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Abstract 

Background: 

Stroke is a leading cause of disability, and risk of a second stroke is high. In Australia there are 

currently over 420,000 people living with the effects of a stroke, with numbers projected to increase 

due to population growth. Although physical activity is important in both recovery and in reducing 

cardiovascular risk, high levels of sedentary time and low levels of physical activity are common. 

Substituting sedentary time for physical activity of any intensity can attenuate cardiovascular risk 

and may be a realistic and achievable target for stroke survivors. 

Recovery occurs on a continuum after stroke, during which there are key timepoints which may 

influence physical activity behaviours. One such timepoint is the transition from hospital 

rehabilitation to home. A greater understanding about the impact of this transition may assist 

clinicians to target sedentary time and promote physical activity early, before contact with health 

services reduces. Additionally, there is limited understanding about physical activity participation, 

or the factors that might influence it, over the first 10 years after stroke. 

Aims: 

The broad aim of this thesis is to explore sedentary and physical activity time at crucial timepoints 

after stroke. The specific aims addressed in each chapter are to: 1) examine the long-term 

prevalence of exercise and factors associated with exercise participation up to 10-years after stroke; 

2) determine the impact of change in a) the environment from hospital discharge to home and b) the

first 3 months at home on activity behaviours; and to explore whether physical and psychological 

factors are associated with the activity behaviours examined in a) and b); 3) explore factors that 

influence activity behaviours during the transition from hospital to home from the perspective of the 

stroke survivor and 4) determine whether the use of novel technology is feasible to promote 

physical activity using a functional exercise in the home. 

Methods: 

To address these aims four studies were conducted.  Participants in Study 1 were from the North 

East Melbourne Stroke Incidence Study. Participants in the further three studies were recruited from 

health services and the community in southern Tasmania. 

Study 1. Data (n=520 at 5 years, n=326 at 10 years) were from an observational study of first ever 

cases of stroke with 10-year follow up. Exercise was measured using a standardised self-reported 

questionnaire that asked about current exercise, exercise before stroke and whether participants had 
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discussed the benefits of exercise with their doctor. Baseline measures included age, sex, residence, 

stroke severity and occupation. Covariates measured at follow up were functional ability, advice to 

exercise, depression, anxiety, and quality of life. Descriptive statistics were used to determine 5 and 

10-year exercise prevalence. For 5 and 10-years cross-sectional data a log binomial regression 

model was used to determine factors associated with self-reported exercise. To examine change in 

exercise between 5 and 10-years four categories of exercise were created: no exercise, ceased 

exercising, commenced exercising and continued exercising. A log multinomial model was used to 

explore the relative risk of the previously listed covariates and change in exercise participation over 

time. No exercise at either timepoint was used as the reference category for the analysis. 

Study 2. I conducted a longitudinal observational study (n=34) with 3 timepoints: the final week of 

inpatient rehabilitation (time 1), the first week at home (time 2) and 3 months after hospital 

discharge (time 3). Sedentary time and walking activity (time and steps per day) were obtained with 

an ActiPAL3 accelerometer at each timepoint. Covariates (gait speed, walking endurance, lower 

limb strength, pain, functional independence measure, depression, anxiety and cognition) were 

collected at time 1 and 3. Linear mixed models were used to examine whether sedentary behaviour 

and walking activity changed in relation to a) the environment (time 1 to time 2) and b) over the 

first 3-months at home (time 2 to time 3). Interaction terms between the timepoint variable and each 

covariate were added to the models to determine if they modified any change in activity.  

Study 3. I conducted a qualitative study. Participants were stroke survivors who had recently been 

discharged from hospital rehabilitation (n=15) and their informal carers (n=7). Semi-structured 

interviews were used to explore the experience of physical activity during the individual’s inpatient 

rehabilitation admission and soon after discharge home. Interviews were transcribed and inductively 

coded prior to completion of a thematic analysis.  

Study 4. I conducted a pilot clinical trial (n=10) after discharge home that involved 1) the 

development of a novel technology system (app, sensor, tablet) and 2) testing the feasibility of 

using the technology system to prescribe a functional exercise (sit-to-stand), and allow a therapist to 

remotely monitor, provide feedback and update the exercise program. Feasibility measures included 

testing of the study design, recruitment/withdrawals, adherence, safety, participant satisfaction and 

estimates of effect on function. Descriptive statistics were used to summarise participant 

characteristics, exercise adherence to the prescribed program and to provide an estimate of the 

effect of the intervention on measures of physical function (short performance physical battery and 

timed 2-minute sit-to-stand test). 
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Results: 

Study 1. The prevalence of exercise was low at 5 years (18.5%, n=96) and at 10 years (24%, n=78) 

after stroke. In those with data at both timepoints (n=276), 15% (n=42) continued exercise between 

5 and 10-years, 10% (n=27) commenced exercise, 14% (n=38) ceased exercise and 61% (n=169) 

reported no exercise at either timepoint. Younger age, better functional ability, independence in 

walking, better quality of life, exercising before stroke and recall of advice to exercise were 

associated with continued exercise between 5 and 10-years. 

Study 2. During the first week at home, participants spent less time sedentary (45 minutes/day) and 

more time walking (12 minutes/day, 724 additional steps/day) compared to the final week in 

hospital. Depression at discharge was associated with greater sedentary time in the first week at 

home. During the first 3-months at home, sedentary time reduced further (39 minutes/day) and 

walking increased (21 minutes/day, 1112 additional steps/day). No factors were found that 

predicted change in activity over the three-month period.  

Study 3. Five themes were identified as influencing early physical activity in hospital rehabilitation 

and soon after discharge home: Understanding – Participants had variable understanding of the role 

of physical activity in recovery. People with greater understanding reported being more physically 

active in hospital and at home; Safety and risk – Communication by health professionals about 

safety and risk in hospital was reported to be confusing for participants. People prioritised safety 

over physical activity participation if communication appeared conflicted; Sense of purpose – a 

desire to resume valued life roles was reported to support greater physical activity participation; 

Social influences – Professional, family and peer support were important to support physical 

activity in hospital and after discharge. Aspects identified as supporting opportunities for physical 

activity included structured and unstructured therapy time in hospital, physical function, and the 

environment. 

Study 4. It was feasible to deliver and monitor exercise remotely using an app, sensor and tablet 

device. Adherence to the prescribed program (sessions and repetitions) was high. Participants rated 

the system usability, enjoyment and benefit as high. No adverse events were reported. The 

estimated effect of the intervention showed positive improvements in measures of physical function 

between baseline and four-weeks later.  

Conclusion: 

Few stroke survivors reported long-term participation in exercise that could counteract the health 

risks of prolonged sedentary time or reduce the risk of secondary cardiovascular events. Greater 
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physical function and recall of advice regarding exercise were associated with continued exercise in 

the long term. Health professional should use opportunities in the years after stroke to ask about 

exercise behaviour and provide exercise advice. 

Targeting factors associated with higher levels of activity early during recovery may help to support 

substituting sedentary behaviour for physical activity. The change in environment from hospital to 

home was associated with reduced sedentary time, but depression modified the benefit of the 

environmental change, suggesting it may be an important factor to target. Furthermore, stroke 

survivors and their carers reported that a better understanding of the role of physical activity, 

balancing safety and risk without overly restricting physical activity, and improving self-efficacy 

may be important enablers that clinicians can target. Finally, it was feasible to use technology to 

promote physical activity using a functional exercise program at home. Key features that supported 

adherence to the program included connecting stroke survivors and therapists, remote monitoring, 

feedback and exercise progression.  
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Terminology 

“Stroke survivor”: In this thesis I have used ‘person first’ language where possible. In Australia, the 

context for this thesis, the preferred term for ‘person with stroke’ is ‘stroke survivor’. I 

acknowledge that other countries have different preferred terminology for people with stroke. 

“Environment”: The settings in which stroke rehabilitation and recovery occurs are multifaceted. In 

this thesis I have defined “environment” as the complex nature of the physical spaces, physical 

features, functions, experiences and people (stroke survivors, staff, visitors) in which the stroke 

survivor interacts during rehabilitation and recovery. This includes the inpatient rehabilitation and 

home environments. 
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1 Introduction 

Stroke is a leading cause of disability, and risk of a second stroke is high. In Australia there are 

currently over 475,000 people living with the effect of a stroke, with numbers projected to increase 

to one million people by 2050 [1]. Although physical activity is important for both physical 

recovery and in reducing cardiovascular risk, high levels of sedentary time and low levels of 

physical activity are common [2]. Substituting sedentary time for physical activity of any intensity 

can attenuate cardiovascular risk [3] and may be a realistic and achievable target for stroke 

survivors. This substitution could additionally provide a stepping-stone towards participation in 

moderate to vigorous physical activity. 

Recovery occurs on a continuum after stroke, during which there are key timepoints that may 

influence physical activity behaviours. One such timepoint is the transition from rehabilitation in 

hospital to home. A greater understanding about the impact of this transition may assist clinicians to 

target sedentary time and promote physical activity early, before contact with health services 

reduces. Additionally, survival after stroke is increasing and more people are living longer with the 

impairments of, and elevated risk of secondary stroke [4]. It is therefore important to understand 

prevalence of exercise as an intervention to reduce secondary risk, and the factors influencing 

exercise over the first 10 years after stroke. 

In this introductory chapter, the background concepts related to this thesis will be presented. The 

chapter commences by defining the problem of stroke and provides an outline of stroke risk factor 

management with a focus on physical activity. Definitions of sedentary time, physical activity and 

exercise will be presented alongside a summary of the physical activity continuum that 

encompasses a range of activity types and intensities. A review of the literature about sedentary 

time and physical activity in relation to the timepoints addressed in this thesis will be presented. 

Finally, the chapter will conclude with the research questions that will be addressed in this thesis.  

1.1 Stroke definition 

The World Health Organisation defines stroke as “rapidly developing signs of focal (or global) 

disturbance of cerebral function, lasting more than 24-hours or leading to death, with no other cause 

than of vascular origin” [5]. There are three main subtypes of stroke: ischaemic stroke, cerebral 

haemorrhage and subarachnoid haemorrhage. In this thesis, strokes of ischaemic and cerebral 

haemorrhagic origin are included. Ischaemic stroke occurs when atherosclerotic and 
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thromboembolic events result in reduced blood flow to the tissue of the brain and subsequent 

infarction. Haemorrhagic stroke is an intracerebral haemorrhage resulting from a non-traumatic 

event [6]. 

1.2 Stroke epidemiology 

Stroke is a leading cause of both mortality and disability globally, and two-thirds of stroke 

survivors require assistance with at least one aspect of their daily lives [7]. The global economic 

cost of stroke treatment and care is substantial, and in Australia alone costs approximate 5 billion 

dollars per annum [7]. The burden of stroke can be reported by incidence, prevalence, mortality rate 

and by disability adjusted life years (DALYs).  

The most recent and comprehensive global data on stroke is from the Global Burden of Diseases, 

Injuries, and Risk Factors Study 2016 [8]. Nearly 14 million new stroke cases were estimated to 

have occurred in 2016 equating to a stroke incidence of 203 per 100,000 people globally [8]. At a 

global level stroke incidence is declining. However, with population ageing the absolute number of 

stroke cases continues to increase [9]. There were, in 2016, over 80 million prevalent cases of 

stroke, of which 41 million were in women. While the age-standardised mortality rates after stroke 

have reduced by 36% between 1990 and 2016, ageing and growing global populations have seen an 

increase of 28% in the absolute number of stroke related deaths over this period. In 2016, 5.5 

million deaths worldwide were attributable to stroke [8], the second highest cause of death after 

ischaemic heart disease. Fewer women died than men (2.6 versus 2.9 million) and the number due 

to ischaemia were slightly lower than those due to haemorrhagic strokes (2.7 versus 2.8 million). 

Disability adjusted life years provide a measure of the gap between health status after stroke and an 

ideal health status, therefore reflecting the overall burden of living with stroke. Over 116 million 

DALYs in 2016 were attributable to stroke, accounting for 42.2% of the total DALYs worldwide 

[8].  

Australia has a population of nearly 25 million people. With an incidence rate of 226 stroke events 

per 100,000 people [1], nearly 56,000 people will experience a stroke each year. These numbers are 

projected to rise over time, with estimates of 83,600 new stroke cases in 2030 and 132,200 in 2050 

predicted [1]. Nationally, there are over 475,000 prevalent cases of stroke and around 40% live with 

stroke related disability [10]. In 2017, over 12,500 deaths were attributable to stroke which 

represented over 5% of all deaths in Australia. Although between 1980 and 2016 the overall 

mortality rate for stroke has reduced, declining by around 3.7% per year [10], absolute numbers of 

DALYs attributable to stroke has risen by 40% between 1990 and 2016 [11]. 
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Tasmania is Australia’s island state with a population of around 570,000 people. Along with South 

Australia, the state is estimated to have the highest stroke prevalence nationally (255 strokes per 

100,000 people) [1]. There were 1453 stroke cases in Tasmania in 2017 [1] and 318 deaths 

attributable to stroke. Nearly 12,500 Tasmanians were living with stroke in 2017, the highest rate of 

stroke survivors (2175 per 100,000 people) nationally [1]. 

1.3 Risk factor management 

It is vital that risk factors are managed effectively after a primary stroke event [12] as one-third of 

strokes annually in Australia are recurrent events [1]. The risk of recurrence is elevated in the first 

year after stroke (7-fold increase) and remains so for up to 10-years [13]. There are metabolic (e.g. 

hypertension, hyperlipidaemia and dysglycemia) and lifestyle (e.g. insufficient physical activity, 

poor diet, alcohol consumption and smoking) factors that are important targets for risk reduction 

strategies [14]. One of the most important modifiable targets that can improve metabolic health and 

reduce stroke risk is physical activity. 

Results from previous studies demonstrate the importance of physical activity as a modifiable 

factor. The INTERSTROKE study [15] identified that collectively, 10 modifiable risk factors were 

associated with over 90% of the population attributable risk (PAR) for all stroke globally. Physical 

inactivity was identified as the second leading attributable risk for stroke (PAR 36% [95% CI 28 to 

45]). Physical activity is also important for secondary prevention, and greater physical activity 

levels are independently associated with reduced likelihood of recurrent stroke (Odds ratio 0.6 [95% 

CI 0.4 to 0.8])[16]. Physical activity is also beneficial in reducing other risk factors for stroke. The 

leading population attributable risk identified in the INTERSTROKE study was hypertension (PAR 

48% [95% CI 45 to 51]), and a meta-analysis (197 randomised controlled trials, n=10,481) revealed 

that exercise, an important subset of physical activity, can reduce systolic blood pressure by -

4.8mmHg [95% CI -5.6 to -4.1] [17]. Achieving small reductions in systolic (5-6 mmHg) and 

diastolic (2-3 mmHg) blood pressure could contribute to 40% fewer stroke cases [18].  

In addition to achieving sufficient levels of physical activity, reducing sedentary time is important 

for health and for risk factor management. Replacing sedentary time with even low intensity 

physical activity is emerging as an important component of cardiovascular disease risk factor 

management [3] and may be a more realistic target than moderate-vigorous activity for stroke 

survivors who may not have established physical activity habits. Data from cross-sectional and 

longitudinal studies indicate that prolonged time in sitting or lying postures are associated with an 

increased risk of mortality and with cardiovascular disease [19, 20]. After stroke, people spend 
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more time sitting and less time upright or walking than healthy matched controls [2, 21]. 

Consequently, stroke survivors are likely to be in the most sedentary and least active category of the 

population contributing to the highest risk of morbidity and mortality [3]. Even physical activity at 

lower intensities may confer benefits for risk reduction. Data from a large prospective observational 

study in the United States (n=7999) [22] found that people who engaged in an additional 30-

minutes of light intensity physical activity compared to sedentary time showed an associated 17% 

reduction in mortality risk (Hazard Ratio (HR) 0.83, 95% CI 0.80 to 0.87), and a 35% reduction 

(HR 0.65, 95% CI 0.50 to 0.85) when 30-minutes of moderate to vigorous physical activity was 

substituted. Interrupting periods of prolonged sedentary time with bursts of light intensity physical 

activity can positively influence metabolic factors associated with stroke risk. For example, people 

with obesity and type 2 diabetes are able to reduce blood pressure when interrupting prolonged 

periods of sitting with short breaks of light to moderate physical activity [23-26]. Importantly, a 

reduction in systolic blood pressure has also been seen in stroke survivors who participated in bouts 

of light intensity activity while standing to break up prolonged periods of sitting [27]. Beneficial 

outcomes following frequent bouts of physical activity on blood glucose levels (post prandial 

glucose) are possible in people with obesity and type 2 diabetes [23, 28, 29], although the effects 

have not yet been observed in people with stroke [30]. 

Collectively, the evidence supporting reducing sedentary time and increasing physical activity as 

essential targets following stroke is robust. Therefore, the following section will define physical 

activity before exploring the mechanisms by which physical activity may benefit stroke survivors. 

1.4 The physical activity continuum 

The term physical activity is an umbrella term that incorporates a continuum of activity behaviours 

that range in intensity from very low (sedentary) to very high. This section will provide definitions 

for sedentary time, physical activity and exercise. The focus of this thesis is on sedentary time and 

walking activity. A summary of physical activity definitions is provided below in table 1.1. 

1.4.1 Sedentary time versus physical inactivity 

Sedentary behaviour is defined by the Sedentary Behaviour Research Network as “any waking 

behaviour characterised by an energy expenditure of ≤1.5 metabolic equivalents (METS) while in a 

sitting or reclined posture” [31]. Posture (sitting or lying) is an important component of the 

definition and is used to differentiate it from other definitions that use the term sedentary to describe 

people who do not meet physical activity guidelines. One important differentiation is that with 
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physical inactivity, which is defined as “an insufficient physical activity level (duration or intensity) 

to meet present physical activity recommendations” [32]. 

Accumulating sedentary time in prolonged bouts is associated with cardiovascular health risks [22]. 

Although there is not yet clear evidence of the most detrimental duration of a sedentary bout [33], 

prolonged bouts defined as >30 minutes and >60 minutes are frequently used in sedentary 

behaviour research after stroke [30, 34]. Interrupting sedentary time provides an opportunity to 

engage in physical activity behaviours, the range of which will be discussed below. 

1.4.2 Physical activity 

Physical activity is defined as ‘any bodily movement produced by skeletal muscles that results in 

energy expenditure’ [35]. As previously noted, the term represents a broad and complex set of 

activity behaviours and is quantified by several parameters, including the intensity of the activity.  

1.4.3 Light intensity physical activity 

Light intensity physical activity (LIPA) is activity that contributes to energy expenditure and is 

characterised by household ambulation and activities of daily living [36]. It contributes to much of a 

person’s daily activity profile [37], and does not result in noticeable increases in breathing or heart 

rate [38]. In the general population, greater participation in LIPA is associated with lower risk of 

mortality [39, 40]. With a near perfect inverse correlation (-0.98) between time spent in LIPA and 

sedentary time reported [41] it may be achievable and realistic to shift activity behaviour from 

sedentary to LIPA for people with disability after stroke.  

1.4.4 Moderate-to-vigorous intensity physical activity 

Moderate-to-vigorous physical activity (MVPA) requires increased physical effort and leads to 

sweating, increased breathing rate and increased heart rate [42]. Moderate intensity activities may 

include walking (up to 5km/hour), gardening and heavy cleaning tasks [42]. Activities at vigorous 

intensities include brisk walking (>8km/hour), jogging, cycling and walking up steep gradients [42]. 

In the general population, regular participation in moderate to vigorous physical activity is 

associated with lower risk of a wide range of conditions including cardiovascular disease, early 

mortality, high blood pressure, metabolic syndrome and Type 2 diabetes [43].  

1.4.5 Exercise 

Physical activity can be classified as exercise or non-exercise activity. The exercise subset is 

defined as “planned, structured and repetitive activity which has a final or intermediate objective to 
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improve or maintain physical fitness” [38]. Exercise can be performed at either light, moderate or 

vigorous intensity. However, it is at the moderate-to-vigorous level where breathing and heart rate 

is increased that the greatest cardiovascular health benefits are gained. There are known benefits of 

exercise for people with stroke. These include reduced disability, greater independence, 

improvements in physical function, mobility, mood and quality of life [44]. 

Table 1.1 Operational definitions and descriptors of physical activity 

Activity  Sedentary Light intensity Moderate intensity Vigorous intensity 

Postural 

descriptor 

Lying, sitting Standing, 

walking 

Walking Stepping running, 

jumping 

Intensity 

descriptor 

No noticeable 

increase in 

breathing or heart 

rate 

No noticeable 

increase in 

breathing or 

heart rate 

Noticeably 

increases breathing 

and heart rate  

Rapid breathing 

and substantial 

increase in heart 

rate 

 

All activity behaviours are integrated over the course of a 24-hour daily cycle. Increase in one type 

of activity (e.g. physical activity) will reduce activity of another type (e.g. sedentary time) in equal 

magnitude [45]. Therefore, activity behaviours cannot be studied in isolation as the positive benefits 

of one behaviour could be outweighed by the risks conferred by another. The relationship between 

activity behaviours are likely to be complex. Although physical activity occurs on a continuum, 

questions remain regarding the relative importance of replacing 1 activity behaviour with an 

alternative. For example, replacement of 1 unit of sedentary time with 1 unit of light intensity 

activity may or may not confer 2-times the health benefit. Likewise, replacement with 1 unit of 

moderate-to-vigorous activity may or may not confer 3-times the health benefit. All activity 

behaviours of the physical activity continuum are important targets to consider for behaviour 

change [46]. 

The evidence supporting the health benefits of physical activity and exercise for the general 

population is well established. There are public health recommendations for physical activity 

participation and reducing time spent sitting for the general population and specific 

recommendations for people with stroke. These recommendations are summarised below. 
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1.4.6 Physical activity guidelines 

Australia has physical activity guidelines for adults which are divided into those for people aged 18 

to 64 years, and over 65 years [47]. For stroke survivors, the Australian Clinical Guidelines for 

Stroke Management recommend participation in physical activity as per the general adult 

population guidelines [12]. The American Heart/Stroke Association goes further and provides 

physical activity and exercise guidelines for people with stroke [35]. Table 1.2 provides a summary 

of physical activity recommendations from the Australian and American guidelines. While the 

guidance for physical activity is clear, there is insufficient understanding of how sedentary 

behaviour influences health to allow explicit recommendations for this domain [48]. However, the 

inclusion of sedentary behaviour within both general and stroke physical activity guidelines reflects 

the growing evidence in the field. Guidelines include recommendations for specific types of 

exercise training such as strength and balance training. However, the focus in this thesis is 

sedentary time and walking activity. Therefore, further discussion of these other recommended 

types of exercise training will not be discussed. 

Table 1.2 Physical activity and sedentary behaviour guidelines for adults with, and without stroke 

(Australian and United States of America) 

Adults 18-64 years [47] Adults >65 years [47] Adults after stroke [35] 

Be active on most, preferably? 

all days of the week 

Be active every day in as 

many ways as possible, doing 

a range of physical activities 

that incorporate fitness, 

strength, balance and 

flexibility 

Aerobic training at low to 

moderate intensity, for 20 to 

60 minutes depending on a 

person’s functional capacity at 

least 3 days each week 

Accumulate 150 to 300 

minutes of moderate intensity 

or 75 to 150 minutes of 

vigorous intensity physical 

activity, or an equivalent 

combination of both each 

week 

Accumulate at least 30 

minutes of moderate intensity 

physical activity on most, 

preferably all, days 

Multiple short bouts of 

moderate intensity activity 

repeated through the day may 

be better tolerated 

Minimise the amount of time If possible, reduce the time General reduction of sedentary 
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spent in prolonged sitting spent sitting for long periods behaviour 

Break up long periods of 

sitting as often as possible 

  

 

1.5 Physiological benefits of physical activity 

Further to the neurological consequences of stroke, changes in peripheral body systems (e.g. muscle 

weakness) contribute to disability, poor physical function and low physical fitness. However, 

participation in physical activity can benefit health by inducing adaptations in the cardiovascular, 

metabolic and musculoskeletal systems [49]. In addition, physical activity has benefits for brain 

health playing a role in neuroprotection and neuroplasticity during stroke recovery [50]. In this 

section, the role that physical activity contributes in inducing positive changes in the vascular, 

metabolic and musculoskeletal systems will be presented, and details regarding how physical 

activity supports neuroprotective and neuroplasticity mechanisms in the brain adaptation following 

stroke. 

1.5.1 Vascular adaption 

Repeated haemodynamic stimulation of the vascular system is important to control blood pressure 

via the resistance of blood vessels, reduce atherosclerotic risk via the endothelial cell layer, and to 

improve oxygen delivery and diffusion [51]. It is hypothesised that prolonged sedentary time results 

in fewer contractions of lower limb muscles causing a reduction in blood flow that reduces the shear 

stress across the endothelial cell layer [52]. When the function of the endothelium is compromised, 

its protective anti-atherogenic role is reduced leading to atherosclerosis [53]. Furthermore, chronic 

increases in blood pressure are associated with impaired endothelial function and progression of 

atherosclerosis [51]. However, physical activity training can improve a range of haemodynamic 

factors that collectively contribute to vascular dysfunction such as improved conduit artery function 

[54], reductions in peripheral artery stiffness and increases in capillary density within skeletal 

muscles [55]. Likewise, muscle paresis poststroke further impairs peripheral blood flow [49, 56, 

57], which is required to transport and deliver oxygen to muscles. Impaired oxygenation of muscles 

compromises energy production and this can negatively impact activities of daily living and 

physical function [57]. Physical activity increases blood flow and oxygenation to muscles, therefore 

conferring vascular benefits for stroke survivors and benefits for physical function [58]. Further 

vascular benefits are conferred by regular increases in cardiac output which reduce peripheral 
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vascular resistance and benefit blood pressure [59]. 

Centrally, cerebral blood flow and perfusion are also influenced by physical activity [60]. Changes 

in response to physical activity can be immediate (i.e. vasoreactivity) or can result from long-term 

adaptation to training and remodelling of the vascular system. Mechanisms proposed include the 

recruitment of collateral blood vessels, and arterio- and angiogenesis.  Early changes in the 

collateral circulation are the first response to tissue ischaemia and remodelling increases blood flow 

to the affected area [61]. In the longer term, physical activity, specifically walking, appears to 

support this vascular response and improved cerebral vasomotor function in both hemispheres of 

the brain have been observed in adults with stroke [62]. 

1.5.2 Metabolic adaptation 

Prolonged sedentary time negatively affects metabolic health [63]. One proposed mechanism by 

which this occurs, is that low contractile muscle activity during sedentary postures supresses 

lipoprotein lipase activity which is associated with adverse changes in cardiometabolic biomarkers 

[64]. Changes in paretic muscle fibre type composition poststroke and with subsequent 

deconditioning may contribute to impaired insulin sensitivity which has been observed in stroke 

survivors with and without diabetes [65, 66]. However, regular ambulatory physical activity 

(treadmill walking) has shown reductions in fasting insulin levels, total three-hour insulin response 

and improved glycaemic control in people with stroke [67]. 

1.5.3 Musculoskeletal adaption 

A sedentary lifestyle results in overall reductions in metabolic rate and lower calorific expenditure. 

Muscles oxidise carbohydrates in preference to fats, and intramuscular fats are stored [68] 

increasing the intramuscular fat composition of muscles (25% greater) [69]. Loss of muscle mass 

and cross-sectional area negatively affects oxygen consumption [57], compromising the body’s 

ability to maintain normal glucose concentrations in the blood [70]. Muscle force production is 

impaired by the loss of muscle cross-sectional area, further reducing physical function and 

exacerbating disability [68]. Loss of slow twitch muscle fibre type have been observed in paretic 

limbs after stroke [71]. Consequently, activities that require endurance, such as community 

ambulation that are reliant on slow twitch muscle fibres require greater energy expenditure and are 

more impacted by fatigue [72].  

The results from 1 observational study (n=175) suggest that physical activity (7000-8000 steps per 

day or 15-20 minutes of moderate physical activity) appears to protect against loss of muscle mass 
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and mobility in older adults [73]. After stroke, early walking can preserve muscle mass [74] and a 

combination of physical activity types (strength, walking and stair climbing) can positively 

influence the fibre type composition of muscles [71].  

Skeletal health is also negatively impaired by stroke. Bone mineral density is reduced in the paretic 

limb [75], and may contribute to the higher likelihood of hip fracture associated with falls observed 

in stroke survivors [76]. Decline in bone density is attributed to increased bone resorption and 

reduced bone formation but may be mitigated by walking and postural transition activity [75, 77]. 

These findings provide preliminary evidence that targeting walking physical activity early after 

stroke may benefit muscular and skeletal adaptation. 

1.5.4 Neuroprotection and neuroplasticity 

After stroke, repair of brain tissue is supported by neuroprotective and neuroplastic responses. 

Neuroprotection is a chemical response preventing neuronal damage [78] and neuroplasticity is the 

ability of the central nervous system to undergo changes in structure and function [79]. Physical 

activity benefits brain function after stroke through a combination of neurogenesis (growth and 

development of new cells including neurons), synaptogenesis (development of new synapses) and 

angiogenesis (development of new blood vessels) [80].  

Growth factors have been identified as a potential mechanism linking physical activity to 

neuroprotection and neuroplasticity after stroke. In a pre-clinical study (animal model) that 

investigated the effect of different doses of physical activity and exercise on proteins linked to 

neuroplasticity, the upregulation of brain-derived neurotrophic factor (BDNF) was observed to be 

sustained over time in response to lower intensity but more frequent bouts of physical activity [79], 

and this has further been observed in human studies [81, 82]. Another neurotrophic factor with an 

identified role in neuroprotection, angiogenesis and neuronal repair is vascular endothelial growth 

factor (VEGF) [61]. Elevated levels of VEGF have been found in stroke survivors who performed 

higher levels of pre-stroke physical activity [83]. The upregulation of VEGF noted after physical 

activity suggests that it may be involved in neuroprotective mechanisms [50]. 

Further markers of neuroplasticity include synaptogenesis [79] and functional changes in the brain. 

A systematic review of pre-clinical and human studies found that low-to moderate intensity 

physical activity enhanced markers associated with dendritic branching in the regions of the brain 

adjacent to the stroke lesion and in more distant areas [80]. Improvements in walking endurance 

were correlated with increased brain activity (as measured by functional MRI) in cortical and 

subcortical regions of the brain [84, 85].  
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1.6 Physical activity during stroke recovery  

After onset, stroke recovery occurs over time during different phases, but also in differing 

environments. Recovery commences in the acute hospital phase (0 to 14 days), for some stroke 

survivors continues during inpatient rehabilitation (subacute phase 14 days to six months) and then 

at home in the community (chronic phase > 6 months) [86]. The following section of this chapter 

reviews the literature examining sedentary behaviour and physical activity in these phases and 

environments: during hospital rehabilitation and early after discharge, as well as in the years (5-10 

years) after stroke.  

1.6.1 Physical activity in the acute hospital environment 

In hospital, stroke survivors are predominantly sedentary. A review of behavioural mapping studies 

found stroke survivors spend 45% of their time in bed, 37.6% of time sitting and 9.2% of observed 

hours standing and walking [2]. Stroke survivors complete a limited number of postural transitions 

from sitting to standing each day with reports ranging between 14 [87] and 50 transitions per day 

[88]. Measurement using activity monitors, that may be more accurate than behavioural mapping, 

show similarly high proportions of the day sedentary (94%), and only 11 minutes of walking 

activity with an average 474 steps per day [89].  

1.6.2 Physical activity in hospital rehabilitation and early after discharge 

Inpatient rehabilitation should be a very physically active phase, yet sedentary time remains high. 

Results from behavioural mapping indicated that sedentary behaviour (lying and sitting) accounted 

for 74% of the rehabilitation day, and that 44% of sedentary time was accumulated in bouts 

exceeding 60 minutes [90, 91]. Even greater sedentary time (87% of waking hours) is reported 

when accelerometers are used to measure physical activity [92]. In addition, walking activity during 

hospital rehabilitation is low. Reported daily step counts in hospital rehabilitation vary [93-95], but 

as few as 176 steps/day has been reported in the first week and 302 steps/day in the final week of 

inpatient rehabilitation [94].  

At hospital discharge, there is an environmental transition and recovery continues at home. Stroke 

survivors no longer have access to 24-hour assistance from health professionals at home, and the 

availability of scheduled therapy reduces. These factors could result in either greater physical 

activity (as a result of less assistance from other people for self-care tasks) or less physical activity 

(no daily therapy sessions with health professionals), but to date no previous studies have 

investigated changes in sedentary time or physical activity at this transition point. One small study 
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(n=30) observed that in the month at home following inpatient rehabilitation, community based 

sedentary time remained high accounting for 75% of the waking day and standing activity (18%) 

and walking activity (7.3%) remained at low levels [96]. Variable daily step counts have been 

reported in the early period after hospital discharge, which may relate to variation in participants 

functional ability. While mean step counts of 5506 (2-weeks post discharge), and 6195 (6-weeks 

post discharge) have been observed [93], so too have much lower step counts of 4623 steps/day and 

2590 steps/day (3-months after discharge) [96, 97].  

1.6.3 Physical activity in the years following stroke 

There is greater accumulation of daily sedentary time with increasing age over 60 years [98]. 

Despite the effect of age, after stroke (< 5-years), cross-sectional studies suggest that more time is 

spent sedentary (mean 10.9 hours) compared with control participants (mean 8.2 hours) and this is 

accumulated in prolonged bouts [34, 99]. Ambulatory activity also remains low. Standing activity 

(11%) and walking activity (9%) account for only a small proportion of each day [2]. Pooled data 

(32 studies, n=1280) resulted in a weighted mean of 4078 steps per day the chronic phase (> 6-

months) after stroke [2]. Importantly, very few studies have explored exercise behaviour at a 

moderate-to-vigorous intensity level in the long term (e.g. > 5-years) after stroke. These studies 

have been cross-sectional and limited by use of data generated by self-report of stroke and physical 

activity [100]. Additionally,  sampling bias ensures that the results are not generalisable (data from 

questionnaire sent to a stroke survivor register, participants were predominantly younger females so 

not generalisable to the greater stroke population) [101]. To design interventions to effectively 

promote physical activity there is a need to understand how physical activity changes over time. 

1.6.4 Longitudinal studies of activity 

Few longitudinal studies of sedentary time have been conducted in the stroke population. 

Consistently high levels of total daily sedentary time and long sedentary bouts (81% (>19.9 hours) 

of each day) have been observed in the acute and subacute phase (one-week, three-months and six-

months) after stroke [102], and in the first year after stroke independent of functional ability [103, 

104]. While these studies measure change over time within or across recovery phases, they do not 

account for the environmental transitions that occur (e.g. hospital to home) which could influence 

activity behaviour. 

