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Summary 

 
 
 
 
 

Stroke is a leading cause of mortality and chronic disability around the world, including in 

Australia. Many survivors of stroke have long-term physical, sensory, cognitive and 

psychological consequences that impact their quality of life, and have an increased risk of 

subsequent vascular events. This causes a huge burden on survivors, families and health care 

systems.  

Provision of evidence-based care according to the clinical guidelines increases the likelihood 

of survival and aids better recovery. However, there is evidence that adherence to 

recommended clinical care varies between hospitals managing patients with stroke and in the 

community. Opportunities exists to develop effective interventions that target improvements 

in clinical practice to facilitate best practice care at the acute level (i.e. when in hospital) and 

over the long-term (i.e. when in the community). 

In Chapters 1 and 2, I provide the rationale, objective, aims and the necessary background to 

stroke.  In Chapter 3, I highlight the importance of collecting incidence, mortality, and case-

fatality rates to assess the burden of stroke, and how it varies across the globe. Where data 

lacks, quality clinical registries may be in place in some countries to obtain epidemiological 

data. These registries can also play a vital role in improving the quality of care provided in 

hospitals. In Chapter 4 and 5, I highlight how registry data and behaviour change strategies 

may be used to improve care for stroke in acute hospitals. I then focus on the strategies to 

reduce the burden of anxiety or depression following stroke. In Chapters 6 and 7, I describe the 

processes involved and the benefits of using comprehensive linked data to understand factors 

that may be associated with post-stroke anxiety or depression. The factors most strongly 
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associated with post-stroke anxiety or depression were a prior diagnosis of anxiety or 

depression, dementia, being at home with support, and low socioeconomic advantage 

compared to high. The assessment of the convergent validity, sensitivity and specificity of  the 

anxiety or depression domain of the EQ-5D-3L survey as a suitable screening tool for anxiety 

or depression in survivors of stroke is presented in Chapter 8. The EQ-5D-3L anxiety or 

depression domain had a strong correlation and excellent AU-ROC with either subscales of the 

Hospital Anxiety and Depression Scale. The sensitivity and specificity of the EQ-5D-3L 

anxiety or depression domain for anxiety were 89% and 71%, respectively. Whereas, the 

sensitivity and specificity of the EQ-5D-3L anxiety or depression domain for depression were 

85% and 79%, respectively.   

Finally, as presented in Chapters 9 and 10, mindfulness-based interventions (MBIs) appear 

beneficial in moderating some of the highly prevalent risk factors for stroke, such as 

hypertension, diabetes and cholesterol, and maybe an adjunct therapy to current rehabilitation 

strategies. There is a need to further unpack these beneficial changes on the pathophysiological 

pathways leading to therapeutic changes to some of these highly modifiable risk factors for 

stroke. In Chapter 11 a formative evaluation of the processes involved in developing a yoga-

based MBI designed for survivors of stroke living in the community was described. The chapter 

is also used to highlight how ‘co-design’ is an important aspect of intervention development, 

where consumers contributed to the four stages of development that led to the final design of 

the program, which is now ready for testing in a clinical trial. The results of this thesis are an 

important step towards understanding the burden of stroke, and the potential strategies to 

improve stroke care and outcomes across the patient care continuum, with a primary focus on 

anxiety or depression.  
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Chapter 1: Introduction and thesis objectives 

 

 

 

1.1 Introduction 

Stroke is a leading cause of mortality and chronic disability around the world, including in 

Australia.1 Approximately 50,000 Australians suffer a stroke each year, costing about AUD 2 

billion per year.2 Many survivors of stroke have long-term physical, sensory, cognitive and 

psychological consequences that impact their quality of life.3 Survivors of stroke are also at an 

increased risk of subsequent vascular events, including recurrent stroke (~16% within 1 year, 

32% within 5 years, and 43% within 10 years).4 Moreover, the consequences of recurrent 

strokes are often more severe than initial strokes and are a major cause of further comorbidity 

and mortality.5 These recurrent events impart additional burden on survivors, families and 

health care systems.6  

Stroke is a condition that may be treated and prevented, with best practice recommendations 

detailed in national clinical guidelines.7 Provision of evidence-based care according to the 

clinical guidelines increases the likelihood of survival and aids better recovery. However, there 

is evidence that adherence to recommended clinical care (e.g. access to stroke units) varies 

between hospitals managing patients with stroke8 and in the community.9 Such discrepancies 

are concerning given that variability in patient management has been shown to adversely affect 

health outcomes and lead to ineffective use of health care resources.8, 10 With a rising number 

of people living with the impacts of stroke, ensuring evidence-based management of survivors 

throughout their stroke journey is essential, yet becoming increasingly challenging. Therefore, 
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opportunity exists to develop effective interventions that target improvements in clinical 

practice to facilitate best practice care at the acute level (i.e. when in hospital) and over the 

long-term (i.e. when in the community). 

Quality improvement (QI) programs have been developed to reduce the variation in care 

provided at acute hospitals. More specifically, these QI programs monitor clinical hospital 

performance and evaluate their means to improve the quality of care provided. In Australia, QI 

programs for acute stroke care have been developed and tested in a number of hospitals with 

support from state governments. In these QI programs, an important strategy for improving the 

delivery of evidence-based care is to support clinician behaviour change. Facilitation has been 

identified as a key component of QI programs.11 In order to successfully implement change, an 

external facilitator may be used to help clinicians, teams and organisations actualise an 

implementation plan and, thereby, change evidence-based practice through interactive problem 

solving and support.12 However, the effectiveness of external facilitation, as part of complex 

multifaceted interventions aimed at improving acute stroke care, is uncertain.13  

Once patients leave hospital they can experience a range of comorbid consequences associated 

with adapting to life after stroke.3, 14 Approximately 20-40% of survivors of stroke are affected 

by mood disorders, such as anxiety or depression.15 Management of anxiety or depression 

following stroke (i.e. prescription of anti-depressant medication, psychological assessments) is 

one of a number of evidence-to-practice gaps that has remained relatively unchanged over a 

number of years.16 Anxiety or depression following stroke can occur as a primary consequence 

of the stroke or secondary to the impact of stroke on the survivor’s life. Those with anxiety or 

depression after stroke are reported to have greater dependence in activities of daily living, 

institutionalisation and mortality, and poorer overall quality of life.14 There is also evidence 

that survivors of stroke who do not receive evidence-based care experience worse physical and 
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psychological outcomes following stroke.10 Findings from a recent audit indicated that only 

17% of patients were assessed for anxiety or depression when in hospital. Among these 

patients, only 37% identified with mood impairment were assessed by a psychologist.17 This 

highlights the need for strategies to reduce these evidence-to-practice gaps to improve patient 

outcomes. However, it is unclear whether the quality of acute stroke care received in hospital 

impacts the risk of developing anxiety or depression in survivors of stroke. There is also a lack 

of understanding on whether the type of stroke or any other premorbid conditions influence the 

development of anxiety or depression following stroke.   

Given the complexities associated with stroke, patients returning to the community require 

ongoing support and care.3, 8, 18-22 In particular, there is a definite need for better management 

and prevention options to reduce the risk of developing anxiety or depression and other chronic 

and long-term issues. Behavioural therapies using movement-based mindfulness interventions 

(MBIs), such as yoga, may be one way of addressing these problems.23-27 However, differences 

in the types of MBIs used, and a lack of controlled studies, make it difficult to determine the 

efficacy of MBIs for survivors of stroke.28 Therefore, further research is required to assess the 

suitability of MBIs, within the context of stroke, as a recovery option. 

As highlighted, there are various opportunities to support patients who experience stroke to 

achieve better outcomes. Research is urgently needed to address variation in management of 

acute stroke care, and provide evidence for the use of community-based interventions to avoid 

complications, including anxiety or depression, following stroke.  
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1.2 Thesis objective and aims 

This doctoral project has been undertaken to outline the burden of stroke and then the potential 

strategies to improve stroke care and outcomes across the patient care continuum. The thesis 

is broken into three parts, and includes aims that address the overall objective as seen below: 

1.2.1 Specific aims 

Part A: The global burden of stroke and strategies to reduce this burden 

Thesis aim 1: To contribute to a greater understanding of stroke incidence, mortality, and case-

fatality in different countries, and explore the limitations of current data. 

Part B: Strategies to improve quality of care in hospitals 

Thesis aim 2: To address evidence-to-practice gaps in the acute care setting using data from a 

national clinical registry for quality improvement within an Australian context. 

Part C: Strategies to reduce the burden of anxiety or depression following stroke 

Thesis aim 3: To investigate the association between the quality of acute stroke care, patient 

factors and clinical factors with self-reported anxiety or depression at 90-180 days following 

admission for stroke or TIA. 

Thesis aim 4: To examine the convergent validity of the EQ-5D-3L anxiety or depression 

domain as a reliable screening tool for anxiety or depression in the early period following 

stroke. 

Thesis aim 5: To systematically evaluate published evidence on the effectiveness of MBIs for 

moderating risk factors of stroke, and reducing the risk of poor patient outcomes or 

comorbidity, including anxiety or depression. 
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Thesis aim 6: To undertake a formative evaluation of the processes involved in developing a 

community-based yoga program.    
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1.3 Thesis outline and guide to chapters 

 

This thesis is organised into four main parts. Part A (The global burden of stroke and strategies 

to reduce this burden) includes the thesis objectives and two literature review chapters. Chapter 

1 includes the thesis introduction, objectives and specific aims. In Chapter 2, a summary of the 

pathophysiological definition, risk factors, chronic and long-term consequences of stroke are 

outlined. Chapter 3 includes a systematic review on the incidence, mortality, and case-fatality 

rates of stroke in different countries (aim 1).  

Part B (Strategies to improve quality of care in hospitals) comprises two chapters and is 

focussed on strategies to improve care for stroke in acute hospitals. Chapter 4 provides an 

overview of current evidence-based practices for treatment of acute stroke and gaps in delivery 

of evidence-based care in Australian public hospitals. In this chapter I also describe the data 

collection systems used for monitoring acute stroke care specific to Queensland and the 

importance of using these data to reduce evidence-to-practice gaps through targeted quality 

improvement activities. In Chapter 5, I describe a strategy to address evidence-to-practice gaps 

in the acute care setting in Queensland using data from the Australian Stroke Clinical Registry 

(aim 2). This is presented as a manuscript (currently under review).  

Part C (Strategies to reduce the burden of anxiety or depression following stroke) comprises 

six chapters. Chapter 6 includes a detailed description of the methods used in the study 

presented in Chapter 7. This includes the process of developing an analytic dataset, using the 

linked data obtained as part of a larger project, Stroke123. In Chapter 7, I used these 

comprehensive linked data to answer aim 3 of my research program. Chapter 8 contains 

methods and preliminary results of a project on the convergent validity, sensitivity and 

specificity of  the anxiety or depression domain of the EQ-5D-3L survey as a suitable screening 

tool for anxiety or depression in survivors of stroke  (aim 4). Chapters 9 and 10 are then 
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focussed on the evidence base for using MBIs to reduce the long-term consequences of stroke, 

from the preventive and disability perspective. Chapter 9 contains a published paper on the 

potential pathophysiological mechanisms of MBIs for moderating risk factors for stroke 

(scoping review), and Chapter 10 contains a published paper on the potential benefits of MBIs 

on outcomes of stroke (systematic review with meta-analyses). In Chapter 11, I describe the 

processes involved with developing a yoga program designed for survivors of stroke living in 

the community based on the principles of formative evaluation.  

Part D is a single chapter providing an overview of the findings presented in the thesis, and the 

overall contribution of this body of research to the area of stroke. In this last chapter, I also 

discuss the future implications and recommendations. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

9 
 

 

 

 

 

 

 
 
 
 
 
  

PART A: 

Introduction to stroke and 

global burden 



 

10 
 

Chapter 2: Background to stroke 

 

 

 

This chapter provides an overview of the pathophysiological definition of stroke, and risk 

factors for stroke. It also provides details of some of the chronic and long-term consequences 

of stroke.  

2.1 Definition of stroke 

The World Health Organization defines stroke as a ‘rapidly developing clinical signs of focal 

(or global) disturbance of cerebral function, lasting more than 24 hours or leading to death with 

no apparent cause other than that of vascular origin’.29 Recently, the definition of stroke was 

revised by the American Heart Association/American Stroke Association (AHA/ASA).30 The 

clinical diagnosis of stroke now includes a tissue based diagnosis of infarction to account for 

‘silent infarcts’ based on pathology or radiological information, irrespective of duration of 

symptoms. Stroke is categorised into specific types: ischaemic stroke, haemorrhagic stroke 

(intracerebral haemorrhage (ICH) or subarachnoid haemorrhage (SAH)), transient ischaemic 

attack (TIA), and undetermined (UND). These stroke sub-types are further described below. 

Nearly 80% of first-ever strokes are diagnosed as ischaemic strokes. This type of stroke occurs 

when there is a vascular occlusion of cerebral arteries, resulting from either a thrombus or an 

emboli. A thrombus or blood clot forms in a blood vessel, thereby blocking blood flow to the 

subsequent part of the brain. Emboli also result in blockage and originate from a blood clot 

formed elsewhere in the body. Part of this clot breaks off and is then carried through the blood 
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stream to the brain, thereby causing partial or complete obstruction of blood flow to the brain. 

As a result, that territory of the brain is damaged. Ischaemic strokes can be classified as one of 

the following sub-types: posterior circulation infarcts (POCI), total anterior circulation infarcts 

(TACI), partial anterior circulation infarcts (PACI) or lacunar cerebral infarct (LACI).31  

Haemorrhagic strokes occur when an artery ruptures and bleeds into the surrounding brain 

tissue. The rupture is generally caused by an aneurysm (thinning of the artery wall which is 

then prone to rupture) or arteriovenous malformation (cluster of abnormal formed blood 

vessels). Haemorrhagic strokes can either be classified as an ICH or a SAH, based on the origin 

and site of bleeding. In an ICH the blood from the ruptured vessel diffuses into the surrounding 

tissue. Bleeding into the subarachnoid space surrounding the brain is known as a SAH. 

Approximately 15% of first-ever strokes are ICH. It is one of the most severe types of stroke, 

leading to high mortality within the first year of stroke. It also results in significant long-term 

disability, with approximately 2 fold that of an ischaemic stroke. The mortality rate of those 

with SAH ranges 27% to 50%.32 In this thesis, patients who have suffered a SAH have been 

excluded for analyses. This is because this type of haemorrhagic stroke is rare and managed 

very differently to other types of stroke (i.e. surgical intervention).   

A TIA, commonly known as a ‘mini-stroke’, has previously been classified as a temporary 

episode of brain clot lasting less than 24 hours. TIAs are generally classified separately to 

stroke although TIAs have similar pathological symptoms and mechanisms to an ischaemic 

stroke. In the mid-1960s, TIA was defined as episodes of temporary and focal dysfunction of 

vascular origin, which are variable in duration by lasting less than 24 hours, and with no 

permanent injury to the brain.30  In 2013, a new definition was proposed by the AHA/ASA 

where a clinical diagnosis of a TIA allows for a tissue-based diagnosis from imaging 

techniques. TIA is now commonly defined as ‘a transient episode of neurological dysfunction, 
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caused bifocal brain, spinal cord, or retinal ischaemia without acute infarction’.30 After an 

initial TIA event, the risk of subsequent stroke is between 2% and 17% within the first 90 days.5 

2.2 Consequences of stroke 

Stroke is not only a leading cause of mortality, but is also a long-term chronic condition with 

multiple consequences for survivors, their families, health systems and society. The 

consequences of stroke are diverse and largely depends upon which part of the brain is affected. 

Survivors may experience physical disability, cognitive impairment, fatigue and psychological 

problems such as anxiety and depression.8, 21, 33-35 In a recent Australian national survey 

commissioned by the Stroke Foundation, survivors reported having on-going problems that 

were inadequately addressed by the Australian health care system. They particularly reported 

issues with psychological function such as cognition, memory, mood and fatigue two years 

after stroke.3  

2.3 Stroke reoccurrence  

Patients surviving an initial stroke are known to be at significantly greater risk of further 

strokes.36, 37 There is considerable variation in the estimation of risk of stroke reoccurrence in 

both the immediate phase (<6 months) and in the long-term (≥6 months) after first stroke. The 

cumulative risk of stroke reoccurrence within 1 year is reported to be approximately 16%, and 

between 19% to 32% at 5 years.4, 36-38 The consequences of recurrent strokes are often more 

severe than initial stroke and contribute further to greater comorbidities and mortality.6 With a 

rising number of people living with the consequences of stroke, it is essential that all survivors 

of stroke have their risks of stroke managed to avoid recurrent events. 
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2.4 Reducing the burden of stroke 

There are three main ways that provide opportunities to intervene to reduce the burden of 

stroke. These are: (1) primary prevention (i.e. prevention a first-ever event), (2) acute stroke 

care (i.e. care provided in hospital), and (3a) ongoing secondary prevention, and (3b) long-term 

recovery; Figure 1.1). 

1. Primary prevention is focussed on reducing the incidence of first-ever stroke. It involves 

identifying modifiable risk factors in those at risk of but without a prior history of stroke, and 

then controlling their risk factors using lifestyle changes or prescribing medications. For 

example, screening of the general public at pharmacies or clinics to identify those with high 

blood pressure.39  

2. Acute stroke care includes the use of evidence-based strategies to diagnose and treat 

patients with stroke in the early stages of symptom onset and within the first week.40 Care is 

provided in hospital and includes treatments to reduce the extent of brain damage, promotion 

of recovery through rehabilitation (i.e. sub-acute/in-hospital rehabilitation) and avoidance of 

complications.7 

3. (a) Ongoing secondary prevention and (b) long-term recovery is initiated after a first 

stroke event, to prevent the likelihood of further stroke events, and aid long-term recovery. 

This stage of care includes patient rehabilitation at outpatient clinics, as well as lifestyle 

changes (e.g smoking cessation) and medication to control modifiable risk factors such as high 

blood pressure, cholesterol, or glycaemic control in diabetes. Blood-thinning medication is also 

recommended for those with ischaemic events, while anticoagulants are recommended for 

patients with atrial fibrillation. In addition to secondary prevention strategies, community-

based interventions (e.g. group exercise programs)41, 42 can assist with long-term recovery 
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following stroke and hence reduce the societal burden (i.e. costs of healthcare  utilisation  and  

worker  productivity in the general society) of this condition.43 

More detail on risk factors for stroke is provided in the next section.  

 

 Figure 1.1. Schema of the stroke care continuum  

 

2.5 Risk factors for stroke 

2.5.1 General overview 

The term ‘risk factor’ is one of the most central terms in epidemiological research, and it is 

defined as any patient characteristic, attribute or exposure that is independently associated with 

an increased risk of developing disease or injury.44 Several risk factors for stroke have been 

identified and can be classified as modifiable or non-modifiable. The most recent 

comprehensive evaluation of the major risk factors for stroke were reported in the 

INTERSTROKE study, which was a large, multinational, case-control study with 

approximately 27,000 participants from 32 countries located in Africa, America, Asia, 

Australia, Europe and the Middle East.45 In this study, approximately 92% of the risk for stroke 
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was attributed to ten modifiable risk factors. These included physiological factors such as 

hypertension (high blood pressure), diabetes mellitus (high blood glucose), dyslipidaemia (high 

blood cholesterol), atrial fibrillation and lifestyle factors such as smoking, unhealthy diet, 

inadequate physical activity, alcohol intake, as well as psychological issues such as stress and 

depression. Air pollution was also identified as an important contributor to the risk of stroke, 

particularly in low and middle income countries.46   

There are also risk factors for stroke that cannot be modified. These include family history, 

ethnicity, gender and age.47 Risk factors can be reduced or moderated to lower the risk of 

developing a first-ever stroke or recurrent stroke. Ideally, modifiable risk factors should be 

identified early, and managed with effective treatments as recommended in clinical practice 

guidelines.7 Those individuals at high risk, as attributed by their risk factor profiles, should be 

provided with appropriate prevention and treatment strategies at the three levels of the 

continuum of care (Figure 1.1). In the section below, I will focus on the pathophysiology and 

burden of the major modifiable risk factors for stroke.   

Most of the risk of stroke and attributed burden are associated with potentially modifiable 

factors. Individuals with multiple risk factors are at much greater risk of suffering from a 

recurrent stroke or cardiovascular event than those with a single risk factor.47, 48 Careful 

management of these factors is crucial for primary and secondary prevention of stroke. 

2.5.2 Modifiable risk factors for stroke 

2.5.2.1 Medical factors  

Hypertension 

High blood pressure (i.e. hypertension) is diagnosed when systolic blood pressure is ≥ 140 

mmHg and or diastolic blood pressure is ≥ 90 mmHg ideally obtained at an average of three 
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measurements per visit.49 High blood pressure is the single most common risk factor for stroke, 

occurring in more than 60% of first-ever stroke events.50 In Australia, nearly 80% of patients 

with stroke have high blood pressure. Generally, the risk of suffering a stroke is nearly three to 

four times greater in people with hypertension than among those without hypertension.45, 51 

High blood pressure causes stroke via many complex physiological pathways such as 

malfunctioned arterial baroreceptors, oxidative stress and inflammation.52 

Diabetes  

Diabetes, or high blood sugar, is a metabolic disease diagnosed when there is excess glucose 

in the blood (hyperglycaemia). It is usually diagnosed by measuring the levels of glycosylated 

haemoglobin (HbA1c) levels in the blood serum or fasting blood plasma glucose.53 

Diabetes is an independent risk factor for stroke and is considered to be an underlying source 

of a global epidemic of stroke in the 21st century.54 Approximately 1.7 million Australians are 

diagnosed with diabetes. More than 100,000 Australians have been diagnosed with diabetes in 

the past year, costing $14.6 billion to the health care system.55 Those with diabetes are twice 

as likely to suffer an ischaemic stroke and 1.6 times likely to suffer from a brain haemorrhage, 

compared to those without diabetes.56 More importantly, in survivors of stroke, the presence 

of high blood glucose increases the risk of recurrent stroke and increases the likelihood or 

severity or developing other comorbidities and greater mortality.57  

There are several possible mechanisms wherein diabetes may lead to stroke. High blood 

glucose is caused by dysfunction of the pancreas resulting in inadequate secretion of insulin 

into the blood (Type 1), or progressive resistance of cells to insulin (Type 2). This leads to 

vascular endothelial dysfunction, increased arterial stiffness, systemic inflammation and 

thickening of the capillary basal membrane, which ultimately promote atherosclerosis or fatty 

deposits in the blood vessels.58, 59   
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Dyslipidaemia 

Individuals with dyslipidaemia or high blood cholesterol have elevated levels of lipids in the 

blood stream, and these levels contribute to the development of atherosclerosis.60 Elevated 

levels of total cholesterol, low-density lipoprotein (LDL), and triglycerides are proven risk 

factors for cardiovascular diseases, but the temporal association in stroke is varying.61 The 

exact mechanism for the association between elevated blood lipids and stroke also remains 

unclear. Evidence is particularly inconsistent for both the type of lipid and type of stroke. The 

associations also depend on the specific lipid component considered, with stronger evidence 

for total cholesterol and LDL. There is evidence that the association between higher total 

cholesterol levels and increased risk of an ischaemic stroke.62 In addition, in most observational 

studies an association between lower total cholesterol and LDL levels and increased risk of 

haemorrhagic stroke was found.62, 63 Furthermore, a greater level of high-density lipoprotein 

(HDL) in the blood has been associated with a 40% reduction in the risk of an ischaemic stroke, 

but the association between and HDL and ICH remains uncertain.62  

The exact pathophysiological mechanisms of the effect of lipids on the risk of stroke remains 

unclear. It is proposed that high levels of cholesterol in the blood can lead to deposits of 

cholesterol in the arteries and cause a plaque build-up (atherosclerosis) resulting in 

compromised or a blockage to normal blood flow to the brain and cause a stroke.62  

Atrial fibrillation 

Atrial fibrillation (AF) is a form of cardiac arrhythmia, and a major risk factor for stroke. Those 

with AF have abnormal heart rhythm which may be paroxysmal (i.e. occasional occurrence 

and then stops) or persistent, and is the cause of 20% of all cases of stroke.64 AF is associated 

with a two- to five-fold greater risk of stroke particularly in the older population.64 There is 
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evidence that  patients with stroke and AF are often older, have more comorbidities, and 

experience worse outcomes following stroke than those without AF.65  

Psychological conditions 

Anxiety and depression are mood disorders that are the most common psychological conditions 

often associated with stroke.15 The presence of anxiety or depression has been increasingly 

linked to the occurrence of first-ever and recurrent stroke.45 Individuals with no prior history 

of stroke, but with anxiety, have a 14% increased risk of stroke.66 Similarly those with 

depression have been reported to have a 40% increased risk of stroke.67  

Anxiety or depression are often experienced by survivors of stroke, affecting 1 in 3 patients.3, 

8, 34 It is estimated that 31% will develop depression within 5 years following stroke and this 

increases the risk of recurrent events by 49% when compared to patients without depression.68 

Survivors of stroke may suffer from anxiety or depression as a result of the culmination of 

other risk factors such as excess smoking and alcohol consumption or purely due to the physical 

impairments, or, difficulties with speech or cognition as a result of stroke.66, 67  

2.5.2.2 Lifestyle factors  

Smoking and alcohol consumption 

There is strong evidence for an association between smoking and the risk of stroke. Individuals 

who are current smokers have a two- to four-fold greater risk of suffering from stroke than 

never smokers or past smokers.45, 69 Furthermore, smoking causes a greater risk for ischaemic 

stroke than ICH. In survivors of stroke, cigarette smoking is associated with further 

consequences such as 30% greater risk of mortality or recurrent stroke, when compared to non-

smokers. The risk of stroke is greater in women who smoke when compared to men who 

smoke.70 The pathophysiological mechanism for the association between smoking and 
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increased risk of stroke is thought to be aided by oxidative stress, inflammation and 

atherosclerosis.71  

Excess alcohol consumption (> 14 standard alcoholic drinks per week)45 is yet another major 

risk factor for stroke. The risk of stroke may also be dependent on the amount of alcohol 

consumed.72 In a recent systematic review, where the authors assessed the effect of alcohol 

consumption on the risk of stroke, the risk of stroke increased by more than two folds in those 

individuals who consumed excessive alcohol compared to those who consumed no alcohol.45 

Vascular dysfunction, and increased irregular heartbeats and blood pressure are consequences 

of excessive alcohol consumption.   

Unhealthy diet 

A poor diet, insufficient in consumption of vegetables and fruits, increases the risk of stroke, 

and risk factors such as hypertension, hyperlipidaemia, diabetes and obesity which further 

increases the risk of stroke. Increased consumption of fatty and oily foods also results in an 

increase in lipids and associated risk of stroke.73 In a recent meta-analysis, consuming 200 

grams of fruits and vegetables daily reduced the risk of an ischaemic stroke by 32% and 11%, 

respectively. The pathophysiological mechanisms behind the association of adequate diet and 

risk of stroke is the benefits derived from the minerals, vitamins and nutrients that enrich the 

cells in the body to produce healthy energy. Optimal nutrition, vitamins, and antioxidants 

reduces the risk of vascular dysfunction and prevents hypertension.74  

Physical inactivity 

A lack of exercise is an independent risk factor for stroke.45 There is growing evidence that 

regular exercise is associated with a reduced risk of stroke, and less severe strokes.75 Regular 

exercise can also moderate the risk of stroke by altering other risk factors for stroke such as 
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hypertension and diabetes, thereby further reducing the overall ‘absolute’ risk of stroke.45 In 

healthy individuals the intensity of exercises may vary from being moderate intensity (e.g. 

walking) to high intensity (e.g. running, swimming). However, not all survivors of stroke are 

able to take part in strenuous exercise activities. 41, 76   

Being overweight 

There is strong evidence that obesity is independently associated with the risk of stroke.77-79 

The most recent data were obtained from a prospective cohort study, in which 13,700 

individuals from the community were followed-up for 23 years.80 In this study, individuals who 

were obese (body mass index (BMI) >30 kg/m2) had a 30-80% greater risk of experiencing a 

stroke, and those who were overweight (BMI 25-29.9 kg/m2) had a 20% greater risk of stroke 

when compared to healthy individuals with normal weight (BMI 18.5-24.9 kg/m2).80  

Increased fatty acids, or lipids, produce several inflammatory markers that contribute to 

vascular dysfunction and insulin resistance.58, 59 Increased lipids causes an accumulation of 

excessive lipids in the blood vessels which result in blockages, disruption to blood flow and 

accelerates atherosclerosis.62  

2.6 Summary 

Stroke is a leading cause of death and disability, both globally and in Australia, resulting in a 

huge burden to patients, their families, society and the health care system. Most of the risk for 

stroke and attributed burden are associated with potentially modifiable risk factors. Evidence-

based management of these risk factors is essential for the prevention of stroke. More research 

is needed to better understand the role of anxiety and depression and how best to avoid 

developing these comorbidities after stroke. 
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Chapter 3: Global Stroke Statistics 

 

 

 

3.1 Overview 

In Chapter 2, I provided a summary of the pathophysiological definitions and the consequences 

of stroke. I also highlighted some of the known evidence-based risk factors for stroke and the 

risk of stroke reoccurrence.  

In this chapter these concepts are explored in greater detail through an in-depth assessment of 

the global effect of stroke. The effect of stroke can be described by incidence (number of new 

cases with a new diagnosis of stroke during a period of time), mortality (number of cases within 

a population who died from stroke) or case-fatality (number of cases of stroke who died within 

a set period of time), as well as disability.1 With the growing global burden of stroke, there is 

a continued need to understand the characteristics of the disease and its effect on individuals 

and health systems in various countries. 

In summary, the aims of the following paper were to (i) update our repository of the most recent 

country-specific data on stroke;81 (ii) determine where data on incidence, mortality and case-

fatality are missing; and (iii) determine countries where data on incidence, mortality and case-

fatality from stroke are out-of-date. A further exploratory aim was to identify whether 

nationally-representative clinical registry data were being routinely obtained in countries where 

an incidence study was not undertaken or had outdated stroke data. This helped to describe 

whether registries were being used as a potential substitute for these data. This paper addresses 

the first aim of this thesis. My contribution is at 45%, and the nature of my contribution was 
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coordinating the author meetings, literature search, data management, analysis, interpretation, 

and writing parts of the manuscript. 

This paper was published in the International Journal of Stroke (2017; Vol 12: 13-32).  
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Abstract

Background: Up to date data on incidence, mortality, and case-fatality for stroke are important for setting the agenda

for prevention and healthcare.

Aims and/or hypothesis: We aim to update the most current incidence and mortality data on stroke available by

country, and to expand the scope to case-fatality and explore how registry data might be complementary.

Methods: Data were compiled using two approaches: (1) an updated literature review building from our previous

review and (2) direct acquisition and analysis of stroke events in the World Health Organization (WHO) mortality

database for each country providing these data. To assess new and/or updated data on incidence, we searched multiple

databases to identify new original papers and review articles that met ideal criteria for stroke incidence studies and were

published between 15 May 2013 and 31 May 2016. For data on case-fatality, we searched between 1980 and 31 May 2016.

We further screened reference lists and citation history of papers to identify other studies not obtained from these

sources. Mortality codes for ICD-8, ICD-9, and ICD-10 were extracted. Using population denominators provided for

each country, we calculated both the crude mortality from stroke and mortality adjusted to the WHO world population.

We used only the most recent year reported to the WHO for which both population and mortality data were available.

Results: Fifty-one countries had data on stroke incidence, some with data over many time periods, and some with data

in more than one region. Since our last review, there were new incidence studies from 12 countries, with four meeting

pre-determined quality criteria. In these four studies, the incidence of stroke, adjusted to the WHO World standard

population, ranged from 76 per 100,000 population per year in Australia (2009–10) up to 119 per 100,000 population

per year in New Zealand (2011–12), with the latter being in those aged at least 15 years. Only in Martinique (2011–12)

was the incidence of stroke greater in women than men. In countries either lacking or with old data on stroke incidence,

eight had national clinical registries of hospital based data. Of the 128 countries reporting mortality data to the WHO,

crude mortality was greatest in Kazhakstan (in 2003), Bulgaria, and Greece. Crude mortality and crude incidence of

stroke were both positively correlated with the proportion of the population aged� 65 years, but not with time. Data on

case-fatality were available in 42 studies in 22 countries, with large variations between regions.

Conclusions: In this updated review, we describe the current data on stroke incidence, case-fatality and mortality

in different countries, and highlight the growing trend for national clinical registries to provide estimates in lieu of

community-based incidence studies.
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Introduction

With the growing world-wide burden of stroke, there is
a continued need to understand the characteristics of
the disease and its impact in various countries. As
found with our first report on global stroke statistics
published in the International Journal of Stroke (IJS)
in 2014 having a common repository of the latest
published information on major determinants of the
burden of stroke worldwide that was focused on
stroke incidence and mortality is important.1 We pro-
vide this update with additional information and con-
sider this work as complementary to the information
provided by the World Stroke Organization (WSO) and
Global Burden of Disease (GBD) program.2,3 As a flag-
ship publication, we seek to regularly present compara-
tive data for stroke in a readily accessible way, both in
tabular and graphic form, using the latest available
data at the time of publication which can be extracted

from public records. We believe that such a compilation
of data is a useful resource for all health care and
related professions. This second report is part of an
on-going series to update information on stroke mor-
tality and incidence; and provides new information on
case-fatality and the issues of potentially outdated data
for some countries.

Aims

Our aims are to: (i) update our repository of the most
recent country-specific data on stroke; (ii) determine
where data on incidence, mortality and case-fatality
are missing; and (iii) determine countries where data
on incidence, mortality and case-fatality from stroke
are out of date. A further exploratory aim was to iden-
tify whether nationally-representative clinical registry
data were being routinely obtained in countries that

Figure 1. Screening and selection of articles with data on incidence or case-fatality.
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had not undertaken an incidence study or had outdated
stroke data to describe whether these were being used
as a potential substitute for these data.

Methods

We sought to present incidence, mortality and
case-fatality data for 205 countries (source: www.info-
please.com/countries.html) out of which 194 are recog-
nized by WHO (source: www.who.int/countries/en/),

192 countries are members of the United Nations
(source: www.un.org/en/members/), and 182 countries
are recognized by the World Bank (source: www.world-
bank.org/en/country). Incidence data were compiled by
conducting an updated literature review with a major
focus on original papers, using only population-based
incidence studies. Additionally, case-fatality data from
population-based studies were also compiled. Relevant
data were also drawn from published systematic
reviews on these topics. We also acquired mortality

Figure 2. World map showing availability of studies with overall incidence. Old studies (in blue) indicate those that were included

in the previous review, while new studies (in brown) indicate those published since that review.1 The map is based on crude and/or

adjusted incidence of stroke irrespective of age restriction, or adjustment method. The countries highlighted are therefore

different to those in Figure 6.

Figure 3. World map showing availability of studies with sex-specific incidence. The map is based on crude and/or adjusted

incidence of stroke irrespective of age restriction, or adjustment method, hence it is different to Figure 6. Old studies are

indicated in blue and new ones in brown.
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data from the World Health Organization (WHO) mor-
tality database, using the most current available esti-
mates of stroke mortality and the corresponding
population denominator.

Literature search and data extraction for
incidence and case-fatality

We searched multiple databases (Medline, Scopus,
Pubmed, Google Scholar, WHO library, and WHO
regional databases) to identify relevant original papers
and review articles published from 15 May 2013 to
31 May 2016 for data on stroke incidence around the
globe. Similarly, an extensive search was conducted
from 1980 and until 31 May 2016 for data on case-
fatality of stroke.

The search strategy developed was adapted from our
previously published review article.1 Our pre-defined
inclusion criteria comprised population-based studies
that met, or potentially met, the ideal criteria
(Supplementary Online Table 1), and a comprehensive
determination of the overall incidence of stroke or on

incidence among men and women separately. Ideal
criteria included reports of first-ever in a lifetime
stroke only to ensure that no figures were inflated by
the inclusion of recurrent events. We also accessed
papers where the incidence of any stroke type was
reported, just in case the article contained overall inci-
dence rates relevant to our aims. Data on types of
stroke are not reported here. In addition, the search
for case-fatality information was undertaken using
terms such as case-fatality, mortality, and survival.
We included case-fatality only from those studies that
conformed to the ideal criteria for stroke incidence
studies to ensure comparability between studies.
Furthermore, only studies with published data on
7-day, 28-day, or 30-day case-fatality following stroke
are included in this review.

As previously, citations identified were first screened
by title and abstract. After this first screening stage, the
full text was read by a single reviewer (TT). We
included only original papers and systematic reviews
clearly meeting the inclusion criteria (as stated above).

To supplement the database searches, we screened
the reference lists of these papers to identify any poten-
tially missing original papers or systematic reviews.
Data were only included from reference lists on the
incidence or case-fatality of stroke, which adhered to
the same criteria as those for the database searches.

When new incidence or case-fatality data from one
country were reported in more than one publication or
online source, we linked the sources to prevent double-
counting. For the heat maps on incidence, when there
were data from the same country from both rural and
urban regions, these countries were displayed as the
mean value of these observations. Information from
each paper was extracted by one reviewer (TT) and
discussed among three reviewers (TT, AGT, DAC).
All authors scrutinized the list of identified papers to
assess whether any known papers were missing.

Data on the location of stroke clinical registries that
are considered in their country to represent a national
standardized dataset for acute stroke care and out-
comes were obtained from a recently published system-
atic review.4

Incidence and mortality by age category

We have previously provided details of the assessment
of incidence and mortality versus age category.1 Briefly,
for each country we undertook a regression analysis of
crude incidence and/or mortality versus the proportion
of the population aged �65 years. When possible, we
used population data from the same year that incidence
(and mortality) was assessed. When incidence was
assessed over more than one year, the population data
used was the mid-year of data collection. When the

Figure 4. Crude incidence from stroke according to

(a) the proportion of the population aged� 65 years

(Y¼ 8.442*Xþ 75.32, p< 0.001) and (b) the mid-year that

the study was conducted (Y¼�0.2400*Xþ 661.4, p¼ 0.86).

These are for all countries that have reported crude inci-

dence, and for which population estimates were reported to

the WHO.12,14,18–29
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incidence studies spanned an even number of years, then
the more recent of the two mid years was used. When
there were no population data for the year in which the
incidence study was conducted, we used the closest avail-
able year. For mortality, both population and mortality
data were derived from the same year.

Because all of the new studies had data adjusted to
the WHO World standard population, we only report
data using this standard.

Collation and analysis of mortality data ability

Data for mortality and population denominators were
obtained from the WHO website at www.who.int/
healthinfo/statistics/mortality_rawdata/en/. These data
comprise deaths registered in country civil registration
systems, with deaths coded by the national authority
within each country. Population data are also provided
by many of these countries. The latest data files from

Figure 5. Incidence of stroke, adjusted to World Health Organization World population.7,10,12,14,16,18–20,22–26,30,31,34–39 High

income countries are shown in the white bars, and low and middle income countries are shown in the black bars.
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Table 1. Adjusted incidence of stroke in men and women. New studies are indicated by *.

Incidence rate per 100,000 population

(95% confidence interval)
Standard

Country, study period Men Women criteria meta

Age adjusted to the European standard population

Belarus (Grodno), 2001–200324 356 (334–377) 236 (222–250) Yes

Croatia (Varaždin county), 2007–200925 282 (256–309.9) 181.1 (165.6–197.6) No

France (Dijon), 2000–200634 107.5 (98.3–116.8) 68.9 (62.7–75) Yes

Italy (Sesto Fiorentino), 2004–200673,74 101.2 (82.5–123) 63 (48.5–80.7) Yes

Italy (Valle d’ Aosta), 2004–200520 159 (127–190) 100 (75–125) Yes

Kuwait, 1989, 1992, 199375 35.48 (35.39–35.56) 16.66 (16.59–16.73) No

Lithuania (Kaunas), 200476 239.3 (209.9–271.6) 158.7 (135–185.4) Yes

Poland (Warsaw), 200526 140 (132–147) 120 (114–127) Yes

Spain (Castilla y León, Extremadura, and

Comunitat Valenciana regions), 200535
99 (81–117) 66 (53–80) No

Spain (Menorca), 2004–200673,74 116.3 (96.1–139.5) 65.8 (50.9–83.8) No

*Spain (La Rioja), 200916 206 (187.7–224.4) 139.3 (127.0–151.5) No

United Kingdom (South London), 2004–200628 121.1 (100.5–144.7) 78.1 (61.8–97.5) Yes

(continued)

Figure 6. Heat map showing incidence of stroke adjusted to the WHO world population by quartiles.5
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WHO were updated on 25 November 2015. Not
all countries are listed in the mortality files provided
by WHO. This is because (1) WHO does not receive
mortality data from all countries; (2) some countries
may provide data using non-standard codes; and
(3) deaths may not be certified by a medical
practitioner.

The files fromWHO that we used include population
denominators, country codes, and mortality data. The
mortality codes used include those from ICD8, ICD9,
and ICD 10 (Supplementary Online Table 2).

Data on deaths from cerebrovascular disease were
merged with the population denominators for the
same year as that in which mortality was coded.
Crude mortality of stroke was obtained by dividing
the overall deaths from cerebrovascular diseases for
each country by the total population. These were then
multiplied by 100,000 to obtain crude mortality per
100,000 population. The same calculations were con-
ducted for men and women separately. We then calcu-
lated age-adjusted death rates standardized to the
WHO world population using the direct method.5

Table 1. Continued

Incidence rate per 100,000 population

(95% confidence interval)
Standard

Country, study period Men Women criteria meta

Age adjusted to Segi’s World population

China (Beijing), 200036 147.6 (134.6–162.6) 124 (113–137.4) No

China (Changsha), 200036 190 (175.2–207.3) 119.1 (108.5–132.3) No

China (Shanghai), 200036 87.3 (78.5–98.2) 68.1 (61–77.3) No

France (Dijon), 2000–200634 72.5 (65.9–79.1) 47.3 (45.5–52) Yes

Iran (Mashhad), 2006–200718 208 (180–236) 198 (170–226) Yes

Age adjusted to WHO World standard population

*Australia (Adelaide), 2009–201012 91 (73–112) 61 (47–78) Yes

Belarus (Grodno), 2001–200324 266 (250–282) 180 (169–191) Yes

Bulgaria (Rural), 200277 909 (729.67–1132.41) 667 (529.24–840.61) No

Bulgaria (Urban), 200277 597 (491.2–725.59) 322 (255.14–406.637) No

Croatia (Varaždin county), 2007–200925 213.1 (194–233.3) 137.6 (126.3–150.9) No

India (Trivandrum, rural), 200531 163.4 (122.4–204.4) 115.3 (83–147.6) Yes

India (Trivandrum, urban), 200531 141.7 (122.1–161.3) 130.1 (113.3–146.9) Yes

India (Kolkata), 2003–200578 117.1 (87.8–152.6) 178.0 (102.4–223.2) Yes

Italy (Valle d’ Aosta), 2004–200520 122 (94–150) 77 (55–99) Yes

*Italy (Valle d’ Aosta), 2004–20087 100 (89–112) 62 (53–71) Yes

*Japan (Iwate State)15 190 (172–209) 104 (91–118) No

*Martinique (Caribbean)14 90 (79–101) 69 (60–78) Yes

*New Zealand (Auckland)10 129 (120–138) 110 (103–119) Yes

*Spain (La Rioja)16 131.0 (119.3–142.6) 86.2 (78.6–93.8) No

aStandard criteria¼multiple overlapping sources, World Health Organization definition of stroke, incidence cases, no upper age limit, and prospective

design.
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Figure 7. Crude mortality from stroke in the most recent year reported to the World Health Organization, ordered according

to the average mortality for men and women. Note that mortality data for China are for selected regions only and repre-

sent< 10% of all deaths in the country.
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Where possible, adjustments were made using 5-year
age bands. In some instances, data on mortality were
only provided in 10-year age bands, and so 10-year age
bands are used for these countries. Some countries
also had different upper age bands for mortality,
ranging between �65 years and �95 years. We used
the best available data for each country and adjusted
for age using the maximum number of categories. We
then removed all but the latest year data for each
country.

