEF and HFpEF, 

with minor comments on HFmrEF.  

2.3 AETIOLOGY OF HEART FAILURE  

The primary aetiology of HF remains inconclusive attributed to the considerable 

diversities in causes worldwide.2 3 30 HF could be a sequel of ischaemic heart disease 

(IHD), infiltration cardiomyopathies, metabolic derangements, hypertension, atrial 

fibrillation, valve and myocardium structural defects and infection (e.g. rheumatic 

fever, Chagas disease, viral myocarditis and human immunodeficiency virus).1-3 30 38 

The causes of HF are different in different areas of the world, with IHD, hypertension, 

diabetes and chronic kidney disease being the most common causes for the onset and 

progression of HF in high-income regions.30 38-41  

In Australia, despite economic progress, remote Aboriginal and Torres Strait Islander 

communities have one of the highest prevalence of rheumatic heart disease worldwide, 

brought about by poverty, overcrowding and reduced access to health care facilities.42 

This leads to a high prevalence of HF in the Aboriginal population.43 
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The aetiology for HFrEF and HFpEF are different.1 3 44 Coronary artery disease is the 

underlying cause in as much as two-thirds of HFrEF while hypertension, atrial 

fibrillation (AF), diabetes and obesity play a key role in HFpEF.  

2.4 PATHOPHYSIOLOGY OF HEART FAILURE  

The pathophysiology of HF is highly complex45 and different depending on the type, 

HFrEF or HFpEF. HFrEF has reduced systolic function resulting in the decline of 

cardiac output, which has multiple adverse consequences. These include reduced end-

organ perfusion, activation of neurohormonal (e.g. renin-angiotensin-aldosterone 

system and sympathetic nervous system) and inflammatory systems, cardiac 

remodelling and worsening cardiac function.46-48 These factors together culminate in 

the malignant nature of HFrEF, then generally decline with acute decompensation 

episodes contributing to increased morbidity and finally death.1 Despite the many and 

varied negative consequences of reduced cardiac output, these represent the targets for 

the successful interventions for HFrEF treatment.  

Conversely, the pathophysiology for HFpEF is inconclusive.1 The general current 

pathophysiological theories include: (i) a causal relationship for comorbidities and 

consequent coronary microvascular inflammation,49 (ii) central arterial stiffening, 

leading to a rapidly reflected arterial pulse wave and then increasing LV afterload,50 

(iii) skeletal muscle oxygen delivery and extraction abnormalities51 and (iv) subtle 

abnormalities in contractile and chronotropic reserve.52 These theories have ongoing 

investigations, and this has undoubtedly contributed to the lack of successful treatment 

for this condition.  
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2.5 EPIDEMIOLOGY OF HEART FAILURE  

2.5.1 EPIDEMIOLOGY OF ALL HEART FAILURE 

HF is a major public health problem in developed countries with the current prevalence 

estimated to be 5–9% among people aged ≥65 years.6 The Australian Institute of 

Health and Welfare (AIHW)53 reported that the prevalence of HF in older patients 

(aged 65 years and over) was 6.6% in WA in 2015. Population-based estimates of HF 

prevalence in Australia are limited.1 54 A national study using international prevalence 

rates estimated that there were 480,000 people aged 18 years or more with HF in 

Australia, representing 2.1% of the adult population.55 The prevalence is increasing in 

the general population, possibly due to ageing, availability of diagnostic technology 

and more efficacious therapy or interventions in the management of acute coronary 

syndromes and HF.6 53  

The age-adjusted incidence of HF has been observed to be decreasing in both sexes.56 

In a WA population-based study,5 the incidence rate of HF decreased in both men (–

3.5%) and women (–3.1%) from 1990–2005. Similar declining trends were found in a 

Scottish population-based cohort57 and more recently in a large UK cohort58 of 93,074 

incident HF patients. The decline in the incidence of HF could be related to better 

prevention programs for IHD and hypertension.1 

In contrast to the decline in the incidence of HF, the prevalence of HF has been 

increasing, accompanied by the high risk of morbidity and mortality. In 2015–2016, 

there were about 173,000 hospitalisations where HF and cardiomyopathy were 

recorded as the main or additional diagnosis, representing 1.6% of all hospitalisations 

in Australia.59 Almost 40% of hospitalisations for HF and cardiomyopathy were 

recorded as the primary diagnosis. The overall hospitalisation rates were 1.5 times 

higher for males than females. Hospitalisation rates increased with age, with the 
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highest rate in men and women aged 85 years or older.1 The Australian SNAPSHOT 

study showed that in 2013, 811 patients were hospitalised for HF over one month, with 

a median length of stay of 6 days in the HF population.60 High mortality from HF 

remains a major problem in developed countries, with about 300,000 deaths annually 

being directly attributable to HF.61 In WA, the overall crude death rates at 30 days and 

1 year in patients with principal diagnosis of HF were 9.5% and 26.7%.5 This is similar 

as the Framingham study62 showing a 30-day death rate of 10% and 1-year death of 

30%. In Sweden,63 a population-based study showed the 5-year survival for newly 

diagnosed HF was 48%. The mortality trends have been decreasing in the past 20-

years possibly due to improvements in treatment of HF.64 In WA,5 there was a 

reduction of 30-day mortality among first-ever acutely-decompensated patients 

hospitalised with HF in 2002–2005 compared to 1990–1993 in men (OR: 0.56, 95% 

CI: 0.45–0.70) and women (OR: 0.65, 95% CI: 0.52–0.81). This was also observed in 

patients with ischaemic or without ischaemic aetiology for 5-year mortality.9 Similar 

declining patterns in HF are seen in other developed countries such as Canada65 and 

Sweden.63 

2.5.2 EPIDEMIOLOGY OF HFREF AND HFPEF 

The prevalence and incidence of HF vary depending on whether patients have HFrEF 

or HFpEF. The prevalence of HFrEF (2.4–5.8%) is lower than HFpEF (4.9–7.4%) in 

the general population.65 66 However, most studies67-72 have indicated about 50% of 

patients with HF have HFpEF, and the prevalence for HFpEF is higher in women than 

men.66 73 With the ageing population, the prevalence of HFpEF is increasing rapidly.65 

73 The incidence of HFrEF is higher in men while the incidence of HFpEF is higher in 

women.74 75 Generally, the incidence of HFrEF is decreasing in contemporary 

cohorts,74-77 except for patients with renal and vascular end-stage diseases, with a 3% 
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increase in the incidence of HF over an 11-year follow-up.68 However, reports on the 

incidence of HFpEF are inconsistent, with a Framingham Heart Study75 showing 

increasing trends in both men and women from 1990–2009, while Gerber et al.74 

reported a decline between 2002 and 2010.  

The prevalent trend for HFrEF is decreasing, but HFpEF shows an increasing trend,8 

possibly due to a lack of evidence-based medications for HFpEF. Some78 79 but not all 

the studies67 72 80 show that mortality rates are similar between HFrEF and HFpEF, but 

one meta-analysis81 showed mortality rates were higher in HFrEF. However, given the 

ageing population and the preponderance of HFpEF in the elderly, the overall absolute 

number of deaths in the community attributable to HFpEF is likely higher than the 

number of deaths attributable to HFrEF.69 The difference in mortality rates between 

both HF phenotypes declined with increasing age, reflecting the increasing 

contribution of non-cardiovascular deaths in older patients with HF regardless of 

LVEF.82 However, the cause of death is different between HFrEF and HFpEF. In 

HFrEF, cardiovascular deaths account for >50% of deaths, with about 35% of such 

deaths attributed to coronary artery disease and stroke.83 Unlike HFrEF, as many as 

30–40% of deaths in patients with HFpEF were cardiovascular.1  

2.6 PHARMACOTHERAPIES FOR CHRONIC HEART FAILURE  

Evidence-based medications are the cornerstone in the management of patients with 

HF, particularly with HFrEF.1-3 This section summarises the survival benefits in key 

randomised controlled trials (RCTs) for angiotensin-converting enzyme (ACE) 

inhibitors,13-15 84-87 beta-blockers,16 18 19 21 22 88-93 angiotensin II receptor blockers 

(ARB),20 94-98 mineralocorticoid receptor antagonists (MRA),23 24 99 digoxin (in sinus 

rhythm)100 and angiotensin receptor-neprilysin inhibitors (ARNI)101 in patients with 

HFrEF and HFpEF. Figure 2.1 summarises the evidence-based treatment strategy for 
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patients with HFrEF recommended by recently published Australian HF guideline. 

This section provides a summary of the RCTs in HFrEF by medication, followed by a 

summary of the trials in HFpEF, and the recommended treatment strategy for HFmrEF.  

2.6.1 ACE INHIBITORS/ARB IN HFREF  

Clinical trials13-15 86 102 on ACE inhibitors (Appendix 2) have demonstrated reduction 

of death and hospitalisations, and have recommended these drugs in all patients with 

symptomatic HFrEF unless contraindicated.3 The ACE inhibitor trials reported 

beneficial effects on survival for patients with symptomatic HF with NYHA II–IV. 

The survival benefits were observed in various subgroups (e.g. sex, age, cause of HF, 

NYHA classification and different ejection fraction). In addition to symptomatic HF, 

ACE inhibitors are also recommended in patients with asymptomatic left ventricular 

systolic dysfunction to reduce the risk of HF development, HF readmission and 

deaths.13 85 Therefore, ACE inhibitors also have a crucial role in survival for patients 

with asymptomatic HF to mild–severe HF, and they are recommended as first-line 

medications for the treatment of HFrEF.1 ARB are alternative medications in patients 

who are intolerant to ACE inhibitors. Major clinical trials have been reported in 

Appendix 2.  
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FIGURE 2.1. AUSTRALIAN GUIDELINES ON THE USE OF EVIDENCE-BASED MEDICATIONS FOR PATIENTS 

WITH HEART FAILURE WITH REDUCED EJECTION FRACTION.1 

Abbreviations: HFrEF, heart failure with reduced ejection fraction; ACE, angiotensin-converting 
enzyme; ARB, angiotensin II receptor blockers; BB, beta-blockers; HF, heart failure; MRA, 
mineralocorticoid receptor antagonists; ARNI, angiotensin receptor-neprilysin inhibitor; LVEF, left 
ventricular ejection fraction 
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2.6.2 BETA-BLOCKERS IN HFREF  

Four evidence-based beta-blockers1-3 103 have been shown to reduce mortality and 

morbidity in HF: bisoprolol, sustained-release metoprolol succinate and nebivolol, 

which competitively block the β1 receptor, and carvedilol that competitively blocks the 

α1, β1 and β2 receptors (Appendix 2). Among them, carvedilol is a superior medication 

that improves survival in patients with mild-to-moderate HF, and this effect is 

consistent with subgroups.16-18 92 According to the European and American clinical 

guidelines, ACE inhibitors and beta-blockers are complementary and should be started 

together at first diagnosis of HFrEF. However, Australian guidelines suggest to use 

ACE inhibitors first then add beta-blockers if the congestion continues. There is no 

evidence of a survival benefit if beta-blockers are initiated before ACE inhibitors.3 As 

with ACE inhibitors, beta-blockers, as first-line medications, are also recommended 

in patients with asymptomatic HF and a history of myocardial infarction to reduce 

death and hospitalisations for HFrEF.  

2.6.3 MRA IN HFREF 

MRA drugs block the aldosterone and steroid hormone receptors.2 Spironolactone and 

eplerenone are the guideline-recommended MRA drugs (as additional treatment with 

an ACE inhibitor or ARB and a β-blocker) to improve survival in patients with more 

severe HFrEF with EF<35% (Appendix 2).24 99 However, MRA should be used with 

caution or avoided in patients with impaired renal function and serum potassium 

level >5 mmol/L because of the increased risk of side effects, especially hyperkalaemia. 

Regular checks for potassium level and renal function should be performed.3  

2.6.4  DIGOXIN IN HFREF 

Digoxin (Appendix 2) may be considered in patients with symptomatic HFrEF who 

are in sinus rhythm to reduce the risk of HF or all-cause hospitalisation, but not the 
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risk of death.3 100 Given its large volume of distribution, and the renal clearance of 

digoxin, it should be used cautiously in women, the elderly and patients with reduced 

renal function.   

2.6.5 ARNI IN HFREF 

ARNI (Appendix 2) has been shown to decrease the combined endpoint of 

cardiovascular death and HF hospitalisation compared with the ACE inhibitor, 

enalapril, in patients with chronic HF (mostly NYHA Class II and III) and LVEF ≤40%, 

on top of classical therapies, including diuretics and beta-blockers.1 101 The same 

benefits have been reported in patients receiving MRA.101 This class of medication 

was marketed in Australia only in 2016, which is beyond the study period of 2003–

2011. 

2.6.6 PHARMACOTHERAPIES IN HFPEF  

Patients with HFpEF (LVEF≥50%) are generally older with multiple comorbidities.1 

The main aims of treatment are to improve symptoms and quality of life and to 

decrease hospitalisation. None of the major RCTs conducted to date (Appendix 2), 

which investigated the effectiveness of pharmacotherapies in HFpEF, have achieved 

their primary endpoints. However, the reduction of HF hospitalisations for 

candesartan,25 nebivolol104, spironolactone26 and digoxin were observed.105 Patient 

selection is still problematic for HFpEF trials, and a post-hoc analysis of the TOPCAT 

study showed that patients with lower natriuretic peptide levels have survival benefits 

if taking spironolactone.106 Moreover, some observational studies107-110 have shown 

that ACE inhibitors/ARB, beta-blockers and MRA are associated with a reduction of 

death and HF hospitalisations. The observation of reducing deaths may result from the 

effects on comorbidities such as IHD, hypertension and diabetes. 
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2.6.7 PHARMACOTHERAPIES IN HFMREF  

HFmrEF represents almost one-fifth of the HF population, but their pharmacotherapies 

are controversial because the pathophysiology or aetiology is not clear. Recent data 

from TOPCAT111 and CHARM-Preserved25 have demonstrated that patients with 

HFmrEF behave similarly to those with HFrEF, in terms of both prognosis and 

response to therapy. This similarity reflects the high burden of coronary artery disease 

in HFrEF and HFmrEF, rather than HFpEF, suggesting the pharmacotherapies for 

HFmrEF might be similar to those for HFrEF.112,113 

2.7 NON-PHARMACOLOGICAL MANAGEMENT OF HEART FAILURE  

Non-pharmacological management will only be discussed briefly, as it is beyond the 

scope of my thesis. Currently, there are two main areas of focus on improving 

outcomes in HF from non-pharmacological methods: (i) multidisciplinary models, 

nurse-led titration (NLT) clinics, diet and exercise; and (ii) devices—cardiac 

resynchronisation therapy (CRT) and implantable cardioverter defibrillators (ICD).  

Many meta-analyses114-116 have shown that multidisciplinary HF disease management 

programs reduce hospitalisations and deaths. The multidisciplinary programs include 

home visits, telemonitoring and telephone support.1 NLT clinics are recommended in 

patients diagnosed with HFrEF who are stable and euvolaemic.1 Patients seen in the 

NLT clinics were observed to reach an optimal dose of beta-blockers in half the time 

compared with titration of this medication by general practitioners.117 HF guidelines 

provide varying advice regarding sodium intake in patients with HF, and there is no 

evidence to support the amount of dietary sodium restriction beyond expert opinion. 

However, the National Heart Foundation recommends an intake of <2 g/day of sodium 

in the general population.118 Regular performance of up to moderate-intensity 
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continuous exercise is recommended in patients with stable HF, particularly in LV 

dysfunction, to improve quality of life and decrease hospitalisation.119-121  

CRT is recommended in patients with HFrEF associated with sinus rhythm and 

LVEF<35% and a QRS duration of 150 ms or more to reduce HF hospitalisation and 

improve symptoms.122 123 ICD should be considered as a secondary prevention 

indication in patients following resuscitated cardiac arrest, sustained ventricular 

tachycardia and LVEF<40% to reduce mortality.124 125  

2.8 SUMMARY OF BACKGROUND 

In summary, it has been shown that HF is a chronic, debilitating and progressive 

syndrome which is highly prevalent in the elderly (≥65 years) and is associated with 

poor prognosis. Accurate diagnosis of HF is difficult in the absence of a gold standard 

for diagnosis and against a background of non-specific symptoms. Objective 

diagnostic testing based on echocardiography is the most important diagnostic 

technique to characterise the type and aetiology of HF, given the two phenotypes of 

HF (HFrEF and HFpEF) which have different pathophysiology. This is crucial to guide 

the therapeutic approach to achieve successful treatment and outcomes in these 

patients.  

Evidence-based pharmacotherapy remains the cornerstone in the treatment of patients 

with HF. Based on this, it is of paramount importance to examine what the current 

practice is and the extent of medication adherence of first-line evidence-based 

medications (ACE inhibitors/ARB and beta-blockers) for HF in a real-world 

population cohort. The findings from this project can inform clinical practice, health 

policy and improve the outcomes of patients with HF.  
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CHAPTER 3. REVIEW OF LITERATURE 

3.1 SCOPE AND METHODOLOGY 

This chapter reviews the pharmacotherapies of heart failure (HF) and the measures of 

medication adherence and persistence. Since the guidelines on pharmacotherapies for 

HF are similar in developed countries, this review only focuses on these countries. The 

goal of this chapter is to summarise the current state of knowledge with respect to the 

dispensing of evidence-based medications (EBMs) in hospitalised patients with HF 

and to identify the associated knowledge gaps. 

A literature search was performed using PubMed, MEDLINE and EMBASE via Ovid 

and Google scholar engines, using the National Institute of Bibliography MeSH 

headings (Appendix 3). The search included: 1) registries and observational studies on 

evidence-based medications at the time of discharge from hospital, with long-term 

follow-up in population and community-based settings, 2) methods of calculation for 

medication adherence, and 3) medication adherence for HF. Only published papers 

(including electronic journals) were included. The search included publications up to 

March 2018, with a focus on papers from 2000 and any landmark studies prior to 2000. 

3.2 DISPENSING RATES IN OBSERVATIONAL STUDIES FOR HF 

This section summarises the dispensing rates for patients with HF in key HF registries 

and population-based and community-based studies. Generally, the dispensing rates 

vary but are relatively high (~70–95%) in the key HF registries, including Swedish-

HF,107 109 126-129 OPTIMIZE-HF registry,108 110 130-137 GWTG-HF registry,8 80 138-144 

IMPROVE registry,145-149 ADHERE registry,150-155 ESC-HF-pilot study,156-158 and 
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ESC-HF-LT study.11 159 The following sections discuss the dispensing rates in the key 

HF registries and in population-based and community-based studies. 

3.2.1 DISPENSING RATES IN THE KEY HF REGISTRIES 

The dispensing rates for first-line medications in key HF registries, namely angiotensin 

converting enzyme (ACE) inhibitors/angiotensin II receptor blockers (ARB) and beta-

blockers, were high for patients in all HF categories, with the usage rates reported at 

70–90% of patients in the main HF registries (Table 3.1). The ESC-HF-LT registry11 

159 and ESC-HF Pilot Study156 157 demonstrated the highest dispensing rates for ACE 

inhibitors/ARB (88–92%) and beta-blockers (~89%) in outpatients with HF of all 

types. In contrast, the usage rates for hospitalised HF patients were lower than for 

outpatients, with ~77% of patient dispensed ACE inhibitors/ARB and 70%-80% of 

patients dispensed beta-blockers, for those having greater severity of disease (e.g. New 

York Heart Association (NYHA) Class III/IV).11 156 159 The high proportion of use of 

ACE inhibitors/ARB and beta-blockers for outpatients in all categories of HF could be 

because the patients included in these studies had a lower risk profile, were younger, 

had high systolic blood pressure or attended selected centres with extensive experience 

in the field of HF.11 157  

The dispensing rates for mineralocorticoid receptor antagonists (MRA), a second-line 

mediation for HF, were lower than dispensing rates for ACE inhibitors/ARB and beta-

blockers in all HF patients (Table 3.1). The rates for MRA dispensed ranged from 17% 

to 45% in most HF registries, 127 156 160 except the ESC-HF-LT registry (55.3%).159 The 

inconsistent results across main HF registries may be due to variation in time periods 

examined and different characteristics of the populations. Some studies included both 

hospitalised and outpatient HF patients127 156 160 while other studies. such as the ESC-

HF-LT registry.159 included 86% of severe hospitalised HF patients (NYHA III–IV 
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Classification). The high usage rates for MRA reported in the ESC-HF-LT registry 

may due to >80% of patients having HF with NYHA III–IV, indicating its use (MRAs) 

as a second-line treatment by providing a second level of inhibition of the renin-

angiotensin-aldosterone system, particularly in severely symptomatic heart failure 

with reduced ejection fraction (HFrEF) patients with NYHA III–IV.  

The key HF registries demonstrated dispensing rates for ACE inhibitors/ARB and 

beta-blockers of 65% to 90% of patients with HFrEF (Table 3.1). The Swedish-HF 

registry showed that from 2003–2012, the use of ACE inhibitors/ARB was 86.0–88.4% 

in patients with left ventricular ejection fraction (LVEF) <30%.129 These data are 

consistent with two GWTG-HF registries that showed dispensing rates of 92% in 

patients with LVEF <30%141 and 94% in patients with LVEF<40%.144 However, other 

registries reported a marginally lower used rate of ACE inhibitors/ARB compared to 

the Swedish registry. Specifically, OPTIMIZE-HF130-135 139 160 reported rates of 

between 65% and 83%, IMPROVE-HF145-147 reported rates between 73% and 82%, 

and ADHERE-HF152 153 reported rates between 70% and 83%. The dispensing rates 

for beta-blockers were consistently high among all HF registries, with over 80% at 

discharge. The Swedish-HF study129 consistently reported high use of beta-blockers 

(93.4%) from 2003–2012. This is slightly higher than rates reported in other main 

registries,131-133 135 137 139 152 160 161 reporting usage rates of 80–90% but is consistent 

with some registries (prescription rates~93%)138 140 141 145 147 involving process-of-care 

strategies, aimed at improving the management for HF.162,163  

The high use of ACE inhibitors/ARB and beta-blockers shows that the effectiveness 

of the medications has been translated into practice. The high usage rates of ACE 

inhibitors/ARB and beta-blockers in Swedish-HF patients could result from the high 

and increasing rates of referral to HF nurse-based clinics that can oversee treatment. 
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Also, this study reported a rare formal contraindication (e.g. lung disease: 17%), which 

did not preclude the use of HF drugs. The Swedish-HF study is robust because it used 

a nationwide registry including updated cohort, and hence, it is well able to guide 

general practice.  

Despite the survival benefits shown in the RALES24 and EMPHASIS23 trials, the 

dispensing rates for MRAs are lower than for ACE inhibitors/ARB and beta-blockers 

in the main HF registries, with 20–45% at discharge (Table 3.1).8 80 113 128 131 133 134 138 

139 141 144-147 149 151 152 160 164 The relatively lower dispensing rates for MRA are expected 

because this drug is a second-line medication, and its use is associated with 

complications (e.g. hyperkalaemia).165 Studies suggest the risk/benefit ratios may not 

be acceptable in the community, 128 149 which may further preclude the use of MRAs. 

Although the clinical guidelines suggested serial monitoring of potassium and 

creatinine before initiated MRA, a recently published Swedish study reported 

suboptimal rates monitored by the health professions, especially in primary care 

centres.166 

In patients with heart failure with preserved ejection fraction (HFpEF), the dispensing 

rates for the above medications are lower than for patients with HFrEF, possibly 

because randomised controlled trial (RCTs) have not shown significant survival 

benefits in HFpEF patients (Table 3.1). The key HF registries showed lower dispensing 

rates for ACE inhibitors/ARB (8–77%) 60 80 108 109 126 151 154 and beta-blockers (8–83%) 

for patients with HFpEF.80 107-110 113 126 131 134 136 151 154 Among those studies, the 

Swedish-HF registry demonstrated the highest usage rates of 77% for ACE 

inhibitors/ARB109 and 83% for beta-blockers107 in patients with LVEF>40%. However, 

when using the standard definition of HFpEF (LVEF>50%), the dispensing rates at 

discharge declined to 72% for ACE inhibitors/ARB and 78% for beta-blockers.113 
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TABLE 3.1 DISPENSING RATES FOR EVIDENCE-BASED MEDICATIONS FOR HF PRESENTED IN THE KEY HF REGISTRIES  

Author, year  Location  Inclusion 
year 

Propensity 
analysis 

Definition of HF Cohort characteristics 
% male (mean age) 

Dispensing rates 

OPTIMIZE-HF registry 
Fonarow et 
al. 2007130 

US 2003–2004 Propensity 
adjusted  

All HF patients  5791 patients, 51% male (72 yrs) ACEi/ARB: 83% 
Beta-blockers: 84% 

Fonarow et 
al. 2007131 

US  As above  No  All HF patients, 
stratified HFrEF 
(EF<40%) and 
HFpEF (EF≥40%) 

LVSD: 20118 patients, 62% male 
(70.4 yrs) 
PSF: 21149 patients, 38% male 
(75.1 yrs) 

HFrEF: ACEi: 75%, ARB: 9%, Beta-
blockers: 83%, MRA: 21% 
HFpEF: ACEi: 58%, ARB: 12%, Beta-
blockers: 70%, MRA: 9% 

Fonarow et 
al. 2007132 

US As above  Propensity 
adjusted  

EF<40% 2333 patients, 63.4% male (73.1 
yrs) 

ACEi/ARB: 78% 
Beta-blockers: 84% 

Fonarow et 
al. 2007133 

US As above  Propensity 
adjusted  

EF<40% 2720, 63% male (69.7 yrs) Beta-blockers: 87.2% 
Among beta-blockers: Carvedilol: 49.0% 

Abbreviations: HF, heart failure; US, United States; ACEi/ARB, angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers; HFrEF, heart failure with reduced 
ejection fraction; HFpEF, heart failure with preserved ejection fraction; LVSD, left ventricular systolic dysfunction; MRA, mineralocorticoid receptors antagonists; EF, ejection 
fraction; PSF: preserved systolic function. 

Key registries were those with a large sample size and specific clinical data (e.g. ejection fraction, NT-pro BNP, eGFR and blood pressure). 
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TABLE 3.1 CONTINUED  

Author, 
year  

Location  Inclusion 
year 

Propensity 
analysis   

Definition of HF Cohort characteristics  
% male (mean age) 

Dispensing rates  

OPTIMIZE-HF registry 
Greenberg 
et al. 
2007160 

US As above  No EF<40%  48612 patients, 48.6% 
male,42% diabetic 
Diabetes (71.5 yrs) 
No diabetes (74.4 yrs) 

Diabetes: ACEi: 81.0%, Beta-blockers: 83.9%, 
MRA: 17.2 
Non-diabetes: ACEi: 83.6%, Beta-blockers: 82.6%, 
MRA: 18.2% 

O’Connor et 
al. 2008167 

US As above  No  All HF patients 5791 patients, 51% male 
(72.1 yrs) 

ACEi: 55.4%, ARB: 12.4%, Beta-blockers: 67.2% 

Hernandez 
et al. 
2009134 

US  2003–
2004 

Propensity 
adjustment 

HF patients with 
LVSD (EF<40%) 
and PSF 
(EF≥40%) 

LVSD: 7154 patients, 43% 
male (79 yrs) 
PSF: 4153 patients, 34.1% 
male (81 yrs) 

Total beta-blockers: 49% 
LVSD: Newly beta-blockers: 60% 
PSF: Newly beta-blockers: 39% 

Abbreviations: HF, heart failure; US, United States; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blockers; EF, ejection fraction; MRA, 
mineralocorticoid receptor antagonists; PSF, preserved systolic function; LVSD, left ventricular systolic dysfunction. 
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TABLE 3.1 CONTINUED 

Author, year  Location  Inclusion 
year 

Propensity 
analysis  

Definition of HF Cohort characteristics  
% male (mean age) 

Dispensing rates  

OPTIMIZE-HF registry 
Fonarow et 
al. 2009139 

US  As above  No  EF<40% Sex cohort: 48612 patients, 48% 
male (71 yrs) 
Age cohort: 48525, 47% <75 yrs, 
53% ≥75 yrs 

Male: ACEi/ARB: 82.7%, Beta-blockers: 
82.9%, MRA: 21.7% 
Female: ACEi/ARB: 82%, Beta-blockers: 
82.2%, MRA: 19.5% 
<75 yrs: ACEi/ARB: 84.3%, Beta-blockers: 
84.7%, MRA: 23.5% 
³75 yrs: ACEi/ARB: 78.8%, Beta-blockers: 
79.7%, MRA: 17.2% 

Patel et al. 
2012108 

US As above  Matching  EF≥40% 3806 patients, 36.7 male (80 yrs) New user of ARB: 8% 

Mentz et al. 
2013135 

US  As above  No  EF<40% 
with/without 
COPD 

2682 patients, 63% male, 27% 
with COPD  

COPD: Beta-blockers: 70%  
Non-COPD: Beta-blockers: 77% 

Patel et al. 
2013110 

US  As above  Matching  EF≥40% 8013 patients, 41% male (80 yrs) New user of MRA: 6% 

Patel et al. 
2014136 

US As above  Matching  EF≥40% 3579 patients, 65% male New user of beta-blockers: 38.7% 

Abbreviations: HF, heart failure; US, United States; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blockers; EF, ejection fraction; MRA, 
mineralocorticoid receptor antagonists; COPD, chronic obstructive pulmonary disease.  
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TABLE 3.1 CONTINUED 

Author, year  Location  Inclusion 
year 

Propensity  
analysis 

Definition 
of HF 

Cohort characteristics  
% male (mean age) 

Dispensing rates  

IMPROVE-HF registry  
Yancy et al. 
2009145 

US 2005–2007 No  EF≤35% 15381 patients, 71% male 
(68.7 yrs) 

Male (≤64 yrs, 65–76 yrs and >76 yrs): ACEi/ARB: 
84.9%, 79.9%, 73.3%; Beta-blockers: 89.6%, 85.7% 
80.3%; MRA: 44%, 34.1%, 26.4% 
Female (≤64 yrs, 65–76 yrs and >76 yrs): ACEi/ARB: 
83.2%, 80.9%, 73.1%; Beta-blockers: 90%, 85.5%, 
83.4%; MRA: 50.3%, 32.4%, 27.1% 

Fonarow et 
al. 2011147 

US 2005–2007 No  EF≤35% or 
prior MI  

15177 patients, 72% male 
(68.7 yrs) 

ACEi/ARB: 82.4% 
Beta-blockers: 88.1% 

Abbreviations: HF, heart failure; US, United States; MI, myocardial infraction; ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; EF, 
ejection fraction; MRA, mineralocorticoid receptor antagonists. 
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TABLE 3.1 CONTINUED 

Author, year  Location  Inclusion 
year 

Propensity 
analysis   

Definition 
of HF 

Cohort characteristics  
% male (mean age) 

Dispensing rates  

IMPROVE-HF registry  
Wilcox et al. 
2012148 

US 2005–2007 No  As above  3994 patients, 70.3% male 
<0% LVEF improvement (66.9 yrs) 
0–10% LVEF improvement (67.0 yrs) 
>10% LVEF improvement (65.9 yrs) 

<0% LVEF improvement: ACEi/ARB: 81.8%, 
Beta-blockers: 87%, MRA: 28.2% 
0–10% LVEF improvement: ACEi/ARB: 83.2%, 
Beta-blockers: 87.9%, MRA: 28.3% 
>10% LVEF improvement: ACEi/ARB: 81.3%, 
Beta-blockers: 87.4%, MRA: 28.1% 

Fonarow et 
al. 2012149 

US 2005–2007 Matching  As above  4128 patients, 72% male (72 yrs)  Case group: ACEi/ARB: 78%, Beta-blockers: 
82%, MRA: 43% 
Control group: ACEi/ARB: 85%, Beta-blockers: 
90%, MRA: 40% 

GWTG-HF registry  
Forman et al. 
2009140 

US 2005–2007 No  EF<40% 57937 patients, 49% male (73 yrs) ≤65 yrs: ACEi/ARB: 89%, Beta-blockers: 91% 
66–77 yrs: ACEi/ARB: 84%, Beta-blockers: 88% 
76–85 yrs: ACEi/ARB: 82%, Beta-blockers: 88% 
>85 yrs: ACEi/ARB: 79%, Beta-blockers: 83% 

Abbreviations: US, United States; HF, heart failure; EF, ejection fraction; ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; MRA, 
mineralocorticoid receptor antagonists; LVEF, left ventricular ejection fraction. 
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TABLE 3.1 CONTINUED 

Author, year  Location  Inclusion 
year 

Propensity 
analysis  

Definition of 
HF 

Cohort characteristics 
% male (mean age)  

Dispensing rates  

GWTG-HF registry  
Krantz et al. 
2011138 

US 2009–2010 No EF<40% 9474 patients, 62.2% 
male (68.5 yrs) 

ACEi/ARB: 92.9%, Beta-blockers: 94.6%, MRA: 32.2% 

Steinberg et 
al.  
20128 

US 2005–2010 No EF≥50% 
40%≤EF<50% 
EF<40% 

110621 patients, 53% 
male (74 yrs) 

EF≥50%: ACEi/ARB: 57%, Beta-blockers: 72%, MRA: 8.7% 
40%≤EF<50%: ACEi/ARB: 64%, Beta-blockers: 80%, MRA: 
13% 
EF<40%: ACEi/ARB: 74%, Beta-blockers: 87%, MRA: 26% 

Quiroz et al. 
201480 

US 2006–2008 No EF<50% 
EF≥50% 

1097 patients, 45.5% 
male (68 yrs)  

EF<50%: ACEi: 65%, ARB: 12%, Beta-blockers: 87%, 
Spironolactone: 8%7 
EF≥50%: ACEi: 48%, ARB: 12%, beta-blockers: 77%, 
Spironolactone: 2% 

Allen et al. 
2015144 

US 2008–2013 No EF<40% 158922 patients, 51.7% 
male (75 yrs) 

Among eligible patients, ACEi/ARB: 94.2%, Beta-blockers: 
96.3%, MRA: 35.1% 

Abbreviations: US, United States; HF, heart failure; EF, ejection fraction; ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; MRA, 
mineralocorticoid receptor antagonists. 
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TABLE 3.1 CONTINUED 

Author, year  Location  Inclusion year Propensity 
analysis   

Definition 
of HF 

Cohort characteristics  
% male (mean age) 

Dispensing rates  

ADHERE-HF registry  
Yancy et al. 
2006151 

US  2002–2004 No  EF<40% 
and 
EF≥40% 

52187 patients 
50.4% preserved EF, 38% male 
(73.9 yrs) 
49.6% reduced EF, 60% male 
(69.8 yrs) 

Reduced EF: ACEi/ARB: 71.3%, Beta-
blockers: 62.6%, Spironolactone: 24.7% 
Preserved EF: ACEi/ARB: 58.9%, Beta-
blockers: 52.2%, Spironolactone: 10.6% 

Heywood et 
al. 2007153 

US  2002–2004 No  EF<40% 118465 patients 
Stage I: 57% male (61.7 yrs) 
Stage II: 53% male (70.1 yrs) 
Stage III: 46% male (75.7 yrs) 
Stage IV: 42% male (76.3 yrs) 
Stage V: 46% male (67.4 yrs) 

From Stage I–V, ACEi/ARB: 71.2%, 70.6%, 
65.2%, 39.6% and 44.1%, Beta-blockers: 
52.9%, 55.9%, 55.9%, 55.6% and 56.6% 

West et al. 
2011154 

US ADHERE-US: 
2004–2006, 
ADHERE-
INTERNATIONAL: 
2005–2009 

No  EF>40% 26258 patients in US cohort, 
38% male (77.2 yrs) 
4206 patients in international 
cohort, 45% male (71 yrs) 

US cohort: ACEi/ARB: 57.6%, Beta-
blockers: 63.0%, MRA: 21.5% 
International cohort: ACEi/ARB: 54.4%, 
Beta-blockers: 35.5%, MRA: 11.7% 

Abbreviations: US, United States; HF, heart failure; EF, ejection fraction; ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; MRA, 
mineralocorticoid receptor antagonists. 
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TABLE 3.1 CONTINUED 

Author, year  Location  Inclusion 
year 

Propensity 
analysis  

Definition 
of HF 

Cohort characteristics 
% male (mean age)  

Dispensing rates  

SWEDISH-HF registry  
Jonsson et al. 2010126 Sweden 2003–2007 No Total HF, 

EF<50%, 
EF≥50% 

2825 patients with EF≥50%, 
47.5% male (77 yrs) 
10596 patients with EF<50%, 
69.0% male (73 yrs) 

EF≥50%: ACEi/ARB: 67%, Beta-blockers: 
73%, MRA: 31% 
EF<50%: ACEi/ARB: 85%, Beta-blockers: 
87%, MRA: 36% 

Eklind-Cervenka et 
al. 2011127 

Sweden  2000–2009 Adjustment  Total HF  5139 patients, 61% male (74 yrs)  Candesartan: 51.4%, Losartan: 48.6% 

Lund et al. 2012109 Sweden  2000–2011 Matching  EF≥40% 16216 patients, 54% male (75 yrs)  ACEi/ARB: 77.4% 
Lund et al. 2013128 Sweden  2000–2012 Adjustment  

Matching  
NYHA I–IV 
EF<40% 

18852 patients, 72% male (71 yrs)  Spironolactone: 34.7% 

Lund et al. 2014107 Sweden  2005–2012 Matching  EF>40% 19083 patients, 54% male (76 yrs) Beta-blockers: 83% 
Savarese et al. 
2018164 

Sweden  2000–2012 No  EF<40% 11215 patients, 73% male (75 yrs) MRA: 40% 

Abbreviations: HF, heart failure; EF, ejection fraction; ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; MRA, mineralocorticoid receptor 
antagonists; NYHA, New York Heart Association Classification. 
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TABLE 3.1 CONTINUED 

Author, year  Location  Inclusion 
year 

Propensity 
analysis  

Definition of HF Cohort characteristics  
% male (mean age) 

Dispensing rates  

ESC-HF Pilot Study  
Maggioni et 
al. 2010156 

Europe  2009–2010 No  All HF patients 1892 patients are acute HF, 
62.7% male (70 yrs) 
3226 patients are chronic HF, 
70.3% male (67 yrs) 

Chronic HF: ACEi:67.9%, ARB: 27%, ACEi/ARB: 
88.5%, Beta-blockers: 86.7%, MRA: 43.7% 

Maggioni et 
al. 2013157 

Europe  2009–2010 No  All HF patients  As above  As above  

Migaj et al. 
2015158 

Europe  2009–2011 No  HF patients 
with/without 
COPD  

110 patients with COPD, 
71.8% male (70.4 yrs) 
781 patients without COPD, 
65.6% male (65.5 yrs)  

COPD: ACEi/ARB: 88.4%, Beta-blockers: 81.8%, 
MRA: 64.9% 
Non-COPD: ACEi/ARB: 88.2%, Beta-blockers: 
94.7%, MRA: 67.3% 

ESC-HF-Long-Term Registry 
Maggioni et 
al. 2013159 

Europe  2011–2013 No  All HF patients  5039 patients are acute HF, 
62.3% male (71 yrs) 
7401 patients are chronic HF, 
28.8% male (66 yrs)  

Acute HF: ACEi/ARB: 77.0%, Beta-blockers: 
71.8%, MRA: 55.3% 
Outpatient HF: HFrEF: ACEi/ARB: 92.2%, Beta-
blockers: 92.7%, MRA: 67.0% 
HFpEF: ACEi/ARB: 79.7%, Beta-blockers: 78.8%, 
MRA: 40.8% 

Abbreviations: HF, heart failure; COPD, chronic obstructive pulmonary disease; ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; MRA, 
mineralocorticoid receptor antagonists. 
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3.2.2 SUMMARY OF DISPENSING RATES IN THE KEY HF REGISTRIES  

In summary, the dispensing rates for first-line medications (ACE inhibitors/ARB and 

beta-blockers) are quite high in the key registries for all HF patients with an almost 

optimal dispensing beta-blockers (close to 100%) in patients with HFrEF. The used of 

ACE inhibitors/ARB are similar across the registries. In contrast, the use of beta-

blockers are slightly higher in the modern HF registry (such as Swedish-HF studies). 

This reflects clinicians’ wide acceptance that survival benefits from beta-blockers are 

stronger than those from ACE inhibitors/ARB. In contrast, the dispensing rate for 

MRA is low mainly because of its use is associated with complications and high 

frequency of contraindications such as renal dysfunction.  

Compared with HFrEF, the dispensing rates for evidence-based medications in 

patients with HFpEF are low. The main reason could be the absence of clinical trials 

showing survival benefits in these patients. However, the Swedish-HF registry showed 

high dispensing rates for ACE inhibitors/ARB and beta-blockers in HFpEF, suggesting 

a perceived benefit in Sweden of these medications for HFpEF. Since the use of MRA 

is associated with high risks of side effects, the key HF registries have shown a 

suboptimal use of MRA in patients with HFpEF. 

Finally, the literature indicates that the dispensing rates for pharmacotherapies is 

higher in HFrEF than HFpEF. The dispensing rates for ACE inhibitors/ARB and beta-

blockers are high for all HF patients, but the dispensing rates for beta-blockers are 

slightly higher than ACE inhibitors/ARB in patients for HFrEF. The MRA dispensing 

rate is consistently low in patients with HFrEF.  
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3.2.3 DISPENSING RATES IN POPULATION-BASED OR COMMUNITY-BASED STUDIES  

Dispensing rates is the number of patients who received the medication over the total 

population. The dispensing rates are determined in a specific time such as initial 

dispensing or a specific period such as one-year post discharge. Some studies used 

prescription rates instead of dispensing rates. Table 3.2 shows the dispensing rates 

/prescription rates for evidence-based medications in population-based and 

community-based studies for all HF categories. For ACE inhibitors/ARB, population-

based studies168-171 illustrated low dispensing rates (~77%) for hospitalised patients 

after discharge compared to outpatients in the ESC-HF-LT registry and ESC-HF Pilot 

Study (~90%).156 157 159 The rates are similar to those for hospitalised HF patients in 

the ESC-HF-LT registry (77%).11 However, two Korean population-based studies172 

173 showed lower dispensing rates, ranging from 45–53%, suggesting suboptimal use 

of ACE inhibitors/ARB in Korea. In contrast, the use of beta-blockers ranged from 

30–50%,168 169 174-177 much lower than those in the key HF registries.156 157 159 Even 

worse, the dispensing rates for beta-blockers were lower than those for ACE 

inhibitors/ARB. A WA study168 showed only 33.7% of patients being dispensed beta-

blockers compared to 74% of patients dispensed ACE inhibitors/ARB. This is in 

accordance with Canadian170 (56% vs 75%) and Japanese studies169 (49% vs 77%) 

showing a lower dispensing rate of beta-blockers than ACE inhibitors/ARB. The low 

dispensing rates in these studies could result from the included patients being older 

with multimorbidities, precluding the use of beta-blockers. The use of MRA drugs was 

similar to that reported in HF registries,127 156 159 160 with rates ranging from 16–53%,168 

169 172 which was much lower than the rates for ACE inhibitors/ARB in all HF patients. 

Since the indications and contraindications for these evidence-based medications 
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might differ from one study to another, the prescription rates will differ according to 

differences in indicators such as LVEF.  

In patients with HFrEF, dispensing rates for first-line medications were higher than 

those investigated in all HF patients in population- and community-based settings. For 

ACE inhibitors/ARB, the dispensing rates were as high as the key HF registries,129 145-

147 152 153 ranging from 82–85% in patients with LVEF<50%.168 169 176 178 In WA, Teng 

et al.168 reported dispensing rates of 87% for ACE inhibitors/ARB in patients with 

LVEF≤40%. This is higher than another Australian study60 that showed rates for ACE 

inhibitors at discharge of only 44% for ARB and 20% in patients with LVEF<40%. 

Other population-based and community-based studies reported relatively low 

dispensing rates for ACE inhibitors/ARB, ranging from 50–70%,179-182 highlighting 

underprescribing in HFrEF. For beta-blockers, the studies showed that dispensing rates 

ranged from 15–50%, much lower than the key HF registries (~90%).129 145 147 The 

lower dispensing rates in observational/community-settings reflect the suboptimal use 

of beta-blockers in general practice. For patients new to beta-blocker treatment, Bhatia 

et al.181 reported that only 17% of patients had started treatment post-HF discharge. 

The low dispensing rates for beta-blockers could be due to contraindications, such as 

chronic obstructive pulmonary disease (COPD), and the late start of beta-blockers 

post-discharge because their initiation should start after the stabilisation of other 

standard-of-care therapies.  

In patients with HFrEF, the dispensing rates for MRA are similar to those in the key 

HF registries, 129 131 141 151 with rates of 15% to 60%.168 169 176 179-183 Japanese169 and 

US183 studies both demonstrated high use of MRA in population-based settings, with 

46–60% of patients using spironolactone. However, the Japanese study is more likely 
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to represent the general population than the US study because it included males and 

females of all ages and hence has greater generalisability. 