Longitudinal exploration of physical activity after stroke has been more extensive [88, 93, 97, 101, 

105] with studies crossing different phases of recovery. During the subacute phase in the home 

environment (6 weeks period) upright time and walking activity have been observed to increase 
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[93]. One small observational study (n=23) reported improvements in walking activity to 3-months 

post stroke (environment of physical activity unknown) but no significant change thereafter [105]. 

Improvements in step count and walking intensity (moderate-to-vigorous) that could confer 

cardiovascular health benefits have not been observed [93, 101], which may have implications for 

the risk of recurrent stroke. With elevated risk for up to 10-years after stroke onset, understanding 

the prevalence of exercise up to 10-years and how this changes in the longer-term, could help 

identify opportunities to engage stroke survivors in exercise for secondary prevention.  

1.7 Factors associated with sedentary behaviour and physical activity 

Understanding factors that are associated with sedentary time and physical activity following stroke 

is important to develop targeted interventions to can increase physical activity levels and improve 

health.  

1.7.1 Factors associated with sedentary time 

There has been limited investigation of factors that influence sedentary time after stroke. In the 

acute hospital phase, better scores on the physical performance test were correlated with less 

accelerometer measured sedentary time [106], but no studies have yet investigated factors 

associated with sedentary time during inpatient rehabilitation or early after discharge which could 

be an important time to support change in activity behaviour. Community-based cross-sectional 

studies indicate that older age [107], greater stroke severity [104, 107], lesser functional 

independence [104, 108], slower walking speed [108, 109] and fear of falling [110] are associated 

with greater sedentary time. Factors such as cognition, fatigue, depression and anxiety may 

influence sedentary time yet have received limited investigation to date. 

1.7.2 Factors associated with physical activity  

A greater number of studies have investigated factors associated with physical activity after stroke. 

Two systematic reviews (26 studies, n=983 and 26 studies, n=1105), provide important information 

about factors that influence physical activity after stroke [21, 111]. Better physical function, balance 

[88, 112] and mood [112] were associated with greater time spent upright. Faster walking speed, 

walking endurance, better balance and falls self-efficacy and better cardiorespiratory fitness were 

associated with greater step and activity counts [113-118] as well as with greater daily walking time 

[99]. Conversely, lower mood [114, 119] and greater levels of fatigue [120] were associated with 

lower daily step count. These cross-sectional results help to identify factors that may be influencing 

sedentary time and physical activity at those cross-sectional timepoints. However, understanding 



Chapter 1 

 

14 

 

factors that influence change in activity behaviours may be more important in order to develop and 

target interventions to change behaviour. 

1.8 Summary  

The literature to date identifies that high levels of sedentary time and low levels of physical activity 

are observed in the acute hospital setting and in the chronic phase post stroke. The change in 

environment between hospital and home is a major milestone for stroke survivors. What happens to 

activity behaviours around this time is unknown, but importantly could set the scene for subsequent 

sedentary time or physical activity. There is also limited understanding of factors that are associated 

with these behaviours during this change in environment or over time once home. Examination of 

activity behaviours at these timepoints, and whether factors (physical, psychological and cognitive) 

influence activity behaviours could assist clinicians to plan and support interventions that reduce 

sedentary time and increase physical activity.  

Furthermore, there has been no previous investigation of the long-term change in physical activity 5 

to 10-years after stroke onset. Exercise, as a subset of physical activity, has known benefits for 

secondary stroke risk reduction and improvement of physical function. Understanding how exercise 

behaviours change 5 to 10-years poststroke, and the factors that influence them, could assist 

clinicians design programs to support physical activity long term after stroke. The following section 

will outline the research questions of this thesis that will address these gaps in the literature. 

1.9 Research questions of this thesis 

The research questions outlined below were addressed by completion of a series of four research 

studies. The research questions are grouped by study in the section below. 

1.9.1 Study research questions 

In stroke survivors: 

Study 1: 

1. What is the prevalence of exercise at 5 and 10-years after stroke onset? 

a. How does exercise participation change between 5 and 10-years? 

b. What factors are associated with exercise cross-sectionally and longitudinally? 

Study 2: 
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2. What is the impact of change in the environment from hospital to home on sedentary time 

and physical activity? 

a. What factors are associated with change in sedentary time or physical activity during 

this transition? 

3. How does sedentary time and physical activity change during the first 3-months at home? 

a. Are there factors at discharge from hospital that predict change in sedentary time and 

physical activity over the following 3-months? 

b. What factors are associated with sedentary time and physical activity cross-

sectionally at 3-months after hospital discharge 

Study 3: 

4. What is the experience of stroke survivors and their carers of physical activity during 

rehabilitation and early after discharge home? 

a. What factors influence physical activity and opportunities for physical activity? 

Study four was a pilot intervention that was designed and trialled as one potential solution to 

support physical activity after stroke.  

Study 4:  

5. Is it feasible for a therapist to prescribe and support physical activity in the community using 

a novel technology system that incorporates a sensor, app and internet connection? 

The research aims for each study will be presented in the following chapters of this thesis. 

1.10 Thesis structure 

This thesis includes both published papers (n=3) and manuscripts under review (n=2). The 

manuscripts in chapters 4, 5 and 8 are presented as published, and the manuscripts in chapters 6 and 

7 are presented as submitted. As chapters 4, 5, 6, 7 and 8 have been prepared as stand-alone papers, 

there is some duplication of information among chapters. 

The structure of this thesis is as follows: 

Chapter 2 Measurement of Physical activity. This brief chapter will describe the 

different methods of physical measurement that are available to provide 
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context for the methods described in the following chapters. 

Chapter 3 Materials and methods. This chapter will describe the population and 

participants, study design, outcome measures and other measures used in each 

study of this thesis. 

Chapter 4 Self-reported exercise prevalence and determinants in the long-term after 

stroke: The North East Melbourne Stroke incidence study. This chapter 

will present findings addressing research question 1 of this thesis. The 

findings are published: 

Simpson DB, Callisaya ML, English C, Thrift AG, Gall SL (2017) “Self-

reported exercise prevalence and determinants in the long term after stroke: 

The North East Melbourne Stroke Incidence Study”.  

Journal of Stroke and Cerebrovascular Diseases. Accepted 09 July 2017 

PMID:28826582DOI:10.1016/j.jstrokecerebrovasdis.2017.07.008 

Chapter 5 The impact of the home versus hospital rehabilitation environment on 

activity levels of stroke survivors. This chapter will report findings 

addressing research question 2 of this thesis. The findings have been 

published:  

Simpson DB, Breslin, M, Cumming T, de Zoete SA, Gall SL, M Schmidt, 

English C, Callisaya ML (2018) “Go home, sit less: The effect of home versus 

rehabilitation environment on activity levels of stroke survivors”. Archives of 

Physical Medicine and Rehabilitation. Accepted 13 April 2018 

PMID:29750901 DOI:10.1016/j.apmr.2018.04.012 

Chapter 6 Sedentary time and activity behaviours after stroke rehabilitation: 

changes in the first 3-months at home. This chapter will report the findings 

addressing research question 3 of this thesis. The paper is currently under 

review with Neurorehabilitation and Neural Repair. 

Chapter 7 A qualitative study of physical activity early after stroke – the importance 

of understanding recovery and balancing safety with risk. This chapter 

will report the findings addressing research question 4 of this thesis. The paper 

https://doi-org.ezproxy.utas.edu.au/10.1016/j.jstrokecerebrovasdis.2017.07.008
https://doi.org/10.1016/j.apmr.2018.04.012
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is currently under review with Disability and Rehabilitation. 

Chapter 8 Connecting patients and therapists remotely using technology is feasible 

and facilitates exercise adherence after stroke. This chapter will report the 

findings addressing research question 5 of this thesis. The findings have been 

published: 

Simpson DB, Bird ML, English C, Gall SL, Breslin M, Smith S, Schmidt M, 

Callisaya ML (2019) “Connecting patients and therapists remotely using 

technology is feasible and facilitates exercise adherence after stroke” Topics 

in Stroke Rehabilitation Accepted 02 November 2019 DOI: 

10.1080/10749357.2019.1690779 

Chapter 9 Thesis discussion and conclusions. This chapter will summarise the findings 

of the thesis, presents conclusions and provide recommendations for future 

directions. 
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2 Measurement of Physical activity  

2.1 Preface 

Sedentary time and physical activity are key outcome variables in this thesis. There are a number of 

ways to measure activity behaviours including self-report, direct observation or the use of devices 

such as pedometers and accelerometers. The choice of physical activity measures in research 

requires several considerations. These include the design of the study, primary outcome measure of 

investigation and the environment (for example: in hospital or the community).  

This brief chapter will present the methods available to measure activity behaviours that are 

pertinent to this thesis. The practical considerations of data collection will be discussed, and the 

chapter will conclude with a summary of the measurement approaches adopted for each chapter in 

this thesis. 

2.2 Methods of data collection 

2.2.1 Self-report 

Self-report questionnaires are not a common method of data collection after stroke to measure 

physical activity. However, they are common in large epidemiological studies to measure the mode, 

duration or frequency of leisure or non-leisure physical activity and sedentary behaviour [121, 122]. 

The only longitudinal study in stroke to use self-reported physical activity data is the National 

Health and Nutrition Examination Study. Four brief questions relating to frequency and duration of 

physical activity were used from within the larger health and nutrition questionnaire [123]. 

Standardised questionnaires for the general population are available. These include the International 

Physical Activity Questionnaire (IPAQ) and 7-day Physical Activity Recall [124, 125]. Each of 

these questionnaires relies on the participant’s ability to recall and record physical activity [126]. In 

a large study across 12 countries, the IPAQ was observed to be reliable (range r=0.65-0.88) and 

valid when compared with an accelerometer (concurrent validity 0.58, criterion validity 0.33) [124]. 

The 7-day Physical Activity Recall questionnaire demonstrated a 1-month repeatability correlation 

co-efficient of r=0.60 in men and r=0.36 in women. Criterion validity was acceptable in men only 

(r=0.58) [127]. Alternatively, diaries in which participants record data in real time are available. 

When data collection is delayed, memory bias can reduce the accuracy of recorded data [126]. The 

key advantages of collecting data via self-report are that it is practical, low cost and low burden for 

the participant. However, there are known challenges with the accuracy of self-reported data, which 
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can overestimate levels of physical activity [118, 128] in particular light intensity activity [126], and 

underestimate levels of sedentary time [129]. Other limitations of self-reported questionnaires 

include lower levels of reliability for participants with cognitive impairment and participants with 

aphasia may be unable to complete the questions. 

2.2.2 Direct observation 

Methods of direct observation such as behavioural mapping have been used in the stroke population 

both in the acute and subacute hospital settings [130-132]. Behavioural mapping provides data on 

physical activity within a defined environment. It involves trained staff directly observing 

individuals with stroke every 10-15 minutes for a pre-defined duration, typically in ward business 

hours. Observers record the type of physical activity, location of the participant, and other factors 

relevant to the aim of study such as people present (staff or visitors) or communication activity 

[132]. Data from behavioural mapping has the advantage of providing detailed context for the 

activity. Disadvantages include being labour intensive, regular observation can impact privacy for 

some participants and extended or community-based measurement periods are unfeasible. In an 

acute stroke inpatient unit, behavioural mapping demonstrated good face validity over two days 

[130]. The inter-rater reliability of behavioural mapping after stroke is high (ICC’s of >0.9) [133-

135]. An extension of behavioural mapping is to observe therapy sessions and measure specific 

aspects of therapy activity. This approach has been found to reliable in a small number of studies 

investigating therapy activity (ICC range 0.93 to 0.99) [136-138]. Despite this, if physical activity is 

measured over time and in different environmental settings (hospital and at home) a measurement 

method that is feasible and reliable in all settings and for the duration of the study is required.  

2.2.3 Activity monitors 

Advances in technology have produced a range of body-worn sensors and monitoring devices that 

allow measurement of physical activity over extended time periods. A total of 29 different physical 

activity monitors have been used in prior stroke research, and the most commonly reported physical 

activity outcome has been step count [139]. The three most commonly used monitors were a 

pedometer (Yamax Digiwalker, HRM USA, Inc Warminster Pennsylvania USA) and 2 

accelerometers (Step Activity Monitor (Cyma Corporation, Seattle, Washington USA) and 

activPAL3 (PAL Technologies, Glasgow, Scotland UK)).  

Pedometers 

Pedometers are worn attached to the hip and collect daily step count via a spring mounted lever arm 
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that is deflected with the change in hip position during stepping activity [126]. The number of steps 

per day is an easily interpretable measure of physical activity and can be collected longitudinally in 

clinical and community environments. 

Pedometers are inexpensive and simple to use. However, their accuracy reduces as walking speed 

decreases in clinical populations with activity limitations [140]. Step count is underestimated 

particularly for people with slower walking speeds or altered gait patterns after stroke [139, 140] 

and for people who use walking aids [36]. The most frequently used pedometer in stroke research 

has been the Yamax Digiwalker which demonstrates limited validity and reliability (ICC 0.46 to 

0.58 [141, 142]). Further disadvantages are that pedometers do not record the intensity or duration 

of physical activity and often display the step count for the wearer, which may result in changes in 

activity behaviours that are undesirable in observational studies [140]. The data storage capacity of 

pedometers is limited compared to accelerometer devices. Consequently, accelerometers are the 

device of choice when measuring physical activity for longer study durations and when measuring 

variables in addition to step count. 

Accelerometers 

An accelerometer is a device that contains instruments to detect and measure the acceleration of a 

moving body part in three planes (sagittal, coronal and transverse). A variety of accelerometer types 

are available. Accelerometers convert raw acceleration data into counts of activity for a defined 

sampling timeframe, also known as an epoch. Epochs can range from one second to one-minute, 

with shorter epochs providing greater data points and therefore higher resolution data. 

Accelerometers date and time stamp data which assists with data management post collection. 

Devices are worn on varying parts of the body including the waist, arm and thigh. Those that can be 

waterproofed and worn continuously are valuable as they reduce the risk of missing data from 

device removal [140]. Accelerometers have battery lives that allow extended periods of data 

collection: 21 days (activPAL) to 25 days (ActiGraph).  

Counts of activity generated by the accelerometer are converted into various physical activity 

variables such as light, moderate and vigorous intensity activity. Intensity classifications are based 

on cut points established in the general population and based on age [143]. No activity count cut 

points have been established for people with stroke who can walk and monitors that measure 

intensity such as the Actigraph accelerometer have not yet been validated in stroke research [139]. 

In prior stroke research, light intensity physical activity has been defined as <15 steps per minute 

and moderate activity as 16-40 steps per minute [93, 115]. Intensity can be reported as energy 
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expenditure using units of Metabolic Equivalent of Task (METs), where the energy cost of a given 

activity is defined as one MET equal to 3.5VO2ml/kg/min. Energy expenditures classified as 

sedentary activity in the general population, are achieved by stroke survivors during walking [144] 

who expend more energy per meter to walk than controls [145]. However, light intensity physical 

activity for people without disability may be moderate intensity for people with disability [93]. 

Consequently, measurement of intensity after stroke remains a challenge and choice of a device that 

collects variables for duration of activity and step count may be more appropriate. 

Duration (time) is a widely adopted measure of physical activity following stroke [139]. Time in 

activity (i.e. time spent walking) is based on the proprietary algorithms of the monitor. Some 

activity monitors (such as the activPAL3) incorporate an inclinometer to incorporate measures of 

posture, which is determined via the angle of the body part where the monitor is attached in relation 

to gravity. This enables sedentary time (lying and sitting) to be distinguished from time spent 

upright or in walking activity.  

A range of accelerometer-based monitors have been validated in the stroke population [146-148]. 

The activPAL3 (ICC 0.992 [148]) and Step Activity Monitor (ICC 0.95 to 0.97 [142, 149]) have 

good validity compared with direct observation for measuring step count for most people in the 

general population. However in older adults, the percentage of steps detected at gait speeds slower 

than 0.4 m/s reduces significantly with only around 20% of steps taken at 0.2 m/s detected by the 

activPAL [150]. The activPAL3 in particular has shown high accuracy of walking time when 

compared with direct observation (ICC of 0.99 [148, 151]). In addition, compared to direct 

observation, the device demonstrates good validity in detecting differences in lying/sitting and 

upright postures. No misclassifications of posture were reported (555 tasks performed by 34 

participants) nor misclassification of transition from sitting to standing when compared with 

videotape observation [152]. With these considerations in mind, physical activity measures were 

chosen to address the research aims of each study in this thesis. The following section outlines and 

provides the rationale for the measures used in each study. 

2.3 Measurement in this thesis 

Chapter 4 of this thesis reports on long term (5 to 10-years) exercise behaviours after stroke onset. 

Data were from a large population-based stroke incidence study with annual follow up. In the 

original study, exercise frequency, intensity and duration were defined (chapter 3) and self-reported 

using questionnaires, as this was considered the most practical method of data collection for this 

large (n=1589 at baseline) study. Although at the time the study was conducted (baseline incidence 
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1996 to 1999) pedometers were available, accelerometers were less so. As pedometers are not able 

to measure the intensity of an activity, self-report was chosen to measure frequency of exercise 

participation. Further details about the methods of data collection are presented in the next chapter.  

In chapters 5 and 6, a key outcome measure is sedentary time which is defined using the postural 

based definition [153]. The activPAL can measure sedentary time based on the classification of 

posture, as well as upright time, walking time and steps per day [154]. Consequently, the activPAL3 

activity monitor was chosen. Further details about the activPAL3 device are presented in the next 

chapter. 

In chapter 7, physical activity was explored using qualitative methods and in chapter 8, a custom 

developed device was designed to measure adherence to a functional exercise activity intervention.  

2.4 Postscript 

The methods available for measuring sedentary time and physical activity after stroke have been 

described and the rationale for the tools chosen for use in this thesis have been provided. An 

overview of the full materials and methods used in each of the 4 studies that have been completed 

will be presented in the next chapter. 
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3 Materials and methods 

3.1 Preface 

The broad aims of this thesis are to examine physical activity and sedentary behaviour at critical 

timepoints following stroke, including the journey from hospital to home and over the longer term 

(5 to10-years). To achieve this, I completed 4 individual studies that will be reported in the 

following chapters. The purpose of this chapter is to describe the materials and methods used in 

each study.  

To address the research questions of this thesis a range of study designs have been used. Study 1, 

the North East Melbourne Stroke Incidence Study (NEMESIS) was a population-based stroke 

incidence study with annual follow up to 10-years after stroke onset. I was not involved with the 

original study design or completion but have analysed 5 and 10-year data cross-sectionally and 

longitudinally in this thesis. Study 2 explored sedentary time and physical activity during the 

transition from hospital to home, and I conducted an observational study with longitudinal measures 

at three timepoints. Data analysis was completed cross-sectionally and longitudinally. In study 3 I 

further explored rehabilitation activity in hospital and early after discharge at home in a qualitative 

study that built on the previous quantitative observational study. Finally, in study 4 I conducted a 

pilot feasibility study with pre and post-trial design to investigate whether novel technology could 

be used to prescribe, monitor and encourage a functional exercise program at home.  

Three of the 4 studies that will be reported in this thesis were conducted during my PhD candidature 

in Southern Tasmania, Australia. The other, used pre-existing data from the NEMESIS study that 

was conducted in the state of Victoria, Australia. This chapter will commence by reporting the 

materials and methods pertaining to the Victorian study (NEMESIS). Next, prior to describing the 

other studies that were based in Tasmania, a description of rehabilitation services in Southern 

Tasmania will be provided to present the context from which participants were recruited. Finally, 

the materials and methods for the 3 Tasmanian based studies will be provided. 

3.2 Study 1: Long term self-reported exercise and determinants after stroke: 

The North East Melbourne Stroke Incidence Study. (NEMESIS) 

This study is reported in chapter 4 and investigates research question 1 of this thesis: 1) What is the 

prevalence of exercise at 5 and 10-years after stroke onset? a) How does exercise participation 
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change between 5 and 10-years? and b) What factors are associated with change in exercise 

longitudinally, and cross-sectionally with exercise at 5 and 10-years? 

3.2.1 Population and participants 

Study 1 in this thesis reports results from a population-based stroke incidence study with 10-year 

follow up [155]. The NEMESIS study included people living in a defined geographical area in 

North East Melbourne, Victoria, Australia (Figure 3.1).  

 

 

Figure 3.1 Australian continent and location of Melbourne, State of Victoria. Adapted with 

permission from Australian topography interactive maps, Geoscience Australia 

 [GEODATA TOPO 250k Series 3] CC-BY-AU 

In the first year (1st May 1996 to 30th April 1997), the study population was from 8 postal-code 
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regions that according to a census that year included 133,816 residents [156]. The study was 

expanded over the following 2 years (1st May 1997 to 30th April 1999) to include a population of 

306,631 residents across a 22 postal-code area. All possible cases of first ever stroke were 

determined from multiple overlapping sources. These included the daily admission lists for public 

and private hospitals in the study area and surrounds, general practitioner clinics, and residential 

aged care facilities. A crude annual incidence rate for first ever in a lifetime stroke of 206 (95% CI 

182 to 231) per 100,000 was determined [155]. Of these stroke cases, 73% were cerebral 

infarctions, 15% intracranial haemorrhage, 4% subarachnoid haemorrhage and 8% of undetermined 

aetiology [157].  

3.2.2 Study design 

Participants from NEMESIS were followed up by trained research nurses for 10-years after stroke 

onset. Face-to-face interview were conducted during years 2, 3, 4, 5, 7 and 10. Interviews were 

conducted by telephone during years 6, 8 and 9. Self-reported measures about lifestyle factors 

including exercise, smoking status, alcohol consumption, diet and medication use were obtained 

using standardised questionnaires at all timepoints. 

The study reported in chapter 4 used data from the self-reported exercise questionnaires completed 

at 5 and 10-years following stroke onset. 

3.2.3 Ethical approval 

Study approval was from each participating institution and written consent was obtained from each 

participant.  

3.2.4 Dependent physical activity variable 

A study specific standardised questionnaire was used to collect data about participation in exercise 

(Appendix 1A). Participants were asked “how often did you engage in active exercise which caused 

you to sweat and become breathless” per day, week or month. An exercise period was defined as of 

at least 20-minutes’ duration.  

There are known challenges with self-reported exercise data such as recall bias and low to moderate 

reliability [158]. With that said, the exercise questionnaire used in NEMESIS was based on 

questions that have been validated in large epidemiology studies [159]. The question posed is 

similar to that asked in the Active Australia physical activity survey: “vigorous leisure activity that 

makes you breathe harder or puff and pant” “of at least 10-minutes duration” which has 
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demonstrated an acceptable reliability (ICC 0.56 to 0.64) and validity (ICC 0.52) compared with 

pedometer or accelerometer measures [160]. Since study inception in 1996, the understanding of 

what exercise duration is needed to benefit health has been refined. Prior recommendations were 

that 20-minutes durations of exercise were required to improve health [161]. However, more recent 

evidence suggests that much shorter bouts (10-minutes) of exercise can improve cardiovascular and 

cardiometabolic biomarkers [162]. Consequently, participants in this study may have been 

exercising at <20-minute durations, yet this could still confer health benefits. Therefore the findings 

in this study may underestimate exercise prevalence due to the different definitions. Furthermore in 

1996, self-report was considered the most feasible and practical method to measure frequency of 

exercise participation. Further details regarding the exercise data, and how it was categorised will 

be presented in chapter 4. 

3.2.5 Independent variables 

In the original NEMESIS study, extensive demographic measures were collected at baseline to 

describe the population. At annual follow up, research staff collected additional physical and 

psychological measures. The independent variables used in this study are summarised below. 

Participant demographics: age, sex, residence (alone, with spouse/relative, hostel or nursing home) 

and occupational class (professional, intermediate, skilled non-manual, semi-skilled manual and 

unskilled manual). Residence was further categorised (alone, with others, care facility) as was 

occupational class (professional/intermediate, skilled and unskilled) for this thesis.  

Stroke specific measures: Stroke type was classified according to neuroimaging findings as 

ischaemic or intracranial haemorrhage. Subarachnoid haemorrhage was included in the original 

stroke incidence study, but these cases were not followed up. As such cases of subarachnoid 

haemorrhage are not included in these analyses. Stroke severity was assessed using the National 

Institutes of Health Stroke Scale which is a reliable and valid measure in the stroke population 

[163]. The NIHSS assesses 11 items that relate to cognition, vision, motor and sensory function, 

speech and language, limb ataxia and inattention. Potential scores range from 0-42 points, with 

higher scores indicating greater stroke severity. Scores can be classified as mild (0-7 points), 

moderate (8-15 points), and severe (≥16 points) [164]. The interrater reliability of the scale was 

assessed using 31 consecutively recruited NEMESIS participants. A high level of agreement was 

found between neurologists completing the scale (ICC 0.95) and between a neurologist and a 

research nurse (ICC 0.92-0.96) [165]. Furthermore, the scale has moderate to high intra-rater 

reliability (k=0.66 to 0.77) [166] and moderate validity when compared with brain imaging infarct 
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size and volume data (r=0.61 to 0.68) [167]. 

Physical measures: The Barthel Index was used to measure physical function. The Barthel Index is 

a standardised tool that assesses level of independence during 10 activities of daily living: feeding, 

dressing, grooming, bathing, toilet use, transfers, stairs, mobility, bladder function and bowel 

function. The total score ranges from 0-20 points, with higher scores indicating greater functional 

ability. The tool has good convergent validity (r≥0.65 for all items, assessed against the Motricity 

Index Scale) [168] and excellent test-retest inter rater reliability in the stroke population (k=0.93, 

95% CI 0.90-0.96) [169]. In this study, the total Barthel Index score was dichotomised to classify 

the presence (score<20) or absence of disability (score=20) [170]. In addition, independent walking 

was defined as full independence on all mobility tasks of the BI (transfers, walking and stair 

climbing).  

Psychological measures: The Irritability Depression and Anxiety Scale (IDA) was used to assess 

depression and anxiety [171]. The IDA is a questionnaire that measures depressive symptoms using 

18-items that are each scored from 0-3 points. The tool has been validated against a gold standard 

battery of neuropsychological tests. Five questions relate to depression (concurrent validity r=0.75), 

5 to anxiety (concurrent validity r=0.70) and 4 assess inward (concurrent validity r=0.84) and 

outward irritability (concurrent validity r=0.74). In this study, summed scores for depression and 

anxiety were used, with higher score indicating greater presence of symptoms. Quality of life was 

determined using the Assessment of Quality of Life Scale (AQoL) which is a valid and sensitive 

measure for use after stroke [172]. Convergent validity was determined using 5 comparator 

instruments, and predicative validity was assessed using the 3-month AQoL score and outcomes of 

death or institutionalisation at 12-months after stroke onset). Five dimensions of health-related 

quality of life are assessed: Independent living, social relationships, physical senses, psychological 

well-being and illness. A utility score is generated using the scores from the first 4 items that ranges 

between 0.00 (death) and 1.00 (full health). 

3.2.6 Data analysis 

The method of statistical analysis is described in chapter 4. 

3.2.7 Reporting 

The study reported in chapter 4 follows the Strengthening the Reporting of Observational Studies in 

Epidemiology (STROBE) guidelines [173] and the STROBE checklist is presented in Appendix 4B. 
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3.3 Rehabilitation services in Southern Tasmania 

Participants in the following 3 studies that relate to research questions 2 to 5 of this thesis were 

recruited from people living in southern Tasmania, Australia (Figure 3.2). This section will present 

an overview of the rehabilitation services available in the Tasmania, followed by the methods used 

in each study. 

The main tertiary hospital in Southern Tasmania is the Royal Hobart Hospital. The acute campus 

(including a stroke unit) is located in the city of Hobart central business district. Subacute inpatient 

services (rehabilitation and aged care) are located at the Repatriation campus 1.2 km south of the 

city centre. There is a further private inpatient rehabilitation facility in the suburb of South Hobart a 

3 km distance from the Royal Hobart Hospital. The characteristics of each rehabilitation service 

will be further described below. 

 

 

Figure 3.2 Tasmania, Australia showing southern health service area. Adapted with 

permission from Australian topography interactive maps, Geoscience Australia  

[GEODATA TOPO 250k Series 3] CC-BY-AU 

3.3.1 Public inpatient rehabilitation  

Two inpatient services (Tasmanian Health Service, South) provide rehabilitation to people with 

stroke during the subacute phase of recovery. The role and characteristics of each service are as 

follows. 

Tasmanian Health 

Service: Southern area 
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Acute Rehabilitation Unit  

The Acute Rehabilitation Unit is located on level two of the Peacock building at the Repatriation 

site. It is an 18-bed ward that provides general rehabilitation services. There are approximately 180 

people admitted to the unit each year of whom around one-third have experienced a stroke [174]. A 

diagnosis of stroke is consistently in the top three diagnoses for people admitted to the unit 

according to Australasian Rehabilitation Outcomes Centre (AROC) benchmarking data. The 

admission criteria for this service are adults >18 years who require fast stream multidisciplinary 

rehabilitation and who have functional goals.  

The multidisciplinary team that provide care on the ward comprises: Rehabilitation specialists (2 

Full Time Equivalent (FTE)), medical team, rehabilitation nurses, physiotherapy (2 FTE), 

occupational therapy (2.5 FTE), speech pathology (0.5 FTE), neuropsychology (by referral), social 

work (1 FTE), dietetics (by referral) and allied health assistants (2 FTE). 

The Acute Rehabilitation Unit environment comprises 14 single and 2 twin bed space rooms with 

shared bathroom facilities. There is a physiotherapy gymnasium and occupational therapy kitchen, 

and small bookable office space available for social work and neuropsychology interviews. There is 

additionally a ward meeting room available. When not in use by staff this may be used by patients 

and their families and contains a television with DVD’s, books, games and puzzles as well as a 

large meeting table and chairs. 

Peacock 3 

The Peacock 3 ward is located on level 3 of the Peacock building at the Repatriation site. It is a 20-

bed ward that provides up to 12-weeks low intensity rehabilitation and goal orientated services for 

people >65 years of age, under the Australian commonwealth government transitional care 

program. In 2018, there were approximately 350 people admitted each year of which 65 had a 

primary diagnosis of stroke [175]. 

The multidisciplinary team comprises: Geriatrician specialists (2 FTE), medical team, nursing, 

physiotherapy (2 FTE), occupational therapy (2 FTE), speech pathology (0.5 FTE), social work (1.0 

FTE) and allied health assistants (2 FTE). Other allied health professionals such as dieticians and 

clinical psychology are available by referral. 

The Peacock 3 ward environment comprises 4 single bedrooms and 8 twin shared bedrooms with 

shared bathroom facilities. The ward has a shared dining room where lunch and dinner meals are 
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provided for patients, and which has a kitchen benchtop with appliances that occupational therapy 

services use for activity of daily living assessment and re-training. There is a physiotherapy 

gymnasium and small meeting room that is used by staff and for family meetings. 

3.3.2 Private inpatient rehabilitation 

St John’s hospital located in South Hobart provides inpatient rehabilitation to people with private 

health insurance, and referrals to the unit are generated from the acute public health system after 

stroke. There are 40-beds which are managed as two wards located on the site. 

The multidisciplinary team comprises: Rehabilitation specialists (2 FTE) and registrar (1 FTE), 

nursing, physiotherapy (4 FTE), occupational therapy (3 FTE), speech pathology (by referral), 

social work (1 FTE) and allied health assistants (3 FTE). There is a dedicated discharge planning 

nursing position for the ward. 

The rehabilitation environment comprises mostly single bedrooms with ensuite bathrooms, but 

several shared two-bed rooms with shared bathroom, across two wings of the second storey of the 

hospital campus building. Both wards share a large and a small physiotherapy gymnasium, and an 

occupational therapy bathroom. There is a dining room which is used for communal activities and 

for staff meetings. 

3.4 Study 2: Investigating the impact of rehabilitation environment on activity 

after stroke (iREAct) 

This study will be reported in chapters 5 and 6 and addresses the thesis research question: 2) What 

is the impact of change in environment from hospital to home on sedentary time and physical 

activity? a) What factors may be associated with any change in sedentary time or physical activity 

during this transition? and research question 3) How does sedentary time and physical activity 

change during the first three-months at home? a) Are there factors at discharge from hospital that 

predict change in sedentary time and physical activity over the following 3-months? and b) What 

factors are associated with sedentary time and physical activity cross-sectionally at 3-months after 

hospital discharge? 

3.4.1 Population and participants 

Participants were adults >18 years of age (n=34) admitted with a diagnosis of stroke. Consecutive 

recruitment was from 2 inpatient rehabilitation units (Tasmanian Health Service, South) between 

January 2015 and August 2016. Inclusion criteria were diagnosis of stroke, a rehabilitation unit 
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admission > 7 days, an ability to walk prior to stroke and discharge from hospital home to the 

community. Exclusion criteria were discharge to an aged care facility or people who were not 

expected to survive 3-months following hospital discharge. Senior physiotherapy staff on the 

inpatient units approached people who met study inclusion criteria and provided study information 

to those who were interested. Research staff completed consent and recruitment processes. 

3.4.2 Study design 

This was a longitudinal observational study with three timepoints: the final week of hospital 

rehabilitation (time 1), the first week at home following discharge (time 2), and 3-months following 

hospital discharge (time 3). At each timepoint activity data was collected over 7 days. At timepoint 

1 and timepoint 3 additional study measures were collected (Table 3.1). 
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Table 3.1 Measures collected at each study timepoint 

 Time 1  Time 2  Time 3 

 Hospital 

(final week) 

 Home 

(first week) 

 Home 

(3-months) 

Activity monitoring (7-days) 

 

X  X  X 

Physical measures      

Functional independence measure 

10m walk test 

6-minute walk test 

5 times sit-to-stand test 

 

X 

X 

X 

X 

   X 

X 

X 

X 

Impairment measures      

Depression (HADS) 

Anxiety (HADS) 

Fatigue (FAS) 

Cognition (MoCA) 

Pain (VAS) 

X 

X 

X 

X 

X 

   X 

X 

X 

X 

X 

Hospital Anxiety and Depression Scale (HADS), Fatigue Assessment Scale (FAS), Montreal Cognitive 

Assessment (MoCA), Visual analogue Scale (VAS) 

3.4.3 Ethical approval 

Ethical approval was from the human research ethic committees, approval numbers (H0014343) 

University of Tasmania and (0000033796) and University of South Australia (Supervisor CE 

affiliation). Written informed consent was obtained for each participant or from a family member if 

the participant was unable.  

3.4.4 Dependent physical activity variables 

The measures chosen in this study are consistent with those agreed to by an Australian national 

consensus collaboration (ACTIOnS: ACtivity To Improve Outcome after Stroke). The collaboration 

focuses on furthering the field of research in physical activity and fitness after stroke.  