Comparison of crude incidence and
crude mortality

We assessed the relationship between the crude inci-
dence and mortality for each country, using the same
year for incidence and mortality, where possible. When
the study was conducted over more than one year, we
used population data from the middle year of the study,

and when there was an even number of years the latter
of the two mid years was used. When countries had not
reported population data to WHO, even when mortal-
ity data were present, these countries were excluded.
For countries that had no population data for the
year in which the incidence study was conducted, but
had population data for other years, the closest avail-
able year was used.

Results

Overall there were 12 countries in which new incidence
data were reported. Of the 128 countries in which mor-
tality data had been reported to the WHO, in 57
(44.5%) the figures were new or updated since our
last review. In addition, data on case-fatality were
reported for 22 countries.

Incidence

The literature search yielded 600 publications
(see Figure 1 for selection process). In the first
stage of screening, we retrieved 20 potential new art-
icles on stroke incidence. In 12 of these articles, total
crude stroke incidence was reported6–17 with four
conforming to our search criteria. In nine articles,
separate rates were reported for men and
women,7–10,12–16 with four conforming to our strict
criteria. Of those conforming to our strict methodo-
logical standards all were age-adjusted to the WHO
population for both overall stroke incidence and sex-
specific incidence rates.7,10,12,14 In Figure 2, the loca-
tion of these new published studies are highlighted in
brown for overall stroke incidence, while Figure 3
shows all countries that provided sex-specific inci-
dence rates. The updated data on crude incidence
of stroke, including both old and new studies,
varies greatly among countries (Figure 4,
Supplementary Online Table 3).12,14,18–29 Of the stu-
dies identified since our last review1 that met our
criteria, the largest crude stroke incidence rate was
observed in Italy 2004–8) at 212/100,000 population
per year,7 with this population having a large propor-
tion of people aged �65 years (19%; Figure 4(a)).15

In contrast, Saku (Japan) had a relatively high crude
incidence of stroke (205 per 100,000 per year) in the
presence of a small population at risk (7.5% aged
�65 years; Figure 4(a)).22 Similar data are available
for men and women in some regions (Supplementary
Online Table 4).7–10,12–16,18,19,23–27,29–33 There was no
difference in incidence according to the year that the
study was conducted (Figure 4(b)).

Using the WHO World standard population, the age
adjusted incidence rates of the studies identified since
our last review, and meeting our strict criteria, range

Figure 8. Crude mortality from stroke according to

(a) the proportion of the population aged at least 65 years

(Y¼ 5.091*Xþ 28.08, p< 0.0001) and (b) the year

(Y¼ 0.4675*X – 856.90, p¼ 0.35). These are for all

countries that have reported mortality to the World Health

Organization, and are for the most recent year reported for

each individual country.
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Figure 9. Age-adjusted mortality from stroke in the most recent year reported to the World Health Organization, ordered

according to the average mortality for men and women. Note that mortality data for China are for selected regions only and

represent< 10% of all deaths in the country.
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from 76 per 100,000 population per year in Adelaide,
Australia (2009–10) to 119/100,000/year in Auckland,
New Zealand (see Figures 5 and 6, and Supplementary
Online Table 5).7,10,12,14,16,18–20,22–26,30,31,34–39 This
latter study was age-adjusted to the population aged
�15 years and so incidence rates are greater than
would occur if all age groups were included. New
age-adjusted stroke incidence rates are greater in men
than in women in all countries (Table 1).14

Mortality

Since our last review, where the most recent data avail-
able were for 2011, there are now new data for 2012
(14 countries), 2013 (28 countries), and 2014 (67 coun-
tries; see Supplementary Online Table 6).

Kazhakstan remained the country with the greatest
crude stroke mortality (number of deaths per 100,000
population per year) but there were no new data for
this country since 2003. New data from Bulgaria
and Greece (both 2012) were also similarly high
(298/100,000 population per year for Bulgaria
and 285/100,000 per year for Greece; Figure 7 and
Supplementary Online Table 7). Countries with new
mortality at the lower end of the spectrum included
Qatar (2.2/100,000/year in 2012), Bahrain (7.5/100,000/
year; 2011), and Kuwait (10.4/100,000/year; 2013).

Countries such as Austria and Switzerland have very
low stroke mortality rates despite a large proportion of
the population who are aged� 65 years (Figure 8(a)).
The largest mortality rates in countries with a relatively
small proportion of the population aged� 65 years
include Montserrat (1979), the Seychelles (1987), and
the British Virgin Islands (1982), but these data are
relatively old, and the latter is based on a very small
population.

The positive association between the year that the
mortality data were collected and their crude mortality
rates that we reported in our last review is no longer
evident (Figure 8(b)), suggesting that crude mortality is
not increasing.

When assessing mortality rates for stroke adjusted to
the new world population, the countries with the

Figure 10. Heat map showing mortality from stroke adjusted to the WHO world population, by quintiles.5

Figure 11. Regression of crude mortality from stroke

versus incidence. These are for all countries that have

reported mortality to the World Health Organization, and

also have assessed the incidence of stroke for a similar year

(Y¼ 0.4616*Xþ 119.9, p< 0.0001).
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10 largest rates remain the same as in our past review.
None of these countries have provided updated data to
WHO, and so these data are relatively old (Figures 9
and 10; Supplementary online Table 7).

There were 29 countries that had both crude inci-
dence of stroke reported (all ages included) as well as
mortality data provided to the WHO. There were an
extra seven observations, as some countries had more
than one incidence study in more than one region.
There is a strong positive association between incidence
and mortality from stroke (Figure 11). Even when
removing the two regions of Portugal with the greatest
incidence of stroke, the regression shows a strong asso-
ciation and a steep slope (Y¼ 0.5652*Xþ 109.8,
p¼ 0.0002).

Case-fatality

The literature search yielded 222 publications
(see Figure 1 for selection process). In the first stage
of screening, we retrieved 59 potential articles and
42 provided usable data. In two of these, overall
7-day case-fatality were reported, being 13.1% in
Barbados (2000) and 33% in Kolkata (2003–
2010).19,40 In 20 studies, overall case-fatality was
reported at 28 days,7,12,19,23,24,31,37,40–51 and 16 pro-
vided 30-day case-fatality.14,25,38,45,52–60 Separate fig-
ures for men and women were reported for 17
studies.14,24,25,44,50,51,55,57,58,61–63 Among these articles,

10 had 28-day sex-specific case-fatality,24,44,50,51,61–63

and the remainder had 30-day sex-specific case-
fatality.14,25,55,57,58

The data on case-fatality of stroke provide evidence
for considerable variation among countries despite the
strict criteria for inclusion (Figures 12 and 13). The
greatest overall 28-day case fatalities were observed in
India at approximately 37–42% at 28 days.31,40 The
least case-fatality was observed in Dijon (2000–2004)
at 10% (28 days; Table 2).43

Discussion

In this updated review of global stroke statistics, we
include evidence from new studies of stroke incidence
(n¼ 12) and important updates of mortality data from
57 countries available from WHO. We also report case-
fatality data as a new focus of attention. Important
ongoing disparities in stroke incidence, mortality, and
case-fatality were evident and provide an impetus for
more effective prevention and improved clinical man-
agement of stroke.

Incidence rates presented in our review differ some-
what to those presented in the GBD Study (Figure 14),
even though both were adjusted to the WHO World
population.64 These differences highlight the different
aims of these studies. The GBD was undertaken to pro-
vide estimates of stroke in all regions using a systematic
approach, and has the added advantage of enabling

Figure 12. Overall 28-day and 30-day case-fatality of stroke that are reported in countries.7,12,14,19,23–25,31,37,38,40–60

International Journal of Stroke, 0(0)

12 International Journal of Stroke 0(0)

35



Figure 13. Comparison of gender-specific 28-day and 30-day case-fatality of stroke that are reported in countries. ((a) men, (b)

women)14,24,25,44,50,51,55,57,58,61–63

Table 2. Crude case-fatality (%) of stroke in countries: reported at 28–30a days.

Country

Overall

% (CI)

Men

% (CI)

Women

% (CI)

Australia (Adelaide), 2009–1012 18 (14–24)

Australia (Melbourne), 1997–9950 22.5 (20.0–25.1) 18.3 (14.7–21.8) 25.8 (22.3–29.4)

Australia (Perth), 1989–9041 24 (20–28)

Belarus (Grodno), 2001–200324 26.1 24.4 27.8

Brazil (Matao), 2003–0438a 18.5 (10.7–28.7)

Chile (Iquique), 2000–0257a 23.3 (18.1–29.5) 26.2 (18.9–35.3) 24.2 (16.4–34.4)

Croatia (Varaždin County), 2007–0925a 23.5 23.6 23.4

Estonia (Tartu), 2000–0363 23 35

(continued)
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Table 2. Continued

Country

Overall

% (CI)

Men

% (CI)

Women

% (CI)

France (Dijon), 198943 17.8 (15.4–20.5)

France (Dijon), 1990–9443 16.6 (14.4–19.1)

France (Dijon), 1995–9943 13.9 (11.8–16.3)

France (Dijon), 2000–0443 10 (8.3–12.1)

French West Indies (Martinique), 1998–9914a 19.3 (15.5–24.1) 17.9 (12.9–24.8) 20.7 (15.3–28.0)

French West Indies (Martinique), 2011–1214a 17.6 (13.3–23.4) 15.1 (9.2–24.6) 20.6 (14.8–28.7)

Georgia (Tbilisi), 2000–0360a 34.8 (28.7–41.3)

Germany (Erlangen), 1994–9649 19.4 (16.1–23.3)

Greece (Arcadia), 1993–9551 26.6 (22.9–32.2) 26.3 (21.3–31.1) 27.1 (21.4–32.6)

India (Kolkata), 2003–1040a 42 (38.6–45.6)

India (Trivandrum, rural), 200531 37.1

India (Trivandrum, urban), 200531 24.5

Ireland (North Dublin), 2005–0623 21 (17.6–24.9)

Italy (Aeolian Islands), 1999–200258a 24.2 (19.2–36.8) 23.1 (9.0–43.7) 25 (12.2–42.2)

Italy (Belluno), 1992–9356a 33

Italy (L’Aquila), 1994–9845a 25.6 (22.8–28.7)

Italy (Udine), 2007–0948 20.6 (17.8–23.8)

Italy (Umbria), 1986–8959a 20.3 (16.2–24.3)

Italy (Valle d’Aosta), 198954a 31

Italy (Valle d’Aosta), 2004–087 19

Italy (Vibo Valentia), 199646 23.7 (19.0–28.3)

Japan (Oyabe), 1977–8162 18 (19.2–21.8) 26.8 (22.1–31.5)

Japan (Oyabe), 1982–8662 16.3 (12.2–19.8) 24.5 (19.4–29.6)

Japan (Oyabe), 1987–9162 14.2 (10.4–17.4) 19.1 (14.9–23.3)

Libya (Benghazi), 1983–8452a 17.3

New Zealand (Auckland), 198144 32.2 (28.4–36.5) 27.1 (21.7–32.6) 37.6 (31.8–43.5)

New Zealand (Auckland), 199144 24.1 (21.4–26.7) 21.9 (18.1–25.7) 25.8 (22.3–29.4)

Portugal (Porto, rural), 1999–200053a 14.6 (10.2–19.3)

Portugal (Porto, urban), 1999–200053a 16.9 (13.7–20.6)

Russia (Novosibirsk), 199055a 32.3 (25.8–38.8) 39.4 (27.0–51.7) 28.4 (20.7–36.2

Russia (Novosibirsk), 199255a 22.7 (17.7–27.7) 29.1 (19.2–39.0) 19.1 (13.3–24.9)

(continued)
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comparison across diseases. In contrast, our approach
enabled us to identify countries with the most recent
data on stroke incidence obtained using ideal meth-
ods,65 and has the advantage of highlighting countries
where data are lacking or out of date. Both approaches
enable one to determine where there are hotspots in
stroke occurrence. High quality data are needed to
help plan and develop approaches to improve access
to preventive strategies and stroke care. Knowing
where important data are lacking, outdated or even
where a country is ranked might help facilitate more
research or greater policy attention in this field. This is
important so that modifiable strategies that are within
the control of health funders and providers of health
care may be tackled using a data-driven approach.
Recently, the WSO has provided guidelines and tools
to support countries to review their health system and
address improvements to the quality of care they pro-
vide for people who experience stroke.66 In addition,
there are more options now for primary prevention
monitoring accessible to consumers which may help
to encourage risk factor modification.67 In particular,
it is emphasized by WSO that although there are differ-
ences in resource availability among countries, it should
always be feasible to increase stroke awareness, educa-
tion, prevention, and treatment. By having standar-
dized methods to compare and contrast countries
over time it is possible to monitor progress. This
includes the use of WSO Health System Indicators66

recently showcased in the paper by Tse and colleagues
whereby Australia, Singapore, and the USA68 were
compared on how well they align with the WSO
Health System Indicators and the sources of routine
data available to make such comparisons. Our report
herein provides important information for two of the
10 WSO Health System Indicators: stroke incidence
rates adjusted for age and sex in the population; and
case fatality at 7 and 30 days.

Comparison of data for case-fatality provides two
main challenges. First, case-fatality figures are pre-
sented in varying time periods; at 7 days, 28 days,
and 30 days, making it difficult to compare outcomes
across regions. Secondly, crude case-fatality figures do
not take into account the fact that strokes occur at
different ages across countries, and so greater case-
fatality may actually reflect the age at which strokes
are occurring and not differences in the management
of stroke. Recommendations to provide data in stand-
ard time epochs, and providing case-fatality by 10-year
age groups, would ensure better comparability among
studies, including estimates of age-adjusted case-fatality
figures.

Interestingly, we have noted that where incidence
studies are not being undertaken or where incidence,
case-fatality or mortality data are old, alternate meth-
ods of data collection are occurring in the form of clin-
ical registries. In a recent systematic review, registries
that were considered in their country to represent a
national standardized dataset for acute stroke care
and outcomes were summarized whereby 28 national
stroke registries from 26 countries were identified.4

When we overlaid the location of these registries to
where the identified incidence studies had been under-
taken we noted that in several countries this provided a
reasonable explanation for why potentially more
resource intensive community-based stroke incidence
studies may not have been conducted or repeated
(Figures 15 and 16). We accept that the majority of
the included registries may not have full national cover-
age and in some countries there are large registries
containing data on stroke that may include several
stroke-mimicking conditions or be regionally based
for example Catalonia.4,69 However, these data provide
an indication of changing methods of disease sur-
veillance that may also be capturing aspects of the qual-
ity of care. In addition, hospitalization ratios differ

Table 2. Continued

Country

Overall

% (CI)

Men

% (CI)

Women

% (CI)

Sweden (Enköping-Håbo), 1986–8861 21 22

Sweden (Orebro), 1999–200042 19

United Kingdom (Scottish Borders), 1998–200037 15.9

United Kingdom (East Lancashire), 1994–9547 33.8

USA (Barbados), 2001–0219 27.8 (24.9–34.8)

a30-Day case-fatality.

International Journal of Stroke, 0(0)

Thrift et al. 15

38



between countries (e.g. �90% in Sweden,70 �10% in
Japan).71 Therefore, registries may be a better proxy for
important epidemiological measures in countries where
the majority of incidence cases are treated in hospital.

The main strengths of this review include its com-
prehensiveness, lack of fixed time period restrictions,
and the use of high quality studies that met strict cri-
teria. The limitations include that we were only able to
provide information using the available data reported
for a country and the methods used in obtaining these
data vary. This potentially makes any direct

comparisons less reliable. Further, since the incidence
and case fatality data are often obtained from one geo-
graphical region and may not be representative of other
geographical regions within a country, this is a poten-
tial source of over- or underestimation of stroke inci-
dence rates and case-fatality. Because mortality rates
have been declining over time,2,64 the rank position of
a country may also be influenced by the currency of
their data, differences in data collection policies for
reporting deaths, and the potential misclassification of
causes of death.72

Figure 14. Comparison of incidence rates, age adjusted to the WHO world population, between this review and the Global

Burden of Disease study.
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Conclusion

In this updated data summary, we suggest that
there is much that can be learned from countries that
are managing to keep stroke incidence, case-fatality
and mortality rates at low levels relative to other
countries with similar demographic or socioeconomic
circumstances. We further highlight the growing
trend for national clinical registries to provide such esti-
mates for stroke in lieu of community-based incidence
studies.
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Supplementary Online Table 1. Ideal’ Criteria for Stroke Incidence Studies (1-4) 

Standard Definitions 

 Stroke: World Health Organization definition (2)

 1st ever in a life-time stroke

Methods 

 Complete community-based ascertainment (hospital and non-hospital sources)

 Multiple overlapping sources

 Supplementary methods of case ascertainment, including referrals for imaging and follow-

up of patients referred with transient ischaemic attack

 Prospective design using hot pursuit

 Population base should be large and stable

 Pathological subtyping by imaging in at least 90% of cases

 Time period should include whole years (because of the seasonality of stroke)

Data Presentation  

 Standardisation of rates to standard populations

 Age bands should comprise mid-decade age bands

 Confidence intervals (95%) should be provided

 Male and female data should be presented separately
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Supplementary Online Table 2. International disease classification codes used to 

estimate stroke mortality rates 

International 

Disease 

Classification code 

Codes used for mortality estimates by 

country 

Comment 

ICD8 The codes used for ICD8 are 431, 432, 

433, 434, and for those countries using 

the condensed list of ICD codes the codes 

used were A085 and B030.  

Codes for A085 and B030 

correspond to ICD 8 codes 

430-438.

ICD9 For ICD9, the codes used were B29, 

B290, B291, B292, B293, and B294, 

which are the codes obtained using the 

basic tabulation list. For China the code 

used was C051. 

These codes equate to ICD9 

codes 430-438. 

ICD10 The codes used in the ICD10 database 

were: I60, I600, I601, I602, I603, I604, 

I605, I606, I607, I608, I609, I61, I610, 

I611, I612, I613, I614, I615, I616, I618, 

I619, I62, I620, I621, I629, I63, I630, 

I631, I632, I633, I634, I635, I636, I638, 

I639, I64, I67, I670, I671, I672, I673, 

I674, I675, I676, I677, I678, I679, I69, 

I690, I691, I692, I693, I694, I698. 

These codes equate to ICD10 

codes I60, I61, I62, I63, I64, 

I67, and I69. 
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Supplementary Online Table 3. Studies of stroke Incidence: crude incidence rates (men and 

women combined) 

Country 

Study 

Period 

Incidence 

(95% CI) 

Age range 

(years) 

Standard 

criteria 

met* 

Armenia (5) 2010 141.7 (-) All ages No 

Australia (Adelaide) (6) 2009-2010 161 (141-183) All ages Yes 

Australia (Melbourne) (7) 1996-1997 206 (182-231) All ages Yes 

Australia (Perth) (8) 2000-2001 128 (109-146) All ages Yes 

Bahrain (9) 1995 57 (-) Ages 20+ Yes 

Belarus (Grodno) (10) 2001-2003 222 (212-233) Crude Yes 

Brazil (Matão) (8) 2003-2004 108 (84-131) All ages Yes 

Bulgaria (11) 2002 622 (560-690) Ages 45-84 No 

Chile (Iquique) (8) 2000-2002 74 (65-82) All ages Yes 

China (Beijing) (12) 2000 177.9 (-) Crude No 

China (Changsha) (12) 2000 201.3 (-) Crude No 

China (Shanghai) (12) 2000 159.8 (-) Crude No 

Columbia (Sabaneta) (13) 1992-1993 89 (-) Crude No 

Croatia (Varaždin county) (14) 2007-2009 276 (260-294) All ages Yes 

Denmark (15) 2007-2009 322 (316-329) All ages No 

Denmark (Frederiksberg) (8) 1989-1990 306 (269-344) All ages Yes 

Egypt (Al Quseir City) (16) 2010-2011 181 (122-141) Ages 20+ No 

Estonia (Tartu) (8) 2001-2003 223 (202-244) All ages Yes 

Finland (Espoo-Kauniainen), (8) 1989-1991 220 (203-238) Ages 15+ Yes 

Finland (Turku) (8) 1992 451 (412-490) Ages 25+ Yes 

France (Dijon) (17) 2000-2006 114 (107-120) All ages Yes 

French West Indies (Martinique) (18) 2004-2008 147 (134-159) All ages Yes 

French West Indies (Martinique) (8) 1998-1999 167 (154-181) All ages Yes 

Georgia (Tbilisi) (8) 2000-2003 165 (144-186) All ages Yes 

Germany (Erlangen) (8) 1994-1996 175 (156-193) All ages Yes 

Greece (Arcadia) (8) 1993-1995 344 (315-372) All ages Yes 

India (Mumbai) (8) 2005-2006 145 (132-159) Ages 25+ Yes 

India (Rohtak) (8) 1971-1974 27 (21-33) All ages Yes 

Iran (Mashhad) (19) 2006-2007 139 (128-149) All ages Yes 
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Ireland (North Dublin), (20) 2005-2006 165 (150-179) All ages Yes 

Italy (Belluno) (8) 1992-1993 224 (204-244) All ages Yes 

Italy (L’Aquila) (8) 1994 275 (256-294) All ages Yes 

Italy (Sesto Fiorentino) (21) 2004-2006 170.4 (-) Crude Yes 

Italy (Umbria) (8) 1986-1989 254 (228-280) All ages Yes 

Italy (Valle d' Aosta) (22) 2004-2008 212 (200-223) All ages Yes 

Italy (Valle d' Aosta) (17) 2004-2005 223 (197-249) All ages Yes 

Italy (Vibo Valentia) (8) 1996 179 (159-199) All ages Yes 

Japan (Iwate State) (23) 2004-2008 290 (282-299) All ages No 

Japan (Okinawa) (24) 2002-2005 220 (-) Crude No 

Japan (Oyabe) (8) 1987-1991 411 (381-442) Ages 25+ Yes 

Japan (Saku) (8) 1971-1974 205 (190-220) All ages Yes 

Japan (Shibata) (8) 1976-1978 261 (236-286) Ages 20+ Yes 

Lithuania (Kaunas) (21) 2004 223.44 (-) Crude Yes 

Mexico (25) 2011 232 (-) Ages 25+ No 

Mongolia (Ulan Bator) (8) 1971-1974 50 (46-54) All ages Yes 

The Netherlands, (Tilburg) (8) 1978-1980 289 (262-316) All ages Yes 

New Zealand (Auckland) (26) 2011-2012 147 (140-150) Ages 15+ Yes 

New Zealand (Auckland) (8) 2002-2003 158 (150-166) Ages 15+ Yes 

Nigeria (Lagos) (27) 2007-2008 252 (216-288) All ages No 

Nigeria (Ibadan) (8) 1971-1974 15 (13-17) All ages Yes 

Pakistan# (28) Not Stated 250 All No 

Peru (Cuzco) (13) 1988 183 (-) Crude No 

Poland (Warsaw) (29) 2005 106 (87-124) Crude Yes 

Portugal (Porto, rural) (8) 1998-2000 305 (265-344) All ages Yes 

Portugal (Porto, urban) (8) 1998-2000 268 (244-293) All ages Yes 

Qatar (9) 1997 41 (30.2-52.4) Crude No 

Russia (Krasnoyarsk) (8) 1987-1988 217 (197-237) All ages Yes 

South Africa (Rural Agincourt 

subdistrict) (30) 2011 259 (-) All ages 

 

No 

South Africa (31) 1984-1985 101 (-) Ages 20+ No 

Spain (Castilla y Leon, Extremadura, 

and Coumunitat Valenciana regions) 

(17) 2005 141 (125-158) Ages 14+ No 
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Spain (La Rioja) (32) 2009 304 (286-324) All ages No 

Spain (Menorca) (21) 2004-2006 113.8 (-) Crude No 

Sri Lanka (Colombo) (8) 1971-1974 24 (20-27) All ages Yes 

Sweden (Lund-Orup) (8) 2001-2002 194 (177-212) All ages Yes 

Sweden (Malmö) (8) 1989 225 (206-244) All ages Yes 

Sweden (Örebro) (8) 1999-2000 314 (279-349) All ages Yes 

Sweden (Söderhamn), (8) 1983-1986 353 (317-390) Ages 25+ Yes 

Ukraine (Uzhhorod) (8) 1999-2000 281 (248-313) All ages Yes 

United Kingdom (East Lancashire) (8) 1994-1995 158 (146-171) All ages Yes 

United Kingdom (Oxfordshire) (8) 2002-2004 145 (127-162) All ages Yes 

United Kingdom (Scottish Borders) 

(33) 1998-2000 280 (258-304) All Ages Yes 

United Kingdom (South London) (8) 1995-1996 130 (120-144) All ages Yes 

USA (Barbados) (34) 2001-2002 140 (125-155) All ages Yes 

USA (Greater Cincinnati) (8) 1999 193 (186-201) All ages Yes 

*Standard criteria = multiple overlapping sources, World Health Organisation definition of 

stroke, incidence cases, no upper age limit, and prospective design; Grey shade = Incidence 

reported in new studies (May 2013 – March 2016); # estimated value  
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Supplementary Online Table 4. Studies of stroke Incidence: crude incidence rates in men and 

women 

 

Incidence (95% Confidence 

Interval) 

  

Country, Study Period Men 

 

Women 

Age range 

(years) 

Standard 

criteria 

met* 

Australia (Adelaide), 2009-10 (6) 176 (147-201)  146 (120-176) All Yes 

Bahrain, 1995 (9) 59 (-)  55 Ages 20+ No 

Barbados, 1999-2000 (34) 115 (95-135)  163 (141-187) All ages Yes 

Belarus (Grodno), 2001-3 (10) 234 (220-248)  211 (198-224) All ages Yes 

Croatia (Varaždin county), 2007-9 

(14) 265 (241-290) 

 

287 (264-312) All ages Yes 

Egypt (Al Quseir City), 2010-11 (16) 212 (121-302)  150 (75-227) Ages 20+ No 

France (Dijon), 2000-6 (17) 116 (106-126)  112 (103-121) All ages Yes 

French West Indies (Martinique), 

2011-12 (18) 171 (152-190) 

 

126 (110-141) All ages Yes 

India (Trivandrum, rural), 2005 (35) 131.6  105.2 All ages Yes 

India (Trivandrum, urban), 2005 (35) 110.5  121.6 All ages Yes 

Iran (Mashhad), 2006-7 (19) 144 (128-159)  133 (118-148) All ages Yes 

Ireland (North Dublin), 2005-6 (20) 166 (145-187)  163 (142-185) All ages Yes 

Italy (Valley d' Aosta), 2004-8 (22) 211 (195-228)  213 (197-229) All ages Yes 

Italy (Valley d' Aosta), 2004-5 (17) 224 (186-261)  223 (186-260) All ages Yes 

Japan (Iwate State), 2004-8 (23) 307 (295-320)  275 (264-286) All ages No 

Japan (Okinawa), 2002-5 (24) 238  206 Age 30+ No 

Libya, 1991-3 (9) 52  42 All ages No 

New Zealand (Auckland), 2011-12 

(26) 148 (137-158) 

 

146 (136-156) Ages 15+ Yes 

Nigeria (Ibadan), 1973-5 (36) 25  13 All ages Yes 

Nigeria (Lagos), 2007-8 (27) 28  21 All ages No 

Poland (Warsaw), 2005 (29) 109 (82-136)  103 (78-127) All ages Yes 

Qatar, 1997 (9) 46  33 (23-49) All ages No 

Saudi Arabia, 1989-1993 (9) 8.84  13.24 All ages No 

South Africa (Rural Agincourt 213 (198-243)  298 (296-372) All ages No 
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subdistrict), 2011 (30) 

South Africa, 1984-5 (31) 84  90 Ages 20+ No 

Spain (Castilla y Leon, Extremadura, 

and Coumunitat Valenciana regions), 

2005 (17) 148 (124-172) 

 

134 (112-157) Ages 14+ No 

Spain (La Rioja), 2009 (32) 300 (273-326)  310 (282-337) All ages No 

Zimbabwe, 1991 (31) 20  32 Ages 20 + No 

*Standard criteria = multiple overlapping sources, World Health Organisation definition of stroke, 

incidence cases, no upper age limit, and prospective design; Grey shade = Incidence reported in new 

studies (May 2013 – March 2016)  
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Supplementary Online Table 5. Adjusted incidence of stroke in men and women combined. 

Country, Study Period 

Incidence Rate per 

100,000 population 

(95% Confidence 

Interval) 

Standard 

criteria 

met* 

Adjusted to European standard population   

Belarus (Grodno), 2001-2003 (10) 287 (274-301) Yes 

Croatia (Varaždin county), 2007-2009 (14) 223.6 (209.7-238.1) Yes 

France (Dijon), 2000-2006 (37) 85 (79.8-90.3) Yes 

Italy (Valley d' Aosta), 2004-2005 (38) 126 (106-146) Yes 

Kuwait, 1989, 1992, 1993 (9) 27.59 (-) No 

Poland (Warsaw), 2005 (29) 129 (122-136) Yes 

Spain (Castilla y Leon, Extremadura, and Coumunitat 

Valenciana regions), 2005 (39) 83 (72-94) No 

Spain (La Rioja), 2009 (32) 171.1 (160.4-181.8) No 

USA (Barbados), 1999-2000 (34) 135 (112-158) Yes 

Adjusted to Segi World population   

China (Beijing), 2000 (12) 135 (126.5-144.6) No 

China (Changsha), 2000 (12) 150 (141.3-160) No 

China (Shanghai), 2000 (12) 76.1 (70.6-82.6) No 

France (Dijon), 2000-2006 (37) 57.9 (54-61.8) Yes 

Iran , 2006-2007 (19) 203 (175-231) Yes 

United Kingdom (Scottish Borders), 1998-2000 (33) 110 (90-133) Yes 

USA (Barbados), 1999-2000 (34) 88 (70-106) Yes 

Adjusted to WHO World standard population   

Australia (Adelaide), 2009-2010 (6) 76 (59-94) Yes 

Australia (Melbourne), 1996-1997 (8) 100 (95-105) Yes 

Australia (Perth), 2000-2001 (8) 67 (56-79) Yes 

Belarus (Grodno), 2001-2003 (10) 220 (210-231) Yes 

Brazil (Matão), 2003-2004 (40) 137 (112-166) Yes 

Chile (Iquique), 2000-2002 (8) 86 (76-95) Yes 

China, 1980-2013 (41) 120 (26.17, 215) No 

Croatia (Varaždin county), 2007-2009 (14) 169.6 (159.8-181.4) Yes 

Denmark (Copenhagen), 1971-1974 (8) 80 (74-85) Yes 
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Denmark (Frederiksberg), 1989-1990 (8) 106 (89-123) Yes 

Estonia (Tartu), 2001-2003 (8) 125 (113-138) Yes 

Finland (North Karelia), 1971-1974 (8) 141 (132-150) No 

France (Dijon), 2002-2004 (8) 58 (53-63) Yes 

French West Indies (Martinique), 1998-1999 (8) 102 (99-105) Yes 

French West Indies (Martinique), 2011-2012 (18) 77 (70-84) Yes 

Georgia (Tbilisi), 2000-2003 (8) 103 (72-133) Yes 

Germany (Erlangen), 1994-1996 (8) 85 (76-95) Yes 

India (Kolkata), 2003-2005 (42) 145 (120-175) Yes 

India (Rohtak), 1971-1974 (8) 48 (38-59) Yes 

India (Trivandrum, rural), 2005 (35) 138 (112-164) Yes 

India (Trivandrum, urban), 2005 (35) 135 (122-148) Yes 

Ireland (Dublin), 1971-1974 (8) 118 (108-128) Yes 

Ireland (North Dublin), 2005-2006 (20) 118 (107-129) Yes 

Italy (Belluno), 1992-1993 (8) 110 (100-121) Yes 

Italy (L'Aquila), 1994 (8) 113 (105-122) Yes 

Italy (Umbria), 1986-1989 (8) 105 (92-118) Yes 

Italy (Valley d' Aosta), 2004-2008 (22) 80 (73-87) Yes 

Italy (Valley d' Aosta), 2004-2005 (8) 82 (61-98) Yes 

Italy (Valley d' Aosta), 2004-2005 (38) 97 (80-114) Yes 

Italy (Vibo Valentia), 1996 (8) 87 (78-97) Yes 

Japan (Iwate State), 2004-2008 (23) 146 (130-163) No 

Japan (Saku), 1971-1974 (8) 153 (142-165) Yes 

Mongolia (Ulan Bator), 1971-1974 (8) 78 (71-84) Yes 

Netherlands, The (Tilburg), 1978-80 (8) 100 (81-119) Yes 

Nigeria (Ibadan), 1971-1974 (8) 41 (36-45) Yes 

Nigeria (Lagos), 2007-2008 (27) 54 (-) No 

Portugal (Porto, rural), 1998-2000 (8) 261 (249-273) Yes 

Portugal (Porto, urban), 1998-2000 (8) 118 (112-124) Yes 

Russia (Krasnoyarsk), 1987-1988 (8) 233 (212-256) Yes 

Spain (La Rioja), 2009 (32) 108 (101-115) No 

Sri Lanka (Colombo), 1971-1974 (8) 41 (35-47) Yes 

Sweden (Malmo), 1989 (8) 83 (74-91) Yes 

Sweden (Orebro), 1999-2000 (8) 126 (111-140) Yes 
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Tanzania (Dar-es-Salaam, urban), 2003-2006 (11) 315.9 (282.43-353.34) No 

Tanzania (Hai, rural), 2003-2006 (11) 108.6 (89.55-131.71) No 

United Kingdom (East Lancashire), 1994-1995 (8) 74 (67-80) Yes 

United Kingdom (Oxfordshire), 2002-2004 (8) 73 (64-83) Yes 

United Kingdom (South London), 1995-1996 (8) 82 (80-84) Yes 

USA (Barbados), 2001 (8) 88 (79-98) Yes 

USA (Greater Cincinatti/Northern Kentucky), 1999 (8) 113 (102-126) Yes 

USA (Rochester), 1985-1989 (8) 102 (92-112) No 

West Ukraine (Uzhhorod), 1999-2000 (8) 238 (213-263) No 

Adjusted to WHO World standard population, 15+ years   

Finland (Espoo-Kauniainen), 1989-1991 (8) 100 (91-110) Yes 

New Zealand (Auckland), 2011-2012 (26) 119 (114-125) Yes 

New Zealand (Auckland), 2002-2003 (8) 126 (119-133) Yes 

Norway (Innherrred), 1994-1996 (8) 154 (138-171) Yes 

Adjusted to WHO World standard population, 18+ years   

Greece (Arcadia), 1993-1995 (8) 133 (120-146) Yes 

Adjusted to WHO World standard population, 20+ years   

Japan (Shibata), 1976-1978 (8) 223 (194-252) Yes 

Adjusted to WHO World standard population, 25+ years   

Finland (Turku), 1992 (8) 314 (283-344) Yes 

India (Mumbai), 2005-2006 (8) 151 (137-165) Yes 

Japan (Oyabe), 1987-1991 (8) 260 (254-265) Yes 

Mozambique (Maputo) hospitalised cases, 2005-2006 (43) 260.1 (-) No 

Sweden (Söderham), 1983-1986 (8) 312 (278-347) Yes 

Sweden (Lund-Orup), 2001-2002 (8) 133 (119-146) Yes 

*Standard criteria = multiple overlapping sources, World Health Organisation definition of stroke, 

incidence cases, no upper age limit, and prospective design. Grey shade = Incidence reported in 

new studies (May 2013 – March 2016)  
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Supplementary Online Table 6. Latest year available for mortality and population data: 

 

 Countries 
Year n (%) 
1976 1 (0.76) 
1978 1 (0.76) 
1979 1 (0.76) 
1980 3 (2.29) 
1981 1 (0.76) 
1982 2 (1.53) 
1983 4 (3.05) 
1984 2 (1.53) 
1985 3 (2.29) 
1986 2 (1.53) 
1987 6 (4.58) 
1988 1 (0.76) 
1990 2 (1.53) 
1991 2 (1.53) 
1992 2 (1.53) 
1993 1 (0.76) 
1994 5 (3.82) 
1995 6 (4.58) 
1996 3 (2.29) 
1998 2 (1.53) 
2000 1 (0.76) 
2001 1 (0.76) 
2002 1 (0.76) 
2003 1 (0.76) 
2004 3 (2.29) 
2005 3 (2.29) 
2007 2 (1.53) 
2008 2 (1.53) 
2009 4 (3.05) 
2010 4 (3.05) 
2011 10 (7.63) 
2012 14 (10.7) 
2013 28 (21.4) 
2014 7 (5.34) 
Total 131 (100.0)
 

   

URL:https://journals.sagepub.com/doi/suppl/10.1177/1747493016676285/suppl_file/Supplementary_Incidence_Mortality.pdf

55



13 
 

Supplementary Online Table 7. Mortality of stroke in countries that have reported both 

mortality and population data to the World Health Organisation since 1976: data are 

reported as crude rates, and rates age-adjusted to the New World population. 

 

Crude Mortality 
per 100,000 
population  

Mortality age 
adjusted to the WHO 

World Population 
per 100,000 
population 

Country_year Male Female  Male Female
Albania, 2004 190.9 207.3 242.8 203.4

Antigua and Barbuda, 1983 46.5 30.5 94.0 41.6

Argentina, 1996 66.7 62.4 76.8 51.1

Armenia, 2012 83.0 101.6 74.1 61.2

Australia, 2011 39.3 60.1 22.8 21.5

Austria, 2014 45.6 69.6 22.9 18.9

Azerbaijan, 2007 93.6 117.9 142.9 132.1

Bahamas, 1995 39.4 53.6 69.1 76.0

Bahrain, 2011 5.9 9.0 18.4 21.2

Barbados, 1995 118.6 143.1 106.2 68.1

Belarus, 2001 175.5 222.3 162.4 117.1

Belgium, 2012 51.9 74.0 26.3 21.6

Belize, 1995 37.1 25.6 73.1 50.4

Bermuda, 1983 89.2 142.3 105.7 122.7

Bosnia and Herzegovina, 2011 109.3 132.4 83.1 73.6

Brazil (South, South-East and Central 

West), 1995 66.7 59.3 104.1 77.0

British Virgin Islands, 1982 33.9 0.0 105.4 0.0

Brunei Darussalam, 2012 18.9 16.1 35.2 27.8

Bulgaria, 2012 280.2 315.2 149.5 108.2

Canada, 2005 36.1 50.8 24.6 21.1

Cape Verde, 1980 45.2 54.1 66.5 79.1

Cayman Islands, 1994 38.5 61.3 73.9 48.0

Chile, 1994 49.1 49.3 75.1 53.8

China, selected urban and rural areas, 

2000* 130.2 114.0 162.0 113.3

China, selected rural areas, 2000* 124.0 105.9 172.8 117.5
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China (selected urban areas), 2000* 135.1 120.5 154.7 110.8

Colombia, 1994 32.1 37.1 63.7 62.3

Costa Rica, 1995 25.3 28.2 58.8 49.9

Croatia, 2013 147.3 191.5 82.3 60.9

Cuba, 1996 69.0 75.4 63.7 63.6

Cyprus, 2012 41.4 50.9 26.6 24.8

Czech Republic, 2013 82.3 113.4 52.3 40.0

Denmark, 2012 54.1 65.6 29.2 21.6

Dominica, 1985 41.8 42.4 69.8 47.4

Dominican Republic, 1985 28.1 27.2 71.7 66.3

Ecuador, 1991 26.8 28.0 55.5 50.0

Egypt, 2013 17.5 18.2 30.4 31.7

El Salvador, 1993 23.9 23.2 54.0 42.6

Estonia, 2012 67.0 89.3 45.4 27.3

Falkland Islands (Malvinas), 1983 200.0 200.0 165.0 165.0

Fiji, 2009 20.2 19.3 34.1 28.2

Finland, 2013 68.9 93.1 35.7 25.6

France, 2011 43.7 56.4 21.3 15.2

French Guiana, 2011 25.3 18.3 47.7 27.8

Georgia, 2014 145.9 161.7 100.3 66.5

Germany, 2013 58.7 85.9 26.6 21.5

Greece, 2012 245.7 324.8 101.1 90.0

Grenada, 1991 79.4 101.7 102.3 102.9

Guadeloupe, 2011 72.6 57.7 43.2 23.4

Guatemala, 1984 11.6 14.5 32.5 35.5

Guyana, 1984 71.8 55.8 150.0 108.4

Honduras, 1982 13.5 12.9

Hong Kong SAR, 2013 49.7 41.4 26.3 17.1

Hungary, 2013 115.2 142.8 72.1 48.4

Iceland, 2009 46.4 53.3 32.1 22.9

Iran (Islamic Republic of), Cities, 1987 17.1 16.1 35.7 32.1

Ireland, 2012 34.1 50.2 25.5 23.6

Israel, 2013 26.7 31.1 21.0 16.4

Italy, 2012 83.1 121.4 33.1 26.4
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Jamaica, 1985 86.8 112.1 115.2 120.9

Japan, 2013 92.7 95.5 35.0 19.1

Jordan, 2011 25.0 23.1 71.3 62.6

Kazakhstan, 2003 271.8 325.5 426.6 316.7

Kuwait, 2013 10.7 10.1 41.3 29.8

Kyrgyzstan, 2013 85.5 81.6 159.4 111.1

Latvia, 2012 184.6 278.9 122.1 85.7

Lithuania, 2012 147.9 224.5 94.1 69.4

Luxembourg, 2013 39.7 50.4 25.1 18.9

Malaysia, 2008 19.4 16.7 30.6 24.7

Maldives, 2008 28.1 12.4 45.3 26.5

Malta, 2014 54.3 74.8 30.3 25.1

Martinique, 2011 66.8 52.7 34.0 19.1

Mauritius, 2014 62.6 59.1 65.1 43.3

Mexico, 1995 24.1 27.3 53.0 49.1

Montenegro, 2009 65.2 99.0 50.6 56.9

Montserrat, 1979 74.1 285.7 119.4 470.6

Netherlands Antilles, 1981 29.2 44.9 50.2 62.4

Netherlands, 2013 45.0 66.6 24.8 21.7

New Zealand, 2011 46.7 73.8 28.6 30.5

Nicaragua, 1978 8.0 6.8 17.7 14.3

Norway, 2013 44.4 64.1 24.5 19.7

Occupied Palestinian Territory (Part), 2014 23.1 31.2 65.9 67.5

Panama, 1987 38.5 38.4 75.9 72.0

Papua New Guinea, 1977 1.2 0.3 1.7 0.4

Paraguay (Reporting Areas), 1987 53.6 55.3 134.1 116.8

Peru, 1983 13.1 13.2 36.4 30.7

Philippines, 1996 58.4 43.8 129.9 91.1

Poland, 2013 75.5 94.1 52.7 36.8

Portugal, 2013 107.7 126.1 48.5 34.4

Puerto Rico, 1992 37.7 33.9 33.8 25.1

Qatar, 2012 2.4 1.9 7.1 6.9

Republic of Korea, 2013 47.8 52.8 43.7 28.3

Republic of Moldova, 2013 151.2 181.0 145.4 112.4
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Reunion, 2011 40.0 41.7 42.4 28.4

Rodrigues, 2014 48.7 56.7 54.6 51.7

Romania, 2012 203.7 240.1 132.1 101.6

Russian Federation, 1998 220.8 355.1 240.6 188.2

Saint Kitts and Nevis, 1992 163.6 260.9 206.5 222.1

Saint Lucia, 1988 85.4 94.8 167.1 129.6

Saint Pierre and Miquelon, 1976 200.0 80.0 152.0 52.7

Saint Vincent and Grenadines, 1986 54.3 63.7 128.2 101.8

San Marino, 2005 82.0 105.2 42.5 35.2

Sao Tome and Principe, 1987 21.5 28.4 48.9 45.7

Serbia, 2013 167.6 199.1 89.9 75.3

Seychelles, 1987 163.1 162.2 301.5 167.6

Singapore, 2014 37.5 41.8 30.5 24.8

Slovakia, 2010 95.2 119.7 81.0 57.9

Slovenia, 2010 81.7 110.6 53.1 36.3

South Africa, 2013 36.7 47.4 61.6 61.1

Spain, 2013 50.5 68.7 23.5 17.8

Sri Lanka, 1986 19.6 12.4 32.4 21.9

Suriname, 1990 47.0 53.5 102.2 91.8

Sweden, 2013 60.0 84.1 26.4 22.0

Switzerland, 2013 36.7 54.7 17.9 15.3

Syrian Arab Republic, 2010 18.8 15.3

TFYR Macedonia, 2010 174.9 196.8 148.7 130.1

Tajikistan, 2004 31.9 35.7 84.4 70.5

Thailand, 2002 24.7 18.2 29.1 19.1

Trinidad and Tobago, 1994 77.8 85.0 111.2 100.5

Tunisia, 2009 21.9 19.4 25.1 22.9

Turkey, 2013 42.4 52.0 53.2 45.7

Turkmenistan, 1998 26.8 31.6 69.9 60.2

Turks and Caicos Islands, 1987 75.0 75.0 98.4 83.3

Ukraine, 2004 191.6 243.3 161.3 113.7

United Kingdom, England and Wales, 

2013 50.1 71.7 24.6 22.4

United Kingdom, Northern Ireland, 2013 47.3 69.5 27.8 24.9
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United Kingdom, Scotland, 2013 68.6 97.5 34.7 31.8

United Kingdom, 2013 51.6 73.8 25.5 23.3

United States of America, 2007 36.4 53.5 25.4 23.0

Uruguay, 1990 103.8 126.3 93.8 75.9

Uzbekistan, 2005 64.3 74.8 143.3 122.7

Venezuela, 1994 34.9 37.1 81.5 72.2

Virgin Islands (USA), 1980 21.6 31.7 58.8 52.8

*Data for China are only for selected urban and rural areas and represent less than 10% of all deaths
occurring in the country, Grey shade = new mortality data
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3.3 Summary  

Gathering the data on incidence, mortality, and case-fatality for stroke are important for 

understanding the effect of stroke worldwide. It also enabled us to identify where health care 

intervention could be improved for primary or secondary prevention of stroke. In this paper, 

new data on incidence were extracted from new studies in four countries. Incidence rates 

presented in our review differ somewhat to those presented in the Global Burden of Disease 

Study (GBD), even though both were adjusted to the WHO World population.82 The GBD had 

a different aim and was undertaken to provide estimates of stroke in all regions using a 

systematic approach, and has the added advantage of enabling comparison across other 

neurological diseases. In contrast, the approach taken in the paper presented in Chapter 3 helps 

us to identify countries and regions with the most recent data on stroke incidence obtained 

using ideal methods, and has the advantage of highlighting countries where data are lacking or 

out of date. Both approaches enable one to determine where there are ‘hotspots’ in stroke 

occurrence. These data are needed to help plan and develop approaches to improve access to 

preventive strategies and stroke care. In many countries, there were no new data on the 

incidence of stroke. However, national clinical registries may be used to provide such estimates 

for stroke in lieu of community-based incidence studies if they have adequate coverage of the 

population. The additional benefits of these registries is that they enable assessment of the 

quality of care provided in acute hospitals and subsequent patient outcomes.83 The next section 

(Part B) of my thesis will describe a potential strategy to identity and address gaps in quality 

of care provided in hospitals with the use of data from clinical registry.  
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Summary of Part A  

 

Stroke is the second leading cause of mortality, and the leading cause of disability globally. 