The dispensing rates for evidence-based medications are lower for HFpEF than those 

for HFrEF. Most studies showed low rates of used ACE inhibitors/ARB ranging from 

40% to 68%.176 184 185 This is a slightly higher than the dispensing rates for beta-

blockers, being 35–60% of patients with HFpEF.168 176 184 185 Compared to the Swedish-

HF study (72%),113 Teng et al.168 demonstrated similar dispensing rates for ACE 

inhibitors/ARB (74%). 
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TABLE 3.2 DISPENSING RATES FOR EVIDENCE-BASED MEDICATIONS FOR HF PRESENTED IN POPULATION-BASED OR COMMUNITY-BASED STUDIES  

Author, year  Location  Study settings Inclusion 
year 

Definition of HF Cohort characteristics  
% male (mean age) 

Dispensing rates 

Ouzounian et 
al. 2007170 

Canada  Population-
based study 

1997–2001 All HF patients 7816 patients, 47.6% male 
76.0 (yrs)  

Spironolactone: 8.2% 

Keyhan et al. 
2007174 

Canada Community-
based study  

1998–2003 All HF patients  14693 females (79.9 yrs) 
13144 males (76.7 yrs) 

Women: Beta-blockers: 52% 
Male: Beta-blockers: 49% 

Go et al. 
2007175 

US Community-
based study  

2001–2002 All HF patients  7883 patients, 50% male 
(74 yrs) 

Beta-blockers: 52% 
Within beta-blockers: Atenolol: 39.7%, 
Metoprolol:41.8%, Carvedilol: 11.7% 

Ezekowitz et 
al. 2008176 

Canada  Community-
based study  

1999–2001 All HF patients, 
stratified by 
EF<50% and 
EF≥50% 

1026 EF>50%, 36.1% male 
(75.6 yrs) 
1898 EF<50%, 60.7% male 
(72.4 yrs) 

EF³50%: ACEi: 67.2%, ARB: 5.7%, Beta-
blockers: 31.5%, Spironolactone: 12.3%.  
EF<50%: ACEi: 83.1%, ARB: 5.6%, Beta-
blockers: 35.2%, Spironolactone: 24.1% 

Teng et al. 
2010168 

Australia  Population-
based study  

1996–2006 All HF patients, 
stratified by 
EF>40%, 
EF≤40% 

1006 patients, 50.5% male 
(76.3 yrs) 

All HF patients: ACEi/ARB: 74.3%, Beta-
blockers: 33.7%, Spironolactone: 16.3% 
LV systolic dysfunction: ACEi/ARB: 86.7%, 
Beta-blockers: 44%, Spironolactone: 28.4% 
Preserved systolic function: ACEi/ARB: 
74.3%, Beta-blockers: 35.6%, 
Spironolactone: 14.8% 

Abbreviations: HF, heart failure; EF, ejection fraction; LV, left ventricular; ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; US, United 
States. 
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TABLE 3.2 CONTINUED 

Author, year  Location  Study settings Inclusion 
year 

Definition of HF Cohort characteristics 
% male (mean age)  

Dispensing rates  

Zhang et al. 
2011186 

US  Population-
based study  

1998–2001 All HF patients 4044 patients, 39.2% male ACEi: 83.7%, ARB:16.3% 

Choi et al. 
2011172 

Korea  Population-
based study  

2004–2009 All HF patients 3200 patients, 50% male 
(76.6 yrs)  

ACEi/ARB: 53.7%, Beta-blockers: 58.6%, 
MRA: 53.1% 

Hamaguchi 
et al. 2011169 

Japan  Population-
based study  

2004–2005 All HF patients  2675 patients, 59.7% male 
(71 yrs) 

All patients: ACEi/ARB: 76.5%, Beta-
blockers: 48.6%, Spironolactone: 41.6% 
EF<40%: ACEi/ARB: 82.2%, Beta-blockers: 
62.5%, Spironolactone: 45.4% 

Youn et al. 
2012179 

Korea  Population-
based study  

2004–2009 EF<40% 1527 patients, 55.9% male 
(69.1 yrs) 

ACEi/ARB: 68.0%, Beta-blockers: 40.9%, 
MRA: 37.5% 

Ahmed et al. 
2012187 

US Community-
based study  

1998–2001 EF<45% with or 
without CKD  

1665 with CKD, 49.1% male 
(78.0 yrs) 
908 without CKD, 54.8% male 
(76.0 yrs) 

CKD: ACEi/ARB: 62.9% 
Non-CKD: ACEi/ARB: 76.3%  

Ahmed et al. 
2013185 

US  Community-
based study  

1998–2001 EF≥45% with or 
without CKD 

1340 with CKD, 29% male (79 
yrs) 
797 without CKD, 35.3% male 
(79 yrs) 

CKD: ACEi/ARB: 53.5% 
Non-CKD: ACEi/ARB: 58.6% 

Kim et al. 
2013188 

Korea  Community-
based study  

2005–2008 All HF patients  1154 with renal dysfunction, 
52% male (73.0 yrs) 
1615 without renal 
dysfunction, 70% male  
(64.0 yrs) 

Renal dysfunction: ACEi:43.9%, Beta-
blockers: 52.1%, ARB: 20.4%  
Non-renal dysfunction: ACEi:57.8%, Beta-
blockers: 63.1%, ARB: 17.3% 
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Abbreviations: HF, heart failure; US, United States; ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; MRA, mineralocorticoid receptor 
antagonists; CKD, chronic kidney diseases   
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TABLE 3.2 CONTINUED 

Author, year  Location  Study settings Inclusion 
year 

Definition of HF Cohort characteristics  
% male (mean age) 

Dispensing rates  

Choo et al. 
2014177 

Korea  Community-
based study  

2004–2009 EF³ 50% 3019 patients, 73.2% male (60.9 yrs) Beta-blockers: 80.3% 

Inampudi et al. 
2014180 

US  Community-
based study  

1998–2001 EF<45% (CKD)  1140 patients, 51% male (76 yrs) Spironolactone: 18.2% 

Vaduganathan 
et al. 2014183 

US  Community-
based study  

From 2005 EF≤40% 750 with diabetes, 75% male 
1248 without diabetes, 76.3% male 
(66 yrs) 

Diabetes: MRA: 59.2% 
Non-diabetes: MRA: 64.2% 

Blecker et al. 
2014189 

US Community-
based study  

2005–2009 EF<50% 1723 principal HF diagnosis, 47% male 
(75.1 yrs)  
2622 other diagnosis for HF, 47% male 
(72 yrs) 

ACEi/ARB: 52.3% 
Beta-blockers: 52.3% 

Bhatia et al. 
2015181 

US  Community-
based study  

1998–2001 EF<45% 2202 patients, 53.4% male (73 yrs)  New user of beta-blockers: 17.4% 

Sanam et al. 
2016182 

US  Community-
based study  

1998–2001 EF<45% 1384 patients, 53.5% male (75 yrs) New user of ACEi/ARB: 53% 

Newton et al. 
201660 

Australia  Community-
based study  

Jul,2013 to 
Aug, 2013 

All HF patients, 
EF<40%, 
EF≥40% 

433 HFrEF, 69% male (75 yrs) 
318 HFpEF, 46% male (79 yrs)  

HFrEF: ACEi/ARB: 44%, Beta-
blockers: 80%, MRA: 45% 
HFpEF: ACEi/ARB: 41%, Beta-
blockers: 65%, MRA: 38% 

Chung et al. 
2017173 

Korea  Population-
based study  

2013 whole 
year  

All HF patients  19128 patients, 46.6% male, 
43.9% >75 yrs 

ACEi/ARB: 43.8% 

Lam et al. 
2017178 

US  Community-
based study  

1998–2001 EF≤35% 1874 patients, 55.5% male (73 yrs)  New user of spironolactone: 
17.6% 
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Abbreviations: HF, heart failure; EF, ejection fraction; CKD, chronic kidney disease; MRA, mineralocorticoid receptor antagonists; ACEi, angiotensin-converting enzyme 
inhibitors; ARB, angiotensin II receptor blockers; HFrEF, heart failure with reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction. 
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3.2.4 SUMMARY OF DISPENSING RATES IN POPULATION-BASED AND COMMUNITY-BASED 

STUDIES 

Population- and community-based studies have shown inconsistent results in the 

dispensing rates for ACE inhibitors/ARB and beta-blockers in all types of HF patients. 

The use of ACE inhibitors/ARB is high, and the rates are close to the key HF registries. 

In contrast, the prescription rates for beta-blockers in population and community-based 

studies are lower than the key HF registries. This could be due to the populations 

included in the general settings, including a larger proportion of females, being older 

and having multimorbidity, which might preclude the dispensing of medications. Use 

of MRA in population- and community-based settings is low, which is consistent with 

the key HF registries in all spectrums of HF.  

The dispensing rates for evidence-based medications are higher in HFrEF than HFpEF. 

However, the dispensing rates in HFrEF are inconsistent, which may be due to the 

varied definitions of ejection fraction. The included studies used different cut-offs to 

define HFrEF, either EF ≤40% or EF<50%.  

Although the dispensing rates are low in the population-based or community-based 

settings, the results are more representative the ‘real-world’ because they include a 

broader range of patients. However, the dispensing rates in these studies were 

evaluated at discharge, and there is no data for post-discharge use of medications. 

Long-term use of medications for patients post-discharge is crucial to determine the 

effects on survival.



CHAPTER 3. LITERATURE REVIEW  

 PAGE | 43 

3.3 ASSOCIATION BETWEEN MEDICATIONS AND OUTCOMES IN OBSERVATIONAL 

STUDIES  

3.3.1 ASSOCIATION BETWEEN USED MEDICATION AND OUTCOMES IN ALL HF PATIENTS  

In all HF patients, the use of ACE inhibitors/ARB and beta-blockers is associated with 

a reduction of short- and long-term deaths and hospitalisations associated with HF in 

the key registries (Table 3.3). The OPTIMIZE-HF registry167 showed that the 

discharge use of ACE inhibitors/ARB and beta-blockers were both independently 

associated with a 42% and 28% reduction in 60–90-day crude mortality, but only beta-

blockers were associated with a reduction in death after adjusting for the covariates. 

This is in accordance with another OPTIMIZE-HF study,130 which investigated the 

relationship between process-of-care and outcomes, and reported that the discharge 

use of beta-blockers was associated with a 52% reductions in 60–90-day deaths, and 

27% reduction in 60–90-day combined outcomes of death and hospitalisations. Further, 

the ESC-HF Pilot Study,158 which included all outpatients with HF seen at clinics and 

those admitted to hospitals, demonstrated that ACE inhibitors/ARB and beta-blockers 

were independently associated with a 32% and 50% reduction in 1-year deaths. 

Although the ESC-HF Pilot Study included all outpatients and patients hospitalised for 

HF, patients in this study were generally younger, included a lower proportion of 

females and had fewer comorbidities, such as chronic obstructive pulmonary disease 

and chronic kidney disease.  

Similarly, population-based or community-based studies showed associations between 

the discharge of first-line medications and reduction in deaths and hospitalisations in 

all HF patients (Table 3.3). A Korean community-based study188 showed that the use 

of ACE inhibitors/ARB and beta-blockers was associated with a ~50% reduction in 1-
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year all-cause deaths in all HF patients comorbid with acute myocardial infarction. 

This is in accordance with the population-based study in WA,168 which showed that 

discharge of these medications was associated with 1-year survival benefits. However, 

these studies168 188 are limited by their small sample sizes (both <2000) and lack of 

propensity score methods.190  

The treatment effects of MRA in patients with all HFs are inconsistent among the key 

HF registry80 and the population-based studies.168 170 In the GWTG-HF registry, 

Quiroz et al.80 reported that the discharge of MRAs was associated with 78% (p=0.008) 

higher risk of 4-year all-cause death in patients with all HF. The reason may be because 

sicker patients (NYHA Class III to IV), who are more likely die, were placed on 

spironolactone according to guideline recommendations. In contrast, Ouzounian et 

al.170 showed a reduction of 2-year all-cause death for patients receiving MRAs at 

discharge. This study represented a broader group of HF patients, with less severe HF 

than those in the RALES trial24 (mean ejection fraction 31% vs 25%). However, 

another population-based study168 conducted in WA showed a non-significant 

reduction of death in patients discharged with spironolactone, which may be due to the 

smaller number of patients being prescribed spironolactone. In addition, MRA is 

usually indicated for patients with greater severity of symptoms, which may not 

include enough number of patients to examine the association with outcomes. 
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TABLE 3.3 ASSOCIATION BETWEEN EVIDENCE-BASED MEDICATIONS AND OUTCOMES IN ALL HF PATIENTS  

Author, year Location Study 
settings 

Inclusion 
year 

Propensity 
analysis 

Definition 
of HF 

Cohort characteristics  
% male (mean age) 

Follow-up* Associated with outcomes 
(compared with non-users unless 
otherwise stated) 

Key HF registries  
Fonarow et 
al. 2007130 

US OPTIMIZE-
HF registry  

2003–2004 Propensity 
adjusted  

All HF 
patients  

5791 patients, 51% 
male (72 yrs) 

Max: 60-
/90-days  

ACEi/ARB: 60–90-day death or 
rehospitalisation: 49% reduction, 
p=0.002 
Beta-blockers: 60-/90-day death: 
52% reduction, p=0.004; 60-/90-
day death/rehospitalisation: 27% 
reduction, p=0.02 

O’Connor et 
al. 2008167 

US As above  As above No  All HF 
patients 

5791 patients, 51% 
male (72.1 yrs) 

As above Beta-blockers: 60-/90-day death: 
24% reduction, p=0.014 

Maggioni et 
al. 2013157 

Europe  ESC-HF-
Pilot 
registry 

2009–2010 No  All HF 
patients  

1892 patients with 
acute HF, 62.7% male 
(70 yrs)  
3226 patients with 
chronic HF, 70.3% 
male (67 yrs) 

Max: 1-yr  ACEi/ARB: 1-year death: 32% 
reduction, p=0.022 
Beta-blockers: 1-year death: 50% 
reduction, p<0.0001 

Quiroz et al. 
201480 

US GWTG-HF 
registry  

2006–2008 No  EF<50% 
and 
EF≥50% 

1097 patients, 45.5% 
male (68 yrs)  

Mean: 649-
days 
Max: 4-yrs 

For all HF: ARB: 4-year death: 33% 
reduction, p=0.032 
Beta-blockers: 4-year death: 34% 
reduction, p=0.003 
Spironolactone: 4-year death: 78% 
increase, p=0.008 
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Abbreviations: US, United States; HF, heart failure; ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; EF, ejection fraction  
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TABLE 3.3 CONTINUED 

Author, year  Location  Study 
settings 

Inclusion 
year 

Propensity 
analysis 

Definition 
of HF 

Cohort characteristics 
%male (mean age)  

Follow-
up* 

Associated with outcomes (compared 
with non-users unless otherwise stated) 

Population-based or community-based studies  
Ouzounian et 
al. 2007170 

Canada  Population-
based study 

1997–
2001 

No  All HF 
patients 

7816 patients, 47.6% 
male (76 yrs) 

Max: 2-
yrs  

Spironolactone: 2-year death: 3% 
reduction, p=0.80 

Keyhan et al. 
2007174 

Canada Community-
based study  

1998–
2003 

No  All HF 
patients  

14693 females  
(79.9 yrs) 
13144 males (76.7 yrs) 

Max: 6-
yrs  

Women^: Beta-blockers: death: 21% 
reduction 
Men: Beta-blockers: death: 24% 
reduction  

Go et al. 
2007175 

US Community-
based study  

2001–
2002 

No  All HF 
patients  

7883 patients, 50% 
male (74 yrs) 

Max: 1-yr Compared to Atenolol2, Metoprolol and 
Carvedilol did not significant reduce HF 
readmission 
No beta-blockers (compared to users): 
HF readmission: 12% increase  

Teng et al. 
2010168 

Australia  Population-
based study  

1996–
2006 

No  All HF 
patients, 
stratified 
by 
EF>40%, 
EF≤40% 

1006 patients, 50.5% 
male (76.3 yrs) 

Max: 3-
yrs  

ACEi/ARB: 1-year death:29% reduction, 
p=0.003; 3-year death: 35% reduction, 
0=0.001 
Beta-blockers:  1-year death: 32% 
reduction, p=0.002; 3-year death: 29% 
reduction, p=0.020 
Spironolactone: 1-year death: 13% 
reduction, p=0.39; 3-year death: 12% 
reduction, p=0.54 

Zhang et al. 
2011186 

US  Population-
based study  

1998–
2001 

Matching  All HF 
patients 

4044 patients, 39.2% 
male 

Max: 10-
yrs  

Compared to ACEi, ARB: all-cause death: 
14% reduction, p=0.03 
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*Follow-up time post-separation for HF: presented as mean, median or maximum. ^No p-value stated in the study 

Abbreviations: HF, heart failure; Max, maximum; US, United States; ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; CVD, cardiovascular 
diseases; EF, ejection fraction  
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TABLE 3.3 CONTINUED 

Author, year  Location Study 
settings 

Inclusion 
year 

Propensity 
analysis 

Definition of 
HF 

Cohort 
characteristics  
%male  
(mean age) 

Follow-up* Associated with outcomes 
(compared with non-users 
unless otherwise stated) 

Choi et al. 
2011172 

Korea Population-
based study  

2004–2009 No  All HF patients 3200 patients, 
50% male  
(67.6 yrs)  

Max: 4-yrs  Beta-blockers: Death/HF 
readmission: 40% reduction, 
p=0.049  

Hamaguchi 
et al. 2011169 

Japan  Population-
based study  

2004–2005 No All HF patients  2675 patients, 
59.7% male 
 (71.0 yrs) 

Max: 2.1-yrs No beta-blockers (compared to 
beta-blockers): CVD death: 86% 
increase, p=0.046 

Kim et al. 
2013188 

Korea  Community-
based study  

2005–2008 No  All HF patients  1154 with renal 
dysfunction, 52% 
male (73 yrs) 
1615 without 
renal dysfunction, 
70% male (64 yrs) 

Max: 1-yr  In renal dysfunction^: 
ACEi/ARB: 1-year death: 55% 
reduction, Beta-blockers: 1-year 
death: 52% reduction 
Renal dysfunction: Drugs not 
associated with outcomes 

Chung et al. 
2017173 

Korea  Population-
based study  

2013 whole 
year  

No  All HF patients  19128 patients, 
46.6% male, 
43.9% >75 yrs 

Max: 30-
days  

ACEi/ARB: 30-day readmission: 
17% reduction, p<0.0001 

*Follow-up time post-separation for HF: presented as mean, median or maximum; ^No p-value stated in the study 

Abbreviations: HF: heart failure, Max: maximum, ACEi: angiotensin-converting enzyme inhibitors, ARB: angiotensin II receptor blockers, CVD: cardiovascular diseases.  
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3.3.2 ASSOCIATION BETWEEN MEDICATIONS AND OUTCOMES IN HFREF  

In patients with HFrEF, the OPTIMIZE-HF registry130 131 133 has provided an 

opportunity to evaluate early treatment effects for first-line medications post-HF 

discharge (Table 3.4). One OPTIMIZE study130 showed no survival benefit on 60–90-

day deaths (p=0.08) in patients prescribed ACE inhibitors/ARB, possibly due to the 

small sample size for observing short-term outcomes. However, this study showed that 

the prescription of ACE inhibitors/ARB was associated with a 50% reduction in the 

combined outcomes of death and rehospitalisation (p=0.002) and was driven by 

rehospitalisation.130 For beta-blockers, another OPTIMIZE-HF registry132 

demonstrated that the survival benefits for patients with an ejection fraction <40% of 

prescribing beta-blockers at discharge being associated with 60–90-day death (–49%), 

and the combined endpoint of death and rehospitalisation (–30%). This is in 

accordance with the findings that carvedilol was well tolerated and associated with 

survival benefits (–50%) after propensity score adjustment.133 These results reaffirmed 

the short-term survival benefits for beta-blockers, as reported in the CAPRICORN 

trial.92 

For medium- and long-term effects in patients with HFrEF, the IMPROVE-HF study 

showed that the use of ACE inhibitors/ARB and beta-blockers was independently 

associated with a 49% and 55% reduction in 2-year death, respectively.147 However, 

this study included outpatients rather than patients discharged from hospitals. In 

contrast, the OPTIMIZE-HF registry134 showed that being newly prescribed with beta-

blockers was associated with a 33% reduction in 1-year deaths for hospitalised HF 

patients, which was in contrast to the COPERNICUS trial17 that demonstrated an 

overall mortality rate of 14% in an, on average, 10-month follow-up of the carvedilol 

group. The survival benefits for discharge use of beta-blockers investigated in the 
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OPTIMIZE-HF registry134 are robust because the treatment effects were calculated 

after inverse probability-weighted Cox modelling.  

Some HF registry130-132 135 145 studies were conducted prior to 2007, so the results may 

not be suitable for current clinical practice as the treatment guidelines have been 

updated. Further, the definition of HFrEF varied across the studies, which makes it 

difficult to compare the studies. Koh et al.113 used the most recent cohort (2000–2012) 

to identify the effects of ACE inhibitors/ARB and beta-blockers on 1-year deaths in 

patients with standard classification: HFrEF (EF≤40%), heart failure with mid-ranged 

EF (HFmrEF) (EF: 40–49%) and HFpEF (EF≥50%), with or without coronary artery 

disease (CAD). The study showed the use of ACE inhibitors/ARB was consistently 

associated with a reduction of 1-year deaths in HFrEF and HFmrEF with or without 

CAD while beta-blockers were associated with reduced mortality regardless of CAD 

in HFrEF but only associated with reduced mortality in HFmrEF with CAD. This study 

provided a crucial message that HFmrEF patients with CAD were more similar to 

HFrEF patients because the treatment effects were similar for first-line medications.  

Although the RALES24 and EMPHASIS23 trials both showed survival benefits in 

moderate-to-severe HF patients taking MRAs, there are no observational studies 

reporting discharge use of MRAs associated with a significant reduction in deaths and 

hospitalisations in patients with HFrEF. Lund et al.128 reported no survival benefits of 

spironolactone for patients with NYHA I–II after propensity matching, suggesting that 

caution should be taken when translating the RALES trial into clinical practice for 

mild HF patients. 

In patients with HFrEF, community-based studies176 179-182 187 189 have shown that the 

discharge of evidence-based medications is associated with survival benefits. 

Treatment with ACE inhibitors/ARB was associated with a reduction of 1-year all-
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cause death (–23%) and the combined outcomes of death and hospitalisation for HF (–

18%) after propensity score matching.182 This is in accordance with the reduction of 

1-year outcomes demonstrated by Blecker et al.189 and Ezekowitz et al.176 in 

community-based settings. For beta-blockers, Bhatia et al.181 showed no association 

between usages of beta-blockers at discharge and 30-day mortality after propensity 

score matching, due to the early discontinuation of initiating beta-blockers. In contrast, 

a Korean population-based study179 showed that the discharge of beta-blockers in 

patients with ejection fraction <40% was associated with a 66% reduction of 1-year 

deaths. This is consistent with other community-based studies,176 189 reporting survival 

benefits 1-year post-discharge. However, these studies above are limited by their small 

sample sizes176 179 181 182 189 and the community-based cohort176 181 182, which makes 

generalisation difficult. For MRA, no studies have shown a significant reduction in 

deaths and hospitalisations in patients with HFrEF, with possible reasons being the 

associated high risk of complications and contraindications (e.g. being old or comorbid 

with renal disease). However, a population-based study,170 including patients 

following in HF clinics with EF <35%, showed that treatment with spironolactone was 

associated with a 48% reduction in 2-year deaths, which may be due to the entry 

criteria for specialist clinics are not as rigorous as the criteria for the RALES trial.  
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TABLE 3.4 ASSOCIATION BETWEEN EVIDENCE-BASED MEDICATIONS AND OUTCOMES IN PATIENTS WITH HFREF 

Author, 
year  

Location  Study 
settings 

Inclusion 
year 

Propensity 
analysis 

Definition 
of HF 

Cohort characteristics 
% male (mean age)  

Follow-
up* 

Associated with outcomes (compared with 
non-users unless otherwise stated) 

Fonarow 
et al. 
2007 131 

US  OPTIMIZE-
HF registry  

2003–
2004 

No  All HF 
patients, 
stratified 
LVSD 
(EF<40%)  

20118 (LVSD), 62% 
male (70.4 yrs) 

Max: 60-
/90-days  

LVSD: ACEi/ARB: 60-/90-day 
death/rehospitalisation: 49% reduction, 
p=0.002 
Beta-blockers: 60-/90-day death: 58% 
reduction, p=0.004; 60-/90-day 
death/rehospitalisation: 38% reduction, 
p=0.003 

Fonarow 
et al. 
2007132 

US As above  As above  Propensity 
adjusted  

EF<40% 2333 patients, 63.4% 
male, (73.1 yrs) 

As above ACEi/ARB: 60-/90-day death:52% reduction, 
p<0.0001; 60-/90-day death/rehospitalisation: 
45% reduction, p<0.0001 
Beta-blockers: 60-/90-day death:49% 
reduction, p=0.003; 60-/90-day 
death/rehospitalisation: 30% reduction, 
p=0.0002 

Fonarow 
et al. 
2007133 

US As above  As above  Propensity 
adjusted  

EF<40% 2720, 63% male  
(69.7 yrs) 

As above Carvedilol vs no beta-blockers (ref.): 60-/90-
day death: 54% reduction, p=0.0006; 60-/90-
day death/rehospitalisation: 29% reduction, 
p=0.02 

Hernande
z et al. 
2009134 

US  As above  As above  Propensity 
adjustment 

HF 
patients 
with LVSD 
(EF<40%)  

LVSD: 7154 patients, 
43% male 
PSF: 4153 patients, 
34.1% male  

Max: 60-
/90-days  

LVSD^: Beta-blockers: 60-/90-day death: 23% 
reduction; 60-/90-day rehospitalisation: 11% 
reduction; 60-/90-day death/ 
rehospitalisation:13% reduction 
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*Follow-up time post-separation for HF: presented as mean, median or maximum; ^No p-value stated in the study 

Abbreviations: HF, heart failure; US, United States; LVSD, left ventricular systolic dysfunction; ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor 
blockers; ref, reference group; EF, ejection fraction; max, maximum   
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TABLE 3.4 CONTINUED 

Author, 
year  

Location  Study 
settings 

Inclusion 
year 

Propensity 
analysis 

Definition 
of HF 

Cohort characteristics 
% male (mean age)  

Follow-
up* 

Associated with outcomes (compared with 
non-users unless otherwise stated) 

Mentz et 
al. 
2013135 

US  OPTIMIZE-
HF registry  

2003–
2004 

No  EF<40% 
with/witho
ut COPD 

2682 patients, 63% 
male, 27% with COPD  

Max: 60-
/90-days 

COPD^: Noncardioselective beta-blockers: 60-
day death: 53% reduction; Cardio-selective 
beta-blockers: no association  
Non-COPD: Cardio-selective beta-blockers: 60-
day death: 44% reduction; Noncardioselective 
beta-blockers: 60-day death: 41% reduction 

Fonarow 
et al. 
2011147 

US IMPROVE-
HF registry  

2005–
2007 

No  EF≤35% or 
prior MI  

15177 patients, 72% 
male (68.7 yrs) 

Max: 24-
months 

ACEi/ARB^: 2-year death: 49% reduction Beta-
blockers: 2-year death: 55% reduction MRA: 
Do not associate with death 

Fonarow 
et al. 
2012149 

US As above  As above  Matching  As above  4128 patients, 72% 
male (72 yrs)  

Max: 24-
months 

ACEi/ARB:2-year death (OR): 44% reduction, 
p<0.0001 
Beta-blockers: 2-year death (OR): 58% 
reduction, p<0.0001, MRA: No association 
p=0.77 

Hernande
z et al. 
2012191 

US GWTG-HF 
registry 

2005–
2010 

Propensity 
adjustment  

EF≤35% 5887 patients, 64.3% 
male (77.6 yrs) 

Max: 3-yrs MRA: Do not show any significant for all-cause 
death, p=0.23 
3-year hospitalisation for HF: 12% reduction, 
p=0.04 

Lund et 
al. 
2013128 

Sweden  SWEDISH-
HF registry  

2000-
2012 

Adjustment  
Matching  

NYHA I-IV 
EF<40% 

18852 patients, 72% 
male (71 yrs) 

Max: 10-
yrs 

Spironolactone in NYHA I–II subgroup: 
10-year all-cause death: 11% increase, p=0.002 

*Follow-up time post-separation for HF: presented as mean, median or maximum; ^No p-value stated in the study 
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Abbreviations: HF, heart failure; US, United States; LVSD, left ventricular systolic dysfunction; ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor 
blockers; ref, reference group; EF, ejection fraction; max, maximum; COPD, chronic obstructive pulmonary diseases; MI, myocardial infraction; MRA, mineralocorticoid 
receptor antagonists; NYHA, New York Heart Association Classification; CAD, coronary artery disease; HFrEF, heart failure with reduced ejection fraction; OR, odds ratio  
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TABLE 3.4 CONTINUED 

Author, 
year  

Location  Study 
settings 

Inclusion 
year 

Propensity 
analysis 

Definition 
of HF 

Cohort characteristics 
% male (mean age)  

Follow-
up* 

Associated with outcomes (compared with 
non-users unless otherwise stated) 

Koh et al. 
2017113 

Sweden  As above  As above  No  All 
patients, 
HFrEF: 
EF<40% 

23402 patients in 
HFrEF, 71% male  
(72 yrs) 

Max: 3-
yrs 

HFrEF with CAD: ACEi/ARB: 1-year death: 44% 
reduction, p<0.001; Beta-blockers: 1-year 
death: 23% reduction, p <0.001 
HFrEF without CAD: ACEi/ARB: 1-year death: 
37% reduction, p<0.001; Beta-blockers: 1-year 
death: 38% reduction, p<0.001 

Ouzounian 
et al. 
2007170 

Canada  Population-
based study  

1997–
2001 

No  EF<35% 644 patients with 
spironolactone, 53% 
male (73 yrs) 

Max: 2 
yrs  

Spironolactone was associated with reduced 
rates of all-cause death at 2 years (OR: 0.52, 
p=0.003) in patients enrolled in HF clinic 

Ezekowitz 
et al. 
2008176 

Canada  Community
-based 
study  

1999–
2001 

No  EF<50%  1898 EF<50%, 60.7% 
male (72.4 yrs) 

Max: 1-
yr 

EF<50% for 1-year death/HF readmission^: 
ACEi: 15% reduction, beta-blockers: 20% 
reduction, ARB: 23%, spironolactone: 20% 
reduction 

Youn et al. 
2012179 

Korea  Population-
based study  

2004–
2009 

No  EF<40% 1527 patients, 55.9% 
male (69.1 yrs) 

Max: 1-
yr  

ACEi/ARB: 60-day death: 66% reduction, 
p=0.042; 60-day readmission: 82% reduction, 
p=0.002; 60-day death/readmission: 70% 
reduction, p=0.006 
Beta-blockers: 1-year death: 66% reduction, 
p=0.01; MRA: No association with outcomes 

*Follow-up time post-separation for HF: presented as mean, median or maximum; ^No p-value stated in the study 

Abbreviations: HF, heart failure; EF, ejection fraction; max, maximum; ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; MRA, 
mineralocorticoid receptor blockers; US, United States; CKD: chronic kidney disease; CAD, coronary artery disease; OR, odds ratio.  
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TABLE 3.4 CONTINUED 

Author, year  Location  Study 
settings 

Inclusion 
year 

Propensity 
analysis 

Definition 
of HF 

Cohort characteristics  
% male (mean age) 

Follow-
up* 

Associated with outcomes (compared with 
non-users unless otherwise stated) 

Ahmed et al. 
2012187 

US Community-
based study  

1998–2001 Matching  EF<45% 
±CKD  

1665 with CKD, 49.1% male 
(78 yrs) 
908 without CKD, 54.8% 
male (60 yrs) 

Max: 8-yrs  CKD: ACEi/ARB does not associate with 
death 
Non-CKD: ACEi/ARB: death: 28% reduction, 
p=0.015 

Inampudi et al. 
2014180 

US  Community-
based study  

1998–2001 Adjustment  EF<45% 
with CKD  

1140 patients, 51% male 
(76.0 yrs) 

Max: 1-yr  Spironolactone: 30-day readmission: 41% 
increase, p=0.027; 1-year readmission: 36% 
increase, p=0.001; 1-year 
death/readmission: 30% increase, p=0.003 

Vaduganathan 
et al. 2014183 

US  Community-
based study  

From 2005 No  EF≤40% 750 with diabetes, 75% 
male 
1248 without diabetes, 
76.3% male  

Max: 2-yrs  Use of MRA not significantly associated 
with outcomes 

Sanam et al. 
2016182 

US  Community-
based study  

1998–2001 Matching  EF<45% 1384 patients, 53.5% male  Max: 1-yr  Newly ACEi/ARB (compared to no 
ACEi/ARB): 30-day HF readmission; 48% 
reduction, p=0.002; 30-day death: 44% 
reduction, p=0.041; 30-day death/HF 
readmission: 23% reduction, p=0.017; 1-
year HF readmission: 32%, p=0.001; 1-year 
death: 23% reduction, p=0.020; 1-year 
death/HF readmission: 18% reduction, 
p=0.006 

Lam et al. 
2017178 

US  Community-
based study  

1998–2001 Matching  EF≤35% 1874 patients, 55.5% male 
(73.0 yrs) 

Max: 1-yr  Spironolactone not associated with 
reduction of death or readmission 
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*Follow-up time post-separation for HF: presented as mean, median or maximum; ^No p-value stated in the study 

Abbreviations: HF, heart failure; EF, ejection fraction; max, maximum; ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; US, United States; 
CKD, chronic kidney disease. 
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3.3.3 ASSOCIATION BETWEEN MEDICATION AND OUTCOMES IN HFPEF  

In patients with HFpEF (Table 3.5), the main HF registries108 109 have shown 

postdischarge use of ACE inhibitors/ARB are associated with a 10% reduction of all-

cause deaths but not associated with other outcomes (e.g. hospitalisations). These 

findings differ from those in three previous RCTs (CHARM Preserved,25 PEP-CHF192 

and I-PRESERVE193) on the reduction of adverse outcomes (such as HF 

rehospitalisation and cardiovascular deaths). Lund et al.109 showed that ACE 

inhibitors/ARB were associated with a decrease in 5-year deaths (–10%) after 

propensity score adjustment in patients with HFpEF.  

Although the SENIOR trial104 reporting no effects of nebivolol on the survival benefits 

in patients with HFpEF, some HF registries107 113 136 have shown borderline survival 

benefits for beta-blockers. Patel et al.136 reported that treatment with any beta-blockers 

in patients with ejection fraction ≥40% was associated with a 10% reduction in death 

(p=0.011) and 6% reduction in death and HF rehospitalisation (p=0.048). This is 

consistent with the Swedish study107 showing that the prescription of any beta-blockers 

was associated with a 7% reduction in all-cause death but not composite outcomes of 

death and hospitalisation for HF (p=0.48). Neither of these studies showed benefits of 

HF rehospitalisation, which could due to non-cardiovascular comorbidity being more 

common.194 195 Although the OPTIMIZE-HF136 and Swedish-HF107 studies had similar 

results for beta-blockers on outcomes, the Swedish-HF study107 is more powerful 

because its study design is a nationwide registry including the entire Swedish 

population. In addition, the cohort is relatively recent (up to 2012), and propensity 

score matching was used to evaluate the association with beta-blockers on outcomes.  
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In selected population-based and community-based studies, two studies177 185 showed 

survival benefits with the treatment of ACE inhibitors/ARB and beta-blockers in 

patients with HFpEF. One community-based study185 showed that the post-discharge 

use of ACE inhibitors/ARB was associated with an 18% and 19% reduction of all-

cause death and all-cause hospitalisation, respectively, in patients with HFpEF with 

chronic kidney disease as a comorbidity. Although the cohort was not recent (1998–

2001) and a small sample size (1340 patients), the results are encouraging for treating 

HFpEF patients with chronic kidney disease. However, the absence of adherence data 

post-discharge may result in underestimation of the true association between discharge 

medication and the resulting outcomes. For beta-blockers, a Korean population-based 

study,177 which included patients with EF>50%, showed that the discharge of beta-

blockers was associated with a 42% and 62% reduction in 3-year all-cause deaths and 

cardiovascular death, respectively. This study also showed that beta-blockers had a 

beneficial effect on ventricular remodelling, especially for patients with 

subendocardial necrosis. Therefore, treatment with beta-blockers can attenuate 

remodelling and can also improve outcomes in patients with HFpEF.  
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TABLE 3.5 ASSOCIATION BETWEEN EVIDENCE-BASED MEDICATIONS AND OUTCOMES IN PATIENTS WITH HFPEF  

Author, 
year  

Location  Study 
settings 

Inclusion 
year 

Propensity 
analysis  
 

Definition 
of HF 

Cohort characteristics  
% male (mean age) 

Follow-up* Associated with outcomes (compared 
with non-users unless otherwise stated) 

Fonarow 
et al. 
2007131 

US  OPTIMIZE-
HF registry  

2003–
2004 

No  PSF 
(EF≥40%) 

PSF: 21149 patients, 
38% male (75.1 yrs) 

Max: 60-/90-
days  

PSF, medications were not associated 
with a reduction of outcomes (all p>0.1) 

Patel et 
al. 2012108 

US As above  As above  Matching  EF≥40% 3806 patients, 36.7 
male (80 yrs) 

Max: 6-yrs New users of ARB: Not associated with 
outcomes 
Any ARB: 6-year death: 10% reduction, 
p=0.04 

Patel et 
al. 2013110 

US  As above  As above  Matching  EF ≥ 40% 8013 patients, 41% 
male (80 yrs) 

Mean: 2.4-yrs  New or any users of MRA do not have 
association with outcomes  

Patel et 
al. 2014136 

US As above  As above  Matching  EF ≥ 40% 3579 patients, 65% 
male 

Median: 2.2-
yrs, max: 6-yrs 

New users of beta-blockers: No 
association on death 
Any beta-blockers: 6-year death: 10% 
reduction p=0.011; 6-year death/HF 
rehospitalisation: 6% reduction, p=0.048 

Lund et 
al. 2012109 

Sweden  SWEDISH-
HF registry  

2000–
2011 

Matching  EF≥40% 16216 patients, 54% 
male (75.0 yrs) 

As above  ACEi/ARB: 5-year all-cause death: 10% 
reduction, p=0.001 

Lund et 
al. 2014107 

Sweden  As above  2005–
2012 

Matching  EF>40% 19083 patients, 54% 
male (76.0 yrs) 

Max: 5-yrs  Beta-blockers: All-cause death: 7% 
reduction, p<0.001; All-cause death/HF 
rehospitalisation: 2% reduction, p=0.46 

*Follow-up time post-separation for HF: presented as mean, median or maximum 
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Abbreviations: HF, heart failure; US, United States; PSF, preserved systolic function; EF, ejection fraction; max, maximum; ARB, angiotensin II receptor blockers; ACEi, 
angiotensin-converting enzyme inhibitors; MRA, mineralocorticoid receptor antagonists; 
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TABLE 3.5 CONTINUED 

Author, 
year  

Location  Study 
settings 

Inclusion 
year 

Propensity 
analysis 

Definition 
of HF 

Cohort 
characteristics  
% male (mean age) 

Follow-up* Associated with outcomes (compared with non-
users unless otherwise stated) 

Koh et al. 
2017113 

Sweden  As above  2000–2012 No  HFmrEF: 
EF:40-
49%, 
HFpEF: 
EF≥50% 

HFmrEF: 9019 
patients, 61% male 
(74 yrs) 
HFpEF: 9640 
patients, 45% male 
(77 yrs) 

Max: 3-yrs HFmrEF with CAD: ACEi/ARB: 1-year death: 33% 
reduction, p<0.001; Beta-blockers: 1-year death: 
26% reduction, p=0.006 
HFmrEF without CAD: ACEi/ARB: 1-year death: 
41% reduction, p<0.001 
HFpEF with CAD: ACEi/ARB: 1-year death: 42% 
reduction, p<0.001 
HFpEF without CAD: ACEi/ARB: 1-year death: 26% 
reduction, p<0.001; Beta-blockers: 1-year death: 
19% reduction, p=0.011 

Ezekowitz 
et al. 
2008176 

Canada  Community-
based study  

1999–2001 No  EF≥50% 1026 EF>50%, 
36.1% male (75.6 
yrs) 

Max: 1-year EF>50% for 1-year death/HF readmission: 
Discharge of ACEi, ARB, beta-blockers and 
spironolactone do not have an association 
between death or HF readmission  

Ahmed et 
al. 2013185 

US  Community-
based study  

1998–2001 Matching  EF≥45% 
with or 
without 
CKD 

1340 with CKD, 
29% male (79 yrs) 
797 without CKD, 
35.3% male (79 yrs) 

Max: 8-yrs  CKD: ACEi/ARB death: 18% reduction, p=0.021 
Non-CKD: ACEi/ARB does not associate with death 

Choo et 
al. 2014177 

Korea  Community-
based study  

2004–2009 Matching  EF³ 50% 3019 patients, 
73.2% male 

Max: 3-yrs  Beta-blockers: 3-year death: 42% reduction, 
p=0.008; 3-year CVD death: 62% reduction, 
p=0.001 
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*Follow-up time post-separation for HF: presented as mean, median or maximum. Abbreviations: HF, heart failure; US, United States; EF, ejection fraction; max, maximum; 
ARB, angiotensin II receptor blockers; ACEi, angiotensin-converting enzyme inhibitors; MRA, mineralocorticoid receptor antagonists; CKD, chronic kidney disease; CVD, 
cardiovascular disease; HFmrEF, heart failure with mid-range ejection fraction; HFpEF, heart failure with preserved ejection fraction; CAD, coronary artery disease.   
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3.3.4 SUMMARY 

In summary, the key HF registries have shown robust results that dispensing first-line 

medications is associated with a reduction of deaths and hospitalisations for patients 

with all HF and HFrEF. Although observational studies do not show any association 

between the discharge of spironolactone and survival in HFrEF, MRA should be used 

appropriately based on findings from RCTs and guidelines.  

In HFpEF, the Swedish-HF registry107 109 showed comprehensive and robust studies to 

investigate first-line medications on outcomes, but the results were not encouraging. 

However, some studies that included all HF patients indeed showed a significant 

reduction in deaths and rehospitalisations. These studies provide a clue to researchers 

that both first-line medications affect HFpEF.  

Although observational studies showing an association of improved survival with 

medications, the studies were only for discharge medications given to patients 

admitted for HF. Adherence and persistence were not measured in these studies, and 

the true effects on outcomes are likely to be underestimated
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3.4 TRENDS IN DISPENSING OF MEDICATIONS 

The dispensing rates for evidence-based medications in developed countries have 

changed over time. This section summarises the trends in dispensing medication at 

discharge and long-term dispensing rates post-discharge.  

3.4.1 TRENDS IN DISPENSING RATES FOR MEDICATIONS AT DISCHARGE  

Most studies have shown increased rates of use of ACE inhibitors/ARB in patients 

with HF. Jhund et al.57 showed upward dispensing trends for ACE inhibitors/ARB 

from 1996 to 2003 in a population-based Scottish study. The upward prescription 

trends for this drug are in accordance with other community-based studies of patients 

in all HF categories.64 196-198 Worcester HF study199 showed that the use of ACE 

inhibitors/ARB increased from 1995 to 2004 in patients with HFrEF (59.6% to 66.0%) 

and HFpEF (36.7% to 46.6%), which was in accordance with two community-based 

studies200 201 showing the increased use of ACE inhibitors/ARB in HFrEF. Of the 

included studies, the Scottish study57 and Worcester HF study199 are robust and have 

strong generalisability because they included males and females of all ages. Although 

some studies129 161 202 203 have shown stable trends on dispensing ACE inhibitors/ARB, 

the use of ACE inhibitors/ARB are still recommended as first-line medications to 

improve survival.  

Contemporary studies have shown that the trends in dispensing rates for beta-blockers 

are continually increasing in HF patients.57 64 129 168 198 203-205 The use of beta-blockers 

has increased dramatically in patients with HFrEF, with the Swedish-HF showing an 

increase from 84.8% in 2003 to 93.4% in 2012.129 Only four studies have reported an 

upward trend of using beta-blockers in HFpEF.168 199 200 204 However, the increased 
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rates of dispensing beta-blockers in HFpEF are not conclusive in these studies due to 

the diverse definitions of HFpEF within these studies.  

The increased use of MRA57 168 200 205 206 after the publication of RALES in 1999 and 

EPHESUS in 2003 is concerning due to its side effects. Some recent studies129 198 have 

reported that the use of MRA was stable or had decreased in patients with HFrEF, 

possibly due to the increase in complications.128 149 

3.4.2 LONG-TERM DISPENSING USE OF MEDICATIONS POST-DISCHARGE  

Long-term use of EBMs post-HF discharge have also increased. The IMPROVE-HF 

study207 illustrated the use of ACE inhibitors/ARB, beta-blockers and MRA at a patient 

level increased from baseline to 2-years post-HF discharge. However, those studies 

are only a snapshot of prescription rates at particular time points post-discharge. 

Individual adherence and persistence have not been measured; an understanding of 

long-term adherence and persistence is needed to guide clinicians towards improving 

survival for HF patients. 
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3.5 MEDICATION ADHERENCE AND PERSISTENCE  

The main aim of this thesis relates to the association between medication 

adherence/persistence and outcomes in older HF patients, but what do we mean by 

‘medication adherence’ or ‘persistence’? The term is used inconsistently in the 

literature.208 In 2003, the WHO209 first defined medication adherence as ‘the extent to 

which the patient follows medical instructions’. Later, in 2010, the Pharmaceutical 

Benefits Advisory Committee210 from Australia accepted the definition of adherence 

that Cramer et al.211 provided as ‘the extent to which the consumer conforms to the 

agreed behaviours, with respect to timing, dosage and frequency of medication taking.’ 

Compliance is an old term which has been changed to adherence. In contrast, Cramer 

et al.211 defined ‘persistence’ as the continuity of taking medications within a study 

period, and did not focus on the dosage.  

3.6 MEASURES OF MEDICATION ADHERENCE  

Accurate assessment of medication adherence is necessary for effective and efficient 

treatment planning and to ensure accuracy in claims for the health outcomes attributed 

to the drugs. The common methods used in various studies can be broken down into 

direct and indirect methods (Table 3.6). Each of these measures has advantages and 

disadvantages; indisputably, there is no ‘gold standard’ for measuring medication 

adherence behaviour. 
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TABLE 3.6 SUMMARY OF MEASUREMENT OF MEDICATION ADHERENCE WITH ADVANTAGES AND DISADVANTAGES  

Methods  Target populations  Advantages  Disadvantages  
Direct methods 
Measure drug 
and its metabolite 
in body fluids  

Patients are 
hospitalised, with 
single-dose 
consumption and 
administration  

• Most accurate 
• Provide physical advice 

• Binary results 
• Invasive  
• Different drug metabolism  
• Interaction of drug–drug or drug–food 
• Expensive  
• Required qualified staff or nurse to perform  
• Whitecoat adherence-adherence increasing during the 

days preceding clinic visits.  
Indirect methods  
Electronic claim 
databases  

Test continuing 
dispensing, be suited for 
large populations 

• Measures multi-pharmacy adherence 
• Can identify patients at risk of 

treatment failure  
• Provides medication-filling pattern 
• Results can be used by third-party for 

insurance or financial purposes  

• Fail to identify partial adherence  
• Do not know whether patients digest the medications 
• Fail to identify barriers for the detected non-adherence 
• Lost claims data if claim outside database 
• If drug discontinued by doctor, incomplete records 

appear 
• Difficult to measure primary adherence 

Electronic 
medication 
packaging device  

For small populations. 
Validate other measures 
of adherence  

• More accurate than claim databases 
• Identify medication-taking patterns 
• Identify partial adherence  

• Expensive  
• Technical support required 
• Overestimate adherence when patients accidentally 

open the device 
• Inconvenience  
• Pressure on patients  
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TABLE 3.6 CONTINUED 

Methods  Target populations  Advantages  Disadvantages  
Indirect methods  
Pill counts  Routine clinical practice. 