The primary outcome in this study was total daily sitting time during waking hours. Secondary 

outcomes included total daily upright time (a combination of standing and walking time), total daily 

walking time and total daily step count. The activPAL3 monitor (PAL Technologies Ltd, Glasgow, 

United Kingdom) was chosen as the physical activity measurement tool used in this study (Chapters 

5 and 6), and the rationale for this choice was provided in the previous chapter. 

3.4.5 The activPAL3 activity monitor 

The device is a small thigh worn uniaxial accelerometer, weighing 15 grams (35mm x 53mm x 

7mm), and contains an inclinometer that determines the angle at which the thigh is positioned 
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(figure 3.3). The monitor records at a sampling frequency of 20Hz, with data generated by the 

acceleration resulting from movement against gravity, and from inclination of the thigh to 

consequently classifying posture (sitting/lying, upright, walking).  

 

Figure 3.3 The activPAL3 activity monitor and postural and activity type classifications 

Researchers initialised the activPAL3 before commencing data collection, via connection to a 

docking port, and used manufacturer software to set dates and times for measurement recording to 

commence and cease. Although the minimum sitting/upright time registered by the device can be 

altered, the default setting of 10-seconds was retained to register transition in posture (i.e. sitting to 

standing). The affect that altering the default setting in adult or clinical populations remains unclear. 

Only one prior study of children under 5-years age has altered the default setting [176], and as 

children transition more quickly between postures than adults, a minimum sitting/upright time of 2-

seconds was found to be most accurate in detecting postural changes compared with direct 

observation [176].  

The activPAL3 classifies body posture via proprietary algorithms that use information from 

acceleration (in the sagittal, coronal and transverse planes) and thigh position. These algorithms are 

specific to the manufacturer of the device and are not disclosed to users. Both raw acceleration data 

and pre-classified data can be exported from the monitor. Pre-classified variables generated from 

participant data by the activPAL3 software include time spent sitting/lying, upright (standing and 

walking) and walking, which can be viewed by hour, by day or by week as a visual output. The 

activPAL3 settings define a minimum walking cadence of 20 steps per minute. Any period with less 

than 20 steps per minute is therefore not classified as walking time. Additional variables are 

generated by the software (number of transitions (sit-to-stand) completed per day, stepping cadence 
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(number of steps detected per minute) and an activity score reported in METs), but were not 

investigated or reported in this study. 

The monitor was waterproofed to allow for continuous wear (24-hours per day) during the study 

period [154]. Waterproofing was via insertion of the monitor into a nitrile sheath that was wrapped 

with two further layers of waterproof dressing. The monitor was attached to the participant’s 

anterior mid-thigh using a further layer of hypoallergenic adhesive dressing as per the 

manufacturer’s instructions for use. Activity was measured continuously for 7-days at each 

timepoint and a minimum measurement duration of at least 3 days is recommended for the 

activPAL3 to determine sitting, upright and stepping activity in people with stroke [177].  

Data processing 

The activPAL3 software produced activity log files: an events file and 15-second epoch file that 

were downloaded as .csv files and then subsequently processed using statistical packages to 

determine the durations of activity behaviours [154]. The events file chronologically time stamped 

all periods of time spent sitting/lying, upright and each step taken. The 15-second epoch file 

summarised the number of seconds spent in each activity type during every 15-second epoch. The 

events file was used during data processing for this study as it contains less rounding error and is 

considered the more accurate file to determine durations of activity [154].  

Data processing consisted of several steps to isolate waking hours as the key period of interest for 

analysis. Consequently, participants kept a diary of the morning waking time and evening bedtime 

for each day of the activity monitoring period. Data were entered into a database and a custom-built 

program linked participant awake hour data with activPAL3 activity data to extract waking hours. 

Where diary data was missing, visual inspection of activPAL3 events files was conducted to 

identify waking time, which was estimated by first looking for a single, or multiple long periods of 

sitting/lying activity (zero activity counts) between calendar days. Waking time was then defined as 

the first period of upright activity registered after 5 am, if that hour also included greater than one 

bout of upright activity in that hour. Sleep time was defined as the end of the bout of activity that 

preceded the long period of sitting/lying activity between calendar days. Further quality assurance 

steps were completed by creating heat maps (example presented in figure 3.4) of 24-hour activity 

patterns for each participant, and visually cross-checking activity classifications for every 

participant across the recorded monitoring days. Cross-checking allowed identification of potential 

non-wear or monitor removal and checking of wake and sleep time estimates.  
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Figure 3.4 Example of 2-day heat map data to visually inspect activPAL3 data to allow checking for 

non-wear and identification of waking hours 

Table 3.2 provides a summary of the activPAL3 data processing considerations and methods used 

in this study (based on reporting template suggested by Edwardson et al 2016 [154]). 

Reliability and validity of the activPAL3 monitor 

The activPAL3 demonstrates excellent agreement when compared with direct observation for time 

spent in sitting/lying and standing in healthy adults (percentage difference between mean of 

observations and monitor <0.3%) [178], and in older adults including people with stroke (absolute 

percentage error = 0%) [152]. The device is sensitive to detecting reductions in sitting/lying time 

over time [179]. Furthermore, in people with stroke, the device demonstrates excellent agreement 

compared with direct observation for time spent walking (ICC ≥0.997, absolute percentage error 

0.3-3.0%) and good agreement compared with direct observation for step count in community 

environments (ICC 0.992, absolute percentage error 1.5%) [148]. Excellent retest reliability over 1 

week has been demonstrated in people with stroke for time spent walking (ICC: 0.828-0.999, 

absolute percentage error 0% to 6.6%) and step count while walking in the community (ICC: 0.874-

0.997, absolute percentage error 2.7% to 11.1%) [148]. However, when tested in older adults with 

gait speeds ≤0.47m/sec [152] the activity monitor underestimated step count. 
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Table 3.2 Summary of data considerations relating to the use of the activPAL3 monitor  

Item Methods 

Monitor version activPAL3 

Rationale for selecting the activPAL3 To meet postural component of definition of sedentary 

behaviour [153] 

Primary behavioural characteristics for 

investigation 

Total sitting/lying time as primary; walking time and step 

count as secondary 

Reliability and validity Grant (2006) [178] and Mahendran (2016) [148] 

Method and location of monitor attachment Waterproofing of device: 1x nitrile sleeve and 2x layers of 

waterproof dressing (Hypafix transparent) 

Attachment: to mid-anterior non-paretic thigh using 1x 

layer of Hypafix dressing by research staff 

Wear period and number of days 24-hours per day, for 7 consecutive days 

activPAL3 software version Version 7.2.32 

Settings used 

• Sampling frequency 

• Minimum sitting period 

• Minimum upright period 

 

20Hz (default) 

10 seconds (default) 

10 seconds (default) 

Diary data and details collected Time got up out of bed; Time went to bed. Any periods of 

monitor removal 

Type of file used for data processing Events file (X, Y, Z version) 

Goal of sampling period  7 full days (a priori) 

Methods for estimating sleep time and 

waking/removal time 

Wake times were entered into a database from participant 

diaries. If diary data was not completed, research staff 

manually extracted wake times using the activPAL3 Events 

file. Get up time was determined as the first time after 6am 

where activity changed from lying/sitting to upright, and 

where subsequent hours also contained upright activity. Go 

to bedtime was determined as the end of the last upright 

activity period prior to midnight. 

A custom-built program linked Event file and wake time 

files to extract waking hours data. 

Quality control checks Heat maps of included and excluded data were visually 

inspected to screen for possible misclassification of data. 

Possible errors were checked against dairy data sources. 

Action taken when data were determined to 

be invalid 

Data deemed invalid were excluded from the waking hours 

analysis 

Compliance criteria to define a valid day of 

observation 

Data were deemed invalid if >95% of a day was spent in 

one posture and this contrasted with their other day’s 

activity suggesting monitor removal 

Number and type of days included in the 

final analysis 

Up to 7-days at each timepoint  

Definition of a day 24-hour period midnight to midnight 

Data processing package used and methods 

to generate key summary variables 

activPAL3 software version 7.2.32 to create events files. 

Quality checks and valid data screening completed using 

custom software developed using Labview 2015 Software 

from National Instruments (Austin, Texas, USA) 
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3.4.6 Independent variables 

Independent variables were assessed at time 1 and time 3. Variables were chosen that have a good 

theoretical basis for potential associations with  physical activity and sedentary time and therefore 

warrant investigation.  

Physical measures 

Physical function was assessed using the Functional Independence Measure (FIM) [180], walking 

speed and endurance (10m walking test, 6-minute walking test) [181, 182] and functional lower 

limb strength (5 times sit-to-stand test) [183] and presence of pain was rated using a visual analogue 

scale[184].   

The Functional Independence Measure assesses how much assistance a person requires to complete 

activities of daily living. People who require greater assistance to compete activities of daily living 

may have less opportunity to move during the day and this could influence the amount of time spent 

sedentary. In this study the motor aspects of functional ability (transfers, walking and stairs) were 

assessed. The scores for each item range from one (total dependence in the task) to 7 (total 

independence). The research staff scoring these items were accredited in the use of the tool. In the 

stroke population, the measure has been shown to have excellent internal consistency (alpha=0.88) 

and concurrent validity when compared with the Barthel Index (r=0.92 to 0.94) [185].  

Walking speed was determined using the10-metre walking test. Walking speed provides a measure 

of a person’s functional level, indicating whether they are limited to household walking or able to 

fully access the community [186]. People who are limited to household walking may have less 

opportunities to spend time upright and potentially spend greater time sedentary. Participants 

walked a 10-metre distance at a comfortable speed, with a 2-metre distance at either end to allow 

for acceleration and deceleration. Gait speed (m/s) was then calculated over two trials. The measure 

shows excellent reliability in people with stroke for both test-retest over 1-week (ICC 0.95 to 0.99) 

[181] and intra-rater criterions (ICC 0.87 to 0.88) [187].  

Walking endurance was measured as the distance walked in a 6-minute period. Lower levels of 

endurance may influence a person’s ability to spend time upright and influence daily sedentary 

time. Rests were permitted during the test. The measure is reliable and valid after stroke, with 

excellent test-retest reliability in the inpatient rehabilitation setting (ICC 0.86) [182] and excellent 

validity against endurance measured by oxygen consumption (r=0.80 to 0.94) [188].  

Functional lower limb strength was determined using the 5 times sit-to-stand test from a standard 



Chapter 3 

 

38 

 

chair height. Lower limb strength is associated with mobility performance and balance [189]. 

Lower strength may impact a person’s ability or confidence to be mobile and therefore influence 

daily sedentary time. Participants were asked to stand up and sit down 5 times as quickly as 

possible without using their arms for assistance if able. The measure has excellent reliability (intra-

rater ICC 0.97, interrater ICC 0.99) and convergent validity when compared with knee strength (r= 

-0.75 to -0.83) [183].  

The presence of pain could discourage people to move and consequently influence their time spent 

sedentary. Participants rated pain at the time of assessment using a 10cm visual analogue scale from 

zero (no current pain) to 10 (worst pain). Only the lower and upper scores of the scale were marked, 

and a ruler was subsequently used to measure the numerical score rated by the participant. Presence 

of pain was further classified as ‘present’ or ‘not present’. 

Psychological and cognitive measures 

Measures included depression and anxiety (Hospital anxiety and depression scale (HADS)) [190], 

fatigue (Fatigue Assessment Scale (FAS)) [191], and cognition (Montreal Cognitive Assessment 

(MoCA)) [192]. [184] 

Depression and anxiety may influence daily sedentary time by impacting motivation and 

exacerbating fear of movement. The HADS is a 14-item questionnaire that measures anxiety and 

depression. Each item is rated from zero (absence of symptoms) to 3 (extreme symptoms) on a 4-

point scale. Five items are reverse scored, and the total score is out of 42 (21 for each subscale) with 

greater scores indicating greater levels of morbidity. A score >8 points indicates presence of 

depression. The measure demonstrates excellent internal consistency (alpha=0.85) and concurrent 

validity against gold standard DSM-IV diagnoses (r=0.67) [190] for people with stroke.  

The presence of fatigue may result in greater periods of rest and therefore influence the amount of 

time spent sedentary during the day. The FAS is a 10-item questionnaire that assesses aspects of 

fatigue. Each item is rated from one (never feel fatigue) to 5 (always feel fatigue). Total scores 

range from 10 (lowest fatigue) to 50 (highest fatigue), and a cut-score of ≥24 indicates presence of 

fatigue [193]. The scale demonstrates good test-retest reliability and moderate to high convergent 

validity in the stroke population [191].  

Impaired cognition can lead to difficulties initiating movement or recalling physical activity advice. 

These difficulties may influence the time a person spends sedentary during the waking day. The 

Montreal Cognitive Assessment (MoCA) assesses multiple cognitive domains across 16 items. 
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These include visuospatial function, naming, attention, language, abstraction, memory and 

orientation to time and place. Scores range from zero to 30, with higher score indicating better 

cognitive ability. In the stroke population, the assessment demonstrates excellent internal 

consistency (alpha=0.78) [194] and high criterion validity (alpha=0.87) against a 

neuropsychological battery of tests considered the criterion standard [192].  

3.4.7 Data analysis 

The method of statistical analysis is described in chapters 5 and 6. 

3.4.8 Reporting 

The study reported in chapters 5 and 6 follows the Strengthening the Reporting of Observational 

Studies in Epidemiology (STROBE) guidelines [173] and the STROBE checklist is presented in 

Appendix 5B and 6B. 

3.5 Study 3: Understanding factors that contribute to low activity levels during 

rehabilitation after stroke: a qualitative study 

This study is reported in chapter 7. This section will provide expanded information about the 

qualitative methodology used to address thesis research question 4) What is the experience of stroke 

survivors and their carers of physical activity after stroke during rehabilitation and early after 

discharge home? and a) What factors influence physical activity and opportunities for physical 

activity? 

3.5.1 Population and participants 

Participants were people with stroke (n=15) and their carers (n=7) living with them at home. 

Recruitment was from 3 inpatient rehabilitation units (2 in the Tasmanian Health Service, South and 

1 private rehabilitation facility, St John’s Hospital), and occurred between August 2018 and May 

2019. The senior physiotherapist on each rehabilitation unit approached people who met study 

inclusion criteria to ask if they would be interested in participating in the study. Purposive sampling 

was used to ensure inclusion of participants with a range of ages, walking ability and people living 

alone and with carers. Inclusion criteria were living at home following discharge from hospital 

rehabilitation and ability to participate in a face to face interview. Exclusion criteria were aphasia or 

cognitive communication difficulty affecting the person’s ability to participate in an interview and 

non-English language background that required interpreter services. A researcher completed 

consent processes before the face-to-face interview. 
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3.5.2 Study design 

A qualitative research design was chosen to build on the research questions of study 2 and allow 

further exploration of factors influencing physical activity early after stroke from the perspective of 

the stroke survivor and their carers. Factors influencing physical activity behaviour are complex and 

can be influenced by a wide range of personal factors and experiences. To understand these issues 

an approach is required that generates knowledge and understanding at the person level. A 

qualitative methodology can produce rich, holistic and detailed data that could not otherwise be 

captured by quantitative methods [195].  

3.5.3 Ethical approval 

Ethical approval was from the human research ethic committees, study approval number 

(H0017105) University of Tasmania. 

3.5.4 Qualitative methodology 

Qualitative methods are an approach that can capture a person’s understandings, expectations and 

experiences of systems and processes and are useful in health system research [196]. In qualitative 

research knowledge is co-constructed by participants and researchers [197]. The researcher is an 

observer and interpreter of the experiences and understandings of participants. Consequently, it is 

important to report the qualitative research approach, characteristics of the researcher and the 

context for the study [198]. A pragmatic approach was adopted for this study to recognise the 

validity of a variety of perspectives, interests and forms of knowledge generated by the participants 

[199]. The researcher in this study (myself) was a female physiotherapist with over 20-years clinical 

experience, predominantly in rehabilitation services. Throughout the study care was taken to clarify 

the researcher role during data collection, although the role of clinician and researcher cannot be 

fully separated out. The researcher was not the treating clinician of the participants recruited during 

their time in hospital rehabilitation.  

The context for this study was the participant’s recent discharge from hospital rehabilitation to 

home following stroke. The life and healthcare experience of each study participant is different, as 

are their experience of and attitudes towards health risk factors such as physical inactivity. Each 

stroke presentation is unique, and recovery is non-linear and can fluctuate positively and negatively 

with changing physical and psychological presentations. Therefore, the qualitative data that was 

generated in this study pertains only to the early timepoint at which the interviews were conducted 

[200].  
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Conducting individual interviews allowed capture of in-depth data on meanings and interpretations 

that shape a person’s individual choices and actions [201]. Data was reliant on participant’s 

memory of their experience and ability to verbalise and describe complex concepts. Interview 

schedules and questions were developed to account for these challenges.  

Techniques to enhance trustworthiness 

In qualitative methodology, issues of validity, reliability and generalisability are achieved and 

reported via techniques used during data collection and analysis to enhance trustworthiness. The 

techniques used in this study are provided in detail in the following section. In summary, validation 

of qualitative study is enhanced using a constant comparative method during analysis, reliability 

through active researcher reflection and a systematic method for data analysis and generalisability 

via detailed description of the context of the study [202]. 

Training in qualitative methodology was completed by the researcher via the University of 

Tasmania Graduate Certificate in Research program prior to commencing this program of work. 

The study team included an experienced qualitative researcher (Dr Kim Jose, University of 

Tasmania). Active reflection by the researcher was undertaken throughout the field work and 

analysis phases of the study. Reflective practices included recording detailed field notes following 

each interview (content of the interview, initial thoughts and impressions by the researcher). 

Furthermore, during analysis of the data, a detailed written project log was used to map idea 

generation and track decision making. Regular meetings were held to discuss the progress of the 

study and to discuss data analysis (Dr Kim Jose and PhD candidate) during which the rationale for 

concepts and themes were discussed and refined. 

3.5.5 Data collection 

Face to face interviews were conducted with participants in their own homes, within 2 to 4 weeks of 

discharge from hospital. A semi-structured interview schedule was developed and used throughout 

the data collection phase (reported in chapter 7). Interviews were audio recorded and transcribed 

verbatim by a transcription service (SMARTdocs Transcription Company, Victoria Australia). Field 

notes were also recorded following each interview by the interviewer.  

3.5.6 Data analysis 

A constant comparative method was adopted during interviews, coding and analysis to allow a 

systematic approach to the thematic analysis [203]. This method was used to analyse and report 

patterns (or themes) within the data. A thematic analysis was chosen as it can be applied across 
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qualitative approaches, is flexible and can summarise and describe key features of a dataset [204]. 

In this study the following processes were used: familiarisation with the data; generation of initial 

codes; searching for themes; reviewing themes and defining and naming themes. 

Data familiarisation was completed by the researcher by reading the full transcripts of participant 

interviews while listening to the interview recording and correcting for missing data, and de-

identifying the data. Word documents were imported into the qualitative data management program 

NVIVO version 11 (QSR International Pty Ltd). Transcripts were then re-read in full prior to 

coding. Data was initially coded inductively and organised into meaningful groups to allow a data-

driven analysis as opposed to fitting the data into a pre-existing framework. Concepts were 

developed which involved identification of patterns in the data that were interpreted by the 

researcher. During this phase, written memos were made in the project log of ideas, potential coding 

schemes, refinements to coding schemes and concepts. Once all data had been coded and concepts 

written and refined, concepts were organised into potential themes, and collated with relevant data 

extracts. Themes were then reviewed and checked across concept and coding groups to ensure they 

reflected the content of the whole data set. 

3.5.7 Reporting 

The study reported in chapter 7 follows the Standards for Reporting Qualitative Research (SRQR) 

[198] and the checklist is presented in Appendix 7A. 

3.6 Study 4: Connecting therapists and patients remotely using apps, sensors 

and the internet – a feasibility study 

This study will be reported in chapter 8 and addresses thesis research question 5) Is it feasible for a 

therapist to prescribe and support a functional exercise program in the community using a novel 

technology system that incorporates a sensor, app and internet connection? 

 The technology used to conduct this study was custom designed. In this section, greater details 

about the technology development phase of the study is presented. 

3.6.1 Population and participants 

Participants were adults >18 years of age and who had experienced stroke in the previous 2 years 

and who were living in the community (n=10). Advertisements in outpatient rehabilitation clinics or 

on discharge from inpatient rehabilitation were used to recruit to the study. Further inclusion criteria 

were an ability to sit-to-stand independently with or without arm use. Exclusion criteria were living 
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in a residential care facility, unable to follow instructions sufficiently to participate in the 

intervention and medically unstable to exercise. 

3.6.2 Study design 

The study was registered with the Australian Clinical Trials Research Network 

(ACTRN12616000051448). In this pre-post feasibility study, a custom developed technology 

system that allowed a therapist to remotely prescribe, monitor and progress a functional exercise 

program was tested. The CONSORT checklist with extension for pilot and feasibility studies was 

used to guide study design and ensure comprehensive reporting of the study [205]. The purpose of 

the feasibility study was to develop an intervention that would be tested fully in a future definitive 

trial. The efficacy of the intervention was not the focus of this feasibility study. A functional 

exercise was chosen to trial during a four-week intervention phase: sit-to-stand repetitions. The 

technology system consisted of an app, sensor and smart tablet connected by the internet. There 

were 2 phases completed during the study: a technology development phase, and the study 

intervention phase.  

Technology development 

The technology was developed (app and sensor) and prototype testing occurred between April 2015 

and February 2016. An app developer was contracted to develop and refine the app. Figure 3.5 

provides an overview of the technology development process undertaken by the project team and 

app developer.  

Only 2 exercise games were developed for feasibility testing. This allowed a focus on whether the 

approach and technology worked. At the time of study commencement there were no commercially 

available sensors that collected data on sit-to-stand transitions. Consequently, a prototype sensor 

(seat-sensor with Bluetooth connection) was developed to collect this data and to send it to both the 

therapist and participant apps. 

Design considerations were specified to developers. The app was required to be simple to navigate 

and not overly time consuming for both participants and the therapist. The number of screens that 

participants needed to access to complete their exercises were minimised to avoid confusion. To 

facilitate visual ease of use by the participants, an app was developed that used simple uncluttered 

screen layout, large button sizes, contrasting colours and larger font sizes. An audio feedback 

function was also added to provide feedback on completion of exercise repetitions. For the 

therapist, a single screen per participant to allow both monitoring and updating of exercise 
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programs was developed. Safety considerations included use of Bluetooth connections to reduce 

potential trip hazards and a secure strap to attach the sensor to the chosen seat used during the 

intervention.  

 

 

Figure 3.5 The stages of development for the technology system 

Study intervention 

Sit-to-stand repetitions are a functional exercise commonly prescribed during stroke rehabilitation 

to target both impairments such as lower limb strength, and activity limitations such as the ability to 

transition between sitting and standing postures [206]. This type of exercise was chosen to allow the 

inclusion of participants who may have limited ability to walk following stroke and for whom 

Definitions

• Project aims were established and agreed by the research team and app 
developer

• Definitions included how the app should behave and what features were 
required (count based on sensor information, comparison of count with a set 
goal)

• Decisions were made about how the app should connect to the internet (SIM 
card) and the frequency of the connection to the server (daily)

Prototype

• For the prototype system, a single counter game was developed and 
preliminary testing commenced

• Feedback was provided by the researcher team to the developer about system 
functionality, layout, font, language and colours to allow modifications

• A prototype sensor was constructed

Testing

• An integrated App and sensor was connected to a secure server database to test 
the prototype system

• Research team testing of the participant and therapist app using the counter 
game and mini game

• Feedback to developer and modifications (13 iterations) made to resolve 
connectivity and data upload issues

Delivery

• Final system version delivered and trialled by the first 3 study participants 

• Technology bugs were identified that impacted the app to sensor connection 
and the timing of data upload. Issues were addressed and resolved

• App version was updated and trialled by the final 7 participants
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increasing physical activity via walking may be more challenging. The aim of the feasibility study 

was to test the design of the technology system and study protocol. As such, an intervention 

duration of 4-weeks was completed between baseline and follow-up measures.  

3.6.3 Ethical approval 

Ethical approval was from the human research ethic committees, study approval number 

(H0014859) University of Tasmania. 

3.6.4 Feasibility variables  

The feasibility measures in this study are reported in detail in chapter 8. In summary, measures of 

study design, participant recruitment and withdrawal, exercise adherence, safety, and participant 

satisfaction were collected. The feasibility measures were chosen based on the CONSORT 

guidelines with extension for pilot and feasibility studies to test the protocol, safety, and 

acceptability of the intervention for participants [205]. 

3.6.5 Physical outcome variables 

Measures were chosen to be feasible and safe within a home environment: The Short Performance 

Physical Battery [186] is used to evaluate lower limb function. It has three components: balance, 

assessed via the ability to stand for 10-second durations with feet in 3 different configurations (side 

by side, semi-tandem and tandem stance); gait speed over a 2.44 metre distance; time to complete 5 

repeated sit-to-stand transitions. Each component is scored according to a standardised process 

[207]. The total score ranges from 0 to 12 with higher scores indicating better functional ability. 

The tool shows good test – retest reliability in testing 48 hours apart and concurrent validity against 

a 400m mobility test (ICC 0.88-0.92) for measuring physical performance of community dwelling 

older adults in the home environment [208].  

A timed 2-minute sit-to-stand test was also completed. Participants were asked to sit-to-stand as 

many times as they were able in a 2-minute period, from a standard home chair height. Participants 

were asked to not use their arms to help them to stand up. If unable without arm use, this was noted, 

and participants completed the test with arm assistance. This measure was included to estimate 

functional lower limb endurance, as a variation of the 30-second chair stand test which shows test – 

re-test reliability and criterion validity against isokinetic leg press testing in community dwelling 

older adults [209].  
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3.6.6 Data analysis 

The method of statistical analysis is described in chapter 8. 

3.6.7 Reporting 

The study reported in chapter 8 follows the CONSORT guidelines with extension for pilot and 

feasibility trials [205] and the checklist is presented in Appendix 8A. 

3.7 Post script 

In this chapter, the methods and materials used to investigate each research question of this thesis 

have been presented. A summary of the studies and methods in this thesis is presented in table 3.3. 

These methods are for two longitudinal observational studies, a qualitative study and a feasibility 

study of a novel intervention. In the following chapters of this thesis each of these studies will be 

presented and the results of each study will be reported and discussed. Chapters 4, 5 and 8 are 

presented as accepted for publication and chapters 6 and 7 as submitted. 
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Table 3.3 A summary of the studies reported in the thesis, including study characteristics and measures 

 Study 1 (Chapter 4) 

NEMESIS 

Study 2 (Chapters 5&6) 

iREAct 

Study 3 (Chapter 7) 

Qualitative 

Study 4 (Chapter 8) 

Feasibility study 

Study characteristics     

Location Community Hospital and community Community Community 

Time post stroke 5-10 years Subacute (hospital to home 

transition) 

Subacute (hospital to home 

transition) 

Up to 2 years 

Design Population based stroke 

incidence study with 

longitudinal follow up 

Observational with 

longitudinal follow up 

Qualitative Experimental pre-post 

feasibility study  

Physical activity Self-reported questionnaire ActivPAL33 accelerometer 

(free living activity) 

Semi-structured interview Custom sensor and app  

Activity Limitation     

Physical function Barthel Index Functional Independence 

Measure 

 Total Short Performance 

Physical Battery score 

Gait speed  10m walk test  Timed 2.44m walk 

Endurance  6-minute walk test  2-minute Sit-to-stand test 

Functional LL Strength  5x Sit-to-stand test  5x Sit-to-stand test 

Impairment     

Depression & Anxiety Irritability Depression and 

Anxiety Scale 

Hospital Anxiety and 

Depression Scale 

  

Fatigue  Fatigue Assessment Scale   

Cognition  Montreal Cognition 

Assessment 

  

Pain  Visual analogue scale   

Participation      

Quality of Life Assessment of Quality of 

Life  
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4 Self-reported exercise prevalence and determinants in the long 

term after stroke: The North East Melbourne Stroke Incidence 

Study  

4.1 Preface 

Survival after stroke is increasing and consequently people are living longer with heightened risk of 

secondary events. Exercise is an important component of secondary prevention programs [12]. The 

study reported in this chapter examines self-reported exercise, as a subset of physical activity, 5 to 

10-years following stroke onset. There are few longitudinal studies after stroke with 10-year follow 

up and no prior studies have explored how physical activity may change over this period. 

Consequently, there is limited understanding about how exercise may change, or what may 

influence change in participation up to 10-years following stroke. The text of this chapter has been 

published [210], including the supplemental material presented in Appendix 4A. 

4.2 Introduction 

Exercise may contribute to reduced long term disability and burden from stroke [211]. Prescription 

of exercise after stroke by health professionals should include aerobic exercise of 20-60 minutes 

duration, on 3-5 days per week at intensity sufficient to break sweat or raise heart rate. This should 

be encouraged across all stages of recovery [35]. Established benefits of exercise following stroke 

include improved cardiovascular fitness [212], improved physical function [213], and reduced risk 

of further stroke and vascular events [16, 214]. Emerging evidence suggests that exercise may 

reduce fatigue [215], and improve mood, cognitive function [216] and quality of life [217]. The 

reported prevalence of exercise after stroke ranges from 31% to 45% [101, 123, 218]. Differences 

may be due to follow up timing, exclusion of non-ambulatory survivors, or differing sampling 

procedures [100, 101, 123].  

Understanding factors associated with long term exercise post stroke is important for delivery of 

effective education and promotion of exercise, but data are scarce. Exercise participation may be 

associated with physician advice [100, 101], a history of exercising before stroke [101], and greater 

levels of self-efficacy and social support [219]. However, the external validity of these findings is 

compromised by limited sampling of participants [101], and poor response rates [100, 101]. 

Furthermore, cross sectional studies limit investigation of long-term exercise behaviour and change 

over time [100] [218]. 
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Ten year follow-up in the North Eastern Melbourne Stroke Incidence Study (NEMESIS) [155] 

provides a unique opportunity to investigate self-reported exercise over time. We aimed to examine 

(1) the prevalence of exercise at 5 and 10-years after stroke and factors associated with both (2) 

exercise at 5 and 10-years, and (3) change in exercise behaviour between 5 and 10-years. Findings 

from our study could determine strategies to improve and maintain participation in exercise. 

4.3 Materials and methods 

The methods of the North Eastern Melbourne Stroke Incidence Study have been described in detail 

previously [155]. Between May 1, 1996 and April 30, 1999, all possible cases of first ever and 

recurrent stroke were ascertained from a defined geographical region in Melbourne, Australia. 

During the first year this was from a population of 133,816, while in the next 2-years the population 

was expanded to a region of 306 631 residents. Multiple overlapping strategies were used to recruit 

patients with stroke from both hospital and community sources. Trained research nurses regularly 

reviewed admission list for public and private hospitals and stroke units. Discharge lists were 

searched for International classification of Diseases (ninth revision) codes for stroke. Community 

based medical practitioners and managers of residential aged care facilities were also contacted 

regularly to identify possible stroke cases. Potential cases were formally reviewed by an expert 

panel prior to inclusion or exclusion from the study. Stroke incidence rates were based on “first in a 

lifetime” stroke diagnosis. Due to funding limitations, predominantly participants from the main 

study period were actively followed up and assessed over the following 10-years. Those from the 

pilot phase were less actively pursued resulting in some losses to follow up within the data set. 

Retention of those alive and followed up within the main study population was 81% at 5-years and 

90% at 10-years. Stroke type was classified according to neuroimaging or autopsy findings: 

Ischaemic stroke; intracerebral haemorrhage; subarachnoid haemorrhage [157]. Although 

subarachnoid haemorrhage cases were included in the original stroke incidence study, these cases 

were not followed up. This sub-study of exercise participation included participants with complete 

data on exercise at 5 and 10-years post stroke.  

Baseline assessment  

Trained research nurses collected demographic, clinical and medical histories from participants, 

medical records and treating physicians. Demographic data included age, sex, and residence 

(alone/with others). Stroke severity was assessed using the National Institute of Health Stroke Scale 

(NIHSS) score [163]. Occupation was categorised as professional/intermediate, skilled and 

unskilled.  
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Follow up  

A study specific standardised questionnaire ascertained risk factor management, including exercise, 

during face-to-face interview at 5 and 10-years post stroke. Proxies provided responses for those 

with significant communication or cognitive impairment. 

Self-reported Exercise 

Participants were asked, “how often they engaged in active exercise which caused them to sweat 

and become breathless, of at least 20-minutes’ duration”. Current exercise was defined as 

exercising at least one session per week. Achieving exercise guidelines was recorded as performing 

≥3 sessions per week. Exercise before stroke was deemed present when participants reported 

exercising regularly before their stroke occurred. Change in exercise between 5 and 10-years was 

categorised as ‘no exercise’ (no current exercise at 5 and 10-years); ‘ceased exercising’ (current 

exercise at 5-years, not at 10-years); ‘commenced exercising’ (no current exercise at 5-years, 

exercising at 10-years); or ‘continued exercising’ (current exercise at both 5 and 10-years post 

stroke). 

Other measures 

Measures were included in analyses if there was prior evidence that supported potential associations 

with physical activity or exercise. Measures in the NEMESIS dataset that met this criteria were 

physical function [220] mood [221] and quality of life [222]. Functional ability was measured by 

the Barthel Index score and disability was categorised as present by a score <20 [223]. Independent 

walking was defined as no impairment on any mobility task of the Barthel (transfers, walking, stair 

climbing). Advice to exercise was determined by responding ‘yes’ to the question “have you and 

your doctor ever discussed the benefit exercise may have in enhancing your health?” Depression 

and anxiety were assessed using the Irritability Depression Anxiety Scale (IDA) [171]. The 

instrument contains 18-items of which 5 relate to depression, 5 relate to anxiety and 4 assess inward 

and outward irritability. Each item is scored from zero to 3. Only depression and anxiety scores 

were summed and used in this study, with higher scores indicating greater morbidity. Quality of life 

was measured using the Assessment of Quality of Life (AQoL) instrument, which scores 5 

dimensions of health-related quality of life: independent living; social relationships; physical 

senses; psychological wellbeing and illness. A utility score between 0.00 (death) and 1.00 (full 

health) is calculated from the first 4 dimensions and the AQoL has been validated in stroke 

populations [224]. The study was approved by ethics committees at each participating institution 

and informed consent was obtained from each participant. Next of kin provided consent when 
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participants were unable. 

Data analysis  

T-tests or chi-squared tests were used to assess differences in baseline characteristics between those 

with exercise data and those alive without data or lost to follow up (Appendix 1 supplementary 

material). Descriptive statistics were used to describe participant characteristics, prevalence of 

current exercise at 5 and 10-years, and prevalence of the four categories of self-reported exercise 

between 5 and 10-years.  