There are three essential facets that provide us with opportunities to intervene to reduce the 

burden of stroke. These are: (1) primary prevention (i.e. prevention of a first-ever event), (2) 

acute stroke care (i.e. care provided in hospital), and (3) secondary prevention (i.e.) prevention 

of a recurrent event and ongoing recovery support, Figure 1.1). Prevention opportunities exist 

because many risk factors for stroke are modifiable. Hypertension, diabetes, high cholesterol, 

physical inactivity, and inappropriate diet account for more than 80% of the risk of stroke.84  

Region-specific or national clinical registries provide opportunities to estimate stroke 

incidence, mortality and case-fatality for stroke in lieu of community-based incidence studies. 

Additionally, clinical registries can also be used to assess the quality of stroke care provided at 

acute hospitals and subsequent patient outcomes. 

In the next part of this thesis (Part B: Chapters 4 and 5), I will address the strategies, including 

data from clinical registries, that can be used to assess and improve the quality of care provided 

in acute hospitals for stroke care in Australia.  
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Chapter 4: Strategies to use registry data to 

effectively change clinician behaviour for 

improving acute stroke care in Australia   

 
 

 

Since the paper presented in Chapter 5 has its own methods section, in this chapter I will not 

reiterate methods that are subsequently outlined. This chapter includes a description of the 

evidence-based care for stroke in Australia, the various data collection systems and how they 

are used for QI at hospitals. Information on the various strategies that are known to effectively 

change clinician behaviour as part of QI programs, and the areas where data are lacking are 

also highlighted. Following this, a brief description of the QI component of the Stroke123 study 

is provided.  

4.1 Evidence-based care for stroke in Australia 

Receipt of evidence-based care for patients with acute stroke has been shown to be effective in 

reducing mortality and disability.14, 85, 86 Countries around the world have developed clinical 

guidelines to provide recommendations for how care should be provided based on the best 

available evidence.7, 87, 88  

4.1.1 The Australian Clinical Guidelines for Acute Stroke Management 

In Australia, the Stroke Foundation have developed clinical guidelines for management with 

relevant experts that covers the whole stroke care continuum (treatment, rehabilitation and 

long-term care including secondary prevention).7 The recommendations included in the 
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guidelines have been given an overall grade using criteria required by the National Health and 

Medical Research (NHMRC; Table 4.1). These guidelines set the standards of care expected 

for management of patients with stroke in Australia. A framework to guide the establishment 

of appropriate stroke services to support delivery of best practice care as outlined in clinical 

guidelines was first developed by the Stroke Foundation (with support from the Australian 

Government Department of Health and Ageing) in 2002. The most important guidelines were 

selected and formed part of the National Performance Indicator Set (NPIS) in 2011 as part of 

the Stroke Foundation Acute Stroke Services Framework 2011.89 The NPIS was developed to 

guide and support the delivery of best practice stroke care in hospitals across Australia. The 

NPIS contains eight essential processes of care for acute stroke management. These include: 

(1) use of intravenous thrombolysis (tPA) for ischaemic strokes, (2) access to a stroke unit, (3) 

prescribed antihypertensive agents at discharge, (4) care plan developed with the patient and 

their family/carer at discharge, (5) mobilisation < 2 days of admission, (6) screen or swallow 

assessment < 24 hours of admission, (7) aspirin administration < 48 hours of admission if an 

ischaemic stroke, and (8) prescribed on antiplatelets or antithrombotics at discharge. Adherence 

to all eight clinical processes of care are recommended for collection by hospital staff for 

routinely monitoring their quality of care.90 
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Table 4.1. Definition of NHMRC grades of recommendations91 

Grade of recommendation Description 

A Body of evidence can be trusted to guide practice 

B Body of evidence can be trusted to guide practice in most 

situations 

C Body of evidence provides some support for recommendation(s) 

but care should be taken in its application 

D Body of evidence is weak and recommendation must be applied 

with caution 

 

 

 

4.2 Acute data collection systems used for quality of care monitoring 

QI 

Developing guidelines alone is not sufficient to improve care. It is also important to monitor 

the quality of care provided at hospitals by documenting adherence to guideline 

recommendations (i.e. via measures or indicators of the quality of care). Monitoring the quality 

of care is an important driver for change in practice. Information from the data collection 

systems that have been developed in Australia, based on the clinical guidelines, can be used to 

describe the quality of care and outcomes for patients with stroke at a national or state-level.  

In Australia, the two common methods for standardised monitoring of the quality of care 

provided in hospitals are cross-sectional hospital audits of medical records or continuous 

collection of data through clinical registries. These data collection systems for Australia are 

briefly described in the following section. 



 

70 
 

4.2.1 The Australian Stroke Clinical Registry (AuSCR) 

Clinical quality registries provide more reliable prospective measurement of the quality of care 

and patient outcomes, than cross-sectional audit data, because data are collected continuously 

on a large number of patients from multiple hospitals on an on-going basis. Stroke registries 

may often include long-term outcome information such as quality of life, or survival status.83 

These data are generally collected between 90 and 180 days.92 However, the costs involved 

with running a registry are high because they can be labour intensive, especially if outcome 

data are collected directly from the patient. Consequently, the data collected in registries are 

often limited to a selected set of prioritised clinical process and outcome variables.83  

The AuSCR was established in 2009 and is a collaborative national effort to monitor and 

improve the quality of acute stroke care (www.auscr.com.au). It was developed using the 

national operating principles and technical standards for quality registries.93 Information on 

adherence to between 4 and 8 of the NPIS processes of care and patient outcomes is collected 

prospectively using an online web-tool for all eligible patients with a diagnosis of either stroke 

or TIA. Patients are also followed up between 90 and 180 days following their initial admission 

for stroke. The AuSCR was piloted in 2009 with six hospitals, as of August 2018 it was 

approved for use in 82 hospitals across Australia with 69 sites actively contributing data to the 

registry.92  

4.2.2 The National Stroke Services Audit program 

Clinical audits are conducted on a cross-sectional sample of patients using extraction of data 

from hospital medical records. They are often used to provide detailed clinical data on a large 

number of care processes and can be used to explain variations in patient outcomes at a 

particular hospital, indicating the quality of care provided to patients by clinicians, and 

highlighting gaps in a large number of areas relevant to different disciplines. The limitation of 

http://www.auscr.com.au/
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audits is that they are often conducted cross-sectionally on only a relatively small number of 

patients.  Further, long term outcomes are not captured and are generally limited to in-hospital 

mortality or morbidity. Moreover, the hospital medical record itself may vary in accuracy and 

completeness.  

In Australia, audits have been undertaken at a national, state and local hospital level for 

monitoring of hospital performance in acute and rehabilitation settings. In this thesis, the Stroke 

Foundation acute audits are described as these were used to identify and report gaps in hospital 

management of acute stroke care and patient outcomes at a national level.  

Since 2007, the Stroke Foundation has conducted the National Acute Stroke Services Audit 

program biennially to inform the gaps in stroke care.94 These summary data are then fed back 

to the clinicians and hospital staff from hospitals that volunteered to participate. The audit 

program includes a clinical audit and an organisational survey. The clinical audit involves 

retrospectively auditing up to 40 medical records with a discharge International Statistical 

Classification of Diseases and Related Health Problems, Tenth Revision, Australian 

Modification (ICD-10-AM) code for stroke within the last six month period from the audit 

date.95 Patient information such as demographics, medical history, risk factors, stroke 

classification and severity, type of care received and discharge details are collected using a web 

tool known as the Australian Stroke Data Tool (https://tool.ausdat.org.au/auth/login). The 

organisational survey is a self-reported survey completed by one or more clinicians at each 

participating hospital.96 The survey includes questions on the number of beds in each hospital, 

if the hospital has a dedicated stroke unit, and the number of strokes treated per year. A 

limitation of these audits is that performance feedback is only available every two years. 

However, these data have been used to demonstrate notable improvements in the quality of 
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stroke care over time.97, 98 The biennial audit reports have also been used to provide information 

on the varying adherence to clinical indicators.94-96, 99 

4.2.3 Hospital administrative datasets 

Hospital administrative datasets provide information relating to emergency presentations and 

hospital admissions within defined geographical regions. There is a national minimum dataset 

that hospitals in all states in Australia are required to collect and submit to state and 

commonwealth governments for funding and policy purposes.100 Clinical data are coded using 

the ICD-10-AM codes by trained coders. These data are used by government to monitor burden 

of disease. However, the reliability and validity of coded data may vary in quality, accuracy 

and detail depending on whether the diagnosis recorded was stroke or TIA.101  Administrative 

datasets do not specifically include information on all quality of care indicators. However, a 

small number of indicators can be extracted, with variation between states. For example, some 

states have introduced an access to stroke unit variable. The use of tPA can be extracted through 

procedure codes. Moreover, hospital datasets do not provide post discharge information on 

patient outcomes, such as quality of life or survival. 

4.3 Variability in acute stroke care 

Substantial evidence exists to show that adherence to evidence-based clinical guidelines, such 

as admission to a stroke unit, can reduce in-hospital mortality and improve outcomes.85 Despite 

this, evidence-based care for acute stroke management is not always provided. One of the 

issues is that the uptake of evidence-based care varies between hospitals and regions (e.g. 

discharge care planning).86 Such discrepancies are concerning given that variability in patient 

management has been shown to adversely affect health outcomes and may lead to ineffective 

use of health care resources.10  
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Clinicians and hospital staff are important drivers of the care provided to patients with stroke. 

However, variability in care is often a result of (1) the use of different forms of evidence to 

inform their practice, (2) keeping up-to-date with the growth in evidence, (3) individual values 

and attitudes, and (4) time and resource constraints.102  

4.4 Strategies to change clinician behaviour for quality improvement 

There are various professional behaviour change strategies, defined by the Cochrane Effective 

Practice and Organisation of care group, that are considered effective and efficient for QI in 

clinical settings (Table 4.2).103, 104 These behaviour change strategies are generic and can be 

used for QI programs by any health care organisation for any type of application, and not 

necessarily only in stroke. These strategies help clinicians to translate clinical evidence into 

practice.  However, there is variation in the magnitude of the effectiveness of these strategies 

for changing clinician behaviour. An earlier study by Grimshaw and colleagues provided 

evidence that interventions involving educational outreach, a form of professional behaviour 

change strategy, resulted in a 7% median absolute improvement in care. However, there was a 

lot of heterogeneity between the developed interventions.103 A more recent review by Squires 

and colleagues also offered no compelling evidence on what is an effective strategy to change 

clinician behaviour in clinical settings.13  

In Australia, multifaceted state and national QI programs have been initiated to close the gap 

between evidence (what is recommended in clinical guidelines) and practice (what is shown to 

be happening in the health care system through data collection) (see section 4.5 below for an 

Australian example). In these QI programs, routine monitoring of performance is conducted 

and feedback provided to clinicians and hospital administrators. Ideally this should lead to an 

active process of strategy development to motivate clinicians and organisations to identify gaps 

in care and improve clinical outcomes by developing and implementing action plans. Audit 



 

74 
 

and feedback using both clinical audit and registry data, can provide hospitals and clinicians 

with regular feedback regarding adherence to stroke quality indicators and their performance 

in relation to other hospitals. Providing this type of feedback has been shown to be effective 

for improving adherence to stroke guideline recommendations.105, 106 
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Table 4.2. Summary of literature on the effective strategies for achieving professional behaviour change (adapted: Grimshaw and colleagues).104, 

107  

Intervention Review     Number of studies Study population Effect sizes 

(Median absolute improvement of care as %) 

Printed educational 

materials 
 

12 randomised trials 

11 non-randomised 

studies 

Healthcare professionals from all levels of 

care  

4.3% (range -8.0% to +9.6%) 

Educational meetings 
 

81 randomised trials  Healthcare professionals from primary and 

secondary care (n=>11,000) 

6.0% (IQR 1.8% to 15.3%) 

Educational outreach 
 

69 randomised trials  Healthcare professionals from primary and 

secondary care (n=>11,000) 

5.6% (IQR 3.0% to 9.0%) 

Local opinion leaders 
 

18 randomised trials  

 

>296 hospitals and 318 primary care 

physicians 

12% (IQR 6.0% to 14.5%) 

Audit and feedback 140 randomised trials  >5056 single healthcare professionals and 

5267 

Dichotomous outcomes: 4.3% (IQR 0.5% to 

16%)   clusters of healthcare professionals Continuous outcomes: 1.3% (IQR 1.3% to 

28.9%)     
Reminders 
 

35 randomised trials Healthcare professionals from all levels of 

care  

Cluster randomised controlled trials:  

14.1% (range -1.0% to +34.0%) 

Patient randomised controlled trials: 

5.4% (range -1.0% to 25.7%) 

   Computerized 

Reminders 
 

28 randomised trials Healthcare professionals from all levels of 

care  

Median absolute improvement of care of 4.2% 

(interquartile range 0.8% to 18.8%). 

  Interprofessional 

collaboration 

5 randomised trials > 33 clusters of health professionals, 3090 

patients 

Can improve health care processes and outcomes, 

effect sizes not calculated due to small number of 

heterogeneous trials 

   Tailored 

interventions 
 

26 randomised trials Healthcare professionals mostly from 

primary care 

Meta-regression using 12 randomised trials. 

Pooled odds ratio of 1.52 (95% CI, 

1.27 to 1.82, p<.001) 
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4.5 The Stroke123 QI program 

  

4.5.1 General overview 

Stroke123 is a 4-year NHMRC funded controlled before-and-after study bthat commenced in 

2012. The study and covered several main components pertaining to monitoring and improving 

hospital care and health outcomes associated with stroke. The QI component of Stroke123 was 

designed to assess the influence of hospital performance monitoring and implement a program 

of facilitated action planning for QI. Facilitated action planning was done primarily audit and 

feedback using data from the Stroke Foundation Audit data, and AuSCR for participating 

hospitals in Queensland (QLD), with the support of external facilitators. Steps taken by the 

facilitator included education, barrier assessment for modifiable and non-modifiable barriers 

and prioritising these. The evidence-based behaviour change strategies were then used to work 

out on an action plan template and consensus being achieved. The study protocol and statistical 

analysis plan for the main project were recently published.108 The main results of this QI 

program have been analysed and are yet to be published. 

4.5.2 The enhanced StrokeLink program for QI 

StrokeLink was a QI program that commenced in 2008 by the Stroke Foundation in QLD. The 

program was a single workshop, conducted by external facilitators who used Stroke Foundation 

audit data to inform clinicians or hospital staff on the quality of care provided at their hospital. 

In Stroke123, the Strokelink program was enhanced by including data from the AuSCR as part 

of the audit and feedback process which included patient outcome data. The enhanced 

StrokeLink program was underpinned by the Promoting Action on Research Implementation 

in Health Systems (PARIHS) theoretical framework109 (described below) and the plan-do-

study-act (PDSA) model.110 The PDSA model is the cycle of review action planning that is 
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used to test agreed improvement strategies. In StrokeLink, active review of hospital 

performance was done using data from the Stroke Foundation Audit and AuSCR during the 

Stroke123 intervention period.  

The PARIHS framework can be used to guide the implementation of evidence into practice for 

changing clinician behaviour.108 This framework is dependent on 1) the level and nature of the 

evidence; 2) the context or environment into which the evidence is to be provided; and 3) the 

method or way in which the process is facilitated.111 The originators of the framework suggest 

that facilitators have a key role in helping individuals and teams understand what they need to 

change and how to change it to successfully implement evidence into practice. Project leads, 

educational outreach workers, opinion leaders, facilitators from external agencies are 

individuals that could be appointed as facilitators.112 During the Stroke123, intervention 

facilitators who were external to the hospitals provided ongoing support to clinicians and 

hospital staff through face-to-face meetings, conference calls, and e-mail support. The ongoing 

support of trained external facilitators throughout the process of implementing change in 

hospitals is deemed beneficial113 and so was also provided. The external facilitation 

components that were provided as part of Stroke123 were consistent with this theoretical 

framework.109 However, how much facilitation (i.e. dosage of external support) that is required 

to reduce evidence-based practice gaps at a clinician level is not well understood.  

The next chapter includes a submitted paper (Implementation Science, November 2018) 

describing the process of external facilitation for QI at the hospital-level for improving acute 

stroke care using data obtained in the enhanced StrokeLink program for the Stroke123 study.  
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4.6 Summary 

In this chapter I briefly described the acute stroke data collection systems (audits, registry and 

hospital administrative data) used in Australia, and how these data can be used to monitor the 

quality of care provided at hospitals. I also highlighted the various strategies that are known to 

effectively change clinician behaviour as part of QI programs. However, it is not yet clear what 

the most effective behaviour change strategies are within the context of hospital care for stroke. 

I also provided an example of a QI program in Queensland, Australia. The next chapter 

(Chapter 5) comprises the submitted manuscript related to using data from clinical registry and 

audit in a QI program to help clinicians understand gaps in performance of stroke care as part 

of the Stroke123 project. In Chapters 6 and 7, I will demonstrate how linked AuSCR data and 

hospital administrative data, also obtained as part of a sub study of Stroke123 were used to 

investigate the potential areas of intervention to reduce practice gaps related to anxiety and 

depression in survivors of stroke.  
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Chapter 5: Case study of using registry and 

audit data to improve quality of care in acute 

hospitals 

 

 

 

5.1 Overview 

In Chapter 4, I outlined that audit data alone may be insufficient to provide information on the 

quality of care and subsequent patient outcomes. Continuous data from a clinical registry, such 

as the AuSCR, strengthens the data on hospital performance and can be used in QI program 

along with behaviour change strategies, to help clinicians close the gaps in stroke care. Data 

on their own would not change practice unless they are used to inform changes to clinical 

practice. In this chapter, I describe how data from the clinical registry and audit of participating 

hospitals in QLD, over a five year period, can be used to improve the quality of stroke care in 

hospitals by changing clinician behaviour.  

Facilitators may have a role in helping clinicians identify, understand and address gaps in the 

delivery of care using implementation science theory and evidence.12 However, little is known 

about the influence of external facilitation for improving practice within QI program.  

As described in the previous chapter, Stroke123 was a partnership project that provided an 

opportunity to assess the influence of these data collection systems on improving adherence to 

evidence-based strategies for acute stroke care. The main results of this QI program have been 
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analysed and are yet to be published. The intervention results have been added as personal 

communication (Cadilhac et al. 2019). There was an 18% improvement in the net change in 

composite score (processes achieved vs processes eligible; 18% 95% CI: 12%, 24%) compared 

to no change in other non-participating Australian hospitals (95% CI:-3%, 3%). The largest 

improvement was observed following introduction of financial incentives (14%, 95% CI; 8%, 

20%). The overall aim of the following paper was to evaluate the influence of the process of 

external facilitation for QI at the hospital-level for improving acute stroke care within an 

Australian context. This paper addresses aim two of this thesis: to address evidence-to-practice 

gaps in the acute care setting using data from a national clinical registry for quality 

improvement within an Australian context. My contribution is at 70%, and the nature of my 

contribution was data collection and management, statistical analysis, interpretation, and 

writing of first draft of the manuscript. 

This manuscript has been submitted to ‘Implementation Science’ (IF 3.2) in November 2018.    
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Abstract 27 

 28 

Background: Quality improvement (QI) programs help support clinicians working in 29 

hospitals to reduce gaps in evidence and clinical practice. Facilitators may have a role in 30 

helping clinicians understand and address gaps in the delivery of care using implementation 31 

science theory and evidence. However, little is known about the influence of external 32 

facilitation in improving practice within the context of complex multifaceted QI programs. 33 

We aimed to evaluate the influence of external facilitation on the development and 34 

implementation of consensus-based action plans for improving acute stroke care. We also 35 

aimed to assess the influence of ‘facilitator dose’ with reference to the complexity of the 36 

actions plans, (i.e. number of actions to be addressed) on changes in adherence to eight 37 

clinical processes of care (PoC) measured before and after the intervention period.   38 

Methods: An observational, process evaluation study was performed. Staff from 39 

participating Queensland hospitals were provided with support for action plan development 40 

and implementation by external facilitators from the StrokeLink program (Stroke 41 

Foundation). Additional, indirect support was provided by the Australian Stroke Clinical 42 

Registry staff (AuSCR) and the Queensland Statewide Stroke Clinical Network 43 

(government). We measured the number and mode of contacts; type of professional 44 

behaviour change support; and frequency of AuSCR site data reviews. Descriptive statistics 45 

were used to describe the association between dosage of external facilitation and simple 46 

versus comprehensive (addressed 4+ PoC) action plans. Data from the AuSCR (2010-2015) 47 

were used to assess the change in adherence to eight PoCs across the study period. 48 

Results: 20/23 Queensland hospitals participated. There was no significant difference in 49 

support time from external facilitators to hospitals that developed a comprehensive action 50 

plan vs simple or no action plan: face-to-face (median [Q1,Q3]: 18 hours [11,24] vs 16 hours 51 
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[10,22] p=0.61); phone contact (6 hours [3,8] vs 3 hours [2,5], p=0.08). 8/12 hospitals 52 

selected all eight PoC for comprehensive action planning and there was an observed 53 

improvement in absolute change in only 4 PoCs. Most (95%) hospital staff reported accessing 54 

their AuSCR data for QI monitoring.  55 

Conclusions: Faciliation for the development and implementation  of a comprehensive action 56 

plan for QI may achieve greater outcomes in uptake of evidence-based practice. The dosage 57 

of external facilitation was similar and it is unclear whether hospitals with more 58 

comprehensive plans were more motivated to change practice. Further research is needed to 59 

understand the role of external facilitation as part of a multifaceted QI program that use audit 60 

and feedback strategies. 61 

 62 

Key words:  quality improvement, stroke, facilitation, behaviour change intervention, 63 

process evaluation 64 

 65 
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 70 
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Background  77 

Despite widely available evidence supporting clinical interventions that improve health 78 

outcomes for patients hospitalized for acute stroke, adherence to these recommended 79 

interventions is suboptimal [1, 2]. In Australia, there is evidence that adherence to 80 

recommended clinical processes of care vary between hospitals that treat patients with acute 81 

stroke [3]. Factors that may contribute to these variations  include the ability to keep up to 82 

date with  current evidence, ‘clinicians’ values and attitudes, unwillingness to change 83 

practice, and time constraints [4, 5]. Such discrepancies are concerning given that variability 84 

in acute patient care has been shown to adversely affect patient outcomes, and result in 85 

ineffective use of health care resources [6].  86 

Grimshaw and colleagues provided an overview of the effectiveness of professional 87 

behaviour change strategies available to support quality improvement (QI) programs at a 88 

hospital level [7]. These strategies have been categorised by the Cochrane Effective Practice 89 

and Organisation of care group [8] and include techniques such as: educational outreach 90 

visits (face-to-face chat by a trained person to organisation staff on how to improve change 91 

and provide education materials); audit and feedback (using audit data to provide feedback 92 

on clinical performance over time); interprofessional collaboration (many health 93 

professionals from different fields work together with clinicians, patients, families, and 94 

caregivers to deliver the highest quality of care); reminders (to prompt clinicians to 95 

remember to perform critical tasks, such as monitoring of chronic conditions); and tailored 96 

interventions (to change professional practice following an investigation into the factors that 97 

explain current professional practice and any reasons for resisting new practice). However, 98 

the most effective implementation strategies are thought to be those that adopt a multifaceted 99 

approach [5, 9]. A more recent review offered no compelling evidence on what is an effective 100 
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strategy to change clinician behaviour in acute care settings [10]. Therefore, choosing QI 101 

interventions to change clinicians’ behaviours to reflect best evidence is challenging. 102 

A clear message from the implementation science literature is that information alone does not 103 

change behaviour and active facilitation in some form is required [4]. Successful 104 

implementation most likely when implementation processes are appropriately facilitated by 105 

either internal (i.e., inside the local site) and/or external (i.e., outside of the local site) 106 

facilitators [11]. Facilitators are individuals with the specific roles, skills and knowledge to 107 

help clinicians, teams and organizations deliver evidence-based care by changing their 108 

professional behaviour [12]. They have a key role in helping individuals and teams 109 

understand what they need to change and how they need to change practice.  To Identify, 110 

engage, and connect stakeholders, facilitate collaboration, support communications and 111 

information sharing,  changing evidence-based knowledge and evaluating practice change are 112 

some of the key attributes and skills of facilitators.[13] The aim of the primary study was to 113 

identify and address gaps in quality of care provided in acute hospitals. Facilitators may have 114 

a role in helping clinicians identify, understand and address gaps in the delivery of care using 115 

implementation science theory and evidence. However, very little is known about the type or 116 

dose of internal or external facilitation required to implement change.  117 

In this study, the primary aim was to assess if mode and dosage of external facilitation 118 

influenced development of a comprehensive action plan as part of this multifaceted QI 119 

intervention.  120 

The secondary aim was to assess the relationship between complexities of action plans and 121 

change in adherence to the eight clinical processes of care indicators for acute stroke post-122 

intervention when compared to the pre-intervention period in the participating Queensland 123 

hospitals.  124 
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 125 

Methods 126 

Study design: An observational, process evaluation study.  127 

Population: Staff and clinicians from acute stroke hospitals 128 

Queensland public hospitals participating in data collection using the Australian Stroke 129 

Clinical Registry (AuSCR) and who were part of the Queensland StrokeLink program [14] 130 

were eligible to participate in our quality improvement initiative known as ‘Stroke123’ 131 

(N=23). The interventions were delivered between May 2013 and August 2015.  132 

 133 

Intervention detail  134 

Stroke123 was a controlled before-and-after study designed to assess the influence of adding 135 

hospital level performance monitoring (i.e. assessing quality of stroke care using AuSCR 136 

data) to an existing QI program, StrokeLink [14, 15] In Stroke123, the enhanced StrokeLink 137 

QI intervention comprised of an externally facilitated program in which clinical performance 138 

and outcome data were presented to sites in a workshop format. These data were then to 139 

assist in identifying practice gaps. This data was used to target development of action plans 140 

and to monitor performance.  141 

Our external facilitators were either StrokeLink staff, Queensland State-wide Stroke Clinical 142 

Network leads or AuSCR project coordinators. Facilitators all had health practitioner 143 

backgrounds, and a range of skills, based on their previous roles and experiences, including 144 

the capacity to provide focused attention for quality improvement.  StrokeLink staff were the 145 

primary facilitators, with previous work experience, who conducted face-to-face meetings 146 

including barrier identification workshops, where they were able to develop clear and shared 147 

understanding of the local culture, values, beliefs, and attitudes of members of the hospitals. 148 

The StrokeLink staff had also been provided with standardised training, by a senior member 149 
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of the Stroke Foundation, in improvement science and theories of behaviour change including 150 

the application of the PDSA methods. The Strokelink staff were given a training manual and 151 

there was ongoing mentoring by a senior Stroke Foundation staff throughout the study period.  152 

They provided education on best practice care to the participating hospital staff as required, 153 

and used complementary performance data from the AuSCR to identify and describe local 154 

gaps in practice.[14] The external facilitator from the AuSCR supported local sites to access 155 

their own performance data via the AuSCR,, and understand practice gaps in evidence-based 156 

care. Qld State-wide Stroke Clinical Network leads provided education, and promoted 157 

linkage and shared learning with other stroke clinicians throughout the state, and encouraged 158 

use of data via health system reporting drivers.  Change to stroke care was enacted through 159 

the development of an agreed action plan with hospital staff. An agreed action plan was 160 

consensus based and would only be counted if completed during the workshop. The external 161 

facilitators also provided ongoing peer support, via telephone, face-to-face or email, as 162 

required.  163 

 164 

Data collection and analyses 165 

A specifically designed data collection tool was developed to enter prospectively collect data 166 

from the external facilitators. Items recorded included the frequency, duration and 167 

mechanism of facilitation episodes (Table 1). The tool included pre-specified categories to 168 

ensure consistent data capture, and free text options for additional information as described 169 

below.  170 

The primary outcome was the complexity of the action plan developed. Action plan was 171 

divided into: (i) a comprehensive action plan, defined as an action plan that aimed to address 172 

4 or more clinical processes of care, and (ii) a simple plan, defined as an action plan that 173 

aimed to address 3 or fewer clinical processes. Dosage of external facilitation was determined 174 



 

89 
 

by frequency and duration professional behaviour change support provided to clinicians, 175 

mode of support delivery, and time spent delivering support. These parameters were used to 176 

understand the dose and types of external facilitation required to facilitate the development of 177 

different complexities of action plans.  178 

Using the AuSCR data (from 2010 to 2015), a pre-post intervention design was used to 179 

compare change in adherence to the eight clinical processes of care indicators for acute stroke  180 

based on the complexity of action plans developed .See online-only data supplement for 181 

specific information on the AuSCR methodology.  182 

Descriptive was analyses were undertaken. Normality tests were conducted to check the 183 

distribution of each continuous variable. The Wilcoxon Rank Sum Test was conducted to 184 

explore the association between dosage of external facilitation and the development of a 185 

simple or comprehensive action plan. Adherence to each of the 8 Queensland endorsed 186 

processes of care indicators were calculated as the proportion of patients with the 187 

documented measure divided by the number of patients eligible for the measure. Where 188 

applicable, eligibility criteria for an indicator is specified. For example, adherence to the use 189 

of aspirin within 48 hour is relevant only for patients presenting with ischemic stroke or 190 

transient ischemic attack. The percent adherence was calculated for each indicator overall for 191 

Queensland. Random-effect (multilevel) logistic regression, with level defined as patient and 192 

hospital, was used to compared adherence between pre- and post-intervention periods 193 

stratified by whether a complex or simple action plan was used. The dependent variable was 194 

the adherence to the indicator and the independent variable was the Stroke123 study period. 195 

Adjusted odds ratio and 95% confidence intervals were reported. 196 

A p-value of < 0.05 was considered statistically significant. Data were analysed using Stata 197 

(Stata Statistical Software, Release 12.0; Stata Corporation, College Station, Texas, USA).  198 
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 199 

Results 200 

Staff from 19 (out of 23 eligible) Queensland hospitals agreed to participate (urban hospitals: 201 

55%; rural hospitals: 45%; 16% were teaching hospitals). During the course of the 202 

intervention (May 2013 to August 2015), nine external facilitators provided support to staff 203 

from the 19 hospitals. The most frequent activities provided by the facilitators were 204 

educational outreach (42%); followed by interprofessional collaboration (30%), review of 205 

audit data (11%) and reminders (6%) (Figure 1). Fourteen (74%) hospitals developed action 206 

plans. Five hospitals did not develop an action plan and reasons included: already developed 207 

QI plan, declined workshop and staff changes. Among the 14 hospitals that developed an 208 

action plan, 12 developed comprehensive action plans (i.e. plans involving four or more 209 

clinical processes of care). The number of times external facilitators provided professional 210 

behaviour change support and the mode of communication during the intervention period is 211 

shown in Table 2. The number of face-to-face contacts was greater in hospitals that 212 

developed a simple action plan. However,  external facilitators provided more telephone and 213 

email contacts to  sites that developed a comprehensive action plan compared toto those that 214 

developed a simple action plan (Table 2).Throughout the intervention 19 (95%) hospitals 215 

accessed their online AuSCR data for performance monitoring (overall number of times 216 

accessed AuSCR data: median [Q1,Q3]: 12 [7,18]. External facilitators had no more face-to-217 

face contact time with staff from hospitals who developed a comprehensive action plan than 218 

those that developed a simple action plan (median: 18 hours vs 16 hours, p=0.61). Those who 219 

developed a comprehensive action plan had twice as much telephone contact time than those 220 

who developed a simple action plan (Figure 2; 6 hours vs 3 hours, p=0.08).  However, this 221 

was not statistically significant.  222 
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The median total face-to-face and phone contact time was non-significantly lower (p=0.138) 223 

in those who reported significant improvement (22 hours: Q1:13, Q3:24) compared to those 224 

who reported modest improvement (27 hours: Q1:20, Q3:35). Overall the adherence 225 

improved more for the eight individual indicators in hospitals that developed a simple action 226 

action plan when compared to hospitals that developed a comprehensive action plan (Table 3 227 

and 4). The individual processes of care indicators selected by hospitals as part of their action 228 

plan is shown in Figure 3.  Most hospitals (8/12) selected all eight indicators for 229 

comprehensive action plan and observed an improvement in absolute change to four 230 

indicators. Those that developed a simple action plan (i.e. three indicators), observed greater 231 

improvement in absolute change to all three indicators when compared to hospitals with 232 

comprehensive action plan.  233 

 234 

Discussion  235 

This is one of the few studies in which the role of external facilitators has been assessed as 236 

part of a multicentre knowledge translation study. In this process evaluation study conducted 237 

alongside a controlled-before and after quality improvement project, we did not find a 238 

statistically significant association between either the mode, or dosage of external facilitation 239 

and complexity of action plans developed. However, a small but consistent trend across all 240 

forms of delivery of facilitation indicated that a larger dose of external facilitation was 241 

associated with more indicators being targeted in action plans. Sites with more directed action 242 

plans targeting fewer indicators, however, demonstrated greater improvement in indicators. 243 

Our study was underpowered to detect statistically significant differences, but this suggests 244 

that there may be a dose response, and that higher doses of facilitation may not be required or 245 

helpful. There is indication that the number and complexity of action plans is potentially a 246 

greater driver of improvement than the amount of facilitation. 247 
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To our knowledge, our study is the first to explore dosage of external facilitation in a 248 

complex multifaceted QI program in acute stroke care in Australia. It is important to evaluate 249 

the processes of a study so other researchers can reliably implement or build on the current 250 

intervention. According to the Template for Intervention Description and Replication 251 

(TIDieR) checklist, some of the key features of an evaluation study includes duration, dose or 252 

intensity, and mode of delivery of intervention, which can all influence efficacy and 253 

replicability of the program but are often poorly described [16]. In our study, external 254 

facilitators needed more contact time with staff from hospitals which chose a greater number 255 

of indicators. Several possible explanations for the correlations were observed:  1. Not 256 

targeting an achievable / manageable number of issues may have led to inefficient efforts 257 

with both extra time from facilitators and less improvement than sites that were targeted. 2.  258 

Sites with significant barriers to improvement, or less effective internal facilitation may have 259 

had greater need for external assistance but with lower ability to impact change. It is possible 260 

that higher doses of external facilitation are neither necessary, nor helpful for change, and 261 

that focussed efforts on a small number of issues is more efficient and effective.   262 

In a recent study implementation of a care bundle comprising four indicators of acute care is 263 

associated with better patient outcomes (i.e mortality) [17]. In our study, greater absolute 264 

change was observed for a greater number of indicators in hospitals that developed a simple 265 

action plan when compared to hospitals that developed a comprehensive action plan (with 4 266 

or more indicators). Staff at hospitals with simple plans only chose three indicators (i.e. 267 

swallow screen or assessment, prescribed antihypertensive agents at discharge, and 268 

discharged to the community with a care plan) for action planning. In addition, an 269 

improvement in absolute change for those three indicators were also observed in those 270 

hospitals with comprehensive action plans. Our results may indicate that simple action plans 271 

may be best. Focussing on more indicators as part of an action plan took more time and may 272 



 

93 
 

have resulted in poorer change. Therefore, focussing on targeting a few areas within a 273 

complex multifaceted intervention may be more efficient and effective. 274 

The delivery of a complex multifaceted intervention to many sites required several different 275 

modes of contact. The presence of an external facilitator who provides support via face-to-276 

face and telephone support, may ensure action plans are developed and implementation is 277 

followed through to support change in practice. Quality of care activities in the ‘Get With 278 

The Guidelines Stroke’ program evaluated the processes of workshops and impact of 279 

facilitation, which were shown to improve adherence to all primary performance measures, 280 

i.e. improve quality of care [18].  281 

A lack of a definite dose-response is not evidence of an absence in effect of external 282 

facilitation, but may suggest that focus on the content of facilitation is more important than 283 

amount of time spent by facilitators. Limitation of total time will lead to more cost-effective 284 

and sustainable interventions. Anecdotal evidence from our facilitators suggests that future 285 

studies may also include a two-step process where the external facilitators first educate and 286 

identify the local barriers and enablers of the hospital, followed by a second meeting that is 287 

completely focussed on action planning.  288 

The strengths of the study are the number and variety of hospitals that participated (e.g. 289 

teaching, urban and rural hospitals). Additionally, a standardised data collection tool was 290 

used to collect data from all external facilitators. The limitations of the study are that contact 291 

data were self-reported and only reflected the facilitators’ perspectives, and not those from 292 

the hospital staff receiving the support. Also, no information on internal facilitation at a site 293 

level, if any, was available. Although most of the time the external facilitators provided data 294 

on a fortnightly basis, on some occasions there was a two month delay. Hence there may be a 295 

potential for recall bias. Nevertheless, the external facilitators kept personal diaries and email 296 
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records, and so had some objective data to ensure any recall bias was minimised. Also, the 297 

study was underpowered to find statistical difference. In-depth data on the content of the 298 

professional behaviour change support provided were not available. The number of staff and 299 

their relevant roles were also not provided by the external facilitators. In addition, future 300 

studies need to evaluate the effectiveness of external facilitation from those receiving support 301 

in-depth (i.e. clinicians and hospital staff), and directly assess the impact on adherence to care 302 

processes and patient outcomes.  303 

 304 

Conclusion 305 

To our knowledge, this is the first study to explore the process of external facilitation in a 306 

complex multifaceted QI program in acute stroke care. Action plans are important in complex 307 

multifaceted QI programs. It is also necessary to understand the optimal dosage of external 308 

facilitation required for successful development of action plans. The dosage of external 309 

facilitation was similar and it is unclear whether hospitals with more comprehensive plans 310 

were more motivated to change practice. Further research is needed to understand the dosage 311 

and benefits of external facilitation in developing the different types of action plans for 312 

multifaceted QI programs in acute stroke care.  313 
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Table 1. Information collected from external facilitators using the specifically designed data 421 

collection tool  422 

Type of information 

Number of contacts the external facilitators had with the relevant clinicians and hospital 

staff 

Mode of contact (e.g. telephone, face-to-face, email) 

Contact time in minutes for telephone and face-to-face contacts 

Professional behaviour change support type provided  (e.g. reminders, educational 

outreach)*  

Action plan initiated by staff at participating hospitals (Yes/No) 

Frequency of access by hospitals to their AuSCR data (by downloading online live reports) 

* defined by the classifications by the Cochrane Effective Practice and Organisation of Care 423 

Group  424 

 425 

 426 

 427 

 428 

 429 

 430 

 431 

 432 

 433 

 434 
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Table 2. Frequency of contact for all modes of communication between external facilitators 435 

and hospital staff from participating hospitals 436 

Mode of 

contact 

Number of contacts  

Median (Q1, Q3) 

 All 

hospitals 

Hospitals that developed  

comprehensive action plan 

Hospitals that developed 

simple action plan  

Face-to-face 5 (4.5, 11) 5 (3.5, 6) 8 (5, 11) 

Telephone 8 (5, 12) 9 (6, 13.5) 6 (4.5, 10) 

Email 22 (17, 36) 26 (17, 36) 20 (17, 36) 

 437 

 438 
 439 
 440 
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Table 3: Effect of intervention on adherence to individual indicators using the Australian Stroke Clinical Registry (AuSCR) 441 

Intervention phase Pre-

intervention  

(T1) 

Stroke123 

intervention 

 (T2) 

Post-intervention 

(T3) 

 

 

Absolute change 

(%) Total Queensland (N=11,906) N=4,443 N=2,682 N=4,781 

Hospitals that developed a comprehensive action plan (12 

hospitals, N=8,525) 

N=3,265 N=1,850 N=3,410 

Treated in a stroke unit (%) 2,394(73) 1,389 (75) 2,519 (74) ↑1 

Swallow screen or assessment (%)  2,671 (82) 1,500 (81) 2,689 (79) ↓3 

Prescribed antihypertensive agents at discharge (%) 1,965 (65) 1,224 (72) 2,224 (74) ↑9 

Discharged to the community with a care plan (%) 682 (38) 448 (45) 1,060(57) ↑19 

Mobilised during admission (%) 2,836 (87) 1,569 (85) 2,746 (81) ↓6 

Ischaemic stroke only      

Received thrombolysis, if an ischemic stroke (%) 180 (10) 90 (8) 166 (9) ↓1 

Aspirin within 48 hours (%) 2,142 (73) 1,225 (73) 2,226 (73) - 

Prescribed on antithrombotics at discharge (%) 2,266 (87) 1,369 (93) 2,409 (93) ↑6 

Hospitals that developed a simple or no action plan (7 

hospitals, N=3,381) 

N=1,178 N=832 N=1,371 Absolute change 

(%) 

Treated in a stroke unit (%) 852 (72) 625 (75) 1,179 (86) ↑14 

Swallow screen or assessment (%)  931 (79) 693 (83) 1,236 (90) ↑11 

Prescribed antihypertensive agents at discharge (%) 632 (59) 547 (73) 875 (69) ↑10 

Discharged to the community with a care plan (%) 180 (28) 208 (49) 380 (51) ↑23 

Mobilised during admission (%) 991 (84) 724 (87) 1,257 (92) ↑8 

Ischaemic stroke only      

Received thrombolysis, if an ischemic stroke (%) 37 (5) 43 (9) 71 (8) ↑3 

Aspirin within 48 hours (%) 719 (68) 530 (74) 916 (76) ↑8 

Prescribed on antithrombotics at discharge (%) 697 (75) 595 (96) 1,006 (95) ↑20 

T1 or Time period 1 is the pre-intervention/financial incentives period. Adherence to processes of care obtained from 2010-2013 AuSCR data.  442 

T2 or Time period 2 is the enhanced StrokeLink period. Adherence to processes of care obtained from 2014 AuSCR data.  443 

T3 or Time period 3 is the post-intervention period. Adherence to processes of care obtained from 2015 AuSCR data 444 

 445 

 446 
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Table 4: Effect of enhanced StrokeLink intervention on the change in adherence to indicators between post-intervention and baseline 447 

(multivariable analyses)*  448 

Individual process indicators Odds ratio 95% CI p-value 

Comprehensive  action plan (12 hospitals, N=8,525)    

Treated in a stroke unit  0.86 0.76, 0.96 0.010 

Swallow screen or assessment  0.70 0.62, 0.80 <0.001 

Prescribed antihypertensive agents at discharge 1.40 1.25, 1.56 <0.001 

Discharged to the community with a care plan  2.54 2.21, 2.93 <0.001 

Mobilised during admission  0.56 0.49, 0.64 0.001 

Ischaemic stroke only    

Received thrombolysis, if an ischemic stroke 1.04 0.83, 1.30 0.761 

Aspirin within 48 hours  0.88 0.78, 0.99 0.028 

Prescribed on antithrombotics at discharge 1.86 1.53, 2.28 <0.001 

Simple or no action plan (7 hospitals, N=3,381)    

Treated in a stroke unit  2.32 1.89, 2.89 <0.001 

Swallow screen or assessment  2.23 1.77, 2.81 <0.001 

Prescribed antihypertensive agents at discharge 1.61 1.35, 1.93 <0.001 

Discharged to the community with a care plan  2.78 2.20, 3.52 <0.001 

Mobilised during admission  2.15 1.66, 2.77 <0.001 

Ischaemic stroke only    

Received thrombolysis, if an ischemic stroke 1.12 0.73, 1.74 0.595 

Aspirin within 48 hours  1.50 1.24, 1.82 <0.001 

Prescribed on antithrombotics at discharge 7.59 5.42, 10.62 <0.001 

*Dependent variable adherence to indicator, independent variable intervention phase, adjusted for clustering by hospital449 
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 450 

451 

Figure 1. This pie chart shows the proportion of professional behaviour change interventions 452 

that were provided by the external facilitators for 20 hospitals in the study. These strategies 453 

have been categorised by the Cochrane Effective Practice and Organisation of care group [8]. 454 

 455 
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 462 

Figure 2. Association between median hours of external support and development of 463 

comprehensive action plan vs simple action plan 464 

 465 

 466 

 467 

 468 

 469 

 470 
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 471 

 472 
Figure 3. Proportion of hospitals that selected the individual indicators by complexity of action plan  473 

 474 

 475 

  476 
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5.3 Summary  

 
 

Complex QI programs help support clinicians working in hospitals to reduce gaps in evidence 

and clinical practice. External facilitators may have a key role in helping clinicians understand 

and address gaps in the delivery of care. However, little is known about the dosage of external 

facilitation required for improving practice within the context of complex multifaceted QI 

programs. In the paper presented in Chapter 5, the influence of external facilitation on the 

development and implementation of consensus-based action plans for improving acute stroke 

care was evaluated. The influence of ‘facilitator dose’ with reference to the complexity of the 

actions plans, (i.e. number of actions to be addressed) on changes in adherence to eight clinical 

processes of care (PoC) measured before and after the intervention period was also evaluated.  