Used mostly in 
randomised controlled 
trials  

•  Low cost 
• Simple to use 
• Highly accurate  
• Used in various formulations 

• Underestimate for early refill 
• Arbitrary cut-off value for ‘good’ adherence 

Self-reported and 
questionnaires 

For routine clinical 
practice 

• Simple to use 
• Cheap 
• Easy to administer 
• Real-time feedback 
• Well-validated  

• Least reliable  
• Relatively poor sensitivity and specificity  
• Results affected by the communication between 

physician and patient 
• Time-consuming  
• Limited generalisation  

THIS IS A SUMMARY OF PAPERS BY RAEBEL ET AL212, ANDRADE ET AL213, AND NAU ET AL214   
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3.6.1 DIRECT MEASURES 

Direct measures208 215 216 include measurement of the drug or its metabolic 

concentration in body fluid, such as blood or urine, and detection or measurement in 

the blood of a biological marker added to drug formulations. These measures can be 

taken randomly or at specific intervals.216 In addition, these methods include direct 

observation of patients’ medication-taking behaviour. Direct measures are considered 

to be the most accurate and can be used as physical evidence to prove that the patient 

has taken the medications. There are some drawbacks for this method. The results are 

generally presented as binary variables (yes/no) without any pattern or cause for non-

adherence. In addition, the invasiveness of direct methods may induce anxiety or 

depression in patients.215 217 Metabolic differences are another concern for this method 

because the half-life for each drug is different, leading to difficulty in measuring 

adherence to multiple drugs. Since individuals differ physiologically, different drug 

plasma levels may be seen in different patients who take the same dose of the same 

drugs.217 Additionally, drug–drug and drug–food interactions may hamper the 

accuracy of measurements of adherence. Another disadvantage of this method is that 

it is expensive and required health professionals to monitor the process. Importantly, 

the direct method produces ‘whitecoat adherence’208 218 whereby adherence is high 

before and after the clinical visit but low afterwards, leading to bias in the results.219 

Therefore, the direct method can be used as a method for adherence calculation with 

single-dose therapy or patients who are hospitalised.220  

3.6.2 INDIRECT MEASURES 

Indirect methods for measuring medication adherence include asking patients how 

easy it is for them to take prescribed medication, assessing clinical responses, 

performing pill counts and ascertaining rates of refill prescriptions.208 There are some 
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indirect methods presented in the studies, including their advantages and 

disadvantages (Table 3.6). The most common indirect method is calculating rates of 

refill-sequence in the electronic claim database.221 222 Other methods commonly seen 

in the literature involve electronic devices,223 pill counts224 and self-reported 

questionnaires.225 

Electronic claim databases are often used to measure adherence in pharmacoeconomic 

and pharmacoepidemiologic research.226 Among them, use of the administrative 

databases is one of the most popular methods for measuring adherence because this is 

convenient, non-invasive, objective and inexpensive to obtain.227 In addition, 

adherence rates obtained from administrative datasets can be used to investigate the 

association with outcomes. Since this database includes all patients, the results can 

represent the ‘real-world’ findings.213 Therefore, administrative data has been widely 

accepted by researchers as useful for assessing the association between medication 

adherence and outcomes in chronic diseases. The methods for calculating medication 

adherence from these databases is mainly by measuring the total drug duration over 

the study period. The drug duration is the number of days that one script lasted; the 

methods of calculating adherence are detailed in the next section. There are some 

limitations that cannot be avoided; in particular, that most databases do not provide 

medication consumption information (e.g. dosage).213 Therefore, researchers have to 

use the defined daily dose (DDD)228—which assumes an average maintenance dose 

per day for its main indication in adults—to estimate the average dosage, and the 

corresponding drug strength multiple quality over the corresponding drug DDD to 

obtain drug duration. Alternatively, researchers can calculate the 75th percentile of the 

distribution of time to next supply date.229 However, these two methods cannot 

measure the real drug duration, leading to potential bias in the estimate of adherence 
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obtained from the databases. Second, individual adherence for each patient may vary 

for different periods of assessment, leading to inconclusive total adherence.226 Some 

studies29 230 231 use a fixed period that ensures every patient has an equal period to 

assess adherence. Third, researchers do not know whether the patients have taken the 

medication or not. Also, the distinction between good and poor adherence is arbitrary 

when interpreting adherence. Lastly, adherence measures based on the databases have 

not been correlated with patient-reported adherence.226 232 233  

Electronic devices record and stamp the time of opening bottles, dispensing drops, or 

activating a canister on varied occasions.234 This method has been used for over 30 

years in studies of various chronic diseases.234-237 The most common device used in 

measuring adherence is the Medication Events Monitoring System (MEMS).216 217 

Rather than calculating the average weekly or monthly use, this device is accurate,216 

providing patterns of non-adherence whether patients have abnormal medication 

dispensing patterns such as desultory taking the medications.215 However, there are 

some drawbacks for this device; for example, if patients accidentally open the device, 

this would lead to an overestimate in adherence.208 Also, the device is bulky and not 

that portable.216 217 Since this device reminds patients that they are under surveillance, 

it can lead to psychological problems for patients.238 Additionally, the device is 

expensive, so it is not suitable for assessing adherence in large population studies, 

clinical trials or routine use.239 240 Furthermore, one study on adherence to medication 

of mental disorders demonstrated that incorrect use of the cap on top of the device 

leads to false categorisation of patients as non-adherent and a differential bias.241 

Although this method may be preferred for specific clinical research, some of the 

studies239 242 243 have shown to improve the accuracy of estimating medication 

adherence when combining the methods of electronic claim database.  
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Pill count is an indirect, common and objective measure that involves calculating the 

number of pills remaining in a patient’s medication bottles or vials.208 The adherence 

is calculated as the number of pills counted divided by the total number of pills 

received by the patient.215 This method is popular for its low cost and simplicity. 

However, some limitations have appeared, such as patients discarding medications 

before the visit to appear to be following the prescription or switching medications 

between bottles; hence, pill counts may not be a good measure of adherence.234 244 245 

Second, this method does not consider dose timing, which is associated with clinical 

outcomes.208 Furthermore, this method can be used only for some forms of medications 

such as tablets, pills and capsules and is unsuitable for assessing adherence to non-

discrete dosages or medications taken when required.224 Pill counts do not consider the 

causes of non-adherence216 and the cut-offs for determining adherence or non-

adherence are often arbitrary assigned. In clinical trials, pill counts are popular, but 

MEMS has replaced it as a reference standard for validating another form of 

measurement of adherence.208 

Self-reporting and questionnaires that are low cost, simple and provide real-time 

feedback are gaining popularity in clinical practice.208 215 They can be administrated 

as surveys, interviews, online assessments, questionnaires and voice response systems. 

Because of its practicality and flexibility, this method can be commonly used to 

identify patients’ concerns to modify the intervention.225 246 247 The most commonly 

used self-report is an 8-item Morisky Medication Adherence Scale,248 ranking the 

degree of adherence instead of defining absolute cut-offs for adherence. Other 

questionnaires suitable for measuring adherence include the Brief Medication 

Questionnaire249 that tests the medication-taking behaviour and barriers to adherence 

and the Hill-Bone Compliance Scale250 that examines antihypertensive medications 
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only. Although a variety of questionnaires or scales is currently used in studies, they 

have relatively poor sensitivity and specificity due to false data inputted by patients, 

including by accident,246 251 and poor communication skills or questions constructed 

by the interviewer or in the design of the survey.216 217 Hence, this method only weakly 

predicts patient adherence and is more commonly used in clinical practice than in 

research. 

3.6.3 MEASURES OF MEDICATION ADHERENCE FROM ADMINISTRATIVE DATABASES  

Many methods have been developed to calculate adherence in the administrative 

database, but there is no ‘gold standard’,212 213 215 252 with the possibility that some 

measures are inconclusive. The medication possession ratio (MPR) and proportion of 

days covered (PDC) are the two most popular methods for calculating adherence in 

claim databases.214 226 253 Hence, I will discuss these methods for their difference, 

advantages and disadvantages (Table 3.7). Both methods calculate the adherence from 

the ‘days’ supply for total scripts over the study period; the estimation of ‘days’ supply 

for each script was discussed in the previous section. The calculations of MPR and 

PDC require at least two scripts because they are imprecise for only one script. The 

adherence values generally form as a continuous variable with 0 is non-adherent and 

1 is fully adherent, and can be presented as a categorical variable as ‘good’ and ‘poor’ 

adherence.213 214 226 254-256  

Calculations of MPR can vary across studies,212 257 258 but are generally defined as the 

sum of the ‘days’ supply for each script (numerator) over the study period 

(denominator).212 However, some researchers have redefined the denominator in 

different ways and reported these as the MPR and MPR modified (Table 3.7).257 258 

The difference between these two methods relate to the denominators for the 

calculations (Figure 3.1). The denominator of the MPR modified is from the first script 
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to the last supply date excluding the last refill, and ignores the period from the last 

supply date to the end of the study.259-261 This leads to misclassification of high 

adherence if patients adhere in the first few months but discontinue in the remaining 

time. In contrast, the denominator of MPR is defined as the period from first supply 

date to the end of the study. This could account for the conditions which the patients 

taking the medications regularly prior to the last script but having a treatment gap from 

the last script till to the end of study. In addition, this method captures all the refill 

patterns during the study period.262-265 Despite applying an upper cap of 100%, MPR 

methods still showed a high adherence because the MPR numerator is based on the 

total quantity of drug received during the study period, and patients who are dispensed 

overlapping medications due to a switch within the drug class or receive an early refill 

from the pharmacy will have an overestimate of adherence 266 267 (example in Figure 

3.1).93 253 259 264 265 268-270 The oversupply overestimates the adherence value due to early 

refills of the medications resulting in an ‘extra refill’ in the measurement interval.214 

Therefore, MPR is not suitable for patients with overlapping medications or early 

refills.  

Studies212 214 have demonstrated that the PDC is more popular than MPR in general, 

and the PDC has been adopted as a measurement of medication use quality for chronic 

disease in Medicare Part D beneficiaries in the US.271 The calculation of the PDC is 

based on the days’ supply for each prescription filled, as numerator defined as the sum 

of days covered by the medication supply.212 214 271 The denominator for PDC is similar 

to MPR, which is the days from first supply date to end of the study.212 214 226 This 

means that if the patient concurrently takes more than one of the same-class drug or 

has an oversupply from previous scripts, the days are only counted once as a 

medication-covered day (see example in Figure 3.1). Therefore, PDC is more 
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conservative in estimating the adherence to a class of drugs, which is prone to 

frequently switching, overlapping and concomitant therapy with multiple drugs within 

the class.272 In the ‘real-world’, HF patients have multiple prescription items involving 

switching, concomitant or overlapping use; and using PDC as a measure of adherence 

is more conservative than MPR because it would not overestimate ‘real adherence’. 

Until now, despite no ‘gold standard’ to calculate medication adherence in 

pharmaceutical claim database, PDC remains the common measure in clinical 

research.263 264 273-280  
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TABLE 3.7 METHODS FOR MEASURING MEDICATION ADHERENCE IN ADMINISTRATIVE CLAIMS DATABASES   

Methods  Equations  Advantages  Disadvantages  
Medication 
possession ratio 
(MPR) and MPR 
modified (there 
are many 
versions of the 
MPR) 

MPR:  
 

!"#$!$%&&'#	)*+,	1$.	.+	'"$.	/0$&12$023	
)0*$.	.+	'"$.	$%&&'#	/".1 + '"$.	*1)0''	/%*".0+2 

 
MPR modified: 
 

!"#$!$%&&'#	156'%/023	'"$.	*1)0''		
/"#$	)*+,	)0*$.	.+	'"$.	/0$&12$023	 

 

• Can use both categorical or 
continuous variable  

• Easy to calculate 
• Can be averaged across study 

patients  
• SAS macro available 
• Calculation from 1st to end of 

study period considers drug 
discontinuation  

• Causes confusion  
• Cannot consider primary non-

adherence  
• Calculation for those with only 1 

dispensing is inaccurate  
• Ratios cannot be combined when 

the observation period is different 
• Some formats cannot consider 

discontinuation  
• ‘Extra fill’ is permitted but hard to 

explain  
• Switch between drug groups may 

inflate the MPR 
Proportion of 
days covered 
(PDC)  

7%,81*	+)	/"#$!$%&&'#	/%*023	$&160)06	&1*0+/	
2%,81*	+)	/"#$	02	.ℎ1	&1*0+/	  

 

• Can use categorical or 
continuous variable  

• Mean of each patients’ PDC 
provides an overall adherence  

• SAS macro available 
• SAS code available for 

calculating time array  
• Provide more conserved value 

when drug frequently switched 

• Imprecise when calculating from 
only 1 dispensing  

• May underestimate the ‘real 
adherence’  

SUMMARY OF MPR AND PDC FROM PAPERS BY RAEBEL ET AL212, ANDRADE ET AL213, AND NAU ET AL214   
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FIGURE 3.1 EXAMPLE OF CALCULATION OF TRADITIONAL MPR, MPRM AND PDC  
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“_____________” represents supply duration for each script, “a to j” are time points with a being the first supply date, “a, b, e, f, i” represent the start of each supply, and “c, 
d, g, h, j” represent the end of the corresponding supply periods. ‘j’ represents the end of the study.  

Abbreviations: MPR, medication possession ratio; MPRm, medication possession ratio modified; PDC, proportion of days covered
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3.7 MEASURES OF PERSISTENCE  

Measures of persistence vary, but some are similar to the measure of adherence.212 

Using electronic claims databases is the most popular for measuring persistence. 

Studies have illustrated that the use of the PDC is one of the methods for estimating 

persistence on a continuous scale. The algorithm for calculating PDC persistence is 

similar to the way we calculate PDC medication adherence (Table 3.8). Another 

method, the ‘grace period’, plays a crucial role in estimating persistence from 

pharmacy claims data.271 To estimate persistence, we start at the first supply date and 

end at the first discontinuation of the medication or end of the study (or date of death). 

The discontinuation is defined as the first stop where days between two scripts that are 

more than the ‘grace period’ (e.g. 90 days), and the stop date is the last supply date 

before the first stop plus the drug duration. This method calculate the cumulative 

proportion of patients who are persistent using the Kaplan-Meier mehtod.212 281 There 

are four scenarios for persistence281: 1) if a patient is persistent up to death before the 

end of the study, then the time-to-stop is from the first supply date to date of death; 2) 

if a patient experiences a stop prior to death, then the time-to-stop is from the first 

supply date to stop date; 3) if a patient is alive at the end of study and persistent up to 

the end of the study, then the time-to-stop is from the first supply date to end of study; 

4) if a patient is alive and experiences a stop prior to the end of the study, then the 

time-to-stop is from the first supply date to the stop date. Studies have defined different 

grace periods to identify the stop gap but using 90 days as a grace period has received 

popularity. However, this is arbitrary and future studies may need to consider or 

investigate alternative stop gap periods. 
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3.8 POTENTIAL FACTORS ASSOCIATED WITH ADHERENCE AND PERSISTENCE 

Factors associated with medication adherence/persistence are similar. Hence, I have 

mainly focused on factors related to medication adherence in patients with HF. To 

reduce the levels of non-adherence, the WHO has separated the barriers from specific 

aspects, including patient-based factors, social and socioeconomic factors, condition-

related factors and therapy-related factors.282 This section summarises the studies of 

the factors associated with medication adherence in patients with HF. 

3.8.1 PATIENT-BASED FACTORS 

Gender is one of the major biological factors associated with adherence. Cholowski et 

al.283 illustrated that male patients were more likely to be non-adherent to HF 

medications because they frequently perceived discomfort from taking medications, 

which is consistent with other studies that demonstrated that men were less likely to 

be adherent to medication than women.284 285 In contrast, no association between 

gender and adherence.282 286 287 

Age is associated with medication adherence in HF patients, but studies have been 

inconsistent. A systematic review demonstrated that older patients were associated 

with high adherence.288 The authors suggested that younger patients with HF were 

more likely to be newly diagnosed, lack knowledge of the disease, and/or feel 

burdened with their pharmacy regimen and the side effects of medications. In contrast, 

older patients received more support for their medications and disease management 

due to visible symptoms of advanced disease. These findings are supported by some 

studies,285 286 289-297 while others have shown no significant association between age 

and adherence.282 283 287 298 Notably, the studies showing older age associated with high 

adherence generally had a younger mean age of patients than most HF patients (<75 
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years). However, the association of medication adherence and outcomes in age ≥75 

years is unknown, and this should be investigated.  

Low education level has been found to be a barrier to high adherence. Clark et al.299 

illustrated that patients with poor knowledge of pharmacological management of HF 

were associated with disease progression and even death. This is consistent with other 

studies300 301 where lower adherence of medications was associated with low education 

level. In contrast, two studies282 302 showed no correlation between patient knowledge 

and adherence in HF. Also, two systematic reviews303 304 suggested that level of 

education had no significant impact on the level of patient non-adherence in HF.  

Residential area is a factor for ‘good adherence’. A Canadian study305 found that HF 

patients from rural areas were less likely to adhere to ACE inhibitors/ARB and beta-

blockers than those in urban areas (ACE inhibitors/ARB: 74% vs 79%, beta-blockers: 

44% vs 54%, respectively). This could in part be due to patients from rural areas being 

associated with social isolation, financial constraints, lower education levels, shortages 

of healthcare system and facilities, distance to care, limited physicians contact and 

greater distance to access specialist cares.303 305 306 The lower adherence rates in rural 

areas suggests that system changes may be required to improve medication adherence. 

3.8.2 SOCIAL AND SOCIOECONOMIC FACTORS  

Cost is another barrier to medication adherence.303 306 Simpson et al.307 investigated 

the barriers to drug use in HF patients and found that cost was the most prohibitive 

factor to therapies, with 73% of patients not being able to afford the medication without 

help from health plans. Their study307 also found that 32% of patients had to make 

sacrifices (e.g. spend less on food) to pay for the medications. In a study concerning 

drug use behaviour under the constraints of a Medicaid prescription threshold, when 

patients exceeded the limits of the threshold, 42% did not get the medications at all, 
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37% changed the way the medication was taken (e.g. taking it less frequently than 

prescribed), and 11% took other people’s medication.308  

Social support, such as emotional support 309 (offering empathy, concern, love and 

trust) and instrumental support 310 (providing financial assistance or material services), 

improve adherence. Two studies 311 312 investigated the association between the level 

of social support and the level of adherence, using the multidimensional Scale of 

Perceived Social Support to measure social support. Sayers et al.311 found a 

relationship between medication and emotional support but not instrumental support. 

This study also measured the association between the involvement of family members 

and friends in patient care and medication adherence but did not find a significant 

association. In contrast, Wu et al.312 found that both emotional and instrumental 

support were significantly related to adherence when adherence was calculated as the 

amount of correct dose taken in a given day but not as the correct amount of doses 

taken at the right time. 

3.8.3 CONDITION-RELATED FACTORS  

The number of comorbidities was significantly associated with adherence levels in two 

studies but with contrasting results. The CHARM 298 identified a greater number of 

comorbidities associated with lower medication adherence. However, Cholowski et 

al.283 illustrated conflicting results in population-based settings showing no association 

between several comorbidities and low adherence. This was consistent with a small 

study282 (n=134) of HF patients that showed no association between comorbidity and 

medication adherence. Other studies 284 286 313 have investigated the relationship 

between individual comorbidity and adherence, and demonstrated that patients with 

comorbidities of diabetes, coronary artery disease, hyperlipidaemia and 

asthma/chronic obstructive pulmonary disease were associated with higher medication 
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adherence than patients with HF. Only one study showed that renal disease was related 

to lower adherence (calculated using MPR), but this increased when calculated as a 

continuous variable.313  

NYHA classifications are another predictor of adherence. One study showed that a 

higher NYHA class was associated with lower adherence when calculated as 

proportion of days of correct consumption.282 However, this study did not find a 

significant relationship between NYHA class and adherence when calculated as the 

percentage of doses taken or the percentage of doses taken on schedule. This is in 

contrast to another study showing that a higher NYHA class being related to higher 

adherence.286 Other studies have not found any association between NYHA class and 

adherence.282 287 298 

Three studies282 283 287 have investigated the relationship between depression and 

adherence in patients with HF, with inconsistent findings. One study283 showed that 

patients with depression were associated with ~3 times higher risk of non-adherence 

to medications. This is in contrast to the other two studies 282 287 that showed a non-

significant relationship. These inconsistent results may be due to the different 

measures of depression and adherence. Wu et al.282 used the Patient Health 

Questionnaire to measure depression and an electronic pill device to calculate 

adherence. In contrast, Schweitzer et al.287 and Cholowski et al.283 both used the Beck 

Depression Inventory to measure depression and used self-reporting information to 

measure adherence. The inconsistent association between depression and adherence in 

HF needs further investigation.  

3.8.4 THERAPY-RELATED FACTORS  

The number of drugs to be taken is a barrier for adherence. Studies314 315 have 

demonstrated that a one pill per day regimen could enhance medication adherence in 
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chronic disease. Wu et al.312 investigated 15 HF patients for an association between 

therapies and adherence through focus group and found that the number of medications 

taken per day was one of the barriers to adherence. One patient said “There’s just too 

much of it. They had me on too much medication….there’s too much of it.” Also, 

Blank et al.314 showed that a single-pill treatment effectively lowered blood pressure 

and low-density lipoprotein in patients with hypertension. Fixed-dose is another factor 

associated with an increase in adherence; Bangalore et al.316 showed that fixed-dose 

combination regimens reduced the risk of non-compliance by 24–26% compared to 

free-drug combination regimens after synthesising the data. In addition, Wu et al.312 

showed that medication side effects, such as overactive bowels, weight gain, low blood 

pressure and infection, prevents an increase in adherence. Another factor could be the 

difficulty to swallow larger pills because some patients said that larger pills are 

difficult to chew it.312  

In summary, there are several factors that influence medication adherence, but the 

results are inconclusive; barriers to medication adherence are varied and 

multidimensional. Identification and removal of these barriers can improve medication 

adherence, consequently reducing the high rates of death, length of stays in hospital 

and healthcare costs in patients with HF.  

3.9 STUDIES OF MEDICATION ADHERENCE/PERSISTENCE 

Studies that have examined medication adherence/persistence in HF patients are 

shown in Table 3.8. These could not be directly compared due to different cohorts 

investigated and different methods for calculating adherence.317  
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3.9.1 MEDICATIONS  

Studies29 231 284 305 313 318-323 have shown inconsistent adherence for ACE 

inhibitors/ARB and beta-blockers in patients with HF. This is due to different follow-

up periods for measuring adherence; here, I focused on 1-year adherence because most 

studies used 1-year followup post-discharge to measure adherence. Lamb et al.231 

studied the trends of 1-year adherence to ACE inhibitors/ARB and beta-blockers in a 

Canadian population-based cohort and found high levels of adherence to ACE 

inhibitors/ARB (80%) and beta-blockers (75%) in 2002–2003, which may have been 

because all patients in this study were discharged from hospitals and perceived the 

severity of their condition, which influenced chronic medication adherence. In contrast, 

Setoguchi et al.318 reported the proportion of patients with optimal 1-year adherence 

(PDC≥80%) to ACE inhibitors/ARB (54%) and beta-blockers (57%) in a US 

population, which were lower than the medication adherence levels reported by Lamb 

et al.231 The lower adherence may be due to the older age group (80 years vs 77 years), 

high % ischaemic heart disease comorbidity (70% vs 43%) and diabetes comorbidity 

(47% vs 22%). Other studies have shown different adherence across the drugs, but the 

rates were low, and this could be due to side effects, complexity of treatment, disease 

severity and poor understanding of treatment benefits.208 318 In particular, adherence 

to beta-blockers was low in some studies,305 318 which may be due to the high risk of 

adverse drug effects.324 

Two studies231 318 investigated the trends for 1-year adherence to ACE inhibitors/ARB 

and beta-blockers for a patient with HF from 1994 to 2004, with inconsistent findings; 

however, adherence rates for beta-blockers increased in both studies during the study 

period. Lamb et al.231 included 14198 patients, with a mean age of 77 years—the 

proportion of optimally adherent patients (≥80%) improved from 67% to 80% for ACE 
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inhibitors/ARB and 54% to 75% for beta-blockers from 1994 to 2003. The other 

study318 included 46278 patients, with a mean age of 80 years—the proportion of full 

adherence (PDC≥80%) did not change over time for ACE inhibitors/ARB (~54% in 

both 1996 and 2003) but increased slightly for beta-blockers (46% to 57% from 1996 

to 2003). The upward trends in the proportion of patients with optimised adherence to 

beta-blockers were plausible and may be due to the consistent upward trend in the 

prescription of beta-blockers at discharge. Medications at discharge may affect the 

subsequent adherence to these corresponding medications. However, to our best 

knowledge, no studies have investigated long-term adherence post-discharge.  

Persistent use of ACE inhibitors/ARB and beta-blockers also varied across studies.313 

319 324-326 Roe et al.313 included 869 HF patients—after ten months of follow-up, 77.6% 

of patients had continued treatment with ACE inhibitors but this study did not identify 

the clear methods to define a persistent user. Another study324 showed ~65% and ~55% 

of patients still on treatment with ACE inhibitors and beta-blockers 8-years and 5-

years post-discharge in patients with HF in the Netherlands. This study324 identified 

persistence as patients prescribed at least two scripts per year. Further, a population-

based Denmark study325 included 107092 patients, using a break of >90 days to 

identify non-persistent users; after five years of treatment, 79% and 65% of patients 

still used ACE inhibitors/ARB and beta-blockers, respectively. These studies cannot 

directly be compared due to varied definitions of persistence; future studies need to 

use valid methods to evaluate the persistent use of medications in HF.  

Most patients with HF take more than one cardiovascular drug and thus, needs to be 

considered when measuring adherence. For patients with multiple medications, single 

substance classes are usually analysed first, and the results summarised as an average 

MPR or PDC for each patient.230 256 271 327-329 However, Arnet et al330 suggested a new 
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calculation method for multiple medications that determined how many of the 

observed drugs were taken every day of the observation period. This method has been 

successfully applied for patients after acute myocardial infarction.331  

3.9.2 METHODS 

Several methods have been used to estimate adherence/persistence. For medication 

adherence, two studies298 332 used pill counts to estimate adherence in RCTs. Both 

showed that ~90% of patients had ≥80% adherence to candesartan or placebo. 

However, it is not possible to use the pill count method practical for estimating 

adherence in a population-based study. Another study333 used serum concentration to 

estimate adherence to digoxin but this study was limited by the small sample size and 

generalisability to the general population of HF patients. Wu et al.312 320 used MEMS 

to estimate adherence, but again it is not possible to apply this method in large 

population studies. Other methods have been used to estimate adherence, such as 

surveys, 323 326 but this method was not valid and difficult to estimate the daily 

compliance.  

In contrast, most authors 230 231 305 318 319 321 have used PDC to calculate adherence in 

population-based settings, with mean PDCs ranging from 60–80% for both ACE 

inhibitors/ARB and beta-blockers. Two studies284 313 used MPR to estimate adherence, 

with mean MPRs of ~72% for ACE inhibitors/ARB. MPR and PDC were highly 

correlated with almost identical results for estimating adherence in one drug group. 

However, the PDC adherence method for adherence is more robust for drug switching 

and concurrently used drug than the MPR method because PDC counts the days that a 

patient has medication available, thereby avoiding the over counting of excess supply 

from switching or early refills. Patients with HF are more likely to prescribe more than 

one drug and switch from one drug group to another; hence, PDC is the suitable 
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method for estimating adherence in HF patients. However, no studies have compared 

or validated MPR and PDC methods in HF patients.  

Three studies313 324 325 have examined the persistence of medication in HF. Only one 

study325 used a ‘grace period’, a break of ≥90 days, to identify non-persistence with 

the medications. Breaks in therapy are common, but patients who experience breaks 

of shorter duration usually reinstate therapy. Gislason et al.325 showed that for breaks 

of ≥7 days, nearly 95% of patients experienced a break for beta-blockers and ACE 

inhibitors/ARB. However, ~90% of patients reinstate the corresponding treatment 

within one year. Even in the study that defined 90 days as a break, ~50% of patients 

reinstated their treatment within 1 year. This demonstrates that breaks in treatment are 

dynamic factors, in contrast to other studies that consider a break-in treatment 

equivalent to discontinuation of treatment.  

3.9.3 POPULATIONS  

Medication adherence/persistence may differ between populations included in studies. 

The CHARM clinical trials298 332 recruited patients with NYHA Class II–IV and 

showed that ~90% of patients had adherence ≥80% for candesartan or placebo. No 

observational studies have shown medication adherence in patients with other NYHA 

classifications; however, Fitzgerald et al.230, Lapointe et al.326 and Muzzarelli et al.333 

identified patients with HFrEF to estimate their adherence. Only Fitzgerald et al.230 

used the PDC method and reported ~87% of patients with PDC≥80% for ACE 

inhibitors/ARB, beta-blockers and spironolactone. Other studies326 333 used a survey or 

serum concentration to estimate adherence. Most studies included the spectrum of HF 

and showed low adherence/persistence compared to studies that only included HFrEF.  

In summary, several methods have been used to estimate medication 

adherence/persistence, but the results cannot be directly compared, which leads to 
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confusion for health professionals when formulating strategies to optimise medication 

adherence. Furthermore, no studies have examined long-term adherence of patient 

post-HF discharge.  
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TABLE 3.8 SUMMARY OF STUDIES OF MEDICATION ADHERENCE AND PERSISTENCE TO EVIDENCE-BASED MEDICATIONS IN PATIENTS WITH HEART FAILURE  

Authors  Country  Inclusion 
criteria  

Medications  Total number 
(n), % male 
(mean age)  

Years of 
estimation of 
adherence/ 
persistence  

Measures of 
adherence/ 
persistence  

Results 

Roe et 

al.1999313 

US All HF 

patients  

ACE inhibitors 869 patients, 

63.2% male 

(59.6 yrs)  

10 to 17 

months for 

adherence. 

180 days for 

persistence 

MPR 

No defined 

persistence 

Overall, mean MPR 0.71, 

77.6% of patients persisted 

with therapy 

Evangelista et 

al. 2001302 

US  All HF 

patients  

Not stated 82 patients, 

62.2% male 

(70 yrs)  

2 weeks  Modified version 

of compliance 

questionnaire 

96.3% of patients were 

considered adherent (score 

≥75%) 

Bouvy et al. 

2003324 

Netherlands All HF 

patients  

ACE inhibitors, 

beta-blockers  

2764 patients  8 years  Persistence  Persistence: ACE inhibitors: 

65%, Beta-blockers (5-

years): ~55% 

Granger et al. 

2005332 

26 

countries  

NYHA II–IV, 

EF≤40% or 

EF>40% 

Candesartan  7599 patients, 

68.4% male 

(66.0 yrs) 

Median 24 

months  

Pill count 89% had adherence ≥80, 

11% had adherence <80 

Abbreviations: US, United States; HF, heart failure; ACE inhibitors, angiotensin-converting enzyme inhibitors; MPR, medication possession ratio; NYHA, New York Heart 
Association Classification; EF, ejection fraction; ARB, angiotensin II receptor blockers. 
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TABLE 3.8 CONTINUED 

Authors  Country  Inclusion 
criteria  

Medications  Total number 
(n), % male 
(mean age)  

Years of 
estimation of 
adherence/ 
persistence  

Measures of 
adherence/ 
persistence  

Results 

Newby et 

al. 2006323 
US CAD with 

EF<40% 
ACE inhibitors  8914 with HF, 

69% male  

(63 yrs)  

1 year  2 consecutive 

surveys as 

continuing users 

2217 (24.9%) continued using 

ACE inhibitors 

Bagchi et al. 

2007284 

US  All HF 

patients  

ACE inhibitors and 

ARB combined 

adherence  

45572 patients, 

29.7% male  

1 year  MPR Mean MPR: 0.719  

Gislason et 

al. 2007325 

Denmark  All HF 

patients  

RAS inhibitors, 

beta-blockers and 

spironolactone 

separated 

107092 patients, 

52% male  

(74.8 yrs) 

5 years  Grace period 90 

days, presented 

by K-M curve 

5-year persistence rates: 79% 

for RAS inhibitors and 65% 

beta-blockers 

Wu et al. 

2008282 

US  All HF 

patients  

ACE inhibitors, 

diuretics, beta-

blockers and 

digoxin combined  

134 patients, 

70% male  

(61.2 yrs)  

3 months  MEMS  Mean % of prescribed dosed 

(89%), mean % correct number 

of dose (81%), mean correct 

dose on schedule (67%) 

Abbreviations: US, United States; HF, heart failure; RAS inhibitors, renin-angiotensin system inhibitors; MPR, medication possession ratio; NYHA, New York Heart Association 
Classification; EF, ejection fraction; ACE inhibitors, angiotensin-converting enzyme inhibitors; MEMS, medication event monitoring system; PDC, proportion of days covered; 
RASI, renin-angiotensin system inhibitors; CAD: coronary artery disease.   
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TABLE 3.8 CONTINUED 

Authors  Country  Inclusion 
criteria  

Medications  Total number 
(n), % male 
(mean age)  

Years of 
estimation of 
adherence/ 
persistence 

Measures of 
adherence/ 
persistence 

Results 

Wu et al. 

2009320 

US  All HF 

patients  

ACE inhibitors, 

beta-blockers 

any one of those 

135 patients, 

59% male  

(61 yrs) 

3 months MEMS  75 patients (55.5%) adherent 

60 patients (44.5%) non-adherent  

Lamb et al. 

2009231 

Canada  All HF 

patients  

ACE 

inhibitors/ARB, 

beta-blockers 

separated  

8805 patients, 

51% male  

(77 yrs)  

1 year Fill-

frequency, 

PDC  

74% and 67% of patients with optimal 1-

year adherence (≥80%). From 1994/1995 

to 2002/2003, % of optimal adherence 

increased from 54% to 74% with beta-

blockers and 67% to 80% with ACEI/ARB. 

Mean adherence improved from 71% to 

83% for beta-blockers and 80% to 88% for 

ACEi/ARB 

Allen 

LaPointe 

et al. 

2009326 

US CAD 

patients 

with 

EF<40% 

ACE 

inhibitors/ARB 

and beta-

blockers 

separated  

3187 patients, 

73% male  

(64 yrs) 

Not stated  Survey  42% persisted with beta-blockers, 42.5% 

persisted with ACEi/ARB 

Setoguchi 

et al. 

2010318 

US  All HF 

patients  

ACE 

inhibitors/ARB, 

beta-blockers 

and 

spironolactone 

separated  

46278 patients, 

28% male  

(80 yrs) 

1 year PDC  From 1996–2003, good adherence 

(PDC>80%) did not change over time for 

ACEI/ARB (~54%), slightly increased for 

beta-blockers (47–57%), increased for 

spironolactone (31–42%) 
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Abbreviations: US, United States; CAD, coronary artery diseases; HF, heart failure; MPR, medication possession ratio; EF, ejection fraction; ACE inhibitors, angiotensin-
converting enzyme inhibitors; ARB, angiotensin II receptor blockers; PDC, proportion days covered   
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TABLE 3.8 CONTINUED 

Authors  Country  Inclusion 
criteria 

Medications  Total number 
(n), % male (mean 
age)  

Years of 
estimation 
of 
adherence/ 
persistence 

Measures of 
adherence/ 
persistence 

Results 

Muzzarelli et 

al. 2010333 
Switzerland  EF<45% Digoxin  40 patients, 83% 

male (69 yrs) 
6 months  SDC 30 patients had good adherence 

(SDC>0.4 ng/mL) 
Dunlay et al. 

2011321 

US  All HF 

patients  

ACE inhibitors/ARB, 

beta-blockers and 

spironolactone 

separated  

209 patients, 59% 

male (73.7 yrs) 

6 months  PDC  % of patients PDC≥80%: ACEi/ARB: 

81%, Beta-blockers: 81%, 

Spironolactone: 87%  

Fitzgerald et 

al. 2011230 

US EF<50% ACE inhibitors/ARB 

and spironolactone 

combined  

557 patients, 

59.2% male 

3 months  PDC 86.5% had PDC≥80%; 13.5% had 

PDC<80% 

Curtis et al. 

2013334 

US  EF<35% Aldosterone 

antagonists  

2086 patients, 55% 

male (76 yrs)  

1 year  MPR 

persistence  

Median MPR: 0.63, 55% of patients still 

on MRA treatment 

Murphy et al. 

2015305 

Canada  New HF 

patients  

ACE inhibitors/ARB, 

beta-blockers and 

spironolactone 

separated  

10430 patients, 

47% male  

(80.2 yrs) 

1 year PDC  % of HF patients from rural vs urban 

with good adherence (>80%) on 

ACEi/ARB (65.6 vs 69.8%, p=0.001), 

Beta-blockers (50.0% vs 54.2%, 

p=0.002), Spironolactone (56.0% vs 

49.6%, p=0.008) 

Abbreviations: US, United States; HF, heart failure; MPR, medication possession ratio; ACE inhibitors, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor 
blockers; PDC, proportion days covered; SDC, serum digoxin concentration 
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3.10 MEDICATION ADHERENCE/PERSISTENCE AND OUTCOMES 

Several studies have investigated the effects of medication adherence/persistence on 

outcomes (Table 3.9) and showed that poor adherence/persistence is associated with 

an increase in deaths, hospitalisations, emergency visits and healthcare costs. This 

section discusses the effects on deaths and hospitalisations, and the cut-offs in 

separating ‘good’ adherence from ‘poor’ adherence and the ‘healthy adherer bias’. 

The included studies have used varying methods to estimate medication adherence; 

those found good adherence to medication were associated with a lower risk of death. 

Wu et al.320 used MEMS to show that non-adherence (adherence <88%) relative to 

adherence rates (≥88%) were associated with a 2.2-times higher risk of death. This is 

consistent with studies using claims database, which showed that  a 10% increase in 

PDC measured adherence was associated with an 11%, 6% and 9% reduction in 

emergency department visits, hospital admissions and deaths, respectively.29 When 

stratified by EF, patients with HFrEF with PDC<80% for ACE inhibitors/ARB and 

beta-blockers were associated with a 56% and 72% higher risk of death, 

respectively.230 This was the first to estimate adherence in the claim database for 

patients with HFrEF; however, the sample size was too small (n=557), limiting its 

generalisability. No studies have used ‘real-world’ data of sufficient sample size to 

estimate the adherence-outcome relationship in heart failure; this would identify 

patterns of outcome change with adherence on a continuous scale.  

Studies323 325 326 335 have shown associations between persistence with ACE 

inhibitors/ARB and beta-blockers and outcomes using different methods and 

populations. The largest effects of non-persistence on outcomes were seen in Mockler 

et al.335, which defined non-persistence as stop therapy during the study period—non-
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persistence to EBM was associated with 4.5 times and 3.2 times higher cardiovascular 

hospitalisation and all-cause hospitalisation, respectively. However, this study could 

not clearly define the stop, and the small sample size (n=183) limited its 

generalisability. In contrast, Gislason et al.325 used ‘real-world’ data to show that non-

persistence with ACE inhibitors/ARB and beta-blockers was associated with 37% and 

25% higher risk to all-cause death, respectively. It is a possible that the increased 

mortality was partly caused by confounding-by-indication (e.g. sicker patients did not 

tolerate the medication and therefore discontinued treatment, shortly before death). 

However, this study used the gap of ≥90 days; thus, patients who died after a shorter 

break-in therapy were censored in the mortality analysis, which avoided the possibility 

that patients who stopped treatment due to increased morbidity in the proximity of 

death would bias the relative risk estimates. Another potential explanation is ‘health 

adherer bias’ which will be discussed later.  

Some studies have examined the effects of medication adherence or persistence on 

outcomes and highlighted the importance of increasing medication adherence to 

reduce the risk of adverse outcomes. However, these studies were limited by their 

small sample size, fewer outcomes and restricted generalisability. Population-based 

studies will provide a comprehensive understanding of the association of medication 

adherence/persistence on outcomes. The results from population-based studies will 

provide information for health professionals to improve adherence to patients with HF.  

A number of studies have used ‘80%’230 231 298 305 318 321 332 or ‘75% or 90%’320 to 

differentiate ‘poor’ adherence from ‘good’ adherence. Wu et al.320 estimated these cut-

offs using the Cox regression model to identify the best fit for predicting the 

association between adherence and outcomes, and used the Receiver Operating 

Characteristic curve to test the sensitivity of the selected cut-off (88%). In contrast, the 



CHAPTER 3. LITERATURE REVIEW  

 PAGE | 100 

rationale for other studies using 75%, 80%, 88% or 90% was either not given or 

arbitrarily chosen.336-339 Arbitrary cut-offs will lead to inappropriate recommendations 

for optimal adherence to reduce adverse outcomes. In a contemporary study of 

hypertension medications, 340 the investigators applied restricted cubic splines, which 

will be detailed later, to investigate adherence-outcome patterns for various cut-offs. 

Further, use of this method can appropriately identify the correct amount of medication 

adherence for patients to improve survival. Arbitrary cut-offs have led to inconsistent 

results in terms of the associations between adherence and outcomes.320 Without an 

evidence-based cut-off, it is difficult to identify reliable results.  

Researchers have raised the concerns regarding to the ‘healthy adherer bias’.28 251 332 

A healthy adherer bias implies that patients with better persistence of treatment also 

have healthier lifestyles than patients with poorer adherence/persistence, and therefore 

good adherence/persistence of treatment is a surrogate marker for overall healthier 

behaviour.28 This assumption was supported by a post-hoc analysis of randomised, 

controlled clinical trials where even the adherence to placebo was associated with 

better outcomes for patients than those who were non-adherent to active treatment.332 

The first study to illustrate this bias was the Coronary Drug Project,341 which involved 

clofibrate. Similar findings were evident in the CHARM study,332 where patients with 

HF showed good adherence to placebo had 36% lower risk of all-cause death. It 

appears that patients who take their medication regularly are also more likely to 

perform other healthy activities, such as eating properly or exercising regularly. 

However, these behaviours are often not measured directly in prospective or 

retrospective studies.  
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TABLE 3.9 STUDIES OF THE ASSOCIATION BETWEEN MEDICATION ADHERENCE/PERSISTENCE TO EVIDENCE-BASED MEDICATION AND OUTCOMES IN PATIENTS WITH HEART FAILURE  

Authors  Inclusion 
criteria 

Medications  Total number 
(n), % male, 
(mean age)  

Follow-up for 
adherence/ 
persistence  

Measures of 
adherence/ 
persistence  

Definition of 
adherence/ 
persistence  

Results 

Granger 

et al. 

2005332 

NYHA II–

IV, 

EF≤40% or 

EF>40% 

Candesartan  7599 patients, 

68.4% male, (66 

yrs) 

median 24 

months  

Pill count Adherence>80% as 

good adherence  

Good adherence to candesartan had 

34% lower risk for all-cause death 

(p<0.0001). Good adherence to 

placebo also associated with a 38% 

reduction in all-cause death 

(p<0.0001) 

Newby 

et al. 

2006323 

CAD with 

EF<40% 

ACE 

inhibitors  

8914 patients 

with HF, 69% 

male (63 yrs) 

1 year  2 consecutive 

surveys as 

continuing 

users 

Consistent user on 

at least two 

consecutive 

occasions during 

period 

Consistent users of ACE inhibitors 

associated with 25% reduction in 

mortality 

Gislason 

et al. 

2007325 

All HF 

patients  

RAS 

inhibitors, 

beta-

blockers and 

spironolacto

ne separated 

107092 

patients, 52% 

male (74.8 yrs)  

5 years  Grace period 

of 90 days, 

presented by 

K-M curve  

Non-persistence, 

breaks of therapy 

≥90 days  

Non-persistent treatment of RAS 

inhibitors associated with a 37% 

higher risk of death. Non-persistent 

treatment of beta-blockers 

associated with a 25% higher risk of 

death 

Sun et 

al. 

2008322 

All HF 

patients  

RAS 

inhibitors  

799 patients, 

58.8% male 

(65.7 yrs)  

1 year  MPR, 

persistence 

Good adherence: 

MPR≥80%, non-

persistence: 

gap >30 days  

Adherence and persistence 

associated with lower health care 

costs (HF, p<0.001 for all 

comparisons, p<0.012 for adherence 
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and cardiovascular cost, p<0.031 for 

persistence and cardiovascular cost) 

Abbreviations: NYHA, New York Heart Association Classification; EF, ejection fraction; CAD, coronary artery disease; ACE inhibitors, angiotensin-converting enzyme inhibitors; 
HF, heart failure; RAS inhibitors, renin-angiotensin system inhibitors; MPR, medication possession ratio.  
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TABLE 3.9 CONTINUED 

Authors  Inclusion 
criteria  

Medications  Total number (n), % 
male (mean age)  

Years of 
estimation of 
adherence/ 
persistence  

Measures of 
adherence/ 
persistence  

Definition of 
adherence/ 
persistence  

Results  

Granger 

et al. 

2009298 

NYHA II–IV, 

EF≤40% or 

EF>40% 

Candesartan  2400 female (68.1 

yrs) 

5199 male (64.8 yrs) 

1-year  Pill counts  Adherence>80 as 

good adherence  

Poor adherence, regardless of 

gender, associated with a 

higher risk of death 

Mockler 

et al. 

2009335 

All HF 

patients 

ACE inhibitors, 

ARB, beta-

blockers and 

aldosterone 

antagonists 

combined  

183 patients, 67.2% 

male (70.2 yrs)  

12 weeks  Patients who 

discontinued 

therapy during 

study period  

Patients who 

discontinued 

therapies for any 

period as non-

persistence group  

Compared to persistence 

group, non-persistence group 

was associated 4.45 times 

and 3.20 times more with 

CVD readmission and all-

cause readmission, 

respectively 

Wu et 

al. 

2009320 

All HF 

patients  

ACE inhibitors, 

beta-blockers 

any one of 

those 

135 patients, 59% 

male (61 yrs) 

3 months MEMS  Adherence≥88% 

as high 

adherence, 

adherence<88% 

as low adherence  

On the basis of dose count, 

non-adherence associated 

with 2.21 times higher risk of 

death. In terms of dose days, 

non-adherence associated 

with 3.17 times higher risk of 

death 

Allen 

LaPoint

e et al. 

2009326 

CAD patients 

with EF<40% 

ACE 

inhibitors/ARB 

and beta-

blockers 

separated  

3187 patients, 73% 

male (64 yrs)  

Not stated  Survey  Persistence as two 

follow-up surveys  

Persistence with beta-

blockers associated with a 

27% reduction in death. 

Persistence with ACEi/ARB 

not associated with death 
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Abbreviations: HF, heart failure; ACE inhibitors, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; CVD, cardiovascular disease; MEMS, 
medication event monitoring system; CAD, coronary artery disease; PDC, proportion days covered.  
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TABLE 3.9 CONTINUED 

Authors  Inclusion 
criteria  

Medications  Total number 
(n), % male 
(mean age)  

Years of estimation of 
adherence/persistence  

Measures of 
adherence/ 
persistence  

Definition of 
adherence/persis
tence  

Results  

Fitzgerald 

et al. 

2011230 

EF<50% ACE 

inhibitors/ARB 

and 

spironolactone 

combined  

557 patients, 

59.2% male 

3 months  PDC PDC>80% as high 

adherence  

Compared to PDC≥80%, 

PDC<80% had higher risk of 

death: Beta-blockers (56%), 

ACEi/ARB (72%), Spironolactone 

(200%) 

Hood et 

al. 201829 

All HF 

patients  

ACE inhibitors, 

ARB and beta-

blockers 

separated 

55312 patients, 

46% male (68 

yrs)  

Not stated PDC PDC as a 

continuous 

variable  

10% PDC increase reduced 

emergency visits by 11%, 

hospital admissions by 6% and 

total length of stay by 2% 

Abbreviations: HF, heart failure, ACE inhibitors, angiotensin-converting enzyme inhibitors, ARB, angiotensin II receptor blockers; CVD, cardiovascular disease; PDC, proportion 
days covered; EF, ejection fraction. 
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3.11 SUMMARY OF REVIEW OF LITERATURE  

HF is a chronic, progressive and fatal syndrome associated with advancing age. 

Pharmacotherapies are the cornerstone to improving survival; however, current 

treatment benefits are mainly for patients with HFrEF with a range of NYHA 

classifications. In contrast, RCTs have disappointing survival results and modest 

hospitalisation benefits for pharmacotherapies in patients with HFpEF. Observational 

studies have illustrated that in-hospital/discharge medications are associated with a 

lower risk of hospitalisation and death in patients with HFrEF. Despite the treatment 

benefits at discharge, previous studies have not examined whether persistence with 

these oral therapies in the early post-discharge period are associated with improved 

survival. The early post-discharge period after acute HF hospitalisation is often 

described as a ‘vulnerable period’ during which persistence or adherence to treatment 

regimens may be suboptimal.  

Medication adherence and persistence is crucial for reducing hospitalisations and 

deaths in patients with HF. There are various methods for estimating adherence and 

persistence; the use of claim databases being the most common. MPR and PDC are the 

most popular calculations in the claim data, but the mathematical calculations are not 

standardised, resulting in confused adherence calculations and difficulties with clinical 

interpretation. Importantly, no studies have compared methods for estimating 

adherence in HF cohorts using claims databases, leaving a gap in knowledge on which 

method is preferred based on evidence. 

Previous studies have shown that the use of evidence-based medications at discharge 

has increased over time, but medication adherence to these oral therapies remained 

suboptimal. While medication adherence increased over time for beta-blockers, 
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especially from 1999–2004, the long-term adherence and persistence patterns post-HF 

discharge were limited in the Australian population. Several factors have been 

associated with medication adherence or persistence, but the findings are inconclusive 

due to a range of factors across the studies. This needs to be further investigated in a 

population-based cohort.  

Good adherence is associated with a decreased risk of hospitalisation, deaths and 

health care costs. However, the definition of ‘good’ adherence has been arbitrary in 

previous studies without sufficient evidence. Further, adherence-response has not been 

studied to identify associations between the risk of outcomes and adherence on a 

continuous scale. Application of a novel method to illustrate adherence-response 

relationships is important to identify optimal adherence threshold below which the risk 

of outcomes increased. 