A log binomial model was used to determine prevalence ratios (PR) of current self-reported 

exercise cross-sectionally at 5 and 10-years. Factors considered were age, sex, stroke severity, 

stroke type, occupation, Barthel score, depression, anxiety, quality of life, independent walking, 

residence, exercise before stroke and receiving advice to exercise. For the change analysis a log 

multinomial model was used to explore the relative risk (RR) of these same factors relating to 

change in exercise participation over time, using the previously defined four categories as the 

dependent variable. ‘No exercise’ was the reference category for this analysis. Models were 

adjusted for age and sex, but not mutually adjusted for all covariates as it was not our objective to 

build a predictive model. Disability (Barthel Index<20) is likely to influence a person’s ability to 

participate in exercise after stroke. To explore this further, disability was additionally considered as 

a confounder in a model adjusted for age, sex and disability. Analyses were undertaken using 

STATA version 12.1. Statistical significance was set at P≤0.05 (two-sided) unless otherwise stated. 

4.4 Results 

In total, 1589 participants with first-ever or recurrent stroke were recruited in the original stroke 

incidence cohort (Figure 4.1). By 10-years, there were 384 participants alive (mean age 74.3 years, 

53.1% male; Table 4.1). 
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Figure 4.1 Number of participants at each timepoint
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Table 4.1 Characteristics of the study participants for 5-year, 10-year and change study cohorts 

Characteristic 5-Year cohort 

n=520 

10-year cohort 

n=326 

Participants at both 

5 and 10 years 

n=276 

 n (%) n (%) n (%) 

Age, (mean, SD) 74.7  (14.0) 74.3  (14.1) 69.6 (13.6) 

Sex       

  Male 263  (50.6) 173 (53.1) 146 (52.9)  

Onset NIHSS (mean, SD) 3.1  (4.6) 3.0  (4.8) 3.0 (5.0) 

  Mild (0-5) 218  (41.9) 139  (42.6) 222 (48.0) 

  Moderate (6-14) 244  (46.9) 152  (46.6) 124 (48.8) 

  Severe (≥15) 12  (2.3) 9  (2.8) 8 (3.2) 

Barthel score (mean, SD) 15.8  (6.3) 16.2  (6.1) 18.3 (3.8) 

  Disability (BI<20) 123  (47. 7) 148  (50.0) 182 (65.9) 

  Independent walking* 272 (52.3) 185 (56.8) 173 (62.7) 

Stroke type       

  IS 437  (84.0) 271  (83.1) 228 (82.6) 

  ICH 68  (13.1) 47  (14.4) 41 (14.9) 

  Undetermined 15  (2.9) 8  (2.4) 7 (2.5) 

Residence       

  Alone 470  (90.4) 61  (18.8) 57 (20.7) 

  With others 38  (7.3) 194  (59.7) 192 (69.6) 

  Care facility 12  (2.3) 70  (21.5) 27 (9. 8) 

Occupation       

  Professional/intermediate 195  (37.5) 121  (37.1) 106 (38.4) 

  Skilled 156  (30.0) 98  (30.1) 86 (31.2) 

  Un-skilled 107  (20.6) 66  (20.3) 56 (20.3) 

  Unknown 62 (11.9) 68 (12.5) 28 (10.1) 

NIHSS: National Institute of Health Stroke Severity scale; BI: Barthel index; IS: Ischaemic stroke; ICH: 

Intracerebral haemorrhage;  

Self-reported exercise at five years  

Current exercise was reported by 18.5% (n=96), performing a mean 4.2 (SD 2.8) exercise sessions 

per week. Of these, 72.3% (n=68) achieved guidelines for frequency of exercise, 92.5% (n=87) 

exercised before stroke, and 44.7% (n=42) recalled receiving advice to exercise.  

Factors associated with self-reported exercise at five years  

A greater prevalence of exercise (Table 4.2) was associated with greater BI score (p≤0.001), 

independent walking ability (p=0.02), greater quality of life (p≤0.001) and exercising before stroke 

(p≤0.001). Lesser prevalence of exercise was associated with older age (age 50-69 years p=0.02; 

≥70 years p≤0.001), non-skilled occupation (p=0.01), not recalling exercise advice (p≤0.001), and 

in those with data (n=421) greater depression (p≤0.001) and greater anxiety (p=0.005). No 
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associations were found between exercising at 5 years and sex, stroke severity, stroke type, and 

residence. 

Self-Reported exercise at 10 years 

Current exercise was reported by 24% (n=78), completing a mean 5.1 (SD 4.7) sessions per week. 

Of these 79.7% (n=59) achieved frequency outlined in guidelines, 70.7% (n=46) had exercised 

before stroke and 27% (n=20) recalled receiving exercise advice.  

 

Factors associated with self-reported exercise at 10 years  

A greater prevalence of exercise was associated with greater BI score (p=0.003), exercising before 

stroke (p≤0.001), and a greater quality of life (p≤0.001). A lesser prevalence of exercising was 

associated with being female (p=0.05), older age (>70 years p≤0.001) and, in those with data 

(n=287), greater levels of depression (p=0.002) and anxiety (p=0.022).  

 

Change in self-reported exercise between five and 10 years 

Of participants alive and followed up at 10 years 85% (n=276) also had data on exercise at 5 years 

(mean age 69 [SD 14] years, 53% male). Mean onset NIHSS score was 3.0 (SD 4.9), mean BI score 

18 (SD 3.8), 83% (n=228) had experienced an ischaemic stroke and 91% (n=249) lived at home. 

Most participants (n=169, 61%) did not exercise at either time period, 14% (n=38) ceased 

exercising between 5 and 10 years, 10% (n=27) commenced exercising and 15% (n=42) of 

participants continued exercising (Figure 4.2). Overall prevalence of exercise was 29% (n=80) at 5-

years and 25% (n=69) at 10 years. While 76% (n=32) of those who continued exercising achieved 

exercise guideline targets, fewer who ceased (68%) or commenced exercise (74%) did.  

Factors associated with change in self-reported exercise: 

Continuing exercise at 10-years was associated with greater BI score (p=0.05), walking 

independence (p=0.018), residing with others (p=0.042), greater quality of life (p=0.003), 

exercising before stroke (p≤0.001) and recalling exercise advice (p≤0.001; Table 4.3). There was a 

reduced likelihood of continuing to exercise in the older age groups (50-69 years p=0.021 and >70 

years p=≤0.001) compared to the youngest age group and each unit increase on the depression scale 

at 5 years (p=0.005).  

When disability was added to the model as a potential confounder of exercise outcome, the 

coefficient for continuing to exercise was reduced. (Appendix 4A Supplementary material table 
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4.4). Associations that changed by >10% were being aged 50-69 years (magnitude reduced by 24%) 

and quality of life (reduced by 72%). The coefficient for exercise was diminished but remained 

associated with continuing exercise in the oldest age band (reduced by 48%), exercising before 

stroke (reduced by 17%) and receiving advice to exercise (10%).  

 

 

 

Figure 4.2 Percentage of participants (A) both continuing the same behaviour and changing 

behaviour between 5 and 10-years after stroke and (B) proportions of participants within each 

exercise category exercising before stroke, recalling exercise advice and independently walking at 

5-years. 
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Table 4.2 Factors associated with current exercise at 5 and at 10-years following stroke 

 
 

5-Years  10-Years 

 n Exercise No Exercise PRadj (95%CI)  n Exercise No Exercise PRadj (95%CI) 

  n (%) n (%)     n (%) n (%)   

Age 520        326       

  <50  32 16 (50.0) 16 (50.0) 1.00   23 9 (39.1) 14 (60.9) 1.00  

  50–69  118 38 (32.2) 80 (67.8) 0.58 (0.37,0.90)  79 32 (40.5) 47 (59.5) 0.73 (0.43,1.23) 

  >=70  370 40 (10.9) 330 (89.2) 0.22 (0.14,0.34)  224 33 (14.7) 191 (85.3) 0.28 (0.16,0.51) 

Sex 520        326       

  Male 263 57 (60.6) 205 (48.2) 1.00   173 47 (63.5) 126 (50.0) 1.00  

  Female 257 37 (39.3) 220 (51.7) 0.74 (0.51,1.07)  153 27 (36.5) 126 (50.0) 0.64 (0.41,0.99) 

NIHSS (mean, 

SD) 

473 2.5 (4.8) 3.2 (4.6) 0.98 (0.94,1.03)  300 2.8 (4.5) 3.1 (4.9) 1.01 (0.97,1.06) 

Stroke type* 519        326       

  Ischaemic 435 76 (80.8) 359 (84.5) 1.00   271 62 (83.8) 209 (82.9) 1.00  

  ICH 69 15 (15.9) 54 (12.7) 1.02 (0.64,1.64)  47 11 (14.9) 36 (14.3) 0.99 (0.57,1.73) 

Occupation 519        326       

  Prof/Int 193 46 (48.9) 147 (34.6) 1.00   121 34 (45.9) 87 (34.5) 1.00  

  Skilled 156 25 (26.6) 131 (30.8) 0.71 (0.42,1.17)  98 22 (29.7) 76 (30.2) 0.85 (0.48,1.50) 

  Non-skilled 107 12 (12.8) 95 (22.4) 0.42 (0.22,0.81)  66 13 (17.6) 53 (21.0) 0.62 (0.31,1.23) 

BI (mean, SD)  517 19.4 (1.9) 14.9 (6.7) 1.27 (1.12,1.45)  296 19.5 (1.5) 15.1 (6.6) 1.69 (1.19,2.40) 

Independent 

Walking† 

519 63 (67.0) 208 (48.9) 1.71 (1.11,2.67)  326 50 (67.8) 135 (53.6) 1.61 (0.94,1.75) 

Domicile 518        325       

  Home alone 100 22 (23.4) 78 (18.4) 1.00   61 17 (22.9) 44 (17.5) 1.00  

  Home others 291 67 (71.3) 224 (52.8) 1.06 (0.70,1.62)  194 56 (75.7) 138 (54.9) 0.88 (0.54,1.44) 

  Care facility 127 5 (5.3) 122 (28.8)    70 1 (1.3) 69 (27.5)   

Depression (mean, 

SD)ǂ 

421 2.4 (2.3) 4.5 (2.9) 0.81 (0.74,0.89)  287 2.7 (2.7) 4.4 (2.8) 0.88 (0.81,0.95) 

Anxiety (mean, 421 2.8 (2.4) 4.2 (3.1) 0.88 (0.81,0.96)  287 2.6 (2.7) 4.1 (3.2) 0.89 (0.82,0.98) 
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5-Years  10-Years 

 n Exercise No Exercise PRadj (95%CI)  n Exercise No Exercise PRadj (95%CI) 

  n (%) n (%)     n (%) n (%)   

SD) ǂ 

AQoL (mean, SD) 513 0.74 (0.24) 0.42 (0.34) 8.92 (4.28,18.5)  326 0.73 (0.26) 0.39 (0.35) 6.03 (2.37,15.3) 

Ex. pre-stroke 506 87 (92.6) 44 (10.7) 30.53 (13.9,66.8)  276 46 (70.8) 55 (26.1) 3.31 (1.91,5.77) 

Ex sessions/week 

(mean, SD) 

94 4.81 (2.55)      74 5.31 (4.77)     

Ex. advice 520 42 (44.7) 63 (14.9)    325 20 (27.0) 71 (28.3)   

  Yes 413     1.00   234     1.00  

  No 107     0.42 (0.27,0.65)  91     1.40 (0.80,2.46) 

 

All values are n (%) unless specified. 

*15 people at 5y, 8 people at 10y with undetermined stroke type, statistical analysis not feasible. 

PRadj: Prevalence ratio adjusted for age and sex 

NIHSS: National Institute of Health Stroke Severity Scale; ICH: Intracerebral haemorrhage; Prof/Int: Professional/Intermediate; BI: Barthel Index; AQoL: Australian 

quality of life score; Ex: Exercise. 

†No impairment in BI mobility tasks 

ǂData available for participants able to respond to questionnaire. 
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Table 4.3 Relative risk of change in exercise participation between 5 and 10-years post stroke, adjusted for age and sex. 

 Continuing exercise or changing behaviour between 5 and 10 years (n=276) 

 No exercise Ceased exercising Commenced exercising Continued exercising 

 n=169  n=38  n=27  n=42  

Characteristic n (%) n (%) RR (95%CI) n (%) RR (95%CI) n (%) RR (95%CI) 

Sex               

  Male 81 (48) 20 (52) 1.00  18 (67) 1.00  27 (64) 1.00  

  Female 88 (52) 18 (47) 1.06 (0.57,1.97) 9 (33) 0.66 (0.29,1.45) 15 (36) 0.57 (0.31,1.02) 

Age               

  <50  8 (5) 6 (16) 1.00  2 (7) 1.00  9 (24) 1.00  

  50–69  41 (24) 14 (38) 0.68 (0.28,1.65) 14 (52) 1.67 (0.39,7.06) 19 (50) 0.47 (0.25,0.89) 

  >=70  118 (71) 17 (46) 0.46 (0.19,1.06) 11 (41) 0.81 (0.19,3.45) 10 (26) 0.16 (0.07,0.34) 

NIHSS score 155 (92) 36 (95) 1.00 (0.94,1.07) 26 (92) 1.00 (0.93,1.09) 38 (90) 1.01 (0.94,1.08) 

Stroke Type               

  IS 140 (82) 31 (82) 1.00  23 (85) 1.00  34 (81) 1.00  

  ICH 24 (14) 6 (16) 1.09 (0.49,2.43) 4 (15) 1.05 (0.39,2.81) 7 (17) 1.08 (0.51,2.29) 

BI score 5y 169 (100) 38 (100) 1.11 (0.95,1.29) 27 (100) 1.38 (0.92,2.07) 42 (100) 2.97 (1.00,8.86) 

Indep. Walking* 102 (60) 38 (100) 0.70 (0.39,1.26) 27 (100) 0.97 (0.47,2.02) 42 (100) 2.32 (1.16,4.68) 

Domicile 5y               

  Home alone 33 (19) 9 (24) 1.00  8 (30) 1.00  7 (17) 1.00  

  Home others         111 (66) 27 (71) 0.87 (0.44,1.74) 19 (70) 0.72 (0.34,1.56) 35 (83) 2.41 (1.03,5.61) 

  Care facility 25 (15) 2 (5)   0 (0)   0 (0)   

Occupation               

  Professional† 56 (33) 18 (47) 1.00  11 (40) 1.00  21 (50) 1.00  

  Skilled 56 (33) 10 (26) 0.68 (0.32,1.44) 9 (33) 1.05 (0.46,2.41) 11 (26) 0.83 (0.42,1.64) 

  Unskilled 39 (23) 5 (13) 0.53 (0.21,1.34) 6 (22) 0.96 (0.38,2.43) 6 (14) 0.51 (0.21,1.26) 

Depression 5yǂ 154 (60) 38 (15) 0.84 (0.73,0.97) 26 (10) 0.99 (0.86,1.14) 39 (15) 0.82 (0.72,0.94) 

Anxiety 5yǂ 154 (60) 38 (15) 0.94 (0.84,1.0.5) 26 (10) 0.97 (0.84,1.10) 39 (15) 0.89 (0.79,1.00) 

AQoL 5y 168 (100) 38 (100) 2.31 (0.72,7.47) 26 (96) 1.27 (0.34,4.71) 42 (100) 10.9 (2.26,52.8) 

Ex. pre-stroke               
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 Continuing exercise or changing behaviour between 5 and 10 years (n=276) 

 No exercise Ceased exercising Commenced exercising Continued exercising 

 n=169  n=38  n=27  n=42  

Characteristic n (%) n (%) RR (95%CI) n (%) RR (95%CI) n (%) RR (95%CI) 

  No 152 (90) 3 (8) 1.00  17 (63) 1.00  3 (7) 1.00  

  Yes 17 (10) 35 (92) 23.3 (7.30,74.39) 10 (37) 0.87 (0.40,1.87) 39 (93) 16.0 (4.98,51.5) 

Recall Ex. advice                

  Yes 27 (16) 15 (39) 1.00  6 (22) 1.00  25 (60) 1.00  

  No 142 (84) 23 (61) 0.58 (0.31,1.10) 21 (78) 1.41 (0.59,3.36) 17 (40) 0.34 (0.19,0.61) 

 

NIHSS: National Institute of Health Stroke Severity Scale. IS: Ischaemic stroke; ICH: Intracerebral haemorrhage; BI: Barthel Index Score. HLC: High Level Care. 

AQoL: Australian Quality of Life Index.  

*Independent walking at 5-years: No impairment in BI mobility tasks  

†Professional/intermediate. 

ǂData available for participants able to respond to questionnaire. 

Reference group: No exercise at 5 or 10 years.  

Values in bold indicate P-value ≤ 0.05 
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4.5 Discussion 

Few stroke survivors participate in exercise long term. Although many people reported no exercise 

between 5 and 10-years, encouragingly some (10%) did commence. Factors important for 

continuing exercise were younger age, living with others, greater functional ability, exercising 

before stroke and physician advice. Our study highlights the need for targeted health education 

regarding the importance of exercise after stroke, and facilitation of exercise by health 

professionals’ long term after stroke, particularly for those with greater disability. 

The cross-sectional prevalence of exercise at 5 (18.5%) and 10-years (24%) in our study is less than 

previous reports of between 31% and 45% [100, 101]. This may relate to differing activity and 

exercise definitions. In our study, current exercise was defined as 1 session per week whereas one 

prior study defined regular exercise as 4 sessions per week [101]. Inclusion of healthier people in 

studies of a self-selecting nature may further contribute to the discrepancies observed between our 

results and those in prior studies [100, 101, 123]. Concerningly, using a definition of exercise 

frequency from guidelines for exercise after stroke (3 sessions per week) [35], fewer participants in 

our study achieved sufficient exercise prevalence to promote health benefits (13% at 5-years, 19% 

at 10-years) than compared to previous studies [101, 123]. This is concerning as a recent study 

identified that people achieving physical activity targets following stroke were significantly less 

likely to have a further stroke or vascular event within 3 years [16]. Furthermore, the results 

demonstrated lack physical activity was a stronger predictor of future vascular events than other 

modifiable risk factors such as blood pressure and cholesterol levels. Regular exercise is therefore a 

critical component of secondary risk reduction. 

Interestingly factors were identified that were cross-sectionally associated with exercise at one 

timepoint (5 or 10 years), but not at the other. While sex was not associated with current exercise at 

5-years, by 10-years females were less likely to report participation in exercise. Prior literature has 

established that there are sex differences in relation to stroke events and to post stroke outcomes. 

For example, females are more likely to be older at the time of stroke, have poorer pre-stroke 

physical function, live alone and to experience greater stroke severity [225]. Over a 5-year period, 

females may have experienced increasing cardiovascular health issues and other comorbidities such 

as arthritis that would negatively affect physical function and ability to participate in exercise [226]. 

In addition, we found that independent walking ability was associated with greater prevalence of 

exercise at 5-years but not at 10-years. However, in this study greater total Barthel index score was 

associated with greater exercise prevalence at 10-years. Walking is only one aspect of physical 
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function and with increasing age some participants, particularly those who exercised prior to stroke 

may have continued to find alternative exercise modalities (e.g. stationary cycling, swimming).  

Although older age was associated with less likelihood of continuing to exercise between 5 and 10-

years, of the 10% of participants who commenced exercise over this time almost half (41%) were 

more than 70 years old. For some older people age may  not necessarily be a barrier to commencing 

exercise. With that said, younger people (<50 years) were more likely to continue exercising. 

Return to work and family life roles may contribute to long term physical rehabilitation and 

exercise engagement. Greater physical reserve in the younger age group may have allowed greater 

exercise participation. People with more symptoms of depression at 5-years appeared less likely to 

continually exercise across the study period. There are established bi-directional associations where 

physical activity may reduce symptoms of depression [227] and symptoms of depression may affect 

levels of activity [221]. 

Consistent with previous literature greater function and independent walking were associated with 

continuing exercise [111, 218]. However, we found that 59% of independently walking participants 

were not exercising. Furthermore, this cohort had also experienced a mild stroke (mean NIHSS 3). 

Most people not exercising appear physically capable; therefore, non-physical factors may be 

driving non-participation. In this study greater self-reported depression and anxiety were cross-

sectionally associated with lesser exercise prevalence at 5 and 10-years timepoints. These 

psychological factors could be important drivers of non-participation, and long-term monitoring of 

mood after stroke is recommended to allow timely and targeted interventions [12]. Exercising 

before stroke was associated with exercise at all time points. Following stroke, people aiming to 

return to former physical hobbies might engage more readily in exercise. Awareness of prior 

exercise habits may be useful for clinicians to tailor physical activity advice.  

Those that reported receiving advice to exercise more often engaged in 5-year exercise and 

continued exercise. Health professional advice is meaningful following stroke [228], and this may 

be best delivered by a physician [100, 101]. In addition to physicians, other health professionals, 

including physiotherapists, are well placed to deliver advice about physical activity and exercise. 

Indeed, a recent survey found that patients expect physiotherapists to provide physical activity 

advice [229]. The fact that others have found that repeated advice to increase activity levels did not 

result in behaviour change [230] implies the timing of this education and the way in which advice is 

delivered may be important to support change in exercise behaviour. Alternate models regarding 

advice are needed. Finally, our finding that continued exercising was associated with living with 

others may relate to social contact, support to exercise, or transport assistance to access exercise 
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opportunities [231]. 

This is a large population-based study with 10-year follow up, minimising self-selection bias which 

may over-estimate the prevalence of exercise. It provides the first description of change in exercise 

over time, and enabled investigation of a wide range of factors potentially associated with exercise 

across physical, psychological and social domains with adjustment for important covariates. 

However, our data are self-reported and may be subject to recall bias. Questions were standardised 

and have been validated in large epidemiological studies [232]. While issues may arise with recall 

bias, self-reported measures of physical activity are frequently used in longitudinal and population-

based studies, as they are practical, low cost and low participant burden. Low to moderate reliability 

with the use of self-reported physical activity questions in general populations has been reported in 

a systematic review [158]. Objective measures, such as accelerometer data, were less readily 

available for use when NEMESIS data collection commenced. Robust data about exercise is 

needed, and studies investigating long term follow up of stroke survivors should consider inclusion 

of subjective and objective exercise measures. We investigated one aspect of the physical activity 

continuum: exercise. We may have misclassified exercise participation for some people as physical 

activity accumulated during activities of daily living would not have been captured by definition 

and, for those with poorer health, light activity may increase heart rate and breathlessness. We 

defined current exercise as at least one session per week, although exercise guidelines recommend a 

greater frequency. Recent evidence has shown that physical activity as infrequently as once per 

week has benefits for risk reduction following stroke [16]. Our study may have been under-powered 

to determine factors associated with change in exercise over time, and participant loss over 10-years 

may have introduced survivor bias. A range of psychosocial factors was investigated: depression, 

anxiety and quality of life. However, there may be other factors that influence exercise behaviour 

such as self-efficacy for exercise and fear of falling that were not included in this study. 

Perspectives regarding exercise may have changed over the past 15-years. Counselling skills 

regarding exercise by clinicians may have improved encouraging more participation by stroke 

survivors. Determining potential drivers of change in exercise engagement such as self-efficacy and 

exercise beliefs [228], is important to understand further. 

In conclusion, few people exercise long term after stroke, but uptake is possible. Modifiable factors 

influencing exercise can and should be targeted by clinicians, including tailored exercise 

prescription, promotion of life-long activity to continue physical recovery and specific health 

professional education and advice about exercise importance after stroke. Novel approaches to 

engage people and maintain lifelong exercise habits are required. 
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4.6 Postscript 

The findings in this chapter indicate that few people are regularly exercising, and that uptake of 

exercise is limited 5 to 10-years after stroke onset. While there are modifiable factors that clinicians 

can target to encourage exercise uptake in the longer term, it may be more effective to target 

interventions much earlier after stroke onset. Understanding activity behaviours at important 

timepoints, such as the transition from hospital to home, could assist the development of strategies 

to support stroke survivors in substituting sedentary behaviours for physical activity. Consequently, 

in the next chapter of this thesis, activity behaviours during the transition from hospital to home will 

be explored, as well as factors that may associated with change in behaviours. 
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Appendix 4A Supplementary Material 

Methods and participant flow NEMESIS exercise sub study 

Between May 1, 1996 and April 30, 1999, all possible cases of first ever and recurrent stroke were 

ascertained from a defined geographical region in Melbourne, Australia. During the first year this 

was from a population of 133,816, while in the next 2-years the population was expanded to a 

region of 306 631 residents. 

Due to funding limitations, predominantly participants from the main study period were actively 

followed up and assessed over the following 10 years. However, those from the pilot phase were 

less actively pursued resulting in some losses to follow up within the data set. Retention of those 

alive and followed up within the main study population was 81% at 5 years and 90% at 10 years. 

To determine generalisability of the exercise sub study results, we assessed differences in 

characteristics of participants who were and were not assessed at 5 and 10 year follow up using t-

tests or chi-squared tests. Those alive but not assessed at 5 years were significantly older (p≤0.001), 

had more often experienced intracerebral haemorrhage (p≤0.001) and were more often unskilled 

workers (p≤0.001) than those who participated. Participants alive at 10 years but not assessed were 

also significantly older (p=0.0034), had poorer quality of life (p≤0.001) and less disability at 5 years 

post stroke (p=0.001) than those who participated. 
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Table 4.4 Relative risk of change in exercise participation between 5 and 10-years post stroke with adjustment for age, sex and disability 

 Participation Categories 

 No exercise Ceased exercising Commenced exercising Continued exercising 

 n=169 (61%) n=38 (14%) n=27 (10%) n=42 (15%) 

Characteristic n (%) n (%) RR (95% CI) n (%) RR (95% CI) n (%) RR (95% CI) 

Sex               

  Male 81 (48) 20 (52) 1.00  18 (67) 1.00  27 (64) 1.00  

  Female 88 (52) 18 (47) 1.12 (0.58,2.17) 9 (33) 0.79 (0.35,1.82) 15 (36) 0.71 (0.38,1.31) 

Age               

  < 50 years 8 (5) 6 (16) 1.00  2 (7) 1.00  9 (24) 1.00  

  50 – 69 years 41 (24) 14 (38) 0.74 (0.29,1.90) 14 (52) 1.97 (0.44,8.76) 19 (50) 0.59 (0.29,1.18) 

  ≥70 years 118 (71) 17 (46) 0.53 (0.22,1.29) 11 (41) 1.11 (0.25,4.88) 10 (26) 0.26 (0.12,0.58) 

NIHSS score 155 (92) 36 (95) 1.00 (0.93,1.07) 26 (92) 1.02 (0.94,1.10) 38 (90) 1.03 (0.97,1.09) 

Stroke Type               

  IS 140 (82) 31 (82) 1.00  23 (85) 1.00  34 (81) 1.00  

  ICH 24 (14) 6 (16) 1.16 (0.52,2.64) 4 (15) 1.29 (0.49,3.38) 7 (17) 1.34 (0.69,2.62) 

Barthel score 5y 169 (100) 38 (100) 1.12 (0.92,1.36) 27 (100) 1.39 (0.74,2.63) 42 (100) 1.39 (0.37,5.19) 

Indep. Walking* 102 (60) 38 (100) 0.63 (0.35,1.16) 27 (100) 0.81 (0.39,1.68) 42 (100) 1.69 (0.85,3.35) 

Domicile 5y               

  Home alone 33 (19) 9 (24) 1.00  8 (30) 1.00  7 (17) 1.00  

  Home others         111 (66) 27 (71) 0.86 (0.43,1.72) 19 (70) 0.73 (0.34,1.55) 35 (83) 2.24 (0.97,5.18) 

  Care facility 25 (15) 2 (5)   0 (0)   0 (0)   

Social class               

  Professional† 56 (33) 18 (47) 1.00  11 (40) 1.00  21 (50) 1.00  

  Skilled 56 (33) 10 (26) 0.70 (0.32,1.49) 9 (33) 1.12 (0.49,2.56) 11 (26) 0.90 (0.47,1.72) 

  Unskilled 39 (23) 5 (13) 0.53 (0.21,1.36) 6 (22) 1.03 (0.41,2.59) 6 (14) 0.55 (0.23,1.32) 

Depression 5y 154 (60) 38 (15) 0.83 (0.72,0.97) 26 (10) 1.03 (0.89,1.19) 39 (15) 0.87 (0.76,1.00) 

Anxiety 5y 154 (60) 38 (15) 0.95 (0.84,1.06) 26 (10) 1.00 (0.87,1.16) 39 (15) 0.93 (0.83,1.05) 

AQoL Score 5y 168 (100) 38 (100) 2.62 (0.49,13.82) 26 (96) 0.21 (0.03,1.52) 42 (100) 3.52 (0.53,23.6) 

Ex. pre-stroke               
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 Participation Categories 

 No exercise Ceased exercising Commenced exercising Continued exercising 

 n=169 (61%) n=38 (14%) n=27 (10%) n=42 (15%) 

Characteristic n (%) n (%) RR (95% CI) n (%) RR (95% CI) n (%) RR (95% CI) 

  No 152 (90) 3 (8) 1.00  17 (63) 1.00  3 (7) 1.00  

  Yes 17 (10) 35 (92) 25.7 (8.07,82.17) 10 (37) 0.71 (0.33,1.54) 39 (93) 12.6 (3.88,40.9) 

Recall Ex. advice                

  No 142 (84) 23 (61) 1.00  21 (78) 1.00  17 (40) 1.00  

  Yes 27 (16) 15 (39) 1.54 (0.82,2.88) 6 (22) 0.64 (0.26,1.51) 25 (60) 2.68 (1.57,4.58) 

 

NIHSS: National Institute of Health Stroke Severity Scale. IS: Ischaemic Stroke; ICH: Intracerebral haemorrhage; BI: Barthel Index Score. HLC: High 

Level Care. AQoL: Assessment of Quality of Life Index. Ex: Exercise; Indep: Independent 

 *Independent walking 5-years: Scored maximum points in each BI mobility task: Transfers, walking, stairs at 5-year assessment. 

† Professional / intermediate occupation. 

Reference group: No exercise at five- or 10-years’ time point.  

Disability defined by BI<20 

Values in bold indicate P-value ≤ 0.05 
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Appendix 4B: Strengthening of Reporting of Observational Studies in 

Epidemiology (STROBE checklist) 

 Item  Recommendation 

Title and abstract 1 Indicate the study’s design with a commonly used term [46] 

  Provide in the abstract an informative and balanced summary of what was 

done and what was found [Y]  

Introduction   

Background / 

rationale 

2 Explain the scientific background and rationale for the investigation being 

reported [46-47]  

Objectives 3 State specific objectives, including any prespecified hypotheses [47] 

Methods   

Study design 4 Present key elements of study design early in the paper [47-49] 

Setting 5 Describe the setting, location, relevant dates including periods of 

recruitment, exposure, follow up and data collection [47-49] 

Participants  6 Give the eligibility criteria, and sources and methods of selection of 

participants. Describe methods of follow up [47-48] 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, 

and effect modifiers [47-48] 

   

Data 

sources/measurement 

8 For each variable of interest, give sources of data and details of the 

methods of assessment [48] 

Bias 9 Describe any efforts to address potential sources of bias [47] 

Study size 10 Explain how the study size was arrived at [49] 

Quantitative 

variables 

11 Explain how variables were handled in the analyses [48-49] 

Statistical methods 12 Describe all statistical methods including those used to control for 

confounding. Describe any methods used to examine subgroups and 

interactions. Explain how missing data were addressed. Explain how loss 

to follow up were addressed [48-49] 

Results 

Participants 13 Report numbers of individuals at each stage of the study. Give reasons for 

non-participation at each stage, consider use of a flow diagram [49-50] 

Descriptive data 14 Give characteristics of study participants and information on exposures 

and potential confounders [51-52] 

Outcome data 15 Report summary measures over time [51-52] 

Main results 16 Give unadjusted estimates and confounder adjusted estimates and their 

precision [52-57] 

Other analyses 17 Report other analyses done [61-63] 

Discussion 

Key results 18 Summarise key findings with reference to study objectives [58] 

Limitations 19 Discuss limitations of the study, potential bias or imprecision. Discuss 

both direction and magnitude of any potential bias [59-60] 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 

limitations, results of similar studies and other relevant evidence [58-59] 

Generalisability  21 Discuss the generalisability of the study results [61] 
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5 Go home, sit less: The impact of home versus hospital 

rehabilitation environment on activity levels of stroke survivors 

5.1 Preface 

The previous chapter reported on low self-reported exercise prevalence 5 and 10-years after stroke 

onset, with at most one-quarter of participants engaged in regular exercise. Although uptake of 

exercise was demonstrated by a small group of participants, these findings suggest that targeting 

physical activity and exercise interventions much earlier after stroke could be important to establish 

and maintain positive activity behaviours. 

Discharge from hospital is a major milestone for stroke survivors. What happens to physical activity 

around this timepoint could set the tone for future activity behaviour, yet this period has not been 

explored to date. Hospital rehabilitation should be a very physically active period. Unfortunately 

cross-sectional studies indicate that physical activity levels are low, and there is limited 

understanding about whether this changes at home after discharge [90, 91]. In this chapter, 

sedentary time and physical activity are examined during the transition for hospital rehabilitation to 

home. The results of this chapter have been published [233], in which the terminology ‘sitting time’ 

was adopted to reflect ‘sedentary time’. In addition, Appendix 5A provides results on factors 

associated with sedentary time and physical activity during the final week of hospital rehabilitation, 

that were not included in the published paper. 

5.2 Introduction  

Stroke confers heightened risk for further cardiovascular events, with one third of people 

experiencing a recurrent stroke [234]. Risk factor management includes physical activity [35], with 

each 60 minute per day increase in activity potentially reducing risk of all-cause mortality by 28% 

[235]. In addition, physical activity is pivotal for recovery of function after stroke [211]. 

Independent of physical activity, time spent sitting is also a risk factor for cardiovascular disease 

[41, 63]. Breaking up periods of prolonged sitting promotes upright activity and may also be 

beneficial for cardiometabolic health by reducing glucose and insulin levels [236], positively 

influencing adiposity[41, 237] and reducing resting blood pressure [25].  

However, physical activity is low after stroke, with people performing only half the daily step 

counts of healthy matched peers once home [2]. In contrast to the daily sedentary time of office 
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workers (69%) [238] and older adults (71%) [239], during waking hours, stroke survivors spend up 

to 74% of their day sedentary (sitting), both in hospital [90, 104] and in community settings [34, 

99]. Therefore, to improve recovery and reduce cardiovascular risk, it is essential to identify factors 

underlying reduced activity after stroke.   

The environment may be an important factor for promoting physical activity and reducing sitting 

after stroke.  Interventions targeting the environment can influence sitting time in the general 

population [240], and differences in the hospital ward environment appear to influence upright time 

and activity in stroke survivors [241].  A key change in environment after stroke is from hospital 

rehabilitation to the home. It is unclear how this transition impacts activity levels, and how physical 

and psychological factors may modify any change. Understanding such factors is important for the 

design of interventions to facilitate change in activity after stroke. 