This is one of the few studies in which the role of external facilitators has been assessed as part 

of a multicentre knowledge translation study. In this process evaluation study conducted 

alongside a controlled-before and after quality improvement project, we did not find a 

statistically significant association between either the mode, or dosage of external facilitation 

and the complexity of action plans developed. However, a small but consistent trend across all 

forms of delivery of facilitation indicated that a larger dose of external facilitation was 

associated with more indicators being targeted in action plans. Sites with more directed action 

plans targeting fewer indicators, however, demonstrated greater improvement in indicators. 

Our study was underpowered to detect statistically significant differences, but the work 

suggests that larger doses of facilitation may not be required or helpful. There is indication that 

the number and complexity of action plans is potentially a greater driver of improvement than 

the amount of facilitation. 
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Summary of Part B 

 

In Part B, I described data sources available for monitoring the quality of acute stroke care (i.e. 

clinical registries and audit) and the objectives and methods for a QI program in which these 

data, along with behaviour change strategies, were used to improve adherence to evidence-

based guideline. A way to reduce the burden of stroke is to ensure that when patients are in 

hospitals they receive the care they are eligible for as recommended in clinical guidelines. 

However, there is evidence that there is variability in the delivery of acute stroke care. I then 

further described external facilitation as a component of QI programs and how it may influence 

closing the evidence to practice gap, i.e. change clinician behaviour, between recommended 

care and current clinical practice.   

In the next section (Part C), I focus on how data primarily from the clinical registry can be used 

to inform strategies to improve the development of hospital-based strategies in anxiety and 

depression, an area with a long-standing evidence to practice gap. I then also describe how a 

tailored MBI is beneficial in reducing the impact of anxiety or depression, and other 

comorbidities in survivors of stroke (Chapters 9, 10 and 11).    
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PART C: 

Addressing the burden of anxiety or 

depression following stroke 
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Chapter 6: Detailed methods for the paper 

presented in chapter 7 

 

 

 

6.1 Overview 

In Chapters 4 and 5, I provided details of how audit, clinical registry, and hospital 

administrative data may be used to monitor the quality of stroke care provided in Australian 

hospitals and identify and help reduce disparities in stroke care, mortality and stroke 

reoccurrence in the community.  

In this chapter and the next (Chapter 7), I will discuss how we can use clinical registry data 

linked with hospital administrative data to investigate potential areas for news interventions to 

reduce practice gaps related to anxiety and depression. By combining these routinely collected 

datasets it is possible to assess a wider range of factors specific to reducing the burden of 

anxiety or depression following stroke. 

In this chapter I will provide extra detail on some of the complexities of using linked data. This 

will include a brief description of the data linkage component of the Stroke123 project and a 

detailed description of the processes involved to set up the final linked data set used for the 

analyses presented in Chapter 6. 
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6.2 Developing an analytic dataset using linked data 

6.2.1 Data linkage conducted as part of the Stroke123 project 

As described in Chapter 4, the AuSCR contains a minimum dataset of core demographic, 

clinical and quality indicator data items, but does not contain information on pre-existing 

comorbidities. In contrast, hospital administrative datasets do not contain clinical indicator or 

patient reported outcome data, but do contain coded information on primary and secondary (up 

to 40) diagnoses using ICD-10-AM codes. When appropriate ‘look back’ periods from hospital 

administrative datasets are included. These codes can be used to reliably identify common 

comorbidities to supplement the data in AuSCR. In this way we can obtain a more 

comprehensive dataset to enable us to answer questions about the quality of care received by 

patients in hospitals and outcomes, such as hospital readmissions and survival, following stroke 

(Figure 6.1). For this thesis I was able take advantage of this data linkage work to specifically 

answer questions relating to anxiety and depression.  

 

Figure 6.1. Linking datasets for a complete patient stroke care journey: An overview  
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One of the major components of the Stroke123 project (described in Chapters 3 and 4) was to 

establish high-quality, linked data for stroke using data from AuSCR, and routinely collected 

hospital and death data. The processes involved in the data linkage component of Stroke123 

are further described in another paper involving supervisors Dr. Nadine Andrew, Prof. Amanda 

Thrift and Prof. Dominique Cadilhac.114 The data used in this section of my thesis were 

obtained as part of Stroke123 and the datasets were merged and cleaned by Drs Nadine Andrew 

and Monique Kilkenny, prior to my use for the analysis. 

A detailed description of the individual datasets are provided in the published manuscript 

(Chapter 7).  

6.2.2 Selection of variables and merging process for my dataset 

The primary purpose of using these combined datasets was to assess patient and hospital factors 

that may be associated with the development of anxiety or depression following stroke.  

Approval to access the data for Queensland was obtained through the Queensland Public Health 

Act. Once this was completed, several steps were involved in obtaining the final dataset for the 

analyses of Aim 3 of this thesis. Following a review of all of the available data items in the 

merged datasets, I identified the required variables from each dataset (Figure 6.2) for my study. 

Pre-existing mental health problems were selected from the list of ICD-10-AM codes and 

verified with a Clinical Psychologist (i.e. my co-supervisor Dr. Rene Stolwyk). Mental health 

problems included dementia (F00, F01, F02, F03, F051), psychosis (F20, F22, F23, F24, F25, 

F28, F29, F302), bipolar disorder (F31), and anxiety and depression (F063, F064, F065, F066, 

F067, F068, F069, F051, F32, F33, F34, F38, F39, F41, F42, F43, F99). Other comorbidities 

had already been coded as part of the original Stroke123 data cleaning processes. The codes 

used for each illness are listed in the manuscript presented in the next chapter (online 

supplement, Table 1).  
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A list of the required variables were then provided to the data coordinators, Drs Nadine Andrew 

and Monique Kilkenny. These variables were identified from the appropriate dataset, selected 

from the secure file and merged into a final analytic dataset (Figure 6.2). The detailed statistical 

methods, results and discussion are presented as a published paper in the next chapter. 
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6.3 Summary 

This chapter provided methodological details not contained in the main published paper with a 

focus on the data linkage aspects applied in order to derive the final dataset I used as part of 

this thesis. The complex processes involved to set up the final linked dataset used for the 

analyses presented in Chapter 6 were highlighted. In the next chapter (Chapter 7), I used these 

comprehensive linked data to answer aim 3 of my research program, i.e. to investigate the 

association between the quality of acute stroke care, patient factors and clinical factors with 

self-reported anxiety or depression at 90-180 days following admission for stroke or TIA. 
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Chapter 7: Anxiety and depression between 90 

to 180 days following stroke: Demographic, 

clinical, and patient predictors using linked 

registry data 

 

 

 

7.1 Overview 

In Chapter 6, I provided a detailed description of the methods used to obtain the final dataset 

for a focussed analysis on mood outcomes after stroke. This research was undertaken using 

merged data from a range of sources that had been linked for the Stroke123 project (see section 

5.2.1).  

In this chapter the published paper that was the outcome of my research questions related to 

the third aim of this thesis is presented. The specific aims of the following paper were to use 

linked patient-level data to (i) identify patient and clinical factors associated with self-reported 

anxiety or depression at 90–180 days following stroke or TIA; (ii) explore the association 

between the quality of acute stroke care received in hospital and self-reported anxiety or 

depression at 90–180 days following a stroke or TIA admission; and (iii) assess whether there 

were any relationships between self-reported anxiety or depression, socioeconomic status and 

age.  
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To our knowledge, this is the first Australian study where data from a clinical registry, linked 

to hospital administrative datasets and the national death index, was used to conduct a 

comprehensive assessment of a broad range of factors that may be associated with the self-

reported anxiety or depression in survivors between 90 to 180 days following their stroke. The 

study is presented as a paper that was published in Quality of Life Research (August 2018; doi: 

10.1007/s11136-018-1960-y). This study addresses the third aim of my thesis: to investigate 

the association between the quality of acute stroke care, patient factors and clinical factors with 

self-reported anxiety or depression at 90-180 days following admission for stroke or TIA. My 

contribution is at 80%, and the nature of my contribution was concept, data management, 

analysis, interpretation and writing of first draft of the manuscript. 

The following paper was published in Quality of Life Research (2018; Vol 27(12): 3145-3155). 
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7.2 Published paper  

 

Factors influencing self-reported anxiety or 

depression following stroke or TIA using linked 

registry and hospital data 

 
Thayabaranathan T, Andrew NE, Kilkenny MF, Stolwyk R, Thrift AG, 

Grimley R, Johnston T, Sundararajan V, Lannin NA, 

and Cadilhac DA 
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Abstract
Purpose Approximately 30–50% of survivors experience problems with anxiety or depression post-stroke. It is important 
to understand the factors associated with post-stroke anxiety or depression to identify effective interventions.
Methods Patient-level data from the Australian Stroke Clinical Registry (years 2009–2013), from participating hospitals in 
Queensland (n = 23), were linked with Queensland Hospital Emergency and Admission datasets. Self-reported anxiety or 
depression was assessed using the EQ-5D-3L, obtained at 90–180 days post-stroke. Multivariable multilevel logistic regres-
sion, with manual stepwise elimination of variables, was used to investigate the association between self-reported anxiety or 
depression, patient factors and acute stroke processes of care. Comorbidities, including prior mental health problems (e.g. 
anxiety, depression and dementia) coded in previous hospital admissions or emergency presentations using ICD-10 diagnosis 
codes, were identified from 5 years prior to stroke event.
Results 2853 patients were included (median age 74; 45% female; 72% stroke; 24% transient ischaemic attack). Nearly 
half (47%) reported some level of anxiety or depression post-stroke. The factors most strongly associated with anxiety or 
depression were a prior diagnosis of anxiety or depression [Adjusted Odds Ratio (aOR) 2.37, 95% confidence interval (95% 
CI) 1.66–3.39; p < 0.001], dementia (aOR 1.91, 95% CI 1.24–2.93; p = 0.003), being at home with support (aOR 1.41, 95%
CI 1.12–1.69; p = < 0.001), and low socioeconomic advantage compared to high (aOR 1.59, 95% CI 1.21–2.10; p = 0.001). 
Acute stroke processes of care were not independently associated with anxiety or depression.
Conclusions Identification of those with prior mental health problems for early intervention and support may help reduce
the prevalence of post-stroke anxiety or depression.
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Introduction

Many survivors of stroke have long-term psychological 
consequences that impact their quality of life [1, 2]. In 
2012, the Stroke Foundation commissioned a national sur-
vey of the needs of survivors of stroke at least 12 months 
after their stroke [1]. Many participants reported ongoing 
unmet needs, 84% of which were associated with psycho-
logical issues. Among these, 73% of survivors had prob-
lems with emotions. Anxiety or depression after stroke 
have been associated with greater dependence in activi-
ties of daily living, institutionalisation and mortality, and 
poorer overall quality of life [3, 4].

There is a growing body of evidence about factors that 
may be associated with anxiety or depression in survi-
vors of stroke. In a recent meta-analysis, history of men-
tal illness was the highest ranking modifiable risk factor. 
Other risk factors that may impact on depression following 
stroke were sex, age (< 70 years), family history,and stroke 
severity [5]. There is a lack of understanding on whether 
the type of stroke or any other premorbid conditions may 
impact on anxiety or depression following stroke.

Furthermore, there is growing evidence that the qual-
ity of care received by patients in the hospital setting can 
directly influence long-term outcomes such as 90-day 
health status and survival [6]. In particular, acute care in a 
stroke unit, in which there is coordinated multidisciplinary 
care and better adherence to recommended clinical pro-
cesses [7], has been shown to be associated with a reduc-
tion in death and disability, and improvement in quality of 
life [8]. However, it is unclear whether the quality of acute 
stroke care received in hospital may influence chronic self-
perceived anxiety or depression in survivors of stroke.

Our aim was to use linked patient-level data to (i) 
identify patient and clinical factors associated with self-
reported anxiety or depression at 90–180 days following 
stroke or TIA; (ii) explore the association between the 
quality of acute stroke care received in hospital and self-
reported anxiety or depression at 90–180 days following 
a stroke or TIA admission; and (iii) assess whether there 
were any relationships between self-reported anxiety or 
depression, socioeconomic status and age.

Methods

Study design and datasets

This was a multicentre, prospective observational cohort 
study. Patient-level data from Queensland hospitals that 
had registered patients in the Australian Stroke Clinical 

Registry (AuSCR) between June 2009 and December 2013 
were linked, using probabilistic methods, to the Queens-
land Emergency Data Collection and the Queensland Hos-
pital Admitted Patient Data Collection (QHAPDC) from 
June 2004 to December 2015 as part of the Stroke123 
project [9, 10].

The AuSCR includes information on all admitted patients 
with stroke or TIA at participating hospitals, based on a 
minimum dataset (demographic and clinical variables such 
as age, sex, stroke type, stroke severity, discharge destina-
tion) and acute stroke processes of care. The four acute 
stroke processes of care collected nationally are use of intra-
venous thrombolysis (tPA) for ischaemic strokes, access to 
a stroke unit, discharged on an antihypertensive agent and 
care plan provided at discharge. Four additional processes, 
recommended in the national clinical guidelines [7], were 
collected in Queensland: mobilisation < 2 days of admission, 
screen or swallow assessment < 24 h, aspirin administration 
< 48 h if an ischaemic stroke and discharged on antiplate-
lets or antithrombotics. These acute stroke processes of care 
are not routinely extractable in the administrative hospital 
datasets. This is because the Australian health system reim-
burses hospitals for all care elements bundled within a single 
payment for an episode of care using the Australian Refined 
Diagnosis Related Group. Collection of clinical indicator 
data is reliant on separate systems, such as the AuSCR. 
Patients were followed up by mail (or telephone if they did 
not respond) to determine their health outcomes (e.g. EQ-
5D-3L, readmission status) between 90 and 180 days after 
the first stroke episode [11]. Follow-up was conducted cen-
trally and independently of the participating hospitals.

In Australia, stroke care is provided mainly by public 
hospitals. In Queensland, there are 118 public acute health 
care facilities, many of which are very small and remote. 
The linked data include information on people who were 
treated at one of 58 reporting public hospitals with emer-
gency departments in Queensland. Our patient cohort for 
this study, comes from the 23 hospitals (with stroke units). 
The ambulance service only directs patients with stroke 
to two private hospitals with emergency departments in 
Queensland. The Queensland Emergency dataset has a lim-
ited number of variables, and includes triage category, type 
and reason for emergency visit, discharge destination and 
primary diagnosis code [based on a subset of the Interna-
tional Classification of Diseases 10th Revision Australian 
Modification (ICD-10-AM) codes]. The QHAPDC contains 
details of demographic, administrative and clinical variables 
from all hospital inpatient separations from acute, public, 
private, repatriation and psychiatric hospitals in Queensland. 
The ICD-10-AM diagnosis codes (primary, secondary and 
other diagnoses) were used to identify comorbidities associ-
ated with hospital presentations within the 5 years prior to a 
stroke (see Table 1) [12]. Previous mental health problems 
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Table 1  Comparison of patient 
and clinical characteristics of 
AuSCR respondents between 
those who did and did not report 
anxiety or depression at 90–180 
days after stroke

Anxiety/depression reported at 90–180 days following 
stroke/TIA

Yes 
(n = 1339)
n (%)

No 
(n = 1514)
n (%)

p value

Patient characteristics
 Age (years), median (Q1, Q3) 74 (62.6, 83.1) 74 (64.3, 81.7) 0.866
  < 65 397 (29.7) 400 (26.6) 0.001
  65–74 305 (22.9) 408 (27.2)
  75–84 371 (27.8) 463 (30.8)
  85+ 262 (19.6) 232 (15.4)

 Female 630 (47.2) 639 (42.5) 0.012
 Born in Australia 983 (73.4) 1,127 (74.4) 0.533
 Interpreter required 20 (1.5) 13 (0.9) 0.113
 Transferred from another hospital 227 (17.2) 259 (17.2) 0.979
 In-hospital stroke 90 (6.8) 52 (3.8) < 0.001

Stroke type
 Ischaemic 829 (62.4) 877 (58.1) < 0.001
 Haemorrhage 166 (12.4) 114 (7.6)
 TIA 285 (21.4) 463 (30.7)
 Unknown 54 (4.1) 56 (3.7)

Stroke severity
 Unable to walk on admission 657 (54.5) 547 (41.0) < 0.001

Socioeconomic status
 Most advantaged 249 (18.6) 347 (22.9) 0.001
 Second most advantaged 282 (21.1) 345 (22.8)
 Third most advantaged 248 (18.5) 241 (15.9)
 Fourth most advantaged 232 (17.3) 286 (18.9)
 Most disadvantaged 328 (24.5) 295 (19.5)

History of comorbidities
 Cancer 111 (8.3) 131 (8.7) 0.729
 Congestive Heart Failure 147 (11.0) 118 (7.8) 0.003
 Diabetes with complications 126 (9.4) 130 (8.6) 0.442
 Diabetes without complications 207 (15.5) 193 (12.8) 0.037
 HIV 1 (0.1) 0 (0) 0.288
 Liver disease 8 (0.6) 5 (0.3) 0.290
 Myocardial infarction 157 (11.7) 170 (11.2) 0.678
 Hemiplegia 750 (56.0) 640 (42.3) < 0.001
 Ulcer 30 (2.2) 26 (1.7) 0.315
 Peripheral vascular disease 67 (5.0) 51 (3.4) 0.029
 Chronic renal disease 148 (11.1) 127 (8.4) 0.016
 Dementia 91 (6.8) 49 (3.2) < 0.001
 Angina 257 (19.2) 270 (17.8) 0.350
 Hypertension 932 (69.6) 985 (65.1) 0.010
 Smoking 309 (23.1) 274 (18.1) 0.001
 Cholesterol 207 (15.5) 218 (14.4) 0.427
 Obesity 85 (6.4) 58 (3.8) 0.002
 Atrial fibrillation 392 (29.3) 397 (26.2) 0.069
 Carotid stenosis 106 (7.9) 98 (6.5) 0.135
 Psychoses/bipolar 11 (0.8) 17 (1.1) 0.415
 Previous anxiety or depression 131 (9.8) 62 (4.1) < 0.001

CCI score, median (Q1, Q3) 3 (1, 3) 2 (1, 3) < 0.001
Number of comorbidities, median (Q1, Q3) 4 (3, 5) 3 (2, 5) < 0.001
Length of stay (days) if discharge, median (Q1, Q3) 6 (3, 12) 4 (2, 8) < 0.001
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were identified using the ICD-10-AM codes ‘F00’–‘F99’ 
[13].

Opt-out method of consent is used in the AuSCR. The 
processes involved in the AuSCR are described elsewhere 
[14]. Patient identifying information was used only for data 
linkage and was not accessed by the members of the research 
team who were conducting the analyses. Ethics approval for 
this project was obtained from the Monash University and 
Metro South Health (HREC/13/QPAH/31) Human Research 
Ethics Committees. Additional approvals were obtained 
from the AuSCR Research Task Group and the Queensland 
Department of Health.

Patient sample

The patient sample comprised AuSCR registrants who were 
aged at least 18 years, with a diagnosis of ischaemic stroke, 
intracerebral hemorrhage, TIA or stroke of unknown cause, 
who were followed up between 90 and 180 days following 
their stroke admission and provided responses to the EQ-
5D-3L quality of life questionnaire. Approximately 71% of 
eligible AuSCR registrants provided outcome data. Patients 
with unknown or missing information were excluded (0.7%).

Outcomes

The EQ-5D-3L questionnaire is the health-related qual-
ity of life tool used within the AuSCR and was designed 
to measure overall quality of life and health status [15]. 
The quality of life component of the EQ-5D-3L has been 
shown to have good reliability and validity within the 
stroke population [16, 17]. The EQ-5D-3L is increasingly 
being used in large population-based studies [18, 19] 
and clinical registries [1, 20–22] to assess health-related 
quality of life as a measure of population health status to 
inform public health and health care policy. Using the EQ-
5D-3L in the AuSCR also provides us with an opportunity 
for future comparisons with registries from other countries 
[21, 22]. Health status was measured over five domains: 
mobility, self-care, usual activities, pain or discomfort, and 
anxiety or depression. Respondents self-rated their level of 
severity for each domain using a three-level scale: 1 = no 
problems, 2 = moderate problems, 3 =  extreme or severe 
problems. They are also asked to rank their health status 
from 0 to 100 using the Visual Analogue Scale (VAS) 
where 100 is the best possible state and 0 the worst pos-
sible state [23]. Anxiety or depression was defined when 
patients reported yes to either being moderately anxious or 
depressed, or severely anxious or depressed on the anxiety/
depression domain of the EQ-5D-3L questionnaire. Clini-
cal relevance is based on an 8% or more difference on the 
EQ-utility score [24] which has been shown to correlate 

Bold: significant variables
Socioeconomic status is measured using the Index of Relative Socioeconomic Advantage/Disadvantage 
[28]
Low-level residential care includes residents of residential aged care services (i.e. nursing homes with low-
level care, special accommodation and aged care hostels) who are able to function independently within a 
supportive environment with only occasional nursing care. High-level residential care includes residents 
of residential aged care services, who require frequent nursing care or a lot of assistance with activities of 
daily living
CCI Charlson Comorbidity Index [26, 27], Q1 1st quartile, Q3 3rd quartile, HIV human immunodeficiency 
virus

Table 1  (continued) Anxiety/depression reported at 90–180 days following 
stroke/TIA

Yes 
(n = 1339)
n (%)

No 
(n = 1514)
n (%)

p value

Discharge destination
 Hospital 77 (5.9) 49 (3.3) < 0.001
 Rehabilitation (inpatient) 341 (26.1) 252 (16.9)
 Low-level residential care 17 (1.3) 12 (0.8)
 High-level residential care 67 (5.1) 24 (1.6)
 Home with supports 330 (25.3) 548 (36.8)
 Home without supports 286 (21.9) 440 (29.6)
 Transitional care service 10 (0.8) 11 (0.7)
 Other 10 (0.8) 11 (0.7)
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well with a similar proportional difference on the EQ-VAS 
is (r = 0.52, p < 0.001) [25].

Variables

The EQ-5D-3L dimensions were dichotomised into “I am 
not anxious or depressed” (i.e. no; level 1) and “moderately 
or severely anxious or depressed” (i.e. yes; level 2 or 3). 
Comorbidities were classified according to the Charlson 
Comorbidity Index (CCI), a method of defining and weight-
ing comorbidities, and has been widely utilised by health 
researchers to measure burden of disease and case mix [26, 
27], and individually (see online supplement Table I). Socio-
economic status was measured using the Index of Relative 
Socio-Economic Advantage and Disadvantage (IRSAD) 
scores [28]. To address Aim 1, the first step of the model 
building process was to identify which model type (i.e. 
either individual comorbidities or CCI) was a better fit. Indi-
vidual comorbidities were considered as covariates to adjust 
for modelling; however, when compared, the model with 
the CCI and previous anxiety or depression was a better fit.

Statistical analysis

Univariable analyses were performed using the Chi-squared 
test for categorical variables and the Wilcoxon Mann–Whit-
ney rank-sum test for continuous variables. Levels were 
defined as patient and hospital to account for correlations 
among patients within individual hospitals. The patient’s 
ability to walk on admission was used as a validated measure 
of stroke severity [29]. However, for patients that experience 
an in-hospital stroke, ability to walk is assessed within the 
first 24 h of onset of their stroke symptoms. Multivariable 
multilevel random effects logistic regression was to address 
Aim 1 and 2. Variables known to be associated with out-
comes (evidence-based) such as stroke severity, stroke type 
and age were also included in the models.

To determine whether there was an association between 
self-reported anxiety or depression following stroke (depend-
ent variable) and quality of acute stroke care received in 
hospital (Aim 1), eight separate multilevel, multivariable 
models were developed. The independent variables com-
prised each of the eight AuSCR acute stroke processes of 
care. All models were adjusted for patient characteristics 
(e.g. age, sex), clinical factors (e.g. transferred from another 
hospital), previous hospital admission for anxiety or depres-
sion and the CCI.

To identify patient (e.g. age, sex) and clinical factors (e.g. 
transferred from another hospital), associated with self-
reported anxiety or depression at 90–180 days after a stroke 
(Aim 2), a parsimonious approach to model building was 
used. Independent variables, such as sex, country of birth, 
socio-economic status, comorbidities (see Table 1), previous 

anxiety or depression problems and CCI, were selected 
when p was < 0.2 in univariable analyses. Variables known 
to be associated with outcomes (evidence-based) such as 
stroke severity, stroke type and age were also included in the 
model independent of significance testing [30]. In situations 
where large numbers of variables met this criteria, manual 
backward stepwise regression was used to obtain the final 
model. The Akaike Information Criterion (AIC) and Bayes-
ian Information Criterion (BIC) were conducted to measure 
the goodness of fit for the logistic regression models devel-
oped, where smaller values of AIC and BIC indicate better 
model fit [31]. Likelihood ratio tests were also conducted as 
part of the model building process to check goodness of fit.

Standard techniques were implemented to check for col-
linearity. The area under the receiver operating characteristic 
curve (AUC-ROC) was also used as a measure of predic-
tive accuracy of the logistic regression model. Multivariable 
results were reported as adjusted Odds Ratios (aORs) with 
95% confidence intervals. Significance was set at p < 0.05.

Relationships between socioeconomic status, age and 
number of comorbidities variables were conducted. To illus-
trate these relationships, two-way contour plots were devel-
oped for age, total number of comorbidities, socioeconomic 
status (IRSAD score) and self-reported anxiety or depres-
sion. All analyses were performed using Stata (version 12.1, 
StataCorp, Texas).

Results

Out of those eligible for follow-up (n = 4001), 71% provided 
follow-up (outcome) data (n = 2853). There were 1148 non-
respondents to the follow-up survey (29%). All those who 
provided outcome data at follow-up were included in the 
analyses. The median age was 74 years (Q1: 64; Q3: 84), 
45% were female, 60% had suffered an ischaemic stroke, 
13% suffered a hemorrhagic stroke and 24% had a TIA. The 
median follow-up time was 101 days (Q1: 96; Q3: 107). In 
total, 1339 (47%) reported moderately or severely anxious 
or depressed (Fig. 1). Those with anxiety or depression also 
reported having problems in the other domains of the EQ-
5D-3L (pain and discomfort: 66%; usual activities: 63%; 
self-care: 72%; and mobility 36%). Moreover, those who 
reported having problems with anxiety or depression had a 
clinically relevant lower overall quality of life [median VAS 
score (Q1; Q3): 60 (45; 75)] compared to those who reported 
having no problems with anxiety or depression (median VAS 
score (Q1; Q3): 80 (70; 90), p = < 0.001) (Fig. 2). The non-
respondents (28%) had similar characteristics to respond-
ents, such as female, type of stroke, ability to walk on admis-
sion and stroke while in hospital (see Online Supplement 
Table II).
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A significantly greater proportion of those who reported 
moderately or severely anxious or depressed were of work-
ing age (i.e. < 65 years), female, had stroke while in hospital, 
had an ischaemic stroke, were unable to walk on admission, 
were from a disadvantaged population and had a greater 
length of stay in hospital than those reported having no 
problems with anxiety or depression. In addition, those who 
reported being moderately or severely anxious or depressed 
were more likely to have a higher total number of comorbidi-
ties than those who did not (Table 1).

In multivariable analysis (AUC-ROC = 0.69; Table 2), 
the factors most strongly independently associated with 
anxiety or depression were diagnosis of either a mental 
health problem (aOR 2.37, 95% confidence interval (95% 
CI) 1.66–3.39; p < 0.001) or dementia during a prior hospi-
tal presentation (aOR 1.91, 95% CI 1.24–2.93; p = 0.003), 
being at home with support after stroke (aOR 1.41, 95% CI 
1.12–1.69; p = < 0.001), and being from a socioeconomi-
cally disadvantaged compared to an advantaged population 
(aOR 1.59, 95% CI 1.21–2.10; p = 0.001). In the univari-
able analyses, the only two acute stroke processes of care 
that were significantly associated with post-stroke anxiety 
or depression responses were (i) aspirin administration less 
than 48 h in ischaemic stroke patients and (ii) mobilisation 
within 2 days of admission. However, after adjusting for 
covariates in the multivariable modelling, none of the eight 
processes of care were associated with self-reported anxi-
ety or depression between 90 and 180 days following stroke 
(Table 3). A sub-group analysis was conducted in those 
without previous diagnosis of anxiety or depression. There 
was no association with acute stroke processes of care and 
self-reported anxiety or depression between 90 and 180 days 

Fig. 1  The proportion of survi-
vors of stroke in the Australian 
Stroke Clinical Registry in 
Queensland (years 2009–2013) 
who reported problems in each 
of the domains of EQ-5D-3L at 
90–180 post-stroke

Fig. 2  Summary of visual analogue scale responses for 2009–2013 
Australian stroke clinical registry registrants. Those who reported 
having issues with anxiety or depression have a lower overall quality 
of life than those who reported having no issues using the EQ-5D-3L
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Table 2  Multivariable analysis: 
factors independently associated 
with self- reported anxiety or 
depression using the EQ-5D-3L 
at 90–180 days following stroke

Socio-economic status is measured using the Index of Relative Socio-economic Advantage/Disadvantage 
[28]

Patients who completed the EQ-5D-3L anxiety or depression at 
90–180 days following stroke (n = 2404)

Adjusted odds ratio (95% CI) p value

Stroke type 0.85 (0.73–0.98) 0.024
Age
 < 65 Reference
 65–74 0.80 (0.63–1.01) 0.062
 75–84 0.83 (0.66–1.05) 0.122
 85+ 1.16 (0.88–1.54) 0.300

Female 1.17 (0.98–1.39) 0.081
Home with supports 1.41 (1.12–1.69) < 0.001
Length of stay (days) if discharged 1.01 (1.00–1.02) 0.010
Unable to walk on admission 1.21 (1.00–1.47) 0.040
Socioeconomic status
 Most advantaged Reference
 Second most advantaged 1.19 (0.91–1.54) 0.203
 Third most advantaged 1.48 (1.12–1.95) 0.006
 Fourth most advantaged 1.13 (0.85–1.50) 0.398
 Most disadvantaged 1.59 (1.21–2.10) 0.001

History of comorbidities
 Hemiplegia 1.46 (1.21–1.76) < 0.001
 Dementia 1.91 (1.24–2.93) 0.003
 Smoking 1.31 (1.05–1.63) 0.018
 Obesity 1.46 (0.98–2.18) 0.066
 Carotid stenosis 1.38 (0.98–1.93) 0.061
 Anxiety or depression 2.37 (1.66–3.39) < 0.001

Table 3  Adherence to processes of care according to self-reported anxiety or depression at 90–180 days follow-up following stroke: univariable 
and multivariable analysis

Bold: statistically significant (p < 0.05)
CI confidence interval
a Adjusted for stroke type, age, sex, interpreter needed, home with support, length of stay if discharged, unable to walk on admission, in-hospital 
stroke, discharge destination, Charlson Comorbidity Index [26, 27], socioeconomic status [28], previous anxiety or depression, level defined as 
hospital
b Recorded in the Australian Stroke Clinical Registry at 90–180 days following stroke

Patients who completed the EQ-5D-3L anxiety 
or depression at 90–180 days following  strokeb

Model 
num-
ber

Total 
number of 
survivors

Univariable analysis Multivariable  analysisa

Yes (n = 1339)
n (%)

No (n = 1514)
n (%)

p-value Adjusted odds 
ratio (95% CI)

p value

Treated in a stroke unit 1 2404 1027 (76.7) 1160 (76.6) 0.959 0.93 (0.73–1.18) 0.540
Screen or swallow assessment < 24 h 2 2853 590 (44) 705 (47) 0.180 0.94 (0.78–1.15) 0.111
Mobilisation < 2 days of admission 3 1960 746 (84) 969 (90) < 0.001 0.92 (0.65–1.29) 0.615
Thrombolysis in ischaemic stroke 4 1451 76 (9.3) 71 (8.3) 0.463 0.98 (0.67–1.44) 0.900
Discharged on antihypertensive medication 5 2404 897 (68.7) 992 (66.7) 0.244 1.20 (0.96–1.41) 0.118
Discharge care plan provided 6 1486 273 (39.0) 360 (35.2) 0.104 1.20 (0.89–1.47) 0.302
Aspirin administration < 48 h in ischaemic stroke 7 2163 631 (54.0) 827 (59.2) 0.008 0.88 (0.71–1.09) 0.250
Discharged on antiplatelets or antithrombotics 8 2105 687 (62.5) 874 (65.3) 0.150 1.09 (0.85–1.40) 0.511
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following stroke when analyses were restricted to this group. 
Some factors such as stroke severity, sex, previously admit-
ted with diagnosis of dementia, and obesity were associated 
with self-reported anxiety or depression between 90 and 180 
days following stroke in this sub-group (see Online Supple-
ment Table III). A sub-group analysis was also conducted 
by excluding in-hospital stroke and transferred from another 
hospital (see Online Supplement Table IV).

In addition, the further display of relationships between 
continuous variables is shown in Fig. 3.

Discussion

Our study provides one of the largest assessments of fac-
tors associated with self-reported anxiety or depression fol-
lowing acute stroke or TIA. In our cohort, almost one in 
two respondents reported having anxiety or depression at 
follow-up. We were unable to detect an association between 
quality of care received in hospital and self-reported anxiety 
or depression following stroke. However, we did identify 
that patients with severe stroke, those from a disadvantaged 
population, and those with a history of anxiety, depression 
or dementia prior to admission were more likely to report 
being moderately or severely anxious or depressed between 
90 and 180 days following stroke or TIA.

There was a lack of an independent association between 
the quality of acute stroke care received and anxiety or 
depression following stroke. So perhaps the quality and type 
of acute stroke care received does not independently impact 
on anxiety or depression following stroke in the same way as 
it appears to influence other types of post-stroke disabilities 
such as quality of life, stroke severity and survival [32, 33]. 
We were only able to assess eight acute stroke processes of 
care. However, these processes of care, although evidence-
based and important for optimal management, do not spe-
cifically address anxiety or depression. It is also likely that 
the full impact of the stroke does not become apparent to 
the survivor until they are back home and they realise how 
much their life has changed following stroke [34]. It may 
be more important to target interventions during the early 
post-discharge period rather than the acute period. So per-
haps more information is needed about the optimal timing 
of interventions for prevention and management of anxiety 
or depression, particularly during transition to home and 
integration back into the community.

Our results add to existing literature, which describe the 
complex interactions between poor physical well-being or 
disability and anxiety or depression experienced by survi-
vors of stroke [5, 35]. Those with anxiety or depression also 
reported having problems with pain and discomfort, ability 
to perform usual activities, and mobility. In our study, we 
found that those who had more severe stroke (unable to walk 

on admission), and were more likely to require support at 
home between 90 and 180 days after their stroke, were more 
likely to report having anxiety or depression. We know that 
lack of physical activity and social interaction is a predictor 
of depression and anxiety in itself, which would also lead to 
a poor quality of life [36, 37]. It is important to have good 
quality of processes of care involved with patient transitions 
to home as it directly impacts on patient outcomes such as 
anxiety or depression. Perhaps transitions to home processes 
of care need to focus on psychological strategies that include 
education and skills training for patients, improving com-
munication between families and caregivers and movement-
based strategies to learn how to adapt and resume activities 
of daily living [38]. There is some emerging evidence that 
exercise-based interventions [39] or alternative therapies, 
such as mindfulness-based interventions, may be effective 
for ameliorating problems with depression and anxiety in 
survivors of stroke [40].

Personal history of anxiety or depression or dementia is 
regularly highlighted as one of the strongest predictors, and 
is likely to predispose people to subsequent development of 
these disorders following stroke [5, 41]. This was further 
confirmed in our study where those with previous hospital 
admissions with a diagnosis of anxiety or depression were 
twice as likely to report having problems with anxiety or 
depression at 90–180 days following stroke or TIA. Firstly, 
this could be due to the sudden change in life events and 
decline in health, both strong predictors of relapse [42]. 
Secondly, patient’s coping and attribution styles that may 
have contributed to previous anxiety or depression episodes 
may still be in play in terms of how they process the sudden 
impact of stroke on their lives. Therefore, it is essential to 
gain a better understanding of why those with a history of 
anxiety, depression or dementia are more likely to experi-
ence problems with anxiety or depression following stroke 
and the types of supports and interventions that are required 
to mitigate this.

In a recent national stroke audit, almost 50% of patients 
were not provided with a mood assessment. In those who 
were assessed, two out of three patients who had been iden-
tified as having depression or anxiety were not provided 
with a further mood assessment or the necessary care [37]. 
Considering the high prevalence of anxiety or depression, 
blanket screening, and screening of those at high risk at dif-
ferent times during the transition period (e.g. while in hos-
pital, early post-discharge and later post-discharge period) 
may be beneficial.

Our study also adds to the growing literature providing 
evidence that those with the most social advantage were less 
likely to experience anxiety or depression compared to the 
most disadvantaged socioeconomic group. This could be due 
to the lack of facilities and support available and poor acces-
sibility to health services, lower levels of health literacy, and 
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higher levels of financial stress in survivors living in the 
low socioeconomic areas [43, 44]. Therefore, designing and 
implementing psychosocial interventions for the promotion 
of mental health or providing social support in these com-
munities of patients may be of benefit.

A major strength of this study is the use of a large linked 
dataset. Linking AuSCR data to hospital administrative 
datasets provided a much more comprehensive assessment 
of comorbidities and risk factors than would otherwise be 
available. Given the prevalence of anxiety and depression in 
our study cohort, having access to a comprehensive dataset 
enabled us to gain a more thorough understanding of fac-
tors that may impact on self-reported anxiety or depression 
in patients with stroke. This information may be useful for 
informing policy and practice improvements.

A limitation of this study is that the EQ-5D-3L mood 
domain does not differentiate between anxiety and depres-
sion. However, this scale provides a useful indicator of self-
assessed problems with anxiety or depression. The EQ-
5D-3L has not been validated as a measure of anxiety or 
depression. The authors are currently undertaking a study 
on the validity of the EQ-5D-3L as a measure of problems 
with mood. A further limitation is the lack of details on 
registrant’s use of medications and other proven anxiety or 
depression treatments. This means that it is unclear whether 
those that had anxiety or depression, but were well managed, 
would have reported having anxiety or depression on the 
EQ-5D-3L. However, the higher rates of self-reported anxi-
ety and depression among those with a previous diagnosis 
of anxiety or depression suggest that there are many patients 
where this is not the case.