Much of the relevant literature originates from North America, Europe and developed 

regions in Asia. In general, there is a paucity of epidemiological studies on 

pharmacotherapies for HF in Australia. As the population ages, HF patients at higher 

risk of poor outcomes will become prime targets for clinicians and policymakers who 

are endeavouring to reduce the burden of disease relating to HF. 
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CHAPTER 4. GENERAL METHODOLOGY – DATA SOURCES  

The availability of administrative linked data in Western Australia (WA) provides a 

unique capability to perform epidemiological research in a whole population-based 

setting, especially when linked to pharmacy claims data. The ability to interpret results 

from the data requires an understanding of the data sources and knowledge of the 

limitations of these data. Therefore, this chapter introduces the data sources used in 

this thesis, including the WA Data Linkage System (WADLS), Hospital Morbidity 

Data Collection (HMDC) and Pharmaceutical Benefits Scheme (PBS) data, and their 

limitations. The cohort selection, data extraction, outcomes of interest and general 

statistical methods will be discussed in the next chapter. 

4.1 WADLS 

The WADLS is a comprehensive population-level data system that was established in 

1995 and has been used extensively for health and epidemiological research.342 The 

collection of databases is among the most comprehensive in Australia and compares 

favourably with leading systems internationally, specifically the Oxford Record 

Linkage Study, Scottish Record Linkage System, Rochester Epidemiology Project and 

Manitoba Center for Health Policy.342 343 The multi-database systematic infrastructure 

enables whole population health research, most reliably from 1980 onwards.344  

The WADLS currently comprises eight core health administrative data collections that 

capture all the records involving hospitalisations, birth, death, cancer, emergency 

department attendance, mental health visits, midwives notifications and WA electoral 

roll for the entire WA population (Figure 4.1).345 The core databases are linked by the 

Data Linkage Branch (DLB), operating within the WA Department of Health 



CHAPTER 4. GENERAL METHODOLOGY – DATA SOURCES 

 PAGE | 109 

(WADOH). The linkage of databases by the DLB uses computerised probabilistic 

matching involving full names and address, phonetic compression and other identifiers 

to routinely link the eight core collections and over 30 administrative and research 

health databases (Figure 4.1).342 346 347  

 
FIGURE 4.1 CORE DATABASES OF THE WA DATA LINKAGE SYSTEM AND ADDITIONAL DATA SOURCES 

AVAILABLE FOR LINKAGE.345  

 

The WADLS is one of many well-established data linkage systems worldwide. It 

brings together person-level information from different sources without compromising 

the privacy of individuals and is particularly useful in the longitudinal research of 

health-related issues in the WA population.342 347 

Initially, linked data was only available from WA sources through the WADLS, 

including records from core databases such as birth and death registrations, and private 

and public hospital discharge summary records. However, this imposed limitations on 
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more widespread health services research because the Medicare Benefits Scheme 

(MBS) and prescriptions from PBS data were not available. In Australia, these services 

are under the jurisdiction of the Commonwealth Government.342 However, in 2001, an 

important agreement allowed the linkage of health data held by WA state and 

Australian Commonwealth jurisdictions for a pilot study of nearly 150,000 WA 

diabetic patients over the period 1990–1999.343 348 The success of this project led to a 

Commonwealth-state agreement in 2003 for a more comprehensive linkage of health 

records from MBS and PBS sources to the entire WA population. In 2005, the links to 

available MBS and PBS data were finalised, and data were released from early in 

2007.343  

4.2 HMDC AND DEATH REGISTRATIONS 

Since the 1970s, the HMDC contained a record of principal and all secondary 

discharge diagnoses for all patients discharged from all private and public hospitals in 

WA. It is one of the eight main databases regularly linked by the DLB to other 

administrative database such as death registrations.342 Administrative and 

sociodemographic data (e.g. sex, age, postcode, Indigenous status, insurance status) 

are recorded together with the principal diagnosis at separation, secondary diagnosis 

(contributing and co-existing conditions), and all procedures performed during the 

episode of care. The summary of clinical data obtained at hospital discharge is 

recorded using the International Classification of Disease (ICD) codes.  

The WADOH has been responsible for the HMDC since the 1970s and data from WA 

hospitals has been supplied electronically to the WADOH for linkage. The WADOH 

has a rigorous quality assurance program, including visits to hospitals throughout WA, 

to audit the clinical coding practices and to ensure that clinical coders are using the 

correct coding system. In addition, the WADOH trains coding clerks and provides 
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continuing education programs, all of which are designed to provide a high standard 

of the data in HMDC.  

All patients who are admitted to a WA hospital are assigned a unique de-identified 

‘root number’ in the HMDC, which enables multiple admissions pertaining to the same 

patient to be linked. To analyse patterns of admission of patients, it is necessary to link 

all records pertaining to the same patient in a consecutive chain. This is the process of 

data linkage and makes use of probabilistic matching of records thought to belong to 

the same patient, to bring together all records that have been matched.  

For this thesis, the HMDC was the core dataset used for the study. The HMDC was 

used to identify patients with an index hospitalisation (first in period) for HF between 

2003 and 2008. Comorbidities and the Charlson Comorbidity Index were identified 

with a fixed 20-year look-back period from the index hospitalisation using ICD 

manuals (ICD-9-Clinical Modification (CM) and ICD-10-Australian Modification 

(AM)), and the Charlson comorbidity index349 calculated. These were linked to the 

death registry study data which extended to 31 December 2015. Variables in the death 

data file that were used in the analyses were the date of death and cause of death (ICD 

code). Data contained in the HMDC are consistent with the definitions published in 

the National Health Data Dictionary,350 and can be categorised into four main groups: 

unique identifiers, sociodemographic details, service and administrative information 

and clinical details (including principal and secondary diagnosis fields and procedure 

fields). The clinical information is coded according to the ICD system, which is a 

World Health Organization endorsed system for the classification of morbidity and 

mortality information for statistical purpose.351,352 In this thesis, I used multiple 

versions of the ICD-9-CM and ICD-10-AM to identify index hospitalisations for HF 

from 2003 to 2008.  



CHAPTER 4. GENERAL METHODOLOGY – DATA SOURCES 

 PAGE | 112 

4.3 PBS 

The PBS is the nationwide government-subsidised program for prescription medicines, 

managed by the Commonwealth Department of Health and administered by the 

Department of Human Service.353 The PBS database contains records of pharmacy 

claims for subsidised medicines dispensed to patients from prescriptions and supplied 

from PBS approved community pharmacies, private hospitals, and various public 

hospitals. The scheme is available to all Australian citizens and permanent residents 

who hold a current Medicare card and some overseas visitors who come from countries 

which have a Reciprocal Health Care Agreement with Australia. The PBS works by 

subsidising the cost of prescribed medicines for Australian consumers to make them 

more affordable.354 The Australian government reimburses approved pharmacies for 

PBS-listed medicines, subsidising approximately 75% of medicines registered for use 

in Australia.354 355  

Financially, the PBS depends on co-payments, which is the amount the patient pays 

towards the cost of the PBS medicine.356 To ensure affordability of medicines for all 

Australians, the amount of co-payment for the subsidised medicine under the PBS 

depends on the patients’ beneficiary status. There are two patient beneficiary 

categories in the PBS: general beneficiaries and concessional beneficiaries. The latter 

are people who are eligible to receive government entitlements, including pensioners, 

low-income earners, and Indigenous Australians living with or at risk of chronic 

illness.357 Eligible veterans and their dependents holding a Department of Veterans’ 

Affairs health care card are also entitled to subsidised medicines, and additional 

pharmaceutical items at concessional rates under the Repatriation PBS.358 Residents 

who are concessional beneficiaries have a lower co-payment than general beneficiaries. 

The co-payments are adjusted on 1 January each year in line with the Consumer Price 
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Index.359 Table 4.1 shows the co-payment amounts for concessional and general 

beneficiaries during the study period of 2003 to 2008. If the cost of the drug is higher 

than the patient co-payment, the government pays the remaining cost after subtracting 

the co-payment, and the dispensing record for the drug appears in the PBS dataset.354 

Else if the patient pays for the drug in full (cost of the drug is below the co-payment) 

then the dispensing was not recorded in the PBS database. The cost of many 

cardiovascular medications is higher than the patient co-payment for concessional 

beneficiaries, and hence, the majority of dispensing records for concession card 

holders will appear in the PBS database. 

 

TABLE 4.1 THE CO-PAYMENT AMOUNTS FOR CONCESSIONAL AND GENERAL BENEFICIARIES FROM 2003 

TO 2008.359  

Year General beneficiaries Concessional beneficiaries 

2003 $23.10 $3.70 

2004 $23.70 $3.80 

2005 $28.60 $4.60 

2006 $29.50 $4.70 

2007 $30.70 $4.90 

2008 $31.30 $5.00 

 

Despite government assistance in subsidising the cost of medicines, some patients still 

have a large cost burden for drugs required for their multiple chronic diseases. The 

PBS safety net was established to provide financial assistance to individuals and their 

families who spend large amounts on medicines in a calendar year.360 Once a family 

collectively spends over the safety net threshold amount, the subsequent cost of 

dispensing for all family member is reduced such that general beneficiaries pay the 

concessional co-payment amount, and concessional beneficiaries receive medicines 
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free of charge until the end of the year. Table 4.2 shows the safety net threshold for 

concessional and general beneficiaries from 2003 to 2008. 

 

TABLE 4.2 PBS SAFETY NET THRESHOLDS FOR CONCESSIONAL AND GENERAL BENEFICIARIES FROM 2003 

TO 2008.360 

Year General beneficiaries Concessional beneficiaries 

2003 $708.40 $192.40 

2004 $726.80 $197.60 

2005 $874.90 $239.20 

2006 $960.10 $253.80 

2007 $1059.00 $274.40 

2008 $1141.80 $290.00 

 

The PBS dataset for this thesis contained records from 1 July 2002 to 30 June 2011. 

The study cohort was limited to all patients who were concession card holders during 

the study period because for these patients the cost of many cardiovascular medications 

was higher than the patient co-payment and the dispensing record appeared in the PBS 

database. In a report from the Australian Bureau of Statistics, approximately 90–95% 

of Australians aged ≥65 years had a concession card during the study period.361 

Therefore, I also limited the cohort to patients aged 65-84 years. The PBS variables I 

used in my thesis are listed in Table 4.3.  
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TABLE 4.3 VARIABLES FROM THE PBS DATASET USED IN MY THESIS. 

Variable Description 

Medication details   

ATC code  Internationally accepted, WHO-defined codes that classify 

medicines over five levels, starting with the anatomical site 

of action and ending specifically with the chemical 

substance 

PBS item code  Unique PBS codes that identify the drug and strength 

Prescription details   

Date of prescription  Date the prescription was written by a doctor 

Date of supply  Date the medicine was supplied/dispensed by the pharmacy 

Regulation 24 status  Indicates that the original supply and all repeats were 

dispensed at once 

Patient details   

Patient category  The beneficiary status of patients (concession cardholder or 

general beneficiary) 

Measures of utilisation   

Quantity  The quantity of medicine supplied to the patient 

Number of 

dispensing/scripts  

The number of prescriptions dispensed (including original 

and repeat) 

Abbreviations: ATC, Anatomical Therapeutic Chemical; WHO, World Health Organization; PBS, 
Pharmaceutical Benefits Scheme 

 

To apply the PBS data in my study, I firstly identified the HF cohort from the HMDC 

study dataset. Detailed inclusion and exclusion criteria for the study cohort will be 

discussed in the next chapter. Then I linked the records identified from the HMDC to 

the corresponding PBS records by the unique encrypted patient identifier to capture all 

their medication records. I used PBS codes and ATC codes to identify the medications, 

and these will be discussed in the next chapter. Since patients can obtain their 

medications at any time after receiving the prescription, I used the supply date as the 

starting point when calculating usage and medication adherence.  
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This thesis aimed to measure medication adherence and persistence for evidence-based 

medications in HF patients. I calculated adherence based on drug duration. The drug 

duration is generally calculated as dosage multiplied by the quantity supplied (e.g. 10 

mg/day × 30 tablets = 30 days’ duration). However, the PBS data does not include 

dosage information. Generally, one way around this is to use the defined daily dose 

(DDD) method, which is a measure of utilisation based on the WHO-defined dosage 

metric and allows for standardisation of use across different countries and drug 

formulation.362 The DDD method is used to estimate drug duration according to the 

formula: drug duration=strength of the product*quantity dispensed/DDD (e.g. 10 mg 

× 30 tablets/10 mg per day = 30 days’ duration).362 However, the DDD is the assumed 

average maintenance dose of the drug in adults estimated from different countries and 

not specific for Australia, so using the DDD may not be suitable for estimating the 

duration of use in Australian patients. In addition, the DDD on which it is based does 

not necessarily reflect the dose recommended or prescribed.354 Instead, for my study, 

I checked the registered product information363 for each drug and assumed that 

angiotensin-converting enzyme (ACE) inhibitors and angiotensin II receptor blockers 

(ARB) were dosed at one per day, except for enalapril (two per day) and captopril 

(three per day), while beta-blockers were dosed at one per day except for metoprolol 

and carvedilol which were assumed to be two per day.  

To allow for possible gaps in drug use, Pottegard et al.229 proposed a method, based 

on the waiting time distribution, to estimate how frequently prevalent users redeem 

new prescriptions. This method used the distribution of the time to next supply for 

each drug for each patient. The strength of this method is that it can be applied in a 

standardised fashion and that it does not require information on dosage. The 

distribution of time to next supply date for each ATC code is then calculated for 
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patients overall, and the 75-percentile of the distribution was used as the exposure 

duration. This estimated the drug duration for all ACE inhibitors/ARB as 35 days, 

beta-blockers excluding metoprolol tartrate as 35 days and metoprolol tartrate as 50 

days. These were consistent with PBS supply quantities which are intended to be 

approximately one-month supplies for most drugs.  

In summary, the availability of an administrative and pharmacy dispensing-linked 

dataset in WA provides an opportunity to perform a pharmacoepidemiological study 

at the population-level. The HMDC study dataset was used to identify all senior HF 

patients (aged ≥ 65 years) living within WA from 2003 to 2008. These were linked to 

matching death records from the WA death registry to 31 December 2015. The national 

PBS pharmacy claims data were used to identify all matching records of medications 

dispensed from 1 July 2002 to 30 June 2011. In the next chapter, I will provide details 

of the cohort selection, data extraction, outcomes of interest and general statistical 

methods for my PhD project.  
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5.1 PREAMBLE 

This research project involved the analysis of long-term pharmacotherapies in senior 

patients with heart failure (HF) using the Pharmaceutical Benefits Scheme (PBS) 

linked with WA health records (WA Hospital Morbidity Data Collection and death 

registry). This chapter presents the study design for the whole PhD thesis including the 

identification of HF using International Classification of Disease (ICD-9-Clinical 

Modification (CM)/ICD-10-Australian Modification (AM)) from 1 Jan 2003 to 31 Dec 

2008. The first admission for HF during this period is defined as the index HF 

admission. In addition, I used the ICD-9-CM/ICD-10-AM diagnosis codes to identify 

comorbidities during a fixed 20-year look-back period from the index admission date. 

A weighted Charlson Comorbidity Index (CCI) as a composite comorbidity measure 

was calculated for each person based on the ICD diagnosis codes recorded in any 

previous hospital admission within the 20-year period prior to the index hospitalisation. 

This chapter also discusses the HF medications, which were identified from the PBS 

dataset using the Anatomical Therapeutic Chemical (ATC) code and PBS item codes. 

Medication adherence and persistence is discussed in this chapter, but more detailed 

information was provided in Chapter 3. In addition, general statistical methods are 

discussed in this chapter, but specific details are provided for each sub-study in 

Chapters 6–9.  

This chapter is the foundation of the research for the whole thesis because it illustrates 

the significance of long-term pharmacotherapies in HF and the importance of 

investigating medication adherence and persistence in patients with HF and their 

impact on survival.  
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ABSTRACT 

Introduction: Heart failure (HF) is a chronic, debilitating and progressive disease 

associated with high morbidity and mortality. Evidence-based medications (EBMs) 

are the cornerstone of management of patients with HF. In Australia, these EBMs are 

subsidised by the Commonwealth Government under the Pharmaceutical Benefits 

Scheme. Suboptimal dispensing and non-adherence to these EBMs have been 

observed in patients with HF. Our study will investigate trends in dispensing patterns, 

as well as adherence and persistence of EBMs for HF. We will also identify factors 

influencing these patterns and their impact on long-term clinical outcomes. 

Methods and analysis: This whole population-based cohort study will use 

longitudinal data for people aged 65–84 years who were hospitalised for HF in 

Western Australia between 2003 and 2008. Linked state-wide and national data will 

provide patient-level information on medication dispensing, medical visits, 

hospitalisations and death. Drug dispensing trends will be described, drug adherence 

and persistence estimated and the association with all-cause/cardiovascular death and 

hospitalisations reported. 

Ethics and dissemination: This project received approvals from the Western 

Australian Department of Health Human Research Ethics Committee and the Western 

Australian Aboriginal Health Ethics Committee. Results will be published in relevant 

cardiology journals and presented at national and international conferences. 
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STRENGTHS AND LIMITATIONS OF THIS STUDY  

 

Strengths  • A whole population-based study on long-term dispensing and 

adherence/persistence patterns of evidence-based medications for 

heart failure  

• Time-series medication data from an administrative source allows 

estimation of medication adherence and persistence 

• Longitudinal patient-level linked administrative data will assess 

comorbidities and use of medical services that may impact on 

medication dispensing, subsequent hospitalisations and death  

• The effect of under-utilisation and medication adherence on late 

clinical outcomes will be determined  

Limitations • The study cohort was restricted to age 65 years or older to capture 

the relevant drugs recorded in the Pharmaceutical Benefits 

Scheme database 

• Drug doses are not recorded in the Pharmaceutical Benefits 

Scheme database, so the quantity taken per day is unknown 

• Distinguishing between heart failure with reduced ejection 

fraction and preserved ejection fraction was not possible  
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INTRODUCTION 

Heart failure (HF) is a chronic, debilitating and progressive condition which is 

associated with high mortality, morbidity and disability.3 Evidence-based medications 

(EBMs) are the cornerstone in managing patients with HF.13-16 18 19 21 89 96 364 365 Clinical 

trials have shown that angiotensin-converting enzyme inhibitors (ACEI), angiotensin 

receptor blockers (ARB), and beta-blockers (BB) have significantly decreased the 

overall mortality and morbidity for HF with reduced ejection fraction (HFrEF). 

International and national guidelines1 3 recommend the use of ACEI (or ARB if 

intolerant to ACEI) and BB as first-line therapy in patients with symptomatic HFrEF. 

Mineralocorticoid receptor antagonists (MRA) are generally reserved for patients with 

HFrEF and persistent symptoms despite treatment with an ACEI and BB.3 23 24 99 

Digoxin may also be considered as it reduces the risk of HF rehospitalisation in 

patients with sinus rhythm and worsening HF despite ACEI and BB.3 100 366  

In HF, uptake and adherence of EBMs are associated with a decrease in the rates of 

rehospitalisation and death.138 168 325 Patients with good adherence to EBM have better 

outcomes than those who stop their long-term therapy.27 28 Although one-year 

adherence to BB and ACEI has improved over time in patients discharged after their 

first hospitalisation for HF,231 poor adherence to EBM remains a significant barrier to 

enhancing the effectiveness of current treatment.367 Medication non-adherence is a 

growing concern in the light of the evidence of its high prevalence and association 

with adverse outcomes and increased healthcare costs.251 To date, there is limited data 

on the adherence or persistence of HF medications in the general population. A better 

understanding of factors affecting adherence/persistence of EBM, which are amenable 

to interventions, is crucial to improving outcomes in HF. 
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Accordingly, our study aims to use linked data from State and Commonwealth 

administrative datasets to evaluate trends in dispensing of HF EBMs, medication 

adherence and persistence, and outcomes in people aged 65 to 84 years following 

hospitalisation for HF in Western Australia (WA). The specific research objectives are: 

1) To investigate trends in prescription uptake and long-term adherence and 

persistence of EBMs in 30-day survivors following discharge for HF between 

2003 and 2008. 

2) To assess determinants of dispensing and adherence/persistence of EBMs. 

3) To investigate the association between adherence/persistence to EBMs for HF 

and subsequent clinical outcomes, including HF rehospitalisation and death. 

METHODS AND ANALYSES 

This is a population-based retrospective cohort study of people aged 65 to 84 years 

with a discharge diagnosis of HF in WA between 2003 and 2008, and who survived to 

30 days post-discharge.  

Data sources 

The study will use statutory government-held administrative data of person-linked 

health information (Table 5.1).342 This includes data from the: (i) Hospital Morbidity 

Data Collection (HMDC) and death registry, which are two of the core datasets of the 

WA Data Linkage System,342 and (ii) Pharmaceutical Benefits Scheme (PBS), which 

is from the Commonwealth Department of Health in Australia. The HMDC contains 

information on people admitted to any hospital in WA, both public and private. The 

PBS dataset includes information on medications dispensed from Australian 

pharmacies. Fields include age and sex, date of prescription and supply, quantity 

supplied, broad prescriber specialty group, derived patient category, PBS item code 
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and Anatomic Therapeutic Chemical (ATC) code. The PBS provides medicines to the 

Australian population at a subsidised cost, making them more affordable. People who 

have a health care concession card are eligible to obtain their PBS-subsidised 

medications at a reduced cost. The combination of linked data from State and 

Commonwealth sources will allow us to assess, at the individual-level, hospital 

admissions, medication dispensing, an estimate of medication adherence and 

persistence, and associations with subsequent clinical outcomes.  

 

TABLE 5.1 INFORMATION AVAILABLE FROM THE VARIOUS DATA SOURCES IN THE STUDY. 

Dataset  Fields  Period covered  

Hospital Morbidity Data 

Collection (HMDC)  

Demographic data, 

diagnosis, comorbidities 

and history, procedures, 

dates of admission and 

discharge 

1980–2014 

Death dataset  Cause of death and date of 

death  

1980–2014 

Pharmaceutical Benefits 

Scheme (PBS)  

Date of prescription and 

supply, PBS item code*, ATC 

code, quantity supplied, 

number of scripts, derived 

patient category 

1 Jul 2002 to 30 Jun 2011 

*PBS item code identifies the drug and strength dispensed 

 

Study cohort 

The study cohort consists of residents of WA aged 65–84 years with a hospital 

discharge diagnosis of HF in WA during 2003–2008 and who had PBS records. We 

excluded very elderly patients aged 85 years or older because of an expected low short-

term survival. In addition, 30-day death after admission for HF can be as high as 20%,5 
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so we excluded people who died within 30 days of the HF admission. The cohort 

selection process is summarised in Figure 5.1. 

The PBS dataset contains a complete recording of all dispensed medications approved 

for HF in concession card holders, comprising 96% of the total HF cohort. Our PBS 

data were available from mid-2002 to mid-2011, so we limited the study cohort to 

2003–2008 to allow the inclusion of PBS data for 6 months before and up to 2.5 years 

after this period.  

Identifying heart failure  

HF was identified from the discharge diagnosis fields of the HMDC using codes from 

the International Classification of Diseases (ICD), Ninth Revision (ICD-9, including 

the Clinical Modification ICD-9-CM) and Tenth Revision Australian Modification 

(ICD-10-AM). An admission for HF was defined as: (i) HF as principal discharge 

diagnosis (ICD-9-CM codes 428, ICD-10-AM codes I50); or (ii) HF as the secondary 

discharge diagnosis where ischaemic heart disease (ICD-10-AM codes I20–I25) was 

the principal diagnosis. Patients were excluded if they had a history of valvular heart 

disease in any diagnosis field, or heart valve surgery or renal dialysis in any procedure 

field (ICD codes listed in online Supplementary Table 1). 

The coding of HF as principal discharge diagnosis in the HMDC has been validated 

using the Boston diagnostic criteria, with a positive predictive value of 92.4% for 

definite HF and 98.8% for a combined definite or possible HF.34  
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FIGURE 5.1 SELECTION PROCESS FOR THE HEART FAILURE COHORT FROM HMDC, DEATH AND PBS 

DATASETS 

IHD, ischaemic heart disease; HMDC, hospital morbidity data collection; HF, heart failure 
^Some patients had more than two excluded conditions; #Non-concession card (general) patients are 
those who do not qualify for a concession card in Australia 
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Definition of comorbidity 

Comorbidities will be identified from their relevant ICD codes from any of the 

discharge diagnosis fields in the HMDC by applying a fixed 20-year look-back period 

from the initial (index) HF admission. Comorbidities include ischaemic heart disease, 

hypertension, atrial fibrillation, diabetes mellitus, chronic kidney disease, renal failure, 

hypertension, chronic obstructive pulmonary disease, peripheral vascular disease, 

stroke, peptic ulcer disease and gastrointestinal bleeding (ICD codes in online 

Supplementary Table S1). Similarly, a Charlson Comorbidity Index349 will be 

calculated as a composite measure of comorbidity for each index case using a fixed 

look-back period. Some patients in the study cohort may have pre-existing HF, and 

some may be new cases, so we will identify those with a history of HF using a fixed 

20-year look-back period. 

Dispensing patterns of evidence-based drugs for HF 

The EBMs for HF are shown in Table 5.2. Trends in drug dispensing patterns will be 

assessed based on fixed periods of 30 days, 6 months, 1, 2 and 3 years after hospital 

discharge. Dispensing patterns will be assessed by drug groups and combinations (e.g. 

any ACEI/ARB, any BB, any MRA, ACEI/ARB+BB, ACEI/ARB+BB+MRA). We 

will determine the proportion of patients who are dispensed these drugs at each time 

point as well as determine trends in the whole study period. The continuity of drug 

dispensing (adherence/persistence) will be assessed for the cohort for periods of up to 

3 years to estimate the proportion of continuous use over time (patients identified in 

the second half of 2008 will have 2.5–3 years of drug data post-discharge). Landmark 

analysis will be used to develop models of the association between drug persistence 

and outcomes, with landmark times of 6 months, 1 and 2 years (a 3-year landmark will 

also be investigated in the 2003–2007 cohort because some patients in 2008 will not 
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have 3 years of post-discharge PBS data). In addition, using our person based linked 

file, we can identify the impact of the more serious adverse effects of drugs (e.g. renal 

failure). Since we have time-series PBS data, we will also be able to identify any 

change of drug groups (e.g. ACEI to ARB). Finally, we can explore and identify 

possible clinical conditions that may impact on the use of specific EBM drugs, such as 

renal failure and chronic respiratory conditions (see ICD codes in online 

Supplementary Table S1). 

 

TABLE 5.2 EVIDENCE-BASED MEDICATIONS FOR HEART FAILURE. 

Drug or drug group ATC code Generic name  

ACE inhibitors  C09AA Captopril, enalapril, fosinopril, lisinopril, perindopril, 

ramipril, trandolapril  

ARB 

 

C09CA Valsartan, losartan, candesartan, irbesartan, 

olmesartan, telmisartan, eprosartan 

Beta-blockers  C07AB Propranolol (C07AA), atenolol, metoprolol tartrate, 

metoprolol succinate, nebivolol, carvedilol, 

bisoprolol 

MRA C03DA Spironolactone, eplerenone  

Cardiac glycoside  C01AA Digoxin  

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blockers; MRA, mineralocorticoid 

receptor antagonist; ATC, anatomical therapeutic chemical 

 

Adherence and persistence to medications based on dispensing data  

There are different methods for quantifying the consumption of medications, including 

subjective methods (e.g. self-report) and objective methods (e.g. 

adherence/persistence, blood tests). Adherence and persistence are the main methods 

for describing a patient’s propensity to take medications for the appropriate length of 
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time at the appropriate doses.212 For this study, we will define adherence as the 

proportion of prescribed doses of the medication taken by the patient over a specific 

period, 212 and the persistence as the duration of time from initiation to discontinuation 

of therapy. 212 

In the PBS data set, we do not have data on dose, which is required for accurate 

estimation of the duration of use, which is required in estimating adherence and 

persistence. Hence, we will investigate several methods to estimate this. First, there is 

the defined daily dose published by the WHO,368 and a similar prescribed daily dose 

from the Bettering the Evaluation and Care of Health (BEACH) data collection.369 The 

latter is from a sample of Australian general practitioners and would be a more accurate 

representation of average daily dose in Australian clinical practice. In addition, we will 

estimate the duration of use from the 75th centile of the distribution of time to next 

supply date.229 

Since there is no gold standard for measuring adherence in administrative data, we will 

apply two common methods:212 (1) medication possession ratio (MPR) and (2) 

proportion of days covered (PDC).212 Each has strengths and limitations as detailed in 

online Supplementary Table S2.214 226 253 255 These methods calculate adherence as the 

proportion of days supplied from the first and last pharmacy fill dates in a specific 

observation period, with variations on the start and end dates. Values range from 0% 

(non-adherence) to 100% (complete adherence), although the MPR value may exceed 

100%, indicating an oversupply of medication. Both results can be presented as 

categorical or continuous variables. Although these methods provide a similar result 

when calculating the adherence for a single drug, in a comparative study by Nau,214 

the PDC provided a more conservative estimate of adherence when there were frequent 

drug switching and concomitant therapy with polypharmacy. 
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Likewise, there is no universal agreement for calculating persistence. As a result, we 

will use the refill-sequence method,370 which is widely used in health research. The 

strengths and limitations of this are described in Table 5.3.325 370 371 The refill-sequence 

model calculates persistence by determining if a patient has refilled a prescription 

within a predefined number of days. The results from this model can be presented as a 

binary variable (e.g. <80% persistence, ≥80% persistence). 

The PBS data set also does not include medications received by inpatients at most 

hospitals in WA or at discharge during the study period. Hence, for patients who were 

admitted to hospital or had holidays during the study period, dispensing records will 

be absent from the PBS. Additional periods of absence, or gaps, in treatment can occur 

for other reasons, such as patients not refilling their prescriptions for a short period 

after they have finished their current supply. These gaps will be considered when 

calculating adherence and persistence, such as when the gaps are concordant with 

hospitalisations identified from the hospital morbidity data set. 

Statistical analyses 

The Cochran-Armitage trend test will be used to evaluate trends for dispensing of 

medications and adherence using the calculations of MPR and PDC. Follow-up will 

be to 30, 180 days, 1, 2 and 3 years from discharge date of the index HF admission 

and first EBM supply date, respectively. Kaplan-Meier methods will be used to assess 

the proportion of patients still dispensed medications over time following the first 

supply of EBM (persistence).  

Multivariable logistic regression models will be used to investigate the determinants 

of the dispensing of EBMs. Factors to be investigated include sociodemographic (e.g. 

sex, age and hospital type), clinical (e.g. comorbidities, Charlson score) and 
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medication [e.g. number of EBMs, interaction of common drugs, adverse effects 

requiring hospitalisation (HMDC data) and other interaction effects (e.g. gender × 

medications, age × medications)]. Cox regression models will be used to investigate 

the determinants (listed above) of persistence to treatment such as time to the first 

discontinuation. Tests for violation of the Cox proportional hazards assumption will 

be ascertained prior to running the main models. 

Multivariable logistic regression models based on major sociodemographic and 

clinical factors will be developed to estimate the propensity to be initially dispensed 

medications. Propensity score methods190 will be used to control for measured and 

unmeasured confounders when assessing the associations between adherence to EBMs 

and subsequent outcomes. 

Multivariable Cox regression models will also be used to examine the association 

between medication adherence/ persistence and clinical outcomes. The primary 

outcomes will be death, readmission for HF as a principal diagnosis and the composite 

of these. Secondary outcomes are non-elective (emergency) readmission for any cause 

and cardiovascular-related deaths. In the models, we can investigate adherence 

thresholds and see how they affect outcomes at different threshold levels. 

We can also model the reduction in persistence over time and compare groups with 

varying levels of reduction. Given that the change in persistence is expected to have a 

more gradual effect on outcomes (e.g. over at least 6 months), we will use the landmark 

analysis method to model the association between reduction in persistence and 

outcomes.372 373 The landmark time points will be at 6-month intervals, and we will 

model the risk over the next 6 months against the average level of persistence over the 

previous 6 months for a total follow-up period of 3 years. 
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DISSEMINATION  

Results of this study will be published in relevant medical journals. Results will also 

be presented at relevant national and international conferences. Additional 

communication of our results will occur through our collaboration with the National 

Prescribing Service (NPS MedicineWise, http://www.nps.org.au) and health 

practitioners. 

DISCUSSION 

Despite advances in medical therapy, the morbidity and mortality associated with HF 

remain high. Non-adherence to EBM in HF remains a major barrier to enhancing the 

effectiveness of current treatments and leads to poorer outcomes.27 251 This population-

based study will use contemporary data to examine patterns of EBM uptake and 

adherence/persistence of treatment in a ‘real-world’ HF population. The PBS data set 

provides information about the dispensing of medication rather than prescribing, and 

although we are not able to determine true prescribing patterns in the population, the 

dispensing data are a reasonable indicator of prescribing. The findings will allow us to 

identify current evidence–treatment gaps and determinants of under prescription and 

adherence/persistence of EBMs, and suggest strategies whereby the burden of HF can 

be reduced by more optimal therapy. Observational studies of evidence-based 

therapies in the general population are valuable because they reflect prescribing 

patterns and consumer adherence in the ‘real-world’ in contrast to the ideal conditions 

of clinical trials. Further, patients included in trials are generally much younger and 

with less comorbidity than is encountered in clinical practice. HF registries such as 

IMPROVE HF147 that include patient samples from participating clinical practices 

have been able to demonstrate a positive association of HF process-of-care measures 

(such as EBM use) and survival, but this needs to be confirmed in whole population-
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based studies. Patients included in our study were aged 65-84 years old with 

hospitalised HF, and therefore represent the more advanced spectrum of HF cases in 

the community. However, these patients are also more likely to derive a survival 

benefit from the optimal prescription of evidence-based therapies. 

Previous studies have estimated the adherence/persistence to EBMs for HF. However, 

results are variable, ranging from 10% to 94%.321 325 Subjective methods of measuring 

medication adherence/persistence contribute to the variability. A majority of studies 

used self-reported questionnaires to determine adherence/ persistence.339 374 However, 

this method is often poorly concordant with more objective measures of adherence/ 

persistence.375 While objective measurements, such as pill count and Medication Event 

Monitoring Systems,216 320 are widely used in clinical trials, these methods require 

direct patient contact, and are not feasible when applied to a population-based study. 

Gislason et al.325 used the refill-sequence method to evaluate persistence. However, 

hospital data were lacking, and the persistence may have been underestimated from 

gaps in the pharmacy data set due to hospitalisations. 

Population-based linked data provide a novel and more precise way to estimate 

adherence/persistence. Using PBS data, we can estimate these two measurements to 

cardiac medications for nearly all persons aged 65 years or older who were admitted 

to hospital in WA. We can check if gaps in PBS data for individual patients relate to 

hospitalisation periods (by checking in the HMDC data). If patients are hospitalised 

during the gaps in PBS data, we can assume that the patient persists in taking the 

medications. Data are scarce and variable on optimal thresholds for medication 

adherence/persistence in patients with HF.320 376 Our data will allow the estimation of 

thresholds of adherence/persistence below which outcomes become suboptimal. 

Finally, our linked data allow the estimation of long-term adherence/persistence and 
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cause-specific and all-cause morbidity and mortality as a function of 

adherence/persistence. Further, this analysis will account for comorbidities that may 

confound the association between drug adherence/ persistence and outcomes. As far 

as we know, there are no previous studies to estimate this for HF in a population-based 

setting in Australia, and evidence linking adherence/persistence with long-term 

outcomes is also scarce internationally. 

Strengths and limitations 

Previously we have reported that dispensing rates of proven cardiac preventive drugs 

in WA are similar to other states in Australia, suggesting that results in WA can be 

generalised to the Australian population.377 A population-based study reduces the 

likelihood of a ‘healthy adherer effect’, encountered in some studies investigating drug 

adherence and outcomes. 

The limitations of this study are first we are unable to distinguish between HF with 

reduced and preserved ejection fraction using the HMDC data set. Second, PBS data 

do not provide information on drug dose and frequency, nor reasons for prescribing 

the medications. However, we can use the hospitalisation data to identify 

comorbidities, and this will provide a list of possible indications for drugs that may 

have dual use. Also, hospitalised patients with HF aged <65 years were excluded, but 

this represents a minority (∼20%) of all patients with incident HF hospitalisation in 

WA during the study period.5 Finally, medication usage in Aboriginal West 

Australians is largely under-recorded in the PBS. 

CONCLUSION 

This population-based study will estimate the association between dispensing and 

adherence/persistence to EBMs for HF and subsequent clinical outcomes. It will 
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address the problems around the effectiveness of these drugs in the real-world 

population, accounting for sociodemographic factors and comorbidities. The results 

will inform on possible interventions and strategies for health policymakers and 

healthcare providers to improve the rate of EBM use in the population and to ensure 

adequate long-term adherence/persistence by consumers. 

Twitter 

Follow the Cardiovascular Research Group at @CVRG_UWA 
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ONLINE SUPPLEMENTARY DOCUMENTS 

 

Online Supplementary Table 1: ICD codes of diseases of relevance in the study. 

Diseases ICD-9 and ICD-9-CM ICD-10-AM 
Diseases excluded 
from cohort  

  

Valvular heart disease  394–398, 424 I05–I09, I34–I39, Z95.2-4 
Dialysis diagnosis 
codes  

V45.1, V56, 996.1, 996.73 Z49, Z99.2, T82.4 

Dialysis Procedure 
codes 

54.90, 39.27, 38.95, 39.42, 39.43, 8-853, 
8-860 

13112-00, 13104-00, 13109-00, 
13110-00, 90353-00, 90351-00, 
13106-00, 13109-01, 90352-00, 
90353-01 

Comorbidities    
Ischemic heart 
disease 

410–414 I20–I25 

Hypertension  401–405 I10–I15 
Atrial Fibrillation  427.31 I48 
Diabetes mellitus  250 E10–E14 
Chronic obstructive 
pulmonary disease 

490–494, 496 J40–J47 

Peripheral vascular 
disease  

440–442, 443.1, 443.9, 444, 447.1 I70–I72, I73.1, I73.9, I74, I77.1 

Stroke  430, 431, 433, 434, 436 I60, I61, I63, I64 
Chronic kidney 
diseases 

250.40-43, 405.01-02, 405.11-12, 405.91, 
405.92, 580.0, 580.4, 580.89, 580.9, 
581.9, 581.89, 582.0-2, 582.4, 582.81, 
582.89, 583.0-2, 583.4, 583.6-7, 583.9, 
583.89, 583.81, 587, 588.0-1, 588.8-9, 
589.0-1, 589.9, 590.00-01, 590.80-81, 
590.9, 590.2-3, 593.0-2, 593.6, 593.9, 
593.81-82, 593.89, 599.7, 753.0, 753.2-4, 
753.10-17, 753.19, 966.1, 966.81, 
V42,V56.0,V56.8 

E10.2, E11.2, E12.2, E13.2, 
E14.2, I15.0-1, N00-02, N04-08, 
N11-12, N14-16, N25-28, 
T82.4, T86.1, Q60-63, Z94.0, 
Z99.2, Z49 

Renal failure 585.1, 585.9, 403.01, 403.11, 403.91, 
404.02-03, 404.12-13, 404.92-93, 586, 

I12.0, I13.1-2, N17-19 

Peptic ulcer disease, 
Oesophageal disease, 
gastritis duodenitis  

530–535 K20–K22, K25–K30 

Gastrointestinal 
bleeding  

578 K92.0–K92.2 

ICD-9, ICD-9-CM: International Classification of Diseases Ninth Revision, and the Clinical Modification 

(CM); ICD-10-AM: International Statistical Classification of Diseases and Related Health Problems, 

Tenth Revision, Australian Modification 

 



CHAPTER 5. GENERAL METHODOLOGY — STUDY PROTOCOL 

 PAGE | 140 

Online Supplementary Table 2: Strengths and limitations of the common methods for measuring adherence and persistence from electronic 
pharmacy claims datasets 

Types of 
measurement 

Description of calculations Strengths Limitations 

Medication 
Possession 
Ratio (MPR)  

Ratio of total days’ supply to days 
in the study period  

• Can be presented as categorical or 
continuous variable253 

• Ease of calculation and interpretation 
• Can be averaged across study patients 

to estimate the overall adherence in 
the cohort255 

• Similar to PDC when estimating for a 
single drug214 

• Can be confusing (e.g. estimate can be >100% 
which is difficult to interpret) 

• Period of under- or oversupply may be 
obscured214 

• Switching of medications in same drug class will 
inflate MPR226 

• Patients taking concurrent medications within 
the same class during measurement period will 
inflate the estimate226 

Proportion of 
Days Covered 
(PDC) 

Total days supply/Number of days 
between the first fill of the 
medication during the 
measurement period and the end 
of the measurement period 

• Can create a time array to determine 
how many days in the denominator 
were covered by at least one drug214 

• More conservative estimate when 
patient switches214 medications within 
the same drug class 

• Used widely in health research  
• Value capped at 1 

• Underestimates adherence when capped at 1 
• Does not permit carryover of excess medication 

supply from one interval to another214 
• Ignores non-adherent time after the last refill 

Refill-sequence 
model  

Patient has refilled a prescription 
within a predetermined number 
of days  

• Widely used in health settings325 371 • May not consider refill behaviour across the 
observation period 

• Once decided that the drug has stopped, further 
refilling is no longer allowed253 

• Predetermined gap is hard to define  
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CHAPTER 6. COMPARISION OF MEDICATION ADHERENCE MEASURES 

IN ADMINISTRATIVE DATABASES  

  
Published paper  

 

This chapter is the version of the following paper published in Pharmacoepidemiology 

and Drug Safety 2020: doi:10.1002/pds.4939. The published version (pdf) is shown in 

Appendix 5.  

 

Comparison of medication adherence measures derived from linked administrative 

data and associations with mortality using restricted cubic splines in heart failure 

patients  

 

Xiwen Qin,1 Joseph Hung,2 Matthew W Knuiman,1 Tom G Briffa,1 Tiew-Hwa 

Katherine Teng,1,3 Frank M Sanfilippo1 

 
1. School of Population and Global Health, The University of Western Australia, Perth, 

Western Australia, Australia 

2. Medical School, Sir Charles Gairdner Hospital Unit, The University of Western 

Australia, Perth, Western Australia, Australia 

3. National Heart Centre Singapore, Singapore 

 

KEYWORDS: administrative data, analytical methods, evidence-based medicines, heart 

failure, medication adherence, restricted cubic splines.  
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6.1 PREAMBLE 

Chapter 3 summarised two ways to estimate medication adherence, namely direct and 

indirect methods. Using administrative/claims databases has recently received 

prominence for the use of indirect methods. However, there is no ‘gold standard’ 

measure of medication adherence in these databases. The proportion of days covered 

(PDC), medication possession ratio (MPR) and medication possession ratio modified 

(MPRm) are the three most common methods used for administrative/claims data, but 

the mathematical calculations are not standardised across these methods, resulting in 

adherence estimates that are difficult to interpret clinically, or to compare between 

studies. In addition, the traditional way of interpreting the estimates is to convert the 

continuous measures to a binary variable using an adherence level of 80% as a cut-off 

to represent ‘good adherence’. Few studies have compared these adherence measures 

against their ability to predict clinical outcomes and whether they should be used as 

categorical or continuous variables. Therefore, this study used my heart failure (HF) 

cohort to apply several medication adherence calculations in linked administrative 

drug claims data that can be used to reliably predict subsequent all-cause death after 

hospital discharge. 

The study cohort was HF patients who were admitted to hospital from 2003–2008 and 

survived one-year post-discharge. Users were defined as patients with at least two 

scripts within one-year post-discharge. The outcome of interest was one-year all-cause 

death following one-year post-HF discharge. I examined the correlation between MPR 

and PDC, MPR and MPRm and PDC and MPRm for ACE inhibitors/ARB and β-

blockers separately using scatter plots. Restricted cubic splines (RCS) were fitted in 

Cox proportional hazard regression models to estimate the relationship between 
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adherence measures and all-cause death outcome for each drug group after adjusting 

for covariates.  

This study showed that the PDC method calculated from administrative drug data 

provided a more conservative estimate of adherence than MPR and MPRm and was 

the most consistent predictor of subsequent mortality in an HF cohort using RCS 

analysis.  
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6.2 MANUSCRIPT AS SUBMITTED TO JOURNAL 
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ABSTRACT 

Purpose 

There is no gold standard method to calculate medication adherence using 

administrative drug data. We compared three common methods and their ability to 

predict subsequent mortality in patients with heart failure (HF).  

Methods  

Person-linked population-based datasets were used to identify 4234 patients (56% 

male, mean age 76), who survived one year (landmark period) following 

hospitalisation for HF in Western Australia from 2003–2008. Adherence was 

estimated by the medication possession ratio (MPR), MPR modified (MPRm), and 

proportion of days covered (PDC) in patients dispensed a renin-angiotensin system 

inhibitor (RASI) and/or β-blocker within the landmark period. Adjusted Cox 

regression models that fitted restricted cubic splines (RCS) assessed the relationship 

between medication adherence and 1-year all-cause death post-landmark period.  

Results 

In the landmark period, 87% and 68% of the HF cohort were dispensed RASI and β-

blockers, respectively. Mean adherence estimates for RASI and β-blockers were 90% 

and 79% for MPR, 96% and 86% for MPRm, and 82% and 73% for PDC. In RCS 

models, MPRm was not associated with subsequent 1-year death in either the RASI or 

β-blocker group, while MPR was independently associated with death in the RASI 

group only (p£0.01). However, PDC as a binary variable (PDC<80 or ³80%) or 

continuous variable was independently associated with 1-year death in both RASI and 

β-blocker groups (all p£0.02). 
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Conclusion  

PDC calculated from administrative drug data provides a more conservative estimate 

of adherence than MPR or MPRm and was the most consistent predictor of subsequent 

mortality in an HF cohort using RCS analysis.  

Key points 

• The most common ways of calculating medication adherence in administrative 

drug datasets are the medication possession ratio (MPR), MPR modified 

(MPRm) and proportion of days covered (PDC). 

• Traditional method of interpreting adherence estimates is to convert the 

continuous measure into binary variables with a cut-off of 80% representing 

‘good adherence’. 

• Restricted cubic spline analysis is an alternative method of assessing 

medication adherence because it does not assume the shape of the relationship 

between adherence and outcomes. 

• The PDC provides a more conservative estimate of adherence than MPR or 

MPRm and is a consistent predictor of mortality outcomes. 

• Restricted cubic spline analyses provide graphical representations of the 

adherence-outcome relationship across the continuous adherence scale, and 

can be used to refine how PDC is categorised to predict outcomes.  

WORD COUNT 

Abstract: 250; Text: 3351 

POSTINGS AND PRESENTATIONS 

This work has not been presented or published anywhere. 



CHAPTER 6. COMPARISON OF MEDICATION ADHERENCE MEASURES IN ADMINISTRATIVE DATABASES 

 PAGE | 148 

INTRODUCTION 

Medication adherence has been defined in many ways but is often understood as the 

extent to which a patient’s behaviour coincides with prescribed medication taking.208 

Good adherence to medications is known to reduce death, hospitalisation and 

associated health care costs in patients with chronic diseases such as heart failure 

(HF),284 diabetes378 and HIV.379 

Despite the importance of good adherence to prescribed pharmacotherapy, there is 

currently no ‘gold standard’ for measuring adherence.208 While several direct and 

indirect techniques have been developed for calculating adherence, the use of drug 

claims data to indirectly calculate adherence has recently gained prominence.208 212 

The medication possession ratio (MPR),212 MPR modified (MPRm),212 and the 

proportion of days covered (PDC)212 214 are the three most popular methods used for 

claims data, but the mathematical calculations are not standardised across these 

methods, resulting in different adherence estimates that are difficult to interpret 

clinically.212 226 Some studies255 256 380 compare these calculations by their means and 

medians. The traditional way of interpreting the estimates is to convert the continuous 

measure to a binary variable with a cut-off of 80% representing ‘good adherence’.376 

Few studies have compared these adherence measures against their ability to predict 

clinical outcomes381 and whether these adherence measures should be used as 

categorical or continuous variables. 