The primary aims of this study were to examine whether a) sitting time and physical activity change 

in relation to the environment for people with stroke and b) whether physical, psychological and 

cognitive factors modify this change. Our secondary aim was to investigate whether prolonged 

sitting time (bouts >30 minutes and bouts >60 minutes) changed between hospital and home 

environments. 

5.3 Materials and methods 

Study design and participants 

In this observational study, we recruited 34 participants consecutively from two inpatient 

rehabilitation units between January 2015 and August 2016. To detect a difference of 30 minutes a 

day of sitting/lying time [19] with 80% power and α=0.05, 26 participants were required based on 

data from an unpublished pilot trial (Author CE) of reducing sitting time in community dwelling 

stroke survivors (mean 46.6, SD 54.0 minutes). Accumulating sedentary time in bouts less than 30 

minutes duration is associated with less risk of all-cause mortality [19]. To allow for a 20% drop out 

we recruited 34 participants.  Eligibility criteria for inclusion were ≥18 years of age, admitted with a 

diagnosis of stroke, a rehabilitation length of stay >7 days, walking prior to stroke, and discharged 

home. Exclusion criteria were planned discharge to residential care and those not expected to 

survive greater than 3 months. Study approval was from the Human Research Ethics Committees, 

approval numbers (H0014343) and (0000033796). Written informed consent was obtained for each 

participant or from a family member if the participant was unable. 

Measures 
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Demographic variables obtained from the medical record during the final week in hospital included: 

age, sex, date of stroke, stroke type and side of lesion, walking ability and presence of a carer at 

home. Physical activity may be influenced by seasonal variations during a year. As such, data was 

collected to classify the season at discharge from hospital: spring and summer, or autumn and 

winter. On hospital admission, stroke severity was determined using the National Institutes of 

Health Stroke Scale (NIHSS) by a neurologist [163]. The NIHSS assesses 11 items relating to 

cognition, vision, motor and sensory function, speech and language, ataxia and inattention. Of a 

total 42 points, scores can be classified to indicate severity of stroke: mild (range 0-7), moderate 

(range 8-15) and severe (scores ≥16). 

Physical activity measures  

Physical activity data were measured at 2 time points: the final week of inpatient rehabilitation, and 

the first week at home. These 2 timepoints provide a change in the rehabilitation environment to 

allow exploration of the rehabilitation setting on physical activity measures. Measurement of sitting 

time (primary outcome) was using the activPAL3 triaxial accelerometer. The thigh-worn monitor 

directly measures posture via an inclinometer, allowing differentiation of upright from sitting or 

lying postures. The activPAL3 also measures upright time (standing and walking), walking time and 

daily step count. It has high reliability (ICC 0.99) and validity, with the percentage difference 

between the mean of the activPAL3 and direct observation reported as <0.3% [178] in classifying 

sitting and standing postures in the older population including those with stroke, though may 

provide less accurate step counts at slower (<0.47m/s) walking speeds [152]. Research staff 

waterproofed and secured the monitor to the participant’s non-paretic thigh (or dominant limb if no 

paresis present), with instruction to wear the monitor for the following 7 days without removal. 

Participants were asked to record in a diary the times that they got up and went to bed to assist 

identifying sleep/wake time. Total sitting time was defined as the total time spent in a sitting/lying 

posture during waking hours. Long bouts of sitting were defined as periods of sitting greater than 30 

and 60-minutes duration.  

Data Processing: Manufacturer software (activPAL3 version 7.2.32) was used to download the 

activPAL3 data, with PAL event and 15-second epoch files saved. Wake times from participant 

diaries were entered into a database, and research staff visually inspected activPAL3 events files to 

identify wake hours if diary data were not available. A custom-built program linked participant 

diary data with the activPAL3 event files to extract waking hours. Heat maps of wake-time and 

sleep-time data were visually inspected for possible errors of activity classification. Data were 

deemed invalid if >95% of a day was spent in one posture and this was in contrast to their other 
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days activity suggesting monitor removal [242]. Data was excluded for a total of 5 recording days 

from 4 participants for this reason.  

Measurement of physical, psychological and cognitive variables occurred during the final week in 

hospital. Physical function was measured by gait speed using the 10-meter walk test (10MWT) 

[181], walking endurance using the 6 minute walk test (6MWT) [182] and lower limb strength with 

the 5 times sit to stand test (5xSTS) [183]. These measures are valid and reliable in the stroke 

population. If participants required assistance to maintain safety while mobilising, therapists 

provided this during measures of physical function. The Functional Independence Measure 

classified overall functional ability in the final 48 hours of the hospital admission by accredited staff 

(FIM score, motor criteria: transfers, walking and stairs) [180]. Items in the FIM are scored between 

1 (total dependence in physical function) and 7 (full independence). Presence of pain (lower limb or 

spinal) at the time of assessment was classified as ‘present’ or ‘not present’. Anxiety and depression 

were measured using the Hospital Anxiety and Depression Scale (HADS), with scores ≥8 

classifying presence of depression or anxiety [190]. Subscale scores were kept separate for the 

analyses. The Fatigue Assessment Scale (FAS) evaluated the level of fatigue, with a score of ≥24 

classifying presence of fatigue [193]. Cognitive function was determined using the Montreal 

Cognitive Assessment (MoCA) a reliable and valid measure of post stroke cognition [192]. 

Cognitive domains assessed by the MoCA include visuospatial function, naming, attention, 

language, abstraction, memory and orientation to time and place. Scores range from zero to 30 with 

higher scores indicating greater cognitive ability.  

Data Analysis 

Descriptive statistics were used to describe participant characteristics and to summarise 

participants’ physical function, mood and cognition during the final week in rehabilitation. Linear 

mixed models (adjusted for waking hours, age and sex) were performed with hours per day activity 

time (sitting, upright, walking) and step count as the outcomes and environment (hospital 

rehabilitation setting or home setting) as the exposure. The same models were also conducted with 

sitting time accumulated in prolonged bouts (>30 mins and >60 mins) as the outcome. Interaction 

terms between the environment and covariates (age, sex, days since stroke, stroke severity, pain, 

living with carer, season, depression, anxiety, fatigue, gait speed, lower limb strength, walking 

endurance and cognition) were then entered into the models to determine if they modified any 

relationship between the environment and activity outcomes.  Significance was set at p<0.05 two-

tailed for all variables. All analyses were conducted in STATA version 12.1 (StataCorp, College 

station, Texas). 
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5.4 Results 

Figure 5.1 reports study recruitment. There were 88 people with stroke admitted to rehabilitation 

during the recruitment period. Of these, 53 met eligibility for inclusion and 34 consented (mean age 

68 [SD 13] years, n=18 (53%) male). Table 5.1 summarises the participant characteristics. 

 

Figure 5.1 Study recruitment 

Activity monitor data were available for all 34 participants in hospital (mean 5.6 [SD 1.9] days), 

and 32 participants at home (mean 6.7 [SD 0.6] days). One monitor was lost at home and one was 
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returned broken. Three participants were unable to answer the HADS, FAS or MoCA 

questionnaires due to aphasia, and one participant was discharged home from hospital before 

completion of physical, mood and cognition measures. 

Table 5.1 Participant characteristics at baseline (n=34) 

Baseline characteristic n (%) 

Age years (mean, SD) 67.9 (12.7) 

Male 18 (52.9) 

Days since stroke (mean, SD) 45.4 (29.4) 

Side of stroke   

  Left 17 (50.0) 

  Bilateral 1 (2.9) 

Stroke type   

  Infarct 31 (91.2) 

Admission NIHSS score (mean, SD) 7.2 (5.4) 

Previous stroke 5 (14.7) 

Walking ability post stroke   

  Independent 25 (73.5) 

  Supervision 9 (26.5) 

Post stroke gait aid use 19 (55.9) 

Depression score* (mean, SD) 4.1 (4.0) 

Anxiety score* (mean, SD) 5.9 (5.1) 

Fatigue score* (mean, SD) 22.4 (7.8) 

Pain present 11 (32.4) 

6MW┼ (m) (mean, SD) 280.2 (165.1) 

5xSTS┼ (sec) (mean, SD) 19.1 (21.0) 

Gait speed┼ (m/s) (mean, SD) 0.99 (0.58) 

MoCA score ǂ (/30) (mean, SD) 22.1 (5.6) 

Discharge FIM score (/7)   

  Bed transfers (mean, SD) 6.5 (0.8) 

  Toilet transfers (mean, SD) 6.5 (0.8) 

  Bath transfers (mean, SD) 6.2 (1.0) 

  Walking (mean, SD) 6.1 (1.1) 

  Stairs (mean, SD) 5.5 (1.9) 

Living with carer on discharge 24 (70.6) 

 

All results are n (%) unless otherwise indicated 

SD: Standard deviation; NIHSS: National Institute Health Stroke Severity Score; 6MW: Six-minute walk 

test; 5xSTS: 5 times sit-to-stand test; MoCA: Montreal Cognitive Assessment; FIM: Functional 

Independence Measure 

*n=30 †n=33 ǂn=28 

Sitting and activity time: 

Participants spent 13.1 (SD 1.5) hours per day awake in hospital and 13.5 (SD 1.9) hours per day 

awake at home. Supplementary Figure 5.3 shows the mean percentage time sitting (primary 
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outcome) by day in hospital and home.  Table 5.2 presents the overall activity differences from 

hospital to home adjusted for waking hours, age and sex. Total time sitting significantly reduced by 

45 minutes (95% CI -84.6, -6.0 p=0.02) at home compared to hospital. For secondary outcomes, 

participants spent 45 minutes (95% CI 6.0, 84.6 p=0.02) more in an upright position, 12 minutes 

(95% CI 4.8, 19.2 p=0.001) more walking and completed an additional 724 steps per day (95% CI 

199, 1250 p=0.01) at home compared to in hospital. The mean number of sitting bouts per day 

of >30 and >60 minutes duration was significantly less at home compared with in hospital (95% CI 

-1.37, -0.14 p=0.02 and 95% CI -0.98, -0.02 p=0.04 respectively). The total daily sitting time 

accumulated in bouts >30 mins, and bouts >60 minutes however was not significantly different 

between hospital and home (p>0.05).  

Modifiers of the relationship between activity and change in environment: 

Presence of depression reduced the association between the environment and all activity 

behaviours: sitting time (β=2.47, 148 mins less, compared to participants without depression 

p=0.003 for depression×environment interaction), upright time (148 mins, p=0.003), walking time 

(23 mins, p=0.02) and steps per day (1622 fewer steps, p=0.033). For anxiety, there was a trend for 

weaker association from moving from hospital to home for all activities: sitting time (78 mins, 

p=0.05 for anxiety×environment interaction), upright time (78 mins, p=0.05), walking time (15 

mins, p=0.05), with results significant for steps per day (1323 fewer steps, p=0.02). When each of 

the significant individual interaction terms (depression, anxiety) were added to a final model only 

depression remained significant for sitting time (143 mins less, p=0.03) and upright time (143 mins, 

p=0.03). Neither interaction term remained significant for steps per day potentially suggesting 

depression and anxiety represent similar constructs. Participants with depression (figure 5.2, n=5) 

spent more time sitting at home than in hospital (on average 11.4 hours versus 10.2 hours per day) 

and less time upright at home than in hospital (1.9 hours versus 3.1 hours per day). No significant 

interactions were found for age, sex, days since stroke, stroke severity, pain, living with carer, 

season, fatigue, gait speed, lower limb strength, walking endurance and cognition (p>0.05). 
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Table 5.2 Mean activity time in rehabilitation and at home, and difference with change in environment 

Activity type Rehabilitation Home Mean 

difference†  

95% CI p-value 

 Mean (SD) Mean  (SD) 

Total sitting time                  (min) 

(h) 

648 

10.8 

(114) 

(1.9) 

624 

10.4 

(162) 

(2.7) 

-45.4 

-0.76 

-84.8 

-1.4 

-6.1 

-0.1 

0.02 

Upright time                         (min) 

(h) 

144 

2.4 

(72) 

(1.2) 

186 

3.1 

(108) 

(1.8) 

45.4 

0.76 

6.1 

0.1 

84.8 

1.4 

0.02 

Walking time                        (min) 

(h) 

30 

0.5 

(18) 

(0.3) 

42 

0.7 

(30) 

(0.5) 

12.6 

0.21 

4.8 

0.1 

19.3 

0.3 

0.001 

Steps/day 1872 (1680) 2596 (2266) 725 199 1250 0.01 

Total sitting time accumulated in 

bouts >30 (mins) 

 

474 

 

(132) 

 

444 

 

(192) 

 

-55.9 

 

-121.8 

 

9.9 

 

0.10 

(h) 7.9 (2.2) 7.4 (3.2) -0.93 -2.03 0.2  

Total sitting time accumulated in 

bouts >60 (mins)  

 

330 

 

(138) 

 

300 

 

(204) 

 

-44.9 

 

-119.4 

 

30.0 

 

0.24 

(h) 5.5 (2.3) 5.0 (3.4) -0.75 -1.98 0.5  

Number of sitting bouts >30 mins 6.5 (1.8) 5.9 (1.6) -0.8 -1.37 -0.14 0.02 

Number of sitting bouts >60 mins 3.1 (1.2) 2.7 (1.2) -0.5 -0.98 -0.02 0.04 

 

Figures in bold indicate statistically significant results.  

Results are presented in both hours and minutes for ease of interpretation; h: hours; mins: minutes 

†A linear mixed model was used with activity time as outcome and location (rehabilitation or home) as exposure. The model was adjusted for waking hours, age and 

sex
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Figure 5.2 The effect of depression on sitting and upright time in the hospital and home 

environments 

 

 

Figure 5.3 Mean percentage sitting/lying time during awake hours by day in hospital and at home 
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5.6 Discussion  

Stroke survivors spent less time sitting and more time standing and walking in their first week at 

home than in the final week of hospital-based rehabilitation. Our results suggest that the 

environment (namely the physical spaces, features, functions, experiences and people in a 

rehabilitation setting) can positively influence stroke survivors’ activity and sitting behaviour. The 

presence of depression in particular modified the association, such that those with depression spent 

more time sitting at home than in hospital. Other factors, such as physical performance, presence of 

a caregiver, cognition and stroke severity, were not associated with change in activity during the 

transition home.  

Rehabilitation environments should promote physical activity. However, in our study, it was the 

home environment that was associated with lower total daily sitting time in the order of 45 minutes 

per day, with behaviour transferring to upright postures, including 12 minutes and 724 steps more 

walking. The home may provide greater opportunity for activities of daily living such as cooking, 

cleaning, social and community activities, and there may be fewer external restrictions such as 

hospital routines and safety concerns around mobilisation [243].  

Few studies have examined the effect of environment on activity levels. Early supported discharge 

from an acute stroke unit facilitated greater daily step count and time spent upright in the home 

[89]. However, whether this reflects the environment, or the effect of the supported therapy remains 

unclear. Changes to the rehabilitation environment may promote activity. Physically, cognitively 

and socially enriched stroke rehabilitation environments appear to increase activity by 20% [244]. 

Wards which include communal areas promote more time spent upright [245], and the need to 

transport patients further for personal care may create opportunities for activity [241]. The low 

activity levels in hospital and at home found in our study, and prior reports of people in hospital 

spending over half their day inactive [90, 132], indicate that there is clearly more work to done in 

promoting activity after stroke. 

Our findings may have important implications for vascular health. A reduction of 45 minutes sitting 

time per day could confer cardiovascular benefits that in turn may be important for secondary stroke 

prevention. Data modelling suggests that for cardiometabolic populations, reallocating 30 minutes 

total sitting time to light intensity activity, and breaking periods of prolonged sitting is associated 

with reductions in triglyceride and insulin biomarkers [246], lowers the odds of metabolic syndrome 

and type 2 diabetes, and reduces waist circumference and body mass index [247]. In our study, the 

reduction in sitting translated into time upright (standing and walking). Replacing sitting with 
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standing may improve systolic blood pressure load in overweight populations [26], however clinical 

trials in the stroke population are needed to confirm these findings.  

There are potential rehabilitation benefits from an additional 12 minutes of walking and 725 steps 

per day. People with stroke spend as little as 10 minutes practising walking within therapy sessions 

in hospital [248], and the greater walking seen in the home environment is encouraging. Step counts 

in the first 6 months after stroke are low ranging from 2956 to 5763 steps per day [102], with higher 

repetitions facilitating skill acquisition, and improving walking distance, speed and activities of 

daily living [249].  While greater repetitions of stepping practice may be required than those seen in 

this study, changes to the physical environment may be one of a range of strategies to promote more 

daily walking.  

Our results suggested that psychological factors might modify the change in activity between 

hospital and home. In contrast to our overall findings, participants with depression increased their 

time spent sitting and reduced standing and walking time once home. Depression can limit 

participation [250], and the hospital routine and health professional support may help those with 

depression maintain activity which is subsequently lost once home. Early identification of 

depression may support those with mood disorders to sit less and move more. Indeed, participation 

in exercise may reduce symptoms of depression after stroke [217]. We did not find that physical 

factors or stroke severity modified differences in activity with change in environment, although 

others have reported cross-sectional associations with these factors and sitting time [104].  

Study limitations 

The analysis is from a small sample and therefore may have been underpowered to detect some 

associations that would need to be replicated in a larger sample. We cannot discount that functional 

improvement over the period accounted for our findings. However, supplementary figure 1 did not 

suggest a reduction in sitting time, and hence functional improvement, over the 7 days at home. The 

activPAL3 monitor is less reliable measuring walking time and step count at slower gait speeds 

[251]. Consequently, some walking time and steps may have been miss-classified as upright time. 

The reasons that people declined to participate in the study was not collected. This may influence 

the generalisability of the results. Covariates such as medical comorbidities, polypharmacy and 

malnutrition may also influence activity, and we did not collect these data. This study has several 

strengths.  A validated device was used to objectively measure sitting, upright and ambulatory 

activity time, with careful identification and analysis of waking hour behaviour. We used linear 

mixed regression models, which accommodate missing data and allowed a unified approach for 



Chapter 5 

 

80 

 

fixed effects and repeated measures. Interactions between the environment and a comprehensive 

range of factors including physical function, cognition, and mood were examined.  The inclusion of 

participants with wide ranges of stroke severity and walking ability ensures that our results are 

generalizable to the broader stroke population. 

In conclusion, we found that change in environment from rehabilitation to home was associated 

with reduced daily sitting time and promoted greater levels of upright and walking time for those 

with stroke. However, the presence of depression on discharge from hospital may negate this 

benefit. 

5.7 Postscript 

The findings in this chapter demonstrate that the rehabilitation environment can influence sedentary 

time and walking activity (walking time and step count). However, the presence of depression in the 

final week of hospital rehabilitation negatively modified the benefit of the change in environment 

for activity behaviours. Despite the improvement in physical activity observed in the first week at 

home, overall daily sedentary time remained high (>10 hours) and walking activity low (<40 

minutes). Increasing activity behaviours to a greater level than observed with the change in 

environment is important to reduce cardiovascular and cardiometabolic risk. In order to develop 

interventions to support greater levels of physical activity an understanding of what happens in the 

period after discharge is needed and chapter 6 investigates the first 3-months at home.
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Appendix 5A: Factors associated with sedentary time and physical activity 

during the final week of hospital rehabilitation. 

 

5.7.1 Background 

Rehabilitation after stroke should be a physically active period, but up to 87% of the rehabilitation 

day has been observed to be spent sedentary [90, 92]. There is limited understanding about factors 

during rehabilitation that are associated with sedentary time, yet this knowledge could support the 

development of interventions to reduce sedentary time in the hospital environment. 

Consequently, an additional secondary aim in this study was to examine physical, psychological 

and cognitive factors associated with sedentary time and walking activity (walking time and step 

count) cross-sectionally in the final week of hospital rehabilitation. The results of these analyses 

were not presented in the published manuscript and so are reported here. 

5.7.2 Data analysis 

Linear regression analysis was used to examine associations between covariates and activity 

measures (adjusted for waking hours) for the final week of hospital rehabilitation. Covariates 

examined were age, sex, stroke severity, time since stroke, depression, anxiety, fatigue, cognition, 

gait speed, walking endurance, functional leg strength and presence of pain. A stepwise model was 

built by adding covariates of interest (selected based on prior evidence or strength of correlations 

within the sample) and retaining those that were significant. Significance was set at p≤0.05 two-

tailed for all covariates. 

5.7.3 Results 

Table 5.3 shows the results for the univariable models adjusted for waking hours. Faster mean gait 

speed (p=0.02) and presence of pain (p=0.03) were associated with less time spent sedentary. 

Younger age (p=0.02), fewer days since stroke onset (p=0.03), faster mean gait speed (p≤0.001) and 

greater walking endurance (p p≤0.001) were associated with more time spent walking, and fewer 

days since stroke onset (=0.01), faster mean gait speed (p≤0.001) and greater walking endurance 

(p≤0.001) were associated with greater daily step count. 

Table 5.4 shows the results for the final multivariable models. In the final models, mean gait speed 

and endurance were highly correlated (r=0.92) such that when both were added to the multivariable 
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models, they became non-significant. Consequently, the covariate most strongly associated with the 

activity outcome was added to the final model. In the final models that were additionally adjusted 

for age, faster gait speed (β -53 minutes (95% CI -94, -12) p=0.01) and presence of pain (β -57 

minutes (95% CI -102, -8) p=0.02) were independently associated with greater sedentary time, and 

faster mean gait speed was independently associated with greater time spent walking (β 23 minutes 

(95% CI 9, 37) p=0.002) and with greater daily step count (β 2224 steps (95% CI 1170, 3277) 

p≤0.001).  

Table 5.3 Cross-sectional associations between baseline (time 1) factors and activity outcomes 

(adjusted for waking hours) for the final week of hospital rehabilitation 

 Activity outcome (mins/day) 

Predictor Sitting time Walking time Step count 

 β (95% CI) β (95% CI) β (95% CI) 

Age (y) 0.3 (-1.9, 2.5) -0.7 (-1.2, -0.1) -39 (-88, 11) 

Male 7.2 (-48.1, 62.4) 4.6 (-10.8, 20.1) 700 (-581, 1981) 

NIHSS 2.3 (-2.9, 7.3) -0.15 (-1.6, 1.3) -41 (-161, 80) 

Time post stroke (d) 0.9 (-0.005, 1.7) -0.3 (-0.5, -0.02) -27 (-47, -7) 

Depression -0.8 (-8.0, 6.4) 0.3 (-1.8, 2.3) 9 (-161, 178) 

Anxiety 0.3 (-5.4, 5.8) 0.3 (-1.3, 1.8) 12 (-120, 143) 

Fatigue 0.9 (-2.6, 4.5) -0.08 (-1.1, 0.9) -11 (-95, 74) 

MoCA -2.1 (-7.1, 2.9) 0.9 (-0.5, 2.3) 64 (-57, 184) 

Mean gait speed (m/s) -50.1 (-93, -6.9) 22.8 (12.9, 32.7) 2158 (1450, 2867) 

6MWT (m) -0.1 (-0.3, 0.04) 0.07 (0.04, 0.1) 7 (5, 10) 

5xSTS test (s) 0.7 (-0.5, 1.9) -0.3 (-0.6, 0.03) -25 (-53, 3) 

Pain -53 (-106, -1.1) 5.3 (-10.2, 20.6) 295 (-976, 1567) 

Bold: indicates statistically sig p<0.05 

NIHSS: National Institute of Health Stroke Severity; MoCA: Montreal Cognitive Assessment; 6MWT: 6-

minute walk test; 5xSTS: 5-times sit-to-stand 

 

Table 5.4 Final multivariable models for factors associated with sitting time, walking time and step 

count during the final week of hospital rehabilitation 

 Activity outcome (mins/day) 

Predictor Sitting time Walking time Step count 

 β (95% CI) β (95% CI) β (95% CI) 

Mean gait speed (m/s) -53 (-93, -12) 23 (9, 37) 2224 (1170, 3277) 

Pain -57 (-102, -9)     

Time post stroke   -0.3 (-0.5, -0.1) -30 (-48, -11) 

All models are adjusted for waking hours and age. Model for sitting time is further adjusted for mean gait 

speed and pain. Model for walking time is further adjusted for time post stroke and mean gait speed. Model 

for step count is further adjusted for time post stroke and mean gait speed  
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5.7.4 Summary 

In the final week of hospital rehabilitation faster gait speed and presence of pain were associated 

with less time spent sedentary, and faster gait speed with more time walking and greater daily step 

count. While the presence of pain can inhibit movement and walking, interestingly lower limb pain 

was associated with less time sitting and more time walking. The additional walking observed may 

reflect that a person is moving to achieve greater comfort, or that sitting/lying postures are postures 

that aggravate the pain. This additional analysis was conducted to complete analyses for each study 

timepoint. The results presented in Appendix 5A were not reported in the published paper. 
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Appendix 5B: Strengthening of Reporting of Observational Studies in 

Epidemiology (STROBE Checklist) 

 Item  Recommendation 

Title and abstract 1 Indicate the study’s design with a commonly used term [65] 

  Provide in the abstract an informative and balanced summary of what was 

done and what was found [Y]  

Introduction   

Background / 

rationale 

2 Explain the scientific background and rationale for the investigation being 

reported [65-66]  

Objectives 3 State specific objectives, including any prespecified hypotheses [66] 

Methods   

Study design 4 Present key elements of study design early in the paper [66] 

Setting 5 Describe the setting, location, relevant dates including periods of 

recruitment, exposure, follow up and data collection [66] 

Participants  6 Give the eligibility criteria, and sources and methods of selection of 

participants. Describe methods of follow up [66] 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, 

and effect modifiers [67-68] 

   

Data 

sources/measurement 

8 For each variable of interest, give sources of data and details of the 

methods of assessment [67-68] 

Bias 9 Describe any efforts to address potential sources of bias [75] 

Study size 10 Explain how the study size was arrived at [66] 

Quantitative 

variables 

11 Explain how variables were handled in the analyses [68] 

Statistical methods 12 Describe all statistical methods including those used to control for 

confounding. Describe any methods used to examine subgroups and 

interactions. Explain how missing data were addressed. Explain how loss 

to follow up were addressed [68] 

Results 

Participants 13 Report numbers of individuals at each stage of the study. Give reasons for 

non-participation at each stage, consider use of a flow diagram [68-69] 

Descriptive data 14 Give characteristics of study participants and information on exposures 

and potential confounders [70] 

Outcome data 15 Report summary measures over time [70-71] 

Main results 16 Give unadjusted estimates and confounder adjusted estimates and their 

precision [71-73] 

Other analyses 17 Report other analyses done [71] 

Discussion 

Key results 18 Summarise key findings with reference to study objectives [74] 

Limitations 19 Discuss limitations of the study, potential bias or imprecision. Discuss 

both direction and magnitude of any potential bias [75] 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 

limitations, results of similar studies and other relevant evidence [74-75] 

Generalisability  21 Discuss the generalisability of the study results [76] 
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6 Sedentary time and activity behaviours after stroke 

rehabilitation: changes in the first 3-months home 

6.1 Preface 

The results of chapter 5 revealed that the change in environment from hospital to home reduced 

total daily sedentary time and increased walking activity, although presence of depression 

negatively modified the benefit of the environmental change. The improvement observed is 

encouraging, but overall sedentary time remained high during the first week at home and on average 

only 40-minutes of walking activity were achieved each day. To develop interventions to positively 

improve activity behaviours it is important to understand what happens to, and what influences 

physical activity in the period after discharge. This chapter will address those issues in the second 

part of this observational study. The text of this chapter is currently under review for publication in 

Neurorehabilitation and Neural Repair. 

6.2 Introduction 

People with stroke spend a large proportion of their day sedentary both in hospital and at home 

[233]. Prolonged sedentary time is associated with increased incidence of cardiovascular disease 

and mortality [19]. Recurrent stroke is common [234] and while guidelines recommend control of 

risk factors [12] this remains a challenge. Shifting behaviour along the continuum from sedentary to 

time upright and walking can target inactivity as a modifiable risk factor. Greater activity and 

regular breaks in sedentary time can positively influence blood pressure [27] and confer benefits for 

metabolic health [252]. Furthermore, activity is important for recovery of physical function [206].  

In our previous study we identified that the transition from inpatient rehabilitation to home is a key 

time point: time spent sedentary is less and walking is greater in the first week home compared to 

the last week in hospital [233]. However, other research indicates that increases in time upright and 

step count appear to occur in the first three months after stroke [2], with little further change 6-12 

months thereafter [88, 102, 253]. Additionally, in the years after stroke few people engage in 

sufficient physical activity [210]. Reducing sedentary time and establishing physical activity habits 

at a key time such as discharge home from hospital may help establish long term behaviours. 

However, little is understood regarding factors that might influence change in sedentary and 

walking time in the first few months after discharge. Such knowledge may help health professionals 

predict which stroke survivors are more likely to positively change their activity after discharge to 
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maximise their functional gains, and importantly predict people who may not change their activity 

behaviour without targeted support and interventions. However, no studies to our knowledge have 

examined factors that predict change in activity behaviours post discharge.   

While understanding change in activity is important, so too is understanding factors that may 

influence activity at specific timepoints. Though not causal, this information may assist clinicians to 

identify what may be impacting activity at that time. Prior cross-sectional analyses have identified 

that slower walking speeds [109], greater stroke severity and poorer functional independence [104] 

are associated with greater sedentary time. Factors such as pre-stroke physical activity, greater 

walking endurance [97], lower levels of fatigue, greater daily step count [120], and higher levels of 

function and balance are associated with greater ambulatory activity [88]. At 3-months following 

discharge many time limited outpatient rehabilitation programs are ending. This time may also be 

an important transition point for therapists to target activity promotion after stroke.  

Therefore, the aims of this study were to investigate whether sedentary and walking activity 1) 

changed between rehabilitation discharge and 3-months later and 2) factors (physical, psychological 

and cognitive) associated with change in 3-month activity. Our secondary aims were to 1) 

investigate whether sedentary time accumulated in prolonged bouts (>30 minutes and >60 minutes) 

changed between the first week at home and 3-months later and 2) examine factors associated 

cross-sectionally with activity at 3-months. 

6.3 Methods 

Participants 

A longitudinal observational study was conducted between January 2015 and August 2016. 

Recruitment of participants (n=34) was from two inpatient rehabilitation units, with the methods 

and sample size calculation of the study reported previously [233]. In brief, eligibility criteria 

included admitted with diagnosis of stroke, ≥18 years of age, discharge home to the community, a 

rehabilitation length of stay >7-days and able to walk prior to stroke. Exclusion criteria were 

discharge to a residential care facility and people not expected to survive >3-months post discharge. 

Written informed consent was obtained from each participant. Study approval was from the human 

research ethics committee approval numbers (H0014343) and (0000033796). 

Measures 

Physical activity measures 
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Activity was measured for seven-days using an activPAL3 triaxial accelerometera during the first 

week at home after hospital discharge and 3-months later. The ActivPAL3 contains an inclinometer 

that determines posture and differentiates between sitting/lying and upright activity along with an 

accelerometer to determine step count and walking time. Outcomes included: sedentary time; 

walking time and step count per day. The monitors were waterproofed by research staff and attached 

to the participants non-paretic mid anterior thigh (dominant limb if no paresis present), with 

instructions to wear the device for seven full days. Participants further recorded in a diary if the 

monitor was removed, as well as the times they got up and went to bed to allow identification of 

sleep/wake time. Total sedentary time was defined as the total time spent in a sitting/lying posture 

during waking hours. Prolonged sedentary bouts were defined as sedentary durations > 30 and >60 

minutes. Total walking time was defined as the total time spent walking during waking hours. The 

monitor is highly reliable (ICC 0.99) and valid in classifying sitting/lying postures in older 

populations including people with stroke [178]. A percentage difference between the mean of the 

activPAL3 and direct observation has been found to be less than 0.3%. However, step count may be 

less accurate at slower (<0.47m/s) walking speeds [152]. 

Data processing 

ActivPAL3 software (version 7.2.32) was used to download data. Wake and sleep times were 

obtained from participant diaries. If diary data was not available, research staff visually inspected 

activPAL3 event files to determine wake time. Waking hours were extracted using a custom-built 

program that linked the activPAL3 event file and participant diary data. Visual inspection of heat 

maps was conducted to check for possible errors of activity classification. If >95% of a day was 

spent in one posture without change, data was deemed invalid as it suggested removal of the 

monitor [242].  

Other measures 

Participant characteristics: 

At baseline, during the final week of hospital rehabilitation, demographic data was collected from 

the medical record including: age, sex, date of stroke onset, side of lesion, type of stroke, ability to 

walk and presence of a carer at home. A neurologist assessed stroke severity using the National 

Institutes of Health Stroke Scale (NIHSS) on admission to hospital [163]. The NIHSS is scored 

against 11 criteria that assess vision, motor and sensory function, cognition, ataxia, inattention and 

speech and language function. From a total of 42 points, scores can be further categorised to 

indicate mild (range 0-7), moderate (range 8-15) and severe (range ≥16) stroke severity.  
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Physical, psychological and cognitive factors: 

Physical, psychological and cognitive measures were obtained at baseline by senior inpatient 

rehabilitation clinicians (final week in hospital) and 3-months later at a clinic assessment by 

research staff. Physical measures: Gait speed was measured using the 10-meter walking test [181], 

walking endurance using the 6-minute walk [182], and lower limb strength with the five times sit-

to-stand test [183]. These measures are valid and reliable in the stroke population [181-183]. The 

presence of pain (lower limb or spinal) at the time of assessment was categorised as present or not 

present. Psychological measures: Depression and anxiety were measured using the hospital anxiety 

and depression scale (HADS), where greater scores indicate greater depression and anxiety 

symptoms [190]. Fatigue was measured using the fatigue assessment scale (FAS) with greater 

scores indicating greater symptoms of fatigue [193]. Cognitive function was measured using the 

Montreal cognitive assessment (MoCA), which is scored from zero to 30, and is a valid and reliable 

tool in the post stroke population [192]. Greater scores indicate greater cognitive ability. 

Data analysis 

Descriptive statistics were used to describe participant characteristics.  

Change in activity over time: Activity time (sitting, walking and step count) was reported for the 

two timepoints first week home and 3-months at home, and linear mixed models were used to 

estimate the mean difference adjusted for waking hours only. 

Factors associated with change in activity over time: To identify factors that were associated with 

change in activity, interaction terms between time and each factor were added to the linear mixed 

models adjusted for waking time. Factors tested were age, sex, days post stroke, stroke severity, 

pain, living with carer, gait speed, lower limb strength, walking endurance, depression, anxiety, 

fatigue and cognition. For any significant predictors of change, confounding was addressed by 

adding further interaction terms between time and confounding variables (e.g. age, severity of 

stroke etc.). 