In conclusion, identifying those with prior diagnosis of 
anxiety, depression or dementia for early intervention and 
support, especially when transitioning to home, may help 
reduce the prevalence of anxiety or depression following 
stroke. Future research specific to problems with mood, and 
patient outcomes throughout the patient’s recovery jour-
ney would be of considerable importance in improving our 
understanding of anxiety or depression in survivors of stroke 
and to advance health care delivery in this area.
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Table I: Diagnostic categories and corresponding International Statistical Classification 
of Diseases and Related Health Problems, Tenth Revision, Australian Modification 
(ICD-10-AM) codes 

Condition ICD-10 codes 
Cancer C0, С1, C2, C3, C40, C41, C43, C45, C46, C47, 

C48, C49, C5, C6, C70, C71, C72, C73, C74, C75, 
C76, C81, C82, C83, C84, C85, C883, C887, C889, 
C900, C901, C91, C92, C93, C940, C941, C942, 
C943, C9451, C947, C95, C96 

Congestive heart failure I50 
Connective tissue disease M050, M051, M052, M053, M058, M059, M060, 

M063, M069, M32, M332, M34, M353 
Cerebrovascular accident I60, I61, I62, I63, I64, I65, I652, I66, I670, I671, 

I672, I674, I675, I676, I677, I678, I681, I682, I688, 
I69, G450, G451, G452, G454, G458, G459, G46 

Diabetes complicated E102, E103, E104, E112, E113 E114, E132, E133, 
E134, E142, E143, E144 

Diabetes uncomplicated E101, E105, E109 , E111, E115, E119, E131, E135 
E139, E141, E145, E149 

HIV B20, B21, B22, B23, B24 
Mild liver disease K702, K703, K717, K73, K740, K742, K743, K744 

K745, K746  
Metastatic cancer C77, C78, C79, C80 
Acute myocardial infarct I21, I22, I252 
Hemiplegia G041, G81, G820, G821, G822 
Peptic ulcer K25, K26, K27, K28  
Сhronic pulmonary disease J40, J41, J42, J43, J44, J45, J46, J47, J60, J61, J62, 

J63, J64, J65, J66, J67 
Peripheral vascular disease I71, I739, I790, R02, Z958, Z959 
Chronic renal disease N01, N03, N18, N19, N25 N052, N053, N054, 

N055, N056, N072, N073, N074 
Severe liver disease K721, K729, K766, K767 
Dementia F00, F01, F02, F03, F051 
Psychoses F20, F22, F23, F24, F25, F28, F29, F302 
Bipolar F31 
Anxiety or depression F063, F064, F065, F066, F067, F068, F069, F051, 

F32, F33, F34, F38, F39, F41, F42, F43, F99 
Angina I20, I24, I250, I251 
Hypertension I10 
Smoking Z720, F172 
Lipids E78, E780, E781, E782, E783, E784, E785, E786, 

E788, E789 
Obesity E66, E660, E661, E662, E668, E669 
Atrial fibrillation I48 
Carotid stenosis  I652, G451, S150 
Atherosclerosis I70 

HIV: Human Immunodeficiency Virus  
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Table II: Demographic characteristics between AuSCR follow-up respondents and 
nonrespondents  

 

 

 

Patient characteristics 

AuSCR follow-up 
respondents  

(n=2,853) 

n (%) 

AuSCR follow-up 
nonrespondents 

(n=1,148) 

n (%) 
Age (years), median (Q1,Q3)* 74 (64, 82) 72 (61, 83) 
Female  1,285 (44.8) 526(44.3) 
Born in Australia 2,135 (74.1) 825 (69.4) 
In hospital stroke 145 (5.1) 65 (5.6) 
Interpreter required* 
Transferred from another hospital 

34 (1) 25 (2) 

Stroke type 
   Ischemic 
   Hemorrhage 
   TIA 
Stroke severity 
  Unable to walk on admission 

 
1,701 (59.2) 

283 (9.9) 
738 (25.7) 

 
1,346 (52.4) 

 
680 (57.5) 
107 (9.1) 
301 (25.5) 

 
492 (49.3) 

Socioeconomic status*   
Most advantaged 599 (21)          203 (17) 
Second most advantaged                                              631 (22)                        234 (20) 
Third most advantaged                                                 498 (17)                        158 (13) 
Fourth most advantaged                                               520 (18)                        248 (21) 
Most disadvantaged                                                      633 (22)                        345 (29) 
Length of stay (days) if discharge, median (Q1,Q3)       5 (2,9)                          5 (2,10) 
Discharge destination*  
Hospital                                                                        127 (5)                            51 (5) 
Rehabilitation (inpatient)                                             603 (21)                          190 (17) 
Low level Residential care                                           30 (1)                              18 (2) 
High level Residential care                                           95 (3)                             67 (6) 
Home with supports                                                     885 (31)                         341 (30) 
Home without supports                                                727 (26)                         252 (22) 
Transitional care service                                               21 (1)                             10 (1) 
Other                                                                             22 (1)                             24 (2) 

*Statistically significant difference compared between AuSCR follow-up respondents and 
nonrespondents p<0.05) 
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Subgroup analyses 

Table III: Multivariable analysis of factors independently associated with self- reported 
anxiety or depression using the EQ-5D-3L at 90-180 days following stroke in those 
without previous diagnosis of anxiety or depression 

Patients who completed the EQ-5D-3L  
anxiety or depression at 90-180 

following stroke 

(n=2404) 

Adjusted Odds Ratio (95% 
CI) 

p-value 

Stroke type 0.86 (0.70 – 0.99) 0.040 
Age  

<65  
65-74  
75-84  
85+ 

 
Reference 

0.79 (0.63 – 1.00) 
0.85 (0.67 – 1.07) 
1.20 (0.89 – 1.55) 

 
 

0.053 
0.157 
0.258 

Female 1.20 (1.01 – 1.40) 0.036 
Home with supports 1.41 (1.20 – 1.70) <0.001 
Length of stay (days) if discharged 1.01 (1.00 – 1.50) 0.008 
Unable to walk on admission 1.23 (1.01 – 1.47) 0.042 
Socioeconomic status 

Most advantaged 
Second most advantaged 
Third most advantaged 
Fourth most advantaged 
Most disadvantaged 

 
Reference 

0.60 (0.51 – 0.89) 
1.52 (1.09 – 1.90) 
1.13 (0.85 – 1.50) 
1.58 (1.20 – 2.10) 

 
 

0.010 
0.005 
0.398 
0.001 

History of comorbidities 
Hemiplegia  1.44 (1.19 – 1.70) <0.001 
Dementia  2.16 (1.41– 3.30) <0.001 
Smoking  1.35 (1.09 – 1.69) 0.007 
Obesity 1.54 (1.03 – 1.69) 0.035 
Carotid stenosis 1.35 (0.97 – 2.29) 0.075 

Socio-economic status is measured using the Index of Relative Socio-economic 
Advantage/Disadvantage [1].  
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Table IV: Multivariable analysis of factors independently associated with self- reported 

anxiety or depression using the EQ-5D-3L at 90-180 days following excluding ‘in-

hospital strokes and transferred from another hospital’ 

Patients who completed the EQ-5D-3L  
anxiety or depression at 90-180 

following stroke 

(n=2404) 

Adjusted Odds Ratio (95% 
CI) 

p-value 

Stroke type 0.84 (0.73 – 0.97) 0.020 
Age  

<65  
65-74  
75-84  
85+ 

 
Reference 

0.79 (0.63 – 1.00) 
0.83 (0.66 – 1.05) 
1.16 (0.87 – 1.54) 

 
 

0.056 
0.114 
0.292 

Female 1.17 (0.99 – 1.40) 0.071 
Home with supports 1.42 (1.19 – 1.70) <0.001 
Length of stay (days) if discharged 1.01 (1.00 – 1.02) 0.003 
Unable to walk on admission 1.19 (0.99 – 1.44) 0.066 
Socioeconomic status 

Most advantaged 
Second most advantaged 
Third most advantaged 
Fourth most advantaged 
Most disadvantaged 

 
Reference 

1.18 (0.97 – 1.52) 
1.48 (1.09 – 1.90) 
1.09 (0.83 – 1.47) 
1.58 (1.20 – 2.10) 

 
 

0.199 
0.005 
0.332 
0.001 

History of comorbidities 
Hemiplegia  1.44 (1.19 – 1.74) <0.001 
Dementia  1.95 (1.27– 2.99) 0.002 
Smoking  1.30 (1.04 – 1.61) 0.021 
Obesity 1.49 (1.00 – 2.22) 0.051 
Carotid stenosis 1.39 (0.99 – 1.94) 0.056 
Anxiety or depression 2.38 (1.66 –3.40)  <0.001 

Acute stroke processes of care   
Treated in a stroke unit 0.92 (0.72 –1.16)  0.462 
Screen or swallow assessment <24 hours 0.92 (0.77–1.12)  0.420 
Mobilisation <2 days of admission 0.84 (0.56 –1.28)  0.433 
Thrombolysis in ischemic stroke  0.97 (0.66 –1.43) 0.889 
Discharged on antihypertensive 
medication 

1.16 (0.96–1.40)  0.124 

Discharge care plan provided 1.14 (0.89–1.47)  0.300 
Aspirin administration <48 hours in 
ischemic stroke 

0.88 (0.71–1.09)  0.240 

Discharged on anti-platelets or 
antithrombotics 

1.09 (0.85 –1.40)  0.498 

Socio-economic status is measured using the Index of Relative Socio-economic 
Advantage/Disadvantage [1]. 
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7.3 Summary  

In this paper I highlighted the importance of identifying those with prior diagnosis of anxiety, 

depression or dementia for early intervention and support when in hospital after stroke. This is 

especially important for those patients transitioning to home (i.e. into the community) straight 

from the hospital. Future research on how processes of care specific to psychological 

conditions provided in hospitals may influence the development of anxiety or depression in 

survivors of stroke is warranted. This would be of considerable importance for improving our 

understanding of anxiety or depression in survivors of stroke and to advance health care 

delivery in this area. However, an important limitation highlighted in this paper is the lack of 

validation of the EQ-5D-3L anxiety or depression domain. Therefore, in the next chapter I 

describe a study that I undertook to assess the convergent validity, sensitivity and specificity 

of the EQ-5D-3L anxiety or depression domain.  
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Chapter 8: Validating EQ-5D-3L to screen for 

anxiety or depression in stroke using AuSCR 

registrants 

 

 

 

 

8.1 Overview 

In this chapter, I describe a study that I undertook to assess the convergent validity, sensitivity 

and specificity of the EQ-5D-3L survey as a tool for screening anxiety or depression in people 

with stroke when used in population health research. As demonstrated in Chapters 4, 6 and 7, 

the EQ-5D-3L is increasingly being routinely collected in clinical quality registries, such as the 

AuSCR, to assess health-related quality of life. The EQ-5D-3L has good internal consistency 

when applied to a general population and has been validated as a health status measure in 

patients with stroke.115, 116 However, to our knowledge there is no information on the validity 

of the EQ-5D-3L anxiety or depression domain as an indicator of these respective disorders in 

patients with stroke. Given the essential need for reliable indicators of anxiety and depression 

in survivors of stroke, I sought to examine whether the EQ-5D-3L could be used as a suitable 

screening tool, by assessing the convergent validity, sensitivity and specificity against the 

Hospital Anxiety and Depression Scale (HADS), for anxiety or depression in this patient 

population (aim 4 of my thesis).  
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8.2 Introduction  

In Chapter 7, I highlighted mental health disorders, primarily anxiety and depression, which 

are the most common comorbidities reported by survivors of stroke. Anxiety or depression 

significantly alter outcomes following stroke, including the quality of the lives of patients with 

stroke, their families, social connectedness, and patient’s ability to recover.117 Despite these 

known impacts, evidence from the recent national audit results show little progress has been 

made in the provision of psychologist assessment, or follow-up of patients at risk of mental 

health disorders as a consequence of stroke.17  

Understanding the breadth and scale of the problem of mental health disorders subsequent to 

stroke is paramount to improving clinical practice. The development and validation of self-

reported data collection instruments to identify anxiety and depression at a population level has 

become an important area of outcomes research. However, to ensure reliability and validity, 

generic instruments require evaluation if they are to be used in a particular disease population. 

As described in Chapter 4, the AuSCR is a clinical quality disease registry that is used to 

prospectively collect important patient data, including type of stroke, quality of care received 

in acute hospital, and patient outcomes. Eligible registrants are followed-up between 90 to 180 

days following stroke and data on survival, living situation, perceived general health, disability 

and quality of life, using the EQ-5D-3L instrument, are collected. The EQ-5D-3L is 

increasingly being used in large population-based studies118-123 and clinical registries124-126 to 

assess health-related quality of life as a measure of population health status to inform public 

health and health care policy. One of the domains that can be reported from the EQ-5D-3L is 

the presence or absence of anxiety or depression (see Chapter 7).  

In the published paper presented in Chapter 7, the study sample (i.e. participants with anxiety 

or depression) was identified from those who did or did not report anxiety or depression on the 
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EQ-5D-3L anxiety or depression domain. One of the limitations of that study was that anxiety 

or depression status had not been measured using a disease-specific tool, such as the HADS. 

The EQ-5D-3L quality of life measure has been shown to have good internal consistency when 

applied, as a whole, to a general population and in groups of patients with chronic diseases, 

including stroke.127 However, I was unable to find any publications with information on the 

validity of the EQ-5D-3L anxiety or depression domain as a suitable screening tool for anxiety 

or depression following stroke.  

Factors such as fatigue, communication difficulties, and social isolation are often consequences 

of stroke reported by survivors, and may be associated with mental health disorders after stroke. 

Collecting new data on these variables as part of the AuSCR follow-up survey for this current 

study provided me with an opportunity to assess the temporal relationship between these factors 

and anxiety or depression.   

Given the need for anxiety and depression screening in survivors of stroke, I sought to examine 

the whether the EQ-5D-3L, a routinely collected measure, could be a suitable screening tool 

for anxiety or depression in this patient population. The primary objective of this study was to 

assess the convergent validity (i.e. extent to which two measures capture a same or similar 

construct)128, sensitivity and specificity of the EQ-5D-3L anxiety or depression domain as a 

measure of self-reported mood disturbance in patients with stroke. A secondary objective was 

to determine what factors may be associated with anxiety or depression post-stroke, including 

whether the presence of concurrent fatigue, communication difficulties or social isolation 

influence these outcomes.  
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8.3 Aims  

8.3.1 Primary 

 (i) To assess the convergent validity, sensitivity and specificity of the EQ-5D-3L instrument 

as a screening tool for self-reported anxiety and depression following stroke. 

8.3.2 Secondary 

(ii) To determine factors that may be associated with anxiety or depression including presence 

of fatigue or problems with cognition, social participation or communication. 

8.4 Methods 

8.4.1 Participants 

Registrants from the AuSCR admitted with stroke or TIA to 3 participating hospitals in 

Queensland, and aged over 18 years were eligible to participate. 

8.4.2 Study design 

To compare the convergent validity, sensitivity and specificity of the anxiety or depression 

domain of the EQ-5D-3L against the HADS, I undertook a cohort study whereby a sample of 

survivors of stroke registered in AuSCR were simultaneously requested to complete these two 

surveys as part of  the standard AuSCR 90-180 days follow-up procedure.  

8.4.3. Survey instruments 

All data were collected according to the standard follow-up procedures for the AuSCR (see 

section 8.4.4.2) The EQ-5D-3L questionnaire is a tool designed to measure overall quality of 

life and health status from patients (or carers).127 The health status is measured in terms of five 

domains; mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. The 
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mobility domain is an indication of the person's walking ability, while the self-care domain is 

about the ability to wash or dress by oneself, and the usual activities dimension measures 

performance in participant’s ability to work, study, do housework, and attend family or leisure 

activities. The pain/discomfort domain, is an indication of how much pain or discomfort they 

have, and the anxiety/depression domain, is about how anxious or depressed they are at that 

point in time. The respondents self-rate their level of severity for each domain using a three-

level scale; 1=no problems, 2=moderate problems, 3=extreme/severe problems. A summary 

index or utility score with a maximum score of 1 and minimum score of 0 can be derived from 

these 5 domains by conversion with a table of scores.129 The maximum score of 1 indicates the 

best health state, and lower scores indicate increasingly worse health states. In addition, 

respondents are asked to rank their health status from 0-100 using a visual analogue scale 

(VAS) whereby 100 is the best possible state and 0 the worst possible state.129 The instrument 

was designed to be generic enough to use in any patient populations, and is short so can be 

completed quickly.130 

The disease-specific tool used as a reference in this study is the HADS. This was chosen over 

the other diseases-specific screening tools as it is short, and most importantly includes items to 

assess both disorders, anxiety and depression separately (Table 8.1). Good reliability, validity, 

and excellent screening properties have been reported for the use of the HADS in the general 

population, and for various clinical populations.131 The HADS is a 14 item questionnaire 

sensitive for detecting anxiety and depression, and is commonly used and has been validated 

in acute stroke and other chronic illness populations.131, 132 It was originally developed to 

indicate the possible presence of anxiety and depressive states in the setting of a medical out-

patient clinic.133 The HADS contains two scales: one for anxiety (HADS-A) and one for 

depression (HADS-D). Each scale contains seven domains, with each domain rated from 0 

(best) to 3 (worst). The scale scores are calculated by summing the responses to the domains 
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up to a maximum score of 21 points (severe case) per scale. A subscale score higher than 7 

indicates a possible anxiety disorder or a depression.134 Scale scores of between 8 and 10 

identify mild, 11–15 moderate, and 16 or above severe cases of anxiety or depression.135 In the 

stroke population, the sensitivity of the HADS-A is 52%, and specificity is 90% for a score 

≥8.136 The sensitivity of the HADS-D ranges from 64%-73%, and specificity ranges from 82%-

89% for a score ≥8.132, 137  
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Table 8.1. Description of anxiety or depression specific screening tools validated in the stroke 

population 

Screening tools Number of 

items 

Time taken to 

complete 

(minutes) 

What does the tool 

measure? 

Hospital Anxiety Depression 

Scale  

14 5 anxiety and 

depression 

Irritability, Depression and 

Anxiety Scale 

18 10-15 irritability, anxiety 

and depression 

Hamilton Anxiety Rating Scale  14 10-15 anxiety 

Beck Anxiety Inventory  21 5-10 anxiety 

State-Trait Anxiety Inventory  40  anxiety  

Patient Health Questionnaire-9  9 5 depression  

Symptom Checklist-90  16 depression 

specific 

15  depression  

Hamilton Depression Rating 

Scale  

17 20 depression  

Zung Self-rating Depression 

Scale  

20  depression  

Stroke Aphasic Depression 

Questionnaire 

21 4  depression 

Beck Depression Inventory  21 5-10 depression  

Geriatric Depression Scale  30 8-10  depression  

General Health Questionnaire-

28  

28 5 psychological well-

being 
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8.4.4 Data collection 

Ethics approval for this project was obtained from the Royal Brisbane and Women’s Hospital 

Human Research Ethics Committee (HREC/18/QRBW/73). Site-specific applications were 

also obtained from the governance offices of the 3 hospitals from which their registry patients 

would be sent the survey.  

8.4.4.1 New data collection through AuSCR 

Study data were collected from May to October 2018, eligible AuSCR registrants were 

administered the brief additional survey questions, which included the HADS and the 6 

additional questions based on the International Consortium for Health Outcomes Measurement 

(ICHOM) standard set, (Appendix A), in addition to the routine 90-180 days AuSCR follow-

up survey (Appendix B). The choice of these additional variables was informed by the ICHOM 

survey for stroke that was developed after the AuSCR was established and has been 

recommended for use to permit comprehensive international comparisons of patient reported 

outcomes.138 The ICHOM: Standard Set for Stroke was established by a group of experts to 

enable the assessment of health care value in stroke management by recommending patient-

centred stroke outcome measures.138 ICHOM has also established similar measurement sets for 

other types of chronic illnesses.139 The AuSCR, however, only collects certain patient 

information aligned with the ICHOM standard set for stroke such as the modified Rankin Scale 

and the EQ-5D-3L (Figure 8.1). An additional question on taking medications for anxiety or 

depression was also included in the new survey. In order to understand the implications and 

value of adding additional variables, such as fatigue, communication difficulties and use of 

medications for anxiety or depression, to the follow-up survey of AuSCR there was an 

opportunity to add these variables and use them in the current study as part of completing the 
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secondary aim. The additional questions were approved by the ethics committee as being 

optional for survey respondents to complete.  

 

Figure 8.1. Comparing the ICHOM variables against the EQ-5D-3L collected in AuSCR 

 

 
 

8.4.4.2 AuSCR follow-up procedure 

As per the AuSCR follow-up procedures, a postal survey pack with cover letters (Appendix C 

and D), surveys and reply paid envelope was mailed to each registrant to collect the post-

discharge information. If the surveys were not returned within four weeks, another set of 

surveys were posted to the registrant and/or next of kin. After another 4 week period, a 

comprehensive telephone attempt to the registrant (and/or next of kin) was conducted. If all 

forms of contact were unsuccessful, then the registrant was deemed lost to follow-up. As per 
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usual AuSCR procedures, the completed surveys were returned to the AuSCR office at the 

Florey Institute of Neuroscience and Mental Health (Heidelberg, Victoria, Australia).  

8.4.4.3 Data entry and preparation of the dataset 

The AuSCR staff transposed written responses into the online registry database. The AuSCR 

data manager then extracted the required study data into a password protected excel file. The 

version of the data provided to me was de-identified by the National Data Manager of AuSCR, 

whereby all personal identifiers were removed and a project ID was added for each registrant, 

and sent to me for analysis via a secure CloudStor data file transfer. The dataset contained the 

following information: project specific ID, age, gender, country of birth, preferred language, 

stroke type, stroke admission date, stroke severity, whether the registrant is Aboriginal and/or 

Torres Strait Islander, current living situation, living on own, recurrent stroke status, self-

reported readmission status and date, responses to EQ-5D-3L domains, VAS scores, responses 

to the additional survey questions, based on the ICHOM survey, and survey completion date. 

For data verification purposes, a copy of the data is securely kept at the AuSCR office.  

8.4.5 Sample size 

The sample size was pragmatic for what could be achieved within the timeframe and budget of 

the study. Recruitment of consecutive eligible registrants with an assumed response rate of 

40% was anticipated and I sought to obtain a minimum of 280 participant responses (from 

approximately 700 surveys distributed). A previously published validation study of the EQ-

5D-3L and HADS in another patient population had approximately 151 participants.140 

8.4.6 Statistical analysis 

Descriptive statistics were computed for all variables in the overall sample to understand the 

characteristics and proportion of patients in each category of the HADS-A, HADS-D and EQ-
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5D-3L domain. The response rates and missing data for all additional questions, as well as the 

standard AuSCR variables were assessed. The feasibility of EQ-5D-3L anxiety or depression 

domain and HADS was investigated by calculating the percentage of missing values. Any 

registrants with missing data were not included in the convergent validity analyses.  

8.4.6.1 Convergent validity analyses 

For descriptive analyses, the HADS-A and HADS-D scores were calculated and then 

categorised into ‘no symptoms’ (i.e. no; level 1), ‘mild or moderate symptoms’ (i.e. 

mild/moderate; level 2, and 3), and ‘severe symptoms’ (i.e. severe; level 4). A comorbid score 

was also calculated using the HADS-A and HADS-D sub-scales where ‘no’ in HADS-A or 

HADS-D, was considered ‘no comorbid symptoms’, ‘mild/moderate’ in HADS-A or HADS-

D was considered ‘mild/moderate comorbid symptoms’, and ‘severe’ in HADS-A or HADS-

D was considered ‘severe comorbid symptoms’. The EQ-5D-3L anxiety or depression domain 

was dichotomised into ‘I am not anxious or depressed’ (i.e. no; level 1) and ‘moderately or 

severely anxious or depressed’ (i.e. yes; level 2 or 3).  

However, the convergent validity of the EQ-5D-3L anxiety or depression domain was assessed 

by examining the correlation with HADS scores categorised into two levels ‘no symptoms’ 

(i.e. no; level 1), and ‘mild or moderate or severe symptoms’ (i.e. yes; level 2, 3 and 4).141 A 

comorbid score was also calculated using the HADS-A and HADS-D sub-scales. Were ‘no’ in 

HADS-A and/or HADS-D, was considered ‘no comorbid symptoms’, and ‘yes’ in HADS-A 

and/or HADS-D was considered ‘mild or moderate or severe comorbid symptoms’. Validity 

coefficients were computed as Spearman’s rank correlation coefficients (r), with r > 0.5 

considered as a strong correlation, 0.3 to 0.5 as a moderate correlation and 0.2 to 0.3 as a weak 

correlation.142 
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The sensitivity (the ratio between true positives and positives), the specificity (the ratio 

between true negatives and negatives), and the area under the receiver operator characteristics 

(AU-ROC) were also calculated.143 An AU-ROC of 0.50 was considered no discrimination, 

0.70 to 0.80 was considered acceptable, 0.80 to 0.90 was considered excellent, and more than 

0.90 was considered outstanding.144 Any participant who did not complete either of the HADS 

sub-scales were considered missing, and not included in the analyses.  

8.4.6.2 The association of additional ICHOM variables with anxiety or depression 

Feasibility, including response rates and missing data, of the 6 additional questions based on 

the ICHOM Standard Care Set for Stroke was assessed.  

All analyses was conducted using Stata version 15 (StataCorp LP, College Station, TX, USA) 

and statistical significance was set at a p-value of 0.05. 

8.5 Preliminary results 

8.5.1 Summary of responses to the EQ-5D-3L and HADS 

Until the 31 October 2018, surveys from 53 AuSCR registrants has been received. Overall 37 

completed the EQ-5D-3L including the anxiety or depression domain (70% response rate). 

Forty-three participants completed the HADS survey (81% response rate). Characteristics of 

the included 37 participants are presented in Table 8.2. The median age of participants was 74 

years (Q1, Q3: 64, 81); 42% were female, and a majority were born in Australia.  
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Table 8.2. Demographic characteristics of studied population with stroke 

Variables Follow-up 

Sample size 

Age (years) 

median (Q1, Q3) 

37 

 

74 (64, 81) 

Female, n (%) 15 (42) 

Born in Australia, n (%) 27 (73) 

Interpreter required, n (%)  0 (0) 

In hospital stroke, n (%) 2 (5) 

Ischaemic, n (%) 28 (76) 

Haemorrhage, n (%) 6 (16) 

TIA, n (%) 2 (5) 

Unknown, n (%) 1 (3) 

Unable to walk on admission, n (%)* 22 (59) 

Q1: Quartile 1, Q3: Quartile 3, TIA: Transient Ischaemic Attack, * missing  

data for 8 participants 
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Using the EQ-5D-3L anxiety or depression domain, 57% reported having no problems with 

anxiety or depression (level 1), 32% reported having moderate problems with anxiety or 

depression (level 2), and 11% reported having severe problems with anxiety or depression 

(level 3; Table 8.3).  

The proportion of participants who reported having none, mild/moderate or severe problems 

(i.e. across 3 categories) with anxiety and depression using the HADS-A and HADS-D is also 

shown in Table 8.3. The median HADS-A score was 4 (Q1, Q3: 2, 8) with 24% screening 

positive for possible anxiety symptoms (levels 2-4). The median HADS-D score was 4 (Q1, 

Q3: 2, 7) with 35% screening positive for possible depressive symptoms (levels 2-4).  
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Table 8.3. Distribution of EQ-5D-3L anxiety or depression domain and HADS responses at AuSCR follow-up between 90 to 180 days  

 Follow-up N =37* 

  EQ-5D-3L 

 anxiety or depression 

domain 

 

Hospital Anxiety and Depression Scale 

Categories* HADS-A 

 

HADS-D 

 

HADS-A and/or HADS-D 

 All 

No problems 

Moderate problems 

Severe problems 

     n (%) 

21 (57) 

12 (32) 

4 (11) 

n (%) 

28 (76) 

  5 (13) 

4 (11) 

n (%) 

24 (65) 

11 (30) 

       2 (5) 

    n (%) 

33 (89) 

2 (5) 

2 (5) 

Males (n=21) 

No problems 

Moderate problems 

Severe problems 

 

12 (57) 

7 (33) 

2 (10) 

 

 

16 (76) 

3 (14) 

2 (9) 

 

 

13 (62) 

7 (33) 

1 (5) 

 

19 (90) 

1 (5) 

1 (5) 

Females (n=15) 

No problems 

Moderate problems 

Severe problems 

 

9 (60) 

4 (27) 

2 (13) 

 

11 (73) 

2 (13) 

2 (13) 

 

10 (67) 

4 (27) 

1 (7) 

 

13 (87) 

1 (7) 

1 (7) 

*data presented as N (%); Data for sex available for 36 participants (missing for n=1) 
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8.5.2 Convergent validity of EQ-5D-3L in screening for anxiety symptoms 

A strong correlation was observed between the EQ-5D-3L anxiety or depression domain and 

HADS-A (rho = 0.65, p=<0.001). The EQ-5D-3L anxiety or depression domain against the 

HADS-A observed an excellent AU-ROC (0.80; 95% CI: 0.66, 0.94). Sensitivity and 

specificity were 89% and 71%, respectively (Figure 8.2).  

 

Figure 8.2. Overall AU-ROC for the performance of EQ-5D-3L anxiety or depression 

domain and HADS-A in screening for anxiety symptoms (N=37). 

 

 

 

8.5.3 Convergent validity of EQ-5D-3L in screening for depression symptoms 

A strong correlation was observed between the EQ-5D-3L anxiety or depression domain and 

HADS-D (rho = 0.68, p=<0.001). The EQ-5D-3L anxiety or depression domain against the 

HADS-D observed an excellent AU-ROC (0.82; 95% CI: 0.69, 0.95). Sensitivity and 

specificity were 85% and 79%, respectively (Figure 8.3).  
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Figure 8.3. Overall AU-ROC for the performance of EQ-5D-3L anxiety or depression 

domain and HADS-D in screening for anxiety and depressive symptoms (N=37). 

 

 

 

8.5.4 Convergent validity of EQ-5D-3L in screening for comorbid anxiety or depression 

A moderate correlation was observed between the EQ-5D-3L anxiety or depression domain 

and comorbid anxiety or depression symptoms (rho = 0.47, p=0.002). The EQ-5D-3L anxiety 

or depression domain against the comorbid anxiety or depression symptoms observed an 

excellent AU-ROC (0.82; 95% CI: 0.62, 1.00). Sensitivity and specificity were 100% and 64%, 

respectively (Figure 8.4).  
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Figure 8.4. Overall AU-ROC for the performance of EQ-5D-3L anxiety or depression 

domain and combined HADS-A and HADS-D in screening for anxiety and depressive 

symptoms. 

 

 

 

8.5.5 Feasibility of the explanatory factors that may be associated with anxiety or 

depression.  

Forty-three participants completed the additional questions based on the ICHOM survey (81% 

response rate). Data were only comparable for 37 participants and will be the basis of a future 

publication. Table 8.4 provides a summary of the responses to these questions based on the 

presence of anxiety or depression as self-reported from the EQ-5D-3L domain responses. 
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Table 8.4. Summary of responses to additional questions based on the ICHOM survey  

Anxiety/depression reported at 90–180 days 

following 

stroke/TIA using EQ-5D-3L 

Yes 

(n=16) 

N (%) 

No 

(n=21) 

N (%) 

p value 

ICHOM extra questions      

Ability to think 

Excellent 

Very good 

Good 

Fair 

Poor 

 1 (6) 

3 (19) 

4 (25) 

8 (50) 

0 (0) 

1 (5) 

5 (24) 

2 (10) 

7 (33) 

6 (28) 

 

 

 

 

 

 

0.154 

Need tube for feeding 

No 

Yes 

16 (100) 

0 (0) 

21 (100) 

0 (0) 

 
 

 

N/A 

Problems with communications or understanding 

No 

Yes 

10 (63) 

6 (37) 

19 (90) 

2 (10) 

 

 

0.041 

Satisfaction with social activities and relationships 

Excellent 

Very good 

Good 

Fair 

Poor 

3 (19) 

3 (19) 

5 (31) 

4 (25) 

1 (6) 

3 (19) 

3 (19) 

5 (31) 

4 (25) 

1 (6) 

 

 

 

 

 

 

0.569 

Fatigue in the past 7 days 

None 

Mild 

Moderate 

Severe 

Very severe 

2 (13) 

5 (31) 

3 (19) 

4 (25) 

2 (12) 

0 (0) 

5 (26) 

9 (47) 

3 (16) 

2 (11) 

 

 

 

 

 

 

0.295 

Other    

On medications for anxiety or depression 

No 

Yes 

12 (80) 

3 (20) 

17 (81) 

4 (19) 

 
 
 

0.943 
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8.6 Discussion 

To our knowledge, this is the first study on the convergent validity, sensitivity and specificity 

of the EQ-5D-3L anxiety or depression domain in the stroke population. With a strong 

correlation to the reference measure (HADS), and acceptable sensitivity and specificity, the 

EQ-5D-3L anxiety or depression domain may be a suitable tool to screen for anxiety and 

depressive symptoms in survivors of stroke at 90-180 days following stroke. Preliminary data 

were presented because comparable data were only available for 37 participants at the time of 

initial analyses. Data collection is currently ongoing. Nonetheless, strong indications of the 

sensitivity and specificity of the EQ-5D-3L anxiety or depression domain against the HADS.  

The convergent validity of the EQ-5D-3L anxiety or depression domain, with HADS as the 

reference measure, has only been studied in patients with anxiety and depression disorders, and 

acute lung injury before. 140, 145 In these studies, the correlation of the EQ-5D-3L anxiety or 

depression domain was strongest with HADS-A, and only moderate with HADS-D. However, 

in my study, the preliminary correlation was strongest with HADS-D (rho: 68) and then EQ-

5D-3L anxiety or depression domain with HADS-A (rho: 65).  

More importantly, for screening purposes, a high sensitivity is more important than a high 

specificity.146 Having a high specificity may be important for a diagnostic tool, where those 

correctly identified without the disease, need not undergo invasive treatments. In the case of 

population screening for anxiety or depression, it is important to be able to identify those with 

a serious but treatable disorder. In my study, the sensitivity was greatest at 100%, with a high 

AU-ROC, in comorbid conditions, suggesting that the EQ-5D-3L may be very sensitive in 

identifying those at risk in either disorders, anxiety or depression. Moreover, when assessing 

the disorders separately, an optimal balance between sensitivity and specificity was achieved 
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when anxiety or depression was defined by a score of 8 or above on both HADS-A and HADS-

D, respectively.  

Several factors need to be considered to use the EQ-5D-3L survey for the purpose of screening 

for anxiety or depression symptoms. The study period for responding to this question based on 

the perception of the respondent ‘today’, and the domain refers to the severity of the problem, 

and not the frequency. Moreover it is not possible to separate out symptoms of anxiety from 

symptoms of depression. The main advantage of the EQ-5D-3L is that it is short and easy to 

complete in a number of settings and often routinely collected. Since the EQ-5D-3L is not 

disease-specific but a general health outcome survey, it can allow comparisons across a number 

of clinical populations. Moreover, the EQ-5D-3L offers the ability to screen for anxiety and 

depressive symptoms using only one question representing, ‘anxiety or depression domain’. 

To use the HADS as a screening tool, one needs to answer all of the 14 items, and apply the 

scoring algorithm to obtain the respective anxiety and depression scores. Interestingly, in this 

study the response rate for the EQ-5D-3L anxiety or depression domain was lower than the 

HADS response rate (70% vs 81%). Nevertheless, given that the EQ-5D-3L is increasingly 

being used in large population-based studies118, 123and clinical registries such as the AuSCR124 

to assess health-related quality of life, I provide evidence that it can be reliably used for routine 

mood disorders screening in the stroke population.  

Several limitations should be considered in the interpretation of the results of this study. First, 

anxiety and depressive symptoms assessment was based on self-report, so may be subjected to 

responder bias. Secondly, although the HADS is used as an established screening measure of 

anxiety and depression symptoms as a reference standard, it is not a ‘gold standard’. Therefore, 

comparing the performance of the EQ-5D-3L to clinical assessments of these symptoms would 

provide a more robust conclusion about its suitability for this purpose. Nevertheless, in our 
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study of survivors of stroke, the EQ-5D-3L anxiety or depression domain did demonstrate good 

convergent validity with a widely used disease-specific measures of anxiety or depression. 

Thirdly, the EQ-5D-3L anxiety or depression domain cannot delineate between anxiety and 

depression. These disorders are often comorbid, but are separate disorders with different 

treatment strategies. An important limitation of dichotomising scores in HADS into “no” and 

“yes” is that information on the severities of the disorder is not accounted for in the group of 

“yes”. However, categorisation allows the data to be comparable with the EQ-5D-3L, and is 

based on the manuals of both surveys.129, 133 

This study provides information regarding the usefulness of the EQ-5D-3L for population 

health research of initial clinical screening purposes (i.e., to identify possible ‘sub-clinical 

symptoms’). Despite ongoing concerns regarding the use of generic quality of life measures 

for clinical decision making, such as the EQ-5D-3L, in mental health,147 our findings lend some 

support for the possible use of the EQ-5D-3L for population screening purposes to report the 

prevalence of conditions such as anxiety or depression, in the stroke population.  

In addition, in the preliminary data obtained, the response rate to the additional questions based 

on the ICHOM survey was quite high. This suggests that these additional questions may be 

collected on an ongoing basis as part of AuSCR follow-up. However, the association of these 

additional variables with anxiety or depression could not be assessed with this dataset due to 

the small sample size.  

 

8.7 Conclusion 

This is the first study to assess the convergent validity, sensitivity and specificity of the EQ-

5D-3L anxiety and depression domain as a measure of anxiety or depression in the stroke 

population. The EQ-5D-3L anxiety or depression domain was found to be a suitable tool for 
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screening of anxiety and depressive symptoms in survivors of stroke at 90-180 days following 

stroke. The tool presents a unique opportunity for a standardised approach for routine mental 

health screening as part of large clinical registries such as the AuSCR.  
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Chapter 9: The potential for movement-based 

mindfulness interventions on moderating risk 

factors for stroke 

 

 

 

9.1 Overview 

In Chapters 6 and 7, the strategies for early intervention (i.e. when in hospital or transitioning 

to home) that could help reduce the impact of anxiety or depression following stroke was 

highlighted. In Chapter 8, I undertook a validation study on the EQ-5D-3L anxiety or 

depression domain to assess if this survey could be used as a potential screening tool for 

patients with a high risk of developing these mood disorders. In this chapter and the next 

(Chapter 10), I provide the evidence base for a community-based intervention that could help 

reduce some of the long-term impacts of stroke, including problems with anxiety or depression. 

Behavioural therapies using MBIs, such as yoga, may be one way of addressing these 

problems.23-27 However, differences in the types of MBIs used, and a lack of controlled studies, 

make it difficult to determine the efficacy of MBIs for survivors of stroke.28 Therefore, further 

research is required to assess the suitability of MBIs, within the context of stroke, as a recovery 

option. 

In this chapter, I explore how MBIs may have a role in moderating risk factors for stroke in 

order to prevent recurrent events. This chapter and the following chapter address the fifth aim 

of my thesis: to systematically evaluate published evidence on the effectiveness of MBIs for 
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moderating risk factors of stroke, and reducing the risk of poor patient outcomes or 

comorbidity, including anxiety or depression. 

The aim of the following paper was to provide a scoping review of the existing evidence of 

how MBIs may influence some of the modifiable risk factors for stroke and CVD. This paper 

was the first review to comprehensively explore the potential effectiveness of yoga and tai chi, 

in moderating modifiable risk factors for stroke and CVD, thus expanding the scope of 

intervention types and focus. My contribution is at 80%, and the nature of my contribution was 

concept, literature search, data management, analysis, interpretation and writing of first draft 

of the manuscript.  

The following paper was published in Future Neurology (2018; Vol 13(4): 239-252). 
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Following an initial stroke, approximately two in five people will experience another stroke within
10 years. Recurrent strokes are often more severe and fatal. Mindfulness-based interventions (MBIs) that
use movement to focus attention, such as yoga and tai chi, may offer a lifestyle strategy in addition to
standard rehabilitation options, for moderating risk factors for stroke. We conducted a scoping review
to explore the potential for yoga or tai chi to moderate modifiable risk factors for stroke. 26 papers be-
tween 1985 and 2017 were identified using online and gray literature databases. Overall, yoga or tai chi
may reduce hypertension (up to 16/9 mmHg), and to a lesser extent some lipid and blood sugar levels.
Study designs were heterogeneous. Further research on mediating pathways of MBIs, such as yoga or tai
chi, on modifiable risk factors for stroke is warranted.

First draft submitted: 24 February 2018; Accepted for publication: 10 July 2018; Published online:
27 September 2018

Keywords: lifestyle • mindfulness • risk factors • review • stroke • tai chi • yoga

Stroke is a major neurological disease that accounts for nearly 5.7 million deaths and 16 million new stroke events
globally in 2005. It is projected to cause 7.8 million deaths and 23 million new stroke events by 2030 [1]. Survivors
of stroke are at an increased risk of recurrent stroke, being approximately 16% within 1 year, 32% within 5 years
and 43% within 10 years [2]. Critically, the consequences of recurrent strokes are more severe than initial strokes
and is a major cause of further comorbidities and mortality, thereby causing greater burden on survivors, families
and healthcare systems [3].

Modifiable risk factors for stroke [4] include smoking, high blood pressure, high cholesterol levels, physical
inactivity, overweight, diabetes, poor diet, mood and excessive intake of alcohol. On the other hand, risk factors such
as family history, ethnicity and age cannot be changed [4]. There is also evidence that mental health comorbidities,
such as stress, anxiety and depression, which are often experienced by patients following a stroke [5] can increase
the risk of future stroke events [6], and mortality [7]. Individuals with multiple risk factors are at much greater
risk of suffering from a recurrent stroke or cardiovascular events than those with a single risk factor [8–10]. Ideally,
modifiable risk factors should be identified early, and managed with effective treatments as recommended in clinical
practice guidelines. Some risk factors for stroke are the same as in cardiovascular diseases (CVD; e.g., high blood
pressure, cholesterol and diabetes), and therefore the benefits of secondary prevention strategies may relate to both
conditions [11].

Behavioral (lifestyle) strategies, such as increasing physical activity and improving diet, and pharmacological
interventions have important roles in reducing the future risk of recurrent stroke [12]. Exercise has well-documented
health benefits, but survivors of stroke often find it difficult to participate in exercise regimens particularly when

Future Neurol. (2018) 13(4), 239–252 ISSN 1479-6708 23910.2217/fnl-2018-0005 C© 2018 Future Medicine Ltd

165



Review Thayabaranathan, Immink, Stevens et al.

they have significant residual physical impairments [13]. There are a range of mindfulness-based interventions
(MBIs) and these include meditation, mindfulness-based stress reduction, yoga, tai chi, qigong or reiki. The major
common component in MBIs is the aim of establishing states of mindfulness where purposeful attention is directed
to the present moment enabling a full awareness of experiences in a nonjudgemental and accepting manner [16].
MBIs that include movement to focus attention may have a relevant role after stroke. Movement-based MBIs
are thought to promote disposition for calm alertness, composure and acceptance of body through training with
movement-based techniques that emphasise focusing attention on movement [17–19]. In people with stroke, the
ability to concentrate can be affected. Therefore, movement-based MBIs, such as yoga and tai chi, may be helpful in
developing concentration levels in people who have difficulties with concentration. Yoga and tai chi are emerging as
promising adjunct therapies, in addition to standard recommended rehabilitation options, for reducing risk factor
profiles or comorbidities in patients with stroke or CVD in western countries [5,14,15].

In this scoping review, we aimed to synthesize the existing evidence of how yoga and tai chi may influence some
of the modifiable risk factors for stroke and CVD.

Methods
Identifying the research question
The research question, developed using the Population, Intervention, Comparison, Outcome (PICO) framework [20]

was: ‘What is the current state of knowledge on the potential of how yoga and tai chi may influence some of the
modifiable risk factors for stroke and CVD?’