Our study seeks to identify the medication adherence calculations from linked 

administrative drug claims data that can be used to reliably predict major outcomes. 

We have used our existing HF cohort.382 The medications of interest were renin-

angiotensin system inhibitors (RASI) and β-blockers because these are recommended 
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first-line therapies in HF with proven prognostic benefit.3 The primary objectives were 

to compare MPR, MPRm, and PDC as measures of medication adherence in HF 

patients who were dispensed a RASI and/or β-blocker in the year following HF 

hospitalisation, and to identify which adherence measure best predicted their 

subsequent 1-year mortality. Our secondary objective was to use restricted cubic 

splines (RCS), as a graphic representation, to assess and visualise the adherence-

outcome relationships for each adherence measure.  

METHODS 

Data source 

This retrospective cohort study used statutory government-held administrative and 

drug claims data of person-linked health information as previously described.382 383 

Briefly, the Hospital Morbidity Data Collection (HMDC) from the WA Data Linkage 

System342 was used to identify patients admitted to hospital for HF from 2003–2008, 

with all their records extracted and linked to matching national death records. 

Pharmaceutical Benefits Scheme (PBS) claims data were used to identify matching 

records for the dispensing of RASI and β-blockers from 1 June 2002 to 30 June 2011. 

All records were assigned encrypted identifiers to preserve patient anonymity.342 

Study cohort 

We identified a cohort of 4234 patients, aged 65–84 years, with an index (first in period) 

hospitalisation between 2003–2008 for HF as principal discharge diagnosis or HF as a 

secondary discharge diagnosis with ischaemic heart disease as principal discharge 

diagnosis, and who survived 1 year (landmark period) following hospitalisation for 

HF.382 Patients with a history of valvular heart disease or dialysis, non-concession card 

holders and those without any PBS records were excluded.382 384 The coding of HF 
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admissions and myocardial infarction in administrative hospital morbidity data have 

been previously validated.34 385 

Adherence measures  

We measured and compared adherence using three methods: MPR, MPRm and PDC. 

Each was calculated from the PBS data for patients who filled ≥2 scripts of a RASI 

and/or β-blocker in the 1-year landmark period after their index hospital discharge. 

Two or more supplies of the medications were required to provide the necessary 

bounded dispensing interval (denominator) and number of days supply (numerator) in 

order to calculate MPR and PDC more precisely.212 

The following equations were used to calculate adherence for each drug group: 

MPR =		"#$%&	'%()	)*++&,-'	,./&*',.0	-1/-))&%.'2%34	'%$-5	6)$	)*++&(	'%$-	  capped at 1 

MPRm =	"#$%&	'%()	)*++&,-'	,./&*',.0	-1/-))&%)$	)*++&(	'%$-5	6)$	)*++&(	'%$-	  capped at 1  

PDC =	"#$%&	'%()	/#7-3-'	8(	'3*0	)*++&(	&%.'2%34	'%$-5	6)$	)*++&(	'%$-	  

The MPR is the proportion of total days of drug supply obtained in the landmark period 

from first supply date to the landmark date (1-year post-HF discharge).212 The 

difference between MPR and MPRm relates to the denominator for the latter, which is 

measured from first supply to last supply date during the landmark period. Both MPR 

and MPRm counts excess supply of a drug (e.g. overlapping supplies) during the 

denominator period, so their value can exceed 1 (or 100%). However, for this analysis, 

we capped to 1.0 any value of MPR or MPRm that exceeded 1, so as not to have an 

adherence estimate that exceeded 100%.212 The PDC 212 214 is the proportion of days 

that are covered by the drug supply during the landmark period from first supply to the 

landmark date. The PDC only counts once the days with overlapping supplies, so its 
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value never exceeds 1 (or 100%). If patients were hospitalised during the landmark 

period, we assumed they had full adherence during the period of hospitalisation. 

Therefore, the total number of days in hospital was added to the numerator when 

calculating adherence for each adherence measure.  

Dosing information is not captured in PBS data, so we checked the registered product 

information for each drug and assumed that RASI were dosed at one per day, except 

for enalapril (two per day) and captopril (three per day), and β-blockers were dosed at 

one per day except for metoprolol and carvedilol which were assumed to be two per 

day. To allow for possible gaps in drug use, the expected duration of supply was 

estimated separately for RASI and β-blockers from the 75th percentile of the 

distribution of time to the next supply date.229 The 75th percentile was 35 days for all 

RASI drugs, 35 days for β-blockers metoprolol succinate, nebivolol and carvedilol, 

and 50 days for the β-blocker metoprolol tartrate. This was consistent with PBS 

prescriptions which are intended to be approximately one-month supplies.  

Covariates and outcomes 

Sociodemographic variables including sex, age, health insurance status and 

socioeconomic disposition (Socio-Economic Indexes for Areas, SEIFA,386 as quintiles 

of socioeconomic disadvantage) were identified at the index HF admission. The main 

comorbidities (ischaemic heart disease, hypertension, chronic obstructive pulmonary 

disease, chronic kidney disease) were identified, and the Charlson comorbidity score349 

was calculated from the HMDC data using a fixed 20-year look-back period from the 

landmark date. Depression and polypharmacy may affect patient adherence to 

medicines, but these covariates were not included in models because they were not 

significant once the other covariates were added. The primary outcome was 1-year all-

cause death following the landmark date.  
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Statistical methods 

Descriptive statistics were presented as mean ± standard deviation (SD) for continuous 

variables and count (%) for categorical variables. We examined the correlation 

between MPR and PDC, MPR and MPRm and MPRm and PDC for RASI and β-

blockers separately using scatter plots. RCS were fitted in Cox proportional hazards 

regression models387 to estimate the relationship between adherence measures and all-

cause death outcome for each drug group, adjusting for sociodemographic variables, 

main comorbidities and the Charlson comorbidity score. The RCS method fits a 

smooth continuous curve of adjusted hazard ratios (HRs) with 95% confidence 

intervals (CIs) across adherence levels, allowing for cubic form changes at knot points 

(we selected knots for 30%, 60% and 90% adherence), and a linear form in the tails 

(below 30% and above 90%).387 An adherence level of 80% was chosen as the 

reference point for the calculation of HRs because this threshold is widely used to 

define ‘good’ adherence.381 We restricted RCS plots to adherence >30% because of 

small frequencies below 30%. In addition, the effect of adherence as a (linear) 

continuous variable was estimated in both drug groups in separate Cox regression 

models to calculate the HR for a 10% reduction in adherence over the range 1% to 

100% as well as 60% to 100%. To test for non-linearity of the RCS curves, we 

calculated the 2-sided p-value that compared the fit (likelihood ratio statistic) of the 

RCS model with the equivalent linear continuous model. For Cox analyses, we 

confirmed the proportional hazards assumption was not violated, and reported 

Harrell’s C-statistic for each multivariable Cox regression model. We tested 

interactions with gender, but none were significant. All statistical analyses were 

performed with SAS version 9.4 for Windows (SAS Institute, Inc. Cary, NC). 
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Ethics statement 

This study complies with the Declaration of Helsinki. Ethics approvals were obtained 

from The University of Western Australia (ref RA/4/1/8065), Western Australian 

Department of Health (ref 2014/11), Western Australian Aboriginal Health Ethics 

Committee (ref 572) and the Commonwealth Department of Health (XJ-16). This 

included a waiver of informed consent. 

RESULTS 

Study cohort  

The index HF cohort consisted of 4234 patients who survived to the landmark date and 

had a mean age of 76.4 years (SD 5.5 years), with 56% men. Ischaemic heart disease 

(73%) and hypertension (78%) were the most common comorbidities (Table 1). Within 

the cohort, 3668 (87%) and 2822 (68%) used a RASI and β-blocker respectively within 

the 1-year landmark period. The sociodemographic and clinical characteristics of the 

RASI and β-blocker subgroups were similar to each other and the overall cohort except 

for the expected lower prevalence of chronic obstructive pulmonary disease (COPD) 

in the β-blocker subgroup. The crude 1-year mortality post-landmark date was 13.7% 

in the total cohort, and 13.6% and 12.5% in the RASI and β-blocker user groups, 

respectively (Table 6.1).  
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TABLE 6.1 CHARACTERISTICS OF THE TOTAL HF COHORT WHO SURVIVED 1-YEAR POST-HF 

HOSPITALISATION AND THE SUBGROUPS OF RASI AND Β-BLOCKER USERS. 

Characteristics Total (%) RASI users β-blocker users 
Count 4234 3668 (87%) n=2822 (68%) 
Sex     
Male  2365 (55.9) 2075 (56.6) 1634 (57.9) 
Female  1869 (44.1) 1593 (43.4) 1188 (42.1) 
Mean age (SD), years  76.4 (5.5) 76.3 (5.8) 76.1 (5.5) 
Age groups (years)    
65–69 677 (16.0) 592 (16.1) 489 (17.3) 
70–74 929 (21.9) 826 (22.5) 669 (23.7) 
75–79 1257 (29.7) 1097 (29.9) 816 (28.9) 
80–84 1371 (32.4) 1153 (31.4) 848 (30.1) 
Private insurance  1153 (27.2) 999 (27.2) 781 (27.7) 
SEIFA (socioeconomic status)    
1st quintile (most 
disadvantaged) 

319 (7.5) 268 (7.3) 200 (7.1) 

2nd quintile  858 (20.3) 739 (20.2) 569 (20.2) 
3rd quintile  731 (17.3) 635 (17.3) 485 (17.2) 
4th quintile  1004 (23.7) 874 (23.8) 674 (23.9) 
5th quintile (least 
disadvantaged) 

1322 (31.2) 1152 (31.4) 894 (31.7) 

Main comorbidities     
IHD 3102 (73.3) 2759 (75.2) 2284 (80.9) 
Hypertension  3288 (77.7) 2924 (79.7) 2293 (81.3) 
COPD  1319 (31.2) 1119 (30.5) 696 (24.7) 
CKD 1496 (35.3) 1310 (35.7) 1096 (38.8) 
Charlson score     
0 941 (22.2) 803 (21.9) 638 (22.6) 
1–2 1423 (33.6) 1235 (33.7) 921 (32.6) 
3–4 919 (21.7) 798 (21.8) 614 (21.8) 
>4 951 (22.5) 832 (22.7) 649 (23.0) 
Crude mortality  581 (13.7) 499 (13.6) 354 (12.5) 

RASI, renin-angiotensin system inhibitor; SD, standard deviation; HF, heart failure; IHD, ischaemic 
heart disease; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease 
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Medication adherence  

All three adherence measures have distributions that are left-skewed with a median 

higher than the corresponding mean adherence levels for both drug groups (Table 6.2, 

Supplementary Figures 1 and 2). Comparison between the three measures showed that 

mean and median MPRm values are higher than MPR, and both measures are higher 

than PDC values (Table 6.2). As expected, the proportion of RASI and β-blocker users 

who achieved an adherence level >80% was highest for MPRm (89.1% and 68.1% 

respectively) and lowest for the PDC method (73.7% and 52.3% respectively) (Table 

6.2). The scatter plots indicate that the strongest correlation was between MPR and 

PDC, with correlation coefficients of 0.94 and 0.96 for RASI and β-blockers 

respectively, and MPR and MPRm consistently over-estimated adherence relative to 

PDC (Figure 6.1). 

 

TABLE 6.2 COMPARISON OF ADHERENCE VALUES AS MEASURED BY MPR, MPRM AND PDC IN RASI 

AND Β-BLOCKER USER GROUPS. 

 RASI user  β-blocker user 
Patients with adherence ≥80%, count 
(%) 

  

MPR  3045 (83.1) 1754 (62.2) 
MPRm  3268 (89.1) 1922 (68.1) 
PDC  2702 (73.7) 1475 (52.3) 
Median adherence (median, IQR) (%)   
MPR  100 (68.2, 100) 100 (59.7, 100) 
MPRm  100 (88.1, 100) 100 (66.7, 100) 
PDC  92.2 (78.6, 97.4) 81.7 (55.5, 95.5) 
Mean adherence (± SD) (%)   
MPR  90 ± 22 79 ± 27 
MPRm  96 ± 13 86 ± 21 
PDC  82 ± 22 73 ± 26 

RASI, renin-angiotensin system inhibitor; MPR, medication possession ratio; MPRm, medication 
possession ratio modified; PDC, proportion of days covered; IQR, interquartile range 



CHAPTER 6. COMPARISON OF MEDICATION ADHERENCE MEASURES IN ADMINISTRATIVE DATABASES 

 PAGE | 156 

 

FIGURE 6.1 SCATTER PLOTS SHOWING THE CORRELATION BETWEEN MPR, MPRM AND PDC IN RASI 

AND Β-BLOCKER USERS. 

RASI, renin-angiotensin system inhibitors; MPR, medication possession ratio; MPRm, medication 
possession ratio modified; PDC, proportion of days covered 
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Restricted cubic spline analyses of adherence-outcome relationships 

Figure 6.2 shows the Cox regression RCS curves of adherence-outcome (mortality) 

relationships for RASI and β-blocker users using MPR, MPRm and PDC as the 

adherence measure. The RCS graphs show a curvilinear adherence-outcome 

relationship for RASI and β-blockers when measured by PDC, while MPR and MPRm 

measures show a generally linear relationship for both RASI and β-blockers. However, 

the p-value for non-linearity was non-significant for all six graphs in Figure 6.2 (all 

p>0.1). However, there may have been insufficient power to detect a true curvilinear 

relationship for PDC because of the low proportion of patients with adherence below 

60% for these curves (see Supplementary Figures 1 and 2). Despite the lack of 

statistical significance for non-linearity, the apparent curvilinear shape of PDC 

adherence-outcome relationships suggests a clear linear reduction in mortality risk 

above a 60% adherence level. 

In adjusted Cox regression analyses, MPRm failed to show any significant association 

with subsequent 1-year mortality when assessed as a binary variable (<80% vs >80%) 

or as a continuous variable (Table 6.3, covariate-adjusted and continuous). Adherence 

to RASI, as measured by MPR, was independently associated with mortality when 

assessed as a binary or continuous variable (p£0.01), but no significant outcome 

association was detected for β-blocker adherence measured by MPR (Table 6.3). In 

contrast, the PDC adherence to RASI and β-blockers was both independently 

associated with mortality whether assessed as a binary or continuous variable in an 

adherence range from 60–100% (p£0.02), despite the C-statistics of the Cox regression 

models being similar for all three adherence measures (Table 6.3). A 10% reduction 

in PDC-measured adherence across adherence 60–100% increased the risk of all-cause 



CHAPTER 6. COMPARISON OF MEDICATION ADHERENCE MEASURES IN ADMINISTRATIVE DATABASES 

 PAGE | 158 

death by 7% (95% CI 3%, 11%) for RASI and 5% (95% CI 1%, 10%) for β-blockers. 

When considering the linear model for adherence range 1–100%, only PDC-measured 

adherence in the RASI group showed a significant association with risk of death (Table 

6.3).  
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FIGURE 6.2 COX REGRESSION RESTRICTED CUBIC SPLINE MODELS SHOWING THE RELATIONSHIP (HAZARD 

RATIOS AND 95% CONFIDENCE INTERVALS) BETWEEN ADHERENCE (FOR RASI AND Β-BLOCKERS) AND 1-

YEAR ALL-CAUSE DEATH AS OUTCOME. 

RASI, renin-angiotensin system inhibitors; MPR, medication possession ratio; MPRm, medication 
possession ratio modified; PDC, proportion of days covered   
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TABLE 6.3 OUTCOME OF 1-YEAR ALL-CAUSE DEATH AFTER HOSPITALISED HEART FAILURE: UNADJUSTED AND COVARIATE-ADJUSTED HAZARD RATIOS FROM COX REGRESSION 

MODELS COMPARING ADHERENCE AS BINARY (<80% VS ≥80) AND AS A CONTINUOUS VARIABLE FOR RASI AND Β-BLOCKERS. 

 RASI (n=3668) β-blocker (n=2822) 
 deaths n (%)   deaths n (%)   
 Adherence 

<80% 
Adherence 
≥80% 

HR  
(95% CI) 

p-value Adherence 
<80% 

Adherence 
≥80% 

HR 
 (95% CI) 

p-value 

MPR         
Unadjusted†  108 (17.3) 391 (12.8)* 1.39 

(1.13, 1.72) 
0.002 156 (14.6) 198 (11.3)* 1.31 

(1.06, 1.62) 
0.01 

Covariate-adjusted†‡   1.31 
(1.06, 1.63) 

0.01   1.10 
(0.88, 1.37) 

0.42 

Continuous  
(10% adherence reduction 
for range 60–100%)‡ 

  1.05 
(1.02, 1.09) 

0.003   1.04 
(1.00, 1.09) 

0.06 

Continuous  
(10% adherence reduction 
for range 1–100%)‡ 

  1.04 
(1.00, 1.12) 

0.06   1.03 
(0.97, 1.11) 

0.36 

MPRm         
Unadjusted† 65 (16.3) 434 (13.3) 1.25 

(0.96, 1.62) 
0.09 123 (13.7) 231 (12.0) 1.14 

(0.92, 1.42) 
0.23 

Covariate-adjusted†‡   1.17 
(0.90, 1.53) 

0.24   1.10 
(0.88, 1.37) 

0.42 

Continuous  
(10% adherence reduction 
for range 60–100%)‡ 

  1.04 
(0.99, 1.08) 

0.10   1.03 
(0.99, 1.07) 

0.16 
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Continuous  
(10% adherence reduction 
for range 1–100%)‡ 

  1.03 
(0.96, 1.12) 

 

0.27   1.02 
(0.96, 1.09) 

0.22 

PDC         
Unadjusted†  174 (18.0) 325 (12.0)* 1.56 

(1.30, 1.87) 
<0.0001 197 (14.6) 157 (10.7)* 1.40 

(1.12, 1.71) 
0.002 

Covariate-adjusted†‡   1.47 
(1.22, 1.77) 

<0.0001   1.28 
(1.03, 1.59) 

0.02 

Continuous  
(10% adherence reduction 
for range 60–100%)‡ 

  1.07 
(1.03, 1.11) 

0.0001   1.05 
(1.01, 1.10) 

0.008 

Continuous  
(10% adherence reduction 
for range 1–100%)‡ 

  1.05 
(1.01, 1.12) 

0.036   1.04 
(0.98, 1.11) 

0.12 

Abbreviations: MPR, medication possession ratio; PDC, proportion of days covered; MPRm, medication possession ratio modified; RASI, renin-angiotensin system inhibitors; 
HR, hazard ratio; 95% CI, 95% confidence interval 

For RASI, 623 patients had MPR<80%, 3045 had MPR≥80%; 400 had MPRm <80%, 3268 had MPRm≥80%; 966 patients had PDC<80%, 2702 had PDC≥80% 

For β-blockers, 1068 had MPR<80% and 1754 had MPR≥80%; 900 had MPRm<80% and 1922 had MPRm ≥80%; 1347 had PDC<80% and 1475 had PDC≥80% 

Harrell’s C-statistic for multivariable Cox regression models: (i) adherence as categorical variable: RASI MPR 0.64, RASI MPRm 0.64, RASI PDC 0.64, β-blockers MPR 0.65, β-
blockers MPRm 0.64, β-blockers PDC 0.65. (ii) adherence as continuous variable (range 60–100%): RASI MPR 0.65, RASI MPRm 0.64, RASI PDC 0.65, β-blockers MPR 0.65, β-
blockers MPRm 0.64, β-blockers PDC 0.65. (iii) adherence as continuous variable (range 1–100%): RASI MPR 0.64, RASI MPRm 0.63, RASI PDC 0.64; β-blockers MPR 0.65, β-
blockers MPRm 0.64, β-blockers PDC 0.65.  

* Statistically significant, p<0.05 

† Adherence ≥80% is the reference group 
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‡ Adjusted for sex, age, private health insurance, SEIFA quintiles, comorbidities (ischaemic heart disease, hypertension, chronic obstructive pulmonary disease and chronic 
kidney disease) and Charlson comorbidity score.
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DISCUSSION 

We compared three common methods to calculate adherence from administrative data 

in a ‘real-world’ cohort of senior patients hospitalised with HF. We found that the PDC 

provides a lower (more conservative) estimate of adherence than the MPR or MPRm 

methods. In particular, PDC-estimated adherence levels to RASI and β-blockers were 

independently associated with subsequent 1-year mortality risk, whereas no 

association with outcome was detected with MPRm or MPR-measured adherence to 

β-blockers. The RCS analyses showed that increasing PDC adherence above 60% is 

associated with a linear reduction in mortality risk without an upper threshold, 

implying that increasing adherence continues to lower the risk of death. Although 

clinicians often find it easier to interpret adherence as a binary categorisation, our data 

reveal the limitation of using any cut-off point such as the traditionally accepted 80% 

adherence to defining ‘good’ adherence.317 381 388 It also confirms that a threshold of 

80% does not apply to all drugs.381 Instead, clinicians should consider medication 

adherence as a continuous measure when trying to optimise adherence and clinical 

outcomes. 

Comparing measures of adherence  

The methods used to estimate medication adherence from claims data all have 

limitations.212 214 The MPR and MPRm are popular and simple methods, but their 

definitions are not consistent across the literature.212 Our study found that the MPRm 

method gave consistently higher estimates of adherence than the MPR, possibly 

because the denominator in the MPRm equation is smaller than for MPR (first supply 

date to last supply date compared with first supply date to the end of the study period). 

Hence, the MPRm overestimates adherence, especially if patients permanently 
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discontinue therapy well before the end of the study period. In contrast, the MPR and 

PDC both consider discontinuation of the drug because they measure adherence to the 

end of the study period. Hence, it is not surprising that we found these measures to be 

highly correlated, consistent with other studies.212 255 380 However, the MPR and 

MPRm, despite applying an upper cap of 100%, still overestimates adherence relative 

to PDC because the MPR numerator is based on the total quantity of drug received 

during the supply period, and patients who are dispensed overlapping medications due 

to a switch within the same drug class or receive an early refill from the pharmacy will 

have an overestimate of adherence. In contrast, the PDC counts the days that a patient 

has medication available, thereby avoiding the over counting of excess supply from 

switching or early refills. Therefore, as shown in our study and others,226 255 380 the 

PDC estimate of adherence is a more conservative but likely more reliable estimate of 

adherence than the MPR.214 272 

Previous studies have found the proportion of HF patients with ‘high’ adherence 

(³80%) to RASI and β-blockers ranged from 40% to 85%, as measured by pharmacy 

29 230 284 313 318 319 321 322 or from administrative drug data.231 305 However, comparison 

of these studies is problematic because the methods used to estimate adherence vary 

across these studies as well as characteristics of the study cohorts.29 230 231 284 305 313 318 

319 321 322 Hence, adherence measures calculated from electronic claims databases 

should not be interpreted as absolute values.208 This further suggests that standardised 

methods are required in calculating medication adherence from claims data and the 

clinical utility of the different adherence measures needs to be assessed as well. 
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Adherence estimates and death outcome 

Our RCS analyses showed a clear independent association between the level of PDC-

estimated adherence for RASI and β-blockers and subsequent 1-year mortality. By 

contrast, MPR-estimated adherence predicted mortality for RASI users only, and there 

was no significant adherence-outcome relationship demonstrated with MPRm method. 

This suggests that PDC-estimated adherence provides a more reliable and preferred 

estimate of adherence than MPR methods using administrative data, and has superior 

clinical utility when used for prognostic prediction at least for evidence-based HF 

medications.  

We confirmed that when adherence is assessed in the usual manner as a binary variable, 

those patients with PDC adherence to RASI and β-blocker below the traditionally 

accepted ‘high’ adherence threshold of 80% have significantly increased mortality risk. 

However, the Cox regression RCS plots provide a complete assessment of the 

adherence-outcome relationship across the continuum of adherence levels. From these 

plots, the relationship of PDC adherence with mortality appears curvilinear (although 

not statistically significant at the 5% level) with a clear continuous reduction in 

mortality risk with increasing PDC levels above 60% and with no upper threshold 

above which mortality risk does not continue to decline (Figure 6.2). This finding has 

important clinical implications with respect to recommended levels of adherence to 

reduce clinical risk, and future studies need to further explore adherence-outcome 

patterns before defining thresholds for individual drugs.  

Limitations  

The PBS dataset does not include dosage information, and we are unable to determine 

if patients were on optimal or maximally tolerated dosages of a RASI or β-blocker. 
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The PBS data did not include records of drug supplies where the patient paid for the 

drug in full (‘under-co-payment’ drugs). Hence, we limited the cohort to patients aged 

>65 years as the majority of senior patients (>95%) are concession card holders and 

do not pay the full cost of the drug.361 382 This is unlikely to have caused any bias in 

cohort selection because older patients comprise the majority of the ‘real-world’ 

population affected by HF. It is not possible to determine actual medication 

consumption from administrative databases, so we assumed that patients took the 

medications they received from pharmacies rather than hoarding the supplies without 

consumption. This was a reasonable assumption given that patients had multiple 

supply dates during the 1-year landmark period, with 10.7 mean refills for RASI and 

9.4 mean refills for β-blockers. Our study only included patients who had at least two 

supplies of RASI or β-blockers, which might slightly underestimate the adherence. 

However, only 134 (3.5%) and 120 (4.1%) patients had only one supply of RASI and 

β-blockers in the first year post-index HF admission, respectively. Hence, their 

exclusion is unlikely to have significantly affected the adherence estimates. Lastly, our 

study did not include risky behaviours such as smoking and alcohol abuse in regression 

models because these variables in the administrative hospital admissions dataset have 

not been validated. 

CONCLUSION 

While there is no gold standard method to calculate medication adherence from 

administrative datasets, we suggest the PDC is a better method than the MPR and the 

MPRm, as it is less prone to overestimation of adherence and more reliably predicts 

the relationship of adherence to outcome in survival analyses, at least for the proven 

prognostic HF medications. The RCS approach is a useful method of interpreting the 

relationship between medication adherence and outcomes by visualising the shape of 



CHAPTER 6. COMPARISON OF MEDICATION ADHERENCE MEASURES IN ADMINISTRATIVE DATABASES 

 PAGE | 167 

the association without assumptions of linearity or adherence thresholds. Future 

studies of adherence from electronic claims databases should use a standardised 

adherence measure and consider adherence as a continuous measure instead of limiting 

its use to a binary variable with an arbitrary upper cut-off, especially if the relationship 

is linear as shown by the RCS curves. 
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Supplementary Figure 1 Distribution of adherence to RASI, separated by MPR, MPRm 

and PDC.  
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Supplementary Figure 2 Distribution of adherence to β-blockers, separated by MPR, 

MPRm and PDC.
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7.1 PREAMBLE 

Evidence-based medications (EBMs) for HF, principally ACE inhibitors/ARB and β-

blockers, are widely available, and their extensive use and continuance can 

substantially improve clinical outcomes. However, non-adherence to and 

discontinuations within one year of these medications are common, resulting in 

increased mortality, hospitalisation risk and healthcare costs in HF patients. Hence, 

medication adherence is a major concern for patients, clinicians, the healthcare system 

and other stakeholders who seek high-quality outcomes for HF patients. Estimates of 

adherence and persistence to prescribed HF medications vary considerably in the 

literature depending on the method used to measure adherence, observational period 

and cohort characteristics. Almost all adherence studies in HF patients limited their 

observation period to around one year, and little is known about the long-term 

adherence to EBMs among Australian patients with hospitalised HF.  

Chapter 6 compared the three most common methods of calculating medication 

adherence from administrative data and found the PDC to be the most conservative 

estimate of adherence and the most consistent predictor of subsequent mortality. 

Therefore, I used the PDC to calculate medication adherence to estimate long-term 

adherence to and discontinuation of ACE inhibitors/ARB and β-blockers over a 3-year 

follow-up period after discharge and to investigate the independent predictors of non-

adherence to these two drug groups over the same 3-year period. 

I tested the trends for adherence over the follow-up period using generalised linear 

models with repeated measures. Drug discontinuation was defined as the first break ≥ 

90 days following the previous supply. Multivariable logistic regression models were 

used to identify the predictors of non-adherence to ACE inhibitors/ARB and β-
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blockers. This study showed that among seniors hospitalised with HF, discontinuation 

gaps for ACE inhibitors/ARB and β-blockers post-discharge were numerous and long-

term adherence to these medications was suboptimal. 
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ABSTRACT 

Aims 

We investigated long-term adherence to renin-angiotensin system inhibitors (RASI) 

and β-blockers, and associated predictors, in senior patients after hospitalisation for 

heart failure (HF).  

Methods 

A population-based dataset identified 4488 patients who survived 60 days following 

their index hospitalisation for HF in Western Australia from 2003–2008 with a 3-year 

follow-up. Their person-linked Pharmaceutical Benefits Scheme records identified 

medications dispensed during follow-up. Drug discontinuation was defined as the first 

break ≥90 days following the previous supply. Medication adherence was calculated 

using the proportion of days covered (PDC), with PDC≥80% defined as being adherent. 

Multivariable logistic regression models were used to identify predictors of non-

adherence (PDC<80%). 

Results 

In the cohort (57% male, mean age 76.6 years), 77.4% were dispensed a RASI and 

52.7% a β-blocker within 60-days post-discharge. Crude 3-year all-cause mortality 

was 34.6%. Over the 3-year follow-up, 28% and 42% of patients discontinued RASI 

and β-blockers, respectively. Only 64.6% and 47.5% of RASI and β-blocker users 

respectively were adherent to their treatment over 3 years, with adherence decreasing 

over time (trend p<0.0001 for RASI and trend p=0.02 for β-blockers). Older age, 

increasing Charlson comorbidity score, chronic kidney disease and chronic obstructive 

pulmonary disease (COPD) were independent predictors of non-adherence to both 

drug groups. In patients with COPD, the proportion with first discontinuation of 
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bisoprolol vs other β-blockers at 3 years was 31.6% vs 54.3% (p<0.0001), and the 

respective proportions adherent (PDC≥80%) to bisoprolol vs other β-blockers was 

54.1% vs 31.8% (p<0.001). 

Conclusion 

Among seniors hospitalised for HF, discontinuation gaps were common for RASI and 

β-blockers post-discharge, and long-term adherence to these medications was 

suboptimal. Strategies to improve long-term medication adherence are indicated in HF 

patients, particularly in the elderly with comorbidities. For β-blockers, cardio-selective 

agents such as bisoprolol improve long-term adherence compared with other β-

blockers. 

 

KEYWORDS 

Heart failure; renin-angiotensin system inhibitors; β-blockers; medication adherence; 

medication discontinuation; linked administrative data
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INTRODUCTION  

Heart failure (HF) is a major public health problem. It is associated with high mortality, 

increased hospitalisation rates and rising healthcare expenditure.3 38 Effective 

evidence-based medicines (EBMs), principally renin-angiotensin system inhibitors 

(RASI) and β-blockers, are available3, and their extensive use and continuance can 

substantially improve clinical outcomes.130 134 157 However, non-adherence to and 

discontinuations within one year of these medications are common,27 306 resulting in 

increased mortality, hospitalisation risk and healthcare costs in HF patients.29 230 322 388 

389 Hence, medication adherence is a major concern for clinicians, healthcare systems, 

and other stakeholders (e.g. payers) that seek to improve outcomes for HF patients. 

The estimates of adherence and persistence to prescribed HF pharmacotherapies vary 

considerably in the literature, ranging from 40% to 90%, depending on the method of 

measuring adherence, observation period, and cohort characteristics.231 305 306 318 319 324 

325 Almost all adherence studies limited their observation period to around one year.317 

Little is known about the long-term adherence to EBMs among Australian patients 

with hospitalised HF, which predominantly affects older patients with a high 

comorbidity burden that may impact on adherence.5 290 An understanding of the long-

term adherence to EBMs and their clinical predictors in a ‘real-world’ population-

based HF cohort is necessary to inform targets and the potential need for strategies to 

improve adherence and expectedly HF outcomes.  

Accordingly, we used a population-based administrative database to identify seniors, 

aged 65–84 years, who survived an index hospitalisation for HF in Western Australia 

(WA) between 2003 and 2008, and who were dispensed a RASI and/or β-blocker 

within 60 days post-hospital discharge.382 383 Our study objectives in this HF cohort 

were to investigate: (i) the discontinuation of and levels of adherence to RASI and β-
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blockers over a 3-year follow-up period after leaving hospital, and (ii) the independent 

predictors of non-adherence to these two drug groups over the same 3-year period.  

METHODS 

Data sources 

This retrospective cohort study used statutory government-held administrative and 

drug claims data of person-linked health information as previously described.382 383 

Briefly, the Hospital Morbidity Data Collection (HMDC) from the WA Data Linkage 

System342 was used to identify patients admitted to hospital for HF from 2003 to 30 

June 2008, with hospitalisations linked to the WA death registry. Pharmaceutical 

Benefits Scheme (PBS) claims data were used to identify matching records for the 

dispensing of RASI or approved HF β-blockers (bisoprolol, carvedilol, metoprolol 

tartrate, metoprolol succinate, and nebivolol) using their Anatomical Therapeutic 

Chemical (ATC) codes between 1 June 2002 to 30 June 2011.354 

Study cohort 

We identified a cohort of 4488 patients, aged 65–84 years, with an index (first in period) 

hospitalisation between 2003 and mid-2008 for HF as principal discharge diagnosis or 

HF as a secondary discharge diagnosis with ischaemic heart disease (IHD) as principal 

discharge diagnosis, and who survived 60-days after leaving hospital.382 383 Patients 

with a history of valvular heart disease or renal dialysis and non-concession card 

holders were excluded.382 The coding of HF admissions and acute myocardial 

infarction in administrative hospital morbidity data have been previously validated.34 

385  
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Data collection  

Demographic data were identified from the index HF admission.382 Individual 

comorbidities and surgical histories were identified from prior hospital admissions 

using a fixed 20-year look-back period from the index admission.382 383 The Charlson 

comorbidity score, excluding HF, was derived from the identified comorbidities.349 All 

relevant prior medications were identified from the PBS data from at least two supplies 

for the 6 months prior to the index HF admission. The number of drugs supplied in the 

6 months prior to the index HF admission was derived from drugs with at least two 

dispensings identified from the top level of ATC codes for medications used in chronic 

diseases. 

Medication discontinuation and adherence 

Medication adherence to RASI and β-blockers was calculated by using the proportion 

of days covered (PDC) method.212 The denominator of the PDC was the number of 

days from first supply to the end of 1, 2, and 3 years post-HF discharge or the date of 

death (whichever came first) and the numerator was the number of days covered by 

the medications during the denominator period. As dosage information is not captured 

in the PBS data, we checked the registered product information for each drug and 

assumed that RASIs were one pill per day except for enalapril (two per day) and 

captopril (three per day) and one per day for β-blockers, except for metoprolol tartrate 

and carvedilol which were assumed to be two pills per day. The distribution of time to 

next supply date for each ATC code was then calculated for patients overall, and the 

75 percentile distribution229 was used as the exposure duration after confirming that 

this was consistent with PBS prescriptions which are intended to approximate monthly 

supplies.  
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Discontinuation of RASI and β-blockers was defined as the first break (stop) in therapy 

of ≥90 days following a previous supply within the period from first supply date to 3-

year post-discharge or date of death.212 There are four possible scenarios to separate 

discontinued from persistent medication users: (i) if a patient dies prior to end of the 

study period and is persistent up to that point, this patient was coded as a persistent 

user; (ii) if a patient experiences a stop gap prior to death, they were coded as a 

discontinued user; (iii) if a patient was still alive and persistent up to the end of study 

period, this patient was coded as a persistent user; and (iv) if a patient was still alive 

and experienced a stop gap prior to the end of study period, they were coded as a 

discontinued user.  

Statistical methods 

Categorical variables were presented as proportions and continuous variables as mean 

and standard deviation or median and interquartile range, as appropriate. The 

proportion of patients who discontinued medications in each drug class was 

determined by the Kaplan-Meier estimator with time measured from first supply date 

to the first break-in therapy with censoring for death or end of follow-up. Medication 

adherence is presented as mean, median and categorical PDC levels (low adherence: 

1–50%, medium adherence: 51–79% and high adherence: ≥80%) at 1-, 2- and 3-years’ 

following HF discharge. We transformed the adherence measure as the square root of 

(100-adherence) to fit a generalised linear model with repeated measures,390 to test the 

trends for adherence over the follow-up period. Cox proportional hazards models were 

used to identify predictors of first discontinuation. In separate models, we used the 

commonly accepted PDC cut-off of <80% to define non-adherence317 and fitted 

multivariable logistic regression models to identify the predictors of non-adherence to 

RASI and β-blockers. All models were adjusted for demographics, major 
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comorbidities, Charlson score, and prior use of these medications. We used the 

Hosmer and Lemeshow Goodness-of-Fit test and C-statistic to evaluate the predictive 

ability of the logistic regression models, and we tested the proportional hazards 

assumption in the Cox models. We also investigated the following interaction terms in 

both logistic and Cox models: age*sex, age * chronic obstructive pulmonary disease 

(COPD), age *chronic kidney disease (CKD). A 95% confidence interval (CI) that did 

not include the value of 1.0 for odds ratio (OR) or hazard ratio (HR) was statistically 

significant at the 5% level (i.e. p<0.05). All statistical analyses were performed with 

SAS version 9.4 (SAS Institute, Inc. Cary, NC). 

Sensitivity analysis 

Stratified analyses investigated adherence patterns in patients with (vs. without) CKD 

and COPD, in view of the precautions related to RASI and β-blocker use in these 

conditions, respectively. We also performed a sensitivity analysis in patients with and 

without COPD comparing adherence levels to bisoprolol vs other β-blockers, as 

bisoprolol has been shown to have less adverse effects in HF patients with COPD.391 

In addition, we performed a separate subgroup analysis in patients who survived 1-

year post-HF discharge to examine whether their prior adherence to RASI or β-

blockers predicted their subsequent adherence to the same drug class. The sensitivity 

analyses are reported in the Supplementary file. 

RESULTS 

Baseline characteristics 

The characteristics and crude mortality of the study cohort and for RASI and β-blocker 

user subgroups stratified by 3-year adherence level (PDC<80% vs ≥80%) are shown 

in Table 7.1. The study cohort comprised 4488 patients, mean age 76.6 years, with 57% 
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males. Prevalent comorbidities (>30%) in the cohort included IHD, hypertension, 

atrial fibrillation (AF), diabetes, COPD and CKD. Over 50% of patients had a Charlson 

comorbidity score ≥3 and patients were taking an average of six main classes of 

medications prior to the index HF admission. Within this cohort, 77.4% used a RASI, 

and 52.7% used a β-blocker within 60 days upon leaving hospital. Among RASI users, 

71.8% and 35.1% were on a RASI and β-blocker respectively in the 6 months prior to 

index admission, and conversely, 68.4% and 52.1% of β-blocker users were on a RASI 

and β-blocker, respectively prior to index admission. The crude all-cause mortality 

was 34.6% at 3 years in the total cohort. 

Among users, 64.6% and 47.5% were adherent (PDC≥80%) to RASI and β-blockers 

respectively over 3 years. Negative associations of adherence to RASI were age ≥75 

years, COPD, CKD, higher Charlson comorbidity score (>4), and prior use of diuretics 

and antipsychotic/psychoanaleptic agents (all p<0.05). Negative associations of 

adherence to β-blockers were age≥75 years, earlier years of index admission, COPD, 

CKD and higher Charlson comorbidity score (>4) (all p<0.05). Positive associations 

of both RASI and β-blocker adherence were age<75 years, low Charlson comorbidity 

score and prior RASI, β-blocker or statin use (all p<0.05). There was no association 

between Indigenous status or residential location with adherence to either medication 

group, although there were only a small number of Indigenous patients and patients 

living in remote and very remote areas (Table 7.1). Adherence to RASI was associated 

with a lower 2- and 3-year crude mortality (both p<0.01), but no association was seen 

between β-blocker adherence and mortality. 
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TABLE 7.1 CHARACTERISTICS AND CRUDE MORTALITY OF PATIENTS DISPENSED RASI AND Β-BLOCKERS POST-HF DISCHARGE, STRATIFIED BY THEIR ADHERENCE LEVEL (PDC<80% 

AND PDC≥80%) TO RASI AND Β-BLOCKERS AT THE END OF THE 3-YEAR FOLLOW-UP.  

Characteristics Total cohort RASI (n=3476, 77.4%) β-blockers (n=2365, 52.7%) 
  PDC<80% PDC≥80% p-value PDC<80% PDC≥80% p-value 
Total number n (%) 4488 1228 (35.4) 2248 (64.6) NA 1241 (52.5) 1124 (47.5) NA 
Male 2545 (56.7) 697 (56.8) 1302 (57.9) 0.511 713 (57.5) 697 (62.0) 0.024 
Age (mean ± SD) 76.6 (5.5) 76.9 (5.5) 76.1 (5.5) <0.001 76.5 (5.5) 75.5 (5.5) <0.001 
Age group    0.011   <0.001 
Age<75 years 1651 (36.8) 429 (34.9) 884 (39.3)  464 (37.4) 515 (45.8)  
Age≥75 years 2837 (63.2) 799 (65.1) 1364 (60.7)  777 (62.6) 609 (54.2)  
Indigenous status 95 (2.1) 27 (2.2) 2 (1.3) 0.055 20 (1.6) 14 (1.3) 0.455 
Private insurance 1182 (26.3) 314 (25.6) 618 (27.5) 0.221 310 (25.0) 336 (29.9) 0.007 
ARIA Plus (n, %)    0.125   0.161 
Major cities 2073 (46.2) 603 (49.1) 1028 (45.7)  606 (48.8) 515 (45.8)  
Inner regional cities 1298 (28.9) 322 (26.2) 395 (30.9)  379 (30.5) 355 (31.6)  
Outer regional 479 (10.7) 133 (10.8) 248 (11.0)  114 (9.2) 120 (10.7)  
Remote area 203 (4.5) 55 (4.5) 98 (4.4)  50 (4.0 ) 36 (3.2)  
Very remote area 147 (3.3) 40 (3.3) 47 (2.1)  35 (2.8) 26 (2.3)  
Missing data 288 (6.4) 75 (6.1) 132 (5.9)  57 94.6) 72 (6.4)  
Year of admission    0.208   0.005 
2003 1004 (22.4) 306 (24.9) 493 (21.9)  294 (23.7) 205 (18.2)  
2004 878 (19.6) 228 (18.6) 459 (20.4)  243 (19.6) 197 (17.5)  
2005 779 (17.4) 205 (16.7) 387 (17.2)  202 (16.3) 197 (17.5)  
2006 789 (17.6) 209 (17.0) 386 (17.2)  218 (17.6) 212 (18.9)  
2007 750 (16.7) 197 (16.0) 395 (17.6)  210 (16.9) 228 (20.3)  
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Characteristics Total cohort RASI (n=3476, 77.4%) β-blockers (n=2365, 52.7%) 
  PDC<80% PDC≥80% p-value PDC<80% PDC≥80% p-value 
Mid-2008 288 (6.4) 83 (6.8) 128 (5.7)  74 (6.0) 85 (7.7)  
Prevalent HF 1508 (33.6) 430 (35.0) 743 (33.1) 0.242 399 (32.2) 381 (33.9) 0.367 
Comorbidities a        
Ischemic heart disease 3178 (70.8) 886 (72.2) 1650 (73.4) 0.428 987 (79.5) 921 (81.9) 0.139 
Hypertension 3386 (75.4) 943 (76.8) 1760 (78.3) 0.309 991 (79.9) 887 (78.9) 0.572 
Atrial fibrillation 2082 (46.4) 595 (48.5) 1032 (45.9) 0.151 604 (48.7) 524 (46.6) 0.319 
Diabetes 1817 (40.5) 515 (41.9) 953 (42.4) 0.795 538 (43.4) 496 (44.1) 0.704 
Chronic obstructive 
pulmonary disease 

1460 (32.5) 423 (34.5) 669 (29.8) 0.004 335 (27.0) 213 (19.0) <0.001 

Stroke 564 (12.6) 163 (13.3) 264 (11.7) 0.189 172 (13.9) 126 (11.2) 0.052 
Peripheral artery disease 942 (21.0) 263 (21.4) 452 (20.1) 0.361 280 (22.6) 232 (20.6) 0.257 
Chronic kidney disease 1400 (31.2) 427 (34.8) 634 (28.2) <0.001 443 (35.7) 358 (31.9) 0.048 
Charlson comorbidity score a    <0.001   0.007 
0 743 (16.6) 170 (13.8) 402 (17.9)  190 (15.3) 204 (18.2)  
1–2 1424 (31.7) 384 (31.3) 748 (33.3)  362 (29.2) 367 (32.7)  
3–4 1053 (23.5) 279 (22.7) 545 (24.2)  296 (23.9) 262 (23.3)  
>4 1268 (28.3) 395 (32.2) 553 (24.6)  393 (31.7) 291 (25.9)  
Procedurea        
Percutaneous coronary 
intervention 

775 (17.3) 228 (18.6) 402 (17.9) 0.617 264 (21.3) 251 (22.3) 0.534 

Coronary artery bypass 
grafting 

750 (16.7) 216 (17.6) 370 (16.5) 0.395 227 (18.3) 246 (21.9) 0.029 

Prior medicationsb        
RASI 2822 (62.9) 829 (67.5) 1668 (74.2) <0.001 796 (64.1) 822 (73.1) <0.001 
β-blockers 1500 (33.4) 400 (32.6) 819 (36.4) 0.022 543 (43.8) 687 (61.1) <0.001 
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Characteristics Total cohort RASI (n=3476, 77.4%) β-blockers (n=2365, 52.7%) 
  PDC<80% PDC≥80% p-value PDC<80% PDC≥80% p-value 
MRA 221 (4.9) 53 (4.3) 117 (5.2) 0.246 56 (4.5) 63 (5.6) 0.225 
Digoxin 326 (7.0) 85 (6.9) 179 (8.0) 0.268 81 (6.5) 83 (7.4) 0.412 
Statins 2104 (46.9) 535 (43.6) 1163 (51.7) <0.001 610 (49.2) 643 (57.2) <0.001 
Diuretics 1279 (28.5) 395 (32.2) 632 (28.1) 0.012 317 (25.5) 325 (28.9) 0.066 
Warfarin 795 (17.7) 225 (18.3) 413 (18.4) 0.971 223 (18.0) 231 (20.6) 0.111 
Antiarrhythmic agents 291 (6.5) 97 (7.9) 143 (6.4) 0.087 87 (7.0) 62 (5.5) 0.135 
CCB 1202 (26.8) 312 (25.4) 634 (28.2) 0.077 329 (26.5) 274 (24.4) 0.235 
Antipsychotic/ 
psychoanaleptic agents 

1138 (25.4) 330 (26.9) 527 (23.4) 0.025 299 (24.1) 241 (21.4) 0.125 

Number of prior drugsc 
(mean, SD) 

6.0 (4.0) 6.0 (4.0) 6.0 (3.0) 0.213 5 (4.0) 6.0 (3.0) 0.001 

Cumulative crude mortality 
(%) 

       

1-year 612 (13.6) 159 (13.0) 280 (12.5) 0.676 130 (10.5) 138 (12.3) 0.167 
2-year 1145 (25.5) 328 (26.7) 509 (22.6) 0.007 281 (22.6) 242 (21.5) 0.515 
3-year 1552 (34.6) 464 (37.8) 680 (30.1) <0.001 395 (31.8) 331 (29.5) 0.210 

a Identified with a fixed 20-year look-back period prior to the index HF admission 
b Identified as at least two scripts within a fixed 6-month look-back period prior to the index HF admission 
c Drugs from the top level of Anatomical Therapeutic Chemical code (A, B, C, G, H, L, M, N, R) 

Abbreviations: RASI, renin-angiotensin system inhibitors; PDC, proportion of days covered; SD, standard deviation; ARIA, Accessibility and Remoteness Index of Australia; 
MRA, mineralocorticoid receptor antagonists; CCB, calcium channel blockers; HF, heart failure
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Discontinuation of and adherence to drug groups 

Among RASI and β-blocker users, 17% and 29% of patients, respectively, first 

discontinued (stop gap ≥ 90 days) their medication group within 1-year follow-up, and 

the proportions increased to 28% and 42% at 3-year follow-up (both p-trend<0.0001) 

(Figure 7.1). Among those who had a first discontinuation gap in their RASI and β-

blocker treatment, 44.3% and 59.2% respectively reinitiated their treatment within the 

subsequent 12 months. 