Cross-sectional associations between factors and activity at 3 months: Linear regression analysis 

was used to examine associations between covariates and activity measure (adjusted for waking 

hours) at 3-months. A stepwise model (adjusted for waking hours) was built by adding variables of 

interest (selected based on prior evidence or strength of correlations within the sample) and 

retaining those that were significant. Significance was set at p≤0.05 two-tailed for all variables. All 

analyses were conducted in Stata version 15. 
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6.4 Results 

Flow of participants through the study 

Figure 6.1 shows the flow of participants through the study. Of the 88 people with stroke that were 

admitted to rehabilitation during the recruitment period, 53 met eligibility criteria and 34 consented 

to participate, completing baseline (final week of rehabilitation) covariate measures and first week 

home activity monitoring. Activity monitor data was available for 32 (94%) participants at the first 

week home timepoint (one loss of monitor, one broken monitor).  

Reasons for ineligibility included: discharge to care (n=16), not walking pre stroke (n=3), 

anticipated survival < 3-months (n=1), rehabilitation inpatient admission < 7-days (n=4) and 

participants unable to adhere to study (n=11). Reasons that participants were unable to participate 

according to the study protocol included living too far away to participate and access to transport 

(unable to attend follow up assessments n=9), cognition and limited support to adhere to protocol 

(activity monitor management) n=2).  
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Figure 6.1 Participant flow through the study 

At 3-month follow up, 31 (91%) participants completed measures and wore the activity monitor 

(mean age 69 [SD 13] years, n=16 (52%) male), with 3 people withdrawing from the study (too 

busy to attend the appointment x2, no reason supplied x1). Activity monitor data at 3-month follow 

up was deemed missing for a total of three recording days from one participant as it was identified 

that the monitor had been removed for these days, and the average of their 4-days data was included 

in the analysis. One participant was deemed to have removed the activity monitor within 24-hours 

of application and consequently their data was not included in the analyses. As such, twenty-eight 

(82%) participants had matched activity monitor data at both the first week home and 3-month 

timepoints. Table 6.1 summarises the baseline and 3-month assessment characteristics for these 28 
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participants. A descriptive comparison of participants included at 3-months and those not followed 

up is shown in Appendix 6A. One participant was unable to answer the hospital anxiety and 

depression scale, fatigue assessment scale or the MoCA due to aphasia, and one participant was 

unable to attend the 3-month assessment due to a medical reason but still completed the activity 

monitor measurement. 

 Change in activity between first week home after discharge and 3-months 

Participants spent a mean of 13.5 [SD 1.9] hours awake per day during the first week at home and a 

mean of 13.7 [SD 1.4] hours per day awake 3-months later. Table 6.2 presents the differences in 

overall activity between the first week at home and at 3-months, adjusted for waking hours. 

Significant differences were found for all activity outcomes. At 3-months, participants spent 39 

fewer minutes sedentary, 21 minutes more walking and completed 1112 additional steps each day, 

compared to the first week following discharge. For secondary measures, total sedentary time 

accumulated in bouts of >30-minute durations significantly reduced by 44 minutes between the first 

week home and 3-months later. This represents a reduction from 70% to 62% of the total daily 

sedentary time accumulated in bouts >30mins. The total daily sedentary time accumulated in bouts 

of >60 minutes and the mean number of 30-minute and 60-minute sedentary bouts did not 

significantly change over time.  

Factors associated with change in activity between first week home from hospital and 3-months 

The linear mixed model revealed no statistically significant associations between physical, 

psychological or cognitive factors at baseline and change in sedentary, walking time or step count 

over the 3-month period (Table 6.3).  

Cross-sectional associations between factors and activity at 3 months 

Table 6.4 shows the results from the cross-sectional univariable models adjusted for waking hours. 

Greater scores for depression, fatigue, and slower walking speed were associated with greater total 

daily sedentary time (p=0.009, p=0.007 and p=0.008 respectively) and lower daily step count 

(p=0.047, p=0.015 and p≤0.001 respectively). Greater fatigue (p=0.014), lower endurance 

(p=0.001), lower limb strength (p=0.017) and slower gait speed (p≤0.001) were associated with less 

walking time. Greater lower limb strength (p=0.034) was associated with greater daily step count. 

No associations were found between age, sex, stroke severity, time post stroke, anxiety, cognition, 

pain or presence of a carer and activity outcomes (all p>0.05).  
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In the final multivariable models, covariates from both psychosocial (depression and fatigue r=0.53) 

and physical domains (gait speed and walking endurance r=0.96) were moderately to highly 

correlated with each other, and when both were added the multivariable models for each activity 

outcome, they both became non-significant. As such we built the final models by adding the 

variable from each domain that was most strongly associated with the outcome. In the final models 

that were further adjusted for age, only depression was independently associated with greater total 

sedentary time (β 22.3 mins (95% CI 7.9, 36.5) p=0.004) and only slower gait speed was 

independently associated with less total walking time (β 43.1 mins (95% CI 26.7, 59.5) p≤0.001) 

and step count (β 3780 (95% CI 2460, 5100) p≤0.001). 

Table 6.1 Baseline and 3-month characteristics of participants (n=28) 

 

Characteristics:  Baseline  3-months  

 n (%) n (%) 

Age (years) mean (SD) 69.1 (12.7)   

Male 14 (50.0)   

Days since stroke mean (SD) 43.3 (26.7)   

NIHSS score at stroke onset mean (SD) 7.4 (5.3)   

Independent walking  22 (78.6) 24 (85.7) 

Use of gait aid  17 (60.7) 13 (42.8) 

Depression score* mean (SD)  3.1 (2.4) 6.0 (3.9) 

Anxiety score* mean (SD) 4.7 (4.1) 6.2 (4.4) 

Fatigue score* mean (SD) 21.1 (7.0) 23.3 (8.3) 

6MW (m) mean (SD) 282 (164) 345 (181) 

5xSTS (sec) mean (SD) 15.2 (6.1) 17.9 (14.8) 

Gait speed (m/s) mean (SD) 1.00 (0.58) 1.09 (0.62) 

MoCA score# mean (SD) 22.4 (5.4) 22.6 (5.5) 

Pain present 9 (32.1) 8 (28.6) 

Living with carer 19 (67.9) 19 (67.9) 

NIHSS: National Institute Health Stroke Severity Score; 6MW: Six-minute walk test; 5xSTS: 5 times sit to 

stand test; MoCA: Montreal Cognitive Assessment  

*n=26; #n=26 
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Table 6.2 Mean activity time at 1-week home, 3-months and adjusted mean differences in activity time post hospital discharge (n=28) 

Activity type  

(Total mins/day) 

Week 1 home 

 

3-months home 

 

Adjusted mean 

difference 

(mins)* 

95% CI p-value 

 mean (SD) mean (SD)     

Sedentary time  625 (160) 585 (146) -39 -70 -8 0.01 

Walking time 39 (30) 57 (43) 21 2 22 0.02 

Steps/day 2596 (2266) 4214 (3639) 1112 268 1956 0.01 

Total sedentary time accumulated in bouts >30 mins 438 (192) 390 (174) -44 -83 -5 0.03 

Total sedentary time accumulated in bouts >60 mins 302 (204) 270 (168) -29 -69 7 0.12 

Number of sedentary bouts > 30 mins 5.9 (1.6) 5.5 (2.0) -0.43 -1.1 0.3 0.22 

Number of sedentary bouts > 60 mins 2.7 (1.2) 2.6 (1.4) -0.04 -0.45 0.36 0.83 

*A linear mixed model was used with activity time as outcome and timepoint (week 1 or 3-months) as exposure. The model was adjusted for waking hours 
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Table 6.3 Predictors of change in each activity outcome between first week at home and 3-months later (n=28) 

 Activity time (minutes) 

Predictor  Sedentary time  Walking time  Step count 

 β (95% CI) β (95% CI) β (95% CI) 

Age (y) 0.8 (-1.8, 3.4) -0.2 (-1.0, 0.6) -27 (-98, 43) 

Male -5.1 (-65.6, 55.5) 1.3 (-18.0, 20.7) 36 (-1629, 1701) 

NIHSS 2.6 (-3.4, 8.6) 0.8 (-1.1, 2.7) 72 (-91, 234) 

Time post stroke (d) 0.8 (-0.4, 1.9) 0.1 (-0.3, 0.4) 7 (-25, 39) 

Depression 10.1 (-2.9, 23.1) -2.2 (-6.5, 2.0) -181 (-546, 184) 

Anxiety 5.0 (-2.8, 12.9) -0.3 (-2.9, 2.3) -33 (-254, 189) 

Fatigue 2.1 (-1.8, 5.9) 0.3 (-1.7, 1.1) -32 (-155, 92) 

MoCA -2.2 (-7.5, 3.2) -0.5 (-2.5, 1.4) -41 (-210, 127) 

Mean gait speed (m/s) -43.9 (-96.7, 8.9) 2.6 (-14.8, 19.9) 30 (-1459, 1519) 

6MWT (10 m) -1.0 (-3.0, 3.0) -0. 1 (-0. 7, 0. 5) -10 (-70, 40) 

5xSTS test (s) 1.2 (-3.8, 6.2) 0.4 (-1.9, 1.2) -31 (-168, 107) 

Pain 14.8 (-49.6, 79.2) -14.0 (-34.1, 5.9) -1161 (-2887, 564) 

Carer -30.4 (-93.8, 32.9) 16.7 (-2.9, 36.4) 1644 (-23, 3312) 

 

*Each factor is in a separate model; β = for interaction 

Abbreviations: NIHSS: National Institute Health Stroke Severity score; MoCA: Montreal cognitive assessment, 6MWT: 6-minute walk test, 5xSTS: 5-time sit-to-

stand test 
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Table 6.4 Cross-sectional univariable associations between factors and activity outcomes adjusted for waking hours 3-months after hospital discharge 

(n=31) 

Factors  Sedentary time*  Walking time*  Step count 

 β (95% CI) β (95% CI) β (95% CI) 

Age (y) 0.8 (-3.6, 5.4) -0.8 (-0.2, 0.6) -56 (-152, 40) 

Male 10.4 (-101.4, 121.8) 16.4 (-13.8, 46.8) -1575 (-900, 4045) 

NIHSS 5.3 (-5.4, 16.2) 0.2 (-3, 3) 21 (-227, 269) 

Time post stroke (d) 1. 6 (-0.6, 3.6) -0.4 (-1.2, 0.0) -31 (-68, 6) 

Depression 18.8 (4.8, 32.4) -3.7 (-7.8, 0.6) -340 (-674, -5) 

Anxiety 10.2 (-2.4, 22.8) -2.8 (-7.2, 0.6) -285 (-572, 2) 

Fatigue 8.9 (2.4, 15.0) -2.3 (-4.2, -0.6) -189 (-338, -40) 

MoCA -2.9 (-15.0, 9.6) 1.5 (-1.8, 4.8) 118 (-184, 420) 

Mean gait speed (m/s) -105.7 (-181.8, -29.4) 43.3 (26.4, 60.0) 3792 (2452, 5132) 

6MWT (10 m) -3.0 (-6.0, 0.1) 1.0 (1.0, 2.0)  110 (50, 170) 

5xSTS test (s) 0.2 (-1.8, 5.4) -1.3 (-2.4, -0.0) -94 (-180, -8) 

Pain -90.2 (-216.6, 36.0) 18.5 (-17.4, 54.6) 1237 (-1760, 4234) 

Carer at home 16.1 (-105, 137.4) 5.2 (-28.8, 39.0) 594 (-2168, 3357) 

*Time in minutes 

Abbreviations: NIHSS: National Institute Health Stroke Severity score; MoCA: Montreal cognitive assessment, 6MWT: 6-minute walk test, 5xSTS: 5-time sit-to-

stand test 
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6.5 Discussion 

The aim of this study was to investigate whether sedentary and walking activity changed during the 

first 3-months following discharge from inpatient stroke rehabilitation, and to examine whether 

factors might predict any change in activity over this time. We found that over 3-months daily 

sedentary time reduced and walking activity increased and that total sedentary time was 

accumulated in shorter (<30 minute) bouts at 3-months than in the first week at home. However, 

none of the baseline physical, psychological or cognitive factors explained the change in activity 

observed over the 3-months. Finally, at 3-months we found independent cross-sectional associations 

between greater depressive symptoms and higher daily sedentary time, and between slower gait 

speed and less walking time and step count.  

We observed change in activity comparable with several longitudinal studies in the subacute period 

post stroke [88, 102, 105]. The magnitude of sedentary time reductions in our study (39-minutes 

over 3-months) was comparable to that found by other studies (30-minute reduction over 3-months 

[102]). This may reduce mortality risk [19] and improve cardiovascular health [247]. In contrast, 

one larger study (n=96) found no change in sedentary time between 1, 6 and 12-months following 

stroke [104]. Differences in findings might be explained by differences in baseline stroke severity 

or by differing assessment timepoints (3-months current study versus 6-months Tieges et al.). In the 

larger study by Tieges et al [104], participant’s average stroke severity was mild (NIHSS 2), 

whereas participants in our study had on average moderate stroke severity (NIHSS 7). Despite an 

initial moderate stroke severity, at 3-months post discharge home, 79% of participants in our study 

were walking independently with a mean gait speed of 1.1m/s. This discrepancy could suggest that 

people with moderate stroke severity may have greater room for improvement in their activity 

levels early after stroke. However, we do not know whether these activity levels would be 

maintained at 6-months, when other factors such as motivation, return to work and less contact with 

rehabilitation services may influence sedentary time.  

We further identified that the pattern of total daily sedentary time was accumulated in shorter bouts 

(<30 minutes) over the 3-months. This is important, as shorter sedentary bouts <30 minutes are 

associated with less increased risk of all-cause mortality compared with people in the greatest 

sedentary risk profile (high total sedentary time and accumulation in long bouts) [19]. Converting 

this reduction in sedentary time to physical activity of any intensity confers even greater health 

benefits in older adults [22], and provides greater opportunities for different types of physical 

activities and greater ambulatory task practice. Substituting sedentary time with non-walking related 
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physical activity such as cycling (arm or leg bicycles), or swimming confers cardiometabolic health 

benefits that can help reduce the likelihood of further cardiovascular events [254]. Furthermore, 

achieving an additional 21 minutes of walking and an additional 1112 steps per day across the first 

3-months at home may promote greater recovery of function. Though there are not yet clear 

recommendations for daily step count targets in populations with activity limitations, 3500-5000 

steps per day has been suggested as a normative range [255]. Over the 3-month period the mean 

steps per day for participants in this study improved from below (2596 steps/day) to being within 

this range (4214 steps/day). Ongoing interventions could capitalise these gains further to improve 

function and build long term physical activity behaviours.  

An ability for clinicians to predict who may and may not change their sedentary and activity 

behaviours once they leave hospital is potentially useful to engage and support people in strategies 

to increase activity and reduce further stroke risk. We did not identify any statistically significant 

factors assessed at hospital discharge that predicted change in activity over the following 3-months. 

This may be attributable to the sample size being insufficient to predict change in activity, since it is 

known that interaction terms require much larger samples than simple regression terms to be 

detectable [256]. A simulation using this data shows that assuming the effect sizes seen here, a 

sample size of 60 patients would provide enough power to find significant associations between 

change in steps/day and two factors: pain and the presence of a carer. An increase of sample size to 

90 would add depression to that list. Though we collected a broad range of physical, psychological 

and cognitive measures, once at home in the community there may be other drivers of sedentary 

behaviour and activity. Early therapy and support, social and environmental factors, personal 

motivation and self-efficacy for activity may influence behaviour change for people with stroke 

more than physical, psychological and cognitive factors [228, 257, 258]. Factors influencing 

sedentary and physical activity behaviours are likely to be complex and multifactorial. This poses a 

challenge for clinicians and stroke survivors at hospital discharge when aiming to implement 

strategies to reduce sedentary time and maximise activity in the longer term.  

We did identify factors that were cross-sectionally associated with sedentary time and walking 

activity 3-months after hospital discharge. Higher depression was independently associated with 

sedentary time. Depression is common following stroke and one-third of stroke survivors will 

experience disturbances in mood [259]. All stroke survivors with suspected mood disturbances 

should be screened by trained health professionals using a validated tool [12]. Interventions can 

include pharmacological and non-pharmacological treatment such as psychological support and 

emerging evidence suggests that regular physical activity can improve mood after stroke [217]. 
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With known bidirectional associations between mood and activity [221], we cannot discount that 

other factors such as level of disability could be influencing sedentary time. However, at 3-months 

participants demonstrated a mean gait speed of 1.1m/s, suggesting that for some it is less likely that 

disability was impacting on sedentary time. An ability to walk well provides opportunities to 

resume pre-stroke life roles, leisure activities and to access the community [260]. Faster walking 

speed at 3-months was associated with greater daily walking time and step count. Sedentary time 

can be high even with better functional ability [104, 108]. Despite a reduction in sedentary time, 

participants still spent 9.7 hours of their waking day sedentary. There remains great potential within 

a 24-hour period to increase walking that could enhance both functional recovery [206] and 

cardiovascular health [247]. This may require behaviour change interventions for community 

ambulant people, and for those with limited ambulatory ability, interventions targeting gait speed 

during outpatient therapy can progress people into a higher ambulation category (household, limited 

community, full community) that improves function and quality of life [260].  

Strengths and limitations 

This study has several strengths. Sedentary time and walking activity were measured using a 

validated objective device and there was careful identification and analysis of waking hours. To 

allow a unified approach for fixed effects and repeated measures, the analysis was conducted using 

linear mixed models. The sample included a range of presentation of stroke severity and walking 

ability (for example gait speed ranged from 0.1m/s to 2.0m/s) ensuring that the broader stroke 

population are represented. With that said, the average walking speed was 1.1m/s, which is a level 

suggestive of ability to ambulate in the community. Finally, the interaction between a broad range 

of physical, psychological and cognitive factors and time were examined, however psychosocial 

factors such as ongoing therapy interventions, health related quality of life and measures of 

participation were not explored. As noted previously the analysis was underpowered to detect some 

associations, specifically factors associated with change over the 3-month follow up period. A small 

number of people were not included in the analyses either due to withdrawal from the study or loss 

of activity monitor data. Participants not included in the change in activity analysis were slightly 

younger, more likely to be depressed, anxious or fatigued and less likely to be an independent 

walker at hospital discharge. Finally, while highly accurate to detect sedentary time, for people with 

very slow walking speeds the activPAL3 monitor can underestimate step count which may have 

impacted data for 4 participants [251].  

Conclusion 
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In conclusion we observed reduced sedentary time, and greater walking activity in people with 

stroke during the 3-month time-period following inpatient rehabilitation discharge. However, we 

were unable to identify factors that explained this change in activity behaviour. Depression was 

associated with sedentary time and gait speed with walking time and step count at 3-months. 

Rehabilitation should be maximised following discharge to optimise recovery and facilitate long-

term physical activity behaviours.  

6.6 Postscript 

A reduction in total daily sedentary time and an increase in walking activity was observed over the 

first 3-months at home. However, no factors that were investigated in the final week of hospital 

rehabilitation were associated with the change in activity behaviours. As such it remains a challenge 

clinically to predict which stroke survivors will, or will not, change their activity behaviours. After 

3-months at home, depression was independently associated with sedentary time and faster walking 

speed with greater walking activity.  

The factors that influence an individual’s ability to be physically active are likely to be varied and 

complex, and there are many possible factors affecting physical activity that were not measured in 

this study. To better understand potentially modifiable factors that contribute to low activity levels 

in hospital rehabilitation (chapter 5) and early after discharge (chapter 6), the next chapter in this 

thesis (chapter 7) investigates what may be influencing physical activity from the perspective of the 

stroke survivor and carers. 
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Appendix 6A: Baseline characteristics for participants included in 3-month 

change analyses and participants not included due to study withdrawal or 

missing data 

 

Characteristics Included (n=28) Not included (n=6) 

 n (%) n (%) 

Age (years) mean (SD) 69.1 (12.3) 62.4 (14.5) 

Male 14.0 (50.0) 4.0 (66.7) 

Days since stroke mean (SD) 43.3 (26.8) 55.0 (41.1) 

NIHSS score at stroke onset mean (SD) 7.4 (5.3) 6.0 (5.9) 

Independent walking 22.0 (78.6) 2.0 (40.0) 

Use of gait aid 17.0 (60.7) 2.0 (40.0) 

Depression score mean (SD) 3.1 (2.4) 11.0 (5.7) 

Anxiety score mean (SD) 4.7 (4.1) 13.3 (5.7) 

Fatigue score mean (SD) 21.1 (7.0) 30.3 (9.2) 

Gait Speed (m/s) mean (SD) 1.00 (0.58) 0.97 (0.65) 

6MW (m) mean (SD) 282.9 (164.4) 264.8 (188.3) 

5xSTS (sec) mean (SD) 15.2 (6.1) 40.5 (51.2) 

MoCA score mean (SD) 22.4 (5.4) 19.3 (8.0) 

Pain present 9.0 (32.1) 2.0 (40.0) 

Living with carer 19.0 (67.9) 5.0 (83.3) 

Abbreviations: NIHSS: National Institute Health Stroke Severity score; MoCA: Montreal cognitive 

assessment, 6MWT: 6-minute walk test, 5xSTS: 5-time sit-to-stand test 

No statistical analysis due to insufficient participant numbers for ‘not included’ group 
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Appendix 6B: Strengthening of Reporting of Observational Studies in 

Epidemiology (STROBE Checklist) 

 Item  Recommendation 

Title and abstract 1 Indicate the study’s design with a commonly used term [81] 

  Provide in the abstract an informative and balanced summary of what was 

done and what was found [Y]  

Introduction   

Background / 

rationale 

2 Explain the scientific background and rationale for the investigation being 

reported [81-82]  

Objectives 3 State specific objectives, including any prespecified hypotheses [82] 

Methods   

Study design 4 Present key elements of study design early in the paper [82] 

Setting 5 Describe the setting, location, relevant dates including periods of 

recruitment, exposure, follow up and data collection [82] 

Participants  6 Give the eligibility criteria, and sources and methods of selection of 

participants. Describe methods of follow up [82] 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, 

and effect modifiers [83-84] 

   

Data 

sources/measurement 

8 For each variable of interest, give sources of data and details of the 

methods of assessment [83-84] 

Bias 9 Describe any efforts to address potential sources of bias [82-84] 

Study size 10 Explain how the study size was arrived at [82] 

Quantitative 

variables 

11 Explain how variables were handled in the analyses [84] 

Statistical methods 12 Describe all statistical methods including those used to control for 

confounding. Describe any methods used to examine subgroups and 

interactions. Explain how missing data were addressed. Explain how loss 

to follow up were addressed [84] 

Results 

Participants 13 Report numbers of individuals at each stage of the study. Give reasons for 

non-participation at each stage, consider use of a flow diagram [85] 

Descriptive data 14 Give characteristics of study participants and information on exposures 

and potential confounders [87] 

Outcome data 15 Report summary measures over time [86-87] 

Main results 16 Give unadjusted estimates and confounder adjusted estimates and their 

precision [86-90] 

Other analyses 17 Report other analyses done [86-90] 

Discussion 

Key results 18 Summarise key findings with reference to study objectives [91] 

Limitations 19 Discuss limitations of the study, potential bias or imprecision. Discuss 

both direction and magnitude of any potential bias [93] 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 

limitations, results of similar studies and other relevant evidence [91-92] 

Generalisability  21 Discuss the generalisability of the study results [95] 
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7 A qualitative study of physical activity early after stroke – the 

importance of understanding recovery and balancing safety with 

risk. 

7.1 Preface 

The results from chapters 5 and 6 revealed that the change in environment from hospital to home 

positively influenced sedentary time and physical activity, and that activity behaviours continued to 

improve during the first 3-months at home. However overall, time spent sedentary was higher, and 

physically activity lower, than recommended to improve physical function and reduce risk of 

further cardiovascular events. These findings of a limited number of factors influencing activity 

behaviours only partially explain the barriers or enablers to reducing sedentary and increasing 

physical activity after stroke.  

Consequently, in this chapter the factors contributing to low activity levels during hospital 

rehabilitation and early after discharge are explored from the perspective of stroke survivors and 

their carers. The text in this chapter is currently under review for publication in Disability and 

Rehabilitation. 

7.2 Introduction 

Physical activity after stroke is essential for the recovery of function [211] and attenuates risk of 

further vascular events by reducing risk factors such as high blood pressure [27]. Around half of 

stroke survivors will have ongoing rehabilitation needs [261]. Rehabilitation should be a physically 

active period that includes task specific training and strategies to prevent recurrent stroke [12]. 

However, for many people much of the time spent in hospital and then at home is spent sedentary, 

with only low levels of physical activity [2, 90, 104, 233]. Prolonged sedentary behaviour can 

compromise cardiovascular and cardiometabolic health and is associated with greater risk of 

mortality [19]. Changing physical activity behaviours during inpatient rehabilitation remains a 

challenge. Little is known about what people after stroke need to reduce sedentary time and to build 

engagement in physical activity in hospital and early after discharge. This knowledge may help 

establish activity soon after stroke and assist in longer term maintenance.  

A meta-synthesis of qualitative studies has reported that stroke survivors want rehabilitation to be 

active, but have trouble achieving this, reporting low intensity and frequency of walking and 
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mobility practice [262]. In hospital, fatigue, fear of falling and motivation can be barriers to walking 

[263]. Furthermore, limited opportunities, knowing what activity to do, and aspects of the 

rehabilitation culture can restrict physical activity [263-265]. Once home in the community, many 

factors are reported to influence physical activity [228, 231, 258, 266, 267] including functional 

ability [231, 257, 266, 267], environmental and economic factors [228, 231, 257, 266], support 

from others [228, 257, 266, 267], self-efficacy [228, 267] and knowing how to be physically active 

[231]. However, few studies have examined sedentary behaviour [257] or explored factors 

influencing physical activity at early post stroke timepoints such as hospital discharge. 

The transition from hospital to home is a key milestone during recovery and has been described as 

an isolating [268], stressful and uncertain period [269]. This timepoint has not been explored to 

ascertain factors that might influence physical activity. Therefore, the aim of this study was to 

understand from the perspective of stroke survivors and their carers the 1) factors contributing to 

sedentary time and physical activity during inpatient rehabilitation and the transition home, and 2) 

actual and perceived opportunities to increase physical activity early after stroke. 

7.3 Methods 

Study design  

A qualitative research design was used to explore the early experience of physical activity during 

stroke rehabilitation in hospital and following discharge home. Semi-structured interviews with 

stroke survivors and their informal carers, where available, were conducted. Ethical approval was 

from the University of Tasmania human research ethics committee (H0017105), and written 

consent was obtained from all participants. 

Setting and participants  

Stroke survivors and their carers were recruited between August 2018 and May 2019. One member 

of the research team obtained consent and conducted each interview (DS).  

Purposive sampling was used to recruit participants with stroke with a range of ages, sex and 

physical function. Inclusion criteria were: 1) living at home following discharge from inpatient 

rehabilitation and 2) ability to participate in a face-to-face interview. Exclusion criteria were: 1) 

significant aphasia or cognitive communication difficulty affecting the ability to engage in an 

interview and 2) non-English language background requiring an interpreter. Carers of recruited 

participants were invited to participate in the study and as such sampling was not purposive. 
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Interviews were conducted in the participant’s homes on a single occasion. Up to one-hour was 

allocated, but with the flexibility for the interview to be shorter or longer as directed by participants. 

Where carers were included, interviews occurred with the stroke survivor/carer dyad together. This 

allowed exploration of the carer understanding of physical activity and assistance with the stroke 

survivor’s recall of experience, in addition to providing support. The researcher (DS) checked with 

dyad participants individually prior to interview that they were consenting to be interviewed 

together, with an option for individual interview offered. All dyad participants consented to joint 

interview sessions.  

Data collection  

Interviews occurred 2-4 weeks after discharge from hospital and were conducted by one interviewer 

(DS) who was a physiotherapist independent of the clinical care of the participants, trained in 

qualitative research methods and supported by an experienced qualitative researcher (KJ). A semi-

structured interview guide was developed to address the research questions of the study (table 7.1). 

The interview schedule focused on the understanding of the role of physical activity and prolonged 

sitting during rehabilitation, the experience and influencing factors of physical activity early after 

stroke in hospital and once home, and opportunities that supported physical activity. Field notes 

were generated by the interviewer who recorded observations about the interview and noted 

contextual details relating to the participant’s home environment. Descriptive characteristics of 

participants were recorded. For stroke survivors these included age, sex, living situation (alone or 

with family), ambulation ability (transfers, household ambulation, community ambulation), for 

carers this included age and sex.  

Data analysis 

Interviews were audio-recorded, transcribed verbatim and identifying data were removed. 

Transcripts were imported into qualitative data management software NVivo 11 (QSR International, 

Doncaster, Victoria, Australia) to assist with data management and analysis. Analysis commenced 

as soon as possible after completion of each interview using a constant comparative method [270] 

to systematically integrate the data with the analysis. First, each transcript was read (by DS) in full 

to explore the content. During a subsequent reading, an inductive line by line analysis was used to 

identify and categorise codes that were subsequently integrated into concepts relating to the 

research questions. Key themes were then identified, and analysis included consideration of 

differences in experience according to sex, presence/absence of informal carer for the stroke 

survivor and home location (metropolitan versus rural). Key concepts and themes were reviewed 
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and refined during regular analysis meetings (DS, KJ). Coding decisions, key concepts and ideas 

were recorded in the ‘project log’.  

7.4 Results 

In total 15 stroke survivors and 7 carers were recruited. Three people were approached but declined 

to participate, and one person agreed while in hospital but was not contactable following discharge 

home. Stroke survivors were mean age 69 [SD 15] years, (IQR 60-79) and 53% were male. Thirty-

three percent of participants were living alone at home and 40% were independent in community 

ambulation. Carers had a mean age of 66 [SD 15] years (IQR 52-74]), and 86% were female. Of the 

15 interview sessions, 87% were completed 2-3 weeks and 13% were completed 3-4 weeks after 

discharge. A typical interview lasted 45 minutes in duration (range 25 to 90 minutes). Most 

participants (60%) were living in a metropolitan area (defined as population centre >100,000), but 

40% were living in rural locations, with the furthest residing 70 kilometres from the nearest 

metropolitan city. Home environments ranged from level access units, multi-storey homes to large 

properties with acreage and complex terrains. 

No systematic differences in findings by sex of stroke survivors was found. Differences between 

those participants living alone or with a carer and those living in rural versus metropolitan areas are 

noted in each section below. Quotes are presented using study ID numbers (responses from stroke 

survivors), or study ID ‘carer’ (response from carer). 

Five main themes were identified as contributing to physical activity during rehabilitation after 

stroke: 1) Understanding, 2) Safety and risk, 3) Sense of purpose, 4) Social influences and 5) 

Activity opportunities. 

Understanding 

Understanding of the role that physical activity can play in aiding stroke recovery varied. Notably, 

no participants recalled receiving specific advice about the amount of time they should spend 

sedentary. Early physical activity in hospital and at home appeared to be influenced by participants’ 

understanding of the role physical activity played in recovery. Participants with a greater 

understanding reported being more active in hospital. As one person reasoned:   

“I remember they said that the more I try to do, the better it is” [ID15]. 

They also discussed creating or progressing their own opportunities for physical activity in hospital 
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and at home. With this information they reported that they were then able to be more active.  

“I've just sort of thought well, how many more can I push myself? Some of them I haven't 

increased many at all, some of them I've increased a 100%. I upped my ball rolling from 40 

to 60. Putting pegs on a cup, I doubled that.” [ID17] 

Some participants discussed actively seeking information from health professionals about what 

physical activity to do, how this would benefit them, and how to progress. In the absence of direct 

communication with health professionals, a few participants sought information online.  

“No one actually sat down and said ‘You need to do physio because this is going to happen 

down the track’…So I worked it out for myself…I also know that Googling medical stuff is 

not always a good thing…that can be quite frightening” [ID 24].  

In contrast, others reported feeling frustrated and wanting to be more physically active but not 

knowing what to do. They suggested that specific instructions would have helped them increase 

their activity, and that generalised advice was difficult to implement.  

“What I want is precise instruction or something that’s in writing or paper that I’ve got to 

follow, and I haven’t got to keep remembering it all the time.” [ID10] 

Early after discharge with less health professional support, an understanding of how to progress 

physical activity safely was considered important. Carers who reported less understanding of the 

role of physical activity discussed lacking the confidence to encourage complex physical activity, 

such as returning to cycling or outdoor ambulation. As one carer stated: 

“No, I don't know that anyone actually specifically spoke to me about what to expect with 

him [husband with stroke] …That's my concern, that he's trying to do too much too soon 

sometimes, too quickly” [ID 14 carer] 

Safety and risk 

In hospital, participants consistently reported a strong focus on safety from staff, particularly 

relating to falls. Many considered that standing and walking were discouraged to reduce this risk. 

Some participants recognised that staff were concerned for their safety, but also felt that safety 

messages were more focused on protecting health professionals. Many people discussed how 

following safety rules reduced their physical activity. 

“They were all very cautious, obviously they've had experience of it for a long time, and 
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they're just being careful, that's all. Obviously, they've had people fall over, and that sort of 

thing. No doubt with dire consequences.” [ID 7] 

Other participants respected the experience of staff but disagreed with the assessment of risk and 

considered testing limits as important during recovery. Several participants spoke about receiving 

mixed messages about physical activity and risk, and that implementing advice in these 

circumstances was challenging. Nurses and occupational therapists were reported to focus on safety 

while physiotherapists promoted activity and walking. If there was conflict, participants reported 

prioritising safety. One participant recalled being told: 

"You're on your own. You can go where you want to go, you're allowed to, and there's 

nobody to catch you. If you fall, you fall, and that was a bit of a shock.” [ID 15] 

For some participants it was hard to differentiate between recommendations for their own mobility 

compared with other people on the ward. This resulted in some people being less active. 

Early after discharge, fear of a fall negatively influenced where some people who lived alone were 

physically active. Outdoor and community-based environments were perceived to have higher risk. 

Carers discussed being concerned about the risk of falls at home and thought they needed to 

supervise physical activity. This concern did not stop them encouraging activity but was a source of 

anxiety.  

“My concern is if he tries to get out there and not take the walker, because it's very uneven” 

[ID 14 carer] 

Some carers felt that they needed to perform activities of daily living for their relative to ensure 

safety thereby reducing physical activity opportunities.   

Sense of purpose 

Participants with a clear purpose and strong desire to return to pre-stroke roles and activities 

discussed engaging in as much activity as possible to help them return to ‘normal’. Often these were 

younger people with family and occupational roles, though retirees with busy lives prior to stroke 

were also highly motivated. Purposeful goals helped support motivation for physical activity and 

appeared to facilitate greater independent activity which built confidence for more challenging 

physical activity.  