Ethics & dissemination
Formal ethics was not required as individual patient data were not collected. We conducted a scoping literature
review. The scoping review was guided by Arksey and O’Malley’s methodological framework [21] which includes:
identifying the research question; searching for relevant studies; selecting studies; charting the data and collating,
summarizing and reporting the results. The aim of a scoping review is to map existing literature in a given field
when the topic is of a heterogeneous nature and has not been extensively reviewed [22]. While the scoping review
has a number of similarities to a systematic review, it does not typically involve quality assessment of the included
literature, and the findings are reported in a narrative format.

Identifying relevant studies
An electronic database search was conducted for original studies or review articles, using MEDLINE, CINAHL,
Scopus, Google Scholar and The Cochrane Library, searching dates between 1 January 1985 and 31 December 2017
using the keywords: pathophysiology or pathways and stroke or cardiovascular diseases or brain and mindfulness
or meditation or yoga or tai chi for each of the databases. The reference lists of included papers were also manually
searched to identify any potentially relevant studies or reviews not found in the electronic search. Only full papers,
in the English language, were considered.

Study selection
Each potentially eligible publication was independently assessed for inclusion and quality. One author (TT)
performed the initial review of publications using the following inclusion criteria: studies with a focus on yoga- or
tai chi-based MBIs and their impact on various modifiable stroke risk factors, no preselected criteria for assessment
time periods, settings included primary care hospitals, mental health centers and community health, studies that
were randomized controlled, controlled or descriptive and had retrospective or prospectively collected data, multi-
case and single-case studies without original data and any systematic reviews that highlighted the impact of MBIs
on any modifiable risk factor.

The following criteria were set for exclusion of studies: did not include yoga or tai chi as the MBI intervention,
programs that were not related to chronic illnesses, studies where stroke risk factors were not investigated, and
finally opinion pieces and conceptual studies. TT filtered abstracts or full articles using the eligibility criteria. Other
authors provided input if uncertainty for inclusion was raised, or if they were aware of other relevant papers not
identified.
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Figure 1. PRISMA flow diagram showing study selection.

Charting the available evidence
Articles that met the inclusion criteria were reviewed in detail. A Word-based (Microsoft Office version 15)
extraction table was designed and used to summarize data using the following descriptors: study (year), article
type, study design and targeted population, participant characteristics, sample size, MBI frequency and type, risk
factors/pathways assessed, relevant results and limitations.

Results
In total, 55 articles were identified (Figure 1). Following eligibility assessments, 26 articles; 19 original and seven
reviews (Table 1) were included in this review based on the selection criteria. Among the 19 original research studies,
15 studies were pilot randomized controlled trials [23–37] and four were before-after intervention designs [38–41].
Overall there were 15 articles on the effects of yoga on moderating risk factors for stroke and CVD [5,23–28,38–45]

and 11 articles associated with tai chi [30–37,46–48]. In particular, authors of 21 articles described the impact of the
MBI on the traditional stroke risk factors such as blood pressure, cholesterol and blood glucose levels [24–28,30–

38,40,42–44,46–48].
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A summary of the main findings on the effect of MBIs, in other words yoga and tai chi, on
potentially moderating stroke risk factors
Blood pressure

In 16 articles a description of the association between MBIs and blood pressure was provided [26–28,30–32,34,35,38,40,42–

44,47,48]. A meta-analysis of nine randomized controlled trials of the effect of MBIs on blood pressure provided
evidence for a reduction in systolic blood pressure (by 4.7 mmHg) and diastolic blood pressure (by 3.2 mmHg) was
observed among those in the intervention group compared with the control group [42]. In another meta-analysis,
Hagins et al., reported a similar decrease in blood pressure (systolic blood pressure by 3.5 mmHg and diastolic blood
pressure by 2.5 mmHg) [43]. Moreover, a greater reduction in systolic blood pressure (range: 12.4–15.6 mmHg)
and diastolic blood pressure (6.03–10.7 mmHg) was observed in two other meta-analyses [47,48]. In a study by
Tsai et al., patients with hypertension were observed to have a significant reduction in systolic blood pressure
(15.6 mmHg) and diastolic blood pressure (8.8 mmHg) after completing a 12 weeks MBI intervention [35]. In
two other randomized controlled trials (n = 266), there was no significant between group differences in blood
pressure [31,32].

Cholesterol

Ten articles included evaluation of the effectiveness of practicing MBIs on cholesterol levels, and the results
appeared to vary [24–26,31,32,35–37,44,46]. Tsai et al. found that in among 76 participants’ total cholesterol levels
were significantly reduced by 15.2 mg/dl (p < 0.05) [35]. A decrease in total cholesterol was also observed in
another study by Song et al. (n = 15) [33]. MBIs appeared to reduce the levels of low density lipoprotein (LDL) by
0.37 mmol/l in patients with obesity [33]. A decrease in LDL was also seen in patients with type 2 diabetes and
coronary heart disease [24,25]. However, the effectiveness of MBIs on regulation of high density lipoproteins (HDL)
and triglycerides is less consistent. In the study by Tsai et al. (n = 76), HDL levels increased by 4.7 mg/dl [35]. Levels
of HDL also increased post-MBI intervention in two other studies [33,46]. In one study, the levels of triglycerides
were lowered by 0.28 mmol/l [33]. While in other studies, MBIs did not appear to affect participants’ HDL or TG
levels [25,32,37].

Diabetes

In nine studies there was promising evidence reported that MBIs can reduce diabetic symp-
toms [24,26,31,32,36,37,44,46,47]. In the study by Gordon et al., those with type 2 diabetes (n = 77) and completing
6 months of a MBI intervention, had a reduction fasting blood glucose levels by 29.48% versus the conventional
exercise group (27.43%; p < 0.0001) [24]. Reductions in blood glucose levels were also observed in one original
study and two reviews [31,44,47]. However, in some studies no significant change in blood glucose or insulin sensi-
tivity was observed in those at high risk [26,36,46]. Interestingly, an association between blood glucose and body fat
was reported in one study [36].

Atrial fibrillation

Only one before-after study was identified that provided evidence of the effect of an MBI intervention on the burden
of atrial fibrillation (AF) in 49 patients. MBI significantly reduced symptomatic AF episodes by 1.7% (p < 0.001),
symptomatic non-AF by 1.5% (p < 0.001), and asymptomatic AF episodes by 0.08% (p < 0.001) [41].

Smoking & alcohol consumption

Only one randomized-controlled trial was identified that assessed the impact of an MBI on smoking cessation in
88 nicotine-dependent adults [23]. Those who completed the 4-week MBI intervention showed a greater rate of
reduction in cigarette use and maintained these gains during follow-up (F = 11.11; p = 0.001). Participants also
exhaled a reduced amount of carbon monoxide at the end of treatment (36 vs 15% [usual care]; p = 0.063), which
was sustained at the 17-week follow-up (31 vs 6% [usual care]; p = 0.012) [23]. No studies were identified that
assessed the effectiveness of an MBI on alcohol consumption.

Overweight

Eight articles were identified that investigated the effect of an MBI intervention on moderating weight or body
composition factors (e.g., BMI or waist circumference) [25,26,30,34,40,44,46,47]. BMI was reduced by 1.65 kg/m2

in one meta-analysis [47], and significant weight reduction was also observed in the other review article [44]. In a
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study by McDermott et al., 41 healthy adults with a high risk of developing diabetes, were randomized to either
complete an 8-week MBI intervention (n = 21) or an active control arm (n = 20) [26]. Between group weight
differences were statistically significant in those that completed the MBI intervention (0.8 kg) compared with the
control arm (gained 1.4 kg, p = 0.02). Similarly, BMI and waist circumference also decreased by 0.2 kg/m2 and
4.2 cm, respectively, in the intervention participants, whereas BMI and waist circumference increased by 0.6 kg/m2

(p = 0.05) and 0.7 cm (p < 0.01) in the participants who were in the control group.

Mental health comorbidity

A recent systematic review by our group compiled evidence on the effectiveness of yoga on moderating anxiety
and depression in survivors following stroke [5]. The MBI was found to be beneficial in significantly reducing state
anxiety symptoms and depression in the intervention group compared with the control group (mean differences for
state anxiety 6.05, 95% CI: -0.02–12.12; p = 0.05 and standardized mean differences for depression: 0.50, 95%
CI: -0.01–1.02; p = 0.05). In a before–after study by Lakkireddy et al. (n = 49), in those who completed the MBI
intervention (n = 21), a reduction was observed in self-reported anxiety (9 points) and depression (4 points) [41]. In
another study by Liu et al., those who completed the 12-week intervention had a significantly greater reduction in
anxiety (2.3 units) and depression (5.6 units) when compared with the control group (usual care) [32]. Anxiety and
depression symptoms were also decreased in two other studies [35,39]

Discussion
This scoping review provides a summary of the current literature of the potential changes to stroke and CVD
risk factors that are altered by MBIs, such as yoga and tai chi. Previous reviews had a different focus evaluating
only some of the benefits of yoga for stroke rehabilitation [16,49]. A recent review explored the impacts of tai chi
on moderating risk factors for stroke for primary prevention [47]. In this current review, the effectiveness of yoga
and tai chi, and its potential to moderate all modifiable risk factors for stroke and CVD was comprehensively
explored with an expanded scope of intervention types and focus. In addition, MBIs, such as yoga and tai chi,
may offer a lifestyle strategy in addition to other standard medical treatments to moderate some of the risk factors
for stroke. Understanding the potential risk reduction associated with MBIs is important for both researchers and
practitioners to inform the choice of adjunct interventions and training programs implemented for those with high
risk of recurrent stroke or CVD.

MBIs appear to moderate some of the major traditional risk factors for stroke. It is well known that high blood
pressure is the single biggest modifiable risk factor for stroke [4]. There is increasing evidence that MBIs can be a
very effective and noninvasive way of reducing hypertension in people with stroke [28,43,44]. Some evidence suggests
that MBIs, through deep breathing, balance and stabilizing of the autonomic nervous system, resulting in the
regulation of blood pressure [27,50]. However, extended deep breathing can lead to a sustained lower heart rate [27].
Also, practicing an MBI when experiencing stress is postulated to manage the ’fight or flight’ response to negative
stress, and thereby result in a lowered blood pressure [42]. Nearly a third of adults around the world suffer from
high blood pressure, and it is forecasted to increase globally in the future [51]. Therefore, it is important to find
interventions to help reduce blood pressure. In the PROGRESS trial, which had the aim of assessing prevention of
strokes by lowering blood pressure in patients with cerebral ischemia using medications, blood pressure was reduced
by 12/5 mmHg [52]. Although the measures are clinically meaningful, the magnitude of change was greater in a
recent MBI-based trial (16/9 mmHg) [41]. Since blood pressure is hard to control, may be MBIs could be used in
addition to other evidence-based medical treatments.

There is growing evidence that MBIs can reduce contributing factors of a diabetic profile in patients with high
risk and symptoms. It is suggested that the practice of physical movements and deep breathing in MBIs assist in
contracting and relaxing specific areas of the abdomen which stimulates the pancreas, thereby increasing blood
and oxygen supply to the tissues and enhancing production of insulin [53]. As previously described, MBIs have
been shown to reduce LDL cholesterol and triglyceride levels, both of which are often accompanying symptoms
for diabetes [24]. Furthermore, MBIs may reduce diabetic profile by decreasing oxidative stress and improving
antioxidant status [24]. People with diabetes are also more likely to have high blood pressure, which further increases
the risk of a recurrent stroke [4]. This further highlights that stroke is a complex neurological illness and survivors
with multiple risk factors have a much greater risk of a recurrent stroke event.
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Moreover, high cholesterol levels are an important risk factor for stroke and CVD events. However, there is
differing evidence of the impact of MBIs on blood cholesterol levels. The underlying pathophysiological mechanisms
that result in moderating the cholesterol levels is not well understood.

Patients with AF generally experience more severe strokes [54]. MBIs appear to be beneficial in patients with AF;
however, the precise underlying mechanisms remain unclear. Some authors suggest that MBIs may prevent the initia-
tion of AF and perpetuation through its many effects such as increasing the activity of the parasympathetic nervous
system; suppressing extreme fluctuations in the autonomic nervous system components via the hypothalamic–
pituitary–adrenal axis; and decreasing the progression of the arrhythmias by preventing or minimizing change in
atrial structure or function [41].

The risk of stroke in people who frequently smoke tobacco is two to fourfold greater when compared with lifelong
non-smokers or individuals who have quit smoking more than 10 years prior [55]. In this review, we identified
only one study that assessed the effectiveness of a MBI intervention on ceasing smoking. However, the plausible
mechanisms were not provided [23]. There were no articles on the impact of MBIs on alcohol consumption. In
the future, it may be important for researchers to further assess the effectiveness of MBIs in moderating smoking
or alcohol consumption, and to also determine whether changes in the addiction process or other mechanisms
mediate the effects of MBIs in smoking or alcohol cessation.

Out of the many consequences experienced by survivors of stroke, depression and anxiety are frequently reported.
Approximately 30–50% of survivors of stroke suffer from anxiety and depression following stroke [56,57]. This could
be attributed to factors such as the initial shock of a stroke incident, and feelings associated with loss of independence
and physical function [58]. These symptoms are distressing for both the patients and their caregivers, and negatively
influence the patient’s quality of life [59]. Although there is growing literature of the effectiveness of MBIs on
improving mental health [5,39,41], the underlying pathophysiological changes to the areas in the body that control
emotional health is unclear. One way in which MBIs may impact on anxiety and depression is the modulation of
GABA in the brain, which is vital for a well-functioning brain and CNS [60,61]. GABA helps to promote the feelings
of calmness inside the body and a reduction in GABA levels is associated with depression and anxiety [62]. The other
two proposed pathways that MBIs may reduce stress levels are via increased activation of the peripheral nervous
system, and reducing the levels of cortisol via the hypothalamic–pituitary–adrenal axis [45,60]. Research evidence
suggests that MBIs may increase default mode brain network connectivity within regions that are important for
a wide range of high-level processes, such as attention, planning, reasoning and cognitive flexibility [63,64]. It is
thought that this, in turn, improves emotion regulation, stress resilience and stress-related health outcomes. There
is an urgent need for well-designed neuroimaging studies that particularly investigate the changes, due to MBIs, in
brain structure and connectivity that control emotional and mental health in survivors of stroke.

There is a need to further unpack these beneficial changes to pathophysiological pathways leading to therapeutic
changes to some of stroke’s most harmful risk factors. We suggest that the investigated mechanisms of change of
MBIs on some of the risk factors for stroke may overlap and may not be independent pathways. Future research
must investigate the shared work between the various pathways.

A limitation of this scoping review is the inability to directly compare studies due to the varying study designs and
the diversity of the disease populations studied. At this stage, it is not possible to report on any definite differential
effect between yoga and tai chi. Based on the current findings of limited studies, heterogeneity among interventions
and research designs including differing duration of the MBI intervention, and the paucity of data in the stroke
population, it might not be feasible to conduct a systematic review and meta-analyses in the near future, until more
research is conducted with better methodological consistency. Nevertheless, the current growing literature provides
possible explanations for the pathophysiological pathways that may be influenced by MBIs in those with risk factors
for stroke and CVD and provides an insight for future investigations. We also acknowledge that there may be the
potential for publication bias. Yoga and tai chi are alternative interventions and relevant research may have been
missed if not published in the common medical or sciences databases that we searched. We attempted to address
publication bias by undertaking a manual search of complementary medicine journals to check for any research on
MBIs in stroke populations and by electronic searches of the web via Google to identify relevant gray literature.
Co-authors working in the field Maarten A Immink and Philip Stevens were also consulted, and we believe it is
unlikely that we missed any article relevant to this review.
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Conclusion
This was a large and comprehensive scoping review to inform the field on the current state of knowledge on the
potential relationship between yoga or tai chi and stroke, and CVD risk factors. Despite extensive searches, we
identified limited research on the effect of yoga or tai chi on risk factors for stroke and CVD. It appears that the
pathways by which yoga or tai chi improves risk factor profiles are very complex. However, there are numerous
methodological limitations that impact the generalizability of these promising study findings. Further research
conducted to explore the potential causal effects of yoga or tai and other MBIs on different organ systems, and risk
factors for stroke and CVD is warranted.

Future perspective
The authors of this scoping review highlight the lack of high-quality studies on MBIs to moderate risk factors and
prevent recurrent stroke. There are no studies that are comparable because of the variation in intervention duration,
study population, study design and outcome measures. Ideally, the first step is to conduct a high-quality randomized
controlled trial in which the targeted movement-based mindfulness intervention is investigated. The trials should
include appropriate power calculations to identify the required sample size to see a minimum meaningful effect.
Given the economic burden in healthcare, these studies should include clinical effectiveness and cost effectiveness
analyses.

Executive summary

Background
• The chance of recurrent stroke after an initial event is >40% within 10 years, and they are often more severe

and fatal.

• Ideally, modifiable risk factors should be identified and managed with effective secondary prevention strategies
according to the available evidence as recommended in clinical guidelines.

• Mindfulness-based interventions (MBIs) are emerging as promising adjunct lifestyle strategy for moderating risk
factors for stroke.

Evidence
• There is growing evidence that movement-based MBIs, such as yoga and tai chi, may moderate some of the

highly prevalent modifiable risk factors for recurrent stroke, such as high blood pressure, diabetes, cholesterol
and mental health.

• The effectiveness of MBIs on reducing excessive smoking and alcohol intake, or decrease the burden of atrial
fibrillation is not very well understood.

Discussion
• There is emerging interest in assessing the effectiveness of MBIs on chronic illnesses, but very little is known

about the potential mechanism in preventing recurrent stroke.

• Developing an understanding of the various action mechanisms of MBIs is critically important to design and
execute maximally informative clinical research.

• People with diabetes also more likely to have high blood pressure, and high cholesterol which further increases
the risk of a recurrent stroke.

• The underlying pathophysiological mechanisms of MBIs on the changes to risk factors for stroke appears to
overlap.

• Neuroimaging research on brain structure and neural connectivity, with MBIs as an intervention, is still in its
infancy.

• Direct comparison between studies is problematic because of the varying study designs and the diversity of the
disease population studied.

Recommendations
• Well-designed large randomized controlled trials are needed to further explore the potential causal effects of

MBIs on the modifiable risk factors for stroke.
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9.3 Summary 

In this paper I summarised the current literature on the potential changes to risk factors for 

stroke and CVD that are altered by MBIs, such as yoga or tai chi. See Appendix E for example 

search strategy. Survivors of stroke often have multiple risk factors and, therefore, a greater 

absolute risk of experiencing another stroke or other CVD. MBIs appear beneficial in 

moderating some of the highly prevalent risk factors for stroke, such as hypertension, diabetes 

and cholesterol. However, there is a need to further unpack these beneficial changes to 

pathophysiological pathways leading to therapeutic changes to some of these risk factors. 

Understanding the potential risk reduction associated with MBIs is important for both 

researchers and practitioners to inform the choice of adjunct interventions and training 

programs implemented for those with high risk of recurrent stroke or other CVD. 
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Chapter 10: Yoga and its potential effect on 

improving anxiety, depression and quality of 

life following stroke  

 

 

 
 
 

10.1 Overview 

It is well understood that survivors of stroke have long-term physical and psychological 

consequences that influence their quality of life. Few interventions are available in the 

community to address these problems simultaneously, particularly problems with anxiety or 

depression. As highlighted in Chapter 9, there is potential for MBIs to moderate some of the 

long-term risk factors of stroke. In addition, in the recent times there appears to be more 

research conducted on yoga-based MBIs than other forms of MBIs. Yoga is also widely 

available in the general population and therefore more accessible to survivors than other forms 

of MBI. Yoga appear to be effective in improving anxiety, depression and quality of life in 

people with other chronic illnesses.148-151  I wanted to further explore the potential for yoga to 

address psychological conditions reported by survivors of stroke. At the time this work was 

completed, only narrative reviews on this topic had been published.152, 153  

The aims of the following paper were to conduct a systematic review of the existing evidence 

and perform meta-analyses of RCTs to provide a robust critical appraisal of the potential 

effectiveness of yoga for survivors of stroke. A comprehensive description of the feasibility of 

the yoga interventions was investigated, as well as the frequency and dosage of the intervention 
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used, and the outcomes that were measured, to provide guidance for the field. This paper 

contributes to addressing the fifth aim of my thesis: to systematically evaluate published 

evidence on the effectiveness of MBIs for moderating risk factors of stroke, and reducing the 

risk of poor patient outcomes or comorbidity, including anxiety or depression. My contribution 

is at 75%, and the nature of my contribution was concept, literature search, data management, 

analysis, interpretation and writing of first draft of the manuscript. 

This paper was published by Topics in Stroke Rehabilitation (2017; Vol 24: 279-287). 
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ABSTRACT
Background: Survivors of stroke have long-term physical and psychological consequences that impact 
their quality of life. Few interventions are available in the community to address these problems. Yoga, a 
type of mindfulness-based intervention, is shown to be effective in people with other chronic illnesses and 
may have the potential to address many of the problems reported by survivors of stroke.
Objectives: To date only narrative reviews have been published. We sought to perform, the first systematic 
review with meta-analyses of randomized controlled trials (RCTs) that investigated yoga for its potential 
benefit for chronic survivors of stroke.
Methods: Ovid Medline, CINHAL plus, AMED, PubMed, PsychINFO, PeDro, Cochrane database, Sport 
Discuss, and Google Scholar were searched for papers published between January 1950 and August 2016. 
Reference lists of included papers, review articles and OpenGrey for Grey literature were also searched. We 
used a modified Cochrane tool to evaluate risk of bias. The methodological quality of RCTs was assessed 
using the GRADE approach, results were collated, and random effects meta-analyses performed where 
appropriate.
Results: The search yielded five eligible papers from four RCTs with small sample sizes (n = 17–47). Quality 
of RCTs was rated as low to moderate. Yoga is beneficial in reducing state anxiety symptoms and depression 
in the intervention group compared to the control group (mean differences for state anxiety 6.05, 95% 
CI:−0.02 to 12.12; p = 0.05 and standardized mean differences for depression: 0.50, 95% CI:−0.01 to 1.02; 
p = 0.05). Consistent but nonsignificant improvements were demonstrated for balance, trait anxiety, and 
overall quality of life.
Conclusions: Yoga may be effective for ameliorating some of the long-term consequences of stroke. Large 
well-designed RCTs are needed to confirm these findings.
Abbreviations: AMED: Allied and Complementary Medicine Database; GRADE: Grading of 
Recommendations, Assessment, Development, Evaluation; MD: mean difference; SMD: standardized mean 
difference; RCT: randomized controlled trial; ITT: intention to treat

Introduction

Many survivors of stroke have long-term physical and psycholog-
ical disabilities1 that impact their quality of life. Difficulties expe-
rienced include physical function impairments, such as upper 
limb function, decreased gait speed, balance impairment, and 
fear of falling2–7that may lead to reduced willingness to partici-
pate in activities and sedentary lifestyle,8 which further disrupt 
function and overall quality of life.9 In addition, many survivors 
of stroke experience ongoing emotional health problems, includ-
ing anxiety, fatigue, and depression.1,10–12 It is estimated that 
31% will develop depression within 5 years following stroke.13 
There are very few community-based therapy options available 
for long-term recovery and to reduce the incidence of further 
comorbidity.14

Yoga, as a program of health and well-being derived from 
Buddhist, Hindu, and other contemplative traditions,2,15 might be 
a promising therapy to support the needs of survivors of stroke. 
The practices of yoga share characteristics with other practices 
derived from the Buddhist tradition such as those that cultivate 
mindfulness meditation including mindfulness-based stress 
reduction (MBSR).16 Plausible mechanisms by which yoga has 
been proposed to provide benefits for the prevention and man-
agement of chronic conditions include exercise and promotion of 
mindfulness.17–21 The exercise component of yoga involves move-
ment and holding of postures (collectively known as asanas). 
The means of promoting mindfulness is when the low-impact 
exercise component of yoga is combined with focused attention 
to breathing (pranayama) and meditation (dharana).22 Some 
of the benefits provided by yoga are common to other forms 
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“quality of life”) applied to each database. We searched using 
Ovid Medline, CINHAL plus, AMED, PubMed, PsychINFO, 
PeDro, Cochrane database, Sport Discuss, and Google Scholar 
for articles published between January 1950 and August 2016. 
We also searched the reference lists of included papers, review 
articles, and OpenGrey for Grey literature. Clinical trials plat-
forms (e.g. the Australian and New Zealand Clinical Trial regis-
try; ClinicalTrials.gov) were also searched for unpublished and 
ongoing trials. Key authors were contacted to establish whether 
any other important studies were missed or were being under-
taken that warranted inclusion. Language filters were not applied.

The initial search and identification of trials were performed by 
the first author. Data extraction was conducted using an adapted 
Cochrane data extraction form.39 For abstracts that appeared 
to meet the review criteria, full-text articles were retrieved and 
assessed. Final selection of eligible trials and uncertainty over 
eligibility was resolved by consensus with the second author, 
who also assessed the articles to ensure their conformity to the 
inclusion criteria.

Trials meeting the inclusion criteria were assessed for meth-
odological quality and risk of bias using an appraisal framework 
adapted from the PeDro40 and the Cochrane Risk of bias tool 
described in the Cochrane Handbook for Systematic Reviews 
of Interventions.41 When the authors of the trials provided a 
satisfactory description for these quality assessment criteria, a 
positive value was assigned (+). If a criterion description was 
considered absent, unclear, or lacked the specified content, a 
negative value was assigned (−). To draw narrative conclusions 
across the included trials regarding the strength of evidence, 
the GRADE criterion was applied. Trials that scored 0–5 pos-
itive values were classified as low quality with a high risk of 
bias, 6–8 indicated a low to moderate quality with moderate 
risk of bias, 9–11 indicated a moderate quality with low to 
moderate risk of bias and 12 indicated high quality with a low 
risk of bias.42

TT independently extracted data from the included trials and 
entered into Review Managersoftware (Version 5.3. Copenhagen: 
The Nordic Cochrane Centre, The Cochrane Collaboration, 
2014) that can used to combine data from multiple trials for 
quantitative analyses. Data entry was checked by second author 
and disagreements were discussed with a third review author. 
Extracted information, including information regarding patient 
demographics, study design features, methods of allocation, and 
blinding methods, was tabulated. In cases where data impor-
tant to the review were unpublished, the corresponding authors 
were contacted and additional data obtained. Outcomes were 
assessed across three broad categories: physical function; mood; 
and quality of life. Adverse events, including falls or death, were 
also summarized.

Statistical analysis

Where we considered trials to be sufficiently similar, i.e. com-
parators and outcomes measured were the same, we conducted 
a meta-analysis by pooling the appropriate data using Review 
Manager (Version 5.3. Copenhagen: The Nordic Cochrane 
Centre, The Cochrane Collaboration, 2014) according to the 
PRISMA guidelines.43 Means and standard deviation values were 
extracted for meta-analyses. Weighted effect sizes (standardized 

of physical activity and included building strength, as well as 
improving flexibility, balance and overall well-being in people 
with chronic illnesses.23–26 Mindfulness is paying attention on 
purpose to the present moment with acceptance and nonjudg-
ment.16,27 This is quite similar to the principle of dharana in yoga, 
which is to sustain attention on the object of the yoga practice 
(e.g. holding posture or breathing). Yoga can improve mobility, 
mood, and quality of life in people who are older 6,28,29 who have 
chronic neurological conditions such as Parkinson,30,31or chronic 
conditions such as cancer19 and coronary heart disease,21 through 
a range of biopsychosocial benefits.20 People with stroke also 
experience a complex range of problems like activity limitations, 
poor emotional well-being and lower quality of life in compar-
ison with their age-matched peers.8,32,33 Therefore, it is argued 
that yoga may improve well-being in chronic survivors of stroke 
by integrating the benefits of physical component and mindful-
ness into one process. Another advantage is that is applicable 
and accessible to people with different levels physical ability or 
health issues.2,20,34,35

Many survivors of stroke find it difficult to participate in 
regular physical activity and do not return to high-demand lei-
sure activities that they were undertaking before their stroke. 
Many survivors prefer group-based training with an instruc-
tor.36,37 Therefore, yoga may be a suitable physical activity for 
addressing a range of poststroke needs. However, to date, only 
narrative reviews on the benefits of yoga following stroke have 
been published.35,38 Our primary aim was to conduct a systematic 
review of the existing evidence and perform meta-analyses of 
randomized controlled trial evidence to provide a robust criti-
cal appraisal of yoga and the potential effectiveness of yoga for 
survivors of stroke. Our secondary aim was to provide a com-
prehensive description of the feasibility of the yoga interventions 
investigated as well as the frequency and dosage, and outcomes 
that were measured to provide guidance for the field.

Methods

Search strategy, trial eligibility criteria, and data retrieval

We only included randomized controlled trials (RCTs) that had 
been conducted in adult populations (≥8 years of age); stroke 
diagnosis of any etiology or severity occurred at least within 
the 6 months prior to being recruited to the study, including 
transient ischemic attack, regardless of sex, ethnicity, language 
spoken, or number of events. We included trials with mixed 
populations, e.g., acquired brain injury, where stroke-only data 
could be extracted. Trial interventions could include either yoga 
postures (asanas); breathing (pranayama); or mindfulness medi-
tation, or a combination of two or all three components of yoga. 
Trials were excluded if they included multimodal mindfulness 
interventions such as MBSR, mindfulness-based cognitive ther-
apy, Tai Chi, or chanting where the effects of yoga could not be 
assessed separately. Comparators could include wait-list control, 
usual care, or an alternate “active therapy” to test against yoga as 
a stroke rehabilitation therapy irrespective of yoga style or dosage 
(frequency and intervention duration).

A systematic search strategy (online supplemental file) was 
formulated using subject headings and the combination of 
key terms (e.g. “yoga,” “mindfulness,” “stroke,” “mood,” and 
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mean difference and 95% CIs) were calculated for depression 
and quality of life where different outcome measures were used.

A random-effects model was used to pool the data. Statistical 
heterogeneity between trials was assessed using the Chi-square 
test.44 We considered a p-value ≤0.10 as indicating significant 
heterogeneity. I² statistics were also reported by estimating the 
amount of variance in a pooled effect size accounted for by het-
erogeneity in the sample of trials.45 An I2 value of 0% indicated 
no observed heterogeneity, while values of 25%, 50%, and 75% 
indicated low, moderate, and high heterogeneity, respectively. If 
between-group effect sizes were not reported, where possible the 
postintervention between-group analysis was calculated using 
postintervention scores. Overall effect sizes were calculated from 
the mean difference, where a p value of <0.05 indicated statisti-
cal significance. For outcomes where it was impossible to pool 
quantitatively, we narratively summarized the results.

Results

The articles selection process is illustrated using a PRISMA flow 
diagram46 (Figure 1). The electronic search and manual screening 
of references returned 557 potential articles to be assessed for 

inclusion in our review. After strict screening, 21 full-text articles 
were read, where five met the inclusion criteria and were selected 
for data extraction.2,5,24,47,48 Results for one trial were reported 
in two articles,5,24 therefore only four trials were available for 
analysis, and all were pilot studies.

Characteristics of included trials

The characteristics of each RCT are summarized in Table 1. Two 
trials were conducted in Australia, one in Sweden and the other 
in the United States of America. Three trials had a wait-list con-
trol design, while one had an active control group. The total 
number of participants was 118 (control and intervention), and 
sample sizes varied from 17 to 47. Hatha yoga was the most 
common type of yoga used for the intervention. The frequency 
and dosage of the yoga interventions varied across the trials from 
6 weeks to 10 weeks (Table 1). Two trials had home practice com-
ponents as part of the intervention for approximately 45 min for 
6 days per week.2,47 Dosage was not specified (i.e. frequency or 
duration of the intervention) for home practice in one trial.5,24 
Compliance (a measure of class attendance) was reported in three 
trials. For face-to-face group classes, compliance varied between 

Figure 1. Flow diagram showing study selection for systematic review of trials on yoga and stroke care.
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78% and 90%. However, home practice compliance was reported 
in one trial (82%).2 Reasons for noncompliance included lack of 
transportation to attend group sessions, bad weather, illnesses 
not related to stroke, and work commitments.

Outcome measures used were inconsistent across the included 
RCTs (Table 1). Although most authors measured mood as an 
outcome, the assessment tools varied. Authors of three trials 
measured physical function outcomes.2,5,24 Cognitive perfor-
mance was assessed in one trial.48 Longer-term postintervention 
follow-up to look for sustained effects were not reported by any 
of the authors.

Methodological quality of risk of bias

Table 2 shows the risk of bias assessment. In the two trials in 
which adverse events were recorded, no such events were 
reported.2,47 In three trials, both between and within-group anal-
yses were performed,2,47,48 and none had an intention-to-treat 
(ITT) analysis. The lowest reported retention rate was 76%.48 
The risk of bias score varied between 5 and 8 (out of 12 points). 
Authors of two trials2,47 described their method of randomization 
in detail and scored a maximum of 8 points therefore judged to 
have a moderate risk of bias. Authors of one trial-blinded partic-
ipants to the nature of the intervention,2 while the other blinded 
the outcome assessors.47 Using the GRADE criteria, the overall 
quality of the trials was judged as low to moderate (Table 2).

Potential effects of yoga for stroke recovery

A summary of the main results from the included trials is pre-
sented in Table 3. Between group differences were not found for 
mobility and gait speed in one trial.2 Pre–post improvements were 
significantly better in the intervention group than the control 
group for balance,24 flexibility, strength and 6-min walking speed.5

In three trials mood outcomes were evaluated. A signifi-
cant difference in postintervention mental fatigue scores was 
observed between the intervention and control group in one 
trial.48 Between group differences were not found for depres-
sion,2,48 overall anxiety48 and state anxiety (participants perceived 
feeling of tension and anxiety at that moment of time)2 – inter-
vention. However, significant improvements postintervention 
was observed only in the intervention group for depression, 
anxiety, as well as cognitive scores.48

In one trial, with an active control group (general exercise), 
depression, state anxiety, and trait anxiety were not significantly 
different between intervention and at the 6-week follow-up 
assessment.47

Assessment for changes in quality of life was reported in two 
trials. Significant improvements were demonstrated between base-
line and follow-up score in the intervention group only (n = 37) 
in one trial,24 while significant improvements were only observed 
in the physical and memory domains of the stroke quality of life 
scale in the other trial.2 No significant between group differences 
were observed between both groups at the end of the both trials.

Meta-analyses

No significant heterogeneity was detected in all meta-analyses. 
Only two trials were comparable for state and trait anxiety,2,47 Ta
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The physiological mechanisms of yoga on anxiety are not well 
understood. Practicing body postures and breathing, may act on 
the over active sympathetic nervous system and help reduce the 
objective indicators of anxiety (e.g. a racing heart, palpitations, 
increased blood pressure, signs of restlessness).52 In addition, 
mindfulness helps raise awareness of body tension and may serve 
to increase self-confidence by promoting a personal sense of con-
trol and acceptance, thereby reducing perceived anxiety.53,54

Due to the limited number of trials on physical outcome, var-
iations in outcome measures, measurement tools used and small 
sample sizes, there was insufficient evidence to draw firm con-
clusions on the evidence of yoga on physical effects poststroke. 
The lack of significant improvements on physical function may 
be related to the short intervention duration, with most trials 
lasting between 8 and 10 weeks. Buffart and colleagues suggested 
that 10 weeks may be too short to improve physical function and 
fitness and that longer intervention durations may be required 
in patients with chronic diseases.19 Exercise training RCTs (non-
yoga) aimed at improving fitness in people with chronic stroke 
included interventions lasting for a minimum of 12 weeks. These 
interventions provided significant improvements to physical 
function during this time period.55,56 Therefore, a longer inter-
vention duration may be required to achieve the full effectiveness 
potential of yoga as a therapy for chronic stroke recovery.

The potential benefits of yoga on stroke recovery beyond the 
benefits of general exercise interventions (strength training or 
aerobic exercise) is poorly researched. Chan’s study47 was the 
only study (n = 17) that used an active control (group exercise 
program). Lower effect sizes were shown in this trial, when 
compared to the results from the trials with different designs.47 
Although the American Heart Association recommends use of 
customized physical activity in survivors of stroke,8 there is lim-
ited evidence regarding the effectiveness of exercise programs in 
stroke populations due to small sample sizes and methodological 

three trials for depression,2,47,48 and two trials for balance and 
overall quality of life scores.2,24 Yoga appeared to be effective in 
reducing state anxiety symptoms, and depression in the inter-
vention group compared to those in the control group, but this 
mean difference was borderline in being statistically different 
based on conventional criteria (p = 0.05; Figure 2(a) and Figure 
3(a)). The mean difference in trait anxiety, balance and overall 
quality of life between intervention and control groups was not 
statistically significant (Figures 2(b), (c) and 3(b)).

Discussion

To our knowledge, this review is the first to include a meta-analytic 
approach following careful standardized quality assessment of the 
available RCTs to provide a summary of the current evidence on 
the benefits of practicing yoga for stroke recovery. Previous reviews 
were narrative appraisals that included a mix of observational and 
experimental study designs.35,38 The majority of RCTs that met 
our inclusion criteria were small feasibility trials underpowered 
to detect differences in health outcomes. Our review, is consistent 
with the summation of others, that yoga is a feasible intervention 
and may promote well-being in survivors of stroke. Our meta-anal-
yses provided the opportunity to have pooled the data from these 
small studies to assess for the likely impact on outcome in the areas 
of physical function, anxiety, depression, and overall quality of life.

Importantly, we found using meta-analytic techniques that 
yoga may ameliorate state anxiety symptoms, and depression in 
survivors of stroke. This finding is also supported by evidence 
from two observational before-after studies where the beneficial 
effect of yoga on state anxiety, and depression in survivors of 
stroke was reported.49,50 These observational study designs make 
it difficult to determine whether the effects were specific to the 
yoga intervention or to other factors such as being part of a group 
with a shared experience.51

Table 3. summary of study results from the included randomized controlled trials where common outcomes were reported.

notes: results presented in italics are author’s own calculation or extrapolation from other data provided. sD: standard deviation, ci: confidence interval, nr: no compa-
rable result.

First named author, year

Intervention group (postintervention period) Control group (postintervention period)
Change or effect 

size (95% CI)Mean n SD Mean n SD
Mobility
immink2: Motor assessment scale 35.5 11 10.8 39.5 11 9.3 4.00 (−4.42, 12.42)
immink2: 2-min walk distance (m) 90.2 11 51.9 104.0 11 49.1 14.20 (−28.02, 56.42)
immink2: comfortable gait speed (m/s) 2.2 11 4.5 0.88 11 0.48 −1.32 (−3.99, 1.35)
Balance (Berg Balance Scale)
immink2 50.7 11 6.3 48.5 11 8 2.20 (−3.82, 8.22)
schmid24 46.3 37 9.1 43.8 10 6.3 2.50 (−2.38, 7.38)
Depression (Geriatric Depression Scale and The Comprehensive Psychopathological Rating Scale)
immink2 2.7 11 2.9 4.8 11 3.3 0.65 (−0.21, 1.51)
chan47 3.56 8 4.12 3.17 6 1.9 −0.11 (−1.17, 0.95)
Johansson48 5.88 12 2.98 8.82 14 4.56 0.73 (−0.07, 1.53)
State Anxiety (State Trait Anxiety Inventory)
immink2 33.4 11 7.1 41.8 11 12.2 8.40 (0.06, 16.74)
chan47 32.3 8 11.5 35.7 6 4.8 3.40 (−5.45, 12.25)
Johansson48 nr – – nr – –

Trait Anxiety (State Trait Anxiety Inventory)
immink2 35.3 11 10.5 42 11 10.2 6.70 (−1.95, 15.35)
chan47 36.3 8 10.6 39.3 6 7 3.00 (−6.24, 12.24)
Johansson48 nr – – nr – –

Quality of life (Stroke Impact Scale and Stroke Specific Quality of Life Scale)
immink2 64.4 11 19.9 54.1 11 23.2 0.46 (−0.39, 1.31)
schmid24 35.8 37 9.1 33 10 6.2 0.32 (−0.38, 1.02)
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other survivors, thereby providing a stronger signal for improv-
ing their mood.

For future trials in this area, the use of an active control is 
more appropriate for this type of multifaceted intervention over 
a wait-list control,59 as it is difficult to differentiate the treat-
ment effects specific to yoga. An active control with equivalent 
intervention duration and group session time is important to 
control for socialisation effects and the potential effects of general 
exercise.59 Blinding the outcome assessors has not been rigorous 
in these trials and needs to be better considered in future trials. 
There is no definite answer to the ideal length or the “dosage” of 
a yoga intervention to bring about the best results but those who 

variations. The evidence is also limited for strength training 
poststroke.57 As reported by Erickson and colleagues, exercise 
training increases the size of the hippocampus and improves 
memory in older adults, reversing age-related loss in volume 
by 1–2  years.58 Since stroke is often common in older adults 
this may offer some insights into potential mechanisms and may 
explain why an “active control” using an exercise intervention 
may equally reduce the observed effects of yoga. It is well under-
stood that physical activity improves mood. In Chan’s trial, par-
ticipants observed smaller effects on mood. Whereas participants 
in wait-list control designed trials might be feeling good about 
being part of a group and engaging in social networking with 

Figure 2. (a) Forest plot representing effect sizes of intervention and control groups in state anxiety (s-anxiety). (b) Forest plot representing effect sizes of intervention and 
control groups in trait anxiety (T-anxiety). (c) Forest plot representing effect sizes of intervention and control groups in balance outcome.

Figure 3. (a) Forest plot representing effect sizes of intervention and control groups in depression. (b) Forest plot representing effect sizes of intervention and control 
groups in quality of life (Qol) as an outcome.
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Online Supplement 

Title: Determining the potential benefits of yoga in chronic stroke care: A systematic review 

and meta-analysis 

Supplemental methods: main database search strategy 

The following search was constructed for Ovid Medline, and adapted for the other large databases: 

1. cerebrovascular disorders/ or exp basal ganglia cerebrovascular disease/ or exp brain
ischemia/ or exp carotid artery diseases/ or exp intracranial arterial diseases/ or exp
intracranial arteriovenous malformations/ or exp "intracranial embolism and thrombosis"/
or exp intracranial hemorrhages/ or stroke/ or exp brain infarction/ or vasospasm,
intracranial/ or vertebral artery dissection/

2. (stroke or poststroke or post-stroke or cerebrovasc$ or brain vasc$ or cerebral vasc$ or
cva$ or  apoplex$ or SAH).tw.

3. ((brain$ or cerebr$ or cerebell$ or intracran$ or intracerebral) adj5 (isch?emi$ or
infarct$ or thrombo$ or emboli$ or occlus$)).tw.

4. ((brain$ or cerebr$ or cerebell$ or intracerebral or intracranial or subarachnoid) adj5
(haemorrhage$ or hemorrhage$ or haematoma$ or hematoma$ or bleed$)).tw.

5. hemiplegia/ or exp paresis/ or exp Gait Disorders, Neurologic/

6. (hemipleg$ or hemipar$ or pareis or paretic).tw.

7. 1 or 2 or 3 or 4 or 5 or 6

8. Yoga/ or mind-body therapies/ or exp breathing exercises/ or meditation/ or relaxation
therapy/ or mindfulness/ or mindfulness therapy/ or mindfulness based interventions/ or
attention

9. (yoga$ or yogic or relaxation or meditation or mind-body or (mind adj1 body) or
postures).tw.

10. (breath$ adj3 (exercises or control$)).tw.

11. (hatha or ashtanga or bikram or iyengar or kripalu or kundalini or sivananda or vinyasa or
raja or radja or bhakti or jnana or kriya or karma or yama or niyama or asana$ or
pranayama or pratyahara or dharana or dhyana or samadhi or bandha or mudra).tw.