 

FIGURE 7.1 PROPORTION OF RASI AND Β-BLOCKER USERS WHO DISCONTINUED MEDICATION FOR ≥90 

DAYS FROM FIRST DRUG SUPPLY TO 3 YEARS POST-HF HOSPITAL DISCHARGE. 

RASI, renin-angiotensin system inhibitors 
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Figure 7.2 shows long-term trends for PDC adherence to RASI and β-blockers at 1-, 

2- and 3-year post-discharge. The adherence distribution for both drug groups is left-

skewed so that the median is consistently higher than the mean adherence values. The 

median adherence to RASI and β-blockers declined to 87.9% and 77.9% respectively 

at 3-year follow-up (both trend p<0.05), with the largest falls in adherence occurring 

within the first year for both drug groups. At the end of the first year, 72.0% and 53.8% 

of RASI and β-blocker users respectively were still adherent (PDC>80%), and the 

proportions declined further to 64.6% and 47.5% respectively at 3-year follow-up 

(both trend p<0.0001).  

The discontinuation and adherence patterns over 3 years in subgroups of HF patients 

with and without CKD and COPD are shown in Supplementary Tables 1 and 2, and 

Figures 1 and 2. As expected, the proportion of patients who discontinued RASI was 

higher and adherence levels lower in patients with coexistent CKD vs no CKD 

(Supplementary Table 1 and Figure 1). The same observation held for discontinuation 

and adherence for β-blockers in patients with coexistent COPD vs no COPD 

(Supplementary Table 2 and Figure 2). 

In a sensitivity analysis among patients with COPD, we found that the proportion of 

patients with first discontinuation of bisoprolol vs other β-blockers at 3 years was 31.6% 

vs 54.3% (p<0.0001), and the respective proportions adherent (PDC≥80%) to 

bisoprolol vs other β-blockers was 54.1% vs 31.8% (p<0.001). However, patients 

without COPD were also less likely to discontinue and more likely to be adherent to 

bisoprolol vs other β-blockers (Supplementary Table 3 and Figure 3). 
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FIGURE 7.2 LONG-TERM TRENDS OF MEDICATION ADHERENCE FOR RASI AND Β-BLOCKERS FROM HEART 

FAILURE DISCHARGE PRESENTED AS CATEGORICAL VARIABLES (PDC ADHERENCE OF 1–50%, 51–79% 

AND ≥80%), AND MEAN AND MEDIAN ADHERENCE. 

RASI, renin-angiotensin system inhibitors; SD, standard deviation; IQR, interquartile range 

Trend test for mean and median medication adherence to RASI (both p<0.0001) and β-blockers (mean: 
p=0.02, median: p<0.0001). Trend tests for medication adherence to RASI in 1–50% (p<0.0001), 51–
79% (p=0.037), ≥80% (p<0.0001); trend tests for medication adherence to β-blockers in 1–50% 
(p<0.0001), 51–79% (p=0.29), ≥80% (p<0.0001).  

 

Independent predictors of non-adherence to medications  

Table 7.2 shows the independent predictors of non-adherence (PDC<80%) to RASI 

and β-blockers at 3-year follow-up. The independent predictors of RASI non-

adherence were older age, CKD, higher Charlson comorbidity score, and prior use of 
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diuretics or antipsychotic/psychoanaleptic agents, while prior use of a RASI or statin 

was a positive predictor of adherence. The independent predictors of β-blocker non-

adherence were older age, COPD, higher Charlson comorbidity score, and prior use of 

antiarrhythmic agents. Conversely, a more recent year of index HF admission and prior 

use of a RASI or β-blocker were positive predictors of adherence. The C-statistic for 

the logistic regression models for predictors of non-adherence was 0.61 for RASI and 

0.65 for β-blockers. The significant predictors of discontinuation were essentially the 

same as those for non-adherence to RASI or β-blockers (Supplementary Table 4). With 

interaction analysis, only the COPD*age group term was borderline significant for 

discontinuation and non-adherence to β-blockers at 3 years (both p=0.04), and further 

sensitivity analysis for these outcomes was not considered justified. 

In a sensitivity analysis, non-adherence to RASI and β-blockers in the year prior to the 

index HF admission was associated with non-adherence to the corresponding drug 

groups in the year after HF discharge, with an adjusted OR of 2.08 (95% CI 1.83, 2.25) 

and OR 2.73 (95% CI 2.39, 3.10) respectively (Supplementary Table 5).  
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TABLE 7.2 MULTIVARIABLE LOGISTIC REGRESSION MODELS FOR PREDICTORS OF 3-YEAR LOW 

ADHERENCE (PDC<80%) TO RASI AND Β-BLOCKERS POST HEART FAILURE DISCHARGE. 

 RASI (n=3476) a β-blockers (n=2365) a 
 OR, 95% CI p-value OR, 95% CI p-value 

Female  1.02 (0.95, 1.10) 0.57 1.09 (1.00, 1.19) 0.06 

Age 1.02 (1.01, 1.04) 0.002 1.03 (1.01, 1.04) 0.002 

Indigenous status  1.29 (0.98, 1.69) 0.07 1.08 (0.74, 1.55) 0.70 

Private insurance  0.98 (0.90, 1.06) 0.62 0.91 (0.82, 0.99) 0.04 

Year of admission  0.99 (0.94, 1.03) 0.59 0.90 (0.85, 0.95) <0.0001 

Prevalent HF (20-year prior to 
index admission) 

0.97 (0.90, 1.06) 0.55 0.95 (0.86, 1.06) 0.36 

Comorbidities      

IHD  0.99 (0.91, 1.09) 0.93 0.92 (0.82, 1.03) 0.13 

Hypertension  0.99 (0.89, 1.08) 0.64 1.10 (0.98, 1.23) 0.12 

AF 1.03 (0.95, 1.11) 0.51 1.03 (0.94, 1.13) 0.53 

Diabetes 0.95 (0.87, 1.04) 0.29 0.99 (0.90, 1.10) 0.90 

COPD 1.05 (0.96, 1.14) 0.27 1.22 (1.09, 1.35) 0.0004 

CKD 1.11 (1.02, 1.21) 0.01 1.07 (0.96, 1.18) 0.22 

PAD 0.99 (0.90, 1.08) 0.77 1.01 (0.90, 1.13) 0.88 

Stroke 0.99 (0.89, 1.11) 0.91 1.07 (0.93, 1.22) 0.35 

Charlson comorbidity score  1.07 (1.03, 1.11) 0.002 1.05 (1.01, 1.10) 0.04 

Prior medications      

RASI  0.86 (0.79, 0.94) 0.008 0.85 (0.77, 0.95) 0.002 

β-blockers  0.98 (0.90, 1.06) 0.61 0.74 (0.67, 0.81) <0.0001 

MRA 0.90 (0.75, 1.07) 0.22 0.99 (0.81, 1.22) 0.98 

Digoxin  0.92 (0.80, 1.07) 0.28 0.99 (0.83, 1.18) 0.90 

Statins  0.89 (0.82, 0.97) 0.005 0.97 (0.88, 1.07) 0.52 

Diuretics  1.15 (1.05, 1.25) 0.003 0.99 (0.89, 1.11) 0.93 

Warfarin  1.03 (0.93, 1.15) 0.55 0.99 (0.88, 1.12) 0.86 

Antiarrhythmic agents  1.13 (0.98, 1.30) 0.10 1.23 (1.02, 1.48) 0.03 

CCB 0.94 (0.87, 1.03) 0.18 1.05 (0.95, 1.17) 0.34 

Antipsychotic and 
psychoanaleptic agents 

1.11 (1.01, 1.21) 0.03 1.07 (0.96, 1.19) 0.25 

Number of drugs in previous 6 
months prior to index admission 

0.98 (0.95, 1.01) 0.16 0.98 (0.94, 1.01) 0.19 

Interaction test b     

Age*sex  0.76  0.55 

Age*COPD  0.12  0.04 

Age*CKD  0.09  0.47 

a C-statistic: 0.61 for RASI, 0.65 for β-blockers; b Used univariate logistic regression model to test the 
interaction terms. 

Abbreviations: RASI, renin-angiotensin system inhibitors; HF, heart failure; IHD, ischaemic heart 
disease; AF, atrial fibrillation; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney 
disease; PAD, peripheral artery disease; MRA, mineralocorticoid receptor antagonists; CCB, Calcium 
channel blockers  



CHAPTER 7. LONG-TERM TRENDS OF MEDICATION ADHERENCE IN HEART FAILURE PATIENTS 

 PAGE | 191 

DISCUSSION 

Our population-based study addressed the knowledge gap in long-term (3 years) 

adherence to first-line HF pharmacotherapies, notably RASI and β-blockers, among 

senior patients following hospitalisation for HF. Only 65% of RASI and 47% of β-

blocker users remained adherent (PDC≥80%) to these medications at 3-year follow-

up. Long-term adherence to RASI was associated with a lower unadjusted 3-year all-

cause mortality. Non-adherence and first discontinuation gaps ≥90 days for both 

pharmacotherapies were highest in the first year after hospital discharge, indicating the 

importance of maintaining adherence during this period. We identified several 

important clinical predictors of long-term adherence, although only a modest 

proportion of the variability in adherence could be explained by these patient-related 

factors. These results have clinical implications for quality care programs after HF 

hospitalisation, especially if long-term outcomes for HF are to improve.  

Our population-based study represents the ‘real-world’ cohort of hospitalised HF 

patients who are generally older, have multiple comorbidities and include a higher 

proportion of females than HF patients usually included in clinical trials.16 332 392 

However, even under ideal circumstances of a clinical trial with frequent patient 

monitoring, drug discontinuation of 20–30% has been reported.16 332 392 The clinical 

characteristics of our senior cohort are comparable to that reported in a recent 

representative cross-sectional study of consecutive patients admitted with HF in 

another Australian state.60 Compared to the latter representative cohort, our study 

population has a similar mean age (76 years), proportion of males (56%), Charlson 

comorbidity score >3, and similar RASI and β-blocker usage at time of discharge from 

hospital.  
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Discontinuation gaps and long-term adherence  

Suboptimal adherence to effective medications remains one of the most important 

obstacles to successful chronic disease management.208 We have previously shown in 

this same HF cohort that patients dispensed a RASI and/or β-blocker within 60 days 

post-hospital discharge had higher propensity-adjusted survival at 1-year.383 An 

understanding of their long-term adherence to these survival influencing 

pharmacotherapies and barriers to continuing adherence is important. Our results 

demonstrated that discontinuation gaps in the use of RASI and β-blockers were 

frequent and increased in frequency over time. Although breaks in therapy are 

common, 324 325 this is a dynamic process, and even for breaks of 90 days or longer, 

40–60% of our patients reinitiated their therapy within 1 year. Hence, discontinuation 

gaps cannot be directly equated to permanent discontinuation or non-persistence.212 

Measuring medication adherence in this study accounts for stop-restart patterns over 

the entire follow-up period. We used the PDC because it is a widely accepted method 

to measure adherence in population-based administrative datasets.212 317 The observed 

low to moderate levels of 1-year adherence (PDC≥80%) to β-blocker therapy (54%) 

and RASI (72%) in our HF cohort are within the range reported for these drug groups 

in other cohort studies using a comparable measure.231 305 318 319 We have extended the 

adherence observation period out to 3 years compared to the usual shorter-term studies 

reported elsewhere. It was reassuring that in our ‘real-world’ cohort there were only 

small, albeit significant, absolute declines in the mean/median adherence to RASI and 

β-blockers, as well as the proportions remaining adherent, after the first year of follow-

up. Conversely, we found that HF patients who were non-adherent to these two 

therapies in the year prior to the index HF admission were also twice as likely to be 

non-adherent in the subsequent year. This highlights the value of interventions to 
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optimise treatment adherence in the early months after leaving hospital to maintain 

good adherence over the longer term. More importantly, the current study 

demonstrated that good adherence was associated with lower long-term mortality in 

RASI users. 

We found consistently higher discontinuation and lower long-term adherence levels 

for β-blockers compared to RASI, which has also been reported elsewhere.231 305 324 325 

This suggests that β-blockers may have generally more adverse effects or are less well 

tolerated than RASI in older HF patients, particularly those with coexistent COPD. 

Interestingly, in a stratified β-blocker analysis in our patients with coexistent COPD, 

we found that the absolute proportions adherent to bisoprolol were about 20% higher 

than for other β-blockers at every follow-up point. This highlights the importance of 

using cardio-selective β-blockers, like bisoprolol, in HF patients with COPD not only 

because of their lower adverse effects than some other β-blockers 391 but also proven 

prognostic benefit. 393 

Predictors associated with non-adherence to treatments 

Non-adherence is a complex multidimensional problem, but some well-known clinical 

predictors such as older age and a high comorbidity burden were confirmed in our real-

world study.290 303 306 This emphasises the need for targeted strategies to support drug 

adherence in older HF patients affected by multiple chronic diseases, polypharmacy, 

and cognitive impairment.27 Surprisingly, neither Indigenous status nor remote 

geographic residence was associated with adherence, although these patients 

represented only a minority of our study cohort, which would limit our ability to detect 

an effect for these factors. As expected, patients with CKD were more likely to have 

lower adherence to RASI due to their risk of renal side-effects and hyperkalaemia. We 

also showed that COPD is consistently the most powerful predictor of non-adherence 
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to β-blockers in HF patients, even though cardio-selective β-blockers (e.g. bisoprolol) 

can be safely used in the majority of HF patients with COPD and are associated with 

the same mortality benefits as patients without COPD.393 394 Prior use of 

antipsychotic/psychoanaleptic agents was an independent predictor for non-adherence 

to RASI probably because depression is frequent in HF patients and has an adverse 

impact on adherence.290 303 It has been shown that adherence usually declines most 

rapidly in new users of medication.395 Our study confirmed that patients taking a RASI 

or β-blocker prior to their index HF hospitalisation were more likely to be adherent to 

their therapies over the long-term. This raises the need for patient education and 

counselling support when new treatment regimens are initiated.27 290 

Ultimately, the patient-related factors associated with adherence to medications in our 

logistic regression models explained only a small proportion of the variability in 

adherence as indicated by the C-statistics (a measure of discrimination for a predictive 

model). This highlights that non-adherence is a multidimensional problem, including 

social and economic factors, healthcare system-related factors, condition-related 

factors, and patient-related factors in patients with HF.303 In order to formulate 

effective and targeted interventions, a more detailed understanding of the generally 

applicable and locally specific modifiable determinants of medication adherence 

among HF patients is required. 

Strengths and limitations 

This is a well-characterised population-based ‘real-world’ HF cohort with access to 

individual-linked medication dispensing data for the cohort over 3 years after index 

HF hospitalisation. The cohort had to survive at least 60 days after hospital discharge 

to minimise selection biases of ascertainment and survivor treatment by ensuring that 

patients had an adequate opportunity to fill prescriptions and enable calculation of 
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adherence. The study was limited by a lack of detailed clinical (e.g. functional HF 

status) and echocardiographic data to differentiate HF phenotypes. Although these data 

may be relevant when estimating the fraction of patients who require therapy according 

to guidelines, they are less important to a study of treatment adherence because patients 

started on medications were considered to have an indication for the therapy by the 

treating physician. Although our study confirmed some important predictors for 

adherence to RASI and β-blockers, other predictors reported in the literature (e.g. 

clinical depression) were not measured in this study. Our PBS dataset contains 

dispensing data but not the doses prescribed, and we are unable to assess if patients 

were on the optimal dosage of each medication. Finally, the PDC provides only an 

estimate of adherence based on prescription refills, and true patient compliance or 

consumption of the medications cannot be measured from administrative data. 

CONCLUSION 

This population-based study documents the 3-year declining pattern of non-adherence 

to EBMs in senior HF patients. Furthermore, preventing avoidable discontinuation 

gaps and obtaining good adherence to prescribed medical therapy in the first year after 

HF hospitalisation may be key to maintaining high adherence longer-term. Our 

findings have important implications for clinicians, healthy policymakers and health 

care providers seeking to optimise late clinical outcomes after discharge from hospital 

for HF. However, more research is required to devise and test strategies to improve 

adherence and minimise discontinuation. 
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SUPPLEMENTARY FILE 

 

Supplementary Table 1: Long-term adherence trends for RASI in patients with CKD 

vs non-CKD. 

 Adherence Trend  

p-value  1-year 2-year 3-year 

CKD patients with RASI (n=1061) 

Mean adherence % (SD) 79 (25) 1 76 (26) 1 74 (27) 1 <0.0001 

Median adherence % (IQR) 89 (71, 96) 87 (67, 95) 85 (62, 94) <0.0001 

PDC category (n, %)     

1–50% 159 (15.0) 183 (17.3) 202 (19.0) <0.0001 

51–79% 188 (17.7) 246 (20.4) 225 (21.2) 0.11 

≥80% 714 (67.3) 662 (62.3) 634 (59.8) <0.0001 

Number of deaths  172 (16.2%) 316 (29.8%) 434 (40.9%)  

Non-CKD patients with RASI (n=2415) 

Mean adherence % (SD) 84 (19) 1 81 (21) 1 79 (24) 1 <0.0001 

Median adherence % (IQR) 92 (79, 97) 90 (75, 96) 89 (73, 95) <0.0001 

PDC category (n, %)     

1–50% 209 (8.7) 274 (11.4) 304 (12.6) <0.0001 

51–79% 417 (17.3) 452 (18.7) 497 (20.6) 0.17 

≥80% 1789 (74.0) 1689 (69.9) 1614 (66.8) <0.0001 

Number of deaths  267 (11.1%) 521 (21.6%) 710 (29.4%)  

Abbreviations: RASI, renin-angiotensin system inhibitors; CKD, chronic kidney disease; SD, standard 
deviation 

IQR: interquartile range, PDC: proportion of days covered.  

1p-value for difference in mean adherence to RASI for CKD patients vs non-CKD patients, 1-year 
adherence (p<0.0001), 2-year adherence (p<0.0001), 3-year adherence (p=0.0017). 
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Supplementary Table 2: Long-term adherence trends for β-blockers in patients with 

COPD vs non-COPD. 

 

 Adherence Trend 

p-value  1-year 2-year 3-year 

COPD patients with β-blockers (n=548) 

Mean adherence % (SD) 69 (27) 1 65 (29) 1 63 (30) 1 <0.0001 

Median adherence % 

(IQR) 

77 (52, 93) 72 (44, 91) 69 (39, 91) <0.0001 

PDC category (n, %)     

1–50% 129 (23.5) 158 (28.8) 170 (31.0) <0.0001 

51–79% 165 (30.1) 163 (29.7) 165 (30.1) 0.22 

≥80% 254 (46.4) 227 (41.5) 213 (38.9) <0.0001 

Number of deaths  64 (11.7%) 151 (27.6%) 217 (39.6%)  

Non-COPD patients with β-blockers (n=1817) 

Mean adherence % (SD) 75 (25) 1 72 (26) 1 71 (26) 1 <0.0001 

Median adherence % 

(IQR) 

84 (58, 95) 82 (55, 94) 80 (54, 93) <0.0001 

PDC category (n, %)     

1–50% 318 (17.5) 373 (20.5) 390 (21.5) <0.0001 

51–79% 480 (26.4) 493 (27.1) 516 (28.4) 0.63 

≥80% 1019 (56.1) 951 (52.4) 911 (50.1) 0.004 

Number of deaths  204 (11.2%) 372 (20.5%) 509 (28.0%)  

Abbreviations: RASI, renin-angiotensin system inhibitors; COPD, chronic obstructive pulmonary 
disease; SD, standard deviation; IQR, interquartile range; PDC, proportion of days covered 

1p-value for difference in mean adherence to β-blockers in COPD patients vs non-COPD patients, 1-
year adherence (p<0.0001), 2-year adherence (p<0.0001), 3-year adherence (p<0.0001). 
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Supplementary Table 3: Long-term adherence to bisoprolol vs other β-blockers in 

patients with and without COPD. 

 1-year 

adherence 

2-year 

adherence 

3-year 

adherence 

Trend p-

value 

COPD patients with Bisoprolol (n=98) 

Mean 

adherence % (SD) 

77 (26) 74 (29)  73 (29) 0.03 

Median 

adherence % (IQR) 

89 (64, 97) 84 (62, 96) 87 (60, 96) 0.01 

PDC category 

(n, %) 

    

1–50% 14 (14.3) 17 (17.4) 19 (19.4) <0.0001 

51–79% 24 (24.5) 23 (23.5) 26 (26.5) 0.12 

≥80% 60 (61.2) 58 (59.1) 53 (54.1) 0.003 

Number of deaths  9 (9.2%) 28 (28.6%) 37 (37.8%)  

COPD patients with other β-blockers (n=455) 

Mean 

adherence % (SD) 

65 (28) 60 (30) 58 (31) <0.0001 

Median 

adherence % (IQR) 

71 (45, 90) 64 (39, 88) 62 (33, 87) <0.0001 

PDC category 

(n, %) 

    

1–50% 127 (27.9) 159 (35.0) 175 (38.5) <0.0001 

51–79% 143 (31.4) 139 (30.6) 135 (29.7) 0.061 

≥80% 185 (41.7) 157 (34.4) 145 (31.8) <0.0001 

Number of deaths  56 (12.3%) 125 (27.5%) 182 (40%)  

 

Non-COPD patients with Bisoprolol (n=210) 

Mean 

adherence % (SD) 

80 (25) 78 (27) 77 (28) 0.008 
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Median 

adherence % (IQR) 

91 (69, 99) 89 (69, 97) 88 (69, 96) 0.002 

PDC category 

(n, %) 

    

1–50% 23 (11.0) 30 (14.3) 30 (14.3) 0.03 

51–79% 44 (21.0) 38 (18.1) 43 (20.5) 0.33 

≥80% 13 (68.0) 142 (67.6) 137 (65.2) <0.0001 

Number of deaths  33 (15.7%) 47 (22.4%) 59 (28.1%)  

Non-COPD patients with other β-blockers (n=1630) 

Mean 

adherence % (SD) 

72 (26) 69 (28) 67 (29) <0.0001 

Median 

adherence % (IQR) 

81 (55, 95) 78 (50, 93) 76 (49, 91) <0.0001 

PDC category 

(n, %) 

    

1–50% 347 (21.3) 409 (25.1) 435 (26.7) <0.0001 

51–79% 441 (27.1) 443 (27.2) 465 (28.5) 0.25 

≥80% 842 (51.6) 778 (47.7) 730 (44.8) <0.0001 

Number of deaths  176 (10.8%) 331 (20.3%) 457 (28.0%)  

Abbreviations: RASI, renin-angiotensin system inhibitors; COPD, chronic obstructive pulmonary 
disease; SD, standard deviation; IQR, interquartile range; PDC, proportion of days covered
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Supplementary Table 4: Multivariable Cox regression models for predictors of first 

discontinuation (stop gap≥90 days) for RASI and β-blockers at 3-year post heart 

failure discharge.  

 RASI (n=3476) β-blockers (n=2365) 
 HR, 95% CI p-value HR, 95% CI p-value 
Female  1.03 (0.90, 1.17) 0.71 1.04 (0.90, 1.19) 0.61 
Age 1.02 (1.01, 1.03) 0.003 1.02 (1.01, 1.03) 0.004 
Indigenous status  1.52 (0.98, 2.35) 0.06 1.30 (0.79, 2.14) 0.30 
Private insurance  0.96 (0.83, 1.11) 0.57 0.88 (0.76, 1.02) 0.09 
Year of admission  1.02 (0.98, 1.06) 0.41 0.94 (0.91, 0.98) 0.005 
Prevalent HF (20 years 
prior to index admission) 

1.09 (0.93, 1.26) 0.28 0.91 (0.77, 1.06) 0.23 

Comorbidities      
IHD  0.90 (0.77, 1.04) 0.15 0.97 (0.81, 1.15) 0.69 
Hypertension  1.02 (0.86, 1.20) 0.83 1.11 (0.92, 1.33) 0.28 
AF  1.01 (0.88, 1.16) 0.87 1.08 (0.94, 1.25) 0.29 
Diabetes  0.92 (0.79, 1.07) 0.27 1.04 (0.88, 1.21) 0.67 
COPD  1.13 (0.98, 1.31) 0.09 1.36 (1.16, 1.59) 0.0001 
CKD 1.35 (1.16, 1.56) <0.0001 1.10 (0.95, 1.29) 0.20 
PAD 1.05 (0.89, 1.25) 0.53 1.04 (0.88, 1.24) 0.64 
Stroke  0.82 (0.66, 1.02) 0.07 1.05 (0.86, 1.29) 0.61 
Charlson comorbidity 
score  

1.04 (1.01, 1.08) 0.009 1.03 (1.01, 1.06) 0.04 

Prior medications      
RASI  0.74 (0.63, 0.86) <0.0001 0.70 (0.60, 0.81) <0.0001 
β-blockers  1.03 (0.89, 1.20) 0.65 0.67 (0.58, 0.77) <0.0001 
MRA 0.68 (0.48, 0.98) 0.04 0.90 (0.62, 1.29) 0.55 
Digoxin  0.92 (0.69, 1.21) 0.54 1.04 (0.78, 1.39) 0.78 
Statins  0.80 (0.69, 0.93) 0.004 0.98 (0.84, 1.15) 0.83 
Diuretics  1.06 (0.91, 1.25) 0.45 1.10 (0.85, 1.21) 0.89 
Warfarin  0.91 (0.75, 1.09) 0.32 0.83 (0.68, 1.01) 0.06 
Antiarrhythmic agents  1.06 (0.82, 1.37) 0.67 1.51 (1.15, 1.96) 0.003 
CCB 0.90 (0.77, 1.04) 0.16 1.22 (1.05, 1.42) 0.01 
Antipsychotic/and 
psychoanaleptic agents 

1.21 (1.04, 1.42) 0.02 1.14 (0.96, 1.35) 0.13 

Number of drugs in 
previous 6 months prior 
to index admission 

0.99 (0.96, 1.02) 0.35 0.98 (0.95, 1.01) 0.21 

Interaction testa     
Age*sex   0.61  0.33 
Age*COPD  0.14  0.04 
Age*CKD  0.08  0.32 

a Used a univariate Cox model to test the interaction term.  

Abbreviations: RASI, renin-angiotensin system inhibitors; HF, heart failure; IHD, ischaemic heart 
disease; AF, atrial fibrillation; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney 
disease; PAD, peripheral artery disease; MRA, mineralocorticoid receptor antagonists; CCB, calcium 
channel blockers 
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Supplementary Table 5: Multivariable logistic regression models for predictors of 

subsequent non-adherence (PDC<80%) to RASI and β-blockers after 1-year post heart 

failure hospital discharge.* 

 RASI (n=2598) β-blockers (n=1398) 
 OR, 95% CI p-value OR, 95% CI p-value 
Female  1.01 (0.91, 1.12) 0.86 1.15 (1.01, 1.32) 0.03 
Age 1.03 (1.01, 1.04) 0.01 1.03 (1.01, 1.05) 0.02 
Indigenous status  1.28 (0.91, 1.80) 0.16 0.77 (0.42, 1.39) 0.38 
Private insurance  0.97 (0.92, 1.14) 0.72 0.99 (0.86, 1.14) 0.99 
Year of admission  1.03 (0.96, 1.09) 0.49 0.94 (0.87, 1.01) 0.09 
Prevalent HF (20 years prior to 
index admission) 

0.99 (0.89, 1.10) 0.81 0.95 (0.82, 1.10) 0.47 

HF readmission (identified post-
HF discharge) 

1.00 (0.90, 1.12) 0.95 0.84 (0.72, 0.97) 0.02 

Comorbidities      
IHD  0.93 (0.82, 1.05) 0.22 1.01 (0.83, 1.11) 0.55 
Hypertension  1.05 (0.92, 1.20) 0.48 1.19 (0.98, 1.42) 0.08 
AF  1.04 (0.93, 1.16) 0.55 0.96 (0.83, 1.11) 0.55 
Diabetes  1.01 (0.90, 1.14) 0.82 1.14 (0.98, 1.32) 0.11 
COPD  1.03 (0.92, 1.15) 0.59 1.06 (0.90, 1.24) 0.50 
CKD 1.02 (0.91, 1.14) 0.74 0.87 (0.75, 1.01) 0.07 
PAD 0.97 (0.86, 1.10) 0.64 0.98 (0.84, 1.16) 0.83 
Stroke  1.04 (0.90, 1.21) 0.63 0.93 (0.76, 1.13) 0.45 
Charlson comorbidity score  1.03 (0.98, 1.08) 0.30 1.04 (0.97, 1.11) 0.26 
Prior medications      
RASI  1.04 (0.90, 1.20) 0.63 0.92 (0.78, 1.08) 0.31 
β-blockers  1.09 (0.98, 1.22) 0.13 0.95 (0.83, 1.09) 0.44 
MRA 1.08 (0.96, 1.21) 0.20 1.11 (0.96, 1.27) 0.17 
Digoxin  0.91 (0.80, 1.04) 0.18 0.87 (0.73, 1.04) 0.12 
Statins  0.92 (0.82, 1.03) 0.13 0.99 (0.84, 1.16) 0.88 
Diuretics  1.02 (0.90, 1.15) 0.78 0.84 (0.72, 0.97) 0.02 
Warfarin  0.88 (0.78, 1.00) 0.05 1.11 (0.95, 1.29) 0.19 
Antiarrhythmic agents  0.99 (0.84, 1.16) 0.90 1.10 (0.88, 1.37) 0.39 
CCB 0.99 (0.84, 1.16) 0.84 1.13 (0.93, 1.38) 0.22 
Antipsychotics and 
psychoanaleptic agents 

0.97 (0.87, 1.09) 0.63 0.99 (0.85, 1.16) 0.93 

Number of drugs in previous 6 
months prior to index admission 

1.02 (0.99, 1.06) 0.17 0.96 (0.92, 1.00) 0.11 

Prior 1-year medication 
adherence (high adherence as 
reference group) 

    

Low adherence to RASI 2.08 (1.83, 2.25) <0.0001 1.12 (1.00, 1.30) 0.05 
Low adherence to β-blockers  1.34 (1.11, 1.48) <0.0001 2.73 (2.39, 3.10) <0.0001 

Abbreviations: RASI, renin-angiotensin system inhibitors; HF, heart failure; IHD, ischaemic heart 
disease; AF, atrial fibrillation; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney 
disease; PAD, peripheral artery disease; MRA, mineralocorticoid receptor antagonists; CCB, calcium 
channel blockers 

*subsequent adherence is measured to death or at 2 years post-hospital discharge whichever event 
occurred first.  
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Supplementary Figure 1: Discontinuation of RASI (gaps of 90 days or more) in 

patients with CKD vs no CKD. 
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Supplementary Figure 2: Discontinuation of β-blockers (gaps of 90 days or more) in 

patients with COPD vs no COPD. 
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Supplementary Figure 3: Discontinuation if bisoprolol vs other β-blockers (gaps of 90 

days or more) in patients with COPD and without COPD. 
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8.1 PREAMBLE 

Evidence-based medications are a key requirement for reducing deaths and 

hospitalisations in patients with heart failure. Early post-discharge care, particularly in 

evidence-based medication use, is an important management issue covered in both the 

European and US heart failure guidelines. Observational studies have reported that 

issuing ACE inhibitors/ARB and β-blockers at discharge from hospital is associated 

with a reduction in one-year deaths and hospitalisations. However, no studies have 

investigated the association between the dispensing of these medications in the early 

post-discharge period and 1-year outcomes. The early post-discharge phase after acute 

HF hospitalisation is often described as a ‘vulnerable period’ during which persistence 

and adherence to medications may be suboptimal. Therefore, this chapter aims to 

investigate the early dispensing of renin-angiotensin system inhibitors and β-blockers 

following discharge and their impact on one-year mortality and hospitalisation.  

The study cohort is the same as used previously in Chapter 5 (2003–2008), and I 

identified users as patients with at least one script dispensed within 60 days after 

hospital discharge. This study used a propensity score method with inverse probability 

treatment weighting to adjust for potential bias in the allocation of treatments in an 

observational study. For the outcome of heart failure rehospitalisation, I considered 

death as a competing risk and fitted proportional hazards models and calculated the 

subdistribution hazard ratios. Separate analyses compared patients with non-ischaemic 

aetiology from ischaemic aetiology since the latter is more likely to be heart failure 

with reduced ejection fraction. This study highlights that early post-discharge support 

programs after heart failure hospitalisation should include measures to optimise 

adherence to evidenced-based medications.  
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SUMMARY  

Aim 

Hospitalised heart failure (HF) patients have a poor prognosis post-discharge. We 

determined whether renin-angiotensin system inhibitors (RASI) and β-blockers 

dispensed to patients within 60 days post-HF hospital discharge are associated with 

improved 1-year survival. 

Methods  

A retrospective population-based study was conducted in 4897 seniors, aged 65–84 

years, alive at 60 days post-index HF hospitalisation in Western Australia over 2003–

2008. Dispensing of RASI and β-blocker was identified from the Pharmaceutical 

Benefits Scheme claims database linked to hospital admission and death records. 

Results 

At 1-year post-hospital discharge, the all-cause mortality and all-cause death or HF 

rehospitalisation rate was 13.5% (n=663) and 24.4% (n=1193), respectively. Post-

discharge RASI and β-blocker were dispensed in 77.4% and 53.0% of patients, 

respectively. Their use was associated with a lower inverse probability treatment 

weighted (IPTW) HR for 1-year mortality of 0.70, 95% CI 0.61–0.81, and 0.79, 95% 

CI 0.68–0.92, respectively (both p<0.0001), with a survival advantage most evident in 

the subgroup (70.1%) of patients with ischaemic HF. In the overall cohort, these 

therapies were also associated with reduced IPTW HRs for all-cause death or HF 

rehospitalisation (both p<0.005) but not for HF rehospitalisation exclusively. Use of a 

β-blocker was associated with a reduced IPTW HR for HF rehospitalisation in the 

ischaemic HF subgroup only. 
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Conclusions 

In a cohort of senior patients hospitalised with HF, dispensing of a RASI or β-blocker 

within 60 days, post-discharge is associated with a 1-year survival benefit. Early post-

discharge support programs after recent HF hospitalisation should include measures to 

optimise adherence to evidence-based medication. 
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INTRODUCTION 

Hospitalisation for heart failure (HF) is associated with a poor prognosis with a high 

post-discharge mortality and rehospitalisation rate that has barely improved in the 

recent era despite available evidence-based therapies.5 11 129 157 The early post-

discharge care of patients after acute HF hospitalisation is now recognised as an 

important management issue in both the European and US guidelines.3 44 Renin-

angiotensin system inhibitors (RASI) and β-blockers are proven prognostic treatments 

for HF with reduced ejection fraction (HFrEF), and current practice guidelines 

recommend that these therapies are initiated or maintained during HF hospitalisation 

unless contraindicated or not tolerated.3 44 Observational studies have reported that 

RASI168 396 397 and/or β-blocker dispensing134 168 397 398 at hospital discharge are 

independently associated with a lower risk of 1-year all-cause mortality. However, to 

our knowledge, previous studies have not examined if persistence to these oral 

therapies in the early post-discharge period is associated with improved medium-term 

survival. The early post-discharge phase after acute HF hospitalisation is often 

described as a “vulnerable period”399 during which persistence and adherence to 

treatment regimens may be suboptimal without ongoing clinical surveillance and 

multidisciplinary support.400 401 We therefore examined if dispensing of a RASI or β-

blocker to patients within a 60-day post-discharge window following HF 

hospitalisation was independently associated with a lower risk of subsequent all-cause 

death or HF rehospitalisation in a retrospective population-based cohort study of 

seniors, aged 65–84 years, with hospitalised HF.382 
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METHODS 

Data sources 

This study used statutory government-held administrative databases audited for quality 

to create person-linked health records as described in the study protocol.382 Briefly, the 

Hospital Morbidity Data Collection (HMDC) from the WA Data Linkage System342 

was used to identify patients with hospitalisation for HF from 2003 to 2008 and linked 

to matching death records from the WA mortality registry. The national 

Pharmaceutical Benefits Scheme (PBS) claims data were used to identify all matching 

records of medications dispensed from June 1, 2002, to June 30, 2011.382 

Study population  

We identified a cohort of 4897 seniors, aged 65–84 years, with an index (first in period) 

hospitalisation in 2003–2008 for HF as a principal diagnosis or HF as a secondary 

diagnosis and ischaemic heart disease (IHD) as a principal diagnosis, and who were 

alive at 60 days following the date of discharge. Patients with a history of valvular 

heart disease or dialysis were excluded. The methodology used to identify the cohort 

and the codes used to identify HF and other comorbidities have been previously 

described.382 

Data collection 

Demographic data were identified based on patients’ index HF admission. Medical 

and surgical history was identified from the HMDC using a fixed 20-year look-back 

period from 60 days post-discharge (i.e. landmark date), and prevalent HF cases were 

defined on the basis of an HF hospitalisation prior to index admission.382 The reason 

we used 60 days post-discharge as the landmark date was to allow sufficient time for 
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patients to exhaust previous drug supplies and get their scripts refilled from community 

pharmacies after seeing their health practitioner. Individual medications including 

RASI and β-blockers dispensed in the 6 months prior to index admission and between 

the date of hospital discharge and 60 days later were identified from the PBS data by 

their Anatomical Therapeutic Chemical (ATC) code.382 We compared patients who 

were supplied with any RASI or β-blocker within 60 days of discharge to those who 

had no supplies in this period. 

Study outcomes 

We used the landmark analysis method to evaluate the association between dispensed 

HF therapies (RASI and β-blocker) between hospital discharge and 60 days later 

(landmark date) and outcomes to 1 year after HF discharge.373 Use of the landmark 

analysis method overcomes immortal time bias that may occur with observational 

studies and avoids the complexity of time-dependent analyses.373 The primary 

outcome was time from landmark to all-cause mortality censored at 1 year of follow-

up. Secondary outcomes were time to rehospitalisation for HF as a principal diagnosis 

or a composite of all-cause mortality or HF rehospitalisation, whichever event 

occurred first. 

Statistical analysis 

Descriptive statistics were presented as a mean with SD for continuous variables and 

frequency (%) for categorical variables. We tested the differences between groups 

using a chi-square test for categorical variables and the t-test for continuous variables 

or Wilcoxon rank-sum test for nonparametric variables. Time to outcomes was plotted 

using a cumulative incidence function, and Gray’s test was used to assess differences 

between the groups.402 Initially, unadjusted and covariate-adjusted Cox proportional 
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hazards regression models were fitted to estimate the associations between treatment 

within 60-days post-discharge and the study outcomes. Covariates included in the 

regression models were selected from the available variables up to landmark date 

based on potential associations with treatments and/or study outcomes (Table 8.1). 

These included demographic characteristics (sex, age, Aboriginal status, and 

Accessibility and Remoteness Index of Australia plus (ARIA+) classification); 

hospital group (metro, rural, private); medical and surgical history from 20-year look-

back period (prior HF, ischaemic heart disease (IHD), hypertension, atrial fibrillation 

(AF), chronic obstructive pulmonary disease (COPD), chronic kidney disease (CKD), 

peripheral vascular disease (PVD), stroke, cancer, dementia, depression, coronary 

artery bypass graft surgery (CABG) or percutaneous coronary intervention (PCI), and 

a derived Charlson Comorbidity Index); medication history in the 6 months prior to 

the index HF admission (RASI, β-blocker, mineralocorticoid receptor antagonist, 

digoxin), and concomitant use of medications 60-day post-HF discharge 

(mineralocorticoid receptor antagonist, digoxin, loop diuretics, antiarrhythmic agents, 

warfarin, statins, and calcium antagonists).  

We then carried out a propensity score (PS) analysis using the inverse probability 

treatment weighting (IPTW) method to adjust for potential bias in the allocation of 

treatments.403 The PS was estimated using a logistic regression model which included 

all of the above-mentioned covariates as predictors for treatment with a RASI in the 

60-day post-discharge period and likewise a separate model to predict treatment with 

β-blockers. A weight was then calculated for each patient as 1/PS for patients in the 

treated group and 1/1-PS for those in the untreated group. Extreme weight values were 

truncated at the 5th and 95th percentile ends of the distribution. We confirmed that the 

IPTW method (through weighting) has adequately balanced the covariate profile of 
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the two groups by comparison of the unweighted and weighted standardised difference 

in means/proportions for each of the covariates.403 Finally, we used weighted Cox 

regression models that included only the treatment group variable for comparing RASI 

vs no RASI, and a separate model for β-blocker vs no β-blocker. We expressed results 

as hazard ratios (HR) and 95% confidence intervals (95% CI). The Akaike information 

criterion was used to assess the model fit, and the proportional hazards assumptions 

for the Cox regression models were tested and showed no violation for models (global 

test p>0.05). For the outcome of time to HF rehospitalisation, we considered death as 

a competing risk and fitted proportional hazards models that provided the 

subdistribution hazard ratio (sHR).402 Tests of the interaction between treatment (RASI 

or β-blocker) and sex, age group, and IHD history were conducted. We also performed 

a prespecified subgroup analysis in patients with prior IHD on the basis that patients 

with ischaemic HF are more likely to have left ventricular systolic dysfunction (LVSD) 

and therefore HFrEF.10 Further, RASIs and β-blockers are proven therapies for 

secondary prevention in IHD, particularly with associated heart failure.404 All 

statistical analyses were performed with SAS version 9.4 (SAS Institute, Inc. Cary, 

NC). 

RESULTS 

Baseline characteristics  

Table 8.1 shows the baseline characteristics of the total cohort, and RASI or β-blocker 

user subgroups alive at 60 days post-discharge. The cohort comprised 4897 patients, 

with mean age 76.6 years and 56.7% being male. A prevalent history of HF occurred 

in 33.1% and IHD in 70.1%. Other common comorbidities included hypertension, AF, 

diabetes, COPD, CKD, and PVD. The use of a RASI or β-blocker within 60-days post-
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discharge was recorded in 77.4% and 53.0% of patients, respectively. Among these 

patients, 84.8% and 83.2% of survivors maintained their medications at 1-year follow-

up. Positive associates of RASI and β-blocker use were younger age, a major city or 

inner regional accessibility (ARIA+) classification, and history of IHD, hypertension, 

diabetes, or PCI/CABG, while negative associations were being Aboriginal and 

history of COPD, depression or dementia (Table 8.1). Female gender was a negative 

associate for β-blocker use only and CKD a positive associate of β-blocker use only. 
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TABLE 8.1 BASELINE CHARACTERISTICS OF PATIENTS STRATIFIED BY RASI VS NO RAASI AND Β-BLOCKER VS NO Β-BLOCKER DISPENSED WITHIN 60 DAYS POST-DISCHARGE AFTER 

INDEX HEART FAILURE HOSPITALISATION.  

Characteristics Total cohort RASI β-blocker 
  Yes No p-value Yes No p-value 
Total n (%) 4897 3790 (77.4) 1107 (22.6)  2596 (53.0) 2301 (47.0)  
Male  2778 (56.7) 2178 (57.5) 600 (54.2) 0.05 1546 (60.0) 1232 (53.5) <0.0001 
Age (mean ± SD) 76.6 ± 5.5 76.5 ± 5.5 77.1 ± 5.5 0.001 76.1 ± 5.5 77.2 ± 5.4 <0.0001 
Age group         
65–74 yrs 1786 (36.5) 1424 (37.6) 362 (32.7) 0.003 1062 (40.9) 724 (31.5) <0.0001 
75–84 yrs 3111 (63.5) 2366 (62.4) 745 (67.3)  1534 (59.1) 1577 (68.5)  
Aboriginal patients (n, %) 103 (2.1) 62 (1.6) 41 (3.7) <0.0001 38 (1.5) 65 (2.8) 0.0009 
ARIA+ classification (n, %)         
Major city  2244 (45.8) 1763 (46.5) 481 (43.5) <0.0001 1230 (47.4) 1014 (44.1) <0.0001 
Inner regional  1441 (29.4) 1133 (29.9) 308 (27.8)  812 (31.3) 629 (27.3)  
Outer regional  514 (10.5) 408 (10.8) 106 (9.6)  254 (9.8) 260 (11.3)  
Remote  221 (4.5) 169 (4.5) 52 (4.7)  92 (3.5) 129 (5.6)  
Very remote 154 (3.1) 87 (2.3) 67 (6.1)  61 (2.4) 93 (4.0)  
Missing data  323 (6.6) 230 (6.1) 93 (8.4)  147 (5.7) 176 (7.7)  
Hospital group (n, %)        
Metro teaching  1634 (33.4) 1315 (34.7) 319 (28.8) <0.0001 941 (36.3) 693 (30.1) <0.0001 
Metro non-teaching  1049 (21.4) 822 (21.7) 227 (20.5)  617 (23.8) 432 (18.8)  
Rural hospitals 1031 (21.1) 749 (19.8) 282 (25.5)  441 (17.0) 590 (25.6)  
Private hospitals  1183 (24.2) 904 (23.9) 279 (25.2)  597 (23.0) 586 (25.5)  
Length of stay (median, IQR) 5 (2, 9) 5 (2, 8) 5 (2, 10) 0.25 5 (2, 8) 5 (2, 9) 0.36 
Medical history (n, %)        
Prevalent HF  1621 (33.1) 1257 (33.2) 364 (32.9) 0.86 849 (32.7) 772 (33.6) 0.53 
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IHD 3434 (70.1) 2749 (72.5) 685 (61.9) <0.0001 2070 (79.7) 1364 (59.3) <0.0001 
Hypertension  3691 (75.4) 2946 (77.7) 745 (67.3) <0.0001 2061 (79.4) 1630 (70.8) <0.0001 
AF 2284 (46.6) 1782 (47.0) 502 (45.4) 0.33 1251 (48.2) 1033 (44.9) 0.02 
Diabetes  1985 (40.5) 1607 (42.4) 378 (34.2) <0.0001 1141 (44.0) 844 (36.7) <0.0001 
COPD 1584 (32.4) 1181 (31.2) 403 (36.4) 0.001 603 (23.2) 981 (42.6) <0.0001 
CKD 1537 (31.4) 1165 (30.7) 372 (33.6) 0.07 893 (34.4) 644 (28.0) <0.001 
PVD 1022 (20.9) 776 (20.5) 246 (22.2) 0.20 556 (21.4) 466 (20.3) 0.32 
Stroke  609 (12.4) 459 (12.1) 150 (13.6) 0.20 322 (12.4) 287 (12.5) 0.94 
Cancer  1660 (33.9) 1271 (33.5) 389 (35.1) 0.32 847 (32.6) 813 (35.3) 0.05 
Dementia 266 (5.4) 182 (4.8) 84 (7.6) 0.0003 94 (3.6) 172 (7.5) <0.0001 
Depression  413 (8.4) 281 (7.4) 132 (11.9) <0.0001 176 (6.8) 237 (10.3) <0.0001 
Charlson score (mean ± SD) 3.2 ± 2.8 3.2 ± 2.8 3.4 ± 2.9 0.10 3.3 ± 2.8 3.2 ± 2.8 0.11 
History of procedure         
PCI 843 (17.2) 691 (18.2) 152 (13.7) 0.0005 562 (21.7) 281 (12.2) <0.0001 
CABG 802 (16.4) 629 (16.6) 173 (15.6) 0.44 510 (19.7) 292 (12.7) <0.0001 
Prior medications used (n, %)         
RASI  3086 (63.0) 2729 (72.0) 357 (32.3) <0.0001 1776 (68.4) 1310 (56.9) <0.0001 
β-blocker 1647 (33.6) 1342 (35.4) 305 (27.6) <0.0001 1346 (51.9) 301 (13.1) <0.0001 
MRA 233 (4.8) 181 (4.8) 52 (4.7) 0.91 126 (4.9) 107 (4.7) 0.31 
Digoxin  348 (7.1) 277 (7.3) 71 (6.4) 0.31 174 (6.7) 174 (7.6) 0.24 
Concurrent medications used within 60-day post-discharge (n, %)      
RASI 3790 (77.4) – – NA 2218 (85.4) 1572 (68.3) <0.0001 
β-blocker 2596 (53.0) 2218 (58.5) 378 (34.2) <0.0001 – – NA 
MRA 893 (18.2) 770 (20.3) 123 (11.1) <0.0001 569 (21.9) 324 (14.1) <0.0001 
Digoxin  706 (14.4) 575 (15.2) 131 (11.8) 0.005 415 (16.0) 291 (12.7) 0.0009 
Loop diuretic  2926 (59.8) 2447 (64.6) 479 (43.3) <0.0001 1665 (64.1) 1261 (54.8) <0.0001 
Antiarrhythmic  469 (9.6) 395 (10.4) 74 (6.7) 0.0002 258 (9.9) 211 (9.2) 0.36 
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Warfarin  1088 (22.2) 906 (23.9) 182 (16.4) <0.0001 667 (25.7) 421 (18.3) <0.0001 
Statin 2757 (56.3) 2312 (61.0) 445 (40.2) <0.0001 1756 (67.6) 1001 (43.5) <0.0001 
Calcium antagonist 770 (15.7) 593 (15.7) 177 (16.0) 0.78 342 (13.2) 428 (18.6) <0.0001 

Abbreviation: ARIA+, Accessibility and Remoteness Index of Australia plus classification; IHD, ischaemic heart disease; AF, atrial fibrillation; COPD, chronic obstructive 
pulmonary disease; CKD, chronic kidney disease; PVD, peripheral vascular disease; PCI, percutaneous coronary intervention, CABG, coronary artery bypass graft; RASI, renin-
angiotensin system inhibitor; MRA, mineralocorticoid receptor antagonist. 
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Post-discharge outcomes by RASI or β-blocker use 

In the total cohort at 1-year after HF discharge, observed all-cause mortality was 13.5% 

(n=663), HF rehospitalisation 14.3% (n=698), and all-cause death or HF 

rehospitalisation in 24.4% (n=1193). Figures 8.1 and 8.2 show the cumulative 

incidence function curves with Gray’s test for significance and Table 8.2 the 

unadjusted and adjusted hazard ratios of 1-year outcomes for RASI vs no RASI and β-

blocker vs no β-blocker groups. There was no significant interaction between 

treatments and sex and age groups. The use of RASI or β-blockers were independently 

associated with better survival and lower unadjusted and adjusted HR for all-cause 

mortality and the composite of death or HF rehospitalisation at 1-year (Table 8.2). 