“I gave it all I had, to overdo it, to see how I went. I think I was one of the only ones up 
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there [in rehabilitation] that was raising a sweat, every day.” [ID 4] 

Even with a sense of purpose, fluctuating motivation was commonly reported by participants. Some 

people found it more difficult to be self-motivated and identified a need for support and 

encouragement in these circumstances. As one participant stated:  

“It means that all I do is sit, and it's not good. I should exercise more, I don't. I'm just not 

motivated that way...It would have helped me if somebody had said to me, "Come on, you 

can walk." Just a bit more encouragement. Some nurses did it.” [ID 15] 

Social influences 

Several social factors influencing physical activity were identified by participants. In hospital, 

skilled professional encouragement and feedback about progress was considered important during 

recovery and was particularly useful when mood was low.  

“Having that counsellor deliberately walk in a little bit earlier in the process and say [to the 

stroke survivor], ‘Hi, I help people who struggle with that whole ‘I want to get out of bed, 

and I can’t’” [ID 25 carer]  

Other patients played an important role as peer supporters of physical activity during rehabilitation. 

For some participants peer support was more influential than health professional support.  

“There’s a big difference between a health professional coming to see you as a patient and 

another patient coming to see you as a patient. Health professionals are there because it is 

their job… patients will respond better to another positive patient.” [ID 24] 

Family and visitors encouraged physical activity in hospital by practising walking, exercises and 

facilitating community visits. People without family or with few visitors reported less opportunity 

to be active in hospital. 

After discharge, participants discussed the importance of early contact with health professionals. 

Therapists and general practitioners had a role in encouraging the progression of physical activity. 

Service providers facilitated community access and supervised walking tasks that people were less 

confident to try alone, with one stroke survivor remarking:  

“We go out every Thursday for lunch, which is great, because I get out of the house; and 

then quite often we do a bit of shopping as well” [ID 7] 
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Participants with less family support or who were more geographically isolated reported frustrations 

about the scheduling of service provider visits that influenced when they could be more active. 

Occasionally service providers performed tasks that the stroke survivor could do independently, 

removing an opportunity for physical activity.  

Not all carers reported being well prepared in hospital to support physical activity at home. This 

was particularly the case for carers who were not available during ward business hours.   

At home, some carers encouraged activities of daily living and home exercises and re-enforced 

physical activity messages learned while in hospital. While living with a carer generally enabled 

more activity, for a small number of participants with stroke carers undertaking tasks reduced 

opportunities to be active.  

“I had to actually say to [husband], “Stop helping me. I have got to do this myself.” [ID 24] 

Opportunities to be physically active 

Opportunities for physical activity in hospital included scheduled therapy time, health professional 

guidance for independent activity practice, and family support of walking practice. Many carers 

reported that they wanted to support physical activity during rehabilitation. Boredom and a sense of 

isolation in hospital encouraged walking activity and social contact.  

“I organised for some of us [patients] to have dinner together each night [in the communal 

area] instead of having it in our rooms… It’s quite isolated if you’re in your room by 

yourself and you’re used to a family life” [ID12] 

Dedicated spaces (communal and outdoor) were considered to facilitate physical activity and 

walking. However, barriers to physical activity in hospital were reported. Lack of available staff to 

assist walking reduced physical activity opportunities for some stroke survivors. Participants with 

physical or visual impairments, or with fatigue after stroke reported fewer opportunities for activity 

and discussed prioritising periods of rest. Aspects of the physical environment such as room size 

and layout of furniture could restrict physical activity. Similarly, elements in the home environment 

posed challenges. One person with limited walking ability who had been walking in hospital needed 

to use a wheelchair at home. They explained: 

“The carpet and that here [home]. Where up at [Hospital], I'd walk from the room down to 

the physio, 45 metres, just to get there...Well see I couldn't do that now.” [ID 1] 
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Additional barriers to home-based physical activity included limited transport options for 

participants who could not drive.  

7.5 Discussion 

In this qualitative study of stroke survivors and their carers we identified five themes about 

understanding, safety and risk, sense of purpose, social influences and opportunities for physical 

activity. Participants wanted to understand more, and to be given specific instructions, about the 

role and importance of physical activity. Furthermore, while we intended to explore sedentary 

behaviour, an important finding was that people did not recall receiving advice about the impact of 

prolonged sedentary time during recovery. Messages about safety and risk from health professionals 

were mixed and confusing for people. Engagement in physical activity was enhanced by 

encouragement from health professionals, family and peers and opportunities that supported people 

being active including scheduled therapy time, social activities, dedicated space for physical activity 

and aspects of both the hospital and home environment. These findings provide important 

information for clinicians to help stroke survivors increase physical activity in hospital and after 

discharge that may support longer term participation.  

Developing an early understanding of the role of physical activity after stroke appears important in 

facilitating greater levels and engagement in activity. However, accessing such information is 

challenging. Other research has found that stroke survivors’ hesitancy to ask questions [271], staff 

availability, a reluctance by health professionals to raise expectations regarding recovery [272] or 

their understanding of the benefits of physical activity [273] contribute to lack of information.  

Moreover, the optimal methods to help stroke survivors and their carers develop knowledge and 

understanding remain unclear. Education alone has limited efficacy after stroke [274], and 

individual counselling has had mixed benefits when incorporated into physical activity programs 

[271, 275]. Participants and carers in this study described that knowing what physical activity to do, 

and how and why to do it, was important for them. Delivery of information should commence early 

after stroke and continue after discharge [264]. Furthermore, there is a need to provide advice about 

sedentary behaviour and no participants recalled receiving this information. Given the effect of 

sedentary time on health is a relatively new field of research, the lack of information about the 

adverse effects of sedentary behaviour could reflect lack of knowledge by clinicians [257].   

A key finding in this study was that messages about safety in hospital can confuse stroke survivors 

and their carers and impact on physical activity. Risk screening is a routine part of quality and 

safety measures in hospital [276], but our findings suggest that further focus on consistent 
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communication about safety by the multidisciplinary team is essential. When messages are 

inconsistent, the requirement for stroke survivors and their carers to prioritise the information 

provided requires a sense of autonomy and access to sufficient information to make a choice [262]. 

Without doubt, risks need to be carefully managed. However, processes that limit the experience of 

physical activity in hospital could adversely influence long term activity at home. A tension exists 

between risk prevention and promoting rehabilitation and independence, where the unintended 

consequence may be physical inactivity and poorer outcomes [243]. A person-centred approach that 

accounts for the benefits and risks around physical activity and prolonged sedentary time should be 

discussed as a team and with stroke survivors and their carers. To support greater activity, explicit 

policy targets of promoting physical activity as a managed risk in hospitals may be required.  

Support from a range of people and professions was identified as important for developing 

confidence and self-management in undertaking physical activity, including the person’s family or 

carer [277]. Developing carer understanding of how to safely support physical activity and 

motivation during recovery is a specific area of need that has been previously identified [278], as 

carer training in hospital largely focuses on safe mobilisation and basic activities of daily living 

[258]. While not all stroke survivors will have or need a carer at home, support from other people 

was considered important to help participation in physical activity. Health professionals and service 

providers [263] are viewed as important sources of support [228, 264, 279] and their role may be 

more important for people with limited family and carer support, particularly after discharge. In 

addition, peers with stroke in hospital were identified as sources of support and may provide 

encouragement, as acknowledged by other authors [280]. Their role in promoting physical activity 

during rehabilitation warrants further investigation. 

Building on previous studies, the rehabilitation environment was identified as a factor influencing 

opportunities for physical activity. Access to hospital communal areas provide an opportunity for 

physical activity by providing an alternative to sitting at the bedside [281]. However, the built 

environment can both enable or restrict physical activity [228, 257, 266]. We found that the hospital 

room layout and configuration of furniture could restrict independent physical activity. In this 

study, participants described that opportunities before discharge to experience complex mobility 

environments were important to increase confidence for carrying out physical activity at home, the 

importance of which has been identified by community-dwelling stroke survivors in the years after 

stroke [228, 266].  

Strengths and limitations 
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There are several strengths to this study. We have produced rich data exploring the experience of 

physical activity of early stroke survivors and carers during the transition from inpatient 

rehabilitation to home. This early experience of physical activity is a novel and key timepoint after 

stroke. Participants were recruited from three different rehabilitation wards, ensuring experiences 

were not limited to one hospital or ward. Participants with stroke included a range of ages, the 

sample was balanced for sex, and there was a range of ambulatory ability. However, we excluded 

people with aphasia who may have had different experiences to those which we report. Stroke 

participant and carer dyads were interviewed together, and this could have influenced responses by 

both participants during the interviews. In this study, an early time point was explored, whereas 

people continuing outpatient rehabilitation or longer-term after stroke may report different 

experiences over time.  

Conclusion 

The time period shortly after stroke may be an important time to influence long term physical 

activity behaviour. There are factors that clinicians can target to enable greater physical activity. 

Building a better understanding of the role of physical activity in stroke recovery, managing 

potential risks without overly restricting activity, and building a person’s confidence and skills to 

self-manage physical activity in the community prior to discharge home may be key enablers. 

7.6 Postscript 

In the hospital setting, carefully managing of the risks of walking activity and providing 

opportunities to train walking tasks with the support of health professionals were identified as 

factors that could support physical activity. Developing an understanding of sedentary time as a 

health issue, promoting the benefits of physical activity for stroke recovery, support from other 

people and learning self-manage skills for physical activity were considered factors that could be 

intervention targets to improve activity behaviours.  

The findings in this chapter indicate that innovative solutions to reduce sedentary time and increase 

physical activity after stroke are needed. The following chapter of this thesis investigates one 

potential solution to address some of the issues identified. In chapter 8 a study was conducted that 

examined the feasibility of a therapist remotely prescribing, delivering, monitoring and providing 

feedback of a functional exercise program for stroke survivors living in the community. 
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Table 7.1 Semi-structured interview guide 

Questions Follow up 

For stroke survivors  

1. Can you tell me how physically active you were before the stroke, what activities did you engage in? 

How have things changed since your stroke? How do you feel about that? 

2. What is the most important thing for you in terms of your recovery over the next 6 months now you 

are back at home? 

3. Now you have had a stroke, how important do you think physical activity is for you? 

4. What do you think the role of physical activity is after stroke? 

5. Did anyone in hospital speak with you about being active or reducing sitting during the day? 

 

6. Thinking back to your time in rehabilitation, a typical day, how did you spend most of your time? 

7. What sorts of activities did you do when you were not in therapy?  

8. How did you move around the ward area? Where did you go? Was there anywhere on the ward you 

wanted to go but didn’t?  

9. Now you are at home, how are you spending most of your time?  

10. What activities are you doing? Do you need any help to do that? How do you feel when you do these 

activities? 

11. How are you moving around your home? Are you leaving the home and accessing the community? 

How do you feel when you are away from home? 

Did you need help to do those 

activities?  

Who helped you?  

How did that make you feel?  

Why was that? 

For carers (if participating)  

1. As a family member, what do you think is the most important thing for your ‘relatives’ recovery?  

2. Were you able to be involved during rehabilitation to help your relative be active?  

How did you do that? What stopped 

you from doing that?  

How did you feel about that?  
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3. Do you feel you well prepared for your relative returning home following the stroke? Did you receive 

specific training around physical activity or helping them to move? What further information would have 

been helpful for you? 

4. How are you involved in your relative’s physical activity now in the home / community setting?  

5. As a relative, how are you coping now your relative is home again after the stroke? Is there anything that 

could have been done differently before the discharge to help you with the transition home? 

How do you feel about that?  

How do you think they feel about 

that? 

For stroke survivors and carers  

1. In rehabilitation, were there opportunities to be more active that you were not able to take? What could 

you have done? Who or what could have helped you if needed?  

2. How do you think family members can help increase physical activity in rehabilitation and at home? 

3. What else would you like to share with me about this? 

4. Is there anything about this that I should be asking that I am not? 
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Appendix 7A: Consolidated criteria for reporting qualitative studies (COREQ) 

No. Item Description  

Personal characteristics 

1 Interviewer Which author/s conducted the interview / focus group? 99 

2 Credentials What were the researcher’s credentials? 99 

3 Occupation What was their occupation at the time of the study? 99 

4 Gender Was the researcher male or female? 38 

5 Experience/training What experience / training did the researcher have? 39 

Relationship with participants 

6 Relationship established Was a relationship established prior to study 

commencement?  

99 

7 Participant knowledge 

of the interviewer 

What did the participants know about the researcher? 99 

8 Interviewer 

characteristics 

What characteristics were reported about the interviewer? 38/99 

Theoretical framework 

9 Methodological 

orientation and Theory 

What methodological orientation was stated to underpin the 

study? 

98 

10 Sampling How were participants selected? 98-99 

11 Method of approach How were participants approached? 37 

12 Sample size How many participants were in the study? 100 

13 Non-participation How many people refused to participate or dropped out? 100 

Setting 

14 Setting of the data 

collection 

Where was the data collected? 100 

15 Presence of non-

participants 

Was anyone else present besides the participants and 

researcher? 

100 

16 Description of sample What are the important characteristics of the sample? 100 

Data collection 

17 Interview guide Were questions, prompts, guides provided by the authors? 108-109 

18 Repeat interviews Were repeat interviews carried out? 39 

19 Audio/visual recording Did the research use audio/visual recording to collect data? 99 

20 Field notes Were field notes made after the interviews? 99 

21 Duration What was the duration of the interviews? 100 

22 Data saturation Was data saturation discussed? 100 

23 Transcripts returned Were transcripts returned to participants for comment? N 

Data analysis 

24 Number of data coders How many data coders coded the data? 1 

25 Description of the 

coding tree 

Did authors provide a description of the coding tree? 99 

26 Derivation of themes Were themes identified in advance or derived from the data? 99 

27 Software What software was used to manage the data? 99 

28 Participant checking Did participants provide feedback on the findings? N 

Reporting 

29 Quotations presented Were participant quotations presented to illustrate the 

themes? Was each identified? 

100-104 
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30 Data and findings 

consistent 

Was there consistency between the data presented and the 

findings? 

Y 

31 Clarity of major themes Were major themes clearly presented in the findings? Y 

32 Clarity of minor themes Is there a description of diverse cases or minor themes? N/A 
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8 Connecting patients and therapists remotely using technology is 

feasible and facilitates exercise adherence after stroke 

8.1 Preface 

Stroke survivors and their carers reported that physical activity could be supported early after stroke 

by health professional encouragement, guidance and feedback about progress (chapter 7) and that 

this was considered particularly important after discharge to help progress physical activity. 

Physical limitations were reported to negatively influence opportunities for physical activity. The 

study reported in this chapter was designed as a pilot intervention and is one potential solution that 

could address some of the factors that negatively influence physical activity that were identified in 

the previous chapters of this thesis (chapters 4 - 7). The results of this chapter have been published 

[282]. 

8.2 Introduction 

Functional independence is a major goal following stroke. Yet, one third of people are unable to 

access their community independently [283]. Therapy interventions that include repetitive task 

practice of activities such as standing up from sitting and walking, can improve strength and 

functional activity after stroke [284]. Despite recommendations in clinical guidelines to include 

high levels of task practice during rehabilitation, it remains a challenge to achieve this in clinical 

practice [12]. Implementation of high intensity therapy remains variable across health services, and 

many people undergoing inpatient rehabilitation achieve low repetitions of task practice during 

therapy, with as few as 357 steps completed per rehabilitation session [285].  

These challenges continue once home. In western countries, factors such as access to, and time 

limited outpatient therapy [286], difficulties with travel and transport [228], low motivation and 

confidence to exercise may limit participation [219]. Therapists typically provide paper-based home 

exercise programs to encourage independent practice. However, monitoring home programs can be 

challenging, as activity is often recorded inaccurately or inconsistently [158]. Lack of therapist 

contact may also negatively influence home exercise completion [287]. Studies have reported that 

interventions including behaviour change strategies, namely action planning, specific instructions, 

feedback and reward of effort are more likely to improve physical activity engagement and self-

efficacy [288]. 
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The use of smart tablet devices is feasible to deliver arm and speech therapy after stroke [289]. 

Pairing such a device with sensors that provide both feedback to the person and their therapist 

remotely could broaden the types of exercises prescribed and have greater benefits for exercise 

adherence, yet whether this is feasible remains unknown. With advances in technology, apps and 

sensors can incorporate behaviour change principals within therapy games, which may reinforce 

repetitive task practice at home. For example, daily step count increased by nearly 40% with the use 

of an interactive mobile phone app compared with a control group [290]. Whilst there are a range of 

commercial activity monitors to track and encourage walking for ambulatory persons, limited 

options are available for people who need to practice lower level activities and who are living in the 

community with limited access to therapy. Commercial activity monitors are designed for the 

general population and are not validated for slow walking speeds or asymmetrical gait patterns. 

Validation of such devices is difficult as the measurement algorithms are proprietary and not shared 

with researchers in order to validate them. A technology solution that motivates and rewards stroke 

survivors to perform a functional exercise (sit-to-stand), while connecting them with therapists who 

can monitor adherence, provide individual feedback and progress home exercise programs 

remotely, may be both feasible and effective to promote the task practice required to improve 

function in those who are less ambulant. 

Aims 

The aims of this study were in people after stroke to: 1) investigate the feasibility (design, 

recruitment, number of withdrawals, adherence, safety, system function, participant satisfaction) of 

delivering a four-week remotely prescribed functional exercise program using a tablet, app and 

sensor system, and 2) provide an estimate of the effect of the intervention on functional outcomes. 

8.3 Methods 

Study design and participants 

This was a single-group pre-post feasibility study (n=10) of a novel technology supported exercise 

intervention, completed by participants over a four-week period in their homes. Eligible participants 

had experienced a stroke in the past two years; were aged over 18 years; lived in the community; 

were able to stand up from a chair independently and had therapy goals that could be achieved 

using a repetitive sit-to-stand exercise (lower limb strength, power or task skill acquisition). 

Exclusion criteria were living in residential care, unable to follow simple instructions, or were not 

medically stable to exercise. Recruitment occurred via general advertisements in rehabilitation 
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clinics or on discharge from hospital rehabilitation. Potential participants were screened by 

telephone to confirm eligibility and a pre-exercise screening questionnaire was conducted. Ethical 

approval was obtained from the University of Tasmania Human Research Ethics Committee 

(H0014859) and participants provided written informed consent. The trial was registered with the 

Australian and New Zealand Clinical Trials Registry: ACTRN12616000051448 and this manuscript 

conforms to the STROBE guidelines. 

Development of app and sensor system 

The technology consisted of a therapist app and a participant system, that connected via the internet 

(figure 8.1).  

 

Figure 8.1 Remote monitoring of exercise data and progression of repetition targets during the 4-

week intervention phase 

Footnote: The chair sensor records participant exercise reps with the information accessible to the treating therapist at 

the completion of each session. The therapist can monitor the daily exercise program and provide feedback and progress 

the exercise prescription remotely without the participant needing to attend a clinic session. 

 

The study apps were custom developed by the research team in conjunction with a technology 

developing company. The therapist app displayed each participant’s prescribed sit-to-stand 

repetitions (STS reps), allowed goal updates and the ability to send feedback messages. The 

participant system consisted of a tablet (Kogan Agora Mini 3G, 7.85” screen) and custom app 

connected via bluetooth to a chair-based sensor. The app was developed in Unity3D game 
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development software (www.unity3d.com), and design included contrasting colours, large font size 

and simple screen options for ease of use. The chair sensor was custom developed and built by one 

of the research team and consisted of force sensitive resistors mounted in a flexible belt wrapped 

around the seat to detect sitting, and wired to a Bluetooth controller module (Adafruit Bluefruit EZ-

Key Bluetooth HID Keyboard Controller) allowing input to the participant app. The app used the 

sensor information to determine if a full sit-to-stand movement had occurred. To reduce false 

positive transitions, repetitions were only recorded if a critical time (typically 0.5 seconds) was 

achieved between full and no weight on the sensor.  

The participant app home screen (figure 8.2) displayed the most recent message from the therapist, 

their rep target, and the number of completed reps that day. The app included two game options. 

The first was a simple ‘counter’ game that cued the participant with text-based instructions to “sit” 

or “stand”, showed the rep goal and number of reps performed. In the second game, the participant 

‘climbed a mountain’, where each rep incrementally progressed a flag towards the summit of a 

locally recognisable mountain. Both games provided audio feedback for each rep, and a success 

message upon reaching the target goal. At the end of the session, participants pressed a ‘session 

complete’ button that saved and sent their data to the therapist app. 

 

Figure 8.2 Delivery of remote exercise prescription and monitoring 

A research physiotherapist with 19 years’ experience prescribed and delivered the exercise 

http://www.unity3d.com/
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intervention during the study. The therapist installed the system in the participant’s home in an 

agreed location that considered safety. A chair was nominated by participants for consistent use 

during the study, which was also used for the standardised measurements at baseline and follow up. 

Participants were taught how to use the system and play the games. A manual was provided with 

simple instructions on technology troubleshooting, safety, study specific exercise advice (which 

included when to cease exercise and consult a medical practitioner) and a contact telephone number 

to request study assistance.  

Baseline measures of physical function informed the initial exercise prescription which was set up 

via the app during the initial visit. Exercise prescription followed FITT principals [291], with 

frequency defined as number of sessions prescribed per week; Intensity defined as number of 

repetitions (reps) per session; Time was not specified as this varied between individual participants; 

and the type of exercise prescribed was a functional STS exercise.  

Participants used the system to complete the exercises using either game option for a duration of 

four-weeks. Trial of both game options was encouraged, but participants were free to choose which 

option to use to complete their program. The research therapist monitored completion of the 

program remotely via their app and sent weekly individual feedback messages via the app to the 

participant home screen. Messages celebrated achievements and encouraged practice when goals 

were not achieved. The exercise challenge was progressed according to participant performance 

during the previous week. Goals were increased each week if the participant had consistently 

performed their target repetitions or maintained if targets were not being achieved. 

Feasibility measures  

Study design 

Design was assessed by 1) testing the protocols; 2) time of research staff to set up the technology 

and to perform outcome measures in the participant’s home; and 3) time taken by the therapist to 

remotely monitor and progress exercise prescription. 

System function 

System function was recorded by the therapist during the intervention by documenting any issues 

that occurred with the delivery of feedback messages or exercise prescription to participants. Any 

modifications to the technology during the study were also recorded. 

Recruitment and withdrawal 



Chapter 8 

 

122 

 

Time to complete study recruitment and number of withdrawals. 

Exercise adherence  

The participant app and a secure online server recorded adherence data (reps and sessions). Data 

were downloaded into an excel spreadsheet at the end of the intervention. The therapist app 

recorded data on exercise prescription by the therapist. Adherence was calculated as number of reps 

completed/number prescribed.  

Safety 

The safety of the intervention was measured as number of adverse events that occurred during the 

intervention. Participant were asked to contact the researchers if any medical event or fall occurred. 

Participant satisfaction  

The ‘System Usability Scale’ was completed at the final visit rating the usability of the technology 

across 10 items. Scores range from zero to 100, with scores >70 indicating the technology is 

acceptable, and scores around 80 or above indicating ease of use of the technology [292]. 

Participant enjoyment of the system was rated using the ‘Physical Activity Enjoyment Scale’ [293]. 

The scale rates 18 items using a seven-point likert scale, of which 11 are reverse scored. Scores 

range from 18 to 126 points and higher scores indicate greater enjoyment. Scores were converted to 

percentages for ease of interpretation. ‘Perceived benefit of activity’ was rated across five questions 

using a simple five-point likert scale. Higher scores indicate greater perceived benefit of using the 

system. 

Outcome measures 

Outcome measurements were completed at baseline and 4-weeks post intervention. Demographic 

data were collected during the baseline home visit: age, sex, date of stroke, side of stroke, type of 

stroke (infarct or haemorrhage) and living arrangement (alone or with family).  

Physical function was measured using the Short Physical Performance Battery (SPPB), and a timed 

2-minute repeated Sit-to-Stand test at baseline and post four-week intervention. The SPPB is a 

reliable and valid tool that assesses three domains of physical function: gait speed, balance and 

functional strength (five-time STS test). The SPPB total is a summary score ranging from 0-12 with 

higher score indicating greater function. A change in score of 0.99 to 1.34 points has been identified 

as clinically meaningful for older adults [186]. The 2-minute STS test measured the total number of 
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STS reps that could be completed in 2-minutes from a standard chair height. The test is reliable and 

valid in older adults [294]. Participants were asked to complete tests involving STS reps without 

using their arms for assistance if they were able.  

Data Analysis 

Descriptive statistics were used to summarise the participant’s baseline characteristics, number and 

type of adverse events and number of participants that withdrew from the study. Session adherence 

was calculated as a percentage comparing the number of sessions per week performed versus 

number prescribed. Repetition adherence was calculated as a percentage comparing the number of 

reps performed each session with the number prescribed. Exercise progression was calculated as a 

percentage change in repetition prescription per week, and the number of changes in repetitions 

made by the therapist during the intervention period. 

Participant satisfaction was summarised using descriptive statistics for each questionnaire scale. To 

determine an estimate of the magnitude of effect between pre and post intervention (SPPB and 2-

minute STS), mean differences and 95% confidence intervals were calculated as per the CONSORT 

statement for pilot and feasibility studies [205]. Analyses were performed using STATA v15 

(StataCorp, College station, Texas). 

8.4 Results 

Table 8.1 shows the baseline demographic and clinical characteristics of the participants (n=10; 

mean [SD] age 73.6 [9.9] years, 50% male, mean [SD] gait speed 0.57 [0.31] m/s).  

Study design 

In testing the study design 1) No changes were made to the study protocol. 2) The average time for 

the therapist to complete the baseline home visit was 50 minutes (range 40 to 80 minutes). 3) The 

average time taken to monitor an individual participant’s daily exercise completion, update weekly 

goals and send feedback messages was less than 5 minutes per week. 

System function  

An interruption to the intervention of one week occurred for one participant, when the sensor was 

not recording the STS reps performed and required repair. The remaining intervention period was 

completed post repair. One modification to the technology system was made after four participants 

had been recruited that altered the way that completed exercise data was sent to the therapist app. 
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Data was subsequently visible to the therapist when the participant submitted their data each day 

whereas previously it was delayed by 24-hours. Participants received all messages sent by the 

therapist during the study via the app. 

Recruitment and withdrawal 

Recruitment was completed between April 2016 and April 2017, with an initial recruitment rate of 

one participant every 2 months increasing to 1.6 participants per month at the end of the recruitment 

period. All participants completed baseline and follow up assessments, and the 4-week intervention 

phase.  

Adherence and exercise prescription 

Seven participants performed their exercise reps independently without use of their arms. However, 

three participants needed to use chairs with arm rests to perform both pre and post study measures 

and their exercise program. 

Sessions: During the trial, participants collectively performed a total 224 exercise sessions 

compared with the 184 sessions prescribed. Individually, participants performed an average 125% 

(range 85% to 175%) of prescribed sessions. Over the 4 weeks, average session adherence 

decreased from 133% in week 1 to 104% of prescribed sessions in week 4. All participants were 

observed via the therapist app to complete repetitions in a single session per day. 
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Table 8.1 Participant characteristics at baseline, and pre and post intervention physical measures (n=10) 

 Participant characteristic Baseline measures Follow up measures 

ID Age 

(Y) 

Sex 

(M/F) 

Time since 

stroke 

(days) 

Stroke 

type 

(I/H) 

(I) 

Mobility 

5xSTS 

(sec) 

2-min 

STS 

(reps) 

Total 

SPPB 

score 

Gait 

speed 

(m/s) 

5xSTS 

(sec) 

2-min 

STS 

(reps) 

Total 

SPPB 

score 

Gait 

speed 

(m/s) 

1 72.5 M 143 I Yes 16 23 9 0.88 17.6 29 9 0.86 

2 87.6 F 108 I Yes 11.7 38 9 0.84 12.0 38 10 0.78 

3 57.5 F 596 I Yes 15.5 30 4 0.39 14.0 27 5 0.58 

4 72.3 M 102 I No 33.8 13 3 0.17 16.0 20 5 0.27 

5 74.0 F 101 I Yes 13.8 29 8 0.61 12.8 36 9 0.53 

6 64.6 M 213 I Yes 16.8 30 4 0.29 14.9 26 7 0.27 

7 64.6 F 64 I Yes 12.0 40 11 1.15 8.8 45 12 1.05 

8 79.7 F 80 I Yes 12.1 36 6 0.44 10.4 41 8 0.56 

9 88.3 F 29 H Yes 22.1 15 4 0.35 15.6 8 6 0.53 

10 74.6 M 127 I Yes 9.9 45 10 0.54 9.6 51 11 0.69 

Abbreviations: (I) Independent; STS: Sit-to-stand; SPPB: Short performance physical battery; (I/H): Ischaemic / haemorrhagic; M/F: Male/Female 

Table 8.2 Change in physical function measures from baseline to follow up assessment 

Objective measure Baseline Follow up Difference  

 mean (SD) mean (SD) mean 95% CI % Δ in measure 

Gait speed (m/s) 0.57 (0.31) 0.61 (0.07) 0.05 -0.13 0.03 +7 

5x STS test (secs) 16.4 (7.0) 13.2 (5.6) -3.2 -0.78 7.19 -24 

SPPB balance score 2.6 (1.2) 3.1 (1.2) 0.5 -1.00 0.01 +16 

Total SPPB score 6.8 (2.9) 8.2 (2.4) 1.4 0.79 2.00 +17 

Total STS in 2 mins 29.9 (10.5) 32.1 (12.7) 2.2 -5.93 1.54 +7 

m/s: Metres per second; STS: sit to stand; secs: seconds; mins: minutes; SPPB: Short Performance Physical Battery; SD: Standard deviation; 95% CI: 95% 

Confidence Interval; % Δ: percentage change. Minimally clinically important difference: Gait speed 0.05-0.10m/s;[295] SPPB 0.99-1.34 points.[186]
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Repetitions: Participants completed a mean 750 STS reps (range 385-1410) over the 4-weeks, 

compared with a mean 724 reps (range 398-1395) prescribed. During each session, participants 

performed an average of 104% (range 97% to 111%) of their rep goal. Figure 8.3 shows the pattern 

of repetition adherence (completed and prescribed repetitions) for each of the 10 participants and 

shows the number of completed versus prescribed exercise sessions completed during the 

intervention. The therapist progressed the average goal target from week 1 to week 4 by 92% (range 

50%-150%) and updated goals on an average of three occasions. 

Safety  

No safety or adverse events were reported during the trial. 

Participant satisfaction 

Participants rated the System Usability Score at 79% (mean [SD] 78.8 [20.9] points), the Physical 

Activity Enjoyment Scale at 71% (mean [SD] 89.4 [12.5] points), and the Perceived Benefit of 

Activity score was rated as 80% (mean [SD] 19.8 [2.7] points).  

Baseline and post intervention physical function 

Estimates of the effect of the intervention on functional outcomes are provided in table 8.2. 

Individual SPPB sub-scores (gait speed, 5-times STS test and balance score) and total SPPB score 

increased between baseline to follow up assessments, with the number of STS reps achieved in 2-

minutes by participants also increasing post intervention.  
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Figure 8.3 The pattern of repetition adherence (completed versus prescribed) for each of the 10 

participants, and number of completed versus prescribed sessions completed during the intervention 
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8.5 Discussion 

We have demonstrated that it was safe and feasible for a therapist to deliver, monitor and progress a 

functional STS exercise program remotely for stroke survivors using a custom app, internet and 

chair-based sensor. Participants reported good satisfaction with the system, and average adherence 

to the planned exercise program (sessions and repetitions) was greater than 100% throughout the 

intervention. These findings, along with a 100% retention rate suggest a larger randomised 

controlled trial is warranted to determine if such a system can improve functional outcomes after 

stroke. 

By developing a technology option for people with limited mobility, we build on prior studies that 

used technology and goal setting to target daily step count [290, 296]. One study (n=23) that 

connected participants with their peers using a mobile phone app and goal targets, increased daily 

step count by nearly 40% over six-weeks [290]. Use of a step activity monitor combined with 

counselling and goal progression significantly increased daily step count and total daily walking 

time over four weeks [296]. In contrast, traditionally delivered post stroke home exercises [297] or 

technology-based programs without specific goal targets and feedback [298] have shown only low 

to moderate adherence by participants to their prescribed exercises. To our knowledge there are no 

other technology devices available that incorporate both motivational games and messages from a 

therapist, as well as the ability for the therapist to remotely monitor a patient’s repetitions each day 

in the home environment. Our system was developed to address this gap. 

A key component of our system was the monitoring and provision of feedback by a therapist, which 

may have contributed to the high adherence rates. Environmental context and limited contact with a 

therapist can influence participation in exercise [228, 287] and further reductions in exercise occur 

after discharge from outpatient therapy [299]. Participants in our study were aware that a therapist 

was remotely monitoring their participation. They received weekly individual feedback about their 

progress in addition to new goal targets. Stroke survivors identify that health professionals have an 

important role in teaching them how to exercise after stroke [300], and that connection with, and 

encouragement from, a therapist increases feelings of safety, support and self-efficacy to exercise 

[118]. Furthermore, stroke survivors report concerns about lack of monitoring and a feeling of being 

‘left to their own devices’ without regular therapist contact [301]. The design of this study 

incorporated behaviour change principals such as monitoring, feedback and goal setting to eliminate 

these barriers and that are more effective at increasing physical activity [302]. The remote 

connection also benefits therapists working with the stroke survivor. The therapist app allowed 
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quick and simple monitoring of the exercise program daily, facilitating responsive exercise 

progression and feedback. The therapist could view daily rep patterns, observe when sessions were 

not completed, and when participants were consistently achieving their target goals.  

As this was a feasibility study, we did not perform power calculations, provide p-values [205] or 

expect statistically significant improvements. However, our estimates of effect suggest that the 

intervention benefited aspects of physical function. The total SPPB score assesses gait speed, 

balance and functional leg strength. A clinically meaningful change is considered substantial if the 

score increases by 0.99 to 1.34 points [186]. Participants in this study demonstrated a mean 

improvement of 1.4-points in SPPB score post intervention. While our results are encouraging, 

caution is warranted as participants in this study demonstrated a wide range of baseline gait speeds 

(range 0.3m/s to 1.2m/s) suggesting that the broader stroke population are represented. The 

perceived benefit of completing the program was rated highly (80%), suggesting participants felt 

the exercise benefits translated into daily living. While the small sample size, short intervention 

period, and pre-post study design ensure that these results should be viewed with caution, the trend 

towards better function post intervention is encouraging. Participants rated the technology system as 

having good (79%) usability, which may be important for the uptake and adoption of technology in 

healthcare practice. Participants also rated the system as enjoyable to use, despite the limited 

gamification options developed for this feasibility study.  