12. 8 or 9 or 10 or 11

13. 7 and 12

14. Randomized Controlled Trials as Topic/
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15. RCT.mp. [mp=title, abstract, original title, name of substance word, subject heading word,
keyword heading word, protocol supplementary concept word, rare disease supplementary
concept word, unique identifier]

16. random allocation/

17. Controlled Clinical Trials as Topic/

18. control groups/

19. clinical trials as topic/

20. double-blind method/

21. single-blind method/

22. Placebos/

23. placebo effect/

24. active control/

25. cross-over studies/

26. randomized controlled trial.pt.

27. controlled clinical trial.pt.

28. clinical trial.pt.

29. (random$ or RCT or RCTs).tw.

30. (controlled adj5 (trial$ or stud$)).tw.

31. (clinical$ adj5 trial$).tw.

32. ((control or treatment or experiment$ or intervention) adj5 (group$ or subject$ or
patient$)).tw.

33. (quasi-random$ or quasi random$ or pseudo-random$ or pseudo random$).tw.

34. ((control or experiment$ or conservative) adj5 (treatment or therapy or procedure or
manage$)).tw.

35. ((singl$ or doubl$ or tripl$ or trebl$) adj5 (blind$ or mask$)).tw.

36. (cross-over or cross over or crossover).tw.

37. (placebo$ or sham).tw.

38. trial.ti.

39. (assign$ or allocat$).tw.

40. controls.tw.

41. 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29
or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39

42. exp animals/ not humans.sh.

43. 13 and 41
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44. 43 not 42

45. 43 not 42

46. limit 44 to yr="2000 -Current"

Search limits: 1950-current, human studies, only RCTs  
Medline: 262 hits 
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10.3 Summary 

The findings of this paper provided important evidence that yoga is feasible and may provide 

both physical and psychological benefits for survivors of stroke. Yoga may ameliorate short-

term anxiety symptoms (temporary perceived anxiety) and appears to have advantageous 

effects for depression, balance and quality of life. However, large well-designed randomised 

controlled trials (RCTs) are needed to confirm these findings. Since my publication, authors 

from another systematic review, published in 2018, also assessed the effects of yoga on the 

quality of life for survivors of stroke. However, only two studies were included in the meta-

analysis. Similar to my review, the overall quality of the included studies in this review was 

assessed using the GRADE criteria, and considered very low with high risk of bias due to small 

number of trials. The authors also concluded that more good-quality research studies are 

needed to be certain that yoga has benefits for survivors of stroke.154 Future research must 

particularly apply more stringent designs (e.g. randomization with active and passive control 

groups as comparison, and between group analyses) to enable a robust evaluation of the effects 

of yoga among survivors of stroke. Therefore, in the next chapter the process of developing a 

yoga-based mindfulness intervention designed for survivors of stroke living in the community 

is described based on principles of formative evaluation.  
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Chapter 11: The development of a new yoga-

based mindfulness intervention for survivors of 

stroke: A formative evaluation  

 
 

 
 

 

11.1 Overview 

In this chapter the process of developing a yoga-based mindfulness intervention designed for 

survivors of stroke living in the community is described based on principles of formative 

evaluation. This chapter addresses the sixth aim of my thesis.  

The intervention was developed as a yoga program presented in the format of a yoga teacher 

training manual. The manual was developed over two years (June 2016 to June 2018). The 

process consisted of interdisciplinary collaboration with the involvement of clinicians, 

researchers and three consumer representatives via three face-to-face meetings (2–3 hours 

each), six teleconferences (1 hour each), one focus group session (4-5 hours) and 

communication via email. Four practicing yoga teachers were selected, through purposeful 

sampling, for participation in the independent review stage. Pragmatic approach to formative 

evaluation of the manual was conducted throughout the design phase. Data collection and 

documentation included minutes of formal meetings, focus group discussions, researcher 

observations, and note taking. The data were iteratively synthesised by means of inductive 

thematic analysis. The 12-week program is now ready for testing with survivors of stroke.  
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11.2 Introduction 

Stroke is a leading cause of death and disability in Australia. Survivors of stroke often 

experience problems with physical and psychological health following stroke. The impact of 

stroke in survivors has been described in detail in Chapters 1 and 2 of this thesis. The potential 

benefits of yoga to reduce the risk of comorbidities including recurrent events in survivors of 

stroke have been described in Chapters 8 and 9. This chapter includes the description of a 

formative evaluation of the process of developing a yoga-based mindfulness intervention 

designed as a program for survivors of stroke living in the community. The finalised 

intervention is to be tested for effectiveness in a future pilot trial and, subsequently, in a larger 

Phase III RCT.  

A pilot study is an essential preliminary phase of a RCT for testing the effectiveness of a newly 

developed intervention.155 However, if the new intervention to be tested is complex (i.e. has 

multiple components, or where there are several types of outcomes),156 it must be designed 

carefully and systematically across different developmental stages. This is to ensure it will be 

standardised for application and be reproducible. Empirical data are needed to gain insight into 

the quality of the developed intervention, the design principles and what content needs to be 

revised for the next improved version.157,158 For this reason, formative evaluation is an essential 

feature of the development and design phase of a new intervention or program. The focus of 

formative evaluation is to uncover the advantages and disadvantages of the intervention during 

its development process with the purpose of generating evidence to improving the intervention 

features so that it is implemented as intended, and will produce the hypothesised benefits for 

the patient group to which it will be applied.158 Results of the formative evaluation give ground 

for improving the prototype of the intervention towards a high-quality and completed 
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intervention; and sharpening the underlying design principles towards a final set of design 

principles.157  

The yoga program for survivors of stroke was designed in Australia by an interdisciplinary 

team that consisted of basic scientists, health services researchers, yoga experts, stroke 

rehabilitation experts (i.e. occupational therapists, physiotherapists) and consumers (i.e. 

survivors of stroke). The program is a MBI which targets attention control through the practice 

of yoga. Attention control has been suggested as having a significant impact on a survivor’s 

outcomes by providing an opportunity to improve concentration and cognitive function.159  

Subsequently, this leads to improved self-awareness, acceptance and overall quality of life.160 

The yoga program for stroke was based on a 10-week intervention that was originally 

developed by collaborators from the University of South Australia.161 The intervention was 

deemed feasible by the researchers based on successful implementation of the intervention and 

participant feedback and was detailed in their publication that I have cited. Significant 

improvements to self-acceptance and executive functioning in survivors of stroke were also 

found following a wait-list control trial among 21 participants with chronic stroke.160, 161 

However, only patients with chronic hemiparesis with minimum levels of physical ability (i.e. 

ability to walk for 10 metres or more with or without the use of an assistive walking device) 

were recruited to the study limiting the generalisability of the intervention.   

The new intervention proposed in this chapter is a 12-week program and is described in the 

format of a yoga teacher training manual (see Appendix F for example of sections). No 

framework, intervention mapping or behaviour change wheel was used in this design and 

development phase of the trial. However, the newly developed intervention has not yet been 

formally evaluated for survivors of stroke. 
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In this chapter I describe the four phases of evaluation, based on principles of formative 

evaluation, that were undertaken to inform the final design of this new, contextually appropriate 

yoga-based mindfulness intervention for survivors of stroke. The chapter is also used to 

highlight how an interdisciplinary team with collaboration of consumers contributed to the 

formative process that led to the final design of the yoga program for stroke, in the form of a 

teacher training manual.  

11.3 Methods 

11.3.1 Study design 

The formative evaluation was iteratively conducted during the two years in which the program 

was designed (June 2016 – June 2018). Multiple data sources were used in this mixed methods 

formative evaluation. My role was to support and coordinate the project governance committee 

(see below), advisory group, yoga teachers and consumers. My intellectual contribution to the 

project was to synthesise the existing evidence to support decision-making about the program 

design and undertake the formative evaluation work as outlines in this chapter, including 

contribution to the contents of the manual.  

11.3.1.1 Project governance 

The project lead investigators include Professor Dominique Cadilhac (my primary supervisor), 

Professor Susan Hillier (physiotherapist) and Dr Maarten Immink (exercise and movement 

physiologist, and yoga expert), who form the executive for the program development and 

intervention design. Professor Cadilhac leads the project and established the members of the 

advisory committee and yoga program working group.   
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11.3.1.2 Project phases 

The development of the program in the format of a yoga teacher’s training manual occurred 

over four main phases whereby the evaluation data were used to inform each subsequent phase. 

The four phases were: 

Phase 1: Establishment of an advisory group to agree on the broad principles of the program 

and draft the template for the manual. 

Phase 2: Development of the yoga teacher training manual to detail the program components 

and features in a standardised format by a working group.  

Phases 3: Internal review of the draft manual between project investigators and experts.  

Phases 4: External review of the training manual by independent yoga teachers, and finalisation 

of content. 

11.3.2 Data collection and documentation 

I collected and analysed the qualitative data based on an iterative and inductive approach and 

established the themes and subthemes through these data and my own experiential reflections  

since I was present at all review stages. These themes and subthemes were discussed with the 

lead PI including the summation for each and interpretation of the totality of the information 

gathered over two years. This provided the most pragmatic way to describe the iterative 

development process of the training manual that fostered co-production. Data sources included 

notes from advisory group team meetings, yoga program working group meetings, and focus 

groups with yoga teachers. Documentation analysis of: (1) email and phone correspondence 

between members of the yoga program working group and key members of the advisory group, 

(2) comments on hard copy drafts of the manual from consumers and yoga teachers, (3) minutes 
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of all advisory committee and lead investigators meetings and (4) my notes from researcher 

observation. Edits to the manual were tracked into a copy of the master document by all the 

different contributors. I managed the consolidation of the master document to ensure all 

relevant feedback was incorporated from each phase of the development process.  

11.3.3 Data synthesis and interpretation 

At every step I synthesised the feedback and, where relevant, used pragmatic inductive 

thematic analysis techniques. Identified themes were compared and collated. In this manner I 

worked with large amounts of detailed qualitative information in my attempt to identify core 

intervention and manual content features that were required to be modified. These changes 

were then discussed and amended, as required, with the three lead investigators of the project. 

Similarly, if there was mixed or conflicting advice, this was adjudicated on by the lead 

investigators.  

11.4 Results 

11.4.1 Phase 1: Advisory group established and program designed 

For Phase 1, an advisory group was established that included experts from various fields 

including a clinical neuropsychologist, epidemiologist, statistician, occupational therapists, 

physiotherapists, exercise physiologist, yoga experts, basic scientists, and neuroscientist. As 

part of the design process it was acknowledged to involve survivors of stroke as consumer 

representation. Involving community members with whom the research will take place is 

essential to the success of a project.162  

The agreed first aim of Phase 1 was to design a template of the yoga teacher training manual. 

During this first advisory group meeting, a literature review and a summary of the previous 10-
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week intervention were presented (briefly described in section 11.2).161 The advisory group 

then primarily discussed the study design, the length of the program, inclusion criteria, 

involvement of caregivers, possible outcome measures and strategies to maximise retention 

(e.g. accessibility to group classes). It was agreed at the first meeting that the program should 

be a 12-week intervention to allow sufficient time for progression and reinforcement of the 

main MBI techniques. The program was also to be based on a previously developed 10-week 

program designed by lead investigator Dr Immink.161 The advisory group agreed to not 

duplicate efforts, but the new program will be an improved one based on the 10-week program, 

previously shown to be feasible in its application. 

I coordinated the engagement with three consumers (two survivors of stroke and one carer) 

who practiced yoga, and invited them to provide their input to the design of the manual 

template. Phase I helped to maintain fruitful and open communication between the research 

team and consumers via regular emails and telephone calls. This phase also fostered a good 

working relationship between the consumers, researchers and clinicians. These consumer 

members of the advisory group had a key role in supporting other members of the advisory 

group to understand factors that needed consideration such as the structure of the intervention, 

accessibility and size of classes, influence of group participation, and involvement of 

caregivers in classes. The consumers provided information on the various benefits and 

difficulties of participating in standard (generic) yoga classes from their perspective, i.e. what 

has and has not helped with their participation, in generic yoga programs in the community, 

and recovery. This review process ensured the manual-based program would be practical, 

achievable, authentic and inclusive for participants.  

Three major themes and four sub-themes were revealed that led to specific decisions being 

made in relation to the format of the yoga program. These are detailed below.  
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Length and content of program 

At this stage it was decided that the intervention should be comprised of 12 different group 

classes progressing in intensity and duration for 12 weeks. It was also decided that the first 

class would be needed for participants to understand the objectives of the program and to 

familiarise themselves with the poses and transitions. It was also decided that the final weeks 

(weeks 11 and 12) would be used to reinforce the various aspects of the program, and provide 

tips to safely practice at home. 

Assistant teachers  

Based on the learnings of the previous 10-week program,160, 161 the advisory groups agreed on 

having an assistant teacher present at every class. This was to ensure the yoga teacher could 

teach without interruption and the assistant could help correct the positions of participants or 

provide support in the transitions between poses to participant safety, as required. 

Template design and sub-themes 

 Background information on stroke for teachers 

A decision was made to include background information on stroke, including some of the major 

risk factors and consequences that may occur after stroke. This section would inform those 

yoga teachers and class assistants who may have limited understanding about stroke and its 

consequences. This section had not been part of the prior 10-week program, but was considered 

important if a larger number of yoga teachers were to be trained to deliver the program. 

 Clear illustration of poses 

It was decided to invite survivors of stroke with different levels of impairment for a photo shoot 

to capture yoga poses that would be included in the manual (see pages 267-277, Appendix F) 
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and later could be used in the development of a the home-based practice guide for participants. 

The photos provide clear illustrations of how the poses should be done safely and, as relevant, 

with stable support materials (e.g. chair without wheels).  

 Active therapy features 

Importantly, the yoga and allied health experts agreed that the manual must highlight the 

concept of ‘mirroring’ where participants with stroke, particularly those with physical 

disabilities, are encouraged to use their mind and picture themselves moving the non-

functioning limb. This gives the patient the illusion of moving the non-functioning limb which 

is proposed to stimulate and reorganise function in damaged neural networks of the adult 

brain.163  

 Mindfulness development 

There was consensus that the active ingredient of the yoga program for stroke as an intervention 

is the development and attainment of mindfulness, and the use of movement via the various 

poses and concentration on breathing was to focus the mind. Consistent with a standard yoga 

class structure (movement, focus on breathing throughout and meditation), the last part of each 

group class would have at least 10 minutes dedicated to mindfulness mediation. The focus was 

to ensure the purposeful allocation of attention so as to have full awareness of experiences in a 

non-judgemental and accepting manner.28 It was decided that the duration of mindfulness 

meditation would be 10 minutes in the first few classes, with the duration to increase to 20 

minutes by the end of 12 weeks. It was also highlighted that the poses and breathing would be 

guided with key points to re-emphasise to participants to focus their attention or be mindful as 

part of every process in the class.  
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11.4.2 Phase 2: Development of the training manual 

The main aim of Phase 2 was to formulate the draft manual based on the information gathered 

in Phase 1 (see 11.4.1). Three major themes were identified in this phase.  

Yoga program working group 

The first step involved development of the terms of reference document highlighting the roles 

and responsibilities of the members of the yoga program working group. The working group 

consisted of the three project leads (see section 11.3.1.1) and me (i.e. project coordinator). The 

second step involved the development and execution of a collaborative agreement for the new 

yoga program for stroke between Monash University and the University of South Australia.  

Program format and content 

The program manual included developing a section on background information about stroke 

and its consequences, and the role of the teacher in ensuring program fidelity (see pages 264-

265, Appendix F). The main headings were agreed upon by the yoga program working group 

and I wrote the initial draft for many of the subsections. Members of the advisory group with 

expertise in stroke contributed feedback for this section.  

To ensure all yoga teachers would understand the underlying principles of the program, it was 

agreed to have a section outlining a set of ‘golden rules’ (i.e. guiding principles) of the main 

program features that must be adhered to throughout program. Group classes were designed to 

be delivered by an experienced yoga teacher in a series of discrete weekly one hour sessions 

over 12 weeks. It was thought having a shorter session (~10 minute) of yoga nidra or 

mindfulness meditation from week one to week five would make learning easier rather than a 

20-minute session. A description of the various physical postures, possible variations to the 
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postures, and suggestions on appropriate use of language across the manual were included in 

the manual.  

Photo shoot  

The two survivors of stroke who were part of the advisory group, and another, were invited to 

take part as models in a photo shoot. Two females and one male survivor, with different levels 

of disabilities, attended the photo session. The photos captured in this session were used to 

illustrate some poses featured in the manual. At the beginning of the session, all three 

volunteers were provided with a session information sheet. They provided written consent, 

according to Monash University Privacy Policy, to participate in the photo shoot. The shoot 

was led by Dr. Maarten Immink (yoga expert and collaborator from the University of South 

Australia). I was the researcher who was observing the shoot. The shoot was held during one 

day over 6 hours. During the shoot I noted how the safe transition from one pose to another 

was important, especially for someone with severe physical disability who would require a 

strong and secure chair for support, or modified means of support in getting up and down from 

the ground (e.g. using the support of a wall or receiving help from an assistant). The models 

also mentioned that they had been practicing yoga and mindfulness meditation for a long time 

(>3 years) through generic programs in the community, and it definitely helped with their 

recovery process. All 3 models were very pleased to be a part of project, and were excited that 

a tailored intervention was being developed for use in survivors of stroke. 

11.4.3. Phase 3: Internal review of the program by members of the advisory group and 

other consumers and allied health professionals 

All members of the yoga program working group (described in 11.4.2) provided their expert 

opinion on the content and design of the developed manual. In addition, through purposeful 

sampling, allied health professionals (who were also stroke experts, n=3), and consumers (n=3) 
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were invited to collaborate and review the content and design of the drafted prototype manual 

(as described in Phase 2). Members of the advisory group (described in 11.4.1) were also asked 

to provide their view on the content, design, overall acceptability and feasibility of the content 

in the manual. This process lasted seven months (from January 2017 to August 2017). Four 

major themes were identified in this phase.  

Refining manual format and content 

Through written feedback, the allied health professionals and researchers commented on how 

particular activities could be better adapted to suit survivors of stroke, whilst maintaining the 

guiding principles of the program (see Figures 11.1 and 11.2 for examples). Changes in the 

class plans were made to (1) facilitate ease of implementation for teachers, (2) use materials 

that were available and acceptable for the cohort, and (3) promote implementation fidelity of 

the program. Key practice points were embedded under sections of each posture and class plans 

to reinforce key guiding principles of the program. It was also reinforced that an assistant 

teacher must be present within each class to optimise program delivery and patient safety. 
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Figure 11.1. Snapshot of comments provided as part of internal review of the manual by 

members of the advisory group  

 

 

Clear instructions on transitions 

Importantly, greater detail on how to transition from one pose to another was added. Photos 

that provided an illustration of some of the poses were also updated to include more 

contextually appropriate photographs (e.g. avoid ones with roller chairs, encourage use of 

pillows for support). 
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Transitioning to home practice 

It was also suggested that the content of week 11 and week 12 could largely focus on ‘transition 

to home techniques’ and included information on how to effectively continue practice at home, 

rather than traditional group class. Consumers also asked to include time at the end of every 

class to explore the manual and resources as a group to support implementation of practical 

lesson activities at home. The yoga teacher training manual will form the basis of a participant 

manual and an accompanying audio CD. 

Story of the three models  

The manual was personalised by adding the ‘story’ of the 3 models who had contributed to the 

photo shoot at the end of the manual (see pages 278-280, Appendix F). It was believed that, by 

including these stories, the yoga teachers undergoing training would gain some insights into 

what it is like to live with stroke and participate in yoga. 
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. 

 

Figure 11.2. Snapshot of comments provided as part of internal review of the program 

manual by a Chief Investigator  

 



 

211 
 

11.4.4 Phase 4: Independent review of the manual by yoga experts 

Through the collaborative network of the chief investigator, and via email to the Yoga Australia 

Association, four yoga teachers (3 females, 1 male) not previously involved in the project were 

approached to provide independent review on the manual. These yoga teachers had different 

levels of experience and provided their expert opinion on the content, design and acceptability 

of the drafted manual over a four month period (August to December 2017). The yoga teachers 

also attended a focus group and quasi training workshop in December 2017 where they 

provided more feedback on the manual. Several modifications were identified that needed to 

be made to the manual to enhance its relevance and feasibility for use in program delivery (see 

Figure 11.3 and 11.4 for example comments). In this phase, three major themes were identified.  

Use of consistent terminologies 

The teachers indicated that it would beneficial to focus on key concepts of the program and the 

use of consistent language prior to delivering the first class. Clear terminologies (western or 

plain English) were suggested to be used instead of Sanskrit words, such as using ‘deep 

controlled breathing’ instead of ‘pranayama’ for better readability.  

Alterative seating options 

The teachers suggested including alternative seating options. For example, the use of chairs 

instead of standing for any ‘standing pose’ could easily be implemented in the group 

environment. So this type of practical information was included, where relevant. 

Further refinement to other manual content 

Teachers also provided information about the suitability of particular resources used in the 

classes, for example yoga bands for support of shoulder or arm poses. Advice on how to address 
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any concerns with safety and adverse events during class times were also advised to be included 

in the manual. Finally, the teachers suggested to add some information on the different types 

of stroke to the background on stroke section.  

In response to the independent review, the yoga teacher training manual was modified. Table 

11.1 shows the differences and similarities between the content of the original 10-week 

program161 and the new 12-week program.
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Figure 11.3. Snapshot of comments provided as part of external review of the manual by a yoga teacher 
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Figure 11.4. Snapshot of comments provided as part of external review of the manual by yoga teachers 
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Table 11.1. Content of the 10-week yoga program as originally described and content of new program  

Contents Yoga manual developed in 

Adelaide 

New program manual 

Information on stroke No Yes 

Intervention period 10 weeks 12 weeks 

Class duration  90 minutes 60 minutes 

Class focus themes 

Weeks 1 & 2 

 

 

Weeks 3 & 4 

 

 

Weeks 5 & 6 

 

 

Weeks 7 & 8 

 

 

Weeks 9 & 10 

 

 

 

Weeks 11 and 12 

 

Familiarise poses and encourage 

participation 

 

Body awareness & breath 

coordination 

 

Breath coordination 

 

 

Deep internalising & 

visualisations 

 

Integrate body and breath 

awareness, internalisation & 

visualisation 

 

-- 

 

Introduction to yoga 

 

 

Connecting with body sensations 

& breath 

 

Breath and movement 

coordination 

 

Internalising & visualising the 

awareness 

 

Deepening body and breath 

awareness & stillness 

 

 

Transitioning to home 

Class plans Structured weekly class plans Guided weekly class plans 

Terminology Sanskrit and English English only 

Images Use of plastic chair, unstable 

ground, one volunteer used in the 

illustrations 

Use of strong chair, flat ground, 

three volunteers used in the 

illustrations 

Carer involvement Discouraged Encouraged 

Individual pre-intervention 

meeting  

No Yes 

Manual summary No Yes 

Clear guiding principles No Yes 

Clear practice variations No Yes 

Key instruction points per 

pose 

No Yes 

External interdisciplinary 

and consumer feedback 

No Yes 

Total number of sections 4 8 

Total number of pages 38 78 
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11.4 Discussion 

Before a complex intervention, such as the yoga-based MBI as described in this chapter, is 

piloted in survivors of stroke, it is important that it is designed well to ensure relevance, and 

the ability to be standardised and replicated. Involvement in the project’s formative stage by 

allied health professionals, clinical neuropsychologists, yoga experts and teachers, and 

consumers (carer and survivor) was essential to identifying features to include, barriers to 

program implementation and intervention delivery. Engagement of key research partners in the 

planning, adaptation and modification of the intervention was reliant on their early involvement 

in the project, and will facilitate a strong design for testing the program in future research. This 

process provides a model for other researchers and clinicians who aim to develop and 

implement complex interventions for survivors of stroke in the community. Illustrating how 

the yoga program for stroke was adapted and successfully integrated into a training manual for 

pilot testing provides insights into how this may be accomplished in similar contexts and other 

populations with chronic disabilities.  

The development of the new yoga program for stroke involved ‘co-design’ whereby a team of 

allied health professionals, researchers, yoga experts and teachers, and consumers worked 

together.164 The consumers provided mutually valuable contributions, via regular meetings, 

emails and focus group, and were regarded as equal and active agents and not merely passive 

subjects or recipients of services.165 Moreover, the suggestions made by the consumers 

informed important practical modifications required to increase program adherence. This 

collaborative and phased approach was invaluable for identifying various aspects of the manual 

that needed to be modified to ensure relevance to the target population.  

Overall, positive feedback was received from the allied health professionals, yoga teachers and 

consumers about the program and its potential utility. This manual has been designed to train 
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and then be used by yoga teachers to teach groups of survivors of stroke across a broad range 

of age groups and disabilities (see pages 262-280 for example sections, Appendix F). The 

program allows for progression of training intensity throughout the 12 weeks, giving an 

opportunity for survivors to gradually improve their mindfulness development and potentially 

enhance their physical and cognitive abilities, acceptance and awareness of themselves within 

the context of living with stroke. The program is suitable for people with all types of stroke 

impairments.  

It is important to note some limitations of the present study. Firstly, the study involved only 

three survivors of stroke and one carer, and hence the findings may not be regarded as 

generalisable. However, the survivors of stroke have different abilities and have been 

practicing yoga for a long period of time. As a result their perspective on some of the 

information required for program implementation was deemed important. Secondly, there may 

be a possibility of responder bias since the survivors, teachers and researchers who provided 

independent review had great interest in yoga and may have been more committed to the 

project.  

11.5 Conclusion  

Multiple data sources were used in this mixed methods formative evaluation that was iteratively 

conducted during the two years in which the program was designed. The development of the 

program, in the form of a teacher training manual, involved the engagement of key stakeholders 

in the planning, adaptation and modification phases. By providing a program that is tailored to 

addressing the complexities that exist within survivors of stroke in the community, the conduct 

of a well-designed empirical study will be more feasible and acceptable for survivors of stroke. 

Ensuring that the program is clearly detailed will allow it to be replicated if found to be 

effective. Effective implementation and trialling of this program is key to delivering robust 
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evidence about the efficacy of a yoga-based MBI in survivors of stroke.154, 166 This stroke 

specific yoga program will be subsequently evaluated in a future RCT, assessing the impact of 

the yoga-based mindfulness intervention on patient outcomes including quality of life and 

mental health disorders in survivors of stroke living in the community. 
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PART D: 

Thesis summary and future 

implications 
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Chapter 12: Summary of findings and future 

implications 

 

 

 

Stroke is a neurological disease that affects many people around the world.1 There are various 

opportunities, across the stroke care continuum, to support patients who experience stroke to 

achieve better outcomes. There is a definite need to address the variation in management of 

stroke care within hospitals, and provide better management and prevention options to reduce 

the risk of developing anxiety or depression and other chronic and long-term issues in survivors 

of stroke.  

The various studies presented in this thesis contribute to the overall theme ‘Improving care and 

outcomes after stroke: A focus on hospital and community-based interventions’ from different 

aspects of the patient care continuum. While there is emphasis on anxiety and depression, there 

is also a focus on global stroke burden and how gaps in acute hospital care are identified and 

addressed in relationship to long-term patient outcomes (Parts A and B). Part C then focusses 

on strategies to reduce the burden of anxiety or depression following stroke, a gap that has not 

been well addressed to date.  
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12.1 Summary of findings related to the Global Stroke Statistics paper 

(PART A) 

As highlighted in the paper presented in Chapter 3, considering the worldwide impact of stroke, 

a compilation of epidemiological data on stroke, including incidence, mortality and case-

fatality into one database, is a useful resource for all health care and related professions, and 

policy makers. The aims of this paper were to: (i) update a repository of the most recent 

country-specific data on stroke; (ii) determine where data on incidence, mortality and case-

fatality were missing; and (iii) determine countries where data on incidence, mortality and case-

fatality from stroke were out of date. Whether clinical registries were active in countries that 

had not undertaken an incidence study, or had outdated stroke data, to describe whether these 

were being used as a potential substitute for incidence was also explored.  

The main findings of Chapter 3 were:  

1. Incidence, adjusted to the WHO World standard population, ranged from 76 per 

100,000 population per year in Australia (2009–10) up to 119 per 100,000 population 

per year in New Zealand (2011–12), with the latter being in those aged at least 15 years.  

2. Data on case-fatality were available in 42 studies in 22 countries, with large variations 

between regions. 

3. Some countries may be using clinical registries to provide such estimates for stroke in 

lieu of community-based incidence studies. These registries can also be used to assess 

the quality of care provided at acute hospitals and subsequent patient outcomes.  
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12.2 Future implications from the Global Stroke Statistics paper 

(PART A) 

In many countries, stroke is a lower priority than other diseases despite its impact on public 

health. One issue is a lack of readily accessible comparative data to help make the case for the 

development of country-wide stroke strategies. To assist in this process, the Global Stroke 

Statistics publication provides an important common repository of the latest published 

information on the impact of stroke worldwide. We plan to update this repository annually and 

expand the scope to address other aspects of the burden of stroke. 

Country-level data provide important information for citizens, clinicians, and policy makers to 

understand where an individual country sits within the global picture of stroke. These 

comparative data provides us with opportunities to explore what might be effective options to 

combat rising incidence, case-fatality and excess mortality in countries that may urgently need 

support and attention. Much can be learned from countries that maintain stroke incidence, 

mortality and case-fatality rates at low levels relative to other countries, despite having similar 

demographic or socioeconomic circumstances. It is also important to ensure that what is 

learned from better performing countries is adapted for implementation in low performing 

countries, and that there are efforts made to routinely monitor changes over time. To ensure 

maximal use of the information, in the future, well-designed community-based stroke 

surveillance studies are needed to continue to be undertaken, which also abide by agreed 

standards in conducting and reporting these studies. As highlighted in Chapter 3, national 

clinical registries may be used to provide such estimates for stroke in lieu of community-based 

incidence studies. These registries, such as the AuSCR, can also be used to routinely monitor 

and assess the quality of care provided at acute stroke hospitals and subsequent patient 
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outcomes. However, establishing and running a comprehensive clinical quality disease registry 

is expensive, and require support from sectors, including government. 

12.3 Summary of findings related to improving the quality of 

evidence-based care at hospitals (PART B) 

 

Routinely collected data from a clinical registry, such as the AuSCR, is a driving force to 

changing hospital performance, and can be used in QI programs to help clinicians close the 

gaps in acute stroke care. In Chapter 5, data from the participating hospitals in QLD over a five 

year period were used to describe the influence of external facilitation to improve the quality 

of stroke care in hospitals by changing clinician behaviour. Gaps in stroke care were informed 

by data from the AuSCR and the Stroke Foundational National Audit program. The overall aim 

of Chapter 5 was to evaluate the influence of the process of external facilitation for QI at the 

hospital-level for improving acute stroke care within an Australian context.  

The main findings of Chapter 5 were:  

1. There was no significant difference in support time from external facilitators to 

hospitals that developed a comprehensive action plan vs simple or no action plan. 

2. No statistically significant association between either the mode, or dosage of external 

facilitation and complexity of action plans developed. 

3. Eight out of twelve hospitals selected all eight PoC for comprehensive action planning 

and there was an observed improvement in absolute change in only 4 PoCs.  

4. It is unclear whether hospitals with more comprehensive plans were more motivated to 

change practice. 
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12.4 Future implications from improving quality of evidence-based 

care at hospitals (PART B) 

 

A clear message from the implementation science literature is that information on care gaps 

alone does not change behaviour and active support or ‘facilitation’ in some form is required.102 

As described in the paper presented in Chapter 5, successful implementation of an action plan 

to reduce practice gaps is most likely when implementation processes are appropriately 

facilitated by either internal or external facilitators.11 

To our knowledge, our study is the first to explore dosage of external facilitation in a complex 

multifaceted QI program in acute stroke care in Australia. The delivery of a complex 

multifaceted intervention to many sites required several different modes of contact, including 

email, face-to-face and telephone. In this study, the external facilitators provided support to 

hospital staff to ensure action plans were developed and implemented to change practice. 

Similarly, the authors of the ‘Get With The Guidelines Stroke’ program have evaluated the 

impact of facilitation on quality of care, which were shown to improve adherence to all primary 

performance measures.167 In our study a small, but consistent, trend across all forms of delivery 

of facilitation indicated that a larger dose of external facilitation was associated with more 

indicators being targeted in action plans. However, in sites with more directed action plans 

targeting fewer indicators, it was demonstrated that much greater improvement in indicators 

could be achieved. A lack of definite dose-response is not evidence that external facilitation 

has no effect, but perhaps the content of facilitation provided is more important than the amount 

of time spent with facilitators. Unfortunately, I was also unable to comment further on the 

efficacy of the type of interventions provided since no data on the details of the specific support 

that was provided at each contact point was available. The pie chart, presented as Figure 1 in 
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the manuscript (page 103 of thesis) is a general description  of the types of support provided 

by the external facilitator as reported by them. Further research is needed to unpack the role of 

external facilitation, and the processes involved as part of a multifaceted QI program that uses 

audit and feedback strategies. Future studies may also include a two-step process where the 

external facilitators first educate and identify the local barriers and enablers of the hospital, 

followed by a second meeting that is completely focussed on action planning.168 In-depth data 

on the content of support provided must be collected to further understand key factors that play 

a role in changing clinician behaviour. 

 

12.5 Summary of findings related to addressing the burden of anxiety 

or depression following stroke (PART C) 

 

In Part B, I provided details of how audit, clinical registry, and hospital administrative data 

may be used to monitor the quality of stroke care provided in Australian hospitals and identify 

and help reduce disparities in stroke care, mortality and stroke reoccurrence in the community.  

In Part C, Chapters 6 and 7, I discussed how we can use data from the clinical registry linked 

with hospital administrative datasets to investigate potential areas for intervention to reduce 

practice gaps related to anxiety and depression. By combining these routinely collected datasets 

it was possible to assess a wider range of factors specific to reducing the burden of anxiety or 

depression following stroke. In Chapter 6, I described the processes involved to set up the final 

linked data set used for the analyses presented in Chapter 7.  

The main results of Chapter 7 were: 
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1. Using the EQ-5D-3L, patients that reported having problems with anxiety or depression 

had a significantly poorer quality of life than those who reported having no issues with 

anxiety or depression.  

2. The factors most strongly associated with post-stroke anxiety or depression were a prior 

diagnosis of anxiety or depression, dementia, being at home with support, and low 

socioeconomic advantage compared to high. 

3. Acute stroke processes of care, routinely collected in AuSCR, were not independently 

associated with anxiety or depression. 

To address an important limitation of study presented in Chapter 7, in Chapter 8, I undertook 

a study to assess the convergent validity, sensitivity and specificity of the EQ-5D-3L survey as 

a tool for screening anxiety or depression in people with stroke.  

The preliminary findings were: 

1. The EQ-5D-3L had a response rate of 70%. 

2. A strong correlation and excellent AU-ROC was observed between the EQ-5D-3L 

anxiety or depression domain and either subscales of the HADS.  

3. The sensitivity and specificity of the EQ-5D-3L anxiety or depression domain and 

comorbid anxiety or depression symptoms were 100% and 64%, respectively, with a 

moderate correlation. 

4. The sensitivity and specificity of the EQ-5D-3L anxiety or depression domain for 

anxiety were 89% and 71%, respectively. Whereas, the sensitivity and specificity of the 

EQ-5D-3L anxiety or depression domain for depression were 85% and 79%, 

respectively.  

5. Forty-three participants completed the additional questions based on the ICHOM 

survey (81% response rate). 
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In the next three chapters I focus on a potentially beneficial community-based MBI program. 

In Chapters 9 and 10, I conducted a scoping and systematic review with meta-analyses, 

respectively. This comprehensive search of the available evidence is important to understand 

the magnitude of the potential benefits of MBIs on stroke recovery. The specific aims were to: 

(i) synthesise the existing evidence of how yoga and tai chi may influence some of the 

modifiable risk factors for stroke and CVD, (ii) systematically evaluate published evidence on 

the effectiveness of yoga, on the physical function, mental health, and overall quality of life of 

survivors of stroke.  

The major findings were: 

1. Yoga and tai chi appear beneficial in moderating some of the highly prevalent risk 

factors for stroke, such as hypertension, diabetes and cholesterol.  

2. The effectiveness of MBIs on reducing smoking and alcohol intake is not very well 

understood. 

3. The underlying pathophysiological mechanisms of MBIs on the changes to risk factors 

of stroke are not clear. 

4. Neuroimaging research on brain structure and neural connectivity, with MBIs as an 

intervention, is still in its infancy. 

5. There is a need to further unpack these beneficial changes on the pathophysiological 

pathways leading to therapeutic changes to some of these highly modifiable risk factors 

for stroke.  

6. Yoga may ameliorate state anxiety symptoms and depression in survivors of stroke. 

Interestingly, consistent but nonsignificant improvements were demonstrated for 

balance, trait anxiety, and overall quality of life.  
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Finally, in Chapter 11 a formative evaluation of the processes involved in developing a yoga-

based MBI designed for survivors of stroke living in the community was described. The chapter 

is also used to highlight how ‘co-design’ is an important aspect of intervention development, 

where consumers contributed to the four stages of development that led to the final design of 

the program, which is now ready for testing in a clinical trial.  

 

12.6 Future implications from addressing the burden of anxiety or 

depression following stroke (PART C) 

 

I conducted one of the largest assessments of factors associated with self-reported anxiety or 

depression following acute stroke or TIA using registry data linked to hospital administrative 

datasets and the National Death Index (Chapter 7). Using the EQ-5D-3L, almost one in two 

AuSCR respondents reported having anxiety or depression at follow-up. Thus confirming the 

high prevalence of these disorders in survivors after being discharged into the community. I 

was unable to detect an association between the quality of care received in hospital and self-

reported anxiety or depression following stroke. The lack of an independent association 

between the quality of acute stroke care received, and anxiety or depression following stroke 

suggests that quality and type of acute stroke care received does not independently impact on 

anxiety or depression following stroke in the same way as it appears to influence other types 

of post-stroke disabilities, such as quality of life or survival.86 Future studies must assess if the 

development of anxiety or depression following stroke may be influenced by evidence-based 

mood management in acute care or in the period immediately post-discharge. The AuSCR does 

not collect information on quality of care provided during rehabilitation. Therefore, using 

linked data from the Australasian Rehabilitation Outcomes Centre and the AuSCR will allow 
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us to explore if anxiety or depression at 90-180 days is impacted on by the quality of care 

received in rehabilitation. Moreover, from the current linked dataset, we do not know if those 

with anxiety or depression are being well supported or prescribed and managed by appropriate 

medication or behavioural therapy. Therefore this gap could be answered by using linked data 

of AuSCR and hospital administrative datasets with the Pharmaceutical Benefits Scheme and 

the Medicare Benefits Schedule. This will allow us to tease out the impacts of adherence to 

medications, frequency of general practice visits and use of mental health plans on post-stroke 

problems with mood.  

A major finding of this study is the identification of patient factors in those who were likely to 

report being moderately or severely anxious or depressed between 90 and 180 days following 

stroke or TIA, including stroke severity, socioeconomic status, and history of anxiety, 

depression or dementia prior to admission. This is in agreement with results of other studies 

where history of anxiety or depression or dementia was regularly highlighted as one of the 

strongest predictors of the development of anxiety or depression following stroke.117 Further 

research is warranted to gain a better understanding of why those with a history of anxiety, 

depression or dementia are more likely to experience problems with anxiety or depression 

following stroke and the types of supports and interventions that are required to mitigate these 

consequences. Identification of those with prior mental health problems for early intervention 

and support may help reduce the prevalence of post-stroke anxiety or depression. It may be 

more important to target interventions during the early post-discharge period rather than the 

acute period. So perhaps more information is needed about the optimal timing of interventions 

for prevention and management of anxiety or depression, particularly during transition to home 

and integration back into the community. Considering the high prevalence of anxiety or 

depression, blanket screening, and screening of those at high risk at various time point during 

the transition period (e.g. while in hospital, early post-discharge and later post-discharge 
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period) may be beneficial. General practitioners may need to be more vigilant in follow up 

these registry patients with these risk factors. Psychosocial interventions for the promotion of 

mental health or providing social support to those from a low socioeconomic background may 

be beneficial.   

The preliminary findings of the convergent validity study (Chapter 8) provides novel 

information regarding the usefulness of the EQ-5D-3L for population health research of initial 

clinical screening purposes (i.e. to identify possible ‘sub-clinical symptoms’). Despite ongoing 

concerns regarding the use of generic quality of life measures for clinical decision making in 

mental health, such as the EQ-5D-3L, our findings lend some support for the potential use of 

the EQ-5D-3L for population screening purposes to report on the prevalence of conditions such 

as anxiety or depression, in the stroke population. 

Based on the findings established from the extensive literature search presented in Chapters 9 

and 10, MBIs seem beneficial in reducing the impacts of stroke, and may be a potential 

additional therapy to current strategies. To confirm the potential benefits of MBIs as an adjunct 

therapy for stroke recovery, large well-designed RCTs are needed and should include power 

calculations for sample size, comparison group, blinding assessments, are needed. Given the 

economic burden in health care, these trials should include clinical effectiveness and cost-

effectiveness analyses. Understanding the potential risk reductions associated with MBIs are 

important for both researchers and practitioners to inform the choice of adjunct interventions 

and training programs implemented for those with high risk of recurrent stroke or other CVD. 

Finally, in Chapter 11, in a bid to conduct a future RCT to assess the impacts of MBI on stroke 

recovery, the formative evaluation of the development of an MBI program was presented. This 

has important implications for stroke recovery research and practice, as it provides information 

about an approach that could be adopted for rehabilitative programs for other populations with 
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chronic disabilities. Engagement of stakeholders in the planning, adaptation and modification 

of the intervention and research protocols was reliant on their early involvement in the project. 

Effective implementation of this program is key to delivering the most robust evidence about 

the efficacy of a yoga-based MBI in survivors of stroke, where the consequences of stroke 

remains of great concern. This new program will be subsequently evaluated in future clinical 

trials planned within Australia, and potentially in collaboration with experts from other 

countries. 

12.7 Concluding remarks 

In summary, this thesis has covered strategies to improve stroke care and outcomes at a hospital 

and community-level. A series of studies, with varying study designs, were presented as papers 

or traditional chapters, and provided a better understanding of the impact of stroke around the 

world, and potential strategies to identify and reduce evidence-to-practice gaps in acute stroke 

care. The evidence from this thesis could also help inform policy and practice decisions on how 

to better support survivors of stroke with anxiety and depression in hospital, and the early 

period following stroke, and strategies to reduce these consequences when in the community. 
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Page 1 of 2Version 1- 23/03/2018

ID

This questionnaire will help us understand how you have been feeling in the past week. Please
choose the option with "    " that is closest to how you have been feeling. You do not have to think
too much to answer: your immediate feeling is best.

Page 1 of 2

3. Worrying thoughts go through my mind:

Very definitely and quite badly

Yes, but not too badly

A little, but it doesn't worry me

Not at all

2. I get sort of frightened feeling as if
something awful is about to happen:

Most of the time

A lot of the time

From time to time, occasionally

Not at all

1. I feel tense or 'wound up':

5. I get a sort of frightened feeling like
'butterflies' in the stomach:

4. I can sit at ease and feel relaxed

Version 1- 23/03/2018

A great deal of the time

A lot of the time

From time to time, but not too often

Only occasionally

Definitely

Usually

Not often

Not at all

Not at all

Occasionally

Quite often

Very often

6. I feel restless as I have to be on the
move:

Very much indeed

Quite a lot

Not very much

Not at all

7. I get sudden feelings of panic:

Very often indeed

Quite often

Not very often

Not at all

8. I still enjoy the things I used to enjoy:

Definitely as much

Not quite so much

Only a little

Hardly at all

9. I can laugh and see the funny side of
things:

As much as I always could

Not quite so much now

Definitely not so much now

Not at all

10. I feel cheerful:

Not at all

Not often

Sometimes

Most of the time

ID
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Page 2 of 2Version 1- 23/03/2018

11. I feel as if I am slowed down:

Nearly all the time

Very often

Sometimes

Not at all

12. I have lost interest in my appearance:

Definitely

I don't take as much care as I should

I may not take quite as much care

I take just as much care as ever

13. I look forward with enjoyment to things:

As much as I ever did

Rather less than I used to

Definitely less than I used to

Hardly at all

14. I can enjoy a good book or radio or TV
program:

Often

Sometimes

Not often

Very seldom

15. In general, how do you rate your ability to
think?

Excellent

Very good

Good

Fair

Poor

16. In the past 7 days, how would you rate your
fatigue:

None

Mild

Moderate

Severe

Very severe

17. In general, please rate how well you carry
out your social activities and roles. (This
includes activities at home, work, community, and
responsibilities as a parent, child, friend, etc)

Excellent

Very good

Good

Fair

Poor

18. Do you have any problems with
communication or understanding?

No Yes

19. Do you need a tube for feeding?

No Yes

20. Do you take any medication/s for anxiety or
depression?

No Yes

Thank you for taking the time to fill out this questionnaire. Please return this form,
along with the Follow-up form to the AuSCR office using the replied paid envelope.