However, neither RASI nor β-blocker use was associated with a lower sHR for HF 

rehospitalisation. In IPTW analysis, RASI users had a significantly lower HR for 1-

year all-cause death (0.70, 95% CI, 0.61–0.81) as did β-blocker users (0.79, 95% CI, 

0.68–0.92) compared to non-users. In general, the IPTW analysis did not materially 

change the estimated HRs from the standard covariate adjustment models but 

narrowed the width of the 95% CIs (Table 8.2). 
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FIGURE 8.1 CUMULATIVE INCIDENCE FUNCTION CURVES FOR (A) ALL-CAUSE MORTALITY, (B) HF 

READMISSION AND (C) ALL-CAUSE MORTALITY OR HF READMISSION (C) IN PATIENTS WITH A RASI USE 

WITHIN 60 DAYS POST-DISCHARGE AFTER HF HOSPITALISATION (SOLID LINE) AND THOSE NOT USING A 

RASI (DASHED LINE).  

HF, heart failure; RASI, renin-angiotensin-aldosterone system inhibitor; N, number  
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FIGURE 8.2 CUMULATIVE INCIDENCE FUNCTION CURVES FOR (A) ALL-CAUSE MORTALITY, (B) HF 

READMISSION AND (C) ALL-CAUSE MORTALITY OR HF READMISSION IN PATIENTS WITH Β-BLOCKERS USE 

WITHIN 60 DAYS POST-DISCHARGE AFTER HF HOSPITALISATION (SOLID LINE) AND THOSE NOT USING Β-

BLOCKER (DASHED LINE). 

HF, heart failure; N, number  
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TABLE 8.2 UNADJUSTED, COVARIATE-ADJUSTED AND IPTW HAZARD RATIOS FROM COX REGRESSION MODELS FOR 1-YEAR OUTCOMES AFTER HOSPITALISED HEART FAILURE 

ACCORDING TO THE USE OF POST-DISCHARGE MEDICATIONS FOR RASI VS NO RASI GROUP AND Β-BLOCKER VS NO Β-BLOCKER GROUP. 

 Number (%)   Number (%)   
1-year outcomes RASI 

(n=3790) 
No RASI 
(n=1107) 

HR (95% CI) p-value β-blocker 
(n=2596) 

No β-blocker 
(n=2301) 

HR (95% CI) p-value 

         
All-cause mortality 472 (12.5) 191 (17.3)   299 (11.5) 364 (15.8)   
  Unadjusted   0.70 (0.59, 0.83) <0.0001   0.71 (0.61, 0.83) <0.0001 
  Covariate-adjusted*   0.81 (0.68, 0.97) 0.006   0.76 (0.63, 0.92) 0.02 
  IPTW   0.70 (0.61, 0.81) <0.0001   0.79 (0.68, 0.92) <0.0001 
HF rehospitalisation¶ 543 (14.3) 155 (14.0)   358 (13.8) 340 (14.8)   
  Unadjusted   0.99 (0.83, 1.19) 0.93   0.91 (0.78, 1.05) 0.20 
  Covariate-adjusted*   0.89 (0.74, 1.06) 0.28   0.89 (0.73, 1.08) 0.18 
  IPTW   0.92 (0.79, 1.06) 0.92   0.92 (0.79, 1.07) 0.26 
All-cause mortality or HF 
rehospitalisation 

891 (23.5) 302 (27.3)   574 (22.1) 619 (26.9)   

  Unadjusted   0.84 (0.73, 0.95) 0.007   0.80 (0.71, 0.89) 0.0001 
  Covariate-adjusted*   0.84 (0.74, 0.96) 0.02   0.83 (0.72, 0.96) 0.01 
  IPTW   0.81 (0.72, 0.90) 0.0002   0.84 (0.75, 0.94) 0.002 

*Adjusted for age, gender, Indigenous status, hospital group, ARIA+ classification, prevalent HF, other medical comorbidities, coronary revascularisation procedures, and prior 

or concurrent use of other cardio-active medications. ¶The hazard ratio for HF rehospitalisation is subdistribution HR, treating death as a competing risk event. 

Abbreviations: RASI, renin-angiotensin-aldosterone system inhibitor; HR, hazard ratio; CI, confidence interval; IPTW, inverse probability treatment weight; HF, heart failure 
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Post-discharge outcomes in subgroups according to ischaemic heart disease 

Post-discharge dispensing of a RASI was higher in patients with ischaemic vs non-

ischaemic HF (80.0% vs 71.1%), and also for β-blockers (60.3% vs 35.9%). In the 

ischaemic HF subgroup, RASI and β-blocker use were each associated with a lower 

unadjusted and covariate-adjusted HR for all-cause mortality (Supplementary Table 

1). Compared to non-users, RASI and β-blocker users had a reduced IPTW HR for all-

cause death of 0.71, 95% CI, 0.60–0.85 and 0.79, 95% CI, 0.66–0.95 respectively, and 

also all-cause death/HF rehospitalisation (Supplementary Table 1). The test for the 

interaction between RASI or β-blocker use and IHD history was not significant (p>0.5) 

for all-cause mortality. However, there was a significant interaction between β-blocker 

use (but not RASI) and IHD history for HF readmission (p=0.02) and all-cause 

death/HF rehospitalisation (p=0.04). In the ischaemic HF subgroup only, β-blocker use 

was associated with a reduced IPTW sHR for HF rehospitalisation (0.83, 95% CI 0.70–

0.99) and all-cause death/HF rehospitalisation (0.79, 95% CI 0.69–0.91). 

DISCUSSION 

To our knowledge, this is the first study to show that in a ‘real-world’ cohort of senior 

patients hospitalised with HF, dispensing of a RASI or β-blocker within 60-days post-

discharge was independently associated with lower 1-year mortality. Our cohort 

contained predominantly patients with ischaemic HF, who are also more likely to have 

LVSD and HFrEF,10 and are therefore also more likely to have a survival benefit from 

these HF therapies. Our findings extend observational studies that showed dispensing 

of a RASI or β-blocker at discharge from HF hospitalisation is associated with an 

improved medium-term survival.134 168 396-398 However, this study highlights the 
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importance of persistence to proven HF therapies post-hospital discharge and 

represents an important opportunity to improve longer-term outcomes. 

Our study was population-based in seniors, aged 65–84 years, who had an index 

hospitalisation for HF in WA and comprised the full spectrum of HF patients with 

reduced, mid-range and preserved ejection fraction.382 Even though we excluded those 

who died within the first 60 days post-discharge, their subsequent 1-year mortality 

(13.6%) and risk of death or HF rehospitalisation (24.4%) emphasises the poor 

medium-term prognosis of even stable survivors after hospitalised HF. Due to the 

senior age of our cohort, there was a generally higher prevalence of comorbidities than 

reported in other hospitalised HF cohorts.5 11 129 157 In particular, IHD prevalence was 

high (70.1%) and in these patients, both RASI and β-blocker use is indicated for 

treating systolic HF and for secondary cardiac prevention. The overall use of a RASI 

(77.4%) and particularly β-blocker (53.0%) post-discharge appears suboptimal, and a 

more recent (2013) prospective audit of consecutive patients admitted with acute HF 

to participating Australian hospitals showed that the rate of discharge prescription of 

a RASI or β-blocker has not improved in the current era.60 The ideal medication uptake 

cannot be ascertained without knowledge of the actual proportion of cases with HFrEF 

and those who were intolerant or had contraindications to these drugs. However, 

previous studies have highlighted that suboptimal HF pharmacotherapy is prevalent 

and there is often a risk-treatment mismatch where elderly patients at greatest risk of 

death after hospitalised HF are also less likely to receive a RASI or β-blocker.139 405 

Almost one-third of our cohort had a history of COPD which is the most powerful 

predictor of underuse of β-blockers in HF,394 even though cardio-selective β-blockers 

can be safely used in the majority of HF patients with COPD with the same mortality 

benefits.393  
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Survival effect 

Some,168 396 397 but not all,406 observational studies have shown that use of a RASI at 

discharge after HF hospitalisation is independently associated with improved 1-year 

survival. Similarly, use of a β-blocker at discharge has been associated with a more 

favourable 1-year mortality.134 168 397 In one study, the survival benefit of β-blockers 

extended to HF patients with preserved EF (HFpEF)397, but it was negative in another 

study.134 We have extended these studies to show that patients who used a RASI or β-

blocker after hospital discharge had a 20% to 30% lower adjusted hazards of 1-year 

all-cause mortality. Use of these drugs was also associated with a similar significant 

reduction in hazards of subsequent death or HF rehospitalisation, but the effect was 

mostly through reduced mortality. It is not surprising that the same relative survival 

benefit with the use of RASI and β-blocker was found in our patients with ischaemic 

HF given that they are also more likely to have systolic HF. However, we found no 

evidence of heterogeneity in treatment effect between the ischaemic and non-

ischaemic HF subgroups for all-cause mortality even though cases with HFpEF are 

more likely in the latter subgroup. However, the intercontinental GREAT registry 

study reported a favourable association of RASI and β-blocker use at discharge with 

1-year mortality which extended to patients with HFpEF as well as HFrEF.397 It is 

possible that RASIs and β-blockers can have a beneficial effect in patients with HFpEF 

through other clinical indications such as IHD, hypertension or diabetes. 

Effect on HF rehospitalisation  

Despite significant mortality benefits, we found that RASI or β-blocker use post-

discharge was not associated with a significantly lower hazard of HF rehospitalisation, 

with the exception of β-blockers in patients with ischaemic HF. Other studies of RASI 
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or β-blocker use at HF discharge have also reported no association with the risk of HF 

readmission.143 398 The lack of effect on HF rehospitalisation in unselected HF cohorts 

could be due to the inclusion of a substantial proportion (≈50%) of patients with 

HFpEF.134 The precipitating factors for HF hospitalisation are also diverse and include 

non-cardiovascular causes (e.g. respiratory infection, renal failure), and non-

compliance/inappropriate decrease in HF therapy may represent only a minority 

among cardiovascular causes.407-409 We observed a favourable association of β-blocker 

use with HF rehospitalisation in ischaemic HF patients, and this is probably because 

myocardial ischaemia is a common precipitant of HF.407-409 These findings highlight 

that management strategies to reduce HF rehospitalisation will need to include diverse 

HF precipitants in addition to compliance with evidence-based HF therapies.399 

Limitations  

The present study has several limitations. Being an observational study, a causal 

association between treatment and outcomes cannot be proven. We included only 

seniors aged 65 to 84 years, although this older age group is more representative of the 

‘real-world’ cohort of hospitalised HF patients than those usually included in 

randomised clinical trials. We are unable to exclude patients with HFpEF without 

echocardiography data, but their inclusion would, if anything, biased our results 

towards a null treatment effect. We adjusted for demographics and concomitant 

comorbidity and treatment factors that may confound the association between 

treatments and outcomes. Adjustment for propensity to receive specific medications 

should further reduce the risk of bias due to non-random allocation of treatments. 

However, there may be other important unmeasured confounders, and even with 

propensity adjustment, a healthy user bias cannot be ruled out. Changes in the 

treatment regimen (e.g. initiation, discontinuation) after the landmark point might 
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confound the 1-year mortality outcomes although the majority of survivors dispensed 

a RASI or β-blocker within 60-days post-discharge remained on these therapies after 

one year. Our PBS dataset contains dispensing data but not the dosages prescribed, so 

we are unable to assess a dose-response relationship. Use of proven HF 

pharmacotherapies may have improved in the current era, but we found no evidence 

this has occurred in the Australian context.60 A major strength of the study is the 

complete follow-up and capture of outcomes using the individual-based linked 

administrative data. 

CONCLUSION 

In a cohort of senior patients hospitalised with HF, RASI and β-blocker use within 60 

days, post-discharge is associated with a 1-year survival benefit predominantly in 

patients with ischaemic HF. Early post-discharge support programs after HF 

hospitalisation should include measures to optimise adherence to evidence-based 

mediations. 
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Supplementary document  

 

Table 1 Unadjusted, covariate-adjusted and IPTW hazard ratios from Cox regression models for 1-year outcomes after hospitalised heart 

failure stratified by history of ischaemic heart disease and according to use of post-discharge medications for RASI vs no RASI group and 

β-blocker vs no β-blocker group. 

Patients with ischaemic heart disease (n=3434) 
 Number (%)   Number (%)   
1-year outcomes RASI 

(n=2749) 
No RASI 
(n=685) 

HR (95% CI) p-value β-blocker 
(n=2070) 

No β-blocker 
(n=1364) 

HR (95% CI) p-value 

All-cause mortality 339 (12.3) 114 (16.6)   234 (11.3) 219 (16.1)   
Unadjusted   0.72 (0.58, 0.89) 0.002   0.69 (0.57, 0.82) <0.0001 
Covariate-adjusted*   0.76 (0.60, 0.96) 0.02   0.81 (0.65, 0.99) 0.04 
IPTW   0.71 (0.60, 0.85) 0.0001   0.79 (0.66, 0.95) 0.01 
HF rehospitalisation¶ 400 (14.6) 105 (15.3)   280 (13.5) 225 (16.5)   
Unadjusted   0.92 (0.74, 1.14) 0.44   0.79 (0.66,0 .94) 0.009 
Covariate-adjusted*   0.88 (0.69, 1.12) 0.28   0.80 (0.65, 0.98) 0.03 
IPTW   0.91 (0.76, 1.09) 0.30   0.83 (0.70, 0.99) 0.03 
All-cause mortality or 
HF rehospitalisation 

651 (23.7) 190 (27.7)   450 (21.7) 391 (28.7)   

Unadjusted   0.83 (0.70, 0.97) 0.02   0.73 (0.64, 0.84) <0.0001 
Covariate-adjusted*   0.83 (0.69, 0.99) 0.04   0.79 (0.68, 0.93) 0.006 
IPTW   0.80 (0.70, 0.92) 0.001   0.79 (0.69, 0.91) 0.0006 
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Patients without ischaemic heart disease (n=1463) 
 Number (%)   Number (%)   
1-year outcomes RASI 

(n=2749) 
No RASI 
(n=685) 

HR (95% CI) p-value β-blocker 
(n=2070) 

No β-blocker 
(n=1364) 

HR (95% CI) p-value 

All-cause mortality 133 (12.8) 77 (18.3)   65 (12.4) 145 (15.5)   
Unadjusted   0.68 (0.51, 0.90) 0.006   0.78 (0.58, 1.04) 0.78 
Covariate-adjusted*   0.79 (0.58, 1.08) 0.13   0.81 (0.57, 1.14) 0.22 
IPTW   0.69 (0.54,0.90) 0.005   0.80 (0.61, 1.06) 0.12 
HF rehospitalisation¶ 143 (13.7) 50 (11.9)   78 (14.8) 115 (12.3)   
Unadjusted   1.13 (0.82, 1.55) 0.47   1.19 (0.90, 1.59) 0.23 
Covariate-adjusted*   0.89 (0.62, 1.27) 0.51   1.24 (0.89, 1.74) 0.21 
IPTW   0.81 (0.69, 1.02) 0.50   1.20 (0.90, 1.59) 0.21 
All-cause mortality or 
HF rehospitalisation 

240 (23.1) 112 (26.5)   124 (23.6) 228 (24.3)   

Unadjusted   0.84 (0.67, 1.05) 0.13   0.96 (0.77, 1.90) 0.69 
Covariate-adjusted*   0.84 (0.65, 1.08) 0.16   0.99 (0.77, 1.28) 0.95 
IPTW   0.80 (0.66, 0.99) 0.04   0.97 (0.78, 1.19) 0.74 

Abbreviations: IPTW, inversed probability treatment weights; RASI, renin-angiotensin system inhibitors
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9.1 PREAMBLE 

The study reported in Chapter 8 showed that early dispensing of ACE inhibitors/ARB 

and β-blockers within 60 days post-discharge was associated with a reduction of 

subsequent one-year all-cause death and the composite outcome of all-cause death and 

HF readmission. Non-adherence to these essential drugs leads to an increased risk of 

death and rehospitalisation, and higher healthcare costs. Most of the study used an 

adherence of 80% as the cut-off to define high adherence. However, this empirical 

threshold may not be the most appropriate for an individual drug class or for predicting 

the most favourable outcomes. Using a categorical threshold may not allow for the 

identification of a graded adherence-outcome relationship.  

Accordingly, to estimate the relationship between medication adherence and outcomes, 

this study used Cox regression models with restricted cubic splines and propensity 

score methods. Adherence was measured using the PDC method, and the outcomes of 

interest were all-cause death, HF readmission and the composite endpoint of all-cause 

death and HF readmission. This study showed that analyses using restricted cubic 

splines are far more informative for interpreting adherence-outcome relationships than 

using categorical thresholds or the traditional 80% cut-off as there is no plateauing of 

risk reduction beyond this point.  
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ABSTRACT 

Aims 

Non-adherence to heart failure (HF) medications is associated with poor outcomes. 

We used restricted cubic splines (RCS) to assess the continuous relationship between 

adherence to renin-angiotensin system inhibitors (RASI) and β-blockers and outcomes 

in senior HF patients.  

Methods 

We identified a population-based cohort of 4234 patients, aged 65–84 years, 56% male, 

who were hospitalised for HF in Western Australia from 2003–2008 and survived to 

1-year post-discharge (landmark date). Adherence was calculated using the proportion 

of days covered (PDC) in the first year post-discharge. RCS Cox proportional hazards 

models were applied to determine the relationship between adherence and all-cause 

death and death/HF readmission at 1 and 3 years after the landmark date.  

Results 

RCS analysis showed a curvilinear adherence-outcome relationship for both RASI and 

β-blockers, which was linear above PDC 60%. For each 10% increase in RASI and β-

blocker adherence above this level, the adjusted hazard ratio for 1-year all-cause death 

fell by 6.3% and 4.5% respectively (both p<0.02) and risk of all-cause death/HF 

readmission fell by 4.8% and 5.3% respectively (both p=0.001). Graded reductions in 

adjusted risk for these outcomes at PDC>60% were also seen at 3-years (all p<0.025). 

Conclusion 

Increasing adherence to RASI and β-blockers in the first year post-HF hospitalisation 

was independently associated with lower long-term risks of all-cause death and 
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death/HF readmission. RCS analysis showed that there was no upper adherence level 

(threshold) above 60%, where risk reduction did not continue to occur. Therefore 

interventions should maximise adherence to RASI and β-blockers to improve HF 

outcomes. 

KEYWORDS 

Heart failure; medication adherence; renin-angiotensin system inhibitors; β-blockers; 

restricted cubic splines  

What is already known about this subject? 

• Suboptimal adherence to evidence-based medications is associated with 

increased risk of death and rehospitalisations in heart failure (HF) patients. 

• An empirical 80% threshold is often used to define sufficient adherence to 

improve clinical outcomes without actually testing different thresholds or dose-

response relationships. 

• This categorical threshold may also not be the most appropriate to define 

optimal adherence for different conditions, medications, and populations.  

What this study adds? 

• We used restricted cubic splines to assess the graded relationship between 

adherence to evidence-based medicines and outcomes in senior HF patients.  

• There was a curvilinear adherence-outcome association for RASI and β-

blockers, which were linear above 60% adherence. 

• Clinicians should aim to achieve the highest possible adherence to these 

medications in HF patients as there is no upper threshold where risk reduction 

did not continue to occur. 
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INTRODUCTION  

Rates of mortality and hospitalisation for patients with heart failure (HF) remain high 

despite the availability of efficacious pharmacotherapies.11 410 Renin-angiotensin 

system inhibitors (RASI) and β-blockers have proven prognostic benefit and are 

recommended by guidelines as first-line pharmacotherapies for patients with HF and 

reduced ejection fraction (HFrEF).3 Non-adherence to these essential 

pharmacotherapies is a cause for increased mortality, hospitalisation risk and 

healthcare costs in HF patients.29 230 305 322 388 389 Patients affected by HF may be 

particularly prone to non-adherence because they are often elderly and have multiple 

comorbid diseases.290 411 Hence, poor medication adherence remains a significant 

obstacle to enhancing the effectiveness of proven pharmacological treatments in HF.251  

Estimates of adherence to RASIs and β-blockers in HF patients vary considerably, 

ranging from 40% to over 90% depending on the method of estimating adherence, 

length of observation and the cohort characteristics.29 298 305 318 319 322 389 Studies of 

adherence using pharmacy claims data have mostly calculated the proportion of days 

covered (PDC) for each medication317 380 and categorised a PDC threshold of 80% as 

sufficiently adherent.230 251 305 317 318 388 

However, very few studies have defined adherence thresholds linked to clinical 

outcomes or tested dose-response relationships treating adherence as a continuous 

exposure.381 412 It is also likely that optimal adherence levels will vary according to 

diseases, medications, and patient characteristics.381 412 In fact, one small study 

suggested that a medication adherence above 88% was necessary for optimal event-

free survival in HF patients.320 An alternative strategy for exploring the association 

without the assumption of linearity is to use restricted cubic splines (RCS).387 To our 
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knowledge, there are no previous studies using this method to examine the relationship 

between medication adherence and clinical outcomes in an HF cohort. The aims of this 

study were to evaluate the adherence to RASI and β-blockers in the first year after HF 

hospitalisation in a population-based cohort of seniors, aged 65–84 years, and use RCS 

analysis to investigate the continuous relationship between adherence and subsequent 

1- and 3-year all-cause death and/or HF readmissions. 

MATERIAL AND METHODS  

Data sources 

This study used government-held administrative databases, regularly audited for 

quality, to create person-linked health records as previously described.382 Briefly, the 

Hospital Morbidity Data Collection from the Western Australian Data Linkage 

System342 was used to identify patients with hospitalisation for HF from 1 January 

2003 to 31 December 2008 and linked to matching death records from the Western 

Australian death registry.382 The national Pharmaceutical Benefits Scheme (PBS) 

pharmacy claims data were used to identify all matching records of medications 

dispensed from 1 June 2002 to 30 June 2011.354 382 383 

Study cohort 

Figure 9.1 shows the patient selection flowchart for the study cohort. We identified a 

cohort of 4234 seniors, aged 65–84 years, with an index (first in period) hospitalisation 

for HF in 2003–2008 as a principal diagnosis or HF as a secondary diagnosis and 

ischaemic heart disease (IHD) as a principal diagnosis. The coded hospital discharge 

diagnosis of HF and myocardial infarction have been previously validated.34 385 All 

patients had to survive to 1 year following the date of hospital discharge (designated 
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landmark date) in order to measure their medication adherence for 1 year. Non-

concession card holders and those without any PBS records were excluded.354 382 383 

 

 

FIGURE 9.1 FLOWCHART OF PATIENT SELECTION FOR THE STUDY COHORT.  

WA, Western Australia; IHD, ischaemic heart disease 
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Data collection 

The study methodology has been described previously.382 383 Demographic data were 

identified based on the index HF admission, and residential location was used to derive 

the Accessibility Remoteness Index of Australia (ARIA+) classification413, which 

measures the relative access to services. The Socio-Economic Indexes for Areas 

(SEIFA),386 included as the index of Relative Socioeconomic Disadvantage, was 

assigned to each patient based on their residential postcode and grouped into quintiles, 

with the first quintile representing the most disadvantaged group and the last quintile 

representing the least disadvantaged.386 414 Medical and cardiac surgical history were 

identified from the Hospital Morbidity Data Collection dataset using a fixed 20-year 

look-back period from the landmark date. Prevalent HF was defined as any HF 

hospitalisation prior to the index admission. The Charlson Comorbidity Index was 

derived from the identified comorbidities with the exclusion of HF.349 Individual 

medications, including RASI and β-blockers, were identified from the PBS data by 

their Anatomical Therapeutic Chemical code. 382 383 

Medication adherence 

We estimated adherence to RASIs and HF-approved β-blockers (bisoprolol, carvedilol, 

metoprolol tartrate, metoprolol succinate, nebivolol) in the landmark period. Users of 

RASI and β-blockers were required to have at least two supplies of the drug class in 

order to derive a more precise adherence estimate. 212 

As dosage information is not captured in the PBS dataset, we checked the registered 

product information for each drug and assumed that RASI were one dose per day 

except for captopril (three per day), and β-blockers were one dose per day except for 

metoprolol tartrate and carvedilol, which were assumed to have a dose of two pills per 
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day. The time to next supply date for each Anatomical Therapeutic Chemical code was 

then calculated for patients supplied with the drugs. The 75th percentile of the 

distribution of time to next supply date for each drug was used as the drug’s exposure 

duration, 229 and were able to be confirmed that this was consistent with PBS supply 

periods which are intended to approximate monthly supplies.  

Medication adherence estimates were calculated for RASI and β-blockers using the 

PDC method.380 The PDC denominator was the number of days from first dispensing 

date post-discharge to the 1-year landmark date. The numerator was the number of 

days covered with medication during the period of the denominator. If a patient had a 

concurrent or overlapping supply, the days were only counted once. If patients were 

hospitalised, the number of days in hospital was added to the numerator when 

calculating adherence during the landmark period to cover the supply in hospital. The 

following equation was used to calculate the PDC for each patient for each drug group: 

!"# = ∑&'()	+,-./.&	0(	1ℎ.	3.&4+'14,5) ≥ 2	)899:4.)	'-'4:'0:.
∑&'()	;/,3	;4/)1	)899:(	1,	,5.	(.'/	:'5&3'/<	&'1.	 × 100% 

We examined PDC as a continuous as well as categorical variable using PDC≥90% to 

denote a near full adherence. Use of other cardio-active medications including 

mineralocorticoid receptor antagonists (MRA), diuretics, antiarrhythmic agents, 

statins and calcium channel blockers was captured as separate binary variables for each 

drug group, defined as at least two scripts filled within the landmark period. 

Study outcomes 

We used the landmark analysis method to evaluate the association between PDC 

adherence and outcomes at 1 and 3 years after the landmark date.373 The primary 

outcome was time to all-cause death within 1 and 3 years. Secondary outcomes were 

time to readmission for HF (International Classification of Diseases and Related 
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Health Problems 10th revision Australian Modification code I50) as a principal 

discharge diagnosis, and a composite outcome of all-cause death or HF readmission, 

whichever event occurred first.  

Statistical methods  

Descriptive statistics were presented as means with standard deviation (SD) for 

continuous variables, and frequency (%) for categorical variables. We tested 

differences between adherence groups using the t-test for continuous variables and the 

chi-squared test for categorical variables. Time to outcomes was plotted using a 

cumulative incidence function to account for competing risk, and Gray’s test was used 

to assess differences between groups.402 For each drug group, we fitted Cox regression 

models with RCSs to investigate the effect of adherence to that drug class on 

outcomes.387 All Cox models were adjusted for baseline demographics, comorbidities, 

and concomitant medications. RCS Cox models revealed the shape of the relationship 

between continuous PDC adherence and outcomes without a priori assumptions of 

linearity.387 The RCS method fits a smooth continuous curve of adjusted HRs with 95% 

confidence intervals across adherence levels, allowing for cubic form changes at 

arbitrary knot points (we used 30%, 60%, 80%), and a linear form at the tail ends. The 

RCS plots were restricted to PDC>30% due to small frequencies below 30%. A PDC 

of 90% was chosen as the reference value for calculation of adjusted HRs because we 

wanted to compare against a near full adherence level. The RCS plots were used to 

visually and statistically assess the continuous adherence-outcome relationship.  

To compare with results from the Cox proportional hazards models, we also carried 

out a propensity score (PS) analysis using the inverse probability treatment weighting 

(IPTW) method to adjust for potential bias in the allocation of patients to adherence 

groups.383 403 The propensity score was estimated using a logistic regression model 
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which included all of the above-mentioned covariates (Table 1) as predictors for high 

adherence (PDC≥90%) to RASI treatment, and likewise a separate model to predict 

high adherence to β-blockers. A weight was then calculated for each patient as 1/PS in 

the high adherence group and 1/1-PS for those in the low adherence group. Extreme 

weight values were truncated at the 5th and 95th percentile ends of the distribution. We 

confirmed that the IPTW method (through weighting) had adequately balanced the 

covariate profile of the two groups by comparison of the unweighted and weighted 

standardised difference in means/proportions for each covariate.383 403 Finally, we used 

weighted Cox regression models that included only the adherence group variable for 

comparing high vs low RASI adherence, and a separate model for high vs low β-

blocker adherence. 

We expressed results as hazard ratios (HRs) and 95% confidence intervals (95% CI). 

The Akaike information criterion was used to assess the model fit, and the proportional 

hazards assumptions for the Cox models were tested and showed no violation (both 

p>0.05). Harrell’s C-statistic is reported for each Cox regression model. For analysis 

of HF readmission, we considered death as a competing risk and fitted Cox 

proportional hazards models to calculate the subdistribution hazard ratios (sHR).402 If 

the RCS showed a linear relationship across the range of PDC values or above a turning 

point, then in further Cox regression models (without RCS) a continuous linear PDC 

adherence model was fitted for users with PDC values in that range. Trend p-values 

were calculated in adjusted Cox regression models to assess the change in risk of 

events for a 10% increase in adherence. In the Cox models, we also investigated the 

interactions between drug group adherence and sex, age, IHD, chronic obstructive 

pulmonary disease (COPD), and chronic kidney disease (CKD). All statistical analyses 

were performed with SAS version 9.4 (SAS Institute, Inc. Cary, NC). 
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Ethics statement 

This study complies with the Declaration of Helsinki. Ethics approvals were obtained 

from The University of Western Australia (ref RA/4/1/8065), Western Australian 

Department of Health (ref 2014/11), Western Australian Aboriginal Health Ethics 

Committee (ref 572) and the Commonwealth Department of Health (XJ-16). This 

included a waiver of informed consent. 

RESULTS  

Baseline characteristics and outcomes  

The characteristics and crude outcomes of the study cohort and for RASI or β-blocker 

user subgroups stratified by dichotomous adherence levels are shown in Table 9.1. The 

study cohort comprised 4234 patients, mean age 76.4 years, and 55.9% were men, with 

a mean follow-up time of 891 days (SD 337) after the landmark date. Within this 

cohort, 86.6% used a RASI, and 66.7% used a β-blocker during the landmark period. 

Common comorbidities (>30%) in the cohort included IHD, hypertension, atrial 

fibrillation, diabetes, COPD, and CKD. Significant negative associations of high RASI 

adherence were Indigenous status, no private insurance, prevalent HF hospitalisation, 

HF readmission within landmark period, hypertension, COPD, CKD and higher 

Charlson comorbidity score (Table 9.1). Negative associations of high β-blocker 

adherence were older age, no private insurance, HF readmission within the landmark 

period, COPD, CKD, stroke, dementia and higher Charlson comorbidity score (Table 

9.1).  

Among RASI users, 70.1% were also taking a β-blockers and conversely 91.1% of β-

blocker users were taking a RASI. The adherence distribution for both drug groups 

was negatively skewed with 85.6% and 69.6% of RASI and β-blocker users attaining 
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a PDC>60% respectively. The median PDC for RASI and β-blockers was 92% 

(interquartile range 79–97%) and 82% (interquartile range 55–95%) respectively. 

Among RASI and β-blocker users, 56.9% and 38.2%, respectively, achieved a 

PDC≥90%. At 2 years post-discharge, 83.2% and 84.4% of surviving RASI and β-

blocker users, respectively, remained within the same PDC categories as in their first 

year (i.e. PDC≥90% or <90%).  
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TABLE 9.1 CHARACTERISTICS AND UNADJUSTED OUTCOMES OF PATIENTS SURVIVING 1 YEAR POST-HF HOSPITALISATION, STRATIFIED BY ADHERENCE LEVEL (PDC≥90% 

VERSUS PDC<90%) FOR RASI AND Β-BLOCKERS. 

 Total RASI (n=3668, 86.6%) p-value β-blockers (n=2822, 66.7%) p-value 
  PDC<90% PDC≥90%  PDC<90% PDC≥90%  
Number  4234 1580 (43.1) 2088 (56.9) NA 1745 (61.8) 1077 (38.2) NA 
Sex         
Male  2365 (55.9) 911 (57.7) 1164 (55.8) 0.38 983 (56.3) 651 (60.5) 0.03 
Age (mean ± SD) 76.4 (5.5) 76.3 (5.5) 76.3 (5.4) 0.95 76.5 (5.5) 75.4 (5.4) <0.0001 
Age group         
65–69 677 (16.0) 259 (16.4) 333 (15.6) 0.96 278 (15.9) 211 (19.6) <0.0001 
70–74 929 (21.9) 357 (22.6) 469 (22.5)  385 (22.1) 284 (26.4)  
75–79 1257 (29.7) 466 (29.5) 631 (30.2)  507 (29.1) 309 (28.7)  
80–84 1371 (32.4) 498 (31.5) 655 (31.4)  575 (33.0) 273 (25.4)  
Indigenous status  95 (2.2) 45 (2.9) 27 (1.3) 0.001 33 (1.9) 13 (1.2) 0.16 
Private insurance  1153 (27.2) 383 (24.2) 616 (29.5) 0.001 448 (25.7) 333 (30.9) 0.003 
ARIA+ Classification     0.01   0.04 
Major City  1942 (45.9) 796 (50.4) 1015 (48.6)  899 (51.5) 520 (48.3)  
Inner regional  1250 (29.5) 457 (28.9) 681 (32.6)  525 (30.1) 361 (33.5)  
Outer regional  445 (10.5) 185 (11.7) 239 (11.5)  197 (11.3) 117 (10.9)  
Remote  195 (4.6) 79 (5.0) 103 (4.9)  68 (3.9) 51 (4.7)  
Very remote  140 (3.3) 63 (4.0) 50 (2.4)  56 (3.2) 28 (2.6)  
SEIFA    0.02   0.77 
First quintile (most 
disadvantage) 

319 (7.5) 134 (8.5) 134 (6.4)  123 (7.1) 77 (7.2)  

second quintile 858 (20.3) 319 (20.3) 420 (20.2)  356 (20.4) 213 (19.9)  
third quintile 731 (17.3) 290 (18.3) 346 (16.6)  310 (17.8) 175 (16.3)  
Fourth quintile 1004 (23.7) 348 (22.0) 526 (25.2)  416 (23.8) 258 (24.0)  
Fifth quintile (least 
disadvantage) 

1322 (31.2) 489 (30.9) 662 (31.6)  540 (31.0) 354 (32.9)  

HF hospitalisation prior to 
index admission  

1325 (31.3) 537 (34.0) 620 (30.0) 0.006 547 (31.4) 338 (31.4) 0.98 
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 Total RASI (n=3668, 86.6%) p-value β-blockers (n=2822, 66.7%) p-value 
  PDC<90% PDC≥90%  PDC<90% PDC≥90%  
HF readmission within 
landmark period 

805 (19.0) 389 (24.6) 336 (16.1) <0.001 402 (23.0) 183 (17.0) 0.0001 

Comorbidities        
IHD 3102 (73.3) 1195 (75.6) 1564 (74.9) 0.62 1430 (82.0) 854 (79.3) 0.08 
Hypertension  3288 (77.7) 1293 (81.8) 1631 (78.1) 0.001 1433 (82.1) 860 (80.0) 0.14 
AF  1963 (46.4) 758 (48.0) 957 (45.8) 0.19 854 (48.9) 513 (47.6) 0.50 
Diabetes  1765 (41.7) 703 (44.5) 877 (42.0) 0.14 753 (43.2) 479 (44.5) 0.49 
COPD  1319 (31.2) 543 (34.4) 576 (27.6) <0.001 470 (26.9) 226 (21.0) <0.0001 
CKD 1496 (35.3) 637 (40.3) 673 (32.2) <0.001 733 (42.0) 363 (33.7) <0.0001 
PVD 760 (18.0) 305 (19.3) 357 (17.1) 0.08 351 (20.1) 187 (17.4) 0.07 
Stroke  522 (12.3) 209 (13.2) 240 (11.5) 0.12 245 (14.0) 117 (10.9) 0.01 
Depression  339 (8.0) 123 (7.8) 142 (6.8) 0.26 130 (7.5) 60 (5.6) 0.05 
Dementia  190 (4.5) 62 (3.9) 91 (4.4) 0.51 72 (4.1) 22 (2.0) 0.002 
CCI score categories         
0 941 (22.2) 280 (17.7) 523 (25.1) <0.001 366 (21.0) 272 (25.3) 0.002 
1–2 1423 (33.6) 542 (34.3) 693 (33.2)  571 (32.7) 350 (32.5)  
3–4 919 (21.7) 357 (22.6) 441 (21.1)  370 (21.2) 244 (22.7)  
>4 951 (22.5) 401 (25.4) 431 (20.6)  438 (25.1) 211 (19.5)  
Other drugs in landmark 
period 

       

RASI 3668 (86.6) NA NA NA 1575 (90.3) 997 (92.6) 0.03 
β-blockers 2822 (66.7) 1078 (68.2) 1494 (71.6) 0.03 NA NA NA 
MRA 1350 (31.9) 570 (36.1) 666 (31.9) 0.06 564 (32.3) 412 (38.3) 0.001 
digoxin  1102 (26.0) 421 (26.7) 554 (26.5) 0.94 442 (25.3) 316 (29.3) 0.02 
loop diuretics  3595 (84.9) 1402 (88.7) 1800 (86.2) 0.03 1494 (85.6) 930 (86.4) 0.58 
warfarin  1245 (29.4) 479 (30.3) 635 (30.4) 0.95 534 (30.6)  376 (34.9) 0.02 
antiarrhythmic  532 (12.6) 232 (14.7) 257 (12.3) 0.04 249 (14.3) 130 (12.1) 0.10 
statins 2813 (66.4) 1059 (67.0) 1475 (70.8) 0.01 1303 (74.7) 818 (76.0) 0.44 
CCB 911 (21.5) 321 (20.3) 463 (22.2) 0.17 395 (22.6) 177 (16.4) <0.001 
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 Total RASI (n=3668, 86.6%) p-value β-blockers (n=2822, 66.7%) p-value 
  PDC<90% PDC≥90%  PDC<90% PDC≥90%  
Crude 1-year outcome 
post-landmark date 

       

All-cause death  581 (13.7) 258 (16.3) 241 (11.5) <0.001 253 (14.5) 101 (9.4) 0.001 
HF readmission  518 (12.2) 238 (15.1) 234 (11.2) <0.001 253 (14.5) 109 (10.1) 0.001 
All-cause death/HF 
readmission  

968 (22.9) 422 (26.7) 432 (20.7) <0.001 442 (25.3) 188 (17.5) 0.001 

Crude 3-year outcome 
post-landmark date 

       

All-cause death  1466 (34.6) 612 (38.7) 637 (30.5) <0.001 609 (34.9) 295 (27.4) 0.002 
HF readmission  1028 (24.3) 439 (27.8) 487 (23.3) <0.001 455 (26.1) 255 (23.7) 0.11 
All-cause death/HF 
readmission  

2011 (47.5) 831 (52.6) 911 (43.6) <0.001 847 (48.5) 448 (41.6) 0.003 

Abbreviations: SD, standard deviation; PDC, proportion of days covered; HF, heart failure; ARIA+, Accessibility and Remoteness Index of Australia Plus classification; 
SEIFA: Socio-Economic Indexes for Areas; IHD, ischaemic heart disease; AF, atrial fibrillation; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney 
disease; PVD, peripheral vascular disease; CCI, Charlson Comorbidity Index; RASI, renin-angiotensin system inhibitor; MRA, mineralocorticoid receptor antagonist; 
CCB, calcium channel blocker; NA, not applicable. 
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Cumulative incidence of outcomes by PDC category 

In the total cohort, crude all-cause death at 1 and 3 years after the landmark date 

occurred in 13.7% and 34.6%, respectively, HF readmission in 12.2% and 24.3% and 

composite of death/HF readmission in 22.9% and 47.5%, respectively (Table 9.1). The 

cumulative incidence function curves demonstrated that PDC≥90% was associated 

with a significantly lower incidence of all-cause death, HF readmission and death/HF 

readmission except for the specific outcome of HF readmission in β-blocker users 

(Figure 9.2 A–F). 
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FIGURE 9.2 CUMULATIVE INCIDENCE FUNCTION CURVES FOR RASI AND Β-BLOCKER ADHERENCE AND 

SPECIFIED OUTCOMES STRATIFIED BY THE PROPORTION OF DAYS COVERED (PDC) ≥90% AND <90%. 

A: RASI adherence and all-cause death; B: RASI adherence and HF readmission; C: RASI adherence and 
death/HF readmission; D: β-blocker adherence and all-cause death; E: β-blocker adherence and HF 
readmission; F: β-blocker adherence and death/HF readmission  
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Adjusted hazard ratios according to PDC levels 

Figures 9.3 and 9.4 show Cox regression RCS plots for RASI and β-blocker users with 

adjusted HRs and sHRs and 95% confidence intervals (CIs) for specified outcomes 

according to PDC levels. The covariates included in the Cox models for 1-year 

mortality (primary outcome) are shown in Supplementary Table 1. The RCS plots for 

RASI users demonstrated a curvilinear relationship between adherence and all-cause 

death at 1 and 3 years, with linear reductions in risk at PDC ≥60% (Figures 9.3A and 

9.3D). The RCS plots also demonstrated a significant linear relationship between 

RASI adherence and the composite outcome at 1 and 3 years (Figures 9.3C and 9.3F). 

Despite a linear trend, the relationship between RASI adherence and HF readmission 

at 1 and 3 years was not significant as the 95% CIs crossed unity across the PDC range 

(Figures 9.3B and 9.3E). 

The RCS plots for β-blocker users demonstrated a curvilinear relationship between 

adherence and all-cause death (Figures 9.4A and 9.4D), and approximately linear 

relationship with death/HF readmission, particularly at 1 year, with the slope appearing 

steeper above a PDC of 60% (Figures 9.4C and 9.4F). Despite a trend, the association 

between β-blocker adherence and HF readmission alone was not significant, with 95% 

CIs crossing unity (Figures 9.4B and 9.4E). 

 



CHAPTER 9. EARLY MEDICATION ADHERENCE AND OUTCOMES 

 PAGE | 253 

  

FIGURE 9.3 RESTRICTED CUBIC SPLINE PLOTS FROM COX REGRESSION MODELS SHOWING ADJUSTED 

HAZARD RATIOS AND 95% CONFIDENCE INTERVALS IN RASI USERS FOR SPECIFIED OUTCOMES 

ASSOCIATED WITH PDC ADHERENCE AND ITS FREQUENCY DISTRIBUTION. 

A: 1-year all-cause death; B: 1-year HF readmission; C: 1-year death or HF readmission; D: 3-year all-
cause death; E: 3-year HF readmission; F: 3-year death or HF readmission 
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FIGURE 9.4 RESTRICTED CUBIC SPLINE PLOTS FROM COX REGRESSION MODELS SHOWING ADJUSTED 

HAZARD RATIOS AND 95% CONFIDENCE INTERVALS IN Β-BLOCKER USERS FOR SPECIFIED OUTCOMES 

ASSOCIATED WITH PDC ADHERENCE AND ITS FREQUENCY DISTRIBUTION. 

A: 1-year all-cause death; B: 1-year HF readmission; C: 1-year death or HF readmission; D: 3-year all-
cause death; E: 3-year HF readmission; F: 3-year death or HF readmission  
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Table 9.2 shows the covariate-adjusted and the propensity-adjusted (IPTW) HRs for 

outcomes comparing categorical PDC levels. For RASI and β-blocker users, PDC>90% 

was associated with a lower covariate-adjusted HR for 1-year all-cause death and 

death/HF readmission (all p<0.05). A PDC>90% was also associated with a reduced 

HR for HF readmission specifically only for β-blockers at 1 year (p=0.008) (Table 9.2). 

The propensity-adjusted Cox models for dichotomous RASI and β-blocker adherence 

groups produced IPTW HR (and 95% CI) results that were very similar to those 

obtained by the covariate-adjusted Cox models (Table 9.2).  

Adherence was further modelled as a continuous variable for PDC between 60% and 

100% because the majority of RASI and β-blocker users had PDC values in this range 

and RCS curves also indicated a more linear reduction in risk above 60% PDC (Figures 

9.3 and 9.4). Each 10% increase in RASI and β-blocker adherence above this point 

lowered the adjusted risk for 1-year all-cause death by 6.3% and 4.5% respectively 

(both trend p<0.02); and each 10% increase in adherence lowered the adjusted risk for 

1-year all-cause death/HF readmission by 4.8% and 5.3% respectively (both trend 

p=0.001) (Table 9.2). The reduction in risk extended to 3-year all-cause death and 

death/HF readmission (both trend p<0.025) (Table 9.2). Increasing RASI and β-

blocker adherence showed a significant linear trend in risk reduction for HF 

readmission at 1 year but not 3 years (Table 9.2). All interaction terms were non-

significant (p>0.05), and therefore stratified analysis based on age, sex, and disease 

groups was not felt justified.  
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TABLE 9.2 COVARIATE-ADJUSTED AND PROPENSITY-ADJUSTED HAZARD RATIOS AND 95% CONFIDENCE INTERVALS FROM COX REGRESSION MODELS FOR 1- AND 3-

YEAR OUTCOMES AFTER LANDMARK DATE ACCORDING TO PDC LEVELS FOR RASI AND Β-BLOCKERS DURING FIRST-YEAR POST-HF DISCHARGE. 