Strengths and limitations 

Participants were from a broad age range and time since stroke onset, indicating that the technology 

may be beneficial to the general stroke population. Though older people may be less familiar with 

apps and smart devices, all participants were able to use the system. The sample included people 

with limited mobility after stroke, both people needing assistance and those with slow gait speeds, 

suggesting limited household ambulation [295]. The design of this system to increase STS activity 

enabled exercise participation by people for whom walking for exercise may be a challenge. The 

objective sensor measure of exercise completion is also a strength of this study. However, 

engagement with technology can decline over time, and a longer program may not demonstrate the 

same levels of adherence to exercise. The high level of adherence achieved in the study may reflect 

a sampling bias towards participants with high internal motivation levels to complete an exercise 

program remotely. Not all stroke survivors are able to work independently, and for some motivation 

to exercise may require direct face-to-face feedback and encouragement.  This technology approach 

may not be appropriate for stroke survivors with impaired cognition, significant mood disturbances 

or low confidence for independent exercise. A larger trial could include questionnaire measures of 
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internal motivation and self-efficacy for exercise to allow exploration of factors that support 

exercise adherence. Further qualitative feedback from participants on aspects of the system that 

could be improved could assist future exercise engagement. The time for recruitment was long for a 

study of this size. This related to two modifications by the system developers that required: fixing 

of a system malfunction, and an app update that improved the ability of the therapist to view 

participant data as soon as it was submitted each day. Once these issues were resolved, the 

recruitment rate improved considerably. A further limitation is the pre-post design of the study. A 

fully powered randomised controlled trial is required to determine the efficacy of the exercise 

intervention, as delivered using an app, sensor and internet technology. Within this, objective 

criteria for the prescription and progression of the exercise program by the therapist would be an 

important addition to the study design. In this trial exercise frequency and repetition targets were 

based on the participant’s impairment level and baseline measure scores as would be done in 

clinical practice. However, in a definitive trial progression would be standardised with an algorithm. 

For example, if the participant met their repetition target for a specified number of sessions 

consistently, the daily repetition target would be increased by 10%. Standardised equipment for 

outcome measures (e.g. chair) should also be included within the study design. 

Conclusion 

It was safe and feasible to prescribe, monitor and progress exercise by connecting participants and 

therapists remotely using an app and sensor-based system. Exercise adherence was high, with 

positive satisfaction reported by participants. While improvements in function were observed, a 

fully powered randomised trial is required to determine if use of such technology may be an 

additional method to build on conventional therapy approaches to facilitate greater exercise 

participation and improve function after stroke. 

8.6 Postscript 

The studies reported in the previous chapters of this thesis identified that sedentary time is high and 

physical activity low during rehabilitation, early after discharge home and 5 to 10-years after stroke. 

To improve physical activity participation, a range of therapy approaches are required that are 

multifaceted in order to decrease the barriers that limit physical activity. The findings of this chapter 

that demonstrate that technology incorporating behaviour change principals can be used to remotely 

prescribe and monitor exercise, thereby providing support for stroke survivors by connecting them 

with therapists.  This approach warrants further investigation as a potential intervention to improve 

levels of physical activity. 
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Appendix 8A: Consolidated Standards of Reporting Trials checklist with 

extension for pilot and feasibility studies (CONSORT) 

Section/Topic Item Checklist item Reported  

Title and abstract 

 1a Identification as a pilot or feasibility randomised trial in the title 112 

1b Structured summary of pilot trial design, methods, results, and 

conclusions  

Y 

Introduction 

Background and 

objectives 

2a Scientific background and explanation of rationale for future definitive 

trial, and reasons for randomised pilot trial 

112-113 

2b Specific objectives or research questions for pilot trial 113 

Methods 

Trial design 3a Description of pilot trial design including allocation ratio 113-116 

3b Important changes to methods after pilot trial commencement (such as 

eligibility criteria), with reasons 

118 

Participants 4a Eligibility criteria for participants 113 

4b Settings and locations where the data were collected 113 

 4c How participants were identified and consented 113 

Interventions 5 The interventions for each group with sufficient details to allow 

replication, including how and when they were actually administered 

115-116 

Outcomes 6a Completely defined prespecified assessments or measurements to 

address each pilot trial objective specified in 2b, including how and 

when they were assessed 

116-117 

6b Any changes to pilot trial assessments or measurements after the pilot 

trial commenced, with reasons 

N 

 6c If applicable, prespecified criteria used to judge whether, or how, to 

proceed with future definitive trial 

N/A 

Sample size 7a Rationale for numbers in the pilot trial N 

7b When applicable, explanation of any interim analyses and stopping 

guidelines 

N/A 

Randomisation    

Sequence  

generation 

8a Method used to generate the random allocation sequence N/A 

8b Type of randomisation(s); details of any restriction (such as blocking 

and block size) 

N/A 

Allocation 

concealment 

mechanism 

9 Mechanism used to implement the random allocation sequence (such 

as sequentially numbered containers), describing any steps taken to 

conceal the sequence until interventions were assigned 

N/A 

Implementation 10 Who generated the random allocation sequence, who enrolled 

participants, and who assigned participants to interventions 

N/A 

Blinding 11a If done, who was blinded after assignment to interventions (for 

example, participants, care providers, those assessing outcomes) and 

how 

N/A 

11b If relevant, description of the similarity of interventions N/A 

Statistical 

methods 

12 Methods used to address each pilot trial objective whether qualitative 

or quantitative 

118 
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Results 

Participant flow  13a For each group, the numbers of participants who were approached 

and/or assessed for eligibility, randomly assigned, received intended 

treatment, and were assessed for each objective 

N/A 

13b For each group, losses and exclusions after randomisation, together 

with reasons 

N/A 

Recruitment 14a Dates defining the periods of recruitment and follow-up 119 

14b Why the pilot trial ended or was stopped N/A 

Baseline data 15 A table showing baseline demographic and clinical characteristics for 

each group 

120 

Numbers 

analysed 

16 For each objective, number of participants (denominator) included in 

each analysis. If relevant, these numbers should be by randomised 

group 

120 

Outcomes and 

estimation 

17 For each objective, results including expressions of uncertainty (such 

as 95% confidence interval) for any estimates. If relevant, these results 

should be by randomised group 

120 

Ancillary 

analyses 

18 Results of any other analyses performed that could be used to inform 

the future definitive trial 

118-121 

Harms 19 All important harms or unintended effects in each group (for specific 

guidance see CONSORT for harms) 

N/A 

 19a If relevant, other important unintended consequences N/A 

Discussion 

Limitations 20 Pilot trial limitations, addressing sources of potential bias and 

remaining uncertainty about feasibility 

124-125 

Generalisability 21 Generalisability (applicability) of pilot trial methods and findings to 

future definitive trial and other studies 

125 

Interpretation 22 Interpretation consistent with pilot trial objectives and findings, 

balancing potential benefits and harms, and considering other relevant 

evidence 

123-125 

 22a Implications for progression from pilot to future definitive trial, 

including any proposed amendments 

125 

Other information  

Registration 23 Registration number for pilot trial and name of trial registry 114 

Protocol 24 Where the pilot trial protocol can be accessed, if available N/A 

Funding 25 Sources of funding and other support (such as supply of drugs), role of 

funders 

N/A 

 26 Ethical approval or approval by research review committee, confirmed 

with reference number 

113 
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9 Summary 

9.1 Background and aims of the thesis 

Reducing sedentary time and increasing physical activity after stroke are important goals to reduce 

the risk of further cardiovascular events and to enhance recovery of physical function [35]. The 

adverse effects of long-term sedentary behaviour include its negative impact on cardiovascular 

fitness and reduced ability to maintain independent activities of daily living. The resultant costs for 

the individual, health service and society are considerable [9]. For clinicians to support stroke 

survivors in replacing sedentary time with physical activity, there is a need to understand the 

underlying factors that influence activity behaviours. Investigating key timepoints after stroke may 

assist in delivering the right intervention at the right time. 

A timepoint that has received limited attention in prior literature is the transition from hospital to 

home. To date no previous studies have investigated how sedentary time and physical activity are 

influenced with this environmental change. Once home, a stroke survivor’s contact with health 

professionals and health services will reduce. While levels of physical activity are reported to 

increase in the months early after discharge [2] the impact that this has on sedentary time is not 

clear. Understanding how activity behaviours change, and the factors associated with any change, at 

this time may assist clinicians to design interventions to establish behaviours that can be maintained 

long term.   

A further timepoint that has not been previously explored is the longer term (e.g. 5 or more years) 

after stroke onset. Survival after stroke is increasing and people are living longer with the 

consequences of stroke [9]. Consequently, physical activity to support cardiovascular health and 

physical function should be maintained long-term. Understanding physical activity in the longer 

term after stroke and the factors that might be associated with continuing or ceasing of physical 

activity [101] is important to support long-term reductions in cardiovascular risk and to maintain 

psychological and physical health.  

The purpose of this thesis was to examine sedentary time, physical activity and factors influencing 

these activity behaviours at key timepoints after stroke: the transition from hospital to home and in 

the long term. Four studies were conducted to address the aims of this thesis. The major findings 

and clinical implications from each study are presented in the following section of this chapter, 

followed by a discussion of future research directions generated by the findings of this thesis. 
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9.2 Major findings and clinical implications 

The major findings and implications in relation to the aims of each study are presented below. 

9.2.1 Self-reported exercise prevalence and determinants in the long terms after stroke:  

The North East Melbourne Stroke Incidence Study (Chapter 4) 

This is one of the only studies to date to have data on exercise up to 10-years after stroke onset. 

These data allowed description of the prevalence of exercise and the investigation of a broad range 

of factors associated with exercise in the long-term. The aims of this study were to examine 1) the 

prevalence of exercise at 5 and 10-years after stroke and 2) factors associated with exercise cross-

sectionally at 5-years, 10-years and the longitudinal change between 5 and 10-years after stroke. 

The key findings were that:  

1) Prevalence of self-reported exercise was low at 5-years (19%) and 10-years (24%) post 

stroke.  

2) Greater functional independence, better quality of life and a history of exercising before 

stroke were associated with greater levels of exercise at both 5 and 10-years. At 5-years, 

older age, non-skilled occupation, not recalling exercise advice, lower mood and higher 

levels of anxiety were associated with a lower levels of exercise. At 10-years, being female, 

of older age, lower mood and greater anxiety were associated with a lower levels of 

exercise.  

3) Most participants (61%) did not exercise at either timepoint. However, 14% of participants 

ceased exercise between 5 and 10-years, 10% of participants commenced exercise and 15% 

of participants reported continuing exercise between 5 and 10-years after stroke. Younger 

age, greater functional independence, living with others, history of exercise before stroke 

and recall of exercise advice were associated with continuing to exercise at both the 5 and 

10-year timepoints.  

I found exercise participation was low in the years following stroke, with two-thirds of people not 

engaged in any level of exercise. Fewer still met the frequency of exercise recommended in stroke 

exercise guidelines [35] and this has important implications for the prevention of secondary events. 

Stroke survivors were more likely to be exercising and to continue exercising if they recalled 

receiving health professional advice. Encouragingly, a small group of stroke survivors commenced 

regular exercise habits between 5 and 10-years which also suggests that advice delivered in the 

years after stroke could influence uptake. At all timepoints, a history of prior exercise before stroke 
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was associated with current exercise. Better physical function and independent walking ability were 

also associated with continued exercise between 5 and 10-years. Despite this, nearly two-thirds of 

stroke survivors who were not exercising at either timepoint could walk independently.  

Clinical implications 

Discussing the benefits of exercise with a doctor was found to be important for participation. Health 

professionals are well placed to deliver effective and targeted education about exercise after stroke. 

Clinicians may have contact with stroke survivors in relation to other health conditions and 

comorbidities in the years after stroke that provide opportunities to discuss exercise. Early evidence 

suggests that interventions providing physical activity advice can improve levels of moderate-to-

vigorous physical activity in community-dwelling sedentary adults without stroke [303], and that 

physiotherapists are important educators about exercise for the general population [229]. However, 

not all clinicians are familiar with national physical activity guidelines nor are confident to deliver 

advice to stroke survivors and professional development at undergraduate and postgraduate levels 

are needed [304, 305].  

Regular exercise before stroke was associated with 5-year and 10-year cross-sectional exercise and 

with continued participation between 5 and 10-years. Clinicians should ask about prior exercise 

during assessments at all timepoints after stroke. People without a history of exercise may need 

additional support from health professionals to commence exercise, build skills in self-efficacy and 

in self-management. Physical independence was associated with greater prevalence of exercise. 

Support for people who are not independent is therefore important, and greater health professional 

assistance to problem solve modifications to general exercise options (such as cycling, walking, 

swimming) or assistance to develop other creative exercise options is needed. Such support could 

involve facilitating the use of body weight support harnesses for use in community gym settings or 

referral to stroke specific exercise classes where available. There are examples of evidence-based 

stroke community exercise groups which have been successfully translated into practice and 

widespread implementation of these models is required [306]. 

Long-term follow up of stroke survivors is important as needs may change over time. Lower mood, 

greater anxiety and poor physical function were associated with physical activity at 5 and 10-years 

after stroke. As these factors can vary over time [259] it is important that there are opportunities to 

review the needs of stroke survivors and intervene if required. Guidelines in the United Kingdom 

recommend a 6-month and thereafter annual reviews for stroke survivors [307]. In Australian 

guidelines, there are no recommendations about the frequency of follow up in the longer term. 
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Stroke services should consider long term follow up for stroke survivors and incorporate these into 

local processes of care.  

9.2.2 Go home, sit less: The impact of Home versus Hospital Rehabilitation Environment 

on Activity Levels of Stroke Survivors (Chapter 5) 

Study 2 provided important information about the impact of the transition from hospital 

rehabilitation to home on sedentary and physical activity levels. The aims of this study were to 

examine whether 1) sedentary time and physical activity change from hospital to home, and 2) 

whether physical, psychological and cognitive factors modify any change in sedentary time and 

physical activity. The secondary aim was to investigate whether prolonged bouts of sitting time 

changed between the hospital and home environment. 

The key findings were: 

1) Participants spent less time sedentary and more time in walking activity (walking time and 

step count) during the first week at home compared to the final week of inpatient 

rehabilitation. 

2) Presence of depression modified the benefit of the change in environment on activity levels. 

Participants with depression spent more time sitting and less time in upright activity during 

the first week at home compared to the final week of hospital rehabilitation in hospital. 

3) The number of prolonged bouts of sitting (>30 minutes and >60 minutes) were less at home 

than in the hospital. 

The change in environment from hospital to home resulted in less sedentary time and greater 

physical activity, unless people were depressed during the final week in hospital. The mean 

reduction of 45-minutes in total sedentary time may confer some cardiovascular benefits [3]. A 

reduction in prolonged sitting bouts suggest that sedentary time was broken up more frequently in 

the first week at home. The resulting improvement in physical activity appears promising, although 

most sedentary time was replaced with standing activity, while increases in walking activity (time 

and step count) were modest.  

Clinical implications 

Clinicians should provide advice about reducing sedentary time and increasing physical activity in 

hospital and after discharge. Basic advice to be physically active in hospital can reduce sedentary 

time in older adults and facilitate walking activity [308]. Around 30% of stroke survivors will have 

symptoms of depression [259] and only 53% of people will receive a mood assessment during 
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rehabilitation [309]. Yet depression was found to negatively modify physical activity after 

discharge from hospital. Australian clinical practice guidelines recommend screening of mood after 

stroke [12] for people with suspected mood disorders. In the United Kingdom more specific 

recommendations that screening should occur routinely, on at least 3 occasions [310] and that there 

should be a stepped approach to psychological interventions [311]. In hospital there are 

opportunities to undertake screening that could allow early interventions where required. Screening 

mood in relation to physical activity may be important, as treating mood may benefit physical 

activity levels and increasing physical activity could help with symptoms of depression [58]. 

Trained staff who understand assessment scoring thresholds should screen mood, but health 

professionals can find it challenging to recognise signs and symptoms of mood disorders [12]. 

Health professional training is needed to ensure all members of the multidisciplinary team are able 

to identify psychological issues. Stroke survivors with depression should be provided with greater 

support to reduce sedentary time and increase physical activity.   

During the final week of inpatient rehabilitation total sedentary time was high which is of concern 

because rehabilitation should be a physically active period to maximise stroke recovery [12]. The 

change in activity behaviours observed after discharge could reflect the low rehabilitation activity 

within the hospital system. In the final week prior to discharge, slower gait speed was associated 

with greater sedentary time. Interventions targeting walking speed such as treadmill training [312] 

and overground training in circuit class therapy [313] could build further on the benefits for 

physical activity with the change in environment from hospital to home. 

9.2.3 Sedentary time and activity behaviours after rehabilitation: changes in the first 

three months home (Chapter 6) 

The aims in chapter 6 were to investigate whether sedentary time and walking activity 1) changed 

during the first 3-months at home, and 2) whether physical, psychological and cognitive factors 

were associated with any change in activity. The secondary aims were to investigate: 1) whether 

sedentary time accumulated in prolonged bouts changed over the first 3-months at home and 2) if 

physical, psychological and cognitive factors were cross-sectionally associated with activity 

behaviours at three months. 

The key findings were: 

1) Sedentary time reduced and walking activity increased during the first 3-months at home 

following discharge from hospital rehabilitation. 

2) None of the physical, psychological or cognitive factors were associated with change in 
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sedentary or walking activity during the first 3-months. 

3) Sedentary time accumulated in bouts of >30-minute duration reduced from 70% in the first 

week to 62% three months after discharge. Sedentary time accumulated in bouts >60 

minutes and the mean number of 30-minute and 60-minute bouts did not change 

significantly over time. 

4) At 3-months, greater depression was cross-sectionally associated with greater sedentary time 

and slower walking speed was associated with less walking time. 

The reductions in total sedentary time and in prolonged bouts observed during the first 3-months at 

home are encouraging. At 3-months post discharge, participants with stroke were spending on 

average 9.8 hours of the waking day sedentary. In comparison, the results of a systematic review 

(22 studies, 10 countries n>350,000) found that older adults spend on average 9.4 hours of their 

waking day sedentary [314], and office workers (mean age 36 years) were sedentary on average 

11.3 hours on work days (9.3 hours non work days) [238]. Replacing sedentary time with physical 

activity of any intensity has benefits for health across all populations, but importantly for people 

with existing cardiovascular risk [3]. Walking activity increased over the 3-months. On average, 

participants improved from taking fewer steps per day than recommended for people with activity 

limitations to being within recommended ranges [255]. No physical, psychological or cognitive 

factors investigated in this study were identified as influencing change in activity over the 3-months 

although this may relate to the study sample size and choice of outcome measures. Consequently, it 

remains a challenge for clinicians to identify stroke survivors who may need more targeted 

interventions to increase ambulatory physical activity.  

Clinical implications 

After 3-months at home, many stroke survivors are near or have completed time-limited outpatient 

rehabilitation, reaching another point where health professional contact ceases. Poorer mood was 

cross-sectionally associated with greater sedentary time at 3-months. Faster walking speed was 

associated with greater walking activity. These are potential factors that clinicians can both assess 

and target by tailored repetitive practice or treadmill training (with or without body weight support) 

[206, 312] or by referral to psychology services respectively. Health professionals in contact with 

stroke survivors at 3-months may be in a useful position to screen for depression and refer to 

psychology or general practitioner services if indicated. Furthermore, targeted interventions to 

improve physical activity could benefit mood. 
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9.2.4 A qualitative study of physical activity early after stroke the importance of 

understanding recovery and balancing safety with risk (Chapter 7) 

Some factors that may influence activity behaviours are difficult to capture with quantitative 

methodology.  Building on the results reported in chapters 5 and 6, the aims of this study were to 

understand from the perspectives of the stroke survivor and their carers the 1) factors contributing 

to sedentary time and physical activity during inpatient rehabilitation and the transition home, and 

2) actual and perceived opportunities to increase physical activity early following stroke. 

The key findings were: 

1) The level of understanding about the role of physical activity in recovery from stroke was 

described as influencing participation in hospital and at home. Greater understanding led to 

higher levels of physical activity. Participants were unaware of the concept and role of 

sedentary time on health and that greater physical activity is important for prevention of 

further cardiovascular events. 

2) Communication about walking safety and risk of falls in hospital from health professionals 

was confusing for stroke survivors and their carers. If the information presented was 

conflicting, stroke survivors who were safe to mobilise and had been encouraged to do so by 

physiotherapist staff reported prioritising safety (and sedentary behaviour) over physical 

activity. 

3) Support for physical activity was reported to come from a range of people including health 

professionals, family and carers and from peers with stroke. In addition, for some 

participants a sense of purpose was also described as supporting physical activity. 

4) Opportunities for physical activity were influenced by physical function, and aspects of the 

hospital and home environments. 

The findings of this study highlight important factors that clinicians can address to improve the high 

levels of sedentary time observed during inpatient rehabilitation. Optimising physical function, 

increasing self-efficacy and educating about the role of sedentary time and physical activity in 

stroke recovery are important considerations. Carers are often willing to support physical activity 

but report needing training to do so.  

Clinical implications 

Communication about safety and risk in hospital can influence activity behaviours. It is important 

that clinicians discuss the benefits and risks of reducing sedentary time and increasing physical 
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activity with stroke survivors and their carers. Information should be provided in a variety of 

formats (written, aphasia friendly, digital or video) and be consistent across multidisciplinary team 

to avoid confusion which may negatively impact activity behaviour. 

Healthcare safety and quality improvement strategies aim to reduce risk within health systems and 

to improve patient safety [315]. Although extremely important, implementation of strategies to 

combat risks such as falls may inadvertently restrict physical activity. Health care professionals also 

require training about the risks associated with physical inactivity. Innovative campaigns are in 

progress to raise awareness about maintaining physical activity in hospital settings [316], and wider 

rollout of these programs would be beneficial. Health policies could be expanded for medically 

stable patients to include targets for daily physical activity in hospital settings, such as encouraging 

greater time out of bed, to targets for daily walking time or step count. 

Carer training is recommended prior to hospital discharge [12] and clinicians should provide 

training about physical activity including recommended targets, motivational strategies and problem 

solving around barriers to uptake. Stroke survivors without carers at home may benefit from referral 

to programs that can support commencing, maintaining or increasing physical activity. Stroke 

survivors stated that they want advice and discussion about physical activity to commence in 

hospital and continue after discharge. Community-based exercise programs that include behaviour 

change strategies and that are tailored to the individual appear effective to reduce secondary stroke 

risk [254].  

The physical environment in hospital and at home should be considered as a factor that can 

influence physical activity during stroke recovery [317]. A framework has been developed for the 

design of inpatient stroke rehabilitation facilities which aims to maximise the efficiency and safety 

of the environment and promote opportunities for incidental and deliberate physical activity [318]. 

In existing facilities without the opportunity for redesign, clinicians can actively promote greater 

use of available spaces such as communal areas on the ward. Strategies such as implementation of 

visual path finding cues to prompt walking to accessible locations on the ward could promote 

physical activity which continues to predominantly occur at the bedside [319].  

9.2.5 Connecting patients and therapists remotely using technology is feasible and 

facilitates exercise adherence after stroke (Chapter 8) 

The prior studies reported in this thesis found that better physical function was associated with 

greater ambulatory activity. However, it may not be possible for stroke survivors with more limited 

physical function to easily increase walking activity and consequently high levels of sedentary time 
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can predominate. The use of technology that incorporates behaviour change principals may be one 

method to support physical activity and exercise programs for stroke survivors living in the 

community. Prescribing and monitoring functional programs remotely by therapists, who can 

provide feedback and update exercise programs, is a novel approach. The aims of this study were to 

1) investigate the feasibility (design, recruitment, number of withdrawals, adherence, safety, system 

function, participant satisfaction) of delivering a 4-week remotely prescribed functional exercise 

program using a tablet, app and sensor system, and 2) provide an estimate of the effect of the 

intervention on functional outcomes. 

The key findings were: 

1) It was safe and feasible for a therapist to remotely deliver, monitor and progress a functional 

(sit-to-stand) exercise using a tablet, app and sensor. 

2) Satisfaction with the technology was high, and adherence to the prescribed program very 

high. 

3) Clinically meaningful improvements in functional outcomes were observed after the 4-week 

program. 

In chapter 7, stroke survivors reported that health professional contact is important for engagement 

in, feedback about and progression of physical activity. Activity monitors are available for people to 

track their daily step counts and can increase physical activity in older adults [320], but there is 

insufficient evidence to suggest that they increase ambulatory physical activity poststroke [321]. 

Technology provides an alternative method to connect stroke survivors with therapists. The 

connection with a therapist is particularly important for people with greater mobility limitations. 

Novel strategies to discourage sedentary postures and increase standing activity provides an 

opportunity for physical activity other than walking for people with mobility limitations. The design 

of the system in this study supported remote connection between stroke survivors and a therapist 

and allowed for the provision of individualised feedback and encouragement. 

Adherence to exercise is better when it is enjoyable and the use of gamification via technology may 

promote engagement through motivation and a sense of fun [322]. An ability to provide different 

‘game options’ may also provide a strategy to sustain physical activity engagement in the longer 

term. Inclusion of behaviour change principals such as monitoring of progress, providing 

encouragement and feedback as well as goal setting were key components of the technology that 

were developed. While it is feasible to deliver a functional exercise program using this system, the 

efficacy of the intervention delivered in this way requires further investigation. 
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Clinical implications 

Technology provides a potential solution to many barriers to exercise: health professional access, 

time-limited outpatient programs, access to transport and access to services for people living in 

rural and remote geographical areas. The positive findings from this feasibility study are promising, 

particularly the high level of adherence achieved to the prescribed exercise program. However, it is 

too soon to make clinical recommendations in relation to this study as a definitive trial is required to 

determine the efficacy of the intervention. 

9.3 Future directions for research 

The 4 studies in this thesis provide new information about sedentary time and physical activity at 

novel timepoints following stroke. Some questions remain unanswered, and the research findings 

generate new issues. These are summarised below in relation to the future research considerations 

arising from each study of this thesis. 

9.3.1 Self-reported exercise prevalence and determinants in the long terms after stroke: 

The North East Melbourne Stroke Incidence Study (Chapter 4) 

In future study design, it would be beneficial to use more objective measures of physical activity 

and exercise participation. Since NEMESIS was designed in 1996 further exercise questionnaires 

have been developed that need validation in the stroke population [124, 125]. Furthermore, the use 

of accelerometers would allow better measurement of moderate and high intensity physical. Studies 

investigating exercise in the longer term (5 or more years after stroke) should consider including 

accelerometer measurement in the study design. 

There is limited understanding about the most effective ways to provide exercise advice and 

recommendations for stroke survivors. Exercise programs incorporating behaviour change 

principles are effective in the short term [254], but questions remain about the best methods to 

deliver advice that leads to sustained behaviour change. Individualised physical activity and 

exercise coaching (once per month for 1-year) does not increase physical activity more than 

standard care [323]. The dose of coaching could be an important factor and leads to better physical 

activity outcomes, and interventions including different doses of advice warrant further 

investigation. Exercise adherence is supported by a person-centred approach and in Canada, 

community-based exercise programs for stroke survivors have been successfully implemented into 

a range of settings using an integrated knowledge translation approach [324]. Successful programs 

should be further tested in a range of other countries and settings. 
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Most people who were not exercising at either 5 or 10-years were able to walk independently. A 

better understanding is needed about the factors driving non-participation in exercise for stroke 

survivors with good physical function. Qualitative examination of non-participation could provide 

important information to inform intervention studies. Co-design of studies and programs with stroke 

survivors and their carers would be a critical step in this body of work. Further questions remain 

about factors that influence change in exercise behaviour (i.e. ceasing or commencing exercise) and 

qualitative methods could assist in developing this knowledge.  

Depression was a common feature associated with lower levels of activity at the time points 

examined in this thesis. The longitudinal impact of depression on physical activity, exercise 

engagement and other aspects of quality of life appears significant and can change over time. Mood 

should be monitored at all timepoints after stroke. Additionally, investigation of the role of exercise 

as an intervention for poststroke depression is needed. Mood would be an important factor to 

include in exercise intervention studies with longitudinal follow up. 

9.3.2 Investigating the impact of rehabilitation environment on activity after stroke 

(Chapters 5 and 6) 

Strategies to reduce sedentary time during hospital rehabilitation are needed and research in this 

setting is in its infancy. The ‘Reducing Sedentary behaviour after Stroke’ (RECREATE) research 

program in the United Kingdom is in progress with results anticipated by 2024. In this program 

both quantitative and qualitative data (stroke survivors, their carers and the rehabilitation 

multidisciplinary team) will be used to coproduce an intervention to reduce sedentary behaviour. 

The intervention will be tested using a multicentre cluster randomised control trial. There are few 

other studies specifically targeting sedentary time in hospital rehabilitation. Some studies are 

investigating ways to increase overall rehabilitation activity that may result in less sedentary time. 

Enrichment of the rehabilitation environment (with social, cognitive and physical activity 

opportunities) is safe and feasible, but the effect of the intervention to increase physical activity 

requires a phase 3 randomised trial to test the efficacy [244]. Changing behaviours in hospital 

settings will involve complex strategies targeting both stroke survivors and health care 

professionals. Co-design will again be important to develop and design interventions that will need 

to be implemented using evidence-based frameworks. 

Further qualitative work is needed to determine the most useful and effective content for sedentary 

and physical activity advice and education. A variety of formats for education provision will 

additionally require testing (individual versus group education, video education sessions, peer 
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stroke survivor delivered education). It will be important that educational resources deliver 

consistent information across all health care settings (hospital, outpatient, community) and are easy 

to use for health professionals. 

It remains clinically important to be able to identify stroke survivors who are more likely to increase 

their activity levels, and to identify those more likely to be persistently sedentary to allow targeted 

interventions to change behaviour. Observational studies that are powered to detect factors 

associated with change in activity behaviours are required that cross the rehabilitation and home 

environments. 

9.3.3 A qualitative study of physical activity early after stroke the importance of 

understanding recovery and balancing safety with risk (Chapter 7) 

Additional qualitative exploration of the clinician’s perspective is needed to investigate how to 

reduce sedentary time and increase physical activity in hospital rehabilitation. Patient safety is 

fundamentally important. However, qualitative research is needed to explore the safety concerns of 

health professionals during hospital rehabilitation. Trials with the aim of reducing sedentary time 

and increasing physical activity in hospital should include secondary measures of falls episodes to 

test that safety is not compromised when implementing interventions. Future studies could 

investigate whether additional supports for physical activity for people at risk of falling increase 

physical activity levels safely. Potential interventions could include greater use of allied health or 

nursing assistant staff to deliver structured physical activity interventions or training of carers and 

family members where appropriate. Modifications to the built rehabilitation environment that allow 

greater supervision of physical activity are needed and the effect on physical activity and safety of 

such modifications tested. Importantly, stroke survivors who are safe to be physically active should 

be actively encouraged to do so by all members of the multidisciplinary team. 

Carers are willing to support greater physical activity participation in hospital and at home. 

Australian stroke rehabilitation audit data indicated that 74% of carers receive relevant carer 

training before discharge [309]. Data collection was via medical records and future research is 

needed to investigate whether carers report their training needs for physical activity were met before 

their relative’s discharge. Skills such as supporting motivation and progression of physical activity 

particularly in the community are considered important. The key components of physical activity 

training for carers and the feasibility and effectiveness of delivering this is yet to be established. 

Further qualitative methodology (individual interviews or focus groups) is needed to understand the 

training needs of carers. Focus groups with clinicians to examine what content for carer training is 
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important. Co-design of a training package for carers to support increased physical activity by 

stroke survivors could be tested in a cluster randomised control trial.  

9.3.4 Connecting patients and therapists remotely using technology is feasible and 

facilitates exercise adherence after stroke (Chapter 8) 

Technology can incorporate behaviour change principals such as monitoring, provision of feedback, 

and goal setting. A fully powered randomised control trial is needed to test the efficacy of 

delivering exercise interventions using such technology that provides clinicians with an adjunct to 

use alongside other interventions. A wider range of exercise tasks could be developed in future 

systems and a broader range of gamification options. Co-design of these additional features with 

stroke survivors would be important prior to commencing the randomised trial. 

9.4 Concluding remarks 

The studies presented in this thesis were carefully designed to address key timepoints after stroke. 

The findings provide new and important information about changes in sedentary time and physical 

activity during the transition from hospital to home and early after stroke, as well as five to 10-years 

after stroke onset. Factors have been identified that could be targeted to reduce sedentary time and 

increase engagement in physical activity. In addition, barriers within clinical practice that restrict 

physical activity engagement have been identified. Furthermore, the feasibility of connecting stroke 

survivors with health professionals to prescribe, monitor and progress physical activity using novel 

technology as a potential solution has been established.  

The findings in this thesis indicate that sedentary time and low levels of physical activity are 

influenced by factors other than stroke severity and resulting physical disability. The presence of 

depression was identified as a factor negatively influencing exercise participation cross-sectionally 

at 5 and 10-years post stroke (chapter 4). Depression further modified the benefit of change in 

environment on physical activity at hospital discharge (chapter 5) and was associated with higher 

sedentary time 3-months after discharge (chapter 6). It is critical that mood is both screened and 

assessed at regular timepoints over the years following stroke onset in relation to physical activity. 

Exercise advice in the years after stroke (chapter 4), and greater understanding about the role of 

physical activity early in recovery from stroke (chapter 7) were identified as important to support 

engagement in greater levels of activity. Education and understanding are important components 

that support behaviour change. Interventions that incorporate these behaviour change principals and 

connect stroke survivors with healthcare professionals are needed to reduce sedentary time and 
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increase physical activity. 

With reference to the initial research questions, the following conclusions are made: 

1. (a) Exercise participation changed between 5 and 10-years after stroke. While most stroke 

survivors engaged in no exercise, a small proportion of participants who were exercising at 

five years had ceased by 10-years. Some stroke survivors not exercising at 5 years had 

commenced exercise at 10-years and a small group of people exercised at both timepoints. 

(b) Potentially modifiable factors included physical function, walking ability, depression, 

anxiety and provision of exercise advice. 

 

2. (a) Change in the environment from hospital to home was associated with reduced sedentary 

time and increased upright time and walking activity. The presence of depression during the 

final week of rehabilitation modified the association, such that those who were depressed 

spent greater time sedentary and less time in upright activity in the home. 

 

3. (a) Sedentary time reduced and walking activity increased during the first 3-months at home 

after stroke. However, no physical, psychological or cognitive factors were associated with 

the change in activity over time. 

(b) After 3-months at home, Poorer mood was independently associated with greater 

sedentary time, and faster walking speed was independently associated with greater walking 

activity (walking time and step count). 

 

4. Qualitative factors identified as influencing physical activity during inpatient rehabilitation 

and soon after discharge home included understanding of the role of physical activity in 

stroke recovery, safety and risk messages received from health professionals in hospital, a 

sense of purpose, social supports and the availability of opportunities for physical activity. 

 

5. It was feasible and safe for a therapist to prescribe and support physical activity remotely for 

stroke survivors in the community using a novel technology system. The efficacy of 

delivering an intervention using this technology remains untested.  
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