ID
Draft
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Please complete the form: 
 Neatly and legibly
 Write in black ink and press firmly
 Each question must be completed
 Place  in appropriate boxes 

Please return this form to AuSCR office using 
the reply paid envelope:  
AuSCR, Public Health, 
Florey Institute of Neuroscience and Mental Health 
245 Burgundy Street, Heidelberg, VIC, 3084  

Personal details: 

(only complete if your personal details have changed since you were last in hospital) 

Title 

First Name    

Last Name    

Address type      Home    Business    Other 

Street Address

Suburb  

Post Code  State     

  Country 

Phone Number Mobile Number    

Medicare No   

Date of Birth    / /
(dd/mm/yyyy)  

Gender        Male        Female 

 Intersex or indeterminate 

Please confirm if you are of Aboriginal and/or Torres 
Strait Islander origin? 

 Aboriginal but not Torres Strait Islander origin 

 Torres Strait Islander but not Aboriginal origin  

 Both Aboriginal and Torres Strait Islander origin 

 Neither Aboriginal nor Torres Strait Islander origin 

 Indigenous not otherwise described 

Follow- up Questions 

1. Where are you staying at present?

    Hospital     Home with care supports (e.g. assistance from family, council 
services etc) 

    Rehabilitation (inpatient)     Home without care supports 

    Hostel Care     Transitional care service 

    Nursing Home       Other  

2. Do you live on your own?

Yes, I live entirely on my own No, I live with others 

3. Since you were in hospital for your stroke <date inserted by AuSCR office>, have you had
another stroke?

    Yes     No 

<Patient name>  <Date of mail out> <Patient Record Number> 

FOLLOW-UP FORM 
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4. Since you were in hospital for your stroke, have you been readmitted to hospital?

    Yes      No  

If Yes, what was the reason for your admission? 

Date of re-admission  / / (dd/mm/yyyy) 

5. Which of these sentences best describes your level of disability today? (Tick one box only).

0 = NO SYMPTOMS AT ALL 

1 = NO SIGNIFICANT DISABILITY DESPITE SYMPTOMS 
 able to carry out all usual duties and activities 

2 = SLIGHT DISABILITY 
 unable to carry out all previous activities, but able to look after own affairs without assistance 

3 = MODERATE DISABILITY 
requiring some help, but able to walk without assistance 

4 = MODERATELY SEVERE DISABILITY 
 unable to walk without assistance, and unable attend to own bodily needs without assistance 

5 = SEVERE DISABILITY 
bedridden, incontinent, and requiring constant nursing care and attention 

By placing a tick in one box in each group below, please indicate which statements best 
describe your own health state today. 
6. Mobility

Thinking about your health today, which of the following statements best describes your mobility?

I have no problems in walking about _ 

I have some problems in walking about _ 

I am confined to bed_ 

7. Self-care
Thinking about your health today, which of the following statements best describes your self-care?

I have no problems with self-care _ 

I have some problems washing or dressing myself _ 

I am unable to wash or dress myself _ 

8. Usual activity
Thinking about your health today, which of the following statements best describes your usual
activities such as work, study, housework, family or leisure activities?

I have no problems with performing my usual activities _ 

I have some problems with performing my usual activities _ 

I am unable to perform my usual activities. _ 

9. Pain/discomfort
Thinking about your health today, which of the following statements best describes any pain or
discomfort you may be experiencing?

I have no pain or discomfort _ 

I have moderate pain or discomfort _ 

I have extreme pain or discomfort 

10. Anxiety/depression
Thinking about your health today, which of the following statements best describes any anxiety and
depression you may be experiencing?

I am not anxious or depressed _ 

I am moderately anxious or depressed _ 

I am extremely anxious or depressed
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11. Health State

To help people say how good or bad a health state is, we have drawn a 
scale (rather like a thermometer) on which the best state you can 
imagine is marked 100 and the worst state you can imagine is marked 0. 

We would like you to indicate on this scale how good or bad your own 
health is today, in your opinion.  

Please do this by drawing a line from the box below to whichever point 
on the scale indicates how good or bad your health state is today. 

Your own 
health state 

today 

Best 
imaginable 
health state 

Worst 
imaginable 
health state 
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12. Would you like to receive an information package from the Stroke Foundation about
stroke and support services?

   Yes    No 

13. Would you be willing to be contacted in the future to hear about possible stroke
research projects that you may be eligible for?

   Yes    No 

Form completed by:  Self  Other (please complete below) 

Name:   Signature: ________________ 

Relationship to Patient: 

Date: / / Contact Number:  

Additional Comments: 

THIS IS THE END OF THE QUESTIONNAIRE.  THANK YOU FOR YOUR TIME. 

Please return to the AuSCR office using the reply paid envelope enclosed. 
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AuSCR OFFICE 

Public Health, Stroke Division, Florey Institute of Neuroscience and Mental Health 

245 Burgundy Street Heidelberg Victoria 3084 Australia 

Free Call 1800 673 053 | www.auscr.com.au | admin@auscr.com.au 

TITLE FIRST NAME SURNAME
555 XXXXXXXX STREET 

SUBURB  QLD  XXXX

Day Month 2018

Dear TITLE SURNAME,

The Australian Stroke Clinical Registry (AuSCR) and HOSPITAL NAME have a continuing interest in

knowing about the recovery of patients with stroke or transient ischaemic attack (TIA). This information 

forms an essential part of our efforts to improve hospital care and outcomes for these conditions. 

Completing the enclosed, brief questionnaire is voluntary, but we would very much appreciate receiving 

information about where you are living and how you are presently managing since returning from 

hospital. 

If you are unable to complete the questionnaire yourself, we suggest that you might obtain the 

assistance of a relative, friend or carer, in order to provide us with as much information as possible. If 

you are a relative, friend or carer of the intended recipient of this letter, and in the event that they are 

now deceased, we respectfully ask that you inform us of their date of death. In this circumstance, no 

further contact will then be made by our office. 

Please complete all the questions in the form provided and return it to the AuSCR Office. A reply paid 

envelope is enclosed for your convenience. If we do not receive your completed questionnaire within 

four weeks we may send another to you, or your next of kin, as a reminder. 

Thank you for taking the time to complete this questionnaire. We hope that the responses will help us 

with our goal to improve stroke care across Australia. Please direct questions or concerns to the AuSCR 

office on freecall 1800 673 053 or admin@auscr.com.au. 

Yours sincerely, 

Associate Professor Dominique Cadilhac 

AuSCR Data Custodian 

Office Use Only 
Patient Record ID: 70911 

Letter to registrant 1
st
 attempt V1 15

th
 March 2016

Appendix C
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AuSCR OFFICE 

Public Health, Stroke Division, Florey Institute of Neuroscience and Mental Health 
245 Burgundy Street Heidelberg Victoria 3084 Australia 
Free Call 1800 673 053 | www.auscr.com.au | admin@auscr.com.au 

[TITLE] [FIRST NAME] [SURNAME] 

[ADRESS] 

[ADDRESS] 

[DAY] [DATE] [YEAR] 

Dear [TITLE] [SURNAME], 

For a time-limited period we are requesting an additional survey to be completed so that we can obtain a 

better understanding of the long-term effects of stroke in relation to problems with mood. This project will 

also assist us to identify whether we need to update the questions we routinely gather for the AuSCR to 

identify conditions such as anxiety, depression, or fatigue after stroke.  

Completing this additional survey is optional, but encouraged. Please take the time to read the material 

before you decide whether to participate. 

Please return all forms, whether completed or not in the enclosed replied paid envelope. 

Yours sincerely, 

Professor Dominique Cadilhac 

AuSCR Data Custodian 

Office Use Only 
Patient Record ID: XXXXX 

Appendix D
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Appendix E

Example search strategy 

PubMed 

(((((((((((((((((((randomized controlled trial) OR RCT) OR before after study) OR pre post 

intervention) OR random allocation) OR control group*) OR active control) OR clinical trial) 

OR blinding) OR placebo) OR treatment) OR intervention))))) AND (((human) AND patients) 

NOT animals)) AND ((((((((((((((((((exercise) OR hatha) OR ashtanga) OR bikram) OR 

iyengar) OR kripalu) OR kundalini) OR sivananda) OR vinyasa) OR bhakti) OR karma) OR 

yama) OR niyama) OR asana*) OR pranayama) OR pratyahara) OR dharana) OR dhyana)) 

AND (((((((((Yoga) OR mind body therapies) OR breathing exercises) OR meditation) OR 

relaxation therapy) OR mindfulness) OR mindfulness therapy) OR mindfulness based 

interventions) OR tai chi) OR taichi) OR attention)) AND ((((((((((((((((cerebrovascular 

disorders) OR basal ganglia cerebrovascular disease) OR (brain ischemia OR brain ischaemia)) 

OR carotid artery diseases) OR intracranial arterial diseases) OR intracranial arteriovenous 

malformations) OR (intracranial hemorrhages OR intracranial haemorrhages)) OR stroke) OR 

brain infarction) OR vasospasm) OR post stroke) OR cerebrovasc*) OR brain vasc*) OR 

cerebral vasc*) OR cva*) OR subarachnoid) AND (((exercise) OR exercises) OR usual care))) 

AND ((((((fatigue) OR depression) OR depress*) OR anxiety) OR mental health) OR "quality 

of life")))))) 
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Yoga program for stroke 

Example excerpts from the final program manual 

Appendix F

262



Summary 
• People living with stroke experience a range of challenges beyond physical

impairments including anxiety, depression and fatigue, which reduce participation

and quality of life

• Currently, there are few proven approaches to help survivors of stroke tackle

these challenges

• Mindfulness-based interventions are promising approaches for improving

cognition and mood in older adults and in people with disability including those

who have experienced stroke

• We have developed a 12 week community-based program for survivors of stroke

that is based on yoga

• In yoga, movement is used to focus attention as part of developing mindfulness.

• The mindful movement practices, or movement-based embodied contemplative

practices, are accessible for people with different levels of ability

• Therefore, we believe the active ingredient for supporting survivors of stroke to

experience greater wellbeing after stroke is through developing mindfulness

• To avoid drop-outs participants discuss their impairment restrictions with yoga

teachers prior to commencing classes. That is, before starting a group class for

the first time, participants should meet with a teacher who will explain the

program, reassure the participant and clarify anything that is unclear and explain

that there are various options/adaptations possible that are relevant to their

circumstances.

• The yoga program is designed to be complementary to treatment or care plans

that are already in place

• All of the practices can be completed from a chair position although some might

prefer to use other base positions, if required.

• Since safety and avoiding injury is paramount to the experience of participating in

the yoga program, alternate strategies and practice variations are recommended

and may include closing the eyes to imagine performing the practices on the

affected side or performing modified balance tasks.
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Introduction 
Stroke is a leading cause of death and disability in Australia. Survivors of stroke often 
experience problems with physical and mental health following stroke.  The goal of yoga for 
survivors of stroke is to reduce adverse outcomes and subsequently the risk of new 
cardiovascular events. The foundation for the new program is based on pilot clinical trials of 
yoga for stroke led by Dr Maarten Immink and Professor Susan Hillier at the University of 
South Australia with the most recent trial based on a small research project awarded by the 
Stroke Foundation in 2009.1 The positive results from the pilot trials in terms of quality of life 
and emotional well-being,1-3 add to an emerging body of evidence indicating a promising 
place for yoga in long-term care for survivors of stroke.4 Subsequently, through a 
collaboration with Prof Cadilhac and other experts we have come together to further develop 
an effective program using yoga as an option to support survivors of stroke in the 
community. 

1.0 Background literature 
People living with stroke experience a range of challenges beyond physical impairments 
including anxiety, depression and fatigue, which reduce participation and quality of life. This 
is further compounded by the risk of further cardiovascular events. Currently, there are few 
proven approaches to help survivors of stroke tackle these challenges and achieve 
improvements in outcomes. Below we provide information to describe the condition of stroke 
and why yoga might be of benefit. 

1.1 Understanding stroke and its impacts  
Pathologically, stroke is caused by an interruption of the blood supply to the brain, usually 
due to a blockage caused by a clot (ischaemic stroke) or ruptured blood vessel 
(haemorrhagic stroke) (see Figure 1).5 This causes inadequate supply of oxygen and 
nutrients, and inadequate removal of metabolic waste products, in vital parts of the brain. 
Consequently, the brain cells in the proximate area die and those in the neighbouring areas 
are affected by both the decreased blood flow and secondary factors arising from cellular 
dysfunction, resulting in loss of brain function.6 Transient ischaemic attacks (TIAs) are 
defined as cerebrovascular events without evidence of pathology on brain imaging.7 These 
can be precursor ‘warning’ events prior to a full stroke.  

All strokes are different so for some people the effects may be relatively minor and may not 
last long, while others may be left with more serious long term problems, depending on the 
location and size of stroke. Survivors of stroke may experience problems with movement 
and balance when there is muscle weakness or paralysis, loss of sensation and/or 
hyperactive muscles, all of which can affect mobility and body balance.8 This usually 
happens on one side of body and can also cause a lot of pain and discomfort. Other 
consequences of stroke include problems with vision, swallowing, controlling bladder and 
bowels and excessive tiredness or fatigue.9,10 Some survivors also have difficulties with 
speech and language after stroke. It is also very common to find that their short-term 
memory and concentration is affected by stroke, but it can also affect other thinking 
processes as well, such as problem-solving, planning and finding their way around.11 Stroke 
has a major emotional impact, which can lead to problems like depression and anxiety.12 In 
recent years, there is a better understanding of how strokes can be prevented and treated. 
Since the major causes of stroke are well known, this has helped clinicians to provide 
patients with medications and suggest lifestyle changes as part of treatment strategies. 
Since time to recovery is critical, prompt treatment of patients experiencing stroke saves 
lives, reduces disability and improves long-term recovery.13 
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Figure 1. Major types of stroke 

1.2 Risk factors that are known to cause stroke 
There are many risk factors associated with stroke. These can be categorised into 
modifiable, and non-modifiable factors. Some risk factors that can be treated or modified 
include smoking, hypertension, high cholesterol, obesity, physical inactivity, diabetes, poor 
diets, and excessive intake of alcohol. 14 On the other hand, risk factors such as age, 
gender, ethnicity, family history, and socio-economic position are known as non-modifiable 
and cannot be changed. Individuals experiencing more than one of these risk factors are at 
much greater risk of experiencing stroke.  

The causal chain and the complexities of stroke risk are reflected in Figure 2 below: 

Figure 2. Risk pathway for stroke and example of risk factors 
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3.2.3 Mindfulness meditation 
The program includes a set of meditation practices that implement a progressive approach 
to working to direct attention on purpose to the present moment with the quality of openness, 
acceptance and non-judgement. As such, the meditation practices support the cultivation of 
mindfulness, which emphasises purposeful, open and accepting use of attention. 

The meditation practices will be progressed in terms of the duration of the practice as well as 
the object of attention focus.  Like posture and deep controlled breathing, meditation 
practices progress from paying attention to various experiences in the body to more subtle 
experiences associated with breathing, thoughts and mental activity. 

3.4 Importance of consistency in program delivery 
The program is a standardised yoga program specifically designed for survivors of stroke.  
Standardisation of the program is important to ensure consistency so that all participants 
receive a very high quality yoga program that is evidence-based, and if found effective, could 
be replicated for other, similar, chronic illnesses to produce the same benefits.  The clinical 
research aspect of the program also relies on participants completing a yoga program that is 
consistent across delivery sites in terms of the practices and the method of teaching the 
program. To ensure consistency, teachers are expected to only deliver the set of practices 
established for the program and to use the examples of class plans provided as a guide for 
weekly classes, allowing for progression over a 12 week time period (see Section 5). 

An important aspect of consistency is the level of engagement the survivor has with the yoga 
practices in the program. This engagement is in terms of duration of yoga practice in each 
session, as well as the frequency of sessions. The duration for yoga practice is suggested in 
class plans and so the teacher’s adherence to the class plans will ensure some level of 
consistency in time spent on the yoga practices for the class. All group classes must be 60-
70 minutes long.  

As yoga provides benefits based on the regularity of yoga practice, it is important that the 
teachers provide encouragement and reminders about the importance of regularly attending 
the yoga classes, as well as completing daily home practice on days that classes are not 
attended. Teachers should also encourage participants to record home practice in the log 
book which will be used to assess the overall dosage of the program, as well as the 
feasibility and acceptability of the home component. 

3.8 Carer involvement 
In principle, carers can be involved in the yoga classes and may be present at the pre-
commencement meeting. The primary teacher will need to monitor the dynamics between 
the carer and survivor of stroke to ensure this is not opposing the aim of the class, or the 
program. The guiding principle though is that the carer should not interfere with the survivor 
or the groups’ participation. In addition, the presence of the carer should not present a 
source of distraction for the stroke survivor. Where a carer would like to join the class, these 
expectations should be clearly explained to both the carer and the stroke survivor, and both 
should agree before the carer commences participation in classes. They should also agree 
to recourse should any issues arise, which could include asking the carer to not participate in 
future classes. If such a situation arises each participant and/or carer should have a short 
interview with the Primary teacher, and the reason/s must be noted.  

266



4.0 Yoga Practices 

4.1 Movements & Postures 

4.1.1 Base Positions 
Purpose of Base Positions:  To position the body to allow one to participate in the 
practices comfortably, and with stability, therefore allowing one to focus on the nature of their 
practice and capacity to participate.  Selecting the appropriate base position depends not 
only on the type of practice that will be performed, but also on one’s own unique needs in 
terms of strength, balance and posture as well as the variation of the practice they choose to 
complete. Suitable base pose may change from practice to practice and develop over time. 
Important to listen to the body and allow time to find the best position. 

4.1.2 Sitting in a Chair 
Aim:  For many, sitting in a chair as a base position provides a comfortable and stable body 
position from which to participate in the practices. All of the practices can be completed from 

a chair position although some might prefer to use other 
base positions, if required. 
The sitting in a chair base position is recommended for the 
breathing techniques and meditation practices. 

Key instruction points:  Ensure that the chair is stable and 
comfortably positioned.  Chairs with arm supports might 
interfere with some of the practices that involve arm 
movements. The seat height should allow the feet to rest on 
the floor. 

The seated posture should be comfortable, and as best as 
possible, the torso should be upright (i.e. not slouching 
forward). Bringing the buttocks toward the back of the chair 
seat often helps to provide support an upright posture. 
Practice variations:  If required, instead of a chair, a 

wheelchair or other mobility device could be used that allows for sitting.  Ensure that the 
wheelchair or mobility device is sufficiently stable for movement from a seated position and 
that the device will not move or roll whilst seated. Participants should be reminded to put 
wheel brakes on, as required.  
Other base position options, which will be described next, include: Sitting on the Floor, 
Standing, and Laying on the Floor. 

4.1.3 Sitting on the Floor 
Aim: The sitting on the floor base position can provide a good level of stability for completing 
some of the practices but this base position has some requirements and might present 
challenges for some participants. 

The sitting on the floor base position requires sufficient space to sit with the legs straight and 
also this base position requires a floor covering that provides some cushioning such as 
carpeting or a yoga mat. This position might also require some wall space to lean the body 
against to support the torso. 

Challenges with the sitting on the floor base position include the mobility demands 
associated with getting down on to the floor and then getting up from the floor. Sitting on the 
floor also presents more challenge in keeping the body balanced and the torso in an upright 
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position while seated and also while doing any of the movements or postures.  Finally, it can 
be more challenging to keep a comfortable seated position while sitting on the floor. 

Key instruction points:  Suggestions for safety transitioning between base positions are 
provided in the following pages for coming down to the floor and then back up again.  The 
guiding principles for deciding whether or not to use the sitting on the floor base position are 
1) ensuring that emphasis is placed on being comfortable; and 2) working well within one’s
own limits or unique needs. Participants should be empowered to use devices to support
their posture and comfort in this base position (e.g. blocks, blankets, bolsters, cushion). The
teacher’s aide should circulate around the room to ensure appropriate use of the support
devices by correcting postures and provide comfort.

The torso should be balanced and upright, not slouching, while sitting on the floor and 
including when joint specific movements are completed in this base position.  It is possible to 
have knees slightly bent for the sake of comfort.  A folded blanket or thin cushion can be 
placed under the buttocks to support achieving an upright seated position.  When seated for 
joint specific movements involving the lower limbs, it is possible to place the hands on the 
floor beside or slightly behind the torso to support the torso. 

Practice variations 
Sitting with the back against the wall can provide a good level of support for the torso in the 
sitting on the floor base position. 

If it is comfortable, it is possible to sit with the legs crossed for joint specific movements 
involving the upper limbs, as well as breathing techniques and meditation.  If sitting crossed-
legged, check that the legs will not fall asleep or become uncomfortable during the time 
allocated for a particular practice. 
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4.1.4 Standing 
Aim: The standing base position can be used for the standing movements and balancing 
postures.  This will help strengthen postural muscles.  However, the standing base position 
does require one to have sufficient balance and muscle control and the individual should feel 
comfortable and stable in this position. 
 
Key instruction points:  One should choose a distance between their feet where they feel 
comfortable and balanced.  Having the feet close together reduces the base of support and 
can make balance more challenging.  For many, having the feet about hip-width apart is a 
good distance although other distances are fine. When standing, make sure knees are 
slightly bend, grounding through the feet, feeling a connection through the tripod under the 
foot (from heel to base of the little toe to the ball of the big toe and back to heel) to the 
support underneath. This grounding feeling can also be obtained from a seated position 
especially if participants are able to come a bit forward in their seat. 
 
The torso should be upright as best as possible in the standing base position and one 
should avoid a stiff or unnatural position.  Not having too many visual distractions can help 
maintain balance.  Some use an unmoving visual target (like a point on the wall or the floor) 
to gaze upon to help balance. Participants should be instructed to do this. Also if the 
participant is standing on a yoga mat it might be better to encourage move to the bare floor 
to provide more stability. 
 

Practice variations 
Participants with hemiparesis (paralysis or weakness of one side of the body due to stroke). 
may find this pose challenging and should only work within their capacity to ensure they do 
not fall over or have a leg collapse.  
 
To help support the standing base position, one might consider placing one or both hands 
on a wall, on the back of a chair or using an assistive device.  With these, ensure that the 
wall, chair or device will not impede any planned movement and that one will be comfortable 
and stable whilst standing. 
 
Should one feel uncomfortable or unstable in the standing base position, it is possible to take 
the time to use a wall or chair for support or to adopt the sitting in a chair base position 
before continuing with their practices. 
 
Other alternate strategies may include closing the eyes to imagine performing the practices 
on the affected side or balance tasks. Take care if closing the eyes in standing – have a 
support nearby if not already holding onto something.  
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4.1.5 Laying On the Floor 
Aim: The laying on the floor base position can be used to practice the cycling lower limb 
movement, breathing techniques, meditation or as a rest position between any of the body 
movements or postures. 

Laying on the floor can be a comfortable position that allows muscles to relax and some 
might find that this base position helps them keep focused on their breathing techniques and 
meditation.  However, as this position is similar to the position used for sleeping, it is 
possible to become sleepy, drowsy or actually fall asleep especially since fatigue can be 
common in survivors for stroke. Therefore, one of the requirements of using the laying on the 
floor base position is ensure that one will remain awake and alert. This base position also 
requires sufficient space to lay on the floor and having some cushioning under the body such 
as clean carpeting or a yoga mat. For meditation/relaxation on the floor it can be beneficial to 
come into a constructive rest pose, which include the support under the head as well as a 
folded blanket under the front part of the foot, heel remaining on the mat and also the use 
bolster at the back on knees. 

Challenges with the laying on the floor base position include the mobility demands 
associated with getting down on to the floor and then getting up from the floor. Teachers 
need to keep participants active in their practice of mindfulness to avoid falling asleep. 
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4.2.8 Elbow Bending  
Aim:  To slowly bend and extend the elbow while directing attention to elbow movement and 
sensations associated with elbow movement.   

Suggested base positions: Sitting in a chair or sitting on the floor 

Key instruction points:  The practice involves slowly alternating between bending and 
extending the elbow. The elbows bend such that the tips of the fingers touch the shoulders 
or such that the fingers move toward the shoulders.  The elbows extend by moving the 
fingers away from the shoulders such that the upper and lower arms are level or to a point 
that the elbow feels comfortably extended. 

From the seated position, 
the arms are raised in front 
to shoulder height such 
that they are parallel to the 
floor.  The hands are 
turned such that the palms 
face up.  The hands, arms 
and shoulders are 
encouraged to stay relaxed 
during the elbow 
movement. 

Check that the raising of 
the arms does not cause 

slumping or unnecessary rounding of the back.  Also, that the shoulders are not hunched up 
towards the ears or that there is tension and discomfort in the neck or shoulder region.  If 
raising of the arms is not suitable or appropriate, elbow bending can be practiced such that 
the arms are lowered and the back of the hands rest on the lap when the elbows are 
extended.  

If there is difficulty in bending one elbow, the other hand can be used to support and help 
move the forearm as the elbow bends and extends. 

If appropriate for the individual, it is possible to practice elbow bending with the arms raised 
to the sides at shoulder height thus opening the chest.  In this position, again the palms of 
the hand face up to start the movement. 

The elbow should not be overextended such that this creates strain or discomfort.  
Individuals differ with respect to the amount that their elbows extend naturally and so only 
extend the elbows as much as is comfortable and feels suitable. 

Aim to keep the movement at the elbow steady and flowing. One elbow may move more 
than the other, one elbow might move more smoothly than the other, it might be more 
difficult to control movement in one elbow as compared to the other or one arm might need 
support from the other to allow elbow movement.  Even with these challenges, encourage 
participants to practice as best as possible and while ensuring the movement is comfortable 
and that there is no straining.  Mentally, encourage an attitude of accepting how the wrists 
move while keeping an open attitude to experiencing the movement in the wrists. 

Slow movement with elbow bending will establish a richer experience of the practice and 
allow participants to more fully incorporate attention into the movement.  Intention allows one 
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to keep the attitude of purposefully choosing to move the elbows and at the same time 
choosing to pay full attention to the experience of bending and extending the elbows.  

Practice variations 
Elbow bending with arms lowered: This variation can be used when there is difficulty or 
discomfort in keeping the arms raised at shoulder level.  First, place the back of the hands 
on the lap. Then slowly move one or both hands towards the shoulders as the elbows bend. 
If needed, it is possible to practice with one arm raised and the other arm lowered.  Lowering 
of the arms with elbow bending can be used when the shoulders and arms need to rest 
before continuing the elbow movement with the arms raised. 
 
Elbow bending with the lower arm support by the other hand:  If needed, elbow bending 
can be done such that the movement is supported by having the opposite hand supporting 
the moving arm at the forearm or wrist.  Ensure that elbow bending is completed also in the 
arm of the hand that supported the movement. 
 
Single or double elbow bending:  Elbow bending can be done one elbow at a time or with 
both elbows at the same time. Single elbow bending allows focus and effort of control to be 
directed on the movement in one elbow at a time.  This can reduce attention demands and 
can also be beneficial to concentrate on the control of movement in one elbow.  Double 
elbow bending challenges attention to follow two moving elbows at the same time and also 
encourages movement coordination between the elbows.  Double elbow bending can be 
done such that they move together in a synchronised or mirrored fashion.  As best as 
possible, move the elbows together such that the hands reach the shoulders at the same 
time and are lowered back to the lap at the same time.  The elbows can also move opposite 
to one another such that one elbow is bending while the other is extending.  Here, aim to 
coordinate the movement such that as one hand touches the shoulder, the other is lowered 
at the same time to the lap and so on.  Coordination of double elbow bending in an 
asynchronous fashion is more challenging than double elbow bending in a synchronous 
fashion. 
 
Imagery of elbow bending:  Imagery can be used when for whatever reason it is not 
possible to practice with actual movement.  To use imagery ensure a rich experience of the 
imagined movement is created and maintain a good level of focused attention on the 
generated imagery of the movement. 
Close the eyes to visualise one or both elbows bending and extending feeling into the 
created imagery as if the movement is actually occurring.   
 
Working with attention: 
Preliminary – Watch one or both elbows bend and extend.  Keep the eyes directed to 
purposefully observe the elbow movement.  If the eyes are distracted away from watching 
elbow movement, use intention to bring the eyes back to watching the movement.  The eyes 
may need to be redirected back to watching elbow movement several times.  To watch both 
elbows at the same time, softly gaze at a point between the elbows such that the movement 
of the elbows is observed with peripheral vision. Alternatively, if moving both elbows, watch 
one elbow move for some time before slowly moving visual focus to the other elbow. 
 
Intermediate – While slowly bending and extending the elbows, purposefully place attention 
on as many sensations as possible coming from the elbows and possibly in the forearms 
and upper arms.  Experiencing as many sensations as possible with the movement can be 
assisted by closing the eyes.  It that is not suitable, it is fine to keep the eyes open while 
watching the elbow move and feeling into the sensations of the elbow movement at the 
same time.   
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Progressive – Coordinate natural breathing with elbow bending.  Work towards creating an 
engaged state of attention where the breath and elbow movement are closely linked. For 
example, breathing in comfortably as the elbow extends and slowly breathing out as the 
elbow bends. Conversely, breathe in as the elbow bends and breathe out as the elbow 
extends. Aim to coordinate the breath such that as each stage of elbow movement is 
completed simultaneously as each stage of inhalation or exhalation is completed.  For 
example, as exhalation finishes the hands at the same time touch the shoulders and the 
elbow completes bending.  If double elbow bending is being done in an opposite, 
asynchronous, fashion, the breath is coordinated to the opposing movement in each elbow.  
For example, breathe in as left hand is brought towards the shoulder and the right hand is 
lowered to the lap then breather out as the left hand is lowered to the lap and the right hand 
is brought towards the shoulder and so on. 

4.4 Upper Limb Movements 

4.4.1 Rowing 
Aims:  

• To slowly perform a rowing movement with one or both arms.  

• To progressively develop capacity in directing attention to upper limb movement in 
the shoulders and elbows, the sensations associated with upper limb movement and 
the coordination of the natural breath with the rowing movement and sensations.   

 
Suggested base positions: Sitting on the floor or sitting in a chair  
 
Key instruction points:  The practice involves using the arms to perform a rowing 
movement as if rowing a boat in a forwards and backwards direction.  Rowing can be done 
with both arms or if needed, it can be done with a single arm or a single arm that is being 
supported or moved by the opposite arm.  Rowing can be performed with some forward and 
backward movement of the torso along with the upper limb movement.   
 
However, to focus the movement into the upper limbs and avoid unnecessary compensation 
with trunk movement, the trunk can be kept mostly still as rowing is limited to movement in 
the shoulders and elbows.  The degree of rowing movement with the upper limb can be 
explored so long as larger movements do not cause straining or discomfort. 
 
Setting up for the practice: 

Sitting on the floor - Sit the body on the floor 
with the legs extended in front of the body.  To 
support the body in this position, sit with a 
cushion under the buttocks and/or slightly bend 
the knees. Place the soles of the feet hip width 
apart 
 
The starting position is with the hands being 
placed just below the chest as if holding on to 
two oars of a boat. 
 
Sitting in a chair - Sit the body on a chair 
ensure comfort and stability.  If some trunk 
movement is desired, ensure sitting away from 

the back of the chair slightly.  
 
The starting position is with the hands being placed just below the chest as if holding on to 
two oars of a boat. 

273



 
 
 
Movement: 
Forward rowing:  
From the starting position, bring both hands up as the arms straighten.  Next, with the arms 
straightened, lower the hands down.  Then, draw the hands back towards the body.  
Continue rowing in a forward direction for a suitable number of repetitions. 

 

 
 
Backward rowing: 
From the starting position, push both hands slightly down and away from the body as the 
arms straighten.  Next, with the arms straightened, raise the hands up and above.  Then, 
bend the elbows as the hands lower towards the chest.  Continue rowing in a backward 
direction for a suitable number of repetitions. 

Practice variations 
Single-arm rowing: This variation can be used for rowing if movement in one shoulder is 
not suitable or appropriate.  While one arm is rowing forwards and backwards, the other arm 
can rest on the lap or in the starting position. 
Single-arm rowing with support: This variation can be used to assist an arm to perform 
the rowing movement.  Grasp the hand, wrist or forearm of the arm that will row with the 
opposite hand.  Use the opposite arm to support or move the rowing arm in a forward or 
backward direction. 
Mental imagery of rowing: This variation can be used to create an experience of rowing in 
an arm when movement in one shoulder is not suitable or appropriate.  Encourage 
participants to close their mentally create an image and experience of the arm rowing in a 
forward or backward direction.  This imagery can be done with an arm as the other arm 
physically performs rowing or the other arm rests.  Imagery can also be used for both arms 
moving together. 
 
Working with attention: 
Preliminary – Maintain attention on the rowing movement in one or both arms.  Movement to 
attend to can include the hand moving through space, the movement at the elbow joint, 
movement in the shoulder, movement in the shoulder blade and if the trunk is moving, 
movement in the trunk and waist.  Use visual gaze to watch the rowing movement in one or 
both arms.  To watch both arms simultaneously, gaze at point in between the arms and 
watch arm movement with peripheral vision. Another option to watch both arms rowing, is to 
move vision slowly from one arm to the other. 
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Intermediate – Along with attention to rowing movement, also place attention on the 
sensations occurring at each moment of rowing.  These sensations might arise from the 
elbow or shoulder joints.  Other sensations might arise from muscles causing the movement 
or stretching with the movement or the skin providing sensation during movement.  The trunk 
might have sensations associated with keeping it still or moving with the arms.   
 
Progressive – To link the breath with rowing, breathe in slowly as the hands are raised 
above the body and breathe out as the hands are lowered.  This can be done when rowing 
in either forward or backward directions with one or both arms. 
If this is not comfortable, try some other way to link the breath to the rowing movement in 
order to maintain a good level of attention on the simultaneous occurrence of breathing, 
movement and the sensations of movement.  If linking the breath to movement becomes 
uncomfortable, stop this linking and use the intermediate stage of attention while rowing. 

4.6.3 Palms to the Sky 
Aims:   

• To slowly raise the arms above the head to stretch the arms and sides of the body.  

• To maintain stability in a standing or sitting position while raising the arms.   

• To progressively develop capacity in purposefully paying attention to movement in 
the arms and stability in the body, the sensations associated with coordinated 
movement of the arms and stabilising the body and the coordination of the natural 
breath with arm movement and body stability 

 
Suggested base positions: Standing or sitting in a chair  
 
Key instruction points:  The degree of movement in the shoulders and arms should not 
exceed one’s limits for comfort and flexibility.  The body should be stable in the standing 
position while the arms are raised and lowered.   If this is not suitable, then hand lifts should 
be practiced while standing against a wall or while seated in a chair. 
Care should be taken to not create strain or discomfort in the hands, wrists or forearms in 
attempting to get the palms to face up when raising the arms. If there is discomfort, the 
hands do not need to be turned so that the palms face up.  If practicing while standing 
creates any discomfort such as dizziness or light headedness, then move to a sitting position 
to continue or stop the practice.  
 
Setting up for the practice: 
Standing - Establish a standing position with good posture.  Separate the legs such that the 
feet are close together or if more balance is needed, separate the feet to about hip width 
distance.  For the starting position, place the hands with interlaced the fingers on the top of 
the head with the palms facing up. 
 
Sitting – Sit with good posture and the feet resting on the floor.  For the starting position, 
place the hands with interlaced the fingers on the top of the head with the palms facing up. 
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Movement: 
From the starting position, keep the fingers interlaced as both hands are raised above the 
head.  Raise the hands as if pushing the palms towards the sky.  Keep looking forward, do 
not look up at the hands.  When the arms are lengthened allow then the back of the hands to 
slowly lower to the top of the head to continue.  If it is suitable, the hands be kept above the 
head for a moment or two to stretch the arms and sides of the body before lowering the 
hands to the head.  Continue to push the palms up and then lower to the top of the head, 
with an upwards stretch.  If the arms get tired or the hands become uncomfortable, ask the 
participants to take a break by releasing the hands down to the sides before continuing.  

Practice variations 
Standing palms to the sky with wall support.  To increase standing stability during this 
practice, stand with the back leaning slightly against a wall.   
Single arm palms to the sky with or without support from the other hand.  If needed, palms to 
the sky can be practiced with one arm either in a standing or sitting position.  Support or 
movement assistance can be provided from the opposite arm. 

Working with attention: 
Preliminary – Maintain attention on the movement at shoulders and elbows and the arm as a 
whole as the palms of the hands are pushed up and then lowered.  As the arms and the 
joints of the arms move, also pay attention to the stability within the arms and the stability in 
the torso and legs to enable movement of the shoulders.  If standing, notice small 
movements in the lower legs that help maintain balance.  If standing or sitting, notice small 
movements in the trunk or the body that allow the movement to take place.  Keep the eyes 
softly gazing on a stationary object in front to help keep the body stable during the 
movement.  

Intermediate – Along with movement in the arms during palms to the sky, direct attention to 
the sensations associated with the practice.  These sensations can arise from movement in 
shoulder or elbow joints or the sensation of the hands with fingers interlaced or the sensation 
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of stretching the arms up and the relaxing them to lower the hands.  Sensations can also be 
associated with body regions which are kept still or which are associated with stability in the 
body.   
 
Progressive – Link the breath to hand lifts such that as the palms are pushed up, there is a 
slow breath in and as the back of the hands are lowered to the top of the head, there is a 
slow control breath out.  Have a sense that the in breath is pushing the palms up and the out 
breath is allowing them to lower gently.  By paying attention to the breath with the movement 
feel the movement become steadier and the body more stable.  Work to coordinate the 
breath and movement. That is, as the in breath finishes the palms are pushed up as high as 
is comfortable and as the out breath finishes the back of the hands are returning to the top of 
the head.  If breathing becomes uncomfortable, encourage participants to let go of trying to 
link breath and movement and use the intermediate stage of attention control. 
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7.0 Background to models used as demonstrators 
 
Emma Gee 

  
I’m Emma Gee & I survived a stroke at the young 
age of 24 years. As a full-time therapist who 
surreally worked with stroke survivors in their own 
rehabilitation & as an avid long-distance runner, to 
be ten years later living within a disabled body & 
feeling so trapped is something I never imagined.  
 
After years trying to return to the ‘old Em’ & resume 
my past exercise routines, I have now accepted 
what I can’t change & in beginning yoga have 
changed what I could. My practice was initially just 
another form of trying to fix me, but now it’s a daily 
means of ensuring I can sustain my wellbeing & live 
a balanced life.  
 
Unable to tolerate any medication, yoga has become 
my sole medication – both physically in managing 
my nerve pain & emotionally by helping me reflect, 
refuel & feel grounded. Whilst my regular practice in 
a studio with other yogis provides me with such a 
welcoming, accepting & encouraging community, the 
mindfulness that I’ve practiced off my mat is 

priceless.  
 
Whether I’m travelling for work, grappling with nerve pain or trying to move past a seeming 
impossible roadblock in my day, the yogic mindset serves me. I’m definitely not a ‘typical’ 
yogi – I walk with a walking frame, need to modify all poses & need to hold onto a nearby 
objects to balance. But I have learnt, “that it’s NOT what happens to you that matters, it’s 
how you choose to deal with it!” 
 
Excerpt from Reinventing Emma: Chapter 38: Life Now p 236 
“Yoga is another opportunity to reflect on, which I have incorporated into my everyday life. 
Through yoga I can absorb all that I’ve done and at the same time calm my mind, like stilling 
a shaken-up glass snow dome and letting the white snowflakes settle. Afterwards I feel 
grounded, anchored and balanced....” 
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Mark Simcocks 

My mother's father was an original ANZAC, losing his 
right arm at Gallipoli. He died at 39 from a stroke. My 
father’s father, a public servant in Papua New Guinea, 
died at 41 from a stroke. My father, a union official, 
had his stroke at 52, and died at 65 from another 
stroke. 

Ingrained with my parent’s philosophy, of living life 
and "look after those that cannot look after 
themselves and look after those they leave behind, 
you never know when you’re going to join them". 

I was struck down with a stroke at 46, on 1st of March 
2001, at 2:15 pm, leaving me with hemiplegia and 
hemianopia; unable to feel or recognise my left side. 
My critical care assessment was not good and 
deemed not suitable for rehabilitation.  However, I 
was fixated on going to Royal Talbot. Four nurses, 

including the charge nurse at the stroke unit were members of our recreation business.  The 
charge nurse understood my plight to get into Talbot and actively contacted them four times 
a day.  Finally, I was admitted on psychological grounds. 

At Talbot, the physio who was assigned to my case was an ex-client of our business and 
thought I might prefer to another physio.  My reply was, "Could they get me out quicker?” I 
was told “we can tell you what to do but only you can do it, only you can make you better." I 
stayed with Marize. 

I was offered an hour of physio per day. I stayed an extra half hour. This was then gradually 
increased by half hour intervals until I was had to leave when the therapists went home at 5 
pm.  12 weeks after admittance to Talbot, in my first week of walking. Passing the nurses’ 
station, I met the assessing doctor, my wife I pointed out the fact that I was upright and the 
response was, "I am so glad I am sitting down as there is no way I thought anything like this 
could have been possible."  

Being science trained, I have treated my situation as an experiment to document. I have 
made myself available to student nurses, doctors, therapists and researchers, who 
experimented, monitored and reviewed my progress. My participation has provided insight 
and knowledge to professionals about people who are going through the same experience 
as I. By continuing to participate, I feel I am carrying forward the philosophy my parents gave 
to me. I know I have improved my family's future and hopefully improved the treatment 
outcomes and lives of those that have yet to join the group we know as "stroke survivors".  

I have had, and continue to have, a fortunate life. 
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Marlene Lee 

When I was 34 years old, I was enjoying 5 years of marriage, 
working in the financial industry, travelling, socialising with 
friends and doing everything to enjoy life. 

But everything came to a stop when I was diagnosed with an 
AVM (arteriovenous malformation) in my brain and underwent 
neurosurgery that took 11 1/2 hours. 

I came out with a stroke that affected the whole right side of my 
body and my speech. 

I did not realise that the stroke would change my whole life 
thereafter. 

I went through denial, questioning, frustrations, feeling sorry for 
myself, anger and finally the acceptance of my physical 
limitations. 

Twenty years later, I am a proud mother of a 12-year-old 
daughter who makes me appreciate life every day and wanting 

to do everything a mother would for her child. 

As I try my best to be the best mum for my daughter, I realise that I had to find time for 
myself. 

Thanks to my good friend Kate, who is a yoga teacher, I was encourage to join her class and 
since then I have never looked back. 

Doing yoga has helped me to put time aside for myself and doing the yoga moves to the 
best of my limited physical ability. 

Yoga has not only helped me physically, but also helped me to regain my serenity, ability to 
relax and most of all, to be with myself in mind, body and spirit. 
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