 1-year outcomes   3-year outcomes  

 All-cause death HF readmission a Death/HF 

readmission 

 All-cause death HF readmission a Death/HF 

readmission 

PDC as a categorical variable comparing PDC>90% vs <90% (reference group) 

Covariate-adjusted Cox models b (RASI) 

PDC≥90% 0.787  
(0.657, 0.943) 

0.849  
(0.705, 1.022) 

0.867  
(0.755, 0.995) 

 0.830  
(0.741, 0.930) 

0.914  
(0.801, 1.044) 

0.887  
(0.805, 0.977) 

p-value 0.012 0.076 0.042  0.001 0.184 0.014 
Propensity-adjusted Cox models c (RASI)  
PDC≥90% 0.779  

(0.653, 0.929) 
0.825  
(0.689, 0.987) 

0.845  
(0.739, 0.965) 

 0.831  
(0.744, 0.928) 

0.886  
(0.779, 1.008) 

0.864  
(0.787, 0.949) 

p-value  <0.0001 0.002 <0.0001  0.004 0.154 0.003 
Covariate-adjusted Cox models b (β-blocker) 
PDC≥90% 0.751  

(0.592, 0.953) 
0.730  
(0.579, 0.921) 

0.734  
(0.616, 0.875) 

 0.857  
(0.742, 0.990) 

0.879  
(0.750, 1.029) 

0.861  
(0.765, 0.968) 

p-value  0.019 0.008 0.001  0.024 0.109 0.013 
Propensity-adjusted Cox models c (β-blocker) 
PDC≥90% 0.724  

(0.583, 0.898) 
0.719  
(0.580, 0.891) 

0.730  
(0.621, 0.858) 

 0.840  
(0.736, 0.958) 

0.871  
(0.750, 1.012) 

0.863  
(0.773, 0.964) 

p-value  <0.0001 <0.0001 <0.0001  0.032 0.188 0.007 

PDC 60–100% as a continuous variable and with each 10% increase in PDC adherence  

Covariate-adjusted Cox models b 

RASI 0.937 
(0.904, 0.971) 

0.956 
(0.919, 0.994) 

0.952 
(0.925, 0.979) 

 0.950 
(0.928, 0.973) 

0.982 
(0.953, 1.011) 

0.964 
(0.944, 0.984) 

Trend p-value 0.004 0.024 0.001  <0.001 0.216 0.001 

β-blockers 0.955 0.945 0.947  0.971 0.981 0.975 
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(0.917, 0.994) (0.908, 0.984) (0.919, 0.977) (0.946, 0.996) (0.952, 1.001) (0.954, 0.996) 
Trend p-value 0.025 0.006 0.001  0.024 0.192 0.020 

Harrell’s C-statistic for RASI PDC categorical Cox models: 1-year all-cause death 0.68; 1-year HF readmission 0.70; 1-year all-cause death/HF readmission 0.68; 3-
year all-cause death 0.68; 3-year HF readmission 0.68; 3-year all-cause death/HF readmission 0.67.  
RASI as a continuous variable from PDC 60%-100%: 1-year all-cause death 0.70; 1-year HF readmission 0.70; 1-year all-cause death/HF readmission 0.69; 3-year 
all-cause death 0.68; 3-year HF readmission 0.68; 3-year death/HF readmission 0.67.  
β-blockers PDC categorical Cox models: 1-year all-cause death 0.69; 1-year HF readmission 0.71; 1-year death/HF readmission 0.69; 3-year all-cause death: 0.68; 
3-year HF readmission 0.69; 3-year death/HF readmission 0.67.   
β-blockers as a continuous variable from PDC 60–100%: 1-year death 0.70; 1-year HF readmission 0.70; 1-year death/HF readmission 0.68; 3-year death 0.67; 3-
year HF readmission 0.68; 3-year death/HF readmission 0.66. 
a Hazard ratio for HF readmission is the subdistribution HR treating death as a competing risk event. 
b Cox regression models adjusted for sex, age, Indigenous status, private insurance, ARIA+ classification, SEIFA, HF hospitalisation(s) prior to index admission and 
in landmark period, other comorbidities, Charlson Comorbidity Index, concurrent medications. 
c Inverse probability treatment weighted. 

Abbreviations: PDC, proportion of days covered; HF, heart failure; RASI, renin-angiotensin system inhibitor; ARIA, Accessibility Remoteness Index of Australia; 
SEIFA, Socio-Economic Indexes for Areas (as the index of Relative Socio-Economic Disadvantage)
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DISCUSSION  

We evaluated the impact of adherence to guideline-directed medications on mortality 

and morbidity in a ‘real-world’ population-based cohort of seniors aged >65 years 

surviving HF hospitalisation. We observed that adherence to RASI and β-blockers in 

the year after discharge was suboptimal with only 57% and 38% of users, respectively, 

achieving near full adherence (PDC>90%). RCS analysis demonstrated that the pattern 

of adherence-outcome relationships for both RASI and β-blockers was generally linear, 

especially above a PDC of 60%. Importantly, the RCS results implied that an empirical 

adherence threshold of 80% does not provide optimal outcomes because risk continues 

to reduce above this threshold. Hence, RCS analysis can be used to provide a more 

informed and disease- and drug-specific interpretation of medication adherence linked 

to clinical outcomes than the traditionally accepted binary adherence classification.381 

412 

The observed levels of RASI and β-blocker adherence in our HF cohort are within the 

range reported for these drug groups in other cohort studies that used a comparable 

measure of adherence.29 305 318 319 We also observed similar patient and condition-

related factors that have been reported to be associated with medication adherence.251 

290 The observed lower adherence to β-blockers than RASI might reflect a higher side-

effect profile of β-blockers in older HF patients. Patients with HF hospitalisation(s) 

prior to the index admission or during the landmark period were less likely to be highly 

adherent to either drug class, but whether this is a cause or effect is unclear. In 

Australia, medication costs are usually not a barrier to adherence because the majority 

(≈95%) of seniors are eligible for health concession cards which provide access to 

PBS-listed drugs at a highly subsidised cost.  
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Prescription of evidence-based pharmacotherapies is promoted by clinical guidelines, 

but health outcomes will not improve for patients unless they are adherent to therapy. 

Poor adherence to proven HF pharmacotherapies has been associated with an increased 

risk of all-cause death, hospitalisations, and healthcare costs.29 230 305 320 322 388 A 

systematic review of interventions to improve medication adherence in HF patients 

suggests that they can have a significant effect on reducing readmissions and 

decreasing mortality.389 However, the level of adherence required to achieve optimal 

outcomes is unclear as dose-response relationships have not been tested considering 

adherence as a continuous exposure.230 305 322 388 A previous retrospective study of 135 

patients indicated that adherence above 88% produced the best sensitivity and 

specificity with respect to predicting event-free survival in their HF cohort.320 In the 

present study, we also confirmed that a PDC>90% predicts patients at significantly 

lower risk of death and death/HF readmissions. 

To our knowledge, this is the first study to use Cox regression RCS models to assess 

the association between RASI and β-blocker adherence as a continuous exposure and 

long-term clinical outcomes in an HF cohort. We specifically used landmark analysis 

to correct for the bias inherent in the analysis of time-to-event outcome between groups 

where adherence is determined during study follow-up.373 The RCS analyses 

confirmed an approximately curvilinear association between adherence and the risk of 

all-cause death and all-cause death/HF prehospitalisation for both drug classes, with a 

clear linear reduction in risk above a PDC of 60%. Above this level, increasing 

adherence was associated with significant graded reductions in risk of all-cause death 

and the composite secondary outcome. Importantly, these results suggest that 

adherence levels to RASI or β-blockers above the customary 80% threshold should be 

targeted because there is no plateauing of risk reduction beyond this point. This is what 
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health professionals can focus on through various interventions to improve medication 

adherence for HF patients.389 

Not unexpectedly, we observed that patients who demonstrate good adherence to RASI 

and β-blocker therapy in the first-year post-discharge continue to be good adherers in 

the subsequent year. This may explain why higher adherence in the first-year post-

discharge is associated with a lower risk of 3-year death and all-cause death/HF 

readmission. This finding implies that interventions to improve adherence should be 

targeted at patients soon after hospital discharge, and also adherence should be 

monitored and supported in the longer term.  

Despite significant mortality benefits, the effect of RASI or β-blocker adherence on 

HF rehospitalisation specifically was relatively minor and non-significant over the 

long-term. This may be because precipitating factors for HF hospitalisation are diverse, 

and medication non-adherence may only be one of many cardiovascular and non-

cardiovascular causes for HF readmission.407 Our unselected HF cohort is also likely 

to comprise a substantial proportion of HF patients with mid-range ejection fraction 

(HFmrEF) or preserved ejection fraction (HFpEF) among whom these 

pharmacotherapies may not reduce mortality or HF rehospitalisations.112 134 383 

However, there is increasing evidence that patients with HFmrEF behave more like 

those with HFrEF in terms of both prognosis and response to therapy.112 There are also 

observational registry studies that have reported a favourable association between 

RASI and β-blocker therapy and subsequent mortality in patients with HFpEF, 

possibly through beneficial effects on comorbidities such as IHD, hypertension or 

diabetes.397 415 
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Strengths and limitations 

The present study has several limitations. We included only seniors aged 65–84 years, 

although this older age group and their adherence patterns are more representative of 

the “real-world” cohort of patients with HF than those usually included in randomised 

clinical trials.290 411 414 We lacked phenotypic data that would have permitted analysis 

of adherence by clinical severity of HF or ejection fraction. However, the inclusion of 

patients with HFmrEF and HFpEF should have, if anything, biased our results towards 

a null effect because of expected lower response to RASI and β-blockers with these 

two subtypes of HF.112 134 Nevertheless, a recent meta-analysis of randomised 

controlled trials in patients with HF with mildly reduced or preserved ejection fraction 

(EF>40%) showed that β-blockers were associated with a significant reduction in all-

cause and cardiovascular mortality, while RASI lowered the risk of HF hospitalisations. 

416 Moreover, we found no significant heterogeneity in adherence effect on outcomes 

between HF patients with or without prior IHD, even though patients with HFrEF are 

more likely to reside within the former (IHD) subgroup. Even though some of our 

patients with ischaemic HF may not have had HFrEF, both RASI and β-blockers are 

still beneficial for secondary prevention in patients with IHD, especially with 

coexistent HF. 

We adjusted for several sociodemographic and concomitant comorbidities and 

treatment factors that may have confounded the association between adherence and 

outcomes. Although this may not fully adjust for clinical differences between 

adherence groups that may impact on survival, the results were very similar when 

compared with propensity-adjusted analyses. However, there may be other important 

unmeasured cofounders, and even with propensity adjustment, a healthy user bias may 

result in an overestimation of the effect of adherence.417 Although the landmark 
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observation period is somewhat arbitrary, it was chosen to assess long-term adherence 

and also reduces the likelihood of bias, i.e. the sicker patients who are more likely to 

die early are also less likely to adhere to therapy. Changes in the treatment regimen 

(e.g. initiation, discontinuation) and adherence after the landmark point might 

confound the subsequent outcomes, although we found that most patients maintained 

their same medication adherence pattern after the landmark point. Our PBS dataset 

contains dispensing data but not the doses prescribed, and we are unable to assess if 

patients were on optimal dosages of medication or estimate more precise dosage-

outcome relationships. However, despite a lack of dosage information, our study 

showed that the 75% percentile distribution to the next supply date for individual RASI 

and β-blockers was consistent with PBS supply periods which are intended to be 

monthly supplies. Finally, true patient compliance or consumption of the medications 

cannot be measured from administrative data. A major strength of the study is that it 

is population-based with complete follow-up and capture of outcomes using person-

linked administrative data. 

CONCLUSION  

In senior patients with HF, increasing adherence to RASI and β-blockers in the first 

year post-HF hospitalisation was independently associated with lower long-term risks 

of all-cause death and death/HF readmission in a graded fashion. The main long-term 

benefit of full RASI and β-blocker adherence appears to be in prolonging survival. 

Importantly, RCS analysis established that an empirical adherence threshold of 80% 

does not provide optimal outcomes as mortality risk continues to reduce above this 

threshold. Since evidence-based pharmacological treatment is fundamental in the 

management of HF patients, targeted programs are needed for healthcare professionals, 

patients and family members to optimise adherence to medications. Our findings also 
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reinforce the need for further research to reliably quantify the effects of medication 

adherence and determine interventions that improve adherence across various 

populations at risk, socioeconomic groups, and healthcare systems. 
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Supplementary document  

 

Table 1 Fully adjusted hazard ratios from Cox regression models for 1-year all-cause death after 1-year heart failure discharge for RASI 

and β-blocker groups.  

Factors  RASI β-blockers 
HRs (95% CI) p-value HRs (95% CI) p-value 

Female  0.738 (0.611, 0.890) 0.002 0.692 (0.552, 0.868) 0.001 
Age  1.048 (1.030, 1.067) <0.001 1.058 91.035,1 .081) <0.001 
Private insurance 0.907 (0.734, 1.122) 0.368 0.911 (0.706, 1.174) 0.471 
Indigenous status  2.174 (1.294, 3.654) 0.003 2.706 (1.479, 4.950) 0.001 
Accessibility and Remoteness Index (ARIA)     
Major City (ref.)  1.000 NA 1.000 NA 
Inner regional  1.122 (0.916, 1.375) 0.265 1.196 (0.942, 1.571) 0.141 
Outer regional  1.279 (0.973, 1.681) 0.078 1.391 (1.006,1.925) 0.046 
Remote  1.288 (0.580, 1.381) 0.616 1.402 (0.448, 1.468) 0.489 
Very remote  1.302 (0.491, 1.585) 0.676 1.422 (0.785, 1.562) 0.783 
Prevalent HF  1.169 (0.965, 1.414) 0.110 1.147 (0.914, 1.439) 0.236 
Comorbidities      
Ischemic heart disease  1.398 (1.092, 1.788) 0.001 1.352 (0.980, 1.864) 0.066 
Hypertension  1.102 (0.850, 1.430) 0.463 1.091 (0.790, 1.507) 0.596 
Atrial fibrillation  1.004 (0.813, 1.238) 0.974 1.055 (0.822, 1.352) 0.676 
Diabetes  1.080 (0.896, 1.303) 0.419 1.051 (0.840, 1.314) 0.665 
Chronic obstructive pulmonary disease  1.184 (0.979, 1.434) 0.081 1.203 (0.953, 1.518) 0.121 
Chronic kidney disease 1.293 (1.069, 1.564) 0.008 1.398 (1.118, 1.749) 0.003 
Peripheral vascular disease  1.295 (1.048, 1.601) 0.017 1.126 (0.873, 1.454) 0.361 
Stroke  1.229 (0.964, 1.566) 0.096 1.268 (0.955, 1.685) 0.101 
HF readmission 1 year post-discharge 1.692 (1.389, 2.061) <0.001 1.762 (1.399, 2.218) <0.001 
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Concomitant drugs     
β-blockers  0.787 (0.644, 0.960) 0.018 0.994 (0.675, 1.463) 0.974 
Mineralocorticoid receptor antagonists 1.099 (0.909, 1.328) 0.328 1.161 (0.928, 1.453) 0.193 
Digoxin  1.225 (0.994, 1.509) 0.057 1.109 (0.862, 1.426) 0.420 
Loop diuretics  2.121 (1.410, 3.191) 0.001 1.558 (1.042, 2.331) 0.031 
Warfarin  0.826 (0.660, 1.033) 0.094 0.850 (0.653, 1.106) 0.226 
Anti-arrhythmics  0.866 (0.649, 1.155) 0.326 0.902 (0.646, 1.259) 0.545 
Statins 0.741 (0.603, 0.910) 0.004 0.640 (0.499, 0.820) 0.004 
Calcium channel blockers 1.089 (0.880, 1.348) 0.431 1.036 (0.802, 1.340) 0.786 
Medication adherence     
PDC<90% (ref.) 1.000 NA 1.000 NA 
PDC≥90% 0.787 (0.657, 0.943) 0.012 0.751 (0.592, 0.953) 0.019 

HF: heart failure; PDC: proportion of days covered; NA: not applicable. 
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CHAPTER 10. FINAL DISCUSSION 

This thesis utilised administrative hospital and death data in WA, linked to the 

nationwide PBS database for estimation of medication adherence and discontinuation 

of evidence-based pharmacotherapies in patients hospitalised with HF. This was done 

through several studies that adapted existing approaches and developed new methods 

to evaluate the association between evidence-based pharmacotherapies and outcomes 

in the HF cohort. Chapters 5 to 9 reported detailed methods and results for estimating 

the adherence and persistence of pharmacotherapies to investigate survival and 

readmissions in the senior HF population in WA. This chapter concentrates on the 

summary of the key findings according to each aim outlined in Chapter 1, the overall 

strengths of the studies, general discussion and future recommendations. Finally, the 

broader limitations of the studies herein and how these were addressed are also 

outlined.  

10.1 SUMMARY OF KEY FINDINGS  

10.1.1 COMPARISON OF ADHERENCE MEASURES IN PHARMACY CLAIMS DATABASE  

As outlined in Chapter 6, our study compared three common adherence measures in 

the PBS claims database, namely PDC212 214, MPR212 and MPRm212, in the context of 

HF. There is a strong correlation between PDC and MPR, with correlation coefficients 

up to 0.95 for ACE inhibitors/ARB and beta-blocker groups. The crude 1-year 

mortality in patients with MPR<80% and PDC<80% were higher than in patients with 

MPR≥80% and PDC≥80% in both drug groups. In contrast, the mortality for 

MPRm<80% and MPRm≥80% were similar across the drug groups. After adjusting 

for covariates, only PDC<80% was significantly associated with higher 1-year death 
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in both ACE inhibitors/ARB and beta-blocker drug groups. This reflects the results of 

RCS fitting in Cox models in both drug groups, where only PDC adherence showed a 

significant association with death for both drug groups. Therefore, our study found 

PDC, compared to MPR and MPRm, appears to be the more reliable measure of 

adherence from pharmacy claims databases in patients with HF.  

Different methods have been discussed to measure adherence using administrative 

pharmacy claims databases (detailed in Chapter 3). The MPR, MPRm and PDC are 

the three most popular methods used to measure adherence from administrative 

datasets, but the mathematical calculations are not standardised across these methods, 

leading to confusing adherence calculations and difficulty with clinical interpretation. 

Accurate adherence measures in pharmacy claims databases are needed in outcomes 

analyses of pharmacotherapy, but only a few studies254-256 418 have compared 

adherence measures in chronic diseases. However, I was unable to identify a single 

study that compared adherence measures in patients with HF. Hence, it was important 

for me to test the comparability and usefulness of adherence measures derived from 

pharmacy claims databases, for the purpose of long-term use of medications in the 

management of HF and effects on outcomes. Poor adherence measures will complicate 

the assessment of trends of medication adherence for HF, thereby leading to 

inappropriate conclusions and problems in translating to clinical practice.  

10.1.2 LONG-TERM ADHERENCE AND PERSISTENCE OF MEDICATIONS FOLLOWING HF 

DISCHARGE  

Long-term trends of adherence to first-line evidence-based medications for HF 

following HF hospitalisation was reported in Chapter 7. My study has extended the 

adherence out to 3-years compared to the usual short-term and medium-term studies 

reported elsewhere.231 318 Medication adherence to ACE inhibitors/ARB and beta-
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blockers declined over the 3 years after leaving hospital. I showed that only 65% of 

ACE inhibitors/ARB and 47.5% of beta-blocker users continued to have high 

adherence (PDC≥80%) by 3 years. Despite adherence to beta-blockers being low, my 

study found that adherence to the cardio-selective bisoprolol in HF patients with 

COPD was higher than adherence to other beta-blockers in HF patients with COPD 

(Chapter 7). This is consistent with a previous study that showed that use of bisoprolol 

was associated with an increase in survival in patients with coexistent HF and COPD 

compared with carvedilol and metoprolol.419 

Little is known about the discontinuation of medications in Australian HF patients. I 

have reported that 28% and 42% of patients discontinued ACE inhibitors/ARB and 

beta-blockers at 3 years following HF hospital discharge. This is higher than the 

population-based Danish cohort study,325 which used the grace period of 90 days to 

identify discontinuation as what I did. The higher than expected discontinuation rates 

in my study cohort could be explained in part by the older patients with multimorbidity 

in the cohort I used.  

My study found that predictors of low adherence and discontinuation of medications 

for HF were similar, and these are consistent with predictors documented in the 

literature.303 306 I found that previous low adherence to ACE inhibitors/ARB and beta-

blockers was highly associated with subsequent low adherence to the corresponding 

medications. This highlights the importance of achieving high adherence early in the 

treatment cycle and maintaining this in the subsequent follow-up. Some predictors 

(such as low education level and poor social support) have not been investigated in our 

study due to the absence of these data in our cohort datasets. However, I have discussed 

the factors associated with low adherence and discontinuation as being varied and 

multidimensional in the literature review (Chapter 3, section 3.9).  
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This study underscores the need to improve adherence of beta-blockers following 

discharge from hospital with HF and maintain its persistence and adherence over time. 

This would lead to the best possible outcomes in HF patients, especially maintaining 

or improving survival. My predicted models, albeit not comprehensive, highlighted 

the important factors associated with low adherence and discontinuation. This provides 

information for clinicians and healthcare professionals to identify and manage these 

factors to improve medication adherence and minimise discontinuation.  

10.1.3 EARLY SUPPLY OF MEDICATIONS AND SURVIVAL IN PATIENTS WITH HF  

Despite decreasing medication adherence following HF discharge, I found that early 

dispensing of ACE inhibitors/ARB and beta-blockers was associated with better 1-

year survival in patients with HF (Chapter 8). As outlined, early dispensing of ACE 

inhibitors/ARB and beta-blockers within 60-days following HF discharge was 

independently associated with a lower 1-year death and death/HF readmission 

composite endpoint, from an inverse probability treatment weight (IPTW) analysis to 

adjust for possible bias in treatment allocation. These findings are consistent with 

literature reports showing that use of ACE inhibitors/ARB168 396 397 and beta-

blockers134 168 397 lead to 1-year survival benefits following discharge from hospital 

with HF. Further, my work has extended these findings to show that early dispensing 

of these medications following HF discharge is associated with a 20–30% reduction in 

risk of 1-year death. My study showed no difference in treatment effect for all-cause 

death in patients with ischaemic and non-ischaemic aetiology of HF, even though 

patients with HFpEF are more likely in the latter subgroup. Interestingly, the GREAT 

study397 showed favourable effects of ACE inhibitors/ARB and beta-blockers in 

reducing all-cause death in patients with HFrEF and HFpEF. Also, the recently 

published OPTIMIZE-HF registry study415 showed high-dose beta-blockers were 
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associated with a reduction of all-cause death in a mixed population with HF. This 

may be due to the effects of these medications on hypertension and diabetes.  

Despite significant survival benefits, my study found that early dispensing ACE 

inhibitors/ARB and beta-blockers was not associated with a reduction in risk of HF 

readmission except for beta-blockers in the ischaemic subgroup. This is in 

concordance with other studies143 398 that reported no association with HF readmission 

and this could result from including substantial numbers of HFpEF patients. The 

significant reduction of HF readmission in patients with the ischaemic form of HF 

could be due to myocardial ischaemia being a common precipitant of HF.407-409 The 

precipitating factors of readmission for HF are likely to be diverse and include non-

cardiovascular causes such as renal failure, and non-compliance or non-adherence to 

medications may represent a minority factor among cardiovascular causes.407-409 

Therefore, a precision medicine approach in the management of HF readmission is 

needed, given the heterogeneity of patients with HF. Furthermore, the high 

comorbidity burden and related polypharmacy among these patients can affect the 

level of medication adherence.  

In this whole-of-population cohort study in WA, patients aged 65–84 years 

hospitalised with HF and supplied with ACE inhibitors/ARB and/or beta-blockers 

early in the post-discharge period had a 1-year survival benefit. My study implies that 

post-discharge support programs after HF hospitalisation should consider the early 

post-discharge period as a starting point to optimise the use of evidence-based 

medications.  
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10.1.4 ADHERENCE TO EVIDENCE-BASED MEDICATIONS AND SURVIVAL FOLLOWING HF 

DISCHARGE 

Early dispensing of evidence-based medications has been shown to increase 1-year 

survival following HF discharge (Chapter 8). However, long-term adherence to these 

medications will determine their effectiveness at improving outcomes, especially 

survival. This is because patients affected by HF may be particularly prone to non-

adherence, older age and have multiple comorbidities. Accordingly, Chapter 9 used an 

RCS analysis to investigate the shape of the association between adherence to ACE 

inhibitors/ARB and beta-blockers and subsequent 1- and 3-year outcomes of all-cause 

death and death/HF readmission composite endpoints.  

The Cox regression RCS plots showed a significant linear relationship between ACE 

inhibitors/ARB adherence and death and death/HF readmission composite endpoint at 

1 and 3 years. The shape for beta-blockers was curvilinear between adherence and all-

cause death, and approximately linear relationship with the composite endpoint of 

death/HF readmission, particular at 1 year, with the slope appearing steeper above a 

PDC of 60%. However, the association between ACE inhibitors/ARB and beta-

blocker adherence and HF readmission alone was not significant as the 95% CIs 

crossed unity across the PDC range from PDC 30–100%.  

The covariate-adjusted and IPTW hazard ratios (HRs) showed that a high level (PDC 

≥ 90%) of adherence to ACE inhibitors/ARB and beta-blockers was associated with 

reduced 1- and 3-year death and the composite of death/HF readmission. However, 

only adherence to beta-blockers was associated with reduced HF readmission at 1-year. 

Adherence to ACE inhibitors/ARB and beta-blocker from PDC 60–100% showed a 

significant linear trend in risk reduction for 1- and 3-year death and death/HF 

readmission and 1-year HF readmission alone.  
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A systematic review389 on interventions for improving adherence suggested that high 

adherence to medications was associated with a lower risk of death in HF. However, 

there is no empirical evidence to define an optimal adherence level because previous 

studies have arbitrarily chosen an upper threshold of 80% to define high adherence, 

despite adherence being a continuous exposure. Several studies have investigated the 

threshold for ‘good’ adherence. One study conducted by Karve et al.376 showed that 

PDC ≥80% was a reasonable cut-off point that stratified good adherence from poor 

adherence based on predicting subsequent hospitalisation across several chronic 

diseases. This is in concordance with another study showing that an MPR ≥80% had a 

reasonable balance between sensitivity and specificity in studies of adherence in 

patients with HF and hypertension.256 Another study320 involving 135 patients 

indicated that 88% adherence to medication produced the optimal sensitivity and 

specificity with respect to predicting lower death in an HF cohort. However, the 80% 

threshold is questioned as a general standard.381 and this requires further investigation 

by evaluating the shape of the adherence-outcome association. 

My study firstly used the RCS to investigate the shape (graphical representation) of 

adherence-outcome associations and confirmed that there are no optimal cut-offs for 

what can be classified as ‘good’ adherence. These findings have both research and 

clinical significance. From the research perspective, I found that the risk of death and 

the composite outcome of death/HF readmission dropped linearly after the cut-off of 

60% (relative to a 90% adherence as the reference level) in both ACE inhibitors/ARB 

and beta-blocker groups. These findings are in contrast with other studies which have 

used the arbitrary cut-off of 80% or 88% to differentiate ‘good’ adherence from ‘poor’ 

adherence. This suggests that future studies need to further explore the adherence-

outcome association before defining adherence cut-offs to use in HF. Ideally, my work 
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has shown that adherence should be considered on a continuous scale through its RCS 

adherence-outcome relationship rather than classified into binary groups through 

mostly arbitrary cut-off values. From the clinical perspective, the RCS plots show that 

an adherence below 60% is associated with a significantly higher risk of death and the 

composite of death/HF readmission, compared to a reference level of 90% adherence. 

This suggests that doctors need to ensure that patients maintain an adherence of at least 

60% to avoid a higher risk of adverse outcomes. The inflection point can be seen as a 

proxy for correct medication adherence for patients to achieve improved survival.420  

My study provides strong evidence that the RCS method is far more informative for 

interpreting adherence-outcome associations than using categorical thresholds or the 

traditional 80% cut-off, as there is no plateauing of risk reduction beyond the 80% 

level. The findings showed that better adherence to medications was associated with 

improving survival, reinforcing the need for future studies to reliably quantify the 

effects of medication adherence using standardised methods, and determine what 

interventions are required to improve adherence across various HF populations at risk. 

10.2 STRENGTHS OF THIS THESIS 

PBS data is the most cost-effective source of information for pharmacoepidemiology 

studies in Australia.421 My project evaluated at the population level the adherence and 

persistence of proven, evidence-based pharmacotherapy in HF under routine clinical 

practice. Since my study used several large high-quality population-based 

administrative databases, it represented a real-world study compared with the ideal, 

but restrictive, conditions of clinical trials. Moreover, records in the HMDC are coded 

from data recorded prospectively by doctors at the time they see the patient, and 

records in the PBS database are from data sent electronically to the Commonwealth by 

pharmacists at the time of dispensing, thereby avoiding information bias in both data 



CHAPTER 10. FINAL DISCUSSION 

 PAGE | 275 

sources. Also, the WADOH and the Commonwealth DOH ensure that clinical coders 

are trained in the correct coding system and coding standards to maintain accuracy and 

consistency of coding, and this avoids the differentiation bias when separating groups 

such as users (vs non-users). In addition, this study answers several questions of 

relevance to consumers and clinicians, such as (i) adherence and persistence of 

evidence-based pharmacotherapies in HF, (ii) long-term trends in medication 

adherence following hospitalisation for HF, and (iii) the association between 

adherence and outcomes, especially survival, in hospitalised HF patients. The multiple 

longitudinal databases included in this thesis provided the ability to evaluate long-term 

medication adherence and its impact on survival in patients with HF.  

Although some work has been published 29 230 231 313 320 322 on medication adherence in 

HF, my study has provided some new findings that are different from the previous 

research. First, my study compared the three most common methods of measuring 

medication adherence from pharmacy claims databases in an HF model and therefore 

provides evidence for a more informed choice of which adherence metric to use in 

electronic databases, particularly in HF. Second, my study investigated the long-term 

trends of medication adherence and persistence in an HF cohort in an Australian 

population. This provides evidence, especially for GPs to implement strategies to 

improve adherence and persistence in HF patients after discharge from hospital. GPs 

(and community pharmacists) should have a more prominent role in maintaining 

adherence in this patient population post-discharge. Third, identifying the 

determinants of adherence and persistence with HF medications provides practical 

information for healthcare professionals to manage these factors to maintain adherence. 

Fourth, I applied several advanced statistical methods in my analyses, such as 

propensity score methods to adjust for possible confounding-by-indication that can 
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occur in observational studies, where patients are not randomised to a treatment. Lastly, 

I used RCS as a novel approach to investigate the relationship between medication 

adherence and outcomes and showed that there is no exact threshold to use in defining 

high (or good) adherence and poor adherence. This is in contrast to existing studies 

that largely used arbitrary cut-offs to evaluate adherence. This information guides 

interventions to improve medication adherence in the population, and benefits patients, 

health policymakers, consumers and healthcare providers to achieve sustainable 

pharmacotherapy for HF in the population.  

The innovations in my work are: (i) to examine medication adherence in HF at the 

population level by combining pharmaceutical data from the PBS with hospital 

admissions and death to assess HF outcomes at the population level, rather than from 

the more restrictive clinical trials; (ii) adjusting for the limitations of observational 

studies by using propensity score methods and landmark analysis method; (iii) using 

RCS models to investigate the adherence-outcome relationships for HF medications, 

rather than using the traditional binary cut-offs for good and poor adherence; and (iv) 

using data on medication exposure and adherence to add an extra level of adjustment 

in regression models for outcomes research, as these are usually not included in 

analyses because longitudinal drug data are more difficult to obtain.  

10.3 IMPLICATIONS  

My thesis has provided some practical information for future research and clinical 

practice. From a research perspective, this thesis evaluated different adherence 

measures in a pharmacy claims database for HF patients and showed that PDC, 

compared to two other common measures, is a preferred and conservative method to 

calculate medication adherence, at least in HF cohorts. In addition, my analyses 

showed there are no absolute cut-offs (e.g. 80% or 88%) in adherence measures since 
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my RCS analyses showed there was no upper threshold where risk reduction did not 

continue to occur. This suggests that future studies on medication adherence should 

consider adherence as a continuous exposure and explore adherence-outcome 

relationships using RCS analysis. 

From a clinical perspective, this thesis provides further evidence of the survival 

benefits at the population level of dispensing first-line evidence-based 

pharmacotherapies in patients with hospitalised HF. Despite the dispensing rates for 

beta-blockers being low, my study confirmed that early dispensing of ACE 

inhibitors/ARB and beta-blockers was associated with improved survival and, in 

particular, use of beta-blockers in patients with IHD was associated with a lower risk 

of HF readmission. This highlights the importance of ensuring that HF patients have 

an early uptake and use of first-line evidence-based medications after hospital 

discharge.  

For GPs and pharmacists, this thesis highlighted that discontinuation of medications 

following discharge from hospital with HF was increasing and that adherence to these 

medications were decreasing over time. In addition, 1-year adherence to medications 

was associated with a lower risk of death and the composite of death/HF readmission. 

This highlights that GPs and pharmacists may need to implement additional 

interventions such as education, nurse telephone support, use of technology such as 

mobile phone apps and regular clinic follow-up to maintain and improve the adherence 

for HF patients after hospital discharge.389 In addition, my RCS analyses suggested 

that an adherence level lower than 60%, compared to 90%, was significantly associated 

with a higher risk of death and death/HF readmission. This suggests the GPs and 

pharmacists need to ensure that patients need to continue improving their medication 

adherence beyond 60% to provide continuing survival gains from medical treatment.  
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10.4 LIMITATIONS 

My studies were completed using administrative linked data and population-based 

observational study designs with several potential limitations inherent in these designs. 

• My studies limited patients to those aged 65-84 years. Excluding younger 

patients may have limited the generalisability of the findings. However, HF is 

more common in older patients, and the results would be more relevant to older 

age groups. 

• The HF cohort from 2003-2008 would be considered to be an old cohort. 

However, the HF medications recommended in that period are the same as what 

is recommended in current treatment guidelines for HF. Hence, the findings from 

this thesis are expected to be similar in recent periods as observed in the study 

period. 

• The PBS dataset does not contain details of the prescribed dosage, so I was 

unable to: 1) accurately estimate the drug duration, and 2) assess a dose-response 

relationship. However, I incorporated methods to mitigate this limitation. Firstly, 

I checked the registered product information through the Australian MIMS 

online (https://www.mimsonline.com.au) and assumed that doses of ACE 

inhibitors/ARB were one per day, except for captopril (3 per day) and beta-

blockers were one dose per day except for metoprolol tartrate and carvedilol 

which were assumed to have a dose of two pills per day. To determine drug 

duration, I used the distribution of the time to next supply calculated for 

individual drugs within the cohort.229 The duration estimated by this method was 

consistent with the intent of the PBS supply, which approximates one-month 

supplies for most drugs. 
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• I was unable to exclude patients with HFpEF due to lack of echocardiography 

data, but their inclusion would, if anything, have biased the results towards a null 

treatment effect. Instead, I investigated subgroups of IHD vs no IHD history as 

a proxy for patients with HFrEF and HFpEF because IHD is the main aetiology 

for HFrEF, as identified in the current HF guidelines.3,2 The HF cohort included 

patients with IHD as a principal diagnosis with HF as secondary diagnosis, and 

this may have biased the cohort towards ischaemic HF. Although the senior HF 

cohort consisted of a high proportion (>70%) with ischaemic HF, who are more 

likely to have HFrEF, the study findings are relevant because IHD is a common 

cause of HF, and both ACE inhibitors/ARB and beta-blockers are indicated for 

secondary prevention in patients with IHD even without HFrEF.  

• Although I identified patients with a history of chronic kidney disease (CKD) 

from hospital admission records, I could not identify the severity of CKD due to 

absence of estimated glomerular filtration rate (eGFR). However, this may only 

have been of minor importance for the covariate adjustments in the regression 

models. 

• This study cannot fully account for the determinants of low adherence and 

discontinuation, such as low education level, poor social support, and financial 

reasons. 

• There may be some residual confounding of unmeasured factors in the studies 

because the databases cannot include all the variables of interest, and this is a 

general limitation of administrative datasets. However, I was able to adjust for 

the common confounders such as comorbidities, Charlson comorbidity score, 

concurrent medications and SEIFA (a broad-based composite socioeconomic 

status score).  
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• I could not identify healthy behaviours such as routine exercise, diet, smoking 

and alcohol due to the absence of these variables in administrative databases. A 

healthy adherer bias may result in an overestimation of the effects of adherence 

on outcomes. 

• My studies could not accurately investigate the pharmacotherapies supplied to 

Indigenous patients from rural areas because their supplies are covered under a 

different scheme, so their dispensing records were not included in the PBS 

dataset used in my work. However, <2% of patients in the HF cohort were 

identified as Indigenous, and regression models included an adjustment for 

Indigenous status. 

• In investigating the association between adherence and outcomes, I did not 

consider time-dependent covariates in the Cox regression models. Instead, I 

applied the landmark analysis method373 to handle the time dependency issues 

as this simplified the analytical process of dealing with time dependency. 

Importantly, the landmark analysis also addresses the issue of reverse causation 

bias, where patients who are sicker and more likely to die early are also less 

likely to adhere to therapies. However, the landmark observation period is 

somewhat arbitrary, and changes in the treatment regimen (e.g. initiation, 

discontinuation) and adherence after the landmark point might confound the 

subsequent outcomes, although I found that most patients maintained the same 

medication adherence pattern after the landmark point.  

• It is not possible to determine actual medication compliance from pharmacy 

claims databases, so the analyses assumed that patients who filled repeat scripts 

on balance were more likely to have taken the medications as opposed to 

hoarding supplies. This is a reasonable assumption given that patients have 
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multiple supply dates spread throughout the observation period as they returned 

to pharmacies to receive repeat supplies of their prescribed drugs. 

• Patients who started treatment (RASI or β blockers) late in the landmark period 

may still have had a high adherence estimate calculated. However, about 95% of 

patients initiated their medications within 60 days post-discharge and only 1% 

of patients initiated their medications >180 days post-discharge. Hence, any late 

starters would not affect the overall adherence estimate for each drug group. 

• Patients excluded in the landmark period because they had only 1 supply of 

RASI or β blockers were older, with a higher Charlson comorbidity score but 

had a similar proportion of individual comorbidities as patients who were 

included. However, there was only a small proportion of patients excluded in the 

landmark period and this small group would have not change the findings 

reported. 

Despite these study limitations, the findings add to the body of literature on medication 

adherence in patients with HF by using different approaches to the subject, with 

corresponding advanced statistical methods. The findings are comparable and 

consistent with other population-based studies published in Europe, Canada and the 

US. Finally, the results are consistent with clinical trial evidence and current guidelines 

demonstrating the beneficial effects of evidence-based pharmacotherapies on survival.  
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CHAPTER 11. FUTURE STUDIES AND CONCLUSIONS 

11.1 FUTURE DIRECTION OF RESEARCH  

11.1.1 CLINICAL ASPECT 

In the present study, the addition of echocardiography data to separate patients into 

HFrEF and HFpEF would have helped to refine the study findings. This is a key issue 

when investigating pharmacotherapies and their association with outcomes in patients 

with HF in a ‘real-world’ setting. This is because HFrEF and HFpEF are two distinct 

phenotypes of HF, and clinical trials have shown different treatment effects of 

evidence-based pharmacotherapies in these subgroups. However, a recently published 

HF registry study (OPTIMIZE-HF) 415 showed that use of high-dose beta-blockers was 

associated with a lower risk of death in patients with HFpEF. Separately, the 

intercontinental GREAT registry397 study also showed that ACE inhibitors/ARB and 

beta-blockers were associated with a lower hazard of all-cause death in patients with 

HFpEF as well as HFrEF. However, these are observational studies, not clinical trials, 

focusing on discharge medications and long-term adherence in which persistence 

patterns were not investigated. Understanding the adherence and persistence patterns 

and their impact on survival might provide targets to improve outcomes in a board 

spectrum of HF patients.  

In addition, this thesis has shown that patients with CKD had a higher risk of lower 

adherence and discontinuation with evidence-based pharmacotherapies for HF. 

Notably, CKD is highly prevalent in HF patients,422 which limits the choice of 

pharmacotherapies. However, HF patients with end-stage renal disease (eGFR<15 

mL/min/1.73m2) are generally excluded in RCTs, so the effectiveness of EBMs for HF 

is unknown in this subgroup. Future studies may need to account for renal function, 
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especially end-stage renal disease because it is associated with HF, and both have an 

additive effect on death.423 Understanding adherence patterns in this subgroup can 

guide clinicians to enhance their treatment of HF patients with renal disease. 

11.1.2 ACCOUNTING FOR DRUG DOSAGE AND POLYPHARMACY ADHERENCE 

Since dosing information that doctors write on each prescription are not recorded in 

the PBS dataset, I could not estimate the effect of drug dose on outcomes. Instead, the 

analyses were based on drug exposure on outcomes. The outputs from my research 

could be used to drive a change in policy at the Commonwealth Department of Health 

calling for the inclusion of dosing information in PBS data released for research 

purposes. These data are readily available electronically from pharmacy dispensing 

software. Since HF requires polypharmacy treatment, future studies can test the 

polypharmacy adherence by using the DPPR method.331  

11.1.3 COST-EFFECTIVENESS ANALYSIS  

The cost-effectiveness of incremental changes in levels of adherence (e.g. a 10% 

increase in adherence) would be a worthy study to complete in the population of 

patients with HF. In addition, a traditional approach could also be considered where 

patients are grouped as high or low adherence, and the cut-off value for high adherence 

can be varied to determine the cost-effectiveness at different cut-offs. Cost-

effectiveness ratios at each level of adherence may be plotted on the cost-effectiveness 

plane, which can then determine the level of adherence that needs to be achieved in 

the population to optimise the cost-effectiveness ratio for each evidence-based 

medicine. 
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11.1.4 INDIGENOUS ASPECT  

The WA population, like the rest of Australia, comprises different racial groups with 

around 3% being Indigenous, and Chinese also constituting 3% of the population, 

which is the largest non-European ancestral group.424 The huge disparity in health 

outcomes between non-Indigenous and Indigenous populations has been well 

documented. Compared to the general population, cardiovascular diseases, as well as 

diabetes, occur at a markedly greater rate in the Indigenous population. Given the high 

disease burden in this population group, stratification of Indigenous status and testing 

the long-term pharmacotherapies and its impact on outcomes would be an interesting 

area of future research in Australia. The extension of this is a general study on ethnic 

variations in outcomes due to differences in response to medications as a result of 

pharmacogenetics differences. 

11.2 FINAL COMMENTS  

The work in this thesis evaluated pharmacotherapies in HF patients aged 65–84 years 

following their first hospitalisation from 2003–2008 in Western Australia. This has 

provided additional knowledge of pharmacotherapies of HF patients in Australia, 

particularly with the comparison of adherence measures in pharmacy claims databases, 

patterns of long-term discontinuation and medication adherence and adherence-

outcome associations.  

My study of the comparison of adherence measures has added to the findings of the 

few publications in the literature that showed that the PDC method is the preferred 

measure of adherence in pharmacy claims databases. This has provided evidence to 

researchers for future studies of medication adherence from administrative drug 

databases. Long-term discontinuation and adherence to EBMs following HF discharge 
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highlighted that adherence to and persistent use of EBMs were low, particularly for 

beta-blockers. This suggests that health professionals and healthy policymakers need 

to consider strategies to enhance the adherence to beta-blockers in HF patients, 

particularly for elderly patients with multimorbidity. The data highlights the 

importance of formulating a strategy to improve the early dispensing of EBMs for HF 

patients following discharge because their early use (within 60 days following HF 

discharge) is associated with a reduction in risk of medium-term death and the 

composite endpoints of death and HF hospitalisation. High adherence to evidence-

based medications was associated with a lower risk of death and the composite of death 

and HF hospitalisations. However, there is no optimal threshold to define high 

adherence, and programs are required that are targeted at healthcare professionals and 

separately, at patients or family members, to optimise adherence to medications 

especially in the early post-discharge period. 

Health professionals and researchers need to refine interventions that improve the use 

of and adherence to pharmacotherapies across various HF populations at risk, such as 

by socioeconomic status and from HF discharge to the long-term, to reduce the risk of 

hospitalisations and deaths from HF. 
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Appendix 3  

PubMed/Medline version  
**heart failure** 

heart failure[mh] or ventricular dysfunction[mh] or heart failure [tw] or cardiac failure 
[tw] 

or ventricular dysfunction [tw] or systolic dysfunction [tw] or diastolic dysfunction 
[tw] or  

ejection fraction [tw] or heart failure with mild range ejection fraction[tw] or 
HFmrEF[tw] 
 

**drugs** 
Evidence based medine[mh] Or Evidence based [tw] Or Drug therapy [mh] Or Drug 
therapy [tw] Or Pharmacotherapy [tw] Or Medical therapy [tw] Or Medication*[tw] 
Or Polypharmacy [mh] Or Multipharmacy [tw] Or Adrenergic beta-antagonists[mesh] 
Or Adrenergic beta-antagonists [pharmacological action] Or Beta blocker*[tw] Or 
Pindolol[tw] Or Alprenolol [tw] Or  Atenolol [tw] Or Metoprolol [tw] Or Bisoprolol 
[tw] Or Carvedilol [tw] Or  Nebivolol [tw] Or  Angiotensin-converting enzyme 
inhibitors [mesh] Or Angiotensin-converting enzyme inhibitors [pharmacological 
action] Or Lisinopril [tw] Or  Enalapril [tw] Or  Captopril [tw] Or Perindopril [tw] Or 
Fosinopril [tw] Or Quinapril [tw] Or  Ramipril [tw] Or Trandolapril [tw] Or Renin-
angiotensin system [mesh] Or Angiotensin converting enzyme inhibitor* [tw] Or Ace 
inhibitor* [tw] Or  Acei[tw] Or Angiotensin receptor antagonists [mesh] Or  RASI* 
[tw] Or Angiotensin receptor antagonists [pharmacological action] Or Angiotensin 
receptor blocker* [tw] Or Angiotensin II receptor blocker* [tw] Or Angiotensin 
receptor antagonist* [tw] Or Angiotensin II receptor antagonist*[tw] Or Candesartan 
[tw]  Or Eprosartan [tw] Or Irbesartan [tw] Or Losartan [tw] Or Telmisartan [tw] Or 
Valsartan [tw] 
 

***adherence/persistence*** 
Guideline adherence [mesh] Or Patient compliance [mesh] Or Adheren* [tw] Or 
Persistence [tw] Or Compliance [tw] Or Comply* [tw] Or Concordan* [tw] 
 

***outcomes*** 
Outcome assessment (health care) [mesh] Or Mortality [mesh] Or Mortality 
[subheading] Or 
Mortality [tw] Or Death* [tw] Or Fatalit* [tw] Or Survival analysis [mesh] Or Survival 
[tw] Or Outcome* [tw] Or Hospitalization [mesh] Or Inpatients [mesh]Or 
Hospitaliz*[tw] Or Rehospitaliz*[tw] Or Re-hospitaliz*[tw] Or Hospitalis*[tw] Or 
Rehospitalis*[tw] Or Re-hospitalis *[tw] Or Admission*[tw] Or Admitted [tw]Or 
Readmission* [tw] Or Re-admission*[tw] Or Readmitted[ tw] Or Re-admitted [tw] 